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A1.01

\beta\gamma-spectroscopy of Neutron-rich ^{138}Te beyond Doubly-magic ^{132}Sn

EURICA COLLABORATION .2
.
. 2RIKEN, Nishina Center.
Within the context of shell model, nuclear structure of the nuclei in the
vicinity of a magic nucleus is understood in terms of the shell orbital
excitation across a large shell gap. Neutron-rich nuclei with few valence
nucleons near the double shell-closure such as ^{132}Sn always attract
our attention for testing various nuclear models in view of the rapidly
changing nuclear structure with neutron numbers. We investigated the
very neutron-rich Te nuclei for evaluating the nuclear shell evolution
above one of the doubly magic nucleus ^{132}Sn. Many neutron-rich nuclides were produced following the stopped beam
formed by the fission fragmentation of between ^{238}U beam with 345AMeV and a ^{9}Be production target at the
BigRIPS. The fission fragments were separated unambiguously in a way of delta E-Brho-TOF methods, and implanted into the
array of double-sided silicon strip detectors(WAS3ABi) as an active stopper. Subsequent isomeric decays and beta-decay were
measured with EURICA array in its stopped beam configuration. In the present study, we present the beta-decay level scheme
of ^{138}Te for the first time, and its physical implications on the nuclear structure of ^{138}Te and neighboring isotopes.
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A1.02*
KIM Sunji, SAMURAI DAYONE Collaboration1
Seoul National University, Department of Physics and Astronomy. 1Seoul National University, LPC-Caen, Tokyo Institute of
Technology, RIKEN Nishina Center, Tohoku University, Rikkyo University, Kyoto University, TU-Darmstadt, GANIL,
University of York, IPN-Orsay.
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A1.03

Single particle structures of 19C and 23O

SATO Yoshiteru, HWANG Jongwon, KIM Sunji, SAMURAI DayOne Collaboration1
Seoul National University Department of Physics and Astronomy. 1LPC-Caen, Tokyo Tech, RIKEN Nishina Center, Tohoku
University, Rikkyo University, Kyoto University, TU-Darmstadt, GANIL, GSL, University of York, IPN-Orsay.
Nuclear structure in the vicinity of neutron drip line offers a unique opportunity to study underlining residual nuclear
interactions by isolating specific, rarely investigated parts of them, such as the three-nucleon forces and the neutron pairing
interaction for shallow binding orbits. In this work single particle structures of near drip-line 19C and 23O nuclei, as probed via
the one-neutron knockout reactions on 20C [1] and 24O [2] beams, respectively, are discussed. Experiments were performed at
the RIKEN RIBF laboratory by using the setup for invariant mass spectroscopy involving detection of neutrons decay in flight.
Observed neutron resonances at Ex=0.62(9) and 2.78(11) MeV for 19C and 23O, respectively, turned out to be of a d-wave
character. Since the ground state of these nuclei is 1/2+, the energies characterize the shell gaps of the respective nuclei.
Focus will be placed on the observation: (1) the decreasing trend of the gap from Oxygen to Carbon follows known
systematics, (2) the ordering of the 1/2+ and 5/2+ states in 19C is not correctly predicted by the presently available ab initio
shell-model calculation, which takes into account the three-body forces from the chiral effective-field theory [3], (3) there is a
strong, previously not well recognized correlation between the shell-gap and the one-neutron separation energy in these
nuclei. [1] J.W.Hwang ARIS2014 proceedings, and in preparation. [2] K.Tshoo et al., Phys. Lett. B739 (2014) 19. [3]
G.R.Jansen et al., Phys. Rev. Lett. 113 (2014) 142502.

A1.04

Nuclear Chart from Z=8 to Z=120 using Relativisitic Continuum Hartree Bogoliubov

theory
LIM YEUNHWAN, MENG JIE1
IBS/RISP. 1State Key Laboratory of Nuclear Physics and Technology, School of Physics, Peking University, Beijing 100871,
China.
We present the prelimanary results of nuclear chart using Relativisitic Continuum Hartree Bogoliubov (RCHB) theory, which
provides a proper treatment of pairing correlations in the presence of the continuum. Together with RCHB, we use Covariant
Dentsity Functional Theory (CDFT) which is a relativitic theory of nuclear physics to investigate the properties of finite nuclei.
We first assume all nuclei are spherically symmetric so that one dimensional code (1D) has been used to construct the mass
table. We found that the bound nuclei from RCHB + CDFT are more extended, especially in neutron rich side, than the
existiting mass table from Finite Range Droplet Model (FRDM), Duflo-Zuker (DZ) formula, and Hartree Fock Bogoliubov
(HFB). We also show the results from axially deformed nuclei using two dimensional (2D) code to see the density profile of
deformed nuclei. The mass table from 1D will be provided in the near future.
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A1.05

The modified chiral order counting effects in three nucleon system

SONG Young-Ho, KIM Youngman, LAZAUSKAS Rimantas1, VAN
KOLCK Bira2
IBS, RISP. 1IPHC, IN2P3-CNRS/Universit'e Louis Pasteur. 2Orsay,
IPN & Arizona U..
The iteration of attractive tensor part of one pion exchange potential
introduces additional cutoff dependence which can not be resolved in
the leading order of original Weinberg's order counting in chiral effective field theory. Thus the modification of chiral order
counting may be neccessary if we increase the cutoff values. This work extends the work of Nogga et.al to higher cutoff values
in nucleon-nucleon scattering and the binding energy of triton and scattering length of neutron-deuteron scattering at leading
order of chiral effective theory in modified chiral order counting scheme.

A1.06

Proton-neutron pairing in the deformed BCS approach

HA EUNJA, CHEOUN MYUNG-KI
.
•We examine isovector (T=1) and isocalar (T=0) p-n correlations for the ground state of even-even Ge isotopes with mass
number A=64~76 within the deformed BCS approach. For nuclei with N much bigger than Z the effect of the p-n pairing is
small but not negligible.
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A1.07

One-neutron knockout reaction from 20C

, SAMURAI Collaboration1
. 1RIKEN, RIBF.
One-neutron knockout reactions are exploited to populate high-lying
excited states by removal of a deeply bound neutron.The invariant mass
measurement for investigation of neutron-unbound states in 19C was
carried out with a 20C secondary beam at 280MeV/nucleon and a carbon
target via the one-neutron knockout reaction. An unknown resonance
was observed at Erel=2.31±0.02 MeV in the relative energy spectrum of
the system of 18C-n corresponding to the unbound state at
Ex=2.89±0.09MeV. Comparison of the parallel momentum distribution
for this resonance with the calculated one corroborates that the Jπ of this
state is 1/2−. Additionally, two known states were seen at 0.62MeV and 1.42MeV, and the former was confirmed to be the
5/2+ state by the study of the parallel momentum distribution. Confirmed spin-parity of the threshold resonance resolves the
issue of boundness of the 5/2+1state and the position of the 1/2−1 state, which was f irstly discovered, intimates the oblate
shape of 20C together with the theoretical prediction.

A1.08(

)

Charmonium production in heavy ion collisions

CHO Sungtae
Kangwon National University.
We study charmonium production in relativistic heavy ion collisions. Starting from the discussion on issues related to light
quark hadron production we investigate the possibilities of charmonium production at the quark-hadron phase transition. We
show that the production of charmonium by recombination of charm and anti-charm quarks from quark-gluon plasma plays a
significant role in explaining various aspects of charmonium production in heavy ion collisions.
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A1.09

Photoproduction of Lambda(1405) with the two-pole structure

,
.
We investigate the Lambda(1405,1/2^-)=\Lambda* photoproduction off
the proton target, i.e. gamma p --> K+ Lambda*, considering explicitly
its two-pole structure, the higher (Lambda*_H) and lower (Lambda*_L)
mass pole contributions, suggested by the chiral-unitary approach. We
construct a two-body process model, which mimics the Dalitz process,
gamma p --> K+ pi Sigma, assuming that Lambda*_(H,L) couple directly to Lambda*~ pi Sigma. For this purpose, we employ
the effective Lagrangian method with the tree-level Born approximation, using the gauge-invariant prescription for the
phenomenological form factors. We provide the numerical results for the energy and angular dependences, pi-Sigma invariantmass distribution, and so on. It turns out that the model parameters estimated from the chiral unitary approach reproduce the
experimental data qualitatively well. Moreover, the nucleon resonance contribution near the threshold plays an important role
to describe the data. Although the present research do not pin down the internal structure of Lambda* evidently, the two-pole
structure can be considered as one of the possible description for Lambda*.

A1.10
,

Photoproduction of vector meson from threshold up to the Regge realm
1,

. 1
.
We present a model for photoproduction of spin-1 vector meson based on the Regge model to analyze data on charged rhomeson and K*-meson. Without model parameters to fit to data, we reproduce existing data from threshold to high energy
region in a single framework. Features of the process due to the roles of magnetic moment and electric quadrupole moment of
the spin-1 meson are shown in the differential and spin polarization observables.
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A1.11
,

Spin-parity determination of Xi(1690) from K-p->Lambda K+K- reaction near threshold
.

Little known are the S=-2 hyperons such as Xi(1690) which competes with Xi(1620) for the place of the second excited Xi
state. While the existence of Xi(1690) has been firmly confirmed, the spin and party information still remains in question.
Recently, the BaBar collaboration reported Xi(1690) measurement from Lambda_c+ decays and J=1/2 hypothesis was favored
from the Xi(1690) decay angular distribution. However, other hypotheses with J=3/2 and 5/2 cannot be ruled out since a0
meson production interferes with Xi(1690) production in the Lambda K0 K+ state. In this regards, we propose a new
experiment for the Xi(1690) production from (K-,K+) reactions near the production threshold. We could study the interference
effect between Xi(1690) and phi(1020) in Lambda K+K- state in terms of the different phase spaces in the beam momentum
range from threshold to 2.0 GeV/c. Preliminary results on the simulation study will be presented and discussed.

A1.12

Momentum Sharing in Imbalanced Fermi Systems

KIM Wooyoung, HEN Or1, WEINSTEIN Lawrence2, BURKERT
Volker3, KIM Andrey, STEPANYAN Samuel
Department of Physics, Kyungpook National University (CLAS
Collaboration). 1Tel Aviv University (CLAS Collaboration). 2Old
Dominion University(CLAS Collaboration). 3Thomas Jefferson National
Accelerator Facility (CLAS Collaboration).
The atomic nucleus is composed of two different kinds of fermions:
protons and neutrons. If the protons and neutrons did not interact, the
Pauli exclusion principle would force the majority of fermions (usually
neutrons) to have a higher average momentum. Our high-energy
electron-scattering measurements using 12C, 27Al, 56Fe, and 208Pb
targets show that even in heavy, neutron-rich nuclei, short-range
interactions between the fermions form correlated high-momentum
neutron-proton pairs. Thus, in neutron-rich nuclei, protons have a greater
probability than neutrons to have momentum greater than the Fermi momentum. This finding has implications ranging from
nuclear few-body systems to neutron stars and may also be observable experimentally in two-spin–state, ultracold atomic gas
systems.
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A1.13

The $nn\Lambda$ bound state in pionless effective theory

ANDO Shung-Ichi, OH Yongsek1, RAHA Udit2
Sunmoon Unviersity, Department of Information Communication and Display Engineering. 1Kyungpook National University,
Department of Physics. 2Indian Institute of Technology Guwahati, Department of Physics.
A possibility of formation of bound states of the two-neutron-$\Lambda$ ($nn\Lambda$) system is studied in the context of
pionless effective field theory at the leading order. We make use of limit cycle behavior, i.e.,cyclic singularities of coupled
integral equations of the system, which would be associated with the formation of such three-body bound states, the so-called
Efimov states, in the unitary limit. When the coupled equations are numerically solved and the sharp cutoff introduced in the
coupled integral equations is sent to significantly large values, we find that a coupling of three-body contact interaction
becomes singular which indicates the onset of bound state formation. To this end, we study the feasibility for real
$nn\Lambda$ system to form realistic three-body bound states and discuss the uncertainties of the present calculation.

A1.14

A Parton Cascade with HERWIG

,
.
We consider a relativistic heavy ion collision within a Monte Carlo Simulation which combines the (andong) parton cascade,
which we have developed based on semiclassical Boltzmann equations, with HERWIG which is a well estabilished event
generator. Including a simple model for color force among partons, we present simulation results at RHIC and LHC energy.
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A10.01

Complex Network Analysis of the Korean Urban Street Structure

JUNG Woo-Sung, LEE Byoung-Hwa
POSTECH.
Urban street structure could indicate their own characteristics in terms of different role, different time of formation, different
topology, and different cultural and socio-economical background. To reveal the suitable mechanism forming the street
structure we apply the method for the complex network to the street network of dozens of cities in Korea. We found the
topological information of the street network by using betweenness centrality and closeness centrality. Based on centrality, we
obtained Gini indices of it. Through the Gini indices of betweenness centrality, cities are classified into several groups, and
each group possesses its own topological properties of the networks. On the other hand, planned cities could be distinguished
by the degree distributions, and whether or not the urban-rural integrated cities could be determined through closeness
centrality. To verify the mechanisms forming the street structure, we modeled a square lattice as an idealized form of the
planned street pattern. Through this study, we can get a wide view of the street structure itself and the origin of formation of
the street structure.

A10.02

Canary in a coal mine -- Analysis of Systemic Risk

,
.
We develop a measure of systemic risk based on symbolic transfer entropy in a network of U.S. 48 industries by incorporating
the strength and asymmetry of information flows. The systemic risk started to build up in 2001, reaches a local peak in 2004,
and accelerates until the financial crisis of 2007/2008. The year 2004 coincides with several financial events that potentially
contribute to the crisis: sudden acceleration of subprime mortgage, financialization of commodity, CDS activities. Systemic
risk is closely linked to macro-economic variables, and has predictive power for future stock returns - a warning signal for the
future.
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A10.03

Data Analysis and Modeling for Urban Morphology of Seoul

GOH Segun, LEE Keumsook1, CHOI MooYoung, KIM Kyung-min2
Department of Physics and Astronomy and Center for Theoretical Physics, Seoul National University. 1Department of
Geography, Sungshin Women's University. 2Graduate School of Environmental Studies, Seoul National University.
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A10.04

Understanding Financial Market States Using Artificial Double Auction Market

1,
,
Department of physics, POSTECH. 1Division of business administration, Chosun University.
The ultimate value of theories of the fundamental mechanisms comprising the asset price in financial systems will be reflected
in the capacity of such theories to understand these systems. Although the models that explain the various states of financial
markets offer substantial evidences from the fields of finance, mathematics, and even physics to explain states observed in the
real financial markets, previous theories that attempt to fully explain the complexities of financial markets have been
inadequate. In this study, we propose an artificial double auction market as an agent-based model approach to study the origin
of complex states in the financial markets, characterizing important parameters with an investment strategy that can cover the
dynamics of the financial market. The investment strategy of chartist traders after market information arrives should reduce
market stability originating in the price fluctuations of risky assets. However, fundamentalist traders strategically submit orders
with a fundamental value and, thereby stabilize the market. We construct a continuous double auction market and find that the
market is controlled by a fraction of chartists, Pc. We show that mimicking real financial markets state, which emerges in real
financial systems, is given between approximately Pc = 0.40 and Pc = 0.85, but that mimicking the efficient market hypothesis
state can be generated in a range of less than Pc = 0.40. In particular, we observe that the mimicking market collapse state
created in a value greater than Pc = 0.85, in which a liquidity shortage occurs, and the phase transition behavior is Pc = 0.85.
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A10.05*
1,
,
KAIST, Department of Physics.

A10.06*

1

, Department of Energy Science.

Application of the Gravity and Radiation Models on the Korean Urban Bus Network

JUNG Woo-Sung, HONG Inho
Department of Physics, POSTECH.
The transportation system has been studied in perspective of complex systems to explain the human mobility. Recently, the
gravity, radiation models and their modifications have been investigated to predict the human mobility by applying them on the
empirical datasets such as mobile phone data. In this research, the urban bus systems in 5 Korean cities are analyzed by the
gravity and radiation models to understand their scaling laws with sociodemographic factors in the urban scale. The origindestination matrices estimated from the bus operation data follow two models in both bus-stop and town resolutions. These
results imply that the traffic flows in 5 cities are commonly proportional to the populations of the origin and destination with
dependency on topological distances. The fluctuations in the regression with two models will be discussed to validate the
assumptions of each model.

-10-

-11-

A10.07*
,

Structural Constraint of Random Bipartite Graphs
1,

,
. 1Department of Physics, Technion, Israel.
We study the bigraphicity criteria of random bipartite scale-free graphs, which determine the possible combinations of
the degree exponents γ and γ ' and the upper cutoffs in the limit of infinitely large networks. Applying analytical
arguments similar to those used for studying the graphicity criteria [Phys. Rev. Lett. 109, 118701 (2012)], we
predict that the bigraphic region for 1 < γ = γ' < 2 is the same as the graphic region reported by Baek et al., and that
the entire γ, γ ' > 2 region is bigraphic. These predictions are numerically checked by random sampling of degree
sequence pairs.

A10.08*

Phase Diagram and Universal Scaling of Generalized Epidemic Process on Modular

Networks
CHUNG Kihong, BAEK Yongjoo1, HA Meesoon2, JEONG Hawoong3
Department of Physics, KAIST, Korea. 1Department of Physics, Technion, Israel. 2Department of Physics Education, Chosun
University, Korea. 3Department of Physics, KAIST, and APCTP, Pohang, Gyeongbuk 790-784, Korea.
In our earlier work [1], we studied the generalized epidemic process (GEP) [2] on modular networks with the generating
function technique [3], finding that the GEP exhibits both continuous and discontinuous phase transitions. Whereas the
technique successfully predicted continuous transition points, it gave less convincing results for discontinuous transitions
and failed to obtain the critical exponent . In order to address these shortcomings, we numerically investigate the scaling
behaviors shown by various aspects of order parameter distributions, which suggests that is consistent with the value given by
the mean-field bond percolation, possibly with logarithmic corrections. We also discuss the origin of discrepancies between
predictions and numerics for the locations of discontinuous transition points. [1] K. Chung et al., Phys. Rev. E 89, 052811
(2014). [2] G. Bizhani et al., Phys. Rev. E 86, 011128 (2014). [3] A. Hackett and J. P. Gleeson, Phys. Rev. E 87, 062801
(2013)
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A10.09*

Is Columnar Defect always relevant to 1D KPZ Growing Interfaces?

SOH Hyungjoon, BAEK Yongjoo1, HA Meesoon2, JEONG Hawoong
Department of Physics, KAIST, Korea. 1Department of Physics, Technion, Israel. 2Department of Physics Education, Chosun
University, Korea.
We study the minimum required strength of a single slow bond to induce a macroscopic queue in the totally asymmetric simple
exclusion process (TASEP). Previous studies have been divided over the existence of the non-queued phase, in which the slow
bond is too weak to create a large-scale queue. To resolve this issue, we propose and numerically study multiple indicators of
queue formation, taking advantage of the mapping between TASEP and other realizations of the one-dimensional (1D) KardarParisi-Zhang (KPZ) surface growth. Most notably, in the weak slow bond regime the steady-state configuration of TASEP is
mappable to the height profile obeying the Tracy-Widom distribution, which is a characteristic of the 1D KPZ surface growth
in the absence of defects. This supports the existence of the non-queued phase for the sufficiently weak slow bond. We also
discuss how boundary conditions affect the threshold strength of the slow bond, in the context of ensemble equivalence.

A10.10

Non-Self-Averaging and Ultra-slow Convergence in Gelation

CHO young sul, MAZZA Marco G.1, KAHNG Byungnam, NAGLER
jan2
Seoul National University. 1Max Planck Institute for Dynamics and
Self-Organization. 2ETH Zurich.
In irreversible aggregation processes droplets or polymers of
microscopic size successively coalesce
until a large cluster of macroscopic scale forms. This gelation transition
is widely believed to be
self-averaging, meaning that the order parameter becomes well-defined
upon ensemble averaging
with no sample-to-sample fluctuations in the thermodynamic limit. Here,
we show that this is not
necessarily the case. Depending on the growth rate of the largest cluster, the gelation transition
can show very diverse patterns as a function of the control parameter, which includes multiple
discontinuous transitions, non-self-averaging and ultra-slow convergence of the transition point.
Our framework may be helpful in understanding and controlling gelation.
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A10.11

Phase Transition of Kuramoto Oscillators with Generalized Unimodal Natural Frequencies

CHOI Chulho, PARK Hyunggyu
Korea Institue for Advanced Study.
Synchronization phase transitions of collective phase oscillators have been studied actively for decades. The natural frequency
distribution $g(\omega)$ of oscillators plays an important role in determination the phase transition’s types, properties and its
universality class.
Kuramoto model, a basic framework for synchronization, with unimodal and symmetric natural frequency distribution exhibits
a second-order phase transition with critical exponent $\beta=1/2$ whereas uniform distribution or bimodal and symmetric
distribution make it a first-order phase transition. We present a case in which $\beta$ has other values than 1/2 or 0 even
though it still has a unimodal natural frequency distribution and generalize it.
Therefore, we need to describe the unimodality more precisely. As a result, the finite-size exponent $\bar{\nu}$ and dynamic
exponent $\bar{z}$ also have different values than the known values. We derive those exponents analytically and confirm
them numerically using finite-size scaling.

A10.12

Wang-Landau approach to the tricritical behavior of the two-dimensional Blume-Capel

model
KIM Dong-Hee, JEONG Joohyeok, LEE Juhee, KWAK Wooseop1
GIST, Department of Physics and Photon Science. 1Chosun University, Department of Physics.
We study the first order transition and tricritical scaling behavior of the two-dimensional Blume-Capel model using the WangLandau sampling of the joint density of states. Despite the promising potential of the temperature-free Wang-Landau method
for the study of phase transitions, its applicability to the finite-size scaling for criticality remains much less explored because of
huge computational cost for large-scale simulations. Here, using the Blume-Capel model as an example, we demonstrate that
with the limitation of accessible system size being lifted, the Wang-Landau method can provide a high-precision measurement
of scaling exponents in hard problems such as multicritical phenomena. By employing the method of field mixing on the
Wang-Landau data, we construct the full first-order transition line of the Blume-Capel model to complete the phase diagram.
At the tricritical point identified, we perform the finite-size scaling analysis on the probability density functions for the mixing
fields as well as on the standard thermodynamic observables, presenting an excellent data-curve collapse with the exact
tricritical universal exponents predicted from the conformal invariance. This exemplifies the performance of the density-ofstates-based method in characterizing critical behavior.
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A10.13

Criticality in hybrid percolation transtions on interdependent networks

LEE Deokjae, SANGMIN Hwang, KAHNG Byungnam
Seoul National University.
Discontinuous percolation transitions in cascading-failure models in interdependent networks have garnered considerable
interests of researchers recent years. It was revealed that the transitions are actually hybrid transitions in which a critical
phenomenon appears prior to sudden decrease of the fraction of nodes belonging to a mutually connected component, the order
parameter. This critical behavior was shown theoretically using the branching process approach under the assumption that the
mutually connected component is actually in form of tree. However, the assumption has not been checked yet numerically
because of the absence of efficient algorithm for such tasks. Moreover, it has not been confirmed either if scaling relations
between the critical exponents hold. Here we perform extensive numerical simulations using recently developed efficient
algorithm [Hwang et al. PRE 91, 022814 (2015)] for the cascading-failure model in interdependent random networks, and
measure various critical exponents. We will show numerically if the scaling relations hold in this talk.

A11.01

Theoretical and Experimental Aspects of Controlled Quantum Dynamics

RABITZ Herschel
Princeton University, Dep. Chemistry.
Controlling quantum dynamics phenomena spans a wide range of
applications and potential technologies. Although some experiments are
far more demanding than others, the experiments are collectively
proving to be remarkably successful considering all of the complexities
involved in manipulating quantum coherence phenomena. The
presentation will include experimental results ranging from NMR
control of a few spins out to laser control of complex fragmentation
channels of polyatomic molecules. Attention will be drawn to the
explanation of the evident general ease of finding good controls by
consideration of the theoretical principles underlying quantum control.
These principles will particularly focus on the features of the underlying
control landscape defined as the observable as a functional of the
control. The landscapes have two key features categorized in terms of
their topology and structure (i.e., the former refers to so-called critical points while the latter refers to all non-topological
landscape “twists and turns”). The generally simple topological and structural features of quantum control landscapes will be
argued as having independent physical origins, but both cooperatively conspire to provide a foundation for the observed
relative ease of finding effective control fields. The practical significance of these findings will be discussed.
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A11.02

Pulse-shaping methods for ultrafast laser interaction with atoms

AHN Jaewook
KAIST, Department of Physics.
Coherent control of quantum systems has been enabled in many ways thanks to the development of laser techniques and, in
particular, laser pulse shaping technique has played a crucial role in that regards. Pulse shaping devices, such as spatial light
modulator and acousto-optic programmable dispersion filter, can transform a femtosecond laser pulse to an arbitrarily-shaped
pulse of programmed phase, amplitude, and polarization. In this talk, we first review a list of laser pulse shaping methods
developed for coherent control of nonlinear atomic processes, and then we report the recent demonstration of coherent control
of three-level atomic transitions by counter-propagating femtosecond photon pairs.

A11.03

Quantum Control via Geometrical Optimization

SOLA Ignacio, CHANG Bo Young1, SHIN Seokmin1
Universidad Complutense de Madrid, Dep. Quimica Fisica. 1Seoul National University, Department of Chemistry.
The selective preparation of arbitrary states by means of laser protocols is a paramount goal of quantum control, one that has
primary importance in quantum engineering, particularly in quantum information or quantum computation processes. In this
work we will analyze general features of some control schemes assuming certain constrained controllability criteria. To that
end we will use the Rayleigh-Ritz approach applied to the time-evolution operator, maximizing transition probabilities. This
approach is equivalent to a geometrical optimization of the dynamics where the time evolution operator is replaced by an
ordinary rotation in a subset of the Hilbert space. We will be concerned with intrinsic properties of the dynamics of systems
with manifolds of sublevels, which pose several interesting problems from the point of view of controlling the system
dynamics. Quantum control typically implies the ability to manipulate interfering pathways. With a larger number of levels
participating in the dynamics, a multilevel structure should offer more control opportunities at the expense of the ability to
manipulate within the substructure. However, as we will demonstrate, substructures often give raise to Stark effects that
actively block population transfer. A balance must therefore take place between the number of levels that participate in the
dynamics and those that can be controlled and to what extent. Defining different ways to set up this balance, our general goal is
to investigate whether quantum structures limit, or conversely help, in controlling the system. We will show that coarse grain
population passage between manifolds can be made faster via a novel control scheme termed parallel transfer. By suitably
preparing particular initial superposition states one can almost overcome the tyranny of the pulse area theorem, as long as all
initial sublevels can be accessed. However, to prepare arbitrary superposition states one needs to have full controllability on to
both the initial and the final manifold of sublevels.
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A11.04
{15:00-15:35] Quantum coherent control for ultralong quantum memories: Toward quantum repeaters
HAM Byoung Seung
).
GIST (
Quantum coherent control has been applied to various nonlinear optical media including solid states for potential applications
of quantum memories, where storage time far below a second and retrieval efficiency far below 90% strictly limit its
applications to quantum repeaters. In this talk, we present states of art of current quantum technologies for ultralong/ultra
efficient quantum storage based on a single photon interacting atomic ensembles, where light field-induced macroscopic
atomic coherence is coherently controlled by a classical light field for storage time extension beyond a minute with 90%
retrieval efficiency in a multi-mode scheme.

A11.05

Non-Abelian holonomic quantum control of a single qubit

MALINOVSKY Vladimir S.
US Army Research Laboratory, Adelphi, MD 20783.
The geometric manipulation of the qubit wave function has been
recently developed into a new research direction called geometric
quantum computing. The main idea is to control qubits by using
geometric (Abelian or non-Abelian) phases, which are acquired during a
quantum system evolution along a path in the parameter space. The
geometric or more generally holonomic quantum computation has
attracted a lot of attention due to robustness of geometric quantum gates
against certain types of noise. The resilience of geometric phases to
fluctuations is particularly crucial for realization of fault tolerant
quantum information processing.In this work, we consider universal set
of quantum gates solely based on manipulation by the geometric phase,
which is controllable by the relative phase and amplitude ratio of the external fields. Our discussion is restricted by choice of
the computational subspace spanned by the two lowest long-living states in the three-level system. External addressing of the
qubit states is done by using the Raman excitation scheme through a third ancillary state. Far off-resonant excitation of the
ancillary state by the external field is used to reduce potential gate errors due to the decoherence. The proposed method
combining both the adiabaticity and the pulse area control demonstrates a possibility to perform unitary operations on a single
qubit in a few picoseconds timescales, employing femtosecond laser systems. In contrast to recently developed methods, the
proposed quantum gate design allows significant suppression of the decoherence that could be a crucial advantage in achieving
high fidelity of the quantum gates.
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A11.06

Good Vibrations: Building Quantum Technologies in Ultrafast Systems

SUSSMAN Benjamin J.
National Research Council Canada and University of Ottawa, Dep.
Physics.
The unusual features of quantum mechanics are enabling the
development of technologies not possible with classical physics. These
devices utilize nonclassical phenomena in the states of atoms, ions, and
solid-state media as the basis for many prototypes including, e.g., new
photon sources, advanced communications and high-sensitivity
measurements. Here we investigate vibronic states in molecules and
solids as distinet alternative substrates. We demonstrate a memory for
light based on storing photons in the vibrations of hydrogen molecules
and the optical phonons of diamond. The high bandwidth of ultrafast
systems can be used at room-temperature to process femtosecond pulses
for many operational time bins before the states decohere, making them
valuable for local quantum processing.

A12.01
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A12.08

Symmetry of the Thin-Lens Equation and Its Applications to the Focal-Length

Measurement
HONG Seok-In
Department of Science Education, Gyeongin National University of Education.
Due to reversibility of light rays, the thin-lens equation (TLE) is symmetric under the exchange of the object distance and the
image distance. To measure the focal length of a converging lens, the displacement method (or Besselʼs method) utilizes the
two different configurations of the real object, the converging lens and the real image which correspond to the two symmetric
solutions of the TLE. Theoretically, we show that this method can be generalized to all possible pairs of symmetric solutions of
the TLE for both converging and diverging lenses.
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A12.13*

Development of SIP(ScienArt for Integrated Problem) based on Rockets of NASA

LEE Sua
Kyungpook National University, department of physics education.
It seems that Korean people with history more than five thousand years have been threatened to the peace under the
division of the Korean peninsula since 1953(N. Lee, 2014). In these contexts, South Korea succeeded the launch of Naro: the
country's first space rocket and propelled satellite into orbit in 2013. It can be seen that rocket science arouse not only space
engineering development, but also dream and interest toward science to the students(H. Lee et al., 2014). On the other hand,
despite an economic crisis, North Korea was focusing to the military force including nuclear missiles. Moreover, rocket
education of NASA is progressing for cultivating people of talent and Japan is progressing for base expansion of space
engineering(JAXA, 2015). If so, what do we need to pursue in South Korea's science education for the happy future in this
complex context? South Korea's science achievement presents low in PISA which shows various contexts than TIMSS which
is related with scientific context in the science textbook. Students' attitudes towards science were consistently low in both
studies(M. Lee, 2007). Not only logical and creative thinking, but also wide knowledge are needed to solve problems on
increasing complexity of modern society(Treffinger, 2004). In 2014, South Korea proposed an integrated curriculum to
introduce humanistic imagination on convergence curriculum(the Ministry of Education, 2014). Therefore, this study was
trying to investigate the various thinking in students’ problem solving process by producing integrated problem which is based
on NASA's rocket education program. For this study, two of grade 11 students in Daegu were carried out to the evaluation.
Survey and interview were performed by using retrospective interview for detailed analysis. In other words, it was trying to
look at the problem solving process through the item which has various points of view such as science, art, technology, history,
military science, and so on. Evaluation problem was consisted of the questions which were related to the following: science,
appreciation, imagination, and creation.

A13.01

Light Matter of Sunplasma

.
In plasma, light is emitted from an atom. Unlike the theoretical photon,
it was demonstrated through the reports of more than 50 images of
sunlight matter that light is matter easily collectable. This is able to be
convinced from the included image taken with a scanning electron
microscope. The image clearly shows that the substrate is filled with
various constructions made up of light matter. Moreover, chemical
compositions measured with an energy dispersive spectroscopy revealed
that light matter is composed of four chemical elements. Their atomic
percents and physical and chemical properties played a critical role to
understand the energy property possessed by light matter. In this talk, a
number of images and data are presented to clarify matter structures of
light as well as details on the chemical compositions. Further discussed are the particles composing light matter and an atomic
structure well accounting for the emission of light matter. All these materials would contribute to establishing new concepts on
light and atomic structure.
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A13.02*

Mode conversion of magnetohydrodynamic waves in stratified inhomogeneous plasmas

with shear flows
,
.
The propagation, resonant absorption, over-reflection, and mode
conversion phenomena of magnetohydrodynamic (MHD) waves in
stratified media with nonuniform shear flows are theoretically studied.
We derive an MHD wave equation for the situation where the shear flow
velocity, the external magnetic field strength and the plasma density
depend on one spatial coordinate z, while the directions of the shear flow
and the external magnetic field are perpendicular to that of
inhomogeneity. The wave equation is solved in a numerically exact
manner using a generalized version of the invariant imbedding method.
We show that resonant conditions can be satisfied at several values of z,
which are close to each other, therefore different kinds of resonant absorption and over-reflection phenomena may interfere
and result in substantial enhancement of resonances. A detailed investigation of the enhanced mode conversion including its
dependences on the inhomogeneity profile is presented. In the following figure, we plot the absorption coefficient versus the
maximum value of the normalized shear flow velocity, Umax, for a tangent hyperbolic flow profile. We observe that there
appear over-reflection phenomena in two different values of Umax. We give a detailed analysis of this phenomenon.
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A13.04

Canonical helicity in magnetized plasmas with strong flow

,
.
Magnetic helicity [Bellan, Spheromak], a topological measure of twistedness and linkage of magnetic vector fields, is a useful
concept for studying the dynamics of magnetized plasmas because it is usually better conserved than the magnetic energy. For
the plasmas with strong flow, the magnetic helicity needs to be generalized to the canonical helicity [S. You, Phys. Plasma 19
(2012)] to include the fluid vorticity. A simpler form of the canonical helicity transport equation has been derived based on the
generalized “electric” field, E= -∂P/∂t-∇h, where P is the canonical momentum and h is the enthalpy. As an application of the
canonical helicity transport equation, the rapid change of plasma flow during magnetic reconnection events is interpreted as a
transport between magnetic helicity and fluid vorticity. *Work supported by the National Research Foundation of Korea (grant
Nos. NRF- 2014M1A7A1A03029881, NRF-2013M1A7A1A02043921, and BK21+ program) and Asia-Pacific Center for
Theoretical Physics.

A13.05

Sterilization of Rice Seeds by Ozone with Ultrasonic wave and Plasma Generated by Arc

Discharge
KANG Min Ho, PENGKIT Anchalee1, CHOI Ki Hong, JEON Sung Sil, CHOI Hyo Won2, SHIN Dong Bum3, CHOI Eun Ha,
UHM Han Sup, PARK Gyungsoon
Kwangwoon University, Department of Electrical and Biological Physics. 1Kwangwoon University, Plasma Bioscience
Research Center. 2National Academy of Agricultural Science, Department of Crop Life Safety. 3National Institute of Crop
Science, Department of Crop Environment.
Inactivation of microbes associated with foods and host organisms requires non-toxicity to foods and hosts. The objective of
our study is to examine the potential of plasma and O3 for selectively inactivating fungal pathogens on seed rice. For this, we
first investigated the feasibility of using O3 and plasma generated by arc discharge in water to inactivate spores of Fusarium
fujikuroi, causing rice bakanae disease which now becomes a serious problem in Korea. Inactivation of fungal spores was more
dramatically reduced in water after treatment with O3 than arc discharged plasma. However, infected rice seeds were more
efficiently sterilized by arc discharged plasma in a condition of 12 frequency time per second at 10 kV. Interestingly, we also
observed that the ozone treatment with ultrasonification has disinfected rice seeds more effectively than ozone and arc
discharged plasma.This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea
government (MSIP), (No. 2010-0027963 and 2013R1A1A3011245), Rural Development Administration (RDA) grant, No.
PJ009891, and National Fusion Research Institute (NFRI).
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A13.07*

Analysis for the Effects of Various Plasma Sources on Plant Development

CHOI KiHong, JI SangHye, PENGKIT Anchalee, KANG MinHo, LEE SangHak, HONG YoungJune, UHM HanSup, CHOI
EunHa, PARK Gyungsoon
.
Plasma has been actively used in medical application and recently in agricultural area. Many techniques for enhancing
seed germination are getting more attention than before. In this study, we analyzed the influence of various plasma sources on
germination and growth of two vegetable plants, spinach (Spinacia oleracea) and coriander (Coriandum sativum). Plant seeds
were treated by high voltage pulse plasma produced by Marx generator, micro DBD plasma and arc discharge plasma. We
calculated energy of each plasma source using the breakdown voltage and current values. The emission spectra were also
investigated to know what kinds of reactive species were generated. In specific conditions, seed germination rate and plant
length increased compared to the control. We also analyzed seed surface structure after plasma treatment using the scanning
electron microscope. This work was supported by the National Research Foundation of Korea (NRF) grant funded by the
Korea government (MSIP), No.2010-0027963, and by National Fusion Research Institute (NFRI).
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A13.08

Feasibility of maintaining in-plane polarization for a storage ring EDM search

STEPHENSON Edward
Indiana University.
A search for an electric dipole moment (EDM) on charged particles using a storage ring requires beam polarization lifetimes
approaching 1000 s for in-plane polarization. A feasibility study using beam bunching and sextupole field adjustment is
underway with a 0.97-GeV/c vector-polarized deuteron beam at COSY. The polarimeter consists of a thick carbon target
positioned at the edge of the beam and the EDDA scintillation detectors. The DAQ system assigns a clock time to each
polarimeter event. Once calibrated against the RF-cavity, the clock time is used to select events associated with a maximal
sideways polarization (precessing at 120 kHz). With this tool, the in-plane polarization magnitude is tracked versus time.
Electron cooling reduces the depolarization from finite emittance and second-order momentum spread acting through
synchrotron oscillations. Further lifetime improvement to the level of hundreds of seconds is achieved by adjusting sextupole
fields located in the COSY ring arcs at places of large transverse beta functions and dispersion. The dependence of the
reciprocal of the lifetime on sextupole field strength is nearly linear, permitting an easy location of the best field values. These
typically occur near loci of zero chromaticity.

A13.09

GEM-based polarimeter development for storage ring proton EDM experiment

PARK Seongtae
Center for Axion and Precision Physics, IBS.
Since the first invention in 1997, Gas Electron Multiplier (GEM) detectors have been extensively studied for the use as
calorimeters or position sensitive detectors in variety of fields. Its robustness against severe radiation environment and fast
response time make it one of the best candidates for high rate measurement. In this study, we present the research results on
GEM detector development which we are working on for storage ring proton EDM(Electric Dipole Moment) search. Since the
storage ring will store 1011 protons in a storage and the protons are slowly extracted in 1000 s, a high rate(~MHz)
measurement is one of the challenging tasks in this experiment. As an efforts to make the high rate measurement possible we
are designing anode board which distribute the high rate to multiple individual readout channels. A conceptual design of GEMbased polarimeter will be presented. Monte Carlo simulation results about the proton interaction in carbon target are discussed
and particle information arriving at the GEM detector plane is also studied.
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A13.10

Proton EDM Experiment and Magnetic Field Shielding in an All-Electric Storage Ring

HACIOMEROGLU Selcuk
Center for Axion and Precision Physics, IBS.
The Standard Model (SM) predicts CP violation through the CKM mechanism, which estimates very small values for the
electric dipole moment (EDM) of fundamental particles. On the other hand, some theoretical extensions to SM predict much
higher values, near the current experimental limit. The Proton EDM (pEDM) Collaboration is working on an experiment with
sensitivity of 10-29 e·cm. This is about 2 orders of magnitude bigger than SM prediction and more than 4 orders of magnitude
smaller than the current experimental limit. Possible measurement of an EDM at this level means new physics. The proposed
pEDM experiment is based on an all-electric storage ring with ideally zero magnetic field along the beamline. This talk will
focus on the pEDM experiment and the plan for controlling the magnetic field.

A14.01

Scattering Amplitudes without Feymnan Diagrams

LEE Sangmin
/
.
Scattering amplitudes of quarks and gluons are essential ingredients in deciphering complex signals from particle accelerators.
Although the Feynman rules for QCD-like theories were written down in the early days of standard model, the actual
computation using Feynman rules proved to be computationally inefficient and conceptually unsatisfactory. In this talk, we
give a short introduction to recent developments in novel geometric methods in computing scattering amplitudes, which not
only simplifies the computations dramatically but also poses deep questions on the foundation of quantum field theory.
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A14.02

Seiberg-Witten curve, (p,q) web diagram, and toric-like geometry

KIM Sung-Soo
KIAS.

A14.03
,

3d superconformal field theories from 3-manifolds
1,

2

IPMU. 1
. 2
.
I will start with basic review on 3d/3d correspondence, which relates 3d superconformal field theories (SCFTs) to 3-manifolds.
It gives new understandings on 3d SCFTs, physics of multiple M5-branes and mathematics of 3-manifolds. In this talk, we
study the holographic duals of these 3d SCFTs by computing its the free energy at large N. We find that the holographic
principal predicts an non-trivial conjectures on perturbative invariants of complex Chern-Simons theories on 3-manifolds
which can be confirmed numerically.
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A14.04

Stochastic quantization of conformally coupled scalar in AdS

, JATKAR Dileep1
,
. 1Harish Chandra Research Institute, Physics department.
We explore the relation between stochastic quantization and holographic Wilsonian renormalization group flow further by
studying conformally coupled scalar in AdS_{d+1}. We establish one to one mapping between the radial flow of its double
trace deformation and stochastic 2-point correlation function. This map is shown to be identical, up to a suitable field redefinition of the bulk scalar, to the original proposal in arXiv:1209.2242.

A14.05
,

Magnetic Properties Of Superconductor Phase Diagram : Holographic Approach
,

1,

1

GIST. 1
.
In this paper we study responses to an external magnetic field in 2+1 dimensional systems using gauge/gravity correspondence.
Corresponding models have momentum relaxation and strange metal behavior. They can be proposed as models describing
normal state and anti-ferromagnetic region of the high $T_c$ superconductors.
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A14.06
,

On the Holographic Magnetism
1,

1,

.

1

.

We consider the the holographic mechanism of symmetry breaking for the (anti) ferromagnetism and condensation of the
magnetization for the strongly interacting spin system. We introduce a few models which are natural from the symmetry point
fo view and discuss their characteristics.

A14.07
,

Holographic Entanglement Entropy of the N=6 Massive Chern-Simons Theory
1,

2
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A14.08

Holographic Mesons in a Dense Medium

NAM Siyoung, LEE Bum-Hoon1, PARK Chanyong2
Sogang U.. 1CQUeST, Seoul & Sogang U.. 2CQUeST, Seoul.
We study mesons in a dense medium by using a hardwall model of the holographic QCD. Due to the nontrivial isospin interaction in the nuclear medium, neutral and charged
mesons develope the splitting patterns of mass spectra, dispersion relations and decay constants.

A14.09

Effect of the Magnetic Field on the Dynamical Gap from Holography

SEO Yunseok, SIN Sang-Jin
Hanyang Univeristy.
We study the fermion Green’s function in a boundary theory dual to the dyonic black hole background. To generate the
dynamical gap, we tern on the dipole interaction to the bulk fermion. We calculate fermi two point function by solving bulk
fermion equations of motion with appropriate boundary condition at the black hole horizon. We study the relation between
properties of the gap from the dipole interaction and the Landau levels.
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A14.10

Time-dependent solutions in dynamical AdS background

.
Gravitational instability towards formation of a black hole is an
important problem. Via AdS/CFT, this issue is related to thermalization
process in strongly coupled systems. We discuss the recent results
concerning (in)stability of Einstein-scalar systems in AdS background.
In this contribution we present the perturbative construction of timeperiodic solutions in AdS space, allowing the full back-reation to
gravity. We study tachyonic scalar fields whose mass is at or above the
Breitenlohner-Freedman bound in four, five, and seven spacetime
dimensions. The critical amplitude of the leading order perturbation, for
which the perturbative expansion breaks down, increases as we consider
less massive fields. We present various examples including a model with
a self-interacting scalar field which is derived from a consistent truncation of IIB supergravity.

A14.11

Holographic conserved charges for rotating black holes

HYUN Seungjoon, JEONG Jaehoon1, YI Sang-Heon, PARK Sang-A
Yonsei University, Department of Physics. 1Aristotle University of Thessaloniki, Institute of Theoretical Physics.
We propose the modified form of the conventional holographic conserved charges which provides us the frame-independent
expressions for charges. This form is also shown to be independent of the holographic renormalization scheme. We show the
frame and scheme independence through the matching of our holographic expression to the covariant bulk expression of
conserved charges. As an explicit example, we consider five-dimensional AdS Kerr black holes and show that our form of
holographic conserved charges gives us the identical expressions in the rotating and non-rotating frames.
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A14.12

Supersymmetric AdS6 solutions of type IIB supergravity
1,

,
.

1

1

.

We employ the method of Killing spinors and consider the most general supersymmetric solutions of type IIB supergravity
which has metrics of warped products of AdS_6 and a four-dimensional Riemannian manifold. We show that the fourdimensional Riemannian manifold has an SO(3) isometry i.e. it should contain a two-sphere. We reduce the supersymmetry
conditions to two coupled first-order PDEs. We recover the known T-dual of the solution first found by Brandhuber and Oz.
Our analysis parallels the recent study on AdS_6 solutions via the pure spinor method by Apruzzi, Fazzi, Passias, Rosa and
Tomasiello.

A14.13
,

Representation of Poincare group and Derivation of Dirac equation
1

. 1
.
Originally, finding relativistic spins (operators) of massive particles is a long-standing problem from the beginning of
relativistic quantum mechanics. Here, we present the rigorous derivation of proper spin operator for an arbitrary spin massive
particle from the spacetime symmetry. The covariant parity operator defined by the spin operators is shown to naturally lead to
the covariant Dirac equation for spin-half massive particles, which manifests existent relativistic spins.
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A14.14

Supergravity in Twlve-dimension

.
We consider supergravity in twelve dimension, whose dimensional reduction yields eleven-dimensional, IIA, and IIB
supergravities. This also provides the effective field theory of F-theory. The obstacle of Nahm's no-go theorem on
supersymmetry multiplet, whose maximal Poincare symmetry be eleven-dimensional one, can be evaded because one or two
dimensions are forced to be compact. Chirality and self-duality of IIB theory is understood.

A14.15
,

AdS6 Solution of IIB Supergravity Revisited
,

1

. 1
.
We revisit the general form of AdS6 solutions in IIB supergravity theory studied recently by Apruzzi, Fazzi, Passias, Rosa and
Tomasiello. VIa dimensional reduction on AdS6 space we obtain a 4 dimensional gravity coupled to 5 scalar fields, which
parametrize the coset space SL(3,R)/SO(2,1). Non-vanishing scalar potential breaks the global sl(3,R) symmetry to a certain
solvable 5 dimensional subalgebra. We also study the mathematical structure of Killing spinor equations and discuss its
generalizations.
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A14.16
,

Little strings and T-duality
,

1

,
. 1
,
.
We study various descriptions of type IIA and IIB little strings. The 2d gauge theories for the type IIB little strings are well
known, whose Higgs branches given by U(N) instanton moduli spaces are the relevant CFTs. The IIA little strings are
described in the literature by N = (4,4) supersymmetric affine A_N−1 quiver gauge theories, whose Coulomb branch CFTs are
relevant for the little strings. We study new N = (0, 4) quiver gauge theories which describe the same strings in IR. In
particuler, we show that the pro- tected spectra fo the IIA/IIB strings captured by the elliptic genera are related to each other by
T-duality.

A14.17

Counting the States of E-strings

KIM Seok, KIM Joonho, LEE Kimyeong1, PARK Jaemo2, VAFA Cumrun3
Seoul National University. 1Korea Institute for Advanced Study. 2Postech. 3Harvard University.
A single M5-brane probing the M9-brane captures self-dual strings (so-called 'E-strings') coming from M2-branes suspended
between M5- and M9-branes. The dynamics of E-strings is described by 2d N=(0,4) interacting CFT. We identify its weakly
coupled description, the UV gauge theory living on D2-branes suspended between an NS5-brane and 8 D8-branes on an O8plane, using the string duality. This can be used to compute the elliptic genus for arbitrary number of E-strings. We explicitly
compute the elliptic genus for low numbers. Our result agrees with the known results for 1 and 2 E-strings, and reproduces the
partially known results from topological string for 3 and 4 E-strings. We also compare it with the 5d Sp(1) instanton partition
function and find agreement.
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A14.18

Wess-Zumino-type Coupling in ABJM Theory with Abelian Gauge Invariance

JANG Dongmin, KIM Yoonbai, KWON O-Kab1, TOLLA D. D.2
Sungkyunkwan University, Department of Physics. 1Kyungpook National University, Department of Physics. 2Sungkyunkwan
University, University College.
The interaction terms are constructed between the world-volume fields of multiple M2-branes and 3-form gauge field of 11dimensional supergravity, in the context of ABJM theory. This Wess-Zumino-type coupling possesses both the UL(N)XUR(N)
non-Abelian gauge symmetry of the ABJM theory and the Abelian gauge symmetry of the 3-form field, C(3) -> C(3)
+dLambda(2),
in 11-dimensional supergravity. The Abelian gauge invariance is fulfilled by adding the interaction terms between the nonAbelian world-volume gauge field strengths and the lower form field degrees. The obtained Wess-Zumino-type coupling for
the 3-form gauge field resembles the interactions in superstring theory.

A14.19

Thermodynamic phase transition based on the nonsingular temperature

EUNE Myungseok, GIM Yongwan1, KIM Wontae1
Sangmyung University, Department of Computer System Engineering. 1Sogang University, Department of Physics.
The Hawking temperature for the Schwarzschild black hole is divergent when the mass of the black hole vanishes; however,
the corresponding geometry becomes the Minkowski spacetime whose intrinsic temperature is zero. In connection with this
issue, we construct a nonsingular temperature which follows the Hawking temperature for the large black hole, while it
vanishes when the black hole is completely evaporated. For the thermodynamic significances of this modified temperature, we
calculate thermodynamic quantities and study phase transitions. It turns out that even the small black hole can be stable below
a certain temperature, and the hot flat space is always metastable so that it decays into the stable small black hole or the stable
large black hole.
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A14.20
HYUN Young-Hwan, KIM Jinsu, KIM Yoonbai, PARK Seong Chan
Sungkyunkwan University.

A2.01

Recovery of the CaMoO4 crystal for the neutrino less double beta decay experiment.

SUJITA Karki, H.K Park1, H.J Kim2
, IBS. 1IBS. 2
.
Abstract :
The AMoRE (Advanced Mo based Rare process Experiment) collaboration is going to use calcium molybdate (CMO),
CaMoO4, crystals to search for neutrinoless double beta decay of 100Mo. The waste CMO crystals are decomposed into the
initial component calcium carbonate (CaCO3) and molybdenum oxide (MoO3)using the techniques of wet chemistry by using
either concentrated nitric acid (60% HNO3) or hydrochloric acid (60% HCl ). These chemicals are further purified and are
used for making the CMO crystals.
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A2.02*

Expected Performance of the J-PARC E42 Spectrometer for H-Dibaryon Search

1, IMAI K.1, SAKO H.1, HASEGAWA S.1
,
,
,
,
1
. JAEA.
The E42 experiment at J-PARC (high-intensity proton accelerator research complex) in Japan aims at searching for Hdibaryon, which is yet a theoretical particle composed of six quarks (uuddss). It is predicted as a weakly bound system, a
virtual state, or a Breit-Wigner resonance near the Lambda-Lambda threshold. The E42 experiment will employ two dipole
spectrometers: a large-acceptance superconducting spectrometer (HypSpectrometer) for detecting decay particles and a
forward dipole spectrometer (KURAMA Spectrometer) for tagging (K-, K+) reaction events at forward angles. A timeprojection chamber (TPC) is a central tracking device placed in the center of the HypSpectrometer. In this talk,
we will present the expected performance of the dual spectrometer system with emphasis on the cosmic-ray measurement with
the time-of-flight detector, magnetic-field calculation using Maxwell3D software, and the bench-test results of TPC with UV
laser light and X-rays from 55Fe.

,

A2.03*

Development of Forward Aerogel Cherenkov Detector for the H-Dibaryon Search
Experiment (E42) at J-PARC.
,
,
1
Sako , S. Hasegawa1
. 1JAEA.

,

,

,

1,

K. Imai1, H.

We report recent development of a forward aerogel Cherenkov (FAC)
detector for the H-dibaryon search experiment (E42) at J-PARC. The
current FAC that is a threshold Cherenkov detector with a large-volume
(750x250x60 mm^3) aerogel radiator is the first of its kind using the
aerogel with refractive index of 1.04. It is designed to direct Cherenkov
lights towards photomultiplier tubes (PMT) using the parabolashaped specular reflection box. As the FAC will be placed at the exit
window of the superconducting Helmholtz magnet in the E42 setup to
distinguish kaons from swift pions, the effect of fringing B-field around
the FAC should be taken into account when estimating the gain of the
PMT. In this presentation, the gain measurement of a suitable type of
PMT for the FAC with the estimated magnetic field correction will be
discussed. Then, the optical properties of the aerogel and the light-box
geometry dependence of the FAC response will be presented.
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A2.04

Development of MICROMEGAS detector for alpha from 241Am source

KIM Do Yoon, SHIN Jae Won, ANDRIAMONJE Samuel1, PARK Tae-Sun, KADI Yacine1, TENREIRO Claudio2, HONG
Seung-Woo
Department of Physics, Sungkyunkwan University, Suwon 440-746, Republic of Korea.. 1CERN CH-1211 Geneva,
Switzerland.. 2Faculty of Engineering, University of Talca, Talca 3465548, Chile..
MICROMEGAS (MICRO MEsh GASeous) detectors have been developed for the detection of various particles. In our earlier
work, we fabricated and calibrated MICROMEGAS for detecting X-rays [1]. In this work, we present our recent development
of MICROMEGAS for detecting α particles. We used an 241Am standard source (~ 3.6 kBq) as an α-source. The voltage
applied to the ionization region is optimized for stable performance at the room temperature and atmospheric pressure. The
spectrum of α was obtained for different energies of α by changing the flight distance of α from 241Am source. The
experimentally measured channel number for peak positions for different α energies was compared with the calculated deposit
energy of α in the detector calculated by Geant4 simulation. Energy calibration of MICROMEGAS for α was done by
changing the thickness of the ionization region of MICROMEGAS. The efficiency of MICROMEGAS for α from the 241Am
source (~ 3.6 kBq) is found to be about 98 %. [1] DoYoon KIM, et al,. 2012
(
: P4-C024).

A2.05*
,

Status of the software development for SπRIT-TPC
,

.
SπRIT-TPC is the time projection chamber designed to measure various
hadronic observables for the nuclear symmetry energy around twice the
saturation density at the Rare Isotope Beam Factory (RIBF), RIKEN in
Japan. We plan to measure the n/p and t/3He yield ratios in the
beginning and, eventually, the charged pion ratio in heavy-ion collisions
using exotic radioactive ion beams. Those observables are predicted to
be sensitive to the nuclear symmetry energy at supra-saturation densities.
In order to reconstruct tracks in TPC and analyze a large amount of data
to be collected by nuclear collisions near future, a highly efficient and
accurate software frame work is needed. In this report, we present the
status of development for the analysis frame work for SπRIT-TPC, called SPiRITROOT, that is capable of full process of the
data acquisition and the track reconstruction.
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Compton-suppressed Gamma-ray Detector Array at Institute for Basic Science
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Gamma-ray spectrometers are one of the most powerful and versatile tools, among the available detector systems, to study the
nuclear physics. The importance of such detection systems has been recognized and consequently several high-purity
germanium detector arrays, such as EUROBALL and GAMMASPHERE, have been constructed in this endeavor. With the
help of recent advances in nuclear experimental techniques the next-generation of gamma-ray spectrometers, such as TIGRESS
at TRIUMF, GRETINA in the USA, and AGATA in the Europe Union, are being developed around the world. Also, most
recently, the clover detector collaboration between the USA and Japan has been launched for studying the exotic structure of
nuclear structure with radioactive ion beams at the Research Center for Nuclear Study (RCNP), located in Japan. As part of our
own separate project, we have started to work on the construction of a gamma-ray spectrometer, comprised of highly
segmented super clover detectors, at the Institute of Basic Science (IBS) in Korea. In this presentation we introduce the
conceptual design of our gamma-ray spectrometer, consisting of 6 Compton-suppressed super clover detectors and report on
the recent progress in its construction. Finally, we discuss the nuclear physics that can be studied with our gamma-ray
spectrometer.

A2.07*
,

J/psi production in pPb collisions from CMS
,

,
,
,
.
As the charmonia are generated in early stage of collisions, they are important probes to investigate the cold nuclear matter
(CNM) effect, including the nuclear parton distribution function (nPDF) of gluons, in proton-nucleus collisions. They also help
to scrutinize the effects due to the pure hot and dense partonic matter in heavy-ion collisions. In this presentstion, we discuss
the J/psi measurment in p-Pb collisions at the center-of-mass energy per nucleon pair of 5.02 TeV with an integrated
luminosity of 34.6 nb$^{-1}$ recorded by the CMS experiment at LHC in 2013. Prompt J/psi and non-prompt J/psi from B
hadron decays are separated by the secondary-vertex analysis for their dimuon decay mode. The differential production cross
sections are presented for the center-of-mass rapidity of -2.87 < $y_{CM}$ < 1.93 and the transvers momentum of $p_{T}$ <
30 GeV/c. In addition, the forward-to-backward yield ratio is obtained within $|y_{CM}|$ < 1.93, including the dependence on
the transverse-energy value measured in 4.0 <|eta|<5.2.
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A2.08

Renormalization of dimension 6 gluon operators

,
.
We identify the independent dimension 6 twist 4 gluon operators and calculate their renormalization in pure gauge theory. By
constructing the renormalization group invariant combinations, we find the scale invariant condensates that can be estimated in
nonperturbative calculations and used in QCD sum rules for heavy quark systems in medium.

A2.09*

Some improvement on nuclear symmetry energy in QCD degree of freedom

,
.
1) In hadronic phase, the nuclear symmetry energy can be obtained by
using QCD sum rules. Calculating the nucleon self energy in iso-spin
asymmetric medium the symmetry energy can be expressed in quark and
gluon degree of freedom. The first attempts was successful (Ref.
Phys.Rev.C87 015204). However, the previous work could not provide
good Borel curves. After accounting alpha_s correction and dimension-8
condensates, we can get more stable Borel window : the sum rule and
related result becomes more reliable. Also dependence on new twist-4
matrix elements will be presented.
2) In dense quark phase, one can imagine two situation. Normal quark pahse and color superconducting phase. For normal
matter, the quark matter symmetry energy can be obtained from hard dense loop(HDL) resummed grand potential. It slightly
reduces symmetry energy (~5 MeV). In superconducting phase, symmetry energy becomes almost 3 times of one for normal
matter as liberal degree of freedom becomes 1/3 of normal matter. We expect that the reduction of symmetry energy by HDL
becomes vanish in 2SC phase as the rest mass can not be asymmetrized as in normal phase. Updated results will be presented.
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A2.10

Multiplicity dependence of long and short-range two-particle correlation in sqrt(s)=7TeV
proton-proton collisions at LHC-ALICE experiment
BHOM Jihyun
University of Tsukuba.
Previously observed ridge-like correlation in high-energy heavy-ion collisions has mostly been explained by higher order event
anisotropy vn originated from initial participant geometrical fluctuation followed by collective expansion. The geometrical
fluctuation is known to become more and more significant in peripheral collisions, while the collective expansion should
become stronger in semi-central to central collisions. High multiplicity events in high energy pp collisions may provide an
important information of ridge-like structure in small- and high density system or possible source of collectivity. The di-hadron
Δφ, Δη correlation has been measured with central and forward detectors in 7TeV pp collisions at ALICE experiment with η
_gap up to ~5 units.

A2.11

Rare Isotope Bean Production using by Multi-nucleon Transfer Reaction at the KOBRA

CHAE Hyunwoo, SOULIOTIS Georgios1, TSHOO Kyoungho2, KWON Youngkwan2, MOON Junyoung2, PARK Junesic2,
HASHIMOTO Takashi2, LEE Kwangbok2, KIM Young-kyun3, CHOI Seonho
Department of Physics & Astronomy, Seoul National University. 1Department of Chemistry, National and Kapodistrian
University of Athens. 2Rare Isotope Science Project, Institute for Basic Science. 3Department of Nuclear Engineering,
Hanyang University.
The KOBRA (KOrea Broad acceptance Recoil spectrometer and Apparatus) facility is being designed for study of various
topics in low energy nuclear science at the Rare Isotope Science Project (RISP), which is a part of the Institute for Basic
Science (IBS) in Korea. At the KOBRA facility, stable ion beams of about 20 MeV/nucleon will be sent from a
superconducting linear accelerator and used to generate low energy rare isotope (RI) beams at the first stage of KOBRA, via
multi-nucleon transfer reactions on a production target. In this presentation, we briefly introduce the characteristics of the
multi-nucleon transfer reaction mechanism using the DIT/GEMINI simulation which reproduces experimental results well. We
report on the prediction of the secondary beam intensity of interest based on the Monte Carlo simulation.
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A2.12

Yield Estimation Of Neutron-rich Rare Isotopes Induced By 200 MeV/u $^{132}$Sn Beams
By Using GEANT4
SHIN Jae Won, MIN Kyung Joo1, HAM Cheolmin1, PARK Tae-Sun2,
HONG Seung-Woo2, CHEOUN Myung-Ki
Department of Physics, Soongsil University. 1Department of Energy
Sience, Sungkyunkwan University. 2Department of Physics,
Sungkyunkwan University.
A so-called "two-step reaction scheme", in which neutron-rich rare
isotopes obtained from ISOL are post-accelerated and bombarded on a
second target, is employed to estimate the production yields of exotic
rare isotopes. The production yields of neutron-rich rare isotope
fragments induced by 200 MeV/u $^{132}$Sn beams bombarded on a
$^{9}$Be target are estimated with Monte Carlo code, GEANT4. To
substantiate the use of GEANT4 for this study, benchmark calculations
are done for 80 MeV/u $^{59}$Co, 95 MeV/u $^{72}$Zn, 500 MeV/u
$^{92}$Mo, and 950 MeV/u $^{132}$Sn beams on the $^{9}$Be
target. It is found that $^{132}$Sn beams can produce neutron-rich rare
isotopes with 45 $\leq$ Z $\leq$ 50 more effectively than $^{238}$U
beams at the same energy per nucleon.

A2.13*

Unitarity in effective field theory regulators for the description of low energy NN scattering

IN EunJin, PARK TaeSun1, HONG Seong-woo1
Sungkyunkwan university, Energy science department.. 1Sungkyunkwan university, Physics department..
Cut-off regulators in the effective field theory (EFT) description of the low-
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A3.01*

Direct Growth of High-quality GaN Layer on Carbon Nanotube-Graphene Hybrid
Structure as Intermediate Layer
PARK Ah Hyun, SEO Tae Hoon1, KIM Yong Hwan2, LEE Gun Hee,
KIM Myung Jong1, JEONG Mun Seok2, LEE Young Hee2, HAHN
Yoon-Bong, SUH Eun-Kyung
School of Semiconductor and Chemical Engineering, Semiconductor
Physics Research Center, Chonbuk National University, Jeonju 561-756,
Republic of Korea. 1Soft Innovative Materials Research Center, Korea
Institute of Science and Technology, Jeonbuk 565-905, Republic of
Korea. 2Department of Energy Science, Sungkyunkwan University,
Suwon, Kyeonggi 440-746, Republic of Korea.
We report the direct growth of high-quality GaN layer on carbon nanotubes (CNTs) and graphene hybrid structure (CGH) as
intermediate layer between GaN and sapphire substrate by metal-organic chemical vapor deposition. The CNTs on graphene
act as nucleation seeds, resulting in the formation of kink bond along CNTs with the basal plane of the substrate and play a
crucial role in the growth of single crystal GaN layer on graphene. The improvement of crystalline quality and the relaxation of
residual compressive stress in GaN layer grown on CGH/sapphire substrate compared to those of GaN layer grown on sapphire
substrate were confirmed by Raman scattering, photoluminescence and x-ray diffraction spectra. This is because the epilayer
growth can be achieved through the lateral overgrowth process occurred during the growth of GaN layer on CGH as
intermediate layer.

A3.02*

Probing the layer dependent transition of phonon dynamics in MoS2 atomic layers

KIM JaeHyeon, KIM JongHun, LEE JinHwan1, LEE ChangGu1, LYEO
HoKi2, PARK JeongYoung
KAIST, Graduate School of EEWS and IBS, Center for Nanomaterials
and Chemical Reactions. 1Sungkyunkwan University, Mechanical
Engineering. 2Korea Research Institute of Standards and Science.
We investigated the layer dependent transition of cross plane thermal
conduction in Al/few layer (2~20 ML) MoS2/SiO2 structure by using
time-domain thermoreflectance (TDTR), an optical pump-probe method.
We identify the thermal conductivity of bulk MoS2 (2.3 W/m K) and
interfacial thermal conductance of between Al and MoS2 (~32 MW/m2 K) to get the criteria of this study. The interfacial
thermal conductance for Al/MoS2 indicates diffusive thermal transport limit for Al/MoS2 system because the framework of
thermal resistances in series governs the layered structure. We observed the abnormal increasing behavior of thermal
conductance in bilayer MoS2 case (~80 MW/m2 K) which is even higher than diffusive limit for Al/MoS2 interface (Figure 1).
In the bilayer of MoS2, the size of material is comparable to shortest wave length of c-axis longitudinal phonon. The transfer
phenomenon in this condition profoundly different and it is dominated by the ballistic process, since the populated phonons
will go directly without phonon-phonon scattering at interface and medium. We attribute the increased thermal conductance for
bilayer MoS2 to the transition of phonon dynamics from diffusive to quasi ballistic regime.
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A3.03*

Enhanced Quantum Efficiency Driven by Hot Carrier Multiplication in
Graphene/Semiconductor Nanodiode
LEE Young Keun, CHOI Hongkyw1, LEE Hyunsoo, LEE Changhwan, CHOI Jin Sik1, HWANG Euyheon2, PARK Jeong
Young
KAIST, EEWS. 1ETRI. 2SKKU.
It is known that carrier multiplication (i.e., generation of multiple electron–hole pairs from a single high-energy electron, CM)
is very efficient in graphene because thermalization of hot electrons via electron–phonon interactions is relatively very slow
compared with relaxation by electron–electron interactions. Thus, when a hot electron–hole pair is generated by a single
incident photon in graphene, the energetic photo-excited electron loses its energy and produces more electron–hole pairs before
thermalizing by emitting phonons. Here, taking advantage of efficient CM in graphene, we fabricated graphene/TiO2
nanodiodes to detect hot electrons by CM and demonstrated that the quantum efficiency of the nanodiodes was much
enhanced. By directly comparing Fowler’s law for photoemission and power law behavior arising from CM, we show that CM
in graphene is highly efficient, producing hot electrons via impact ionization. In addition, CM occurs at a wavelength range
that has the potential to provide significantly increased power conversion efficiency and weakly depends on light intensity,
providing the possibility for viable ultrasensitive photodetectors.
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A3.05

Environmentally Stable Hybrid Electrode Based on Carbon Nanotube and Graphene for
Ultra-violet Light Emitting Diodes
SEO Tae Hoon, LEE Gun Hee1, PARK Ah Hyun1, CHO Hyunjin, LEE
Seula, MIN Kyung Hyun1, KIM Myung Jong, SUH Eun-Kyung1
Soft Innovative Materials Research Center, Korea Institute of Science
and Technology, Jeonbuk 565-905, South Korea. 1School of
Semiconductor and Chemical Engineering, Semiconductor Physics
Research Center, Chonbuk National University, Jeonju 561-756, South
Korea.
We report a transparent current spreading electrode that combines
single-wall carbon nanotubes (SWCNTs) and graphene for ultraviolet
light emitting diodes (UV LEDs). We compared the device performance
and long term stability of this SWCNTs-graphene hybrid electrode
(CGE) with those of silver nanowire-graphene hybrid electrode (SGE) reported previously. Both types of electrodes offered
excellent UV transmittance and reduced sheet resistance through the bridging effect for grain boundaries and defects in
graphene by nanotubes or nanowires. They led to UV LEDs with reduced forward voltage and enhanced electroluminescence
(EL) intensity, but the device with CGE showed excellent stability while the SGE degraded with time. Our findings indicate
that this all-carbon-based hybrid electrode with high stability would be a reliable transparent current spreading layer for deep
UV optoelectronics.

A3.06

Computational Study of Defect Structures in Two Dimensional Materials

LEE Gun-Do
Department of Materials Science and Engineering, Seoul National University.
Defects have become a subject of intensive investigation because those affect the mechanical and electronic properties of
materials. Many state-of-the-art techniques such as high resolution transmission electron microscopy (HR-TEM) have been
devoted to the study of defects structures in two dimensional materials. However, it is very difficult to observe the detail of the
formation process even within the state-of-the-art microscopy experiments because the dynamics of defective structures is
completed in very short time. Various computational methods have been employed to elucidate the hidden process of defect
formation and dynamics [1]. We applied the tight-binding molecular dynamics simulation and first principles calculation to
study the defect structures in two dimensional materials under the collaboration with HR-TEM group. The role of the ‘bridging
atom’ was predicted from our computational study [2] and it has been finally found in HR-TEM images [3]. We also found that
the ‘bridging atom’ plays a very important role in stabilizing the defect structures in two dimensional materials. I will also
introduce recent results on defects structures not only in graphene [4,5] but also in other two dimensional materials.[1] G.-D.
Lee*, C. Z. Wang, E. Yoon, N.-M. Hwang, D.-Y. Kim, and K. M. Ho, Phys Rev Lett 95, 205501 (2005).[2] A. W. Robertson,
G.-D. Lee*, K. He, E. Yoon, A. I. Kirkland, and J. H. Warner* Nano Letters, 14, 1634 (2014)[3] A. W. Robertson, G.-D. Lee*,
K. He, E. Yoon, A. I. Kirkland, and J. H. Warner* Nano Letters, 14, 3972 (2014)[4] K. He, G.-D. Lee, A. W. Robertson, E.
Yoon, and J. H. Warner*, Nature Communications 5:3040 (2014).[5] C. Gong, K. He, A. W. Robertson, E. Yoon, G.-D. Lee, J.
H. Warner, " ACS Nano, 9, 656 (2015)
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A3.07

Exotic Electronic transports via Majorana Fermions in TopologicalSuperconductors

LEE Minchul
Department of Applied Physics, Kyung Hee University.
Majorana fermions, being its own anti-particle, are flavorless and elusive
because they have no charge nor spin. Nevertheless, Majorana-like
quasi-states formed at the edges of topological superconductors (TSs)
can cause exotic electronic transport, revealing their peculiar identity. In
this talk, a few interesting theoretical proposals for detecting Majorana
fermions on topological superconductors are introduced: anomalous
crossed Andreev reflection in a TS ring, electrical and thermoelectrical
detection of Majorana states using quantum-dot side-coupled to a TS,
and charge relaxation resistance in a two-dimensional chiral TS. [1] M.
Lee, H. Khim, and M-S. Choi, Phys. Rev. B 89, 035309 (2014). [2] M. Lee, J. S. Lim, and R. Lopez, Phys. Rev. B 87, 24102
(R) (2013). [3] R. Lopez, M. Lee, L. Serra, and J. S. Lim, Phys. Rev. B 89, 205418 (2014). [4] M. Lee and M-S. Choi, Phys.
Rev. Lett. 113, 076801 (2014).

A3.08

Carrier screening, transport, and relaxation in chiral 3D Dirac semimetals

HWANG Euyheon
SKKU Advanced Institute of Nanotechnology and Department of Physics.
We present the density and temperature-dependent carrier conductivity in chiral 3D Dirac materials focusing on resistive
scattering from screened Coulomb disorder due to random charged impurities. The scaling properties describing how the
conductivity depends on the density and temperature can be used to establish the Dirac nature of 3D chiral systems through
transport measurements. We also theoretically calculate and compare the single-particle relaxation time \tau_s, defining the
quantum level broadening, and the transport scattering time \tau_t, defining the conductivity, in the presence of screened
charged impurity scattering. A critical quantitative analysis of the \tau_t/\tau_s for 3D Dirac materials is provided. Finally, we
present the dependence of the conductivity on carrier density and temperature for arbitrary chiral band dispersion in arbitrary
dimensionality assuming long-range Coulomb disorder and zero-range white noise disorder.
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A3.09

Intrinsic transport properties of graphene

PARK Cheol-Hwan
Department of Physics, Seoul National University.
Electron-phonon interactions play an important role in limiting the transport properties of materials. In other words, no matter
how flawless the prepared sample is or no matter how perfectly the device is made, electrons are still scattered by phonons.In
the first part of this presentation, I will review some of the general aspects of intrinsic transport properties of metals and
semicdonductors. In the second part, we focus on the case of graphene [1,2].Reference[1] C.-H. Park et al., Nano Lett. 14,
1113 (2014).[2] T. Y. Kim and C.-H. Park, unpublished.

A3.10
,

,
, (JUNG)
(Inhwa)
,
.
First, the presentation will focus on recent progress in the realization of eyeball cameras based on flexible electronics
technology. Especially, the presentation includes recent advances in this type of camera designs inspired by biological systems,
which are as follows: original e-eye camera based on silicon nanomembrane, paraboloid cameras with hexagonal tiling, GaAs
NIR camera, tunable e-eye camera, and compound eye. Additionally, we will addresses on the recent research result about
underlying mechanics related with the development of the compound eye camera. As the second part, various applications of
graphene-based material will be presented. We have developed a simple optical method for identifying and measuring the
effective optical properties of nanometer-thick, graphene-based materials, based on the use of substrates consisting of a thin
dielectric layer on silicon. The colors of graphene and graphene-oxide multilayers that were deposited on various dielectric
layers are investigated. Also electrical characteristics of graphene-based material have been investigated. Now we are focused
on developing novel applications based on graphene, such as, coatings, composites, sound-generators, actuators, supercapacitors, heat-transfer enhancing materials, etc.
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A4.01

Electronic Transport in Nanoscale Structures (

)

.
In this tutorial lecture, I will briefly explain the quantum electronic transport properties, such as, ballistic transport, quantized
conductance, single electron effect, etc for various structures such as 2-D quantum well, 1-D quantum wire, quantum point
contact, and 0-D quantum dot nanostructures.

A4.02*

Organic photomemory with flash-like operation

KIM, Mincheol, SEONG, Hyejeong1, LEE, Seungwon, KWON,
Hyukyun, IM, Sung Gap1, YOO, Seunghyup
KAIST, Electrical Engineering. 1KAIST, Chemical and Biomolecular
Engineering.
Organic photomemory devices with flash-like operation are presented.
Unlike those relying on charge-trapping interface between a channel and
a gate insulator or on charge-storage agents (e.g. quantum dots) present
within the semiconductor channel, our devices take a configuration
similar to that of thin-film floating gate flash memory by placing C70-based photon-absorbing layers in between the bottom
blocking-dielectric and gate-dielectric layers. Proposed photomemory devices are shown to be programmable with a gate pulse
as short as 5 ms, exhibiting 0.1 A/W of effective responsivity at zero gate bias (VDS = 1 V).
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A4.03*

Determination of the individual atomic site contribution to the electronic structure of
hexaazatriphenylene hexacarbonitrile (HAT-CN)
KIM Minsoo, LEE Sangho, HEO Nari, LEE Nalae, JUNG Yunwoo, KIM Jonghoon, CHO Sang Wan, NEWBY Dave1,
SMITH Kevin1
Yonsei University, Department of Physics. 1Boston University, Department of Physics.
We have studied the element and orbital-specific electronic structure of thin films of hexaazatriphenylene hexacarbonitrile
(HAT-CN) using a combination of synchrotron radiation-exited resonant x-ray emission spectroscopy, x-ray absorption
spectroscopy, x-ray photoelectron spectroscopy, as well as density functional theory calculations. Resonant and non-resonant
x-ray emission spectroscopies were used to measure the C and O 2p partial densities of state in HAT-CN. Furthermore,
resonant x-ray emission at the C and O K-edges is shown to be able to measure the partial densities of states associated with
individual atomic sites. In flexible organic light-emitting devices, the HAT-CN acted as an efficient charge-generation layer
due to its deep-lying lowest unoccupied molecular orbital level. We support it by comparison of our calculation to
measurements of the electronic structure using element-, site-, and orbital-selective C and O K-edge resonant x-ray emission
spectroscopy.

A4.04*

Two approaches to improve the performance of quantum-dot light emitting diodes

LEE Sang Moo, CHO Nam-Kwang, CHO Jae Eun, KANG Seong Jun
Department of Advanced Materials Engineering for Information and Electronics, Kyung Hee University.
The electroluminescent properties of quantum-dot light emitting diodes have been improved by inserting additional layers at
the interface between anode and hole injection layer. A thin layer of gold nanorods was inserted to produce plasmon coupling
effect on the device. The device with the gold nanorods showed enhanced electroluminescent properties. Also, additional hole
injection layer of perchlorate (PC) doped poly 3,4-ethylenedioxythiophene)-block-poly(ethylene glycol) (PEDOT:PEG) was
introduced to improve the hole injection from the anode to the PEDOT:PSS. The PC-doped PEDOT:PEG improved the device
performance as well. The origin of the improvements and the device characterizations will be discussed in this presentation.
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A4.05*

Study of interface at Donor-Acceptor Bilayer Formed by Electrospray Vacuum Deposition
in Polymer Organic Solar Cells
KIM Ji-Hoon, HONG Jong-Am, KWON Dae-Gyeon, SEO Jaewon, MAENG Min-Jae, LEE Seungjun, SAKONG Jeonghun,
PARK Yongsup
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University.
We investigated the planar interface of poly(3-hexylthiophene) (P3HT) and C61-butyric acid methylester (PCBM) by using
ultraviolet photoelectron spectroscopy (UPS). To study the interface between these materials, which is related with high
efficiency of the device, gradual deposition system of polymer materials was required in high vacuum condition. In this work,
electrospray vacuum deposition (EVD) technique was carried out to deposit PCBM onto spincoated P3HT in high vacuum
conditions. EVD allows us to form polymer thin films onto spincoated P3HT substrate in a step-wise manner directly from
solutions and to use UPS without exposing the sample to the ambient condition. The UPS measurement of EVD-prepared
planar interface resulted in the energy level offset of 0.91 eV between P3HT HOMO and PCBM LUMO, which is considered
as the upper limit of Voc of the organic photovoltaic cells.

A4.06*

Energy level alignments at ITO/PEDOT:PSS/PTB7/PC71BM studied with photoemission
and inverse photoemission spectroscopy
,

,

,

,

.
For high-performance polymer bulk hetero-junction solar cell, thieno [3,4-b] thiophene-alt-benzodithiophene copolymer
(PTB7) and [6,6]-phenyl C 71 butyric acid methyl-ester (PC71BM) have attracted great attentions due to their high photo
convesion efficiency (PCE). The so called “push-pull” mechanism of PTB7 is the key for the superior electronic properties.
For obtaining higher PCE, it is indispensable to understand the electronic structures because the open circuit voltage (VOC),
short circuit current (JSC) and fill factor (FF) are decisively changed with energy level alignment between each material.
However, “pristine” interfacial electronic structures between PTB7 and PC71BM have not been studied thoroughly. It is due to
the incompatibility between ultra-high vacuum (UHV) system for photoemission measurements and solution process for the
formation of polymer film. Moreover, the initial interface formation between PTB7 and PC71BM cannot be analyzed directly
with conventional method due to the cross-dissolving problem.
Recently, we proposed vacuum electrospray deposition system to overcome such limitations [1]. Depositing ultrathin
PEDOT:PSS, PTB7 and PC71BM layer under UHV, the pristine interface formation can be studied with in situ photoemission
measurements. In this study, ultraviolet photoelectron spectroscopy measurements were performed to figure out pristine
density of valence state of PEDOT:PSS, PTB7, PC71BM and interfacial electronic structures between each layer. To
understand the electron conduction mechanism, we studied the unoccupied states of each layer using an inverse photoemission
and x-ray absorption spectroscopy. Theoretical calculations were also performed to understand the push-pull mechanism.
[1] S. Park, Rev. Sci. Instrum. 83, 105106 (2012)
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A4.07*

Non-quasistatic measurement for charge transport properties of single-walled carbon
nanotube thin film transistors
SHIN Hyeonwoo, PARK Su-Yeon, HA Tae-Jun1, LEE Changhee
Seoul National university, Department of Electrical Engineering and
Computer Science. 1Kwangwoon University, Department of Electronic
Materials Engineering.
Transient measurements can provide additional important information
of charge transport properties for better understanding on the material
compared to steady-state measurements. We will present the non-quasistatic (NQS) method by using transient analysis to investigate charge
transport in the random networks of single-walled carbon nanotube
(SWCNTs) based thin-film transistors (TFTs). The dynamic mobility
can be extracted by measuring the time delay with corresponding to the
applied pulse voltage. We will also discuss velocity distributions of
charge carriers in the SWCNT-TFTs.

A4.08*

Photolithographic fabrication of 4K-bit-integrated microscale organic nonvolatile resistive
memory devices.
SONG Younggul, JANG Jingon, YOO Daekyoung, JUNG Seok-Heon1, LEE Jin-Kyun1, LEE Takhee
Seoul National University. 1Inha University.
I will present my recent research results on 4K-bit microscale organic nonvolatile resistive memory devices fabricated with a
10 ´ 10 mm2 cell size in a 64 ´ 64 cross-bar array structure [1]. This microscale integration was made via orthogonal
photolithography processes using fluorinated photoresist and solvents and was achieved without causing damage to the
underlying organic memory materials [2]. Our 4K-bit microscale organic memory devices exhibited excellent memory
performance that was retained more than 10 days with a high ON/OFF ratio (>107) and good endurance switching
characteristics (> 300 cycles). References : [1] Y. Song et al. Org. Electron. 17, 192 (2015). [2] A. Zakhidov et al. Adv. Mater.
20, 3481 (2008)
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A4.09*

Study for Energy Tailoring of Self-Organized HELs (SOHELs) to Midgap States of
Perovskite and Boosting the Power Conversion Efficiency of Perovskite Solar
1,
1,
1,
,
POSTECH , Materials Science and Engineering. 1UNIST , Department of Energy Engineering.
The work function (WF) in hole extraction layers (HELs) can be tuned by using molecular surface engineering to control the
surface composition in HEL films, which depends on the surface-enriched molecules and their concentration relative to the
conducting polymer. Thus we used a self-organized HEL (SOHEL) which is composed of a conducting polymer composition
(e.g., PEDOT:PSS) and a perfluorinated ionomer (PFI), i.e., tetrafluoroethylene-perfluoro-3,6-dioxa-4-methyl-7-octenesulfonic acid copolymer. Here, we present solution-processed methylammonium lead iodide CH3NH3PbI3-based perovskite
solar cells with a high-WF SOHEL for good energy level alignment with the IP level of CH3NH3PbI3. The SOHEL at the hole
extraction interface can increase the built-in potential, the photocurrent, and thus the PCE of perovskite solar cells. We
obtained high PCE of 11.7% in SP-PHJ perovskite solar cells under 100-mW/cm2 illumination. We find also that Voc of the
SOHEL/perovskite device is increased depends on the fluorinated molecule rates, while the Fermi-level of SOHEL becomes
pinned to the midgap state of the perovskite. It is because the hole extraction offset at the SOHEL/ perovskite is decreased as
function of interface energy level of SOHEL. We also demonstrated flexible perovskite solar cells on a poly(ethylene
terephthalate) (PET) substrate; they had PCE as high as 8.0%.
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A4.11

Graphene and hBN substrates for deposition of small organic molecules and their
applications for transistors
KIM Kwanpyo
Department of Physics, Ulsan National Institute of Science and Technology (UNIST).
The study and reliable control of molecular packing structures at the substrate-molecule interface are of great importance for
various applications. We utilize suspended graphene and hexagonal boron nitride (hBN) as assembly templates to investigate
thin-film epitaxial growth of various organic molecules including pentacene and C60. Thin-film packing structures of
molecules are investigated using transmission electron microscopy. Utilizing ab initio electronic structure calculations with
van der Waals interactions, we understand the observed molecular growth behavior mainly with graphene/hBN-molecule
interactions. Using graphene/hBN-molecule systems, we also fabricate vertical/lateral transistors and study the systems'
electronic behaviors.

A4.12
,

Effect of Interlayer Interaction on Exciton Luminescence in Atomic-layered MoS2 Crystals
,

,
,
,
.
Transition metal dichalcogenides (TMDCs) have emerged as a new area in 2D atomic layered materials such as MoS2 and
WS2 due to their semiconducting electronic band structure unlike metallic graphene. In particular, it has been reported that
TMDCs possess a variety of interesting optical properties including a strong excitonic luminescence, large exciton binding
energies of ~1 eV, and valley and spin degrees of freedom. Even though exciton-related phenomena in atomic 2D systems are
of great interest, the intrinsic properties of excitons in TMDCs are largely unexplored. In this work, we investigate the effect of
interlayer interaction on excitonic luminescence in atomic layered MoS2 crystals by means of micro-photoluminescence (PL)
spectroscopy and first-principles density functional theory (DFT) calculation. Single-(1L) and double-layer (2L) MoS2 crystals
were prepared by CVD and mechanical exfoliation methods. The excitonic luminescence of atomic MoS2 crystals well reflects
electronic band structure obtained by the first-principles DFT calculation. In the PL spectra, the A-exciton and B-exciton
clearly appear at ~1.82 eV and ~2 eV, respectively. As the number of layer decreases from 2L- to 1L-MoS2, the PL intensity of
A-exciton is strongly enhanced, while that of B-exciton remains almost constant. This suggests that A-exciton (B-exciton) is
sensitive (insensitive) to interlayer interaction, which can be formed in 2L-MoS2. From the first-principles DFT calculation, we
found that the induced charge generates the internal electric field in-between the 2L-MoS2. The internal electric field could
give rise to the drastic A-exciton quenching in 2L-MoS2 which is directly relevant to the conventional quantum confined Stark
effect.
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A4.13*

Anomalous excitonic resonance Raman effects in molybdenum disulfide

LEE Jae-Ung, PARK Jaesung, SON Young-Woo, CHEONG Hyeonsik
Department of Physics, Sogang university.
The resonance effects on the Raman spectra from 5 to 900 cm−1 of fewlayer MoS2 thin films up to 14-layers were investigated by using six
excitation energies. For the main first-order Raman peaks, the intensity
maximum occurs at ∼2.8 eV for single-layer and at ∼2.5 eV for fewlayer MoS2, which close to the band-gap energy. At the excitation
energy of 1.96 eV, anomalous behaviors are observed. Second-order peaks are anomalously enhanced even though the main
first-order peaks are not enhanced. In the low-frequency region (<100 cm−1), a broad peak centered at ∼38 cm−1 and its
second order peak at 76 cm−1 appear for the excitation energy of 1.96 eV. These anomalous resonance effects are interpreted
as occuring due to the strong resonance with excitons or exciton–polaritons.[1]
[1] J.-U Lee et al., Nanoscale 7, 3229 (2015)

A4.14*

Identifying crystallographic orientation of black phosphorus

KIM Jungcheol, LEE Jae-Ung, LEE Jinhwan1, LEE Changgu1,
CHEONG Hyeonsik
Sogang university, Department of physics. 1Sungkyunkwan university,
Department of mechanical engineering and center for human interface
nano technology.
Few-layer black phosphorus(BP) is attracting interest recently as a
promising candidate for field effect transistor devices with a high carrier
mobility (~300 Vcm^2/s) and high on/off ratio (~10^5) which are
important for logic circuits [1]. It has been known that several physical properties depend on the crystallographic orientation of
the sample due to anisotropy.
We propose methods to determine the crystallographic orientation of a BP. As BP has an anisotropic structure, one can find the
principal axis directions (zigzag or armchair) of a BP crystal by using an optical microscope. One can identified its
crystallographic orientation exactly by using polarization dependence of Raman modes. We propose a fail-proof procedure to
determine the orientation of a BP crystal.
[1] S. P. Koenig et al, Appl. Phys. Lett. 104, 103106 (2014)
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A4.15*
,

Selective Growth of Graphene on a Cu Foil by Using a Spontaneous Pattern Transfer

,
,
,
.
Thermal annealing of a Cu foil placed on top of a selectively FeCl3patterned quartz substrate in mixed gas flow of H2, Ar and CH4
atmosphere at 1000℃ led to selective growth of graphene on the front
side of the Cu foil. Surface analysis of selectively grown graphene on a
Cu foil revealed that the spontaneously transferred pattern consisted of
SiO2. Computational simulation based on a random walk model
suggests that spontaneous pattern transfer was mainly due to the
oxidation of diffused Si atoms, which originated from the FeCl3-coated
region of a quartz.

A4.16*

,

Advanced Transfer Technique for Multi-Stacking of Low-Dimensional Nano Materials

YUN Hoyeol, LEE Jeonghyeon, LEE Sang Wook
Division of Quantum Phases & Devices, School of Physics, Konkuk University.
To investigate the physical properties at the junction of various low-dimensional nano materials, it has been required to
develop a clean transfer technique guaranteeing the quality of junction. We developed a transfer technique based on the weak
adhesion between the surface-modified SiO2/Si substrate and low-dimensional nano materials. Vacuum annealing treatment
made it possible for PMMA layer to be easily detached from the substrate by a simple mechanical peeling off. Multi-stacking
of low-dimensional materials was realized without an exposure to wet-conditions that degrade the unique properties of nano
materials.The origin of the weak adhesion from the surface treatment was studied by contact angle, X-ray photoelectron
spectroscopy (XPS) and time of flight secondary ion mass spectrometry (TOF SIMS). Multi-stacked devices, such as
graphene/mono-hBN/graphene structure made by our transfer method will be introduced in the end of this presentation.
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A6.01

Tunneling Spectroscopy Studies of Single and Bilayer Graphene Devices with hBN as
Tunneling Insulator
JUNG Suyong
Korea Research Institute of Standard and Sciences, Center for Quantum Measurement Science.
We have performed electron tunneling spectroscopy measurements on gated single and bilayer graphene devices with thin
hexagonal boron nitride (h-BN) as tunneling barrier. We can directly probe electronic structures of graphene devices by
varying charge density and tunneling bias voltage. The evolution of bilayer energy gap identified as dI/dV dip in tunneling
spectra is observed as the electric field between bottom gate and top-tunneling probe varies. In addition, we can identify
several spectra features, which are in good agreement with the vibrational excitations; phonons of graphene and h-BN and a
signature of local plasmonic excitation. Upon increasing external magnetic field, the development of Landau levels (LL) is
observed as early as 0.2 T and we are able to discern individual LL as many as 20 as an index for both filled and empty states,
which is unprecedented in previous tunneling spectroscopy studies on graphene devices.

A6.02

Low Temperature Scanning Probe Microscopy on Two-Dimensional and Topological
Material Systems
SUH Hwansoo, JEON Insu, KWON Hyeokshin, KIM Hyo Won, KO Wonhee, OH Youngtek, KU JiYeon, HWANG Sung
Woo
Samsung Advanced Institute of Technology.
In the field of scanning probe microscopy, the performance of an instrument can be measured in a variety of metrics. Among
them, the base temperature and maximum magnetic field are essential in a number of aspects. At lower temperature, thermal
broadening decreases and we can achieve higher energy resolution reaching microelectronvolt range. Higher magnetic field
enables us to lift degeneracy in an electron energy level and look deeper into the electronic structures of condensed matters.
Instrumentation of the dilution-refrigerated 6.6 mK, 15.5 T ultralow temperature scanning probe microscopy, along with recent
progress in the research of two-dimensional materials and topological insulators are presented.

-59-

A6.03

Spatially-resolved One-dimensional Interfacial States formed by Two-dimensional

Heteroepitaxy
PARK Jewook
Oak Ridge National Laboratory, USA.
Recently, a one-dimensional (1D) interface has been suggested in hexagonal boron nitride (hBN) and graphene planar
heterostructures, where a polar-on-nonpolar 1D boundary is expected to possess peculiar electronic states associated with edge
states of graphene and the polarity of hBN. Here, we report on the formation and electronic properties of such a 1D interface.
We show the growth of a single-atomic layer, in-plane heterostructure of graphene and monolayer hBN on copper foil
substrate by implementing the concept of epitaxy to 2D space [1]. Furthermore, scanning tunneling microscopy and
spectroscopy measurements reveal an abrupt 1D zigzag oriented boundary, with boundary states about 0.6 eV below or above
the Fermi level depending on the termination of the hBN at the boundary [2]. The boundary states are extended along the
boundary, and exponentially decay into the bulk of graphene and hBN. The origin of boundary states and the effect of the
polarity discontinuity at the interface will be discussed.
This research was conducted at the Center for Nanophase Materials Sciences, which is sponsored at Oak Ridge National
Laboratory by the Scientific User Facilities Division, Office of Basic Energy Sciences, U.S. Department of Energy.
[1] J. Park et al. Science 343 163 (2014)
[2]J. Park et al., Nature Commun. 5, 5403 (2014)

A6.04

Eleectrical Doping by MoS2 Triangular Adclusters on Monolayer MoS2

RYOU Junga, KIM Yong-Sung
Korea Research Institute of Standards and Science.
In this study, we investigate structure and stability of MoS2 triangular
nanoclusters, and their electrical doping effects on an underlying MoS2
layer, through density-functional theory (DFT) calculations. It is found
that (i) the Mo-edge structure with 50% S coverage is low in edge
energy, when the cluster size is equal to or larger than N=4 in the Morich limit condition, (ii) the S-edge structure with 50% S coverage has
the lowest edge energy, when the cluster size is small, N=2, in the Morich limit condition, and (iii) the Mo-edge structure with 100% S
coverage has the lowest edge energy in the S-rich limit condition
irrespective of the cluster sizes. In order to study interaction between the
MoS2 nanoclusters and an underlying MoS2 single layer, we investigate
the electronic structures for the adcluster-on-monolayer MoS2 systems shown in Fig. 1. The underlying monolayer MoS2 is
found to be n-type doped by the Mo-edge triangular nanoclusters with 100% S coverage (iii). The n-type doping effect is found
to be greater as the size of the MoS2 nanocluster is smaller.
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A6.05*

Robustness of Topological Surface State and Doping Effect of the H2O Adsorption on the

Bi2Se3 (111) Surface
SHIN Eun-Ha, KIM Hanchul
Department of Physics, Sookmyung Women's University.
Topological insulator (TI) has distinct properties of surface metallicity in
contrast to the insulating bulk state. The topological surface state (TSS)
is known to be robust for impurities and disorders as long as the time
reversal symmetry is preserved. One of TI, Bi2Se3 was studied to
examine whether TSS is robust for exposure to O2 and H2O. In this
presentation, we report adsorption and dissociation of the H2O on the TI,
Bi2Se3 (111) surface using the density functional theory calculation. The
H2O prefers dissociation into OH and H in the defected (Se vacancy)
surface. When OH is close to H, TSS is almost not changed. When OH
is far from H, surface is doped n-type and TSS is attributed to 2nd QL.
These results illustrate controversial observation of experiment of exposure to water on the Bi2Se3 (111) surface.

A6.06*

Overlap of Charge Ordering in Symmetry Broken IrTe2

KIM Hyo Sung, KIM Soo-Ran1, KIM Kyoo1, MIN Byung Il1, CHO
Yong-Heum2, CHEONG Sang-Wook3, YEOM Han Woong
Center for Artificial Low Dimensional Electronic Systems, IBS and
Department of Physics, POSTECH, Korea. 1Department of Physics,
POSTECH, Korea. 2Department of Physics, POSTECH, Korea and
Laboratory for Pohang Emergent Materials and Department of Physics,
POSTECH, Korea. 3Department of Physics, POSTECH, Korea and
Laboratory for Pohang Emergent Materials, POSTECH, Korea and
Rutgers Center for Emergent Materials and Department of Physics and
Astronomy, USA.
We investigate the atomic and detailed electronic structures of
intriguing low temperature phases of IrTe2 using high-resolution
scanning tunneling microscopy (STM) and spectroscopy (STS). We
carefully separate and identify the spatial electronic modulation from the
structural distortions of the stripe phase. This result clearly denies the
charge-density-wave and soliton model proposed earlier. Instead, here
we show that the charge ordering in the Te layer is in good agreement with the Ir dimerization and charge ordering model
proposed recently. In addition, we also found a metastable honeycomb charge-ordered phase which is considered as a 3q state
of the stripe phase and similar to be a 2q state description of the checkerboard charge order.
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A6.07*

Schottky barrier heights and effective work functions at various TiAlN/HfO2 interfaces

KIM Geun-myeong, OH Young Jun, CHANG Kee Joo
Korea Advanced Institute of Science and Technology, Department of Physics.
In high-k/metal gate stacks of metal-oxide-semiconductor field-effect transistors (MOSFETs), it is important to control the
metal work function. In TiN/HfO2 stack prepared by gate-last process, it was reported that depositing TiAl on top of
TiN/HfO2 results in the n-type shift of the work function. However, there is a lack of theoretical studies for the effect of Al
impurities on the work function. In this work, we perform first-principles density functional calculations to investigate the
effect of Al impurities on the p-type Schottky barrier height (p-SBH) of TiN/HfO2 and compare the results with those for
TiAlN/HfO2 interface. The effective work function is obtained by including the quasiparticle GWo corrections to the band gap
and valence band edge state of HfO2. In bulk TiN, it is found that Al atoms prefer to substitute for Ti atoms. When Al atoms
occupy the interface Ti sites at TiN/HfO2 interface, the p-SBH height tends to increase, leading to the n-type shift. At
TiAlN/HfO2 interface, the p-SBH increases almost linearly with the Al content. On the other hand, relative thicknesses of TiAl
and TiN at abrupt TiAl/TiN/HfO2 interface do not significantly affect the p-SBH. This result indicates that the p-SBH is
mostly affected by the Al atoms substituting for the interface Ti atoms.

A6.08*

Ytterbium-driven strong enhancement of electron-phonon coupling in graphene.

1, D. A. Siegel2, KEVIN T. Chan2, J. Noffsinger2, A. V. Fedorov3, MARVIN L. Cohen2, BORJE
,
,
Johansson4, J. B. Neaton5, A. Lanzara2
,
. 1Geophysical Laboratory, Carnegie Institution of Washington, Washington, DC. 2Department of
Physics, University of California, Berkeley, Berkeley, California. 3Advanced Light Source, Lawrence Berkeley National
Laboratory, Berkeley, California. 4The Molecular Foundry, Lawrence Berkeley National Laboratory, Berkeley,
California. 5Kavli Energy Nanosciences Institute at Berkeley, Berkeley, California.
The electron-phonon interaction is one of the important charge scattering mechanisms, sometimes resulting in novel
phenomena such as superconductivity via the formation of Cooper pairs. By using angle-resolved photoemission
spectroscopy, we report the electron-phonon coupling in ytterbium-doped graphene. The analysis on the electronic band
structure and self-energies reveals the strongest electron-phonon coupling ever measured for graphene, showing almost 10
times stronger than that of undoped graphene. We attribute the strong enhancement to the hybridizations between Yb 6s and 4f
electrons and graphene π electrons. Our results provide a viable route towards the realization of phonon-mediated
superconductivity in graphene.
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A6.09*

The Kibble-Zurek Mechanism applied to The Quenching Dynamics of One-dimensional
Topological Superconductors with Open Ends
1,
1
,
Department of Applied Physics and Institute of Natural Science, College
of Applied Science, Kyung Hee University, Yongin 446-701,
Korea. 1Department of Physics, Korea University, Seoul 136-701,
Korea.
The Kibble-Zurek mechanism (KZM) is generalized to a class of multilevel systems and applied to study the quenching dynamics of onedimensional (1D) topological superconductors (TS) with open ends.
Unlike the periodic boundary condition, the open boundary condition,
that is crucial for the zero-mode Majorana states localized at the
boundaries, requires to consider many coupled levels. Our generalized
KZM predictions agree well with the numerically exact results for the
1D TS. In particular, the generalized KZM explains well the Majoranamode contribution to the topological defects, which defies utterly the
traditional KZM. The inherent bound-state character and multi-level
structure of the Majorana mode, who play key roles in the TS, are
efficiently captured by the generalized KZM.

A6.10*

The Origin of n- and p-type Doping of Graphene with Dipolar Polymers: A First-Principles

Study
LEE Eui-Sup, KIM Yong-Hyun
Graduate School of Nanoscience and Technology, KAIST.
Graphene is one of the promising materials to complement the inherent
limitations of silicon in low dimensional electronic devices. In order to
realize the applicable electronic devices, there is an essential demand to
develop a robust and complementary n- and p-type doping method.
Recently, various approaches have been considered for the carrier
doping in graphene, using substitutional dopants, external electrostatic
field, charge transfer and so on, however, these methods are faced with
intrinsic drawbacks. Here we report n-doping behaviors of graphene by
P4VP polymer coating, based on results of first-principles densityfunctional theory calculations. When P4VP polymer which contains the carbon chain and pyridine rings is absorbed on
graphene surface, we found that P4VP polymer undergoes local ordering to maximize interaction strength by forming CH-π
bonds. This creates strongly dipole field because the half of pyridine rings in P4VP polymer are aligned vertically to graphene
surface. We also see that vertically aligned dipole field downshifts band energy up to 2.8 eV, so this results in n-doping
behaviors in graphene. From these results, we expect that the controllable and complementary n- and p-type doping could be
possible by different dipolar polymer coating. And we also believe that the dipole doping phenomenon could be universally
found in low dimensional systems, for example, quantum dot. [1][1] J. M. Yun, S. Park, Y. H. Hwang, E.-S. Lee, U. Maiti, H.
Moon, B.-H. Kim, B.-S. Bae, Y.-H. Kim, S. O. Kim, ACS Nano 8, 650-656 (2014)
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A6.11

Changing Metallic to Insulating Electronic Structure of Graphene on SiC(0001) via
Intercalation/Deintercalation of Alkali-metal (Na) between Epitaxial Graphene and SiC substrate using
Ionic Interaction with Deposited Tetrafluoro-tetracyanoquinodimethane (F4-TCNQ)
,

,

.
For making the quasi-freestanding graphene which is remove the interfacial layer between graphene and SiC substrate, various
atomic intercalation between buffer layer and SiC substrate have been intensively studied. In case of alkali metal intercalation,
highly n-doped quasi-freestanding graphene π-band appear confirmed by ARPES. When Tetrafluorotetracyanoquinodimethane (F4-TCNQ), well-known electron acceptor molecule, deposited on alkali metal intercalated
graphene at room temperature, we can expect that Dirac point shift up and is close to Fermi level. However, the π-band of
graphene interestingly disappear. It means that quasi-freestanding graphene revert to buffer layer via deintercalation of alkali
metal. It can be explained strong ionic interaction between electron doner and electron accepter, forming well-known charge
transfer complex (alkali-MTCNQ(F4)). The chemical sensing graphene device can be achieved at room temperature using for
changing form metallic (n-doped graphene) to insulating (buffer layer) electronic structure.

A7.01*

Magnetic configurations and magnetocrystalline anisotropy of FeCr thin films

JEKAL Soyoung, RHIM S. H., HONG Soon Cheol
.
FeCr have been regarded as promising material for various applications such as spintronics[1] and magnetic refrigeration
[2]. Unlike FM in bulk[3] AFM state of FeCr thin films have been observed in both experiment and theory, but consensus
about magnetic structure is yet to be reached [4][5]. In this study, we investigate magnetic configurations and
magnetocrystalline anisotropy(MCA) of FeCr thin films by using density functional theory calculation. It is found that the Feterminated films prefer C-type AFM. In contrast, the Cr-terminated films thinner than 7 monolayer(ML) exhibit A-type AFM
state and C-type AFM is extremely unstable. Magnetic moment of surface Cr is investigated about 3 μBwhile Cr of bulk FeCr
moment is near 0.5 μB. As a result, Cr-terminated films show unusual interlayer spacing behavior. In the perspective of MCA,
FeCr films exhibit perpendicular MCA about 1 meV regardless of surface termination. [1] N. I. Kulikov, and C. Demangeat,
Phys. Rev. B 55, 3533 (1997). [2] C. Gomez-Polo, L. M. Socolovsky, J. C. Denardin, M. Knobel, J. I. Perez-Landazabal, and
V. Recarte, J. Magn. Magn. Mater. 316, e876 (2007). [3] S. L. Qiu, Phys. Rev. B 60, 56 (1999). [4] F. Amalou, M. Benakki, A.
Mokrani, and C. Demangeat, Eur. Phys. J. B 9, 149 (1999). [5] F. Amalou, H. Bouzar, M. Benakki, A. Mokrani, C.
Demangeat, and G. Moraitis, Computational Materials Science10, 273 (1998).

-64-

A7.02*

Dynamics of magnon in Dzyaloshinskii-Moriya magnet and its manifestation in magnonSkyrmion scattering
OH Yun-Tak, LEE Hyunyong, PARK Jin-Hong1, HAN Jung Hoon
,
. 1RIKEN, Center of Emergent Matter
Science.
We construct Holstein-Primakoff Hamiltonian for magnons in
arbitraryslowly varying spin background, for a microscopic spin
Hamiltonian consisting offerromagnetic spin exchange, DzyaloshinskiiMoriyaexchange, and the Zeeman term. The Gross-Pitaevskii-type equation for magnon dynamicscontains several background
gauge fields pertaining to localspin chirality, inhomogeneous potential, and anomalousscattering that violates the boson
number conservation. Non-trivial corrections to previous formulas derived in the literature are given. Subsequent mapping to
hydrodynamic fields yields the continuity equation and the Euler equation of the magnon fluid dynamics. Magnon wave
scattering off a localized Skyrmion is examined numerically based on our Gross-Pitaevskii formulation. Dependence of the
effective flux experienced by the impinging magnon on the Skyrmion radius is pointed out, and compared with analysis of the
same problem using the Landau-Lifshitz-Gilbert equation.

A7.03*
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A7.04*

Manipulation of magnetic state in phosphorene layer by non-magnetic impurity doping

IMRAN Khan, HONG Jisang
Department of Physics, Pukyong National University.
Using the full-potential linearized augmented plane wave method, we have explored the structural, electronic band structure,
binding energy, and magnetic properties of non-magnetic impurity (Al, Si, S, and Cl) doped phosphorene layer. The binding
energy showed decreasing tendency with increasing atomic number. Nonetheless, we still found a large binding energies of 5.1
eV ~ 8.3 eV. We observed that the electronic band structure and magnetic property were strongly dependent on the specific
impurity atom. For instance, we propose that the Al doped system will show a semiconducting transport property. In all other
systems, we found metallic band structures. We predict that the Al and Si impurity play as donor elements whereas the S and
Cl impurities behave as acceptor elements. Interestingly, the magnetic state appeared in Si, S, and Cl doped systems while the
Al impurity induced no spin polarized state. In Si doped system, the major contribution to a magnetic moment originated
from Si impurity itself. While the presence of dangling bond at neighboring P atom near impurity site plays a crucial role for
magnetism in S and Cl doped systems. On the other hand, interestingly, we observed a half metallic feature in S doped layer.
Overall, we have found that the magnetic state can be manipulated by even non-magnetic impurity doping in a phosphorene
layer.This research was supported by Basic Science Research Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education, Science and Technology (No. 2013R1A1A2006071) and by the Supercomputing
Center/Korea Institute of Science and Technology Information with supercomputing resources including technical support
(KSC-2014-C3-071)

A7.05*

[Co3Å/Pd3Å]m

,

,
,

,
.

1,

,
1

,

1,

.

.
(non-volatile memory)
,
[2].
Co/Pd

L10

2

2,

x-

2

.
(perpendicular magnetic anisotropy : PMA)
MRAM (magnetic random access memories)
.
. [1] Co/Pd,
(multilayer)
.

Co/Pt
Co/Pd

X
(soft X-ray absorption spectroscopy : XAS)
X
(soft X-ray magnetic circular dichroism : XMCD)
(annealing)
. 350~450 ℃
annealing
[CoO/Pd]2/[Co/Pd]7
[Co/Pd]7
XAS
XMCD
, sum rule
XMCD
Co/Pd
,
. [1] P. F. Carcia., APL 47, 178 (1985) [2] Jabin Lee et al., APL 104, 022404 (2014)

-66-

.

A7.06
,

New degree of freedom of spin-transfer torque on domain-walls
,

,

,
.

1

,

1,

,

.

Spin polarized current can drive domain-walls (DWs) via both the spinorbit torque (SOT) and the spin-transfer torque (STT). In ultrathin
ferromagnetic materials with perpendicular magnetic anisotropy, the
STT contribution is predicted to be negligibly small that recent
researches mainly focus on the SOT as the promising operation
mechanism for the realization of new class of spintronic devices.
However, here we demonstrate that the spin-transfer torque (STT) is significantly enhanced in ultrathin Co films sandwiched
by Pt layers and consequently, plays a major role in determining the direction of DW motions. Such enhancement is attributed
to the formation of ultra-narrow DWs of width down to about 1 nm, which consequently result in a radical increment of
nonadiabaticity. Moreover, the sign of the enhanced STT is found to be opposite to the prediction of the conventional STT
theory, resulting in the DW motion along the current direction (Fig. 1). These findings open a new possibility of designing the
STT as a key operation mechanism for the development of emerging spintronic devices, and resolve the controversial issue
about the direction of DW motion.
Fig. 1. a-c, Scanned Kerr images of the current-induced DW displacements in Pt/Co/Pt samples with various upper Pt layer
thickness x. d-f, The current-to-field proportionality constant ε of the down-up (red) and up-down (blue) DWs with respect to
H_x for each sample.

A7.07

Effects of different annealing atmospheres on magnetic properties in La2CoMnO6 single

crystals
CHOI Y.J., OH D.G., KIM M.K., MOON J.Y., CHOI H.Y., OH S.H., LEE N.
.
We have successfully synthesized the high-quality single crystals of double perovskite La2CoMnO6 by flux method and
investigated the effects of different annealing conditions on the magnetic properties. In an as-grown crystal, ferromagnetic
order along the c axis arises below 217 K, and the spin-glass-type behavior inherent from ionic disorders is also observed.
Upon annealing in different gas environments, the reconstructed magnetic states induce a metamagnetic transition (after Ar
annealing), and increase Curie temperature (after O2 annealing). After quenching, the magnetic transition temperature
decreases significantly, comprising lots of defects and disorders. Our results provide adequate procedures to control magnetic
properties of double-perovskite compounds.
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A7.08

Ferromagnetism of multilayer graphene in the presence of magnetic impurities

.
We calculate the temperature dependent effective magnetic coupling in the presence of random magnetic impurities on
multilayer graphene. Assuming a carrier-mediated indirect RKKY exchange interaction among the magnetic impurities, we
investigate the temperature dependence of magnetic coupling for various number of graphene layers based on the low energy
effective model. We find that due to enhanced density of states in rhombohedral stacking magnetic ordering becomes
ferromagnetic and its transition temperature can be in experimentally accessible range.

A7.09

Magnetism and magnetocrytalline anisotropies of ordered L10 MnPt and CrPt alloy: A

first principles study*
HONG Soon Cheol, RHIM S. H., AIN Qurat-ul
University of Ulsan, department of Physics.
Ordered binary L10 type MPt(M = Mn, Cr) has been studied by using density functional theory (DFT) in generalized gradient
approximation (GGA). For the chosen supercell four different magnetic configurations have been taken into account. For MnPt
we find C-type antiferromagnetic ground state with lattice parameter c/a = 0.93 Å which is in good agreement with the
experimental result. For the magnetic moment of Mn atom we obtain 3.62 µB which is smaller by 0.7 µB than the
experimentally observed value. In our calculations we also find G-type antiferromagnetic ground state for CrPt with the lattice
parameter a = 3.85 Å in cubic structure and 2.41 µB magnetic moment on the Cr atom. Furthermore magnetocrystalline
anisotropy has also been investigated for Mn-terminated and Pt- terminated thin films. We also present magnetism of MnPt
and CrPt thin films.
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A7.10

Strain effect on magnetic anisotropy in 5d TM/Fe/MgO(001) (TM=Ta and Pt): A first

principles study
TAIVANSAIKHAN Purev, ODKHUU Dorj1, RHIM Sung Hyun, HONG Soon Cheol1
University of Ulsan, Department of Physics. 1University of Incheon, Department of Physics.
Strain effect on magnetization and magnetocrystalline anisotropy (MCA) of 5d TM/Fe/MgO(001) [TM=Ta and Pt] has been
investigated using first-principles calculations. It is found that Ta/Fe/MgO(001) always exhibits perpendicular MCA, while inplane MCA of 3ML Pt on Fe/MgO(001) is changed to PMCA with strain, where in-plane lattice is compressed by 4% with
respect to MgO substrate. The Pt/Fe interface plays dominant role in switching of MCA rather than Fe/MgO interface in
Pt/Fe/MgO(001). Origin of strain-induced large PMCA of 3.69meV/cell is due to larger spin-orbit coupling of Pt, mainly by
coupling between and . Negative contribution to MCA of -1.89 meV/cell arises mainly from Fe atom, by coupling between
and . Supported by Basic Research Program (2010-0008842) and Research Centers Program (2009-0093818) through National
Research Foundation of Korea.

A8.01

High-Contrast Optical Imaging of Domain Structures of Close-Packed Microsphere Film

,
Advanced Photonics Research Institute, GIST.
Simple optical microscopic techniques facilitating the identification of
domain boundaries and defects of the close-packed microsphere film in
large area without a post-processing of image will be introduced. Based
on the traditional optical microscopy mode such as a polarized
microscopy (PM) or a dark-field microscopy (DF) with a simple
modification, these techniques can provide great contrast among
different crystalline-domains in the monolayer as well as in the doublelayer. A simple explanation of contrast enhancing mechanism based on
the hexagonal symmetry of the close-packed microsphere film will be
provided and practical applications for the various sizes of microspheres
will be presented.
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A8.02

Primary Hepatocytes Imaging by Multiphoton Luminescent Graphene Quantum Dots

KIM Bo-Hyun, SONG Sung Ho, JEON Seokwoo
KAIST.
The water soluble GQDs were synthesized and systematically
characterized to be multiphoton fluorophor. When the mouse primary
hepatocytes were incubated with GQDs, the cytotoxicity was not
apparently increased up to the treatment concentration of 100 µg/ml.
Using these GQDs, mouse primary hepatocytes were successfully
imaged by multiphoton fluorescence.

A8.03*

Curvature Asymmetry in Water Coalescence

LIM Su Jin, GIM Bopil1, FEZZAA Kamel2, WEON Byung Mook3
Sungkyunkwan University, School of Advanced Materials Science and Engineering, SKKU Advanced Institute of
Nanotechnology (SAINT). 1Korea Advanced Institute of Science and Technology (KAIST), Department of Bio and Brain
Engineering. 2X-ray Science Division, Advanced Photon Source, Argonne National Laboratory. 3School of Advanced
Materials Science and Engineering, SKKU Advanced Institute of Nanotechnology (SAINT), Sungkyunkwan University.
Curvature of a curved surface is an important element of fundamental phenomena. In particular, the driving force in
hydrodynamics of liquids originates from curvature and surface tension. Here we study on water coalescence of different-sized
drops with asymmetry curvature through direct observations using X-ray microscopy and numerical simulations. Asymmetry
curvature between drops would play an important role in coalescence dynamics. This result helps understanding of symmetry
breaking in curvature on hydrodynamics, which is applied in diverse field. *This work (NRF-2013R1A22A04008115) was
supported by Mid-Career Researcher Program through NRF grant funded by the MEST (South Korea) and also was supported
by Sungkyun Research Fund, Sungkyunkwan University, 2014.
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A8.04*

X-ray Imaging of a Drying Colloid Particle

CHO Kun, HWANG In Gyu, PARK Jung Soo1, KIM Joon Heon1, LIM
Jun2, WEON Byung Mook
Sungkyunkwan University, School of Advanced Materials Science and
Engineering, SKKU Advanced Institute of Nanotechnology
(SAINT). 1Advanced Photonics Research Institute, Gwangju Institute of
Science and Technology, Gwangju Institute of Science and Technology,
Gwangju 500-712. 2Beamline Division, Pohang Light Source, Hyoja,
Pohang, Kyung-buk 790784.
When colloidal fluids dry, tracking liquid surfaces around a single
colloid particle is difficult with conventional imaging techniques. Here
we show that X-ray microscopy in the Pohang Light Source is very
useful in tracking liquid surfaces during drying processes of colloidal
fluids in real time. We demonstrate that when contact angles between colloid and liquid films decrease, drying rates of
colloidal drops clearly increase. This result is helpful to improve understanding of drying processes that is relevant to inkjet
printing, painting, and nanoparticle patterning.
*This work (NRF-2013R1A22A04008115) was supported by Mid-career Researcher Program through NRF grant funded by
the MEST (South Korea) and also was supported by Sungkyun Research Fund, Sungkyunkwan University, 2014.

A8.05*

Slowly drying of dense coffee drops

KIM Jin Young, RYU Seul-a, KIM So Youn1, WEON Byung Mook
School of Advanced Materials Science and Engineering, SKKU Advanced Institute of Nanotechnology (SAINT), Sungkyunkwan
University. 1School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology (UNIST).
Coffee is a complex fluid of coffee particles with a thousand of chemicals. Coffee is famous for physicists as the coffee-ring
effect: when a coffee drop dries, coffee particles move to deposit at contact lines. Using this phenomenon, evaporative
lithography is under development for applications to printed electronics with patterning of soft materials such as colloids,
polymers, or biomolecules. Prediction of evaporation dynamics of a complex fluid is essential to improve evaporative
lithography. Here we show an experimental result that coffee drops tend to evaporate slowly as they become dense.*This work
(NRF-2013R1A22A04008115) was supported by Mid-career Researcher Program through NRF grant funded by the MEST
(South Korea) and also was supported by Sungkyun Research Fund, Sungkyunkwan University, 2014.
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A8.06*

Coalescence Preference Blocked by Dense Packing of Bubbles

KIM Yeseul, LIM Su Jin, GIM Bopil1, WEON Byung Mook2
Sungkyunkwan University, School of Advanced Materials Science and
Engineering, SKKU Advanced Institute of Nanotechnology
(SAINT). 1Department of Bio and Brain Engineering, Korea Advanced
Institute of Science and Technology (KAIST), Daejeon 305-701,
Korea. 2Sungkyunkwan University, School of Advanced Materials
Science and Engineering, SKKU Advanced Institute of Nanotechnology
(SAINT)..
Coalescence preference is the tendency that a merged bubble from the contact of two original bubbles (parent) tends to be near
to the bigger parent. Here, we show that the coalescence preference can be blocked by densely packing of neighbor bubbles.
We use X-ray microscopy to clearly visualize individual coalescence phenomenon inside dense packing of microbubbles with
a local packing fraction of ~40%. Previous theory and experimental evidence predict a power of -5 between the relative
coalescence position and the parent size. However, our new observation shows a different power of -2. We believe that this
result may be important to understand coalescence dynamics in dense packing of soft matter [1].
*This work (NRF-2013R1A22A04008115) was supported by Mid-career Researcher Program through NRF grant funded by
the MEST (South Korea) and also was supported by Sungkyun Research Fund, Sungkyunkwan University, 2014.
[1] Y. Kim, S. J. Lim, B. Gim, and B. M. Weon, Sci. Rep. 5, 7739 (2015).

A8.07*

Gelation-Induced Crack Prevention in Colloidal Films

RYU Seul-a, KIM Jin Young, KUN Cho, KIM So Youn1, WEON
Byung Mook
SKKU, School of Advanced Materials Science and Engineering,
Advanced Institute of Nanotechnology (SAINT). 1Ulsan National
Institute of Science and Technology (UNIST).
Crack formation is a frequent result of residual stress released from colloidal films taken by
evaporation of colloidal droplets including nanoparticles. Colloidal films are widely used and have important part of industry; however, cracking in drying colloidal
films can cause critical problems in application. Crack prevention is a significant task in various industries such as painting and inkjet printing with colloidal particles.
Here, we suggest a versatile method to control colloid-polymer interactions by mixing a nonabsorbing polymer with a colloidal suspension, which is known to drive
gelation of particles with short-range attraction. We show how colloidal drops evaporate and how cracks generate during evaporation [1].

*This work (NRF-2013R1A22A04008115) was supported by Mid-career Researcher Program through NRF grant funded by the MEST (South Korea) and also was
supported by Sungkyun Research Fund, Sungkyunkwan University, 2014.

[1] J. Y. Kim, K. Cho, S. Ryu, S. Y. Kim, and B. M. Weon, Scientific Reports (under revision).
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A8.08

Spring-loaded Unraveling Of A Single SNARE Complex By NSF in One Round Of ATP

Turnover
1, JAHN Reinhard2,
,
,
1
,
.
. 2Max-Plank-Institute, Biophysical chemistry.
During intracellular membrane trafficking, N-ethylmaleimide-sensitive factor (NSF) and alpha soluble NSF attachment protein
(α-SNAP) disassemble the soluble NSF attachment protein receptor (SNARE) complex for recycling of the SNARE proteins.
The molecular mechanism by which NSF disassembles the SNARE complex is largely unknown. Using single-molecule
fluorescence spectroscopy and magnetic tweezers, we found that NSF disassembled a single SNARE complex in only one
round of ATP turnover. Upon ATP-cleavage, the NSF hexamer developed internal tension with dissociation of phosphate ions.
After latent time measuring tens of seconds, NSF released the built-up tension in a burst within 20 ms resulting in disassembly,
followed by immediate release of the SNARE proteins. Thus, AAA+ ATPases appear to use a “spring-loaded” mechanism to
couple ATP hydrolysis and unfolding of substrate proteins.

,

A8.09
,

An optical tweezers combined with single-molecule three-color FRET
1

,
. 1
,
.
Since its first demonstration about twenty years ago, single-molecule
fluorescence resonance energy transfer (FRET) has been a powerful tool
to study various biological systems. However, full understanding of
complex biological interactions requires multi-dimensional information
in doing single-molecule FRET experiments. Here we developed a
hybrid technique combining optical tweezers and single-molecule threecolor FRET. In demonstrative experiments, we observed the forcesensitive correlated motion of three helical arms of a DNA Holliday
junction and identified the independent unfolding/folding dynamics of
two different DNA hairpins of the same length. With three times the
number of observable elements of conventional two-color FRET, this
new instrument will enable the measurement of the complex,
multidimensional effects of mechanical forces in various biomolecular
systems, such as RNA and proteins.
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A8.10

Development of Superresolution Fluorescence Microscopes Working at the Tissue-Level

KWON Yeong-Dae, PARK Sangjun, HONG Sungchul
Seoul National University, Physics Department.
Stochastic optical reconstruction microscopy (STORM) is a recently developed fluorescence microscopy technique that offers
about 10nm imaging resolution, surpassing the diffraction limit of conventional optical microscopes. Like other optical
imaging techniques, STORM can be used to penetrate deep into thick biological samples, but it has been rarely applied beyond
imaging of thin monolayer cell cultures so far. Technical issues such as high intrinsic background noise from the thick sample
and photobleaching that occurs during the long imaging time have been the roadblock to the successful 3D super-resolution
imaging of biological structures at the tissue-level. To overcome such difficulties, we have combined line-scan confocal
microscopy with DNA-PAINT method. Confocal microscopy technique rejects background noises that come from out-of-focus
planes, dramatically increasing the signal-to-noise ratio. DNA-PAINT method continuously supplies fresh fluorescent dyes,
which allow us to bypass the photobleaching problem. This setup will enable us to observe various structures throughout a
tissue sample in super-resolution and study the related biological phenomena that is only observable at the whole tissue level
where cells behave in the most natural way.

A8.11*

Prediction of cancer drug response using single-molecule co-immunoprecipitation

YOON Tae-young, LEE Hongwon, CHOI Byungsan, CHA minkwon, SHON jinyoung1, KANG Hanna1, CHO byungchol1
KAIST. 1Yonsei hospital.
Protein-protein interaction relays cell signaling along diverse signaling cascades for regulation of cellular activities. Activated
receptor tyrosine kinases (RTKs) recruit multiple downstream signaling proteins, resulting in signal transduction of RTK into
each pathway. Aberrant interaction of RTK with downstream proteins leads to incessantly activate cell-survival related
pathways, such as mitogen-activated protein kinase (MAPK) and phosphoinositide 3-kinase (PI3K) cascade, causing diverse
human cancers. Therefore, RTKs have been highlighted as the molecular target for blocking the trigger of oncogenic signaling
in clinic. Here we develop the new detection method via measuring PPI of the target signaling protein at the single-molecular
level. We investigated the signaling network of 3 receptor tyrosine kinases in 14 lung cancer cell lines against 3 representative
downstream probes and categorized them into the different PPI group which reflects the tyrosine kinase inhibitor (TKI)
sensitivity. Our method suggests the new analysis to quantify the status of cancer at single-molecule level and helps to find the
effective therapeutic strategy, which is collaborating proteomics with genomics.
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A8.12*

Reconstitution of RNA Transcription Machinery and Co-transcriptional effect on TPP

riboswitch
UHM Heesoo, HOHNG Sungchul
Seoul National University, Department of Physics and Astronomy.
A riboswitch is a non-coding region of an mRNA which recognizes a
specific metabolite and regulates the expression of the mRNA itself. Recently, the fact that RNA folds sequentially as it is
being transcribed is carefully considered for RNA structure prediction and dynamics study. It has been shown that this cotranscriptional effect strongly influences RNA folding pathway suggesting that the formation of transient conformations serves
as a guideline for the following co-transcriptional folding.
We used fluorescence resonance energy transfer (FRET) to study conformational dynamics of the Escherichia coli thiM TPP
(thiamine pyrophosphate) riboswitch. Previously, we found that the open form and the closed form of the riboswitch recognize
the ligand with similar preference and the final conformational transition of it is induced by the ligand. Using RNA polymerase
elongation complex system, we will show that these processes are strongly related to the co-transcriptional RNA folding.

A8.13*

Single-Molecule Force-Fluorescence Spectroscopy in Living Cell

LEE Jong-Bong, CHANG Minhyeok, OH jungsic, KIM Byungju
Department of Physics, POSTECH, Pohang, Korea.
Using optical tweezers, we followed EFG receptors in Filopodium, protrusive F-actin bundle of cellular boundary, which plays
important roles in sensing, cell migration and cell signaling. Interestingly, the linear motions of activated EGFRs from the tips
of filopodia to lamelipodia of A431 cells were categorized as two different driving forces such as low stall, fluctuating forces
(< 2 pN) and higher peak forces (> 4 pN). We speculate that the forces result from the retrogradation of actin flow and the
contraction of actin filaments by molecular motors that seem to be myosin II. The exact mechanism could be explained by
measuring forces on EGF receptor and imaging fluorescently labeled F-actin simultaneously, for which we have developed the
single-molecule force-fluorescence spectroscopy that was achieved by combining optical tweezers with line-scanning confocal
microscopy.
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A9.01

Informatics modeling used to leverage first-principles computation for accelerated
materials discovery
N. SUKUMAR
Rensselaer Exploratory Center for Cheminformatics Research and Department of Chemistry and Chemical Biology,
Rensselaer Polytechnic Institute.
We illustrate the use of materials informatics to leverage first-principles computations and extend the domain of prediction to
systems for which ab initio computations may not be tractable. One instance is the use of DFT computations to train statistical
learning models for the prediction of band gaps, as well as electronic and ionic polarizabilities of polymers, in order to design
polymers with a combination of high dielectric constant, good insulating characteristics and fast response appropriate for high
energy density capacitor dielectrics. Recently we have also been using descriptors derived from electronic wavefunctions and
quantum chemical topology for a systematic investigation of boron clusters and the effects of doping. Design and construction
of descriptors for materials informatics, feature selection and model validation protocols, and best practices in statistical
modeling will also be discussed

A9.02

Bioinformatics, cheminformatics, and materials informatics

Department of Bioinformatics, Korea University, 2511 Sejong-ro, Sejong, 339-700, Korea.
Informatics was born with the advent of the computer and has been applied to many disciplines of modern science.
Bioinformatics is one of the first fields that accommodated computers and information technology in a serious manner. As
bioinformatics was adopted in main stream drug discovery, the need for cheminformatics also slowly crept into the process of
finding cures to diseases. In the cutting edge drug design process, cheminformatics is now an indispensable tool of choice and
has become a de facto standard within drug development pipeline. On the other hand, for materials development, the use of
informatics has been catching up slowly. Until quite recently, the use of combined computational chemistry methods and
informatics-based screening technique had not gathered significant attention. In this talk, I will first present the history and
techniques of cheminformatics applied in drug design based on my experiences in the field. Then I will discuss the hurdles to
the development of materials informatics from which one can speculate the directions of further progress in this area. Finally, I
will show examples of recent work in materials informatics in which my team was involved.
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A9.03

Porous materials screening for gas storage and separation applications

KIM Jihan
,
.
Porous materials possess pores whose sizes are on the order of few Angstroms to few nanometers, which allow selective
adsorption of guest molecules. Due to the large internal surface area and the enhanced adsorption capacities, porous materials
are seen as promising candidates for many energy-related applications such as gas storage/separation and catalysis. Given the
wide selections available in both the chemistry and the topology of the materials, thousands of porous materials have been
experimentally synthesized but with infinite number of possible hypothetical structures available, rational material design
becomes crucial in identifying optimal structures for specific applications. Within this context, various strategies utilized to
conduct high-throughput screening of thousands of porous materials will be discussed in this presentation. The large-scale
simulation data obtained from efficient screening techniques have led us to identify the optimal structures as well as their
properties for various applications such as carbon capture and methane reduction. This demonstrates the importance of largescale screening and their utility for novel materials discovery.

A9.04

Band topology and temperature-dependent behavior of mixed-valent SmS: a DFT+DMFT

study
KANG, Chang-Jong, CHOI, Hong Chul, KIM, Kyoo, MIN, B. I.
Pohang University of Science and Technology, Department of Physics.
We have investigated temperature-dependent behaviors of electronic structure and resistivity in a mixed-valent golden phase of
SmS (g-SmS), based on the dynamical mean-field theory band structure calculations. Upon cooling, the coherent Sm 4f bands
are formed to produce the hybridization-induced pseudo-gap near the Fermi level, and accordingly the topology of Fermi
surface is changed. Also we have discussed the topological nature in g-SmS. From the analysis of anomalous resistivity
behavior in SmS, we have identified universal energy scales, which characterize the Kondo/mixed-valent semimetallic
systems.
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A9.05

Development and Applications of a Conformational Space Annealing Scheme in the Inverse
Design of Functional Materials
CHANG Kee Joo, OH Young Jun, KIM Sunghyun, LEE In-Ho1
Korea Advanced Institute of Science and Technology. 11Korea Research Institute of Standards and Science.
In condensed matter physics, based on quantum theory, understanding and predicting the physical properties of materials
composed of atoms are very challenging. In the conventional approach, electronic properties are calculated for materials with
known structures, lattice constants, and compositions. As the counterpart for materials design, the so-called inverse method has
recently drawn much attention, in which specific electronic properties are initially assigned and target materials are
subsequently searched hereby. Here we develop a new scheme for the inverse method, in which the conformational space
annealing algorithm for global optimization is combined with first-principles density functional calculations. We show the
results of applications for searching for Si crystals with direct band gaps and the lowest-enthalpy phase of boron at a finite
pressure and discuss the efficiency of the present scheme.

A9.06

Protein Structure Modeling/Determination by Global Optimization using Ambiguous NOE

restraints
LEE Jooyoung
Korea Institute for Advanced Study, School of Computational Sciences.
In the recent CASP (Critical Assessment of Protein Structure Prediction) 11 experiment, a new challenge, the contact assisted
category (called Ts target) using simulated sparse NMR contacts was tested. Contacts based on simulations (carried out by the
Gaetano Montelione's group) reflect the situation in the initial stage of the NMR experiment. For a fairly large protein (> 160
residues) for NMR, data is typically collected from deuterated samples, which usually results in much spectral overlaps that are
difficult to assign properly. The number of simplified spectra straightforward to assign is rather small. Therefore, in the early
stage of the protein structure determination by NMR, one is faced with the combinatorial optimization problem to properly
assign ambiguous NOE peaks to their corresponding hydrogen atom pairs, which is followed by subsequent structure
optimization satisfying all the distance constraint arranged by a given set of the peak assignment. With sparse constraints and
the ambiguous distance information, standard NMR structure calculation programs fail to generate accurate protein 3D models,
and the protein structure determination in such a situation remains as a challenge. In CASP11, 19 Ts targets with the chain
length in the range 108 to 462 residues were tested. We solved the two-level optimization to generate 3D protein models
consisent with provided ambiguous restraints, for which we have applied the global optimization method of conformational
space annealing. In most of the cases, accurate 3D models were generated typically within 1.0 – 3.0 Å RMSD from the native
structure. Proper application of the proposed method can greatly reduce the time and the cost of protein 3D structure
determination using NMR data. Finally, a brief discussion on our overall CASP11 performance will be provided.
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A9.07

Property Database and High-throughput Screening of Functional Materials

YIM Kanghoon, LEE Joohee, LEE Kyuhyun, YOUN Yong, HAN
Seungwu
Department of Materials Science and Engineering, Seoul National
University.
Making a perfect handbook for desired properties of all existing
materials is always a dream work for materials scientists. Recently,
remarkable advances in computing power and first-principles
technique present a good opportunity for building a vast theoretical
database of material properties. Fast and accurate high-throughput
calculations can be achieved by aligning proper computational
methods into a sophisticated automatic procedure. In this talk, I will
present our recent efforts to identify functional oxides appropriate for
specific application targets, utilizing the high-throughput ab initio
screening. First, we try to find candidate dielectric materials that can
be used in next-generation memory (DRAM or FLASH) and logic
(CPU) devices, based on the digital database of energy gap, dielectric
constant, and defect formation energies for a large collection of binary and ternary oxides available on ICSD. Second, we
try to identify ideal dopants for ZnO when the material is used for electronic or energy devices. For these ends, we
develop a series of automation codes that can carry out ab initio computation of bulk and defect properties of oxides
efficiently and reliably. As a result, we calculate ~1,800 oxides for searching new high-k dielectric materials and find
new candidate materials shown in Fig 1. We also developed the fully-automated code that can search all possible doping
sites for a given dopant in a few days.

A9.08

Selective Orbital Coupling Causes the Direct-to-Indirect Bandgap Transition in Hexagonal
Layered Semiconductors
KANG Joongoo
Department of Emerging Materials Science, DGIST, Daegu 711-873, Korea.
Since their first isolation as a single layered phase, research on hexagonal boron nitride (hBN) and transition metal
dichalcogenides (TMDCs) has been intense due to their unusual physical properties and potential technological applications. A
single layer of hBN or TMDC (e.g., MoS2, MoSe2, WS2, WSe2, etc.) has a direct bandgap at K, while a multilayer phase
becomes an indirect semiconductor. Here we discuss the origin of the peculiar bandgap transition in hexagonal layered
semiconductors in terms of the symmetry-allowed orbital couplings of hBN and TMDC.

-79-

A9.09
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B1.01(

)

RAON ECR ion source of the RISP

HONG In Seok
IBS,RISP.
28GHz electron cyclotron resonance ion source(ECRIS) has been developed for the RAON linear accelerator of the Rare
Isotope Science Project(RISP). The ECRIS was considered as the 3rd generation source to supply an uranium ion beam to the
RAON superconducting linac. The superconducting magnet for the ECRIS was designed and fabricated for operating using 28
GHz radio frequency. The ECRIS consists of a minimum axial B field configuration to generate highly charged ions and a
magnetic sextupole field for radial confinement. In this conference recent development progress of the ECRIS including fully
superconducting magnet will be presented.
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B1.02(

)

Superconducting Linac for the RISP (Rare Isotope Science Project)

.
The Rare Isotope Science Project (RISP) has been proposed as a multi-purpose accelerator facility for providing beams of
exotic rare isotopes of various energies. The RISP driver linac which is used to accelerate the beam, for an example, Uranium
ions from 0.5 MeV/u to 200 MeV/u consists of superconducting RF cavities and warm quadrupole magnets for focusing heavy
ion beams. Requirement of the linac design is especially high for acceleration of multiple charge beams.We present the status
of RISP linac design and the development of superconducting cavity and cryomodule.

B1.03(

)

Comparison of superconducting linac options

JEON Dong-O
Institute for Basic Science.
In the deign of superconducting linacs, there are many options available to how to design such as cavity type, cavity beta
optimization, transverse focusing type, , etc. Designers optimize their linac design based on the figure of merits such as cost,
ease of high intensity beam acceleration, or ease of operation and maintenance etc. In this paper, comparison is made among
available options to the superconducting linac design.
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B1.04(

)

In-flight Fragment Separator Facility Design for the RISP

,
.
An in-flight fragment separator facility has been designed for rare
isotope science project in Korea to provide various rare isotope beams
with worldwide users. The facility is designed to utilize the primary
beam power of up to 400 kW, which is reflected in radiation transport
calculation and shielding design. The development of major
components, which includes graphite target, beam dump and largeaperture superconducting magnets are underway. The optical layout of
the separator is nearly finalized and the building design started. The layout of the facility has been detailed with an
architectural company and the development of major components continues. The facility design will be presented as well as the
overall progress of the separator system design and prototyping.

B1.05(

)

Ion Beam Commisioning Plan of Heavy Ion Accelerator at KBSI

WON Mi-SooK, LEE Byoung Seob, CHOI Seyong, OK Jung-Woo,
PARK Jin Yong, KIM Seong Jun, BHANG Jungbae, HONG Jonggi,
SHIN Chang Seouk, YOON Jang-Hee, KIM Hyeun Gyu
Korea Basic Science Institute.
A heavy ion accelerator facility for ion beam service is constructing in
Korea Basic Science Institute (KBSI). The aim of the facility is the
production of multi-charged ions. They are useful used for nuclear
physics, material development. The most part of heavy ion accelerator
which includes 28 GHz superconducting ECR ion source, low energy
beam transport (LEBT) system, radio-frequency quadrupole (RFQ)
accelerator, and so on have been designed and completed for
manufacturing. We have extracted multi-charge Argon ions and Oxygen
ions from a 28GHz ECR ion source. Beam properties of them were
diagnosed using LEBT. We will install RFQ for acceleration of ions in
this year. In parallel, technical design of DTL is now in progress. Also, Design of Ion Beam Service Building was started for
KBSI heavy ion accelerator. The current status of KBSI accelerator project will be presented in this paper.
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B1.06(

)

Recent Progress of Theoretical Approach in Double Beta Decay

,
.
In this talk, we reviewed recent progress in theoretical approach on double beta decay. In particular, theoretical frameworks
including QRPA and IBM models are summarized with some remarks on the CP violation in double beta decay.

B1.07(

)

Overview of neutrinoless double-beta decay experiments

KIM H. J.
Kyungpook National University, Department of Physcis.
Observation of neutrinoless double-beta decay would tell us that the total lepton number is not conserved and neutrinos are
massive Majorana fermions.From an experimental point of view it is challenging since the half life are extremely long and one
has to fight against various backgrounds. It requires large enriched isotope sources and detectors with good energy resolution,
high detection efficiency and extremely low background.A brief summary of the double-beta decay experiments and the most
relevant parameters contributing to the experimental sensitivity of future projects will be discussed.
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B1.08(

)

Overview of the AMoRE project

KIM Yong-Hamb
,
.
The AMoRE (Advanced Mo-based Rare process Experiment) project is an international experiment to search for neutrinoless
double beta decay of 100Mo. The project employs a cryogenic detection method using metallic magnetic calorimeters as sensor
and CaMoO4 crystals as absorber in the concept of source equal to detector. It is scheduled to prepare a large scale experiment
with 200 kg 40Ca100MoO4 crystals (enriched in 100Mo and depleted in 48Ca) in next 4-5 years. We report the present status and
the overview of the AMoRE project.

B1.09*

Low temperature CaMoO4 detectors for AMoRE

,
.
AMoRE (Advanced Mo-based Rare process Experiment) uses low
temperature detectors (LTDs) to search for the neutrinoless double beta
decay (0νββ) of 100Mo. The LTDs consist of scintillating CaMoO4
crystals which are sources and detector of 0νββ, and metallic magnetic
calorimeters (MMCs) to measure temperature changes of the crystals
caused by particle absorptions or scatterings. Recent measurements at an
above-ground laboratory show 10 keV FWHM energy resolution at the
region of interest and a 17 σ separation of alpha/beta induced events
through a pulse shape discrimination.
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B1.10

Background Studies for the AMoRE-10 Neutrinoless Double-beta decay experiment

YOON Young Soo, ( on the behalf of the AMoRE collaboration)1
,
. 1.
The first phase of Advanced Mo-based Rare Process Experiment (AMoRE-10), an experimental search for neutrinoless
double-beta decay of Mo-100 in calcium molybdate (CaMoO4) crystals, is planned to operate at the YangYang underground
laboratory. The target background level for AMoRE-10 is 0.001 counts/keV/kg/yr in the signal region. The effects of
background contaminations of 238U, 232Th, and 40K inside the crystal and in the surrounding materials are simulated using
GEANT4. The expected background rates are determined based on measured contaminant concentration levels. The current
status of background studies for the AMoRE-10 experiment will be presented.

B1.11

Preparation and Status of AMoRE-pilot Experiment
,

.
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B10.01

Developing Integral Self-Consistent Mean Field Theory of Polymers

KIM Jaeup
Department of Physics, School of Natural Science, UNIST.
Since the original development of Edwards, Self-consistent field theory
(SCFT) has been one of the most prominent tools in the theoretical
polymer physics society. For the past two decades, due to improvements
in computational power and numerical algorithms, SCFT has been
established as a standard tool, and there seemed to be no competitors in terms of speed and versatility. Practically all the
current SCFT works solve a modified diffusion equation for the calculation of partition functions. In this work, I introduce a
new SCFT method which is more versatile than the standard SCFT. In this new method, instead of solving a partial differential
equation, successive integrals are evaluated for the partition function calculation. This new integral SCFT (ISCFT) method is
extremely versatile in that one still has the freedom to choose segment connection models, such as freely-jointed chain, beadsspring, worm-like chain and even the Gaussian chain model. Its power is especially prominent for the short polymer system
which is becoming popular for experimentalists who seek for sub-10 nm scale nanostructures. With the use of convolution
integral via fast Fourier transform, I will demonstrate that the speed of ISCFT can be as fast as the standard differential SCFT
using pseudospectral method.

B10.02

Tension-induced Binding of Semiflexible Biopolymers

BENETATOS Panayotis, VON DER HEYDT Alice1, ZIPPELIUS Annette2
Kyungpook National University, Department of Physics. 1University of Goettingen, Institute for Theoretical Physics,
Germany. 2University of Goettingen, Institute for Theoretical Physics, and Max-Planck-Institute for Dynamics and
Selforganization, Germany.
We investigate theoretically the effect of polymer tension on the collective behaviour of reversible cross-links. We use a
model of two parallel-aligned, weakly-bending wormlike chains with a regularly spaced sequence of binding sites subjected to
a tensile force. Reversible cross-links attach and detach at the binding sites with an affinity controlled by a chemical potential.
In a mean-field approach, we calculate the free energy of the system and we show the emergence of a free energy barrier which
controls the reversible (un)binding. The tension affects the conformational entropy of the chains which competes with the
binding energy of the cross-links. This competition gives rise to a sudden increase in the fraction of bound sites as the polymer
tension increases. The force-induced first-order transition in the number of cross-links implies a sudden force-induced
stiffening of the effective stretching modulus of the polymers. This mechanism may be relevant to the formation and stressinduced strengthening of stress fibers in the cytoskeleton.
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B10.03

Ergodic Properties of Anomalous Diffusion in Fractal Geometries

JEON Jae-Hyung, MARDOUKHI Yousof1
Korea Institute for Advanced Study. 1Tampere University of Technology, Finland.
We investigate ergodic properties of the anomalous diffusion process invoked in fractal space. Monte Carlo simulations on
tracer particles in percolated space are performed in a wide range of percolation density and their single trajectories are
analyzed to examine time-averaged mean square displacements (MSDs) and physical observables associated with ergodicity. It
turns out that the time-averaged MSDs have non-vanishing fluctuation even in the limit of infinite observation time as the
percolation density approaches the critical value, exhibiting seemingly non-ergodic characters albeit the process is ergodic in
the ensemble-averaged level. Based on these results, we discuss how the fractal geometry-induced subdiffusion is
distinguished from fractional Brownian motion. Implications of these results on the analysis of single-particle tracking
experiments are provided.

B10.04

Prediction of Protein Rigid Domains and Hinge Residues based on Elastic Network Model
and Graph Theory
.
Many proteins undergo large-scale motions where relatively rigid
domains move against each other. The identification of rigid domains, as
well as the hinge residues important for their relative movements, is
important for various applications including flexible docking
simulations. We developed a method for computing protein rigid
domains for a given pair of protein conformations, based on graph
theory. Combining this method with the elastic newtork model, a method
for predicting a large-scale motion of a protein, we developed a method
for predicting rigid domains for a given conformation of a protein. The
performance of the method is demonstrated on several proteins.
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B10.05

Unraveling the core genetic circuitry of plant circadian system through computational

model
FOO Mathias, SOMERS David1, KIM Pan-Jun
APCTP. 1Ohio State University.
The circadian system generates an endogenous oscillatory rhythm that
governs the daily activitiesof organisms in nature. It offers adaptive
advantages to organisms through a coordination of theirbiological
functions with the optimal time of day. In this work, a model of the plant
circadian system is built by using system identification techniques using
primarily experimentally-verified interactions between the genes and the
proteins. Our analysis reveals a great performance of the model in
predicting the dynamics of the plant circadian system through the effect
of diverse internal and external perturbations. Furthermore, we were able
identify the core genetic circuitry of the plant circadian system, comprise
of four negative feedback loops, which work in cooperative and
complementary manner to generate oscillatory rhythm close to wild type
behavior. The core genetic circuitry showed the prevalence of inhibitory
interactions. Through our analysis, we postulated that such prevalence of
inhibitory interactions is essential for the benefits of temporal
coordination between circadian genes in generating phase-specific
expression profile, which would bring potential benefit to the area of synthetic biology.

B10.06

Fast Sparsely Synchronized Cortical Rhythms in A Scale-Free Neural Network

LIM Woochang, KIM Sang-Yoon1
Daegu National Univerisity of Educaiton, Department of Science Education. 1Daegu National Univerisity of Educaiton,
Department of Science Education, Computational Neuroscience Lab..
We consider a directed version of the Barabasi-Albert scale-free network (SFN) model with symmetric preferential attachment
with the same in- and out-degrees, and study emergence of sparsely synchronized rhythms for a fixed attachment degree in an
inhibitory population of fast spiking Izhikevich interneurons. Fast sparsely synchronized rhythms with stochastic and
intermittent neuronal discharges are found to appear for large values of J (synaptic inhibition strength) and D (noise intensity).
For an intensive study we fix J at a sufficiently large value, and investigate the population states by increasing D. For small D,
full synchronization with the same population-rhythm frequency fp and mean firing rate (MFR) fi of individual neurons occurs,
while for large D partial synchronization with fp > <fi> (<fi>: ensemble-averaged MFR) appears due to intermittent discharge
of individual neurons; particularly, the case of fp > 4 <fi> is referred to as sparse synchronization. For the case of partial and
sparse synchronization, MFRs of individual neurons vary depending on their degrees. As D passes a critical value D* (which is
determined by employing an order parameter), a transition to unsynchronization occurs due to destructive role of noise to spoil
the pacing between sparse spikes. For D<D*, population synchronization emerges in the whole population because the spatial
correlation length between the neuronal pairs covers the whole system. Furthermore, the degree of the population
synchronization is also measured in terms of two types of realistic statistical-mechanical measures. Only for the partial and
sparse synchronization, contributions of individual neurons to population synchronization change depending on their degrees,
unlike the case of full synchronization. Consequently, individual neuronal dynamics reveal the inhomogeneous network
structure for the case of partial and sparse synchronization, which is in contrast to the case of nearly homogeneous random
graph and small-world network. Finally, we investigate the effect of network architecture on sparse synchronization for a fixed
J and D in the following three cases: (1) dependence on the degree of symmetric attachment (2) asymmetric preferential
attachment of new nodes with different in- and out-degrees (3) preferential attachment between pre-existing nodes (without
addition of new nodes). Economic SFN for the case of (1) and relation between network topology (e.g., betweenness
centralization and average path length) and degree of sparse synchronization for the cases of (2) and (3) are discussed.
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Population growth and the evolution of cooperation
,

1

,
. 1
,
.
We consider a stochastic evolutionary game in a growing population in one-dimensional space and find that the growth may
take a crucial role for the evolution of cooperation. A simplified prisoner's dilemma game, parameterized by the ratio between
the benefit and the cost of the cooperative move, is employed to represent the interaction between neighbors. Fitness f of an
individual is given by a sigmoid unction of the payoff p in the form of f= M/[1+exp(-p)] with a proportional constant M, and is
interpreted as her survival probability. survivor makes a birth when she finds an empty space nearby. We first analyze the
growth from a seed without mutation, and find that the growth rate of cooperating community is faster than that of defectors.
For a large range of parameter M, bounded by two absorbing transition points of defectors and cooperators, we find that
defector population vanishes while cooperator population proliferates. Even when the community starts from defectors,
cooperators can invade the defecting community and convert selfish population into cooperating altruistic population in the
long run if there is small but non-zero mutation rate. Our observation implies that the survival probability, rather than the birth
rate might be a natural interpretation of fitness which can offer new ways to explan the evolution of cooperation. It suppresses
the growth rate of a selfish community of defectors and then prevents the invasion of defectors into a cooperator community by
adding more vacancies near defectors. When these effects are combined with population growth, they provide a powerful way
to achieve a society of strong cooperation.
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B10.09

First-Passage Dynamics of Evolutionary Games in Structured Populations

YANG Hyunmo, GHIM Cheol-Min1
Department of Phyiscs, UNIST. 1Department of Biomedical Engineering and Department of Physics, UNIST.
We investigate the fixation and loss of alleles in the context of spatial evolutionary game theory. In a wide variety of graphs
with controlled large-scale topological characteristics, we conducted numerical experiments to find that the fixation
probability, and the time taken for a fixation or loss event as well, is strongly affected by the spatial structure of a given
population. The heterogeneity in degree distribution is negatively correlated with the fixation probability whereas it accelerates
the evolutionary process. Despite the crucial role played by the seed cooperator for the fixation probability, the fixation time
barely depends on the identity of the initial seed. From the intrinsic symmetry and asymmetry between a seed cooperator in a
sea of defectors and vice versa, we formulate the fixation/loss of cooperators in terms the universal first-passage dynamics for
drift-diffusion process.

B10.10*

Spreading dynamics with layer-crossing costs in multiplex networks

1,
1
,
Department of Physics and Levich Institute, City College of New York. 1Department of Physics, Korea University.
Nodes in complex networks often interact with many kinds of links, aptly modeled by the multiplex networks. Different
channels of interaction in multiplex systems do not always play the same roles in network dynamics, and thus the networks
with only a single link type cannot fully capture the multiplex dynamics. Here, we study a model of information transmission
(or disease spreading) with layer-crossing costs on multiplex networks using a susceptible-infected-recovered-type epidemic
dynamics. It is shown that the basic characteristics of the epidemic dynamics such as the epidemic threshold and epidemic
outbreak size can depend on various aspects of network multiplexity such as the relative densities of networks layers, disparity
in intra- and interlayer infection rates, as well as the type of seed infection. We also simulate the model on an empirical
multiplex network constructed from twitter data. Our model study offers a starting framework towards the understanding of
how information could spread in an ever-diversifying multiplex social network in the current era.
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B10.11

Finding Lagrangian Coherent Structures Using Community Detection

LEE Sang Hoon, FARAZMAND Mohammad1, HALLER George2,
PORTER Mason3
Department of Energy Science, Sungkyunkwan University. 1School of
Physics, Georgia Institute of Technology. 2Institute of Mechanical
Systems, ETH Zurich. 3Mathematical Institute, University of Oxford.
Lagrangian coherent structures (LCSs) refer to dynamically distinct
groups of fluid elements in fluid flows and provide valuable mesoscale
geographical information to identify the most essential elements of such
flows. Using relative dispersion, we define the pairwise correlation between fluid elements and use the community detection
for the systematic identification of LCSs as the community or modular structures underlying interaction systems effectively
provide substructures behind the system of interest. We detect communities using modularity maximization with a tunable
resolution for simulation data and two of real satellite-tracked drifter data in the ocean to examine LCSs in various scales. In
particular, to obtain more detailed spatiotemporal LCSs, we maximize a multilayer version of modularity on a multilayer
network in which temporal slices of interactions are properly considered. We believe that our approach illustrates a new way to
efficiently detect LCSs for given dynamical systems and opens new possibilities of applications in dynamical systems in
general.

B10.12

Correlated Bursts Model with Long-Range Memory

JO Hang-Hyun, PEROTTI Juan1, KASKI Kimmo2, KERTESZ Janos3
POSTECH, Department of Physics. 1IMT Lucca. 2Aalto
University. 3Central European University.
Inhomogeneous temporal processes in natural and social phenomena
have been described by bursts that are rapidly occurring events within
short time-periods alternating with periods of low activity. In addition to
analyzing heavy-tailed interevent time distributions, higher-order
correlations between interevent times, called correlated bursts, have been
empirically and numerically studied. However, the underlying
mechanism behind such correlated bursts is far from being fully
understood. In this paper, we devise a simple model for correlated bursts
using a self-exciting process with long-range memory. Whether a new
event occurs is stochastically determined by the memory function that is
the sum of decaying memories of past events. Due to the limit of
memory capacity of systems, we apply two different memory loss
mechanisms: fixed number or variable number of memories. The
analytic results for the case of fixed number of memories are compared
with numerical simulations. The case for variable number of memories is
also numerically studied. Finally, the implications of our model are
discussed.
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B10.13

The SIS immortality transition in small networks

HOLME Petter
Department of Energy Science, Sungkyunkwan University.
Much of the research on the critical behavior of the SIS model on
networks has concerned the infinite size limit. For finite networks, there
is also a dynamic transition—the immortality transition—when the percontact transmission probability λ reaches one. If λ < 1, the probability
that any outbreak will survive by a certain time t tends to zero as t → ∞;
if λ = 1, this probability is one. We show that, treating λ = 1 as a critical
point explains the λ dependence of the extinction probability also for
more moderate λ-values. (The figure shows fits to a scaling form based
on a standard finite-size scaling assumption, A and B are two small
contact networks, τ is the time constant of the exponential decay of the
survival probability.) The critical exponent, however, is dependent on
the underlying network. This fact, we argue, could be used to evaluate the role of a vertex in the outbreak by how its deletion
changes the exponent. Our work also confirms a clear separation between the early die-off (from the outbreak failing to take
hold in the population) and the later extinctions (corresponding to rare stochastic events of several consecutive transmission
events failing to occur).

B10.14*

Phase Lead/Lag of Coupled Oscillator Model due to Degree Inhomogeneity in Complex

Networks
KO Tae-Wook, KIM Junhyeok1, MOON Joon-Young2, LEE Uncheol3, MASHOUR George3, KIM Seunghwan1
National Institute for Mathematical Sciences. 1POSTECH, Department of Physics. 2University of Michigan Medical School,
Department of Anesthesiology. 3University of Michigan Medical School, Department of Anesthesiology & Center for
Consciousness Science.
In this study, we investigate the effect of network structure on the phases of coupled oscillators and derive analytical
relationship between phase lead/lag and degrees of network nodes. Through numerical simulations with systematic changes in
the coupling function, we observe that the phases of lower degree nodes tend to lead the phases of higher degree nodes or,
depending on the coupling function, vice versa. This relationship between the phase lead/lag and the node degrees is explained
by using mean-field approximation.
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Phase Dependent Light Switching in a Triple-Lambda System -experiment
1,

,

1,
1

,
.
We experimentally demonstrated light switching effect in a tripleLambda system. Triple-Lambda system was composed by two D185
transition line and one D2 transition line of Rb cold atomic system.
We used three independent ECDLs which excite each three-level lambda
85
system implemented with Zeeman levels of Rb D1, D2 transition. The
transmission of the all probe fields were phase-dependently controlled in
a triple-lambda system.

B11.02
,

.

Realization of 174Yb Bose-Einstein Condensate (BEC)
,

KRISS.
We report our experimental realizatino of Bose-Einstein Condensate
using 174 Yb atoms. The experimental setup consists of the conventional
Zeeman slower, and new type of magneto-optical trap (MOT), which we
propose and demonstrated for alkaline-earth-metal-like atoms. This new
type of MOT, which we call core-shell MOT, utilizes both the broad
single transition (1S0 to 1P1 ) and the narrow triplet transition(1S0 to 3P1)
transition
in two spatialy seperated regions. Experimental
implementation of this scheme showed both faster loading and high
atom numbers, by more than two orders and one order of magnitude
respectively, compared to conventional MOT schemes. We plan to
transfer the BEC into an auxiliary vacuum chamber (“science chamber”)
by moving an optical dipole trap using an optically compensated zoom-lens. After transport to the science chamber, the atoms
will be loaded into an optical lattice for quantum simulations.
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B11.03

Core-Shell Magneto-Optical Trap for Alkaline-Earth-Metal-Like Atoms

LEE Jeongwon, LEE Jae Hoon, NOH Jiho, MUN Jongchul
KRISS.
We propose and demonstrate a new type of magneto-optical trap (MOT)
for alkaline-earth-metal-like (AEML) atoms where the narrow
intercombination 1S0-> 3P1 transition and the broad 1S0-> 1P1 transition
are spatially arranged into a core-shell configuration. Our scheme
resolves the main limitations of previously adopted MOT schemes,
leading to significant increases in both the loading rate and the steady
state atom number. We apply this scheme to 174Yb atoms and compare it
with the conventional intercombination MOT, where we observe more
than two orders of magnitude improvement in the loading rate and tenfold improvement in the steady state atom number. This technique could
be readily extended to other AEML atoms to increase the statistical
sensitivity of many different types of precision experiments. Further
investigation of the core-shell MOT scheme has potential to reduce or even eliminate the repumping process required during
the MOT stage for AEML atoms with complex energy level structures such as radium and erbium.

B11.04
,

Realization of quantum degenerate gases of Yb atoms
,

,

,
,
.
We report the experimental realization of the quantum degenerate gases
of 174Yb (I=0, boson) and 173Yb (I=5/2, fermion) atoms. An increasing
Zeeman slower is used for slowing ytterbium atomic beams and the
slowed atoms are trapped in a magneto-optical trap using the narrow
triplet transition of the atoms. Then, the atoms in the MOT are
compressed and loaded to a crossed optical dipole trap formed by two laser beams of 1070nm. By lowering the trap depth, we
evaporatively cool the sample and generate a Bose-Einstein condensate of 174Yb atoms and a degenerate Fermi gas of 173Yb
atoms. We will discuss our research plan to investigate SU(N) magnetism with 173Yb atoms in optical lattices.
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Critical Velocity for Vortex Shedding in a Bose-Einstein Condensate
,

,

,
,
.
We present measurements of the critical velocity for vortex shedding in a highly oblate Bose-Einstein condensate with a
moving repulsive Gaussian laser beam. As a function of the barrier height V0, the critical velocity vc shows a dip structure
having a minimum at V0=μ, where μ is the chemical potential of the condensate. At fixed V0/μ=7, we observe that the ratio of
vc to the speed of sound cs monotonically increases for decreasing σ/ξ, where σ is the beam width and ξ is the condensate
healing length. The measured upper bound for vc/cs is about 0.4, which is in good agreement with theoretical predictions for a
two-dimensional superflow past a circular cylinder. We explain our results with the density reduction effect of the soft
boundary of the Gaussian obstacle, based on the local Landau criterion for superfluidity.

B11.06
1,
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Preliminary Results of an Atomic Gravimeter at KRISS

LEE Sang-Bum, KWON Taeg Yong, PARK Sang Eon, HEO Myoung-Sun, HONG Hyung-Gue, PARK Chang Yong, LEE
Won-Kyu, YU Dai-Hyuk
KRISS.

An gravimeter using atom interferometry for high–precision gravity measurements is employed for a variety
applications ranging from measurement of Newtonain constant of gravity G, a fine-structure constant, and test of
general relativity to inertial navigation, underground structure detection, locating natural resources such as oil,
geophysics, and geodesy. Here we introduce Preliminary results about the gravimeter developing at KRISS. The
gravimeter uses Raman transitions between two ground states (_F=1, mf=0², _F=2, mf=0²) for the free-falling cold
Rb87atoms by two counter-propagating pulses. The interferometry is composed of a sequence of three Raman
pulses of a S/2 pulse to split, a S pulse to redirect, and a S/2 pulse to recombine the atomic wave packets,
corresponding to Mach-Zehnder-type configuration

B11.08

Generalized Gaussian private quantum channels

JEONG Kabgyun, KIM Jaewan, LEE Su-Yong1
Korea Institute for Advanced Study. 1Centre for Quantum Technologies, NUS.
We propose a Gaussian private quantum channel (GPQC) with squeezed coherent (SC) states, which is a generalization of
GPQC with coherent states [Phys.Rev.A 72, 042313 (2005)]. We show that GPQC with the SC states provides a better upper
bound on accessible information than GPQC with coherent states. Then, as a preliminary procedure of GPQC, we briefly
demonstrate that the SC states take an advantage over the coherent states for a beam splitting attack in a continuous variable
quantum key distribution. In the regime of small squeezing, furthermore, we show that the squeezed coherent state scheme can
even consider a non-Gaussian regime by replacing a squeezing operation with a superposition operation of two different
displacements.
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A quantum speedup in machine learning: finding an N-bit Boolean function for a

classification
YOO Seokwon, BANG Jeongho1, LEE Changhyoup2, LEE Jinhyoung
Department of Physics, Hanyang University, Seoul 133-791,
Korea. 1Center for Macroscopic Quantum Control & Department of
Physics and Astronomy, Seoul National University, Seoul, 151-747,
Korea. 2Centre for Quantum Technologies, National University of
Singapore, 3 Science Drive 2, 117543 Singapore.
We compare quantum and classical machines designed for learning an N-bit
Boolean function in order to address how a quantum system improves the machine learning behavior. The machines of the two types consist
of the same number of operations and control parameters, but only the quantum machines utilize the quantum coherence naturally induced by
unitary operators. We show that quantum superposition enables quantum learning that is faster than classical learning by expanding the
approximate solution regions, i.e., the acceptable regions(See the figure. Green lines indicate the acceptable regions.). This is also
demonstrated by means of numerical simulations with a standard feedback model, namely random search, and a practical model, namely
differential evolution.

B11.10
KIM LeeYeong, ZHAO BumSuk1
UNIST,
. 1UNIST,
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.

-97-

B11.11

DBR
1,

,

1,

1,

1,

1,

1,

1,

,

.
.

1

.

CPT (coherent population trapping)

,
.

ECDL (external-cavity diode

laser)
,

.

DBR (distributed Bragg reflector)
(optical phase-locking)
DBR

.
(loop)
.

2.3 MHz

-100 dBc/Hz

Hz

, 500

.

B12.01
.
.

.
,

,

,

,
,
,

.

-98-

B12.02

Learning Assistant

,

,
.

,

,
.
.
,
(Learning Assistant: LA,
, ‘LA

LA)
(PCK Course’)
LA
.

Course)’

.
(LA Supported

‘LA

B12.03*
,

,
,

.
(system)

,

,

,

,

.
,

,

,

.

,
.

,

.
,

,

.

,
60

,

.

,

.
.
.
.
.

-99-

B12.04*

:

,
,

.
,

,
, Matthews (1994)
Niaz (1998)

.
.

,

(rhetoric of conclusion)

,
.

Niaz

,

,
.

, Cooper (1992)

.
Cooper

,
.

Cooper

2
.
.

B12.05*
,
,

.
.
,
.
,
.

2

,
.

.

182
,
.
,
,
.
.

,

,
-

.

-100-

B12.06
.
.
.

,
,

,
.
.

(field

,

line)

B12.07

.

Gender difference in high school students' perception on physics formulas

KIM Sung-Won, JANG Jyungeun, PARK Kyung Hwa, LEE Jisun
Ewha Womans University, Department of Science Education.
As a large number of students think physics learning difficult and therefore avoid the physics subject, a lot of studies have
analyzed the causes and suggest solutions to the issue. The close relations between physics and mathematics and the frequent
use of formulas, which are attributes of physics, impact physics learning of high school students who think physics difficult.
This feature shows that gender difference in mathematics achievements can be the cause for the gender difference in physics
learning. In this study, therefore, we examined students' thoughts about physics formulas among the mathematical equations
used in physics and found that there were gender differences in their thoughts about the formulas. As research methods, we
conducted semi-structured interview with 31 Korean high school students and explored students' thoughts about physics
formulas in an inductive manner based on the analysis of transcribed interview contents. The interview contents on their
thoughts about physics formulas included (a) perception of physics formulas, (b) learning methods of physics formulas, and (c)
problem-solving strategies using physics formulas. Students in general perceived physics formulas and used problem-solving
strategies as novices. In particular, female students were heavily burdened with physics formulas or learning physics formulas
because they relied largely on memorizing the formulas when learning and using them. Therefore, the feature of female
students revealed in students' thoughts about physics formulas can be one of the causes for the manifestation of gender
differences in physics learning.
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B13.01*

Shock Acceleration Through the Relativistic Transparency in a Destructed Target

HUR MinSup, KIM YoungKuk, CHO MyungHoon, SONG HyungSun, KANG TeaYoun, PARK HyungJu1, JUNG
MoonYoun1
UNIST. 1ETRI.
We investigate ion acceleration from an interaction between an ultra-short circularly polarized pulse and a destructed target
using a laser ASE or primary pulse by means of 1, 2 and 3D PIC simulations. When the relativistic transparency takes place on
the compressed ion layer, high velocity ion layer passes through a high temperature upstream region as a shock sustaining
proper Mach number. This shock generates quasi-monoenergetic ion beam and accelerates light ions for a long time without
driving laser pressure.

-104-

B13.02*
1,

,
KAIST,

.

2,
1KAIST,

1

.

2

,

.
,

,

,

.
,

Xe
.

(Xe II)

Xe
(Xe III

)
,

,
.
.

,
(Counter-current)
. Co-current

(Co-current)
400 G

40%
Counter-current
.

B13.03

1.2

,
.

Beam Optics of RAON Linac

JANG Ji-Ho, JANG Hyo-Jae, JIN Hyun-Chang, CHOI Bong-Hyuk, KIM Hye-Jin, HONG In-Seok, KIM Hyung-Jin, JEON
Dong-O
IBS.
The RAON Linac consists of an injector including ECR(electron cyclotron resonance) ion source and RFQ (radio-frequency
quadrupole), and superconducting linac with 3 different types of cavities, QWR (quarter wave resonator), HWR (half-wave
resonator), and SSR (single spoke resonator). The injector was designed to accelerate uranium beams up to 0.5 MeV/u and it
reaches 200 MeV/u through the SCL linac. In order to achieve 400 kW of beam power, we considered acceleration of multiple
charge states. This work summarized the beam optics of RAON linac.
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B13.05

6×1020 W/cm2
.

Proton Beam Steering From Ultra-thin Foils Irradiated By Intense Laser Pulses

KAKOLEE Kaniz Fatema, BORGHESI Marco1, NAM Chang Hee
Institute for Basic Science (IBS), Center for Relativistic Laser Science
(CORELS). 1Queen's University Belfast, Center for Plasma Physics.
Laser interaction with thin solid foils at the intensities currently available
(> 10^20 W/cm^2) has opened up several novel and exciting avenues of
research, including the development of compact ion accelerators with
potential, high impact applications in medicine, science and industry.
We have reported on observations of proton beam steering from the
target normal direction using high contrast laser pulses from the
VULCAN PW laser. With 100-nm Cu targets beam deviations from
target normal of up to 30º were observed, which showed a correlation
with the laser incidence angle. The steering effect was not observed
without PM, and became progressively weaker for thicker targets.
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B13.06

Generation of Relativistic Electron Beam by Laser Wakefield Acceleration with DensityTapered Capillary Gas Cell
NAM Inhyuk, KIM Minseok, LEE Seungwoo, SUK Hyyong
Gwangju Institute of Science and Technology (GIST).
Laser wakefield acceleration (LWFA) scheme have large acceleration gradient on the order of 100GV/m, which is tree
orders of magnitude higher than conventional accelerators. Therefore, it can decrease the size of accelerators considerably.
However, these kinds of laser-plasma based accelerators still have limitations such as stability, reproducibility, and tunability.
We’ve got the quite stable and reproducible relativistic electron beams with density-tapered capillary gas-cell and
20TW/40fs Ti:Sapphire laser system at GIST. We got energetic electron beams with the maximum cutoff energy of 400MeV.
Furthermore, such energetic electrons by LWFA excite plasma wakefield again and cause plasma wakefield acceleration
(PWFA). In the experiment, monoenergetic electron beam is generated by PWFA and it has peak energy of 435MeV with the
energy spread of 15%, and 4mrad divergence. All experimental results has confirmed by 2D particle-in-cell(PIC) simulations.

B13.07

Detecting high-frequency gravitational waves with optically levitated sensors

ARVANITAKI Asimina
Perimeter Institute.
We propose a tunable resonant sensor to detect gravitational waves in the frequency range of 50-300 kHz using optically
trapped and cooled dielectric microspheres or microdisks. The technique we describe can exceed the sensitivity of laser-based
gravitational wave observatories in this frequency range, using an instrument of only a few percent of their size. Such a device
extends the search volume for gravitational wave sources above 100 kHz by 1 to 3 orders of magnitude, and could detect
monochromatic gravitational radiation from the annihilation of QCD axions in the cloud they form around stellar mass black
holes within our galaxy due to the superradiance effect.
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B13.08

Hunting the Dark Matter Axion with the ADMX experiment

CAROSI Gianpaolo
Lawrence Livermore National Laboratory.
The nature of dark matter is one of the great mysteries of modern physics. Its existence has been inferred by
gravitational effects over many distance scales but currently no known particle can account for the observed data. As a result
new particles beyond the standard model have been proposed. One such dark matter candidate is the axion, originally
conceived as a solution to the strong-CP problem in nuclear physics. The Axion Dark Matter eXperiment (ADMX), and its
sister experiment ADMX-High Frequency (ADMX-HF), are designed to detect axions by using the Primakoff effect to
resonantly convert axions to detectable photons using large microwave cavities immersed in a strong magnetic field. In
this talk I will describe the history of axion searches and the ADMX experiment in particular, which ran at Lawrence
Livermore National Laboratory (LLNL) for over a decade before being moved to the University of Washington (UW). I will
then discuss the upgrades to the ADMX experiment as it prepares for it’s upcoming search with orders of magnitude greater
sensitivity. I will also outline R&D efforts that are currently being undertaken to expand the search range of ADMX further
and ultimately determine if axions are, or are not, the major dark matter component of the Universe.

B13.09

Axion Dark Matter Experiment (ADMX)– Gen2

RYBKA Gray
University of Washington.
The Axion Dark Matter eXperiment (ADMX) was designed to detect ultra-weakly interacting relic axion particles by
searching for their conversion to microwave photons in a resonant cavity positioned in a strong magnetic field. We have
demonstrated sensitivity to plausible axion models, and achieved the sensitivity required for a definitive search, at least for low
mass axions. The upgrades including powerful dilution refrigerator for the second generation (Gen2) experiment is in progress.
I will discuss the comprehensive strategy for scanning the higher mass range up to 10 μeV, especially the required
technological advances for the needed sensitivity at higher frequencies.
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B13.10

Axion Research at CAPP/IBS

CHUNG Woohyun
Center for Axion and Precision Physics, IBS.
The axion, a hypothetical elementary particle arising from Peccei-Quinn solution to the strong-CP problem, is a wellmotivated dark matter candidate. The IBS Center for Axion and Precision Physics will explore the dark matter axion using a
method suggested by P. Sikivie, converting the axions into microwave photons in a resonant cavity pereated by a strong
magnetic field. Our first microwave axion experiment in an ultra-low temperature setup is being launched at KAIST campus
this summer, utilizing top of the line equipment and technology. I will discuss the progress and plans of the axion experiment
at CAPP/IBS.

B14.01

Higgs Boson Couplings and Properties with CMS.

NAM Soon-Kwon, KROPIVNITSKAYA ANNA, KIM Taehoon, KIM
Jungmin, NAM Yeonseo
Kangwon National University.
Many different production and decay modes of the 125 GeV mass
Higgs boson have been studied by the CMS collaboration at the LHC
collider. The analysis is based on pp collision data collected at centre-ofmass energies of 7 and 8 TeV corresponding to integrated luminosities
of 5/fb and 20/fb respectively. The measurement of the Higgs boson
couplings and of the study of its properties are presented.
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B14.02

Top quark cross section results using Run 1 data at the CMS

, BROCHERO Javier
,
.
At the LHC, proton-proton collision data samples corresponding to an integrated luminosity of 5 fb-1 at 7 TeV and 20 fb-1 at
8 TeV have been collected by the CMS experiment between 2010 and 2012. The accuracy of the measured inclusive top quark
pair production cross section has already reached to constrain the theory predictions. The measurement of the rare process such
as the top quark pair production in association with two bottom quarks has also been performed. We present the top quark
cross section results at the CMS performed using Run 1 data and a prospect of Run 2 analyses in 2015.

B14.03

Pseudotop Analysis for Measurement of Normalized Differential Cross Section for the tt-bar Production in the
Dilepton Channel in pp Collisions at sqrt(s)=13 TeV

ROH Youn Jung, CHOI Suyong, GOH Junghwan1
Korea University. 1Sungkyunkwan University.
In 2015, CMS is ready to take run II data at sqrt(s)=13. We prepare analysis method for measurement of normalized differential cross
section for the tt-bar production in the dilepton channel. Therefore, we study simulation samples for the tt-bar production in the dilepton
channel in pp collisions at sqrt(s)=13. In this study, we are going to introduce pseudotop definition which can be useful to test theory model
for both theorists and experimentalists.
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B14.04

Constraints on the Higgs boson width from off-shell production and decay to WW

LEE SangEun
.
We present a measurement of the Higgs boson width using its leptonic decay to W+W- pairs when produced off-shell in the
gluon-gluon fusion or vector boson fusion processes. The analysis is based on data collected by the CMS experiment at the
LHC in 2011 and 2012, corresponding to integrated luminosities of 4.9/fb at a center-of-mass energy 7 TeV and 19.4/fb at 8
TeV.

B14.05

Transverse momenta of vector bosons in Drell-Yan processes at LHC center-of-mass

energy of 8 TeV
LEE SangEun
.
The transverse momentum spectra of vector bosons in charged and neutral current Drell-Yan processes at LHC have been
measured by the CMS experiment at center-of-mass energy of 8 TeV. The data used for the analyses correspond to special low
luminosity operation of LHC amounting to an integrated luminosity of 18.4+0.5/pb. The one-dimensional differential cross
section for W boson has been studied in electron and muon decay modes, while for Z-boson measurements are presented only
for muon channel. The normalized cross-sections, within the fiducial defined by kinematic selections, have been measured and
compared with the expectations from the best available theoretical calculations. In addition, various ratios of the individual
spectra have been derived, in particular, for W- to W+ and Z to W for muon channel only.
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B14.06

Search for light non-thermal dark matter at the LHC

OH Youngdo, KIM DongHee, KIM Minsuk, JEONG Namgyun, KAMON Teruki1
Kyungpook National University. 1Texas A&M.
The minimal nonthermal dark matter model is introduced and the signature at LHC are studied. In the model, the mass of dark
matter candidate is around O(GeV), which naturally explain baryongensis. Since the light dark matter is not parity-protected,
it can be singly produced at the LHC. The model allows monojet, monotop production with dark matter, which leads to large
missing energy. In this talk, the status of preparation for RUN 2 data analysis is also presented.

B14.07*

Searches for heavy Majorana neutrinos in same-sign dimuon and dielectron events at the

CMS
,

,
,
,
,
, ALMOND John,
.
The discovery of non-zero neutrino masses has opened a big question about smallness of neutrino mass. The heavy Majorana
neutrino has been considered as a strong candidate to solve this problem. The CMS experiment has performed searches for
heavy neutrinos in same-sign dimuon and dielectron events with two jets. We present the search results on the heavy Majorana
neutrinos using 19.7 /fb of proton-proton collision data at sqrt(s) = 8 TeV.
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B14.08*

The Color Coherence

KIM Hyunyong, LEE Jason, PARK Inkyu
Department of physics, University of Seoul.
A study of color coherence effects in pp collisions at a center-of-mass energy of 8 TeV is presented. The data used in the
analysis were collected with the CMS detector at the LHC. Events are selected that contain at least three jets and where the two
jets with the largest transverse momentum exhibit a back-to-back topology. The measured angular correlation between the
second- and third-leading jet is shown to be sensitive to color coherence effects, and is compared to the predictions of Monte
Carlo models with various implementations of color coherence.

B14.09

Is the X(3915) the chic0(2P) ?

OLSEN Stephen, CHOI Sookyung1
Center for Underground Physics, Institute for Basic Science. 1
.
The Particle Data Group has assigned the X(3915) meson, an omega J/psi mass peak seen in B->Komega J/psi decays and
gamma gamma -> omega J/psi two-photon fusion reactions, as the chic0(2P), the 23P0 charmonium state. Here it is shown that
if the X(3915) is the chic0(2P), the measured strength of the gamma gamma -> X(3915) signal implies an upper limit on the
branching fraction B(chic0(2P)-> omega J/psi)<8.1% that conflicts with a >14.6% lower limit derived for the same quantity
from the B-> KX(3915) decay rate. Also, the absence any signal for X(3915)-> D0D0 in B+->K+D0D0 decays is used to
establish the limit B(X(3915)-> D0D0bar)<1.2 x B(X(3915)->omega J/psi). This contradicts expectations that chic0(2P)
decays to D0D0bar should be a dominant process, while decays to omega J/psi, which are Okubo-Zweig-Iizuka seppressed,
should be relatively rare. These, plus reasons given earlier by Guo and Meissner, raise serious doubts about the X(3915)=chic0
(2P) assignment.
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B14.10
CHOI Suyong
Korea University, Physics Department.
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Status on the Calorimeter Trigger System at Belle II experiment

CHEON B. G., UNNO Y., GOH Y. M., KIM S. H., LEE I. S.
Hanyang University, Dept of Physics.
The Belle II calorimeter trigger system is indispensable to perform taking data against beam background at online level and
sensitive to identify both neutral and charged particles so that any physics oriented events are able to be triggered. We will
present current progress of the system preparation toward beam commissioning in 2016.
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B14.12

Search for B+ -> K*0-bar K*+ decays at Belle experiment

GOH Y. M., UNNO Y., KIM S. H., LEE I. S., CHEON B. G.
Hanyang University, Dept of Physics.
We report a search for the rare charmless decay B^+ -> K*0-bar K*+ using a data sample of 772x10^6 BB-bar pairs collected
at the Upsilon(4S) resonance with the Belle detector at the KEKB asymmetric-energy e+e- collider. No statistically significant
signal is found and a 90% confidence-level upper limit is set on the decay branching fraction less than 1.31x10^-6.

B14.13

Study of B+ to K*+rho0 analysis

KIM M. J., KIM H. J., PARK H., KANG K. H., JEON H. B., KIM B. B, HYUN H. J.1
Kyungpook National University. 1POHANG ACCELERATOR LABORATORY.
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B14.14

Investigation of background subtraction techniques for new physics

,
,
.
The features of the dijet and trijet invariant mass distribution obtained
from combinations of jets from different events, i.e. event mixing, is
studied in detail. The signals from the masses of dijet and trijet systems
with pp collisions at collider energies are superimposed on a generally
large combinatorial background. Because this background contains a
significant correlated component originating from particles decays,
special care is needed in order to reproduce the shape of the uncorrelated
invariant mass distribution. By taking advantage of the hadronically
decaying top quark a new method to measure the top quark mass also to
look for new physics is developed. Study of event mixing and its
application to the extraction of resonance signals is presented.

B14.15

Status of Z states

1, OLSEN Stephen2
CHOI Sookyung, KBELLE
. 1Belle Collaboration. 2Institute for Basic Science.
After the observation of the Z(4430) in B-> psi'piK decays in 2007, as the first candidate of charged four quarks state, 6 more
states had been observed from both Belle and BESIII experiments. We review the properties of those states and future search
plan in BESIII as well as Belle.
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B14.16*

Search for the lepton flavor violating $B^0 \to \ell \tau$ decays using hadronic tagging

YOOK Youngmin, KWON Youngjoon
Yonsei University, Department of Physics.
We present a search for the lepton flavor violating decays $B^0 \to \ell
\tau$, where the $\ell$ stands for an electron or a muon, using a data
sample of $772\times 10^6 B\bar{B}$ pairs collected at the $\Upsilon
(4S)$ resonance with the Belle detector at the KEK asymmetric-energy
$e^+e^-$ collider. By fully reconstructing one of the $B$ mesons in the
$B\bar{B}$ pairs, we seek for the $B \to \ell \tau$ candidates by analyzing the recoiling particles in the momenta of the signal
decay's final state particles.

B14.17*

Massive Invisible Particles at Belle experiment

PARK Chanseok, KWON Youngjoon
.
Massive invisible particles, that are not allowed in the Standard Model(SM), can be a great key of new physics beyond the
SM.
Belle experiment has 772 million B-meson pairs at the Y(4S) resonance, where KEKB energy-asymmetric e+e- collider
produce entire 977fb^-1 data.
In this talk, we present some result and studies about massive invisible particle at Belle.
In particular, we show result of heavy neutrino searches. Moreover we present recent status of B^+ -> l^+ X^0 study. Finally,
we report dark photon search where it is produced in the Higgs-strahlung channel.
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B2.01*

Performance Evaluation of GET Electronics for SπRIT-TPC at HIMAC

JHANG Genie, ISOBE Tadaaki1, NISHIMURA-KURATA Mizuki1,
TSANG Betty2, HONG Byungsik
Korea University. 1Riken Nishina Center. 2National Synchrotron
Cyclotron Laboratory, MSU.
Generic Electronics for TPCs (GET electronics) is newly developed
read-out electronics not only for TPCs but also for the other
experiments. GET electronics is used by SπRIT-TPC (SAMURAI Pion
Reconstruction and Ion Tracker TPC), which is constructed mainly by
Michigan State University group for constraining the symmetry energy
at supra-saturation densities ρ~2ρ0 using rare isotope beam produced at
RIKEN-RIBF. In advance of using the electronics at the real experiment,
we performed the test experiment at HIMAC for evaluating performances of GET electronics, such as the position resolution in
both wire and drift direction, gain linearity and so on, mounted on BRAHMS-TPC using 132Xe beam. We report the analysis
result of the performance evaluation.

B2.02*
,

Measurement of Lambda Production from KL0+Al Interaction at J-PARC
,

,

1,

2,

3

,
. 1
,
. 2
,
. 3KEK.
We report Lambda production from KL0+Al interaction in the range of 0.5Lambda pi0 reaction. We reconstruct the Lambda>n pi0 decays from detecting fast gamma-associated signals and slow neutron-associated signals using a time-of-flight
technique. This Lambda measurement provides us with a good sample of neutron events with known energies, which is very
crucial in understanding background neutron-associated signals in the KL->pi0 nu nubar search. On the other hand, this
Lambda measurement is a good tool to hunt a long-lived H-dibaryon decaying to Lambda n pi0. Preliminary results will be
presented and discussed.
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B2.03

Hyperon Semileptonic decay constants and Decay widths of the baryon decuplet with SU(3)
flavor symmetry breaking
,

1

,
. 1
,
.
We investigate the hyperon semileptonic decay constants, f2/f1, and g1/f1, within a general framework of a chiral soliton
model. All relevant parameters for the SU(3) baryon wave functions were unambiguously determined by using the
experimental data for the masses of the baryon octet and the decuplet. Using then the existing experimental data for the
magnetic moments of the baryon octet and the decay constants of hyperon semileptonic decays, we are able to determine all
the hyperon semileptonic decay constants f2/f1, and g1/f1 of the baryon octet unequivocally. In addition, we also present the
results of the hyperon semileptonic decay constants and the decay widths for the baryon decuplet.

B2.04*

Analysis of the 24Mg(p,d)23Mg data for the astrophysically-important 22Na(p,γ)23Mg

reaction rate
KWAG M. S., CHAE K. Y., AHN S.1, BARDAYAN D. W.2, CHA S. M., CHIPPS K. A.3, CIZEWSKI J. A.4, HOWARD M.
E.4, KIM A., KOZUB R. L.5, LEE E. J., MANNING B.4, MATOS M.6, O'MALLEY P. D.4, PAIN S. D.7, PETERS W. A.8,
PITTMAN S. T.7, RATKIEWICZ A.4, SMITH M. S.7, STRAUSS S.4
Sungkyunkwan University. 1University of Tennessee. 2Notre Dame University. 3Colorado School of Mines. 4Rutgers
University. 5Tennessee Technological University. 6Louisiana State University. 7Oak Ridge National Laboratory. 8Oak Ridge
Associated Universities.
The 24Mg(p,d)23Mg neutron transfer reaction was studied at the Holifield Radioactive Ion Beam Facility of the Oak Ridge
National Laboratory in order to constrain spins and parities of the astrophysically-important energy levels of 23Mg. Depending
on the properties of such levels, the 22Na(p,γ)23Mg reaction rate could be highly affected at nova temperatures. The 31-MeV
proton beam and highly pure 24Mg targets were used for experiment. Deutron recoils were detected by a large area silicon
detector array (SIDAR) at the two different target positions. The excitation energies and the angular distributions of 8 levels in
the radioactive 23Mg nuclide were measured and compared with Distorted Wave Born Approximation (DWBA) calculations.
Details of experimental setup and current stage of data analysis will be presented.
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B2.05

Effects of the Sterile Neutrino and Extra Dimension in Big Bang Nucleosynthesis

, KUSAKABE Motohiko1
,
. 1
,
.
Big bang nucleosynthesis(BBN) in the early Universe explains production of light nuclei so that it is important topic on the
origin of elements. In BBN, there are many variables which affect the abundances of light elements. These variables can be
constrained through comparison of theoretical and observational abundances. In this study, we will derive constraints on an
extra dimension model which includes a sterile neutrino. In this model, the cosmic expansion rate is different from that in the
standard BBN model because of the extra dimension and the sterile neutrino. In this presentation, we will show effects of the
expansion rate modified by an extra dimension on abundances of light elements in BBN.
,

B2.06

Quasi-mono energy neutron source with 9Be(p,xn) reaction for activation experiments at

25~45 MeV
ZAMAN Muhammad, KIM Kwangsoo, NAIK Haladhara1, SHAHID Muhammad2, HIEN Nguyen Thi2, KIM Guinyun2
Department of Physics, Kyungpook National University. 1Radiochemistry Division, Bhabha Atomic Research
Centre. 2Department of Physics, Kyungpook National University,.
A 9Be(p,xn) quasi-mono energetic neutron source for activation experiment has been developed at proton energies 25-45
MeV. Simulations of the spectral flux from Be- target at position of irradiated Au- samples were performed using Monte Carlo
Simulation code, MCNPX, with LA-150h library. We investigated the produced neutron source for Be- target with 25, 35 and
45 MeV proton beam. A new target assembly is designed and optimized to produce quasi-mono energy neutron flux. High
energies proton beam incident on beryllium target produce neutron fluxes at the Korean Institute of Radiological and Medical
Sciences (KIRAMS). The quasi-mono energetic neutron source based on p+9Be/C reaction was used to irradiate Au sample
with proton beam of energies 25-45 MeV. The neutron total fluxes were measured by an activation and off-line γ-spectrometric
technique.

-120-

B2.07
,

Multilayer PPIC detector for Dose-Verification in Particle Therapy
,

,

1,

1,

1,

1,

1

. 1
.
A multilayer gaseous detector has been developed for fast and precision
dose-verification measurements in particle therapy. In the present R&D,
a water-equivalent detector composed of 8-layer parallel plate ionization
chambers (PPICs) was designed and constructed by Nuclear Physics
group at Korea University, and tested with 190-MeV proton beams at
Samsung Medical Center, Korea. Development of a signal-processing
and DAQ for imaging doses with time intervals of 228 μs was required
to accommodate capability of dose measurements for fast dynamic-mode
raster-scan beams. The detector system capable of measuring the
dynamic-mode beams is satisfactory to verify the beam-induced dose for
the clinical quality assurance in particle therapy.

B2.08*
,
,

.
(Jet)
.
.

.
.
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B2.09

Development of a QMD-type model code for heavy-ion collisions at low and intermediate

energies
KIM Kyungil, KIM Youngman, LEE Kang Seog1
RISP/IBS. 1Chonnam National University.
We develop a code for a QMD(quantum molecular dynamics)-type transport model. The transport model is essential to
simulate heavy-ion collisions and to predict experimental results. We write a basic transport code which contains common
elements of the QMD-type model and test this code by comparison with results from other codes. We describe the model in
detail and discuss preliminary results from the QMD-type code at tens~hundreds MeV/n. Also, we propose the future plan to
improve our code for RAON.

B2.10

Neutrino (Antineutrino) scattering on the nucleon with strangeness form factors in the
context of the recent MiniBooNE and NOMAD experiments
,
,
.
We investigated the neutrino and antineutrino quasielastic scatterings on the nucleon of the recent MiniBooNE and NOMAD
experiments for Neutral Current (NC) and Charged Current (CC) processes. The CC differential and total cross sections are
used to extract the value of the axial mass depending on the incident neutrino energy and the NC observables are taken into
account in determining the values of the strangeness couplings as like gAs and μs. The properties of relevant observables and
the applicable studies will be discussed.
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B2.11

Optical model analysis of 16O elastic scattering in low energy region.

CHOI Ki-Seok, CHEOUN Myung-Ki, SO W. Y.1, KIM K. S.2
Department of physics, Soongsil University. 1Department of radiological science, Kangwon National University. 2Korea
Aerospace University.
We present calculation results for angular distributions of 16O elastic scattering with experiment have been measured at
energies near the Coulomb barrier , i. e. From 4.3 MeV to 4.9 MeV in steps of 100keV. For calculation, we employed optical
model analysis with several parameters including Volume term and Coulomb potential term, and have tested with imaginary
potential. The results have described experimental results well, and have parameters in reasonable region. Additionally we
could find general relation between incident energy and potential depth in focused region.

B2.12

Coexistence phase of hadrons and quarks in a neutron star
,

,
.
Using relativistic Hartree-Fock (RHF) approximation, we present the equation of state (EoS) for neutron stars with quarks as
well as hadrons in the core region. Generally speaking, the inclusion of new degrees of freedom, such as hyperon admixture,
meson condensation, and quark matter, softens an EoS, and the maximum mass of neutron stars is thus reduced. However, a
few massive neutron stars have recently been observed. In the present calculations, we explain the stiff EoS within RHF
approximation for hadron phase, which can support a two-solar-mass neutron star even if hyperons are included, and the MIT
bag model is adopted for quark phase. Under the Gibbs criteria, the coexistence phase of hadrons and quarks can be seen in the
core of a neutron star. Furthermore, the maximum mass reaches 2.0 solar mass which is consistent with the constraint from the
recently observed massive pulsar.
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B2.13

Investigation of Proton Induced Reactions on natNb upto 42.5 MeV and Measurement of
Excitation Functions
SHAHID Muhammad, KIM Kwangsoo, ZAMAN Muhammad, KIM Guinyun
Department of Physics, Kyungpook National University.
We measured the production cross-sections of 90,93mMo, 90,91m,92mNb, 88,89Zr, 87g,87m,88Y radionuclides from proton-induced
reactions of natNb in the energy range from their respective threshold to 42.5 MeV at the MC-50 cyclotron of the Korea
Institute of Radiological and Medical Sciences (KIRAMS). The stacked-foil activation technique and high resolution off-line
gamma-ray spectrometry technique was applied to investigate the reaction products. The measured results were compared with
the literature data as well as with the theoretical values obtained from the TENDL-2013 library based on the TALYS 1.6 code.
The integral yields for thick target of the investigated radio-nuclides were determined from the measured excitation function.
The motivation of this study was to provide a new data set for the formation of the investigated radionuclides applicable in
medicine & industry and to provide information that could support in testing and understanding the nuclear reaction theories.

B3.01

Time-Resolved Optical Spectroscopy of Semiconductor Materials and Devices:
Nanocrystals, Nanotubes, and Perovskites
KANEMITSU Yoshihiko
Institute for Chemical Research, Kyoto University/JST, CREST.
Recently, remarkable progress in materials synthesis and fabrication techniques has enabled us to develop new functional
semiconducting materials. Over the last decade, many researchers have proposed and demonstrated photonic devices based on
emerging materials such as quantum-dot nanocrystals, nanotubes, and perovskites. Moreover, in the photovoltaic research
field, the utilization of nonlinear optical phenomena such as multiple exciton generation and upconversion in semiconductor
nanostructures can improve the solar-cell power conversion efficiencies. A precise understanding of optical responses in
emerging materials and nanostructures is essential for developing high-performance photonic devices. Time-resolved optical
spectroscopy is one of the most versatile methods to gain deep insights into optical responses and photocarrier dynamics in
these materials and nanostructures and for revealing the mechanisms of photon-energy conversion processes. Time-resolved
photoluminescence (PL) and transient absorption (TA) spectroscopies based on femtosecond laser systems have been widely
used to investigate the ultrafast response of photocarriers in semiconductors. Since photocurrent (PC) spectroscopy directly
monitors the mobile charge-carriers in semiconductors, the development of simple methods for measuring ultrafast PC
dynamics is very important. A combination of PL, TA, and PC spectroscopic techniques is very beneficial for achieving
detailed understandings of free carrier dynamics in semiconductors and photonic devices. In this talk, we summarize our recent
studies on photocarrier generation and recombination processes in isolated or closed-packed nanocrystals, carbon nanotubes,
and perovskites, and also discuss the photocarrier dynamics in solar cell devices. The author would like to thank many
colleagues for their contributions and discussions. Part of this work was supported by JST-CREST, KAKENHI (25247052),
and The Sumitomo Electric Industries Group CSR Foundation.
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B3.02

Quantum Photonics Based on Nitride Semiconductor Nanostructures

CHO Yong-Hoon
Department of Physics and KI for the NanoCentury, KAIST, Daejeon, Republic of Korea.
We present various nitride semiconductor nanostructures and their novel photonic and quantum photonic applications
including unidirectional photonic diodes and single photon sources. Using top-down etching or bottom-up growth methods,
various types of three-dimensional GaN nanostructure templates were formed, on which InGaN/GaN multiple quantum well
(QW) structures were regrown by metal-organic chemical vapor deposition (MOCVD). From the slightly tapered core–shell
quantum well semiconductor rods, a large gradient in their bandgap energy along their growth direction was observed and a
highly asymmetric photonic diode behavior with low scattering loss was demonstrated [1]. We also demonstrate single photon
generation from a single quantum dot (QD) formed on the apex of tapered nanostructures (Fig. 1) [2]. Furthermore, we utilized
effective surface-plasmonic coupling with single QD to produce strong enhancement of the spontaneous emission rate.
Enhancement of the QD spontaneous emission rate as high as 22±16 was observed over ~ 150 meV spectral range across the
whole wafer [3]. An overview and comparison of the characteristics of the above nanostructures will be given.
References [1] S. M. Ko et al., Crystal Growth & Design 12, 3838 (2012); Nano Letters 14, 4937 (2014). [2] J. H. Kim et al.,
Crystal Growth & Design 12, 1292 (2012); Scientific Reports 3, 2150 (2013). [3] S. H. Gong et al., (submitted).

B3.03

Broadband Single-Shot Spectroscopy Applicable to Photoinduced Nonlinear Dynamics

TAKEDA Jun, MINAMI Y., KATAYAMA I.
Dept. of Physics, Yokohama National University, Yokohama 240-8501, Japan.
We developed a broadband single-shot spectroscopy with an echelon mirror [1,2], in order to visualize photoinduced nonlinear
dynamics of materials in time-frequency space. The echelon mirror was fabricated on a Ni block with a micro-step structure,
and was employed to produce a spatially encoded time-delay for a probe pulse. Schematic of the broadband single-shot
spectroscopy is shown in Fig. 1(a). The output from a femtosecond regenerative amplifier system was divided into two beams:
pump and white-light continuum probe beams. The probe was directed to the echelon mirror with 500 steps at a step width and
height of 80 and 10 mm, respectively; the echelon mirror can generate temporal steps of ~66 fs and an overall time-delay of
~33 ps. The diffracted probe at the echelon was then focused onto a sample together with the pump. After passing through the
sample, the probe was recollimated and linearly focused on an entrance slit of a spectrometer combined with a twodimensional (2D) CCD detector. Eventually, we could measure the time-wavelength 2D image of transient signals on a singleshot basis. Using this technique, we have demonstrated ultrafast crystalline-to-amorphous phase change in chalcogenide
alloys: Ge2Sb2Te5 (GST) and GeTe thin films [3]. We even measured the absorbance change that accompanied the ultrafast
amorphization for laser fluences above the critical value, where a permanent recording mark was formed. The typical example
for the experiments is shown in Fig. 1(b). The observed rise time to reach amorphization was 130~200 fs both in GST and
GeTe thin films, suggesting that ultrafast amorphization can be attributed to the rearrangement of Ge atoms from an octahedral
to a tetrahedral structure.
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B3.04

Time-Delay in Photoemission Depending on Extendedness of Many-Electron Screening of

Photohole
LEE JAEDONG
Department of Emerging Materials Science, DGIST.
We calculate the time-delay between elastic main and inelastic plasmon features in the 2s core-level photoemission of
aluminum metal, where the plasmon satellites are created due to the extended screening of photohole by the long-range
Coulomb interaction. The result is compared with the copper 3s core-level photoemission of CuCl2, where the charge transfer
satellite is due to the localized screening of photohole. We find that the time-delay shows a fundamental difference depending
on the extendedness of the many-electron screening of photohole, in other words, between weakly and strongly correlated
electron systems. This provides a key to the novel electronics of correlated electron systems based on the light-wave electron
transport in the petahertz time domain.

B3.05
PARK Doo Jae, HONG Jung Taek1, AHN Yeong Hwan1, PARK JiYong1, LEE Soonil1
Hallym University. 1Ajou University.
We demonstrate the fabrication of plasmonic and metamaterials
devices, operating in the terahertz frequency range, by using highly
conductive, single-walled carbon nanotube (SWNT) network films. We
fabricated various patterns on the SWNT films using photolithography
or laser machining techniques, whose resonance behaviors are
determined by geometric parameters such as the periodicity of the array
patterns or the shape of the individual elements. The excellent mechanical properties of SWNT films enabled us to fabricate
free-standing and highly flexible devices. More importantly, using postprocessings such as chemical treatments and
nanoparticle coatings, we were able to engineer the dielectric constants of the SWNT films, such as enhancing or degrading the
conductive properties. As a result of the postprocessings, the resonance peak of the plasmonic devices was suppressed or
retrieved, which is not achievable in conventional metal films. In particular, we were able to control the metamaterials
resonances, implying the possibility of fabricating tunable optoelectronic devices without changing the device structures.
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Relaxed Anion-State in OLED Films Studied by High Sensitivity Photoemission: Surface
Polarization and Exo-electron in Organic Films
ISHII Hisao, KINJO Hiroumi1, YAMAJAKI Junki1, NOGUCHI Yutaka2, NAKAYAMA Yasuo1
Graduate School of Advanced Integration Science/Center for Frotier Science, Chiba University, Japan. 1Graduate School of
Advanced Integration Science, Chiba University. 2School of Science and Technology, Meiji University, Kawasaki 214-8571,
Japan.
During vacuum deposition process, spontaneous orientation polarization has been often observed for amorphous OLED films.
This polarization induces positive and negative fixed charges on both ends of the polarized layer. Due to this fixed charge,
OLED films often contain surface/interface carriers that play important role in device performance. This is a kind of self-field
effect carrier doping. In this study, we will report on the direct observation of anions fixed by orientation polarization for
various OLED materials by using high-sensitivity photoemission. The spectra of Alq3, a-NPB, TPBi, and BCP show unusual
low energy photoemission in visible or near UV photon energy, indicating the existence of surface anions which is a kind of
exo-electron. The information on the relaxation of anion states of these materials is useful to discuss the device performance
such as carrier injection property. This can be also applied to measure the electron affinity of organic semiconductors in
complementary way to inverse photoemssion.

B4.02(

)

DNA base guanine small molecules towards organic CMOS inverter and nonvolatile 2D
memory FET applications
IM Seongil, LEE Jun Young
Physics, Yonsei University.
One of the most detrimental effects on organic channel layer in organic field effect transistors (OFET) comes from penetrated
atmospheric species such as oxygen and water. Here, we resolved such ambient stability issues of p-type (heptazole)/or n-type
(PTCDI-C13) OFETs and their bias-stability issues at once, using DNA-base small molecule guanine (C5H5N5O)/Al2O3
bilayer. The guanine protects the organic channels as buffer/and H getter layer between the channels and capping Al2O3 while
the oxide capping resists ambient molecules. As a result, both p-type and n-type OFETs are simultaneously protected from
gate-bias stress and 30 days-long ambient aging, finally demonstrating a highly stable CMOS logic inverter. Moreover, we also
demonstrate a charge injection type non-volatile memory FET with the guanine/Al2O3, which is coupled with MoS2
nanosheet channel as a trapping or charge injection layer material. Thanks to the unique properties of guanine layer and
extremely thin MoS2 nanosheet, our non-volatile memory MoS2 FETs exhibit more than 3 V memory window under 35 V/-15
V gate voltage pulse for Program/Erase (or trapping/detrapping), maintaining a high Program/Erase ratio of ~103 for longer
than 1000 s at least. Superior dynamic Program/Erase cycles were performed with memory inverter comprised of two memory
FETs connected in series. Such non-volatile memory properties have been mostly well observed even after 45 days, since the
trapped electrons charges were stably stored in guanine layer.
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Carrier Transport Mechanism in Anisotropic Organic Semiconductor Films Studied by
the TRM-SHG Imaging
MANAKA Takaaki, IWAMOTO Mitsumasa
Department of Physical Electronics, Tokyo Insititute of Technology, Japan.
Carrier transport phenomena are fundamental subjects in organic semiconductor physics. In this presentation, we propose a
novel technique to study the temperature dependence of carrier transport in anisotropic organic semiconductor films by using
the time-resolved microscopic second harmonic generation (TRM-SHG) imaging. By taking into account the effect of potential
drop that was directly estimated by the TRM-SHG imaging, temperature dependence of the mobility clearly indicates the bandlike transport in the TIPS pentacene single crystalline grains.

B4.04(

)

Charge Separation at Organic-inorganic Interface

KIM Jeong Won
Korea Research Institute of Standards and Science.
Hybrid organic−inorganic solar cells take advantage of complementary characters of both materials. Organic materials are
strong absorbers with easily tunable optical characteristics, while their inorganic counterparts possess good charge conduction
properties. How charge separates across the interface between these two distinctively different materials is a question of
significance to the fundamental understanding of hybrid solar cells. To address the problem, we choose the model interface
between GaAs and n-type fullerene (C60) or copper phthalocyanine (CuPc). Using time-resolved second harmonic generation
(TR-SHG), particularly electric field-induced SHG (EFISH), the CuPc/GaAs(001) interface turns out to be strongly rectifying.
The charge separation channels are controlled by space charge field and relative energy level alignment in that only hole
injection from GaAs to CuPc is possible [1]. On the other hand, time-resolved 2-photon photoemission (TR-2PPE) shows two
major charge separation channels at the C60/GaAs(001) interface. One follows the subpicosecond drift of photoexcited
electrons toward the surface by the space charge field. The other is the electron transfer of conduction band electrons in GaAs
to C60 LUMO level. We find that electron transfer from the GaAs conduction band to C60 occurs on the faster time scale of
≤0.1 ps [2]. [1] H. Park, M. Gutierrez, X. Wu, J. W. Kim, and X.-Y. Zhu, J. Phys. Chem. C 117, 10974−10979 (2013).[2] J. W.
Kim, H. Park, and X.-Y. Zhu, J. Phys. Chem. C 118, 2987−2991 (2014).

-128-

B4.05(

)

Organic-based Resistive Nonvolatile Memory Devices

LEE Takhee
Seoul National University.
I will present a summary on general characteristics of the materials, device structures, and switching mechanisms used in
polymer-based non-volatile memory devices. Strategies for performance enhancement, integration, and advanced architectures
in these devices will be presented [1,2]. In particular, I will discuss recent research results on the integration of microscale
organic memory devices based on the orthogonal photolithography [3]. References:[1] Adv. Funct. Mater. 21, 2806 (2011)review, MRS Bulletin, Vol. 37, Issue 2, p.144 (2012)-review.[2] Adv. Mater. 24, 385 (2012), Adv. Mater. 22, 1228 (2010),
Adv. Mater. 22, 5048 (2010).[3] Organic Electronics, 17, 192 (2015), Appl. Phys. Lett. 104, 053301 (2014), Organic
Electronics, 15, 2822 (2014).

B4.06(

)

Low energy inverse photoemission spectroscopy: A new tool to examine the unoccupied
states of organic semiconductors
YOSHIDA Hiroyuki
Institute for Chemical Research, Kyoto University, Japan.
Despite the importance, there was no experimental method to examine the unoccupied states (LUMO levels) of organic
semiconductors that have the precision required by the researches of organic electronics. Recently we have developed a new
method, called low-energy inverse photoemission spectroscopy. Low-energy electrons are introduced to the sample surface and
photons emitted due to the radiative transition to unoccupied states are detected. From the onset of the spectra, electron affinity
is determined within an uncertainty of 0.1 eV. Unlike the conventional inverse-photoemission spectroscopy, sample damage is
negligible and resolution is improved by a factor of two. This new method is applied to materials used for organic photovoltaic
cells (OPV) and organic light emitting diode (OLED).
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Al induced interfacial states and their role in electron transport: studies on
Al/Bathocuproine (BCP) interface
,

,

,

,

,

,

,

1

.

1

.
Bathocuproine (BCP) has been used electron transport/hole blocking
layer in organic electronic device. However, its electron transport
mechanism is not clear and one consensus is the defect state formation
with Al deposition on it. Direct evidence for the defect state formation is
lack and the other concern is the defect related trap state in BCP.
Recently, Nakayama et al. reported thorough analysis on
Al/BCP/C60/CuPc/ITO interfaces and gap state was observed. However,
the electron transport through Al/BCP layer, where the electron
extraction occurs from C60 in photovoltaics, is not clear. In this study, we suggest electron transport mechanism at
Al/BCP/C60 interface: gap states act as a transport level and some defect states act as a trap level. Photoemission and inverse
photoemission spectroscopy and impedance spectroscopy were used to see the transport level and trap level, respectively.

B5.01

Single Molecule Force Spectroscopy (SMFS) by Atomic Force Microscopy

JUNG Yu Jin
.
Atomic Force Microscopy (AFM) is a well-established technique
capable of high resolution imaging of individual biomolecules and
measuring biomolecular interaction at the single molecule level. In this
talk, using AFM, we analyzed morphologies of various tau fibrils
composed of different arrangements of oligomeric tau building blocks
and measured molecular interactions (DNA-DNA, DNA-RNA, and
ligand-receptor interaction) with the force of a picoforce range. It is
becoming clear that AFM is an indispensable analytical tool for in-depth
understanding of the biological processes, and catalogue of new
applications is being revised continuously.
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Soft matter physics helps biophysics and medical physics

WEON Byung Mook, KANG Tae-Hong1, LEEM Sun-Hee1
Sungkyunkwan University, School of Advanced Materials Science and Engineering, SKKU Advanced Institute of
Nanotechnology (SAINT). 1Dong-A University, Department of Biological Science.
Sometimes we encounter a strange area between independent research fields. As a recent trend, soft matter physics is rapidly
growing by helping the traditional topics in physics. Here, I will present recent important research works in soft matter physics:
in particular, I will highlight a few results of soft matter physics using X-ray and confocal microscopies. The main results are
essentially helpful to improve statistical physics as well as biophysics and medical physics. I hope that we can discuss the
possibility of soft matter physics to contribute to discovery of new areas through active communications with top scientists
from diverse fields in physics, particularly from biophysics and medical physics. *This work (NRF-2013R1A22A04008115)
was supported by Mid-career Researcher Program through NRF grant funded by the MEST (South Korea) and also was
supported by Sungkyun Research Fund, Sungkyunkwan University, 2014.
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Visualization of the Interaction of Radicals with Cellular Membrane
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Various kinds of reactive oxygen species (ROS) are generated from nonthermal plasma and they play important roles in
plasma biomedical applications. However, their exact interaction with cells leaves several unanswered questions due to their
short lifetime. In order to observe a direct action of radicals on cell membrane, cell mimicking membrane vesicles containing
radical-binding chemicals are made artificially. Confocal laser microscopy and flow cytometry reveal the radical reaction with
chemicals inside membrane vesicles qualitatively. The morphology and molecular structure of vesicles are also observed with
time dependent manner. Our results suggest the life time of OH radical may be longer enough to react with vesicles inside
solution than generally accepted value of several nanoseconds.

B5.05

Three Types of Oscillations in the Human Glucose Regulation System

KANG Hyuk, HAN Kyungreem, GOH Segun, CHOI MooYoung
Department of Physics and Astronomy and Center for Theoretical Physics, Seoul National University.
Insulin secretion in pancreatic β-cells exhibits three oscillatory modes with distinct period ranges: a few seconds (fast), 2 to 15
minutes (slow), and 50 to 150 minutes (ultradian). To reproduce those three oscillation modes altogether, we suggest a
mathematical model for human glucose regulation, which is constructed of incorporating Bertram’s model for the fast and slow
oscillatory modes with Li’s model for the ultradian oscillatory mode. Indeed observed in extensive simulations are mixed
oscillations of the plasma concentrations of glucose and insulin with those distinct period ranges, together with the cell-level
dynamics of the membrane potential and insulin secretion in pancreatic β-cells. In addition, we examine how the oscillatory
behaviors of glucose and insulin plasma concentrations as well as pulsatile patterns of insulin secretion are affected by the
presence of defects in the pancreatic insulin secretion and of insulin resistance in the liver and peripheral tissues.
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Terahertz wave irradiation contributes to proliferation of hair follicle stem cells

YOO Jung Sun, YOON Juhwan1, HAN Seong-Tae2
Smart Humanity Convergence Center, Department of Transdisciplinary
Studies, Graduate School of Convergence Science and Technology,
Seoul National University, Advanced Institutes of Convergence
Technology. 1Department of Nuclear Medicine, Seoul National
University Bundang Hospital, Seoul National University College of
Medicine. 2Korea Electrotechnology Research Institute, Energy and
Power Conversion Engineering Program, University of Science and
Technology (UST).
Terahertz (THz) waves, which lies between microwave and infrared
regions (frequencies from 0.1 THz to 10 THz), have attracted great
interest and are now the subject of interdisciplinary researches. A variety
of applications have shown initial promise for their biomedical use,
particularly in broadband THz pulse source based imaging including noninvasive diagnosis of cancer, intraoperative tumor
margin identification, and in vivo skin and cornea hydration sensing. However, efforts to reveal the THz-induced effects at
cellular and molecular levels, especially how biological objects interact with THz waves having specific frequency and
intensity, is scarce and remains challenging. Recent progress in theoretical modelling and experiments for molecular
spectroscopy have shown that many important biomolecules, including DNA and proteins, have intrinsic vibrational
resonances in the THz range (<3 THz). Therefore, THz irradiation may direct biochemical reactions and biological energy
transport resulting in cellular function change. We developed a continuous wave THz source which irradiates at 0.2THz and
0.4THz and the optical system to control irradiation intensity. Focus was given to measurement of biological effects on hair
follicles since skin tissue is most relevant for potential clinical applications due to limited penetration of THz waves and hair
follicle is well-defined location to monitor cell proliferation or apoptosis. We found that exposure to THz waves both at
0.2THz and 0.4THz promotes cell proliferation and hair follicle growth. Immunofluorescence staining and statistical analysis
showed significantly increased expression of proliferation marker, Ki-67 and hair germ stem cell marker, P-cadherin after THz
irradiation on skin tissue of balb/c male mice. This observation indicates capability of THz irradiation to enhance regeneration
by affecting cellular and molecular functions. We anticipate the study presented here facilitates the development of effective
therapeutic strategies to treat dermatological conditions, such as cutaneous abrasions, burns, and acne using THz waves.

B5.07(
,

)

Monitoring of Single Live Cell using AFM and SICM
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Towards Plasmonic NanoBubble Platform for Bio- sensor and Biomedical Application

1,
2
,
,
,
,
,
1
SunMoon University, Research Center for Nano-Bio Science. Sungkyunkwan University, School of Electrical and Electronic
Engineering. 2Seoul National University, School of Electrical and Electronic Engineering.

Recently there have been tremendous interests about the plasmonic nanobubble (PNB) generation for biomedical application,
such as cell transfection and cancer cell destruction. British physicist Lord Raleigh in 19th century formulated a formular,
“Rayleigh-Plesset Equation,” for nanobubble.. Recently it is found that plasmonic nanobubbles can be generated during light
illumination on the plasmonic hot spot zone. Plasmonic hot zone can be formed around plasmonic nano-particles, or plasmonic
nano-gaps. Nanobubbles can be generated due to a localized high temperature rise upto 10,000 K and high internal pressure of
~ Giga pascal during short pulse of light illumination. It is reported that these generated plasmonic nanobubbles can
temporarily perforate cell membranes and allow dye molecules and plasmid vectors to diffuse through the membrane openings
due to its high temperature. In this report, we will address plasmonic nano-aperture arrayed platform by using electron beam
irradiation with FESEM and TEM .

B5.09

Identification of PIP2-Mediated Neuronal Exocytosis: Molecular Modeling and Simulations

HAN Kyungreem, CHOI MooYoung
Department of Physics and Astronomy and Center for Theoretical Physics, Seoul National University.
PIP2 (Phosphatidylinositol 4,5-bisphosphate), a peculiar phospholipid component of cell membranes, serves as a key
localization signal for vesicle fusion in neurons. Recently, studies of PIP2-mediated vesicle fusion in the context of the
control/regulation of exocytosis of neurotransmitters, have attracted great attention of neurobiologists. In the present study, as
an alternative to the conventional neurobiological approaches, we have developed a mathematical model for the PIP2-mediated
vesicle fusion. Specifically, the screening effects of divalent ions, i.e., Ca2+ and Mg2+, in the fusion process are considered
using the Poisson–Boltzmann type equations. The mathematical model is then applied to the interpretation of the target
biological experiments such as the fluorescence anisotropy measurement and in vitro fusion assay. Furthermore, the molecularlevel understanding of the process has been discussed on the basis of molecular dynamics simulations. This study provides an
integrated theoretical framework for understanding both macro- and microscopic facets of the PIP2-mediated neuronal
exocytosis.
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PARK Jae Whan, KANG Myung Ho
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B6.02

Roles of Hydrogen in Structural Stability of TiZrNi Quasicrystals

KIM Jaeyong, LEE Sang-hwa Lee, YI Whikun1, ITO Eisuke2
Department of Physics, Hanyang University. 1Department of Chemistry, Hanyang University. 2Flucto-order functions Asian
collaboration team, RIKEN, 3-7-5, Tokyo, Japan.
The first observation of a 5-fold diffraction pattern taken from rapidly quenched of Al-Mn alloys in 1992 opens a new horizon
studying metastable state physics, and the new structured material was named to quasicrystal. Honoring the discovery the
quasi-periodic structure, the Nobel Prize of Chemistry in 2011 was awarded to Dr. D. Shechtman. Although more than 800
quasicrystals have been reported from Al- or Ti-based ternary or binary alloys with some are stable state, the origination of the
formation and possible application have not actively investigated. Well calibrated amounts of hydrogen were loaded into
TiZrNi qusicrystals by using a lab-built pressure-composition-temperature apparatus, and structural and electromagnetical
properties were investigated. In fact, Ti53Zr27Ni20 quaisicrystals absorbed maximum H/M (a ratio of hydrogen to host metal
atom) value of near 2 which corresponding to 2.5 wt. % of hydrogen without phase transformation at reasonable hydrogen
pressure and temperature. Very interestingly, the main diffracted peaks of the quasicrystals became sharper after hydrogenation
which supports that the coherence length of the quasilattice constants significantly increased after hydrogen absorption. The
electrical resistance and magnetization value measured at 10000 Gauss decreased from 1.70 to 1.11 Ω and 0.383 to 0.242
emu/g, respectively, after hydrogenation. All our data demonstrates that hydrogen plays a critical role to stabilize the quasiperiodic structure and increase the structural stability, and the possible speculation will be discussed.
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B6.03

Nucleation and Growth of Primary Nanostructures in SrTiO3 Homoepitaxy

CHANG Young Jun, PHARK Soo-hyon1
Department of Physics, University of Seoul. 1Center for Correlated
Electron Systems, Institute for Basic Science, Seoul National University.
SrTiO3 nanoislands on SrTiO3 (001) in a diffusion-limited growth
regime were studied using in situ scanning tunneling microscopy (STM)
(figure).[1] The STM images revealed two characteristic features of
nucleation stages. First, the minimum lateral size of the one-unit-cell
(uc)-high SrTiO3 islands was 4 × 4 uc2. Second, one-dimensional
SrTiO3 islands of a 4 uc width grew along the crystal symmetry directions. These observations suggest that 4 × 4-uc2 islands
act as a minimum nucleation seeds, and the addition of SrTiO3 molecular species of the same width is the primary and
dominant growth process in SrTiO3 homoepitaxy. A close inspection of the surface of the substrate during the deposition
process revealed possible connections between surface reconstruction and energetically favorable nucleation of SrTiO3 islands.
[1] Soo-hyon Phark and Young Jun Chang, Nanoscale Res. Lett. doi: 10.1186/s11671-015-0805-7 (2015).

B6.04

Topological Character and Chiral solitons in a One Dimensional Topological Material

1,
1
,
,
CALDES, Institute for Basic Sciencea. 1CALDES, Institute for Basic
Sciencea and POSTECH.
Chiral edge states have played an important role in understanding
condensed matter systems such as quantum Hall systems and topological
insulators. In one dimensional electronic systems, Peierls-distorted
atomic chain such as polyacetylene has two topologically different
ground states and a topological edge state or so-called a topolgical
soltion between them. The topological soliton shows novel properties of
charge-spin separation and fractional charge. Here, we present
theoretical results on the topological properties of a double Peierlsdistorted chain with zigzag interchain coupling. This double Peierls
chain supports a dynamically generated topological structure with fourfold symmetric ground states and has topological solitons with a new
degree of freedom, chirality, which is absent in a single chain. We also
discuss experimental evidences of the chiral solitons in the 1D charge-density wave (CDW) system of indium atomic
nanowires on silicon substrates using the scan tunnelling microscopy.
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Direct Access to Growth Dynamics of Perovskite Oxides by Scanning Tunneling

Microscopy
PHARK Soo-hyon, CHANG Young Jun1
Center for Correlated Electron Systems, Institute for Basic Science,
Seoul National University. 1Department of Physics, University of Seoul.
Combined with the mean field nucleation (MFN) theory, atomic scale
observations of film growths using scanning tunneling microscopy
(STM) has opened a direct way of understanding the diffusion dynamics
in single elemental film growths. Here we apply such combined methods
to homo (SrTiO3)- and hetero (SrRuO3)-epitaxy of perovskite oxides on
SrTiO3(001). We performed systematic studies on the size distribution
of the adatom islands as a function of growth temperature TG. Both
homo- and hetero-epitaxial cases show a clear linear 1/TG-dependence of
the island size. The MFN theory with the observed minimum nucleation
size of the SrTiO3 cluster (16 unit cells) yields diffusion energy barriers
(EDs), which are consistent with the typical values estimated from other
indirect experimental methods. Of more interesting is that the ED for a
submonolayer of SrRuO3 is revealed to be almost the same as that for a SrTiO3 whereas a higher coverage (> 1.5 ML) SrRuO3
shows totally different growth characteristics. We discuss this crossover behavior in view of a transition in the bonding
strength between the adatom islands and underlying layer across the film coverage of ~ 1 ML.

B6.06

First-principles study of metal adatom adsorption on black phosphorene

TAO Hu, HONG Jisang
Department of Physics, Pukyong National University.
We have investigated the structure, adsorption energy, growth mode, diffusion barrier, magnetic property, dipole moment, and
work function of Li, Na, Mg, Al, Cr, Fe, Co, Ni, Mo, Pd, Pt, and Au doped phosphorene using first-principles densityfunctional theory. We have found that all the adatoms prefer to stay on the hollow site of hexagonal. It seems that the Mg, Cr,
Mo, and Au adatoms may have three-dimensional (3D) growth mode on phosphorene substrate, whereas all other adatoms
prefer two-dimensional (2D) growth mode. The metallic state is observed in Li, Na, Al and Cr doped systems and the Cr doped
phosphorene displays magnetic state. The other eight metals doped systems still preserve semiconducting band gap. Among
them, we obtained spin polarized band structures in Fe, Co, and Au doped systems with a band gap. In particular, the Fe doped
phosphorene can be a potential candidate for dilute magnetic semiconductor material because no clustering problem will take
place. We found a variation in dipole moment and work functions in each impurity doped layer. In general, the work function
of phosphorene was decreased more when a larger dipole moment was induced by an impurity metal atom. Interestingly, a
simple linear relationship between dipole moment and work function shift was achieved in metallic system, whereas such a
simple analysis does not valid in semiconducting materials. Nonetheless, we observed that both dipole moment and the shift of
the Fermi level could account for the change of work function semi-quantitatively. This research was supported by Basic
Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education,
Science and Technology (No. 2013R1A1A2006071) and by the Supercomputing Center/Korea Institute of Science and
Technology Information with supercomputing resources including technical support (KSC-2014-C3-071)

-138-

B6.07

Nanoscale characterization of triboelectric effect on PDMS: Effect of UV-treatment

JONG HUN Kim, B.K Yoon1, JONG HOON Jung1, JEONG YOUNG Park2
Center for Nanomaterials and Chemical Reactions;Institute for Basic Science (IBS),Graduate School of EEWS, Korea
Advanced Institute of Science and Technology (KAIST). 1Department of Physics, Inha University. 2IBS ; KAIST.
Triboelectric charging has been known very long ago, but the study has recently gained much more attractions as the energy
harvesting from the environment becomes an importance issue all over the world. In this study, we present the characteristics
of triboelectric charge on polydimethylsiloxane (PDMS). We show that the effect of UV-ozone oxidation on the triboelectric
charge at nanometer scale with atomic force microscope (AFM). When AFM tip is in contact with the surface of PDMS, local
surface charges are generated by friction. Kelvin probe force microscopy imaging revealed the variation of charge distribution
as a function of time. We have found that the UV exposure can not only facilitate the triboelectric charge generation but also
enhance its redistribution which is related to the surface hydrophilization of PDMS with UV–ozone oxidation. The study may
provide insights into fundamental understanding and designing of triboelectric generator devices.
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B6.09

Designed Three-Dimensional Single-Crystal Carbon Architecture

AHN Joung Real
Department of Physics, Sungkyunkwan University.
We first demonstrate that 3D designed freestanding graphene architecture can be fabricated in a controlled manner, which can
be expandable from the mirco and nanometer scale. A 3D patterned SiC wafer was used to grow a 3D designed freestanding
graphene architecture. When the SiC wafer was annealed at a higher temperature of 1650 oC than a required temperature for
regular epitaxial graphene growth, the inside of the 3D SiC architecture was etched with leaving freestanding graphene
resembling the 3D SiC architecture, whereas the 3D SiC architecture was fully etched without graphene growth at higher
temperatures above 1650 oC. Interestingly, the 3D SiC architecture was single-crystal, as observed by low energy electron
diffraction (LEED). These demonstrate that 3D designed single-crystal graphene architecture can be epitaxially grown by
simple, single-step process without further transfer and/or etching process. More interestingly, the 3D designed freestanding
graphene architecture was very mechanically sustainable under elastic or plastic deformation, as confirmed by atomic force
microscopy (AFM). This mechanical sustainability made electrical current though the 3D graphene architecture reversible
under the deformation process, as observed by conducting AFM.

B6.10*

Friction Properties of Water-Intercalated Graphene on Hydrophilic Substrates

1,
2,
1, SALMERON Miquel3,
,
,
IBS, Center for Nanomaterials and Chemical Reactions & KAIST, Graduate School of EEWS. 1KAIST, Graduate School of
Nanoscience and Technology. 2
. 3University of California at Berkeley, Materials Science and
Engineering Department.
The nanotribological properties of graphene on hydrophilic substrates, including mica and SiO2, after exposure to moist air
were investigated using atomic force microscopy. The single- and multi-layer graphene were formed by mechanical exfoliation
on freshly cleaved muscovite mica and SiO2. The water intercalated between the graphene and the hydrophilic substrates
appears to exhibit layer-by-layer growth, followed by formation of three-dimensional islands, which is consistent with the
Stranski–Krastanov growth model. We found that the frictional behavior of hydrophobic graphene on hydrophilic mica and
SiO2 is affected by water intercalation. The adsorption of the ice-like water adlayer led to friction enhancement, as compared
with a pristine graphene/mica sample, which is presumably due to additional frictional energy dissipation at the solid–liquid
interface. Moreover, friction on the graphene increased as the number of stacking water adlayers increased. The magnitude of
friction increase was, on the other hand, reduced as following increase of the number of covering graphene layer above
intercalated water adlayer, and then the friction is eventually not distinguished from the multi-layer graphene stack excluded
water adsorption. Three-dimensional nanodroplets, formed by water intercalation between graphene and SiO2, were observed
after several days of exposure to high relative humidity conditions (above 90 %) that also show a higher friction than that of
other graphene areas. Additionally, we carried out the intercalation of deuterium oxide (D2O) between the graphene and the
hydrophilic substrates. We will discuss the isotope effects on the friction properties of liquid-intercalated graphene with the
first-principles density-functional theory calculations. This study suggests that water-intercalated graphene can be an excellent
model system for studying frictional energy dissipation at the solid–liquid interface.
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B6.11*

Evolution of Internal Strain and Band Gap in Topological Insulator Bi2Se3 Thin Film

TAE-HYEON Kim, KWANGSIK Jeong, BYUNG CHEOL Park,
HYEJIN Choi, SANG HAN Park, KWANG-HO Jeong, JAE HOON
Kim, MANN-HO Cho
Institute of Physics and Applied Physics, Yonsei University.
In a three-dimensional topological insulator Bi2Se3, a stress control for
band gap manipulation was predicted but no systematic investigation has
been performed yet due to requirement of large external stress. We
report herein on strain-dependent results for Bi2Se3 films of various thicknesses that are grown via a self-organized ordering
process. The changes of d-spacing in the crystal structure and phonon vibration shifts resulted from stress are clearly observed
when the film thickness is below ten quintuple layers. Also, a significant enhancement of band gap opening was observed in
experimental and calculation results. The deformed band structure exhibits Van Hove singularity at specific energies in UV
absorption experiment. Our results, including the synthesis of a strained ultrathin topological insulator, suggest a new direction
for electronic and spintronic applications for the future.

B6.12*
,

Electron band structure of graphene studied using circularly polarized light
,

,
.
Circular dichroism is a well-known methodology to examine angular
momentum-related phenomena such as spin-orbit coupling, chirality, and
exchange splitting. In graphene, such circular dichroism appears as
rotated photoelectron intensity around a constant energy contour,
suggesting an important role of final state effects in determining
photoelectron intensity and a possible detection of Berry phase. By using
angle resolved photoemission spectroscopy, we study the circular
dichroism in graphene. Not only the photoelectron intensity, but also the
energy-momentum dispersion shows dichroism upon changing the chirality of light. While our simulation within the tightbinding formalism suggests that experimental setups should be carefully taken into account in understanding the former, the
latter provides a possible route to directly measure the spin splitting without using the spin detector.
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B7.01

Ionic Gating for Metals

CHAE Dong-Hun, JOO Sungjung, RAMANCHANDRAN Pradheesh, CHONG Yunuk, CHOI Jiman1, KIM Hyungsang1, IM
Hyunsik1
. 1
,
.
The carrier density in solid state materials plays a key role for electronic and other physical properties. The conventional way
for the carrier density modulation is the chemical doping. It however introduces an inevitable structural distortion and has a
limited density tunability owing to the fundamental chemical solubility. On the other hand, the carry density modulation is also
realizable throughout the field effect, which is a key technique for the modern electronics. The field effect based on the
dielectric media has been utilized for decades for solid state research with a limited carrier density modulation up to 1013/cm2
since the invention of the field effect transistor. Recent revival of an old field effect technique incorporating ionic media by
Iwasa Group in Japan, already developed in 1950s, overcomes the limited density modulation by two orders of magnitudes.
With the superior density modulation, they have experimentally demonstrated field-induced correlated states of matters such as
superconductivity and ferromagnetism. In this talk, we will introduce some preliminary experimental progress in KRISS using
common metals. For instance, we will show electrical modulation of the superconducting transition temperature of thin
niobium films in liquid-gated field effect geometry.

B7.02

Robust excitonic insulating phase in atomically-thin Ta2NiSe5 nanosheets

KIM So Young, KIM Youngwook, EOM Man Jin, KANG Chang-Jong, LEE Min Kyung1, PARK Chibeom1, CHOI H.C.1,
MIN B.I., KIM Jun Sung
POSTECH, Department of Physics. 1POSTECH, Department of Chemistry.
Ta2NiSe5 is a layered ternary chalcogenide where the layers containing the Ni single chains and the Ta double chains are
stacked by van der Waals interaction. The monoclinic-to-orthorhombic structural transition at ~ 328 K is induced by the
coherent formation of electron-hole bound state, known as the excitonic insulating phase. Here, we investigate thickness
dependence of the transport and Raman properties of Ta2NiSe5 nanosheet. As the thickness is reduced down to the 3-unit-cell,
the phase transition, determined by the resistance anomaly, remains almost intact with slight reduction of the ordering
temperature. This contrasts to the charge-density wave state in e.g. metal chalcogenides, whose ordering temperature is known
to be sensitive to the thickness. Raman spectroscopy also reveals that the phonon-modes show negligible or weak thickness
dependence. The robust excitonic insulating phase even in atomically-thin Ta2NiSe5 is attributed to their direct band gap and
the absence of the long-range order.
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B7.03

Shiba States and Zero-Bias Anomalies in the Hybrid Normal-Superconductor Anderson

Model
ZITKO Rok, LIM Jong Soo1, LOPEZ Rosa2, AGUADO Ramon3
Jozef Stefan Institute. 1Korea Institute for Advanced Study. 2IFISC (UIB-CSIC). 3ICMM-CSIC.
Majorana fermion is its own antiparticle and recently it has attracted much attention because of its possible application in
topological quantum computation. Using a nanowire subject to strong spin-orbit coupling and applied magnetic field on top of
normal metal and BCS superconductor, several experimental groups have measured the differential conductance and argued
that the observed zero-bias anomalies are due to the presence of the edge Majorana fermions. Modelling such a experimental
setup by the hybrid normal-superconductor Anderson Hamiltonian, we show that the experimental results can be
also explained in terms of the Kondo effect and sub-gap shiba states. Therefore, due caution is needed in interpreting the
results of Majorana detection experiments.

B7.04

Mechanical detection of Ferromagnetic resonance

CHO Sung Un, CHO Myung Rae, PARK Yun Daniel
Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea.
Mechanical resonator has been employed in various measurement applications, because of their high sensitivity to the external
parameters and easy energy transduction of mechanical motion to the other degree of freedom. We study about coupling
effects between mechanical resonance and ferromagnetic resonance via a suspended structure of ferromagnet (NiFe) / normal
metal (Pt) bilayer. The mechanical resonance signal is obtained by magnetomotive detection technique and its amplitude is
depended on the ferromagnetic resonance which is confirmed with inverse spin Hall effect generated in the bilayer.
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Mobility of Electrons on 3He-4He Mixture

CHOI H., IKEGAMI H.1, SATO D.1, KIM K., KONO K.1
KAIST, Department of Physics. 1Riken, Low Temperature Physics Laboratory.
Electrons on the free surface of liquid helium has drawn much interest in terms of studying the surface states of the liquid
helium underneath [1]. Coupling between the electrons and the surface capillary wave (ripplon) of the liquid allows one to use
the electron mobility measurement as a probe for surface states of liquid helium ranging from pure 4He to pure 3He [2]. Little
work has been done on 3He-4He mixture both theoretically and experimentally [3]. By tuning the 3He concentration in 3He4He mixtures, one can get 3He fermi liquids of varying density in the 4He superfluid vacuum. Surface states of the mixture is
particularly interesting because larger zero point motion of 3He relative to 4He allows preferential adsorption of 3He at the
vacuum-liquid interface. In other words, the vacuum serves as a substrate for 3He and a disorder free two dimensional Fermi
liquid can be formed. The system can possibly go through a 2D superfluid transition as well. Electron on 3He-4He mixture is
well-suited for studying the properties of this 2D 3He quantum liquid. We have, for the first time, performed a systematic
study of the electron mobility down to ~10 mK for various 3He concentrations and found an interesting behavior.
[1] E. Y. Andrei (ed.), Two-Dimensional Electron Systems on Helium and Other Cryogenic Substrates (Kluwer, Dordrecht,
1997); Yu. P. Monarkha, K. Kono, Two-Dimensional Coulomb Liquids and Solids (Springer, Berlin/Heidelberg, 2004)
[2] K. Shirahama and K. Kono, J. Low Temp. Phys. 104, 237 (1996); K. Kono, J. Low Temp. Phys. 158, 288 (2010)
[3] Yu. P. Monarkha and K. Kono, J. Phys. Soc. Jpn. 75, 044601 (2006); H. Yayama and Y. Yatsuyama, J. Low Temp. Phys.
175, 401 (2014)
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B7.08

First-principles Calculations of the Phonon Transport in Carbon Atomic Chain Systems
Based on Atomistic Green’s Function Formalism
KIM Hu Sung, KIM Yong-hoon
Korea Advanced Institute of Science and Technology.
We report on the phonon dispersion and transmission of infinite carbyne chain systems, polyyne and cumulene. We used
small displacement method and utilized first-principles calculation with localized atomic basis sets to calculate interatomic
forces. Calculated phonon dispersion of carbyne atomic chains was well-matched with theoretical expectations. In addition, we
considered the strain effect on the phonon properties of the carbon chain systems. Compared to cumulene, the force interaction
of polyyne has strong strain dependency. Finally, even and odd carbon atomic chains bridging two zigzag graphene
nanoribbons were investigated. Increase in the thermal conductivity was found in case of even carbon chains with 1.5% strain.
The origin of this enhancement is attributed to the BLA effect related with the strong strain dependency appeared in polyyne
case.
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[Ref]. [Ref]Yun-Sok Shin, et. al., Coulomb blockade ratchet
pumping induced by surface acoustic waves in carbon nanotubes, Phys. Rev. B. 74, 195415 (2006); Nam Kim, et. al.,
Quantization of the Current Induced by a Surface Acoustic Wave through a Quantum Point Contact, J. Kor. Phys. Soc. 50,
1290 (2007); Minky Seo, et al., The Frequency Dependence of Quantized Current Plateaus Induced by Surface Acoustic
Waves Through a Quantum Point Contact, J. Kor. Phys. Soc. 55, 2482 (2009); Bum-Kyu Kim, et. al., Single electron pumping
through a quantum dot-embedded carbon nanotube using surface acoustic wave, Appl. Phys. Lett. 97, 262110 (2010); Minky
Seo, et al., Improvement of electron pump accuracy by a potential-shape-tunable quantum dot pump, Phys. Rev. B. 90, 085307
(2014); Myung-Ho Bae, et al., Precision measurement of a potential-profile tunable single-electron pump, Metrologia 52, 195
(2015).
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B8.01

Band Structure Engineering and Design of Graphene-like Materials: Innovations by
Density Functional Theory Computations
JINLAN Wang
Department of Physics, Southeast University, Nanjing 211189, China.
Computationally-based theoretical modeling and simulations are playing an increasingly important role in the development of
modern science and technology developments. In this talk, I will discuss and demonstrate the powerfulness of density
functional theory as tools of understanding, prediction and material design in low-dimensional materials including graphene
and monolayer molybdenum disulfide (MoS2) which are currently the most active research fields via a few examples: i) Design
of mechanically robust tri-wing graphene nanoribbons (GNRs) with tunable electronic and magnetic properties; ii) Hopping
transport through defect-induced localized states and towards intrinsic charge transport via defect healing; iii)
Photoluminescence enhancement in MoS2 by defect engineering and chemical bonding; iv) Design of pattern magnetic Codoping on MoS2 nanosheet; v) Band structure engineering of MoS2 by surface ligand functionalization for enhanced
photoelectrochemical hydrogen production activity.
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B8.02

Multi-scale computational establishment of hybrid functional materials beyond
conventional limit
HAN Byungchan
Department of Chemical & Biomolecular Engineering, Yonsei University, Seoul 120-749, Republic of Korea.
The four major materials properties, i.e., mechanical, electric, optical and magnetic features govern the performance of
engineering-scale devices. As frontiers of science and engineering, such as nanotechnology advance multi-variant material
functionality is of importance. Conventionally, however, manifestation of hybrid material properties is strongly limited, for
example simultaneous improvement of mechanical strength and electric conductivity. This talk introduces rational way to
design and discover hybrid functional materials beyond the conventional limit using ab-initio density functional theory
calculations and statistical mechanics. It is shown that how a traditional silicide nanowire can be designed with higher tensile
strength, ductility and electric conductivity than its bulk counterpart. The outcomes are mapped out into database of structureperformance-processing diagrams, which is invaluable for rigorous and fast screening of promising candidates for desired
devices.

B8.03

Virtual Fab for Design of Materials

LEE Kwang-Ryeol
Korea Institute of Science and Technology.
Owing to the rapid increase in computing power and successful development of computation methods, predicting capability of
materials simulation has been significantly increased. Furthermore, combined with WEB 2.0 technology, web-based materials
design platform would be widely utilized in materials development. The platform is expected to decrease the entrance barrier
for non-theoretical researchers who want to utilize the massive computation tools for design their materials. We have been
developing the Web 2.0 based virtual fabs for nano materials and Li ion battery materials. The fabs are designed to mimic the
development process in the experimental research, as much as possible. We designed the web-based working environment that
can provide materials manipulating units, computational experiment units with extensive analysis units. In this talk, I will
demonstrate the virtual fab and address the issues for further development of robust virtual design environment.
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B8.04

Real-time Propagation Of Time-dependent Density-functional Theory Plus U For Nonadiabatic Electron Transitions In Electron-atom Coupled
Motions
,
Department of Physics, UNIST.
To calculate non-adiabatic electron transition phenomena, for
which electronic and atomic motions are coupled and thus the BornOppeheimer approximation is not validated, we implemented the realtime time-dependent density functionals theory through the SzukiTrotter’s splitting time propagator. In order to compensate the chronic
over-delocalization error of the local multiplicative local-operator
density functionals, the Hubbard U potential is added in line with other non-local components in the Szuki-Trotter’s splitting
scheme. We present a few model systems, in which the molecular structures cross over to a different branch of potential energy
surface defined by a U term.

B8.05

Defects and impurities in wide-bandgap oxides

CHOI Minseok
Korea Instiute of Materials Science, Changwon.
Defects and impurities are known to likely form in wide-bandgap oxides, which can contribute to the structural, electrical,
and optical properties of the oxides. In MOS devices, their presence near the oxide/semiconductor interface poses serious
limitations in device performance.
We have investigated oxygen vacancies and impurities in oxides. First-principles calculations are performed using the
screened hybrid functional. Hybrid functional helps to overcome the bandgap problem and allow a more accurate description
of electronic structures, and have provided more reliable descriptions of the defect-level positions in the oxides. By analyzing
the position of the impurity levels with respect to the semiconductor band edges, the impact of impurities in the oxides on
MOS devices was examined.
We find that the O vacancy in SrTiO3 induces local octahedral rotation in the cubic phase, with the electron localization,
which could be responsible for the n-type conductivity and for the visible light emission. For LaAlO3, the O vacancy is deep
donor and can also cause the visible light emission. Regarding MOS, C impurities in Al2O3 and HfO2 act as carrier traps and/or
lead to leakage current through the gate dielectric, while N impurities are a likely source of fixed charge. We then find that
hydrogen is an effective passivating agent: it removes carbon-related carrier traps, and passivates negative fixed-charge
associated with nitrogen.
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B8.06
,

Electron-Induced Structural Instability in Amorphous InGaZnO4 Semiconductors
1

. 1Center for Correlated Electron Systems, IBS.
The conduction band (CB) electrons in In-Ga-Zn-O are well delocalized and mainly composed of the In s-orbitals. We find that
the CB electrons are not really uniform, interestingly, but crowded near under-coordinate In atoms. The local cation-rich area
accommodates more electrons by the electrostatic attraction. The crowded electrons near the under-coordiated In are then
under strong interactions with the local atomic structure. In the presence of CB electrons, the under-coordinated In atoms tend
to form a bond with a nearby cation atom. The In-cation bonding state are found to be meta-stable with the trapped electrons.
The generation of In-cation bonding states can be activated by simple n-type doping or by electrical stress such as positive
gate-bias (PBS) in thin-film transistors. The strong polaronic effects are basically thought to be due to the structural weakness
(flexibility or soft elasticity or even viscousity) of the amorphous oxide semiconductors. [1] Ho-Hyun Nahm and Yong-Sung
Kim, “Under-Coordinated Indium as an Intrinsic Electron Trap Center in Amorphous InGaZnO4”, NPG Asia Materials 6, e143
(2014).

B8.07

Oxygen Vacancy in Semiconducting Oxides

SONG Hochul, KANG Youngho, YIM Kanghoon, HAN Seungwu
Department of Materials Science and Engineering, Seoul National University, Seoul 143-747, Korea.
Semiconducting oxides, binary or compound structures of In2O3, Ga2O3, SnO2, and ZnO, are attracting a good deal of recent attention. In particular,
the amorphous structures of semiconducting oxides are replacing the traditional aSi as the channel materials of thinfilm transistors (TFTs) in
highend displays. The stoichiometry of the semiconducting oxide typically deviates from the ideal value and this results in various point defects,
most notably the oxygen vacancy. However, the influences of the oxygen vacancy on the material properties are not fully understood. In this
presentation, we will discuss on the ab-initio study on the oxygen vacancy in various (crystalline or amorphous) semiconducting oxides. We will
first discuss on the difficulties of defect modeling in the semiconducting oxides. Then, we will present our computational results for crystalline
In2O3 and amorphous InGaZnO4.
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B8.08

Electronic and structural properties of CdS/ZnS core/shell nanowires: A first principles

study
KIM Yong-Hoon, KIM HYO SEOK, KIM HU SUNG, HAN SEUL KIM
KAIST, Graduate School of EEWS.
Using first-principle calculation, we here report on the relative effects of quantum confinement and strain on the electronic
structure of II-IV semiconductor compounds with a large lattice-mismatch, CdS and ZnS, in core/shell nanowire geometry. We
adopted the SIC-DFT scheme to properly describe the band gap of semiconducting materials, and considered different core
radii and shell thickness of core/shell nanowire. In addition, we explore CdS/ZnS heterojunction geometry with different facet,
having various defects in the interface to understand the origins of defect emission nature of CdS/ZnS quantum rod.
Implication of our findings in the context of understanding of the properties of nanoscale haterostructures and band gap
engineering will be also discussed.

B9.01

Low Energy Field Theories for Non-Fermi Liquids

SUNG-SIK Lee
McMaster University, Department of Physics & Astronomy.
In this talk, I will review some of the recent progress made on low energy effective field theories for non-Fermi liquids. Based
on dimensional regularization schemes which tune the dimension and co-dimension of Fermi surface, physical properties of
various non-Fermi liquid states can be computed in controlled ways. I will emphasize novel features that arise due to the
interplay between interaction and the presence of extensive gapless modes near Fermi surface. The examples include nonanalytic expansion in coupling, emergent locality and UV/IR mixing.
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B9.02

Bad Metal Behavior and Mott Quantum Criticality

DOBROSALJEVIC Vladimir
Florida State University, Department of Physics and National High
Magnetic Field Laboratory.
According to early ideas of Mott and Anderson, the interaction-driven
metal insulator transition-the Mott transition-remains a sharp T=0 phase
transition even in absence of any spin or charge ordering. Should this
phase transition be regarded as a quantum critical point? To address this
question, here we examine the phase diagram and transport properties of
the maximally frustrated half-filled identity a ``quantum Widom
line"(QWL) which defines the center of the corresponding quantum
critical region associated with Mott metal-insulator transition in this
model. The evolution of resistivity with temperature is then evaluated along trajectories following(parallel to) the QWL,
displaying remarkable scaling behavior characteristic of quantum criticality. Precisely this kind of behavior was found in very
recent experiments on organic Mott systems[1]. In the case of the doping-driven Mott transition, we show that the mysterious
``Bad metal" behavior(T-linear resistivity around the Mott-Ioffe-Regel limit) coincides with the Quantum critical region of the
Mott transition.
[1] Quantum criticality of Mott transition in organic materials, Tetsuya Furukawa, Kanzuya Miyagawa, Hiromi Taniguchi,
Reizo Kato & Kazushi Knoda, Nature Physics, 9 Feb. 2015; doi:10.1038/nphys3235

B9.03

Superconductivity and Tunable AFM QCPs in the Heavy Fermion Compound CeRhIn5

SEO S, PARK e, KIM J. N.1, SHIM J.-H.1, BAUER ED2, RONNING F2, THOMPSON JD2, PARK Tuson
Sungkyunkwan University. 1Pohang Science and Technology. 2Los Alamos National Laboratory.
Magnetic impurities have been known to be detrimental to superconductivity because they break the Cooper pairs. In various
classes of unconventional superconductors, the superconducting phase is located adjacent to a magnetic phase, indicating that
superconductivity may thrive in the periodic array of magnetic moments. Discovery of a magnetic quantum critical point that
are hidden inside the dome of superconductivity in the heavy fermion compound CeRhIn5 further suggests that the
superconductivity arises not in spite of the QCP, but because of the QCP. Even though the discovery of a hidden quantum
critical point indicates that the spectrum of singular quantum fluctuations are responsible for both the strange metallic state and
the Cooper pairing, a lack of further examples of a hidden QCP has raised a doubt on the role of quantum critical fluctuations
in producing superconductivity. In this presentation, we show that the superconducting phase rigidly shifts commensurately
with the QCP as a function of pressure and doping CeRhIn5. The precise pinning of the SC phase by the tunable QCPs
indicates that the singular quantum fluctuations are responsible for the unconventional superconductivity in CeRhIn5. These
discoveries, though specific to CeRhIn5, could be broadly applicable to the SC mechanism of diverse classes of unconventional
superconductors.
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B9.04

Unconventional quantum criticality in valence fluctuating YbAlB4

MATSUMOTO Y., TOMITA T., KUGA K., O'FARRELL E.C.T., SHIMURA Y., NAKATSUJI S.
Institute for Solid State Physics, University of Tokyo.
Novel quantum phases formed in the vicinity of a quantum critical point (QCP) is one of the most important topics for strongly
correlated electron systems. So far, quantum criticality (QC) in heavy fermion systems has been studied mainly for Kondo
lattice systems with integer valence where a QCP is usually expected to be on the border of magnetism. On the other hand, the
first Yb-based heavy fermion superconductor b-YbAlB4 provides a unique example of QC in the mixed valent compounds [1,
2, 3, 4]. In addition, the QC cannot be explained by the standard spin fluctuation mechanism and emerges without tuning any
control parameter, indicating formation of a strange metal phase [4]. Recent resistivity measurements under pressure have
revealed that a non-Fermi liquid phase is stable over a finite pressure range up to ~ 0.4 GPa [5], which supports this idea. Here
we review such novel phenomena observed in b-YbAlB4 as well as those found in its isostructural polymorph a-YbAlB4
discussing a possible role of valence fluctuation and anisotropic hybridization. In particular, we will discuss a sharp valence
crossover induced by a chemical substitution in a-YbAlB4 where we found a pronounced NFL behavior as a possible evidence
of a quantum valence criticality [6]. These works have been done in collaboration with P. Coleman, A. H. Nevidomskyy, T.
Sakakibara, Y. Uwatoko, Y. Karaki, K. Sone, J. Hong, S. Suzuki, H. Cao, D. MacLaughin, M. Okawa, Y. Takata, M.
Matsunami, R. Eguchi, M. Taguchi, A Chainani, S. Shin, Y. Nishino, K. Tamasaku, M. Yabashi, T. Ishikawa, Y. Kiuchi, D.
Hamane, M. Isobe, M. Koike. We thank them for their contributions. Reference[1] S. Nakatsuji et al., Nature Phys. 4, 603
(2008).[2] K. Kuga et al., Phys. Rev. Lett. 101, 137004 (2008).[3] M. Okawa et al., Phys. Rev. Lett. 104, 247201 (2010).[4] Y.
Matsumoto et al., Science 331, 316 (2011).[5] T. Tomita, K. Kuga, Y. Uwatoko, P. Coleman, and S. Nakatsuji, preprint
(2015).[6] K. Kuga et al., preprint (2015).

B9.05

Doping in semiconductors and phase transition

IM Hyunsik
Department of Physics and Semiconductor Science.
Semiconductors are materials that possess the unique ability to extensively control their electronic nature by adding impurities,
and this makes them valuable in applications. How the interplay between disorder and electron-electron interactions affects the
electronic phase of solids has remained a challenging issue over many years. Here it is demonstrated that highly-doped
semiconductors in the degenerate region show various electronic phases having different density of states (DOS). Magnetic
field-driven quantum phase transitions in quasi-degenerate metallic semiconductors are introduced.
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Nuclear astophysics projects with low-energy RI beams at CRIB

YAMAGUCHI H, KAHL D, HAYAKAWA S, SAKAGUCHI Y, NAKAO T, FOR the CRIB collaboration
CNS.
CRIB (CNS Radioisotope Beam Separator) is a low-energy RI beam separator operated by CNS, the University of Tokyo,
located at RIBF of RIKEN. An overview of latest status of the facility, and recent and future projects on nuclear astrophysics,
reaction and structure studies at CRIB are presented. Studies on nuclear resonances, which may enhance astrophysical reaction
rates, have been performed via proton or a resonant scattering with the thick target method in inverse kinematics. Recent
measurements on 7Li/7Be+a resonant elastic scattering will be discussed [1,2]. The excitation functions of 7Li/7Be+a around
180o in the center-of-mass system were successfully measured with the inverse kinematics method, providing important
information on the a cluster structure in 11B/11C and the reaction rate of 7Li(a,g) and 7Be(a,g) at high temperature (T > 1 GK).
Proton resonant scattering experiments have also been performed for many RI beams, and the recent measurements were using
21Na and 22Na, and 17F. Another major interest at CRIB is the direct measurement of (a, p) reactions. Direct measurements
have been performed for several (a, p) reactions such as 11C(a, p), 14O(a, p), 18Ne(a, p), 30S(a, p), and 22Mg(a, p), which may
play important roles in the hot pp chain, the hot CNO cycle, and the ap-process. An active target system using GEM detector
(GEM-MSTPC) [3] was built at CNS and used for some of these measurements, to perform a clear identification of the
reaction. The status and results of these studies will also be presented. One of the measurements recently performed was the
beta-delayed alpha decay of 16N. The measurement will provide us the information on the E1 component of 12C(a,g) reaction
rate strength.[1] H. Yamaguchi et al., Phys. Rev. C 83, 034306 (2011). [2] H. Yamaguchi et al., Phys. Rev. C 87, 034303
(2011). [3] T. Hashimoto, et al., Nuclear Instruments and Methods in Physics Research A 556, 339 (2006).

C1.02(
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Future Opportunities of the Nuclear-symmetry-energy Research at RAON

.
.
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SpRIT project at RIBF, RIKEN ---present status and future

MURAKAMI Tetsuya, FOR THE SpRIT COLLABORATION1
Kyoto University. 1*.
The SAMURAI Pion Reconstruction and Ion-Tracker (SpRIT) TPC has been constructed at Michigan State University and
shipped to the Radioactive Isotope Beam Factory (RIBF) at RIKEN recently. This TPC is designed to use for the experimental
program within a large gap of the SAMURAI dipole magnet at RIBF to constrain the symmetry- energy term in the nuclear
Equation of State (EOS). To read-out more than 12,000 channels of signals from the SpRIT-TPC we adopted a state-of-art
read-out electronics, named GET (General Electronics for TPC), developed by Saclay-Bordeaux-Ganil-NSCL groups. We are
currently testing the SpRIT-TPC with cosmic rays together with the GET electronics to verify its performance. We are also
developing a new analysis software package, SpRIT-root, to efficiently handle huge data-set accumulated by the TPC. In this
talk, I will discuss a current status of SpRIT project and also possible applications of the TPC as active targets to measure giant
resonances, fission etc.The SpRIT project is supported by the DOE under Grant No. DE-SC0004835, NSF under Grant No.
PHY-1102511 and the Japanese MEXT Grant-in-Aid for Scientific Research on Innovative Areas Grant No. 24105004.*
NSCL and Department of Physics and Astronomy ,Michigan State University, East Lansing, MI 48824, USA Cyclotron
Institute, Texas A&M University, College Station, TX 77843, USA RIKEN Nishina Center, Wako, Saitama 351-0198, Japan
Department of Physics, Kyoto University, Kyoto 606-8502, Japan Department of Physics, Rikkyo University, Toshima-ku,
Tokyo 171-8501, Japan Department of Physics, Western Michigan University, Kalamazoo, MI 49008, USA Department of
Physics, Korea University, Seoul 136-703, Republic of Korea Department of Physics, Tsinghua University, Beijing 100084,
P.R. China Research Center for Nuclear Physics, Osaka University, Ibaraki, Osaka 567-0047, JapanInstitute of Nuclear
Physics, IFJ-PAN, 31-342 Krakow, PolandIRFU, CEA Saclay, Gif-sur-Yvette, France Physics Department, University of
Liverpool, Liverpool L69 7ZE, United Kingdom

C1.04(

)

Research Opportunities of Accelerator Driven Subcritical Reactor by using RAON

HONG Seung-Woo
Sungkyunkwan University, Department of Physics.

The main linac of the rare isotope accelerator RAON can accelerate protons up
to 600 MeV at a nominal current of 660 microamperes. Such proton beams can be
ideal for the development of Accelerator Driven Subcritical Reactors. As a
possible application of RAON for the development of future nuclear energy
technology we can make good use of such high current, high energy proton
beams. We present possible research opportunities on the Thorium based
Accelerator Driven Subcritical Reactor by considering the present status of
RAON.
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Shell and shape evolution in exotic nuclei

UTSUNO Yutaka
Advanced Science Research Center, Japan Atomic Energy Agency, Tokai, Ibaraki 319-1195, Japan & Center for Nuclear
Study, University of Tokyo, Hongo, Tokyo 113-0033,.
One of the most surprising phenomena in exotic nuclei is sharp evolution of nuclear shell structure. It was long believed that
the shell structure changed mildly and was well described with the usual one-body potential such as the Woods-Saxon
potential, which predicted rather stable magic numbers over the chart of nuclides. However, recent experiments using
radioactive-isotope beams make it clear that light magic numbers 8, 20, and 28 disappear in nuclei far from stability.
Moreover, new magic numbers 16 [2] and 34 [3] also appear in exotic nuclei. Those findings provide strong motivation for
revisiting the formation of shell structure in nuclei. In this talk, I will present recent advances in the understanding of the
evolution of shell structure in terms of nuclear forces, which is often called shell evolution. The tensor force is the most
important component which drastically changes the spin-orbit splitting [4]. The interplay of shell and shape is also an
interesting subject in the structure of exotic nuclei. Some of neutron-rich nuclei around N=20 are strongly deformed as a
consequence of the disappearance of the N=20 magic number [5]. Strong deformation in the N=28 nucleus 42Si occurs due to
tensor-force-driven Jahn-Teller effect [6]. Triple shape coexistence in 68Ni is caused by configuration-dependent shell
evolution, named Type II shell evolution [7]. I will discuss how those exotic shape evolutions emerge on the basis of largescale shell-model calculations. REFERENCES[1] For a recent review, O. Sorlin and M.-G. Porquet, Prog. Part. Nucl.
Phys. 61, 602 (2008).[2] R. V. F. Janssens, Nature 459, 1069 (2009).[3] D. Steppenbeck et al., Nature 502, 207 (2013).
[4] T. Otsuka et al., Phys. Rev. Lett. 95, 232502 (2005).[5] E. K. Warburton et al., Phys. Rev. C 41, 1147 (1990); Y.
Utsuno et al., Phys. Rev. C 60, 054315 (1999).[6] Y. Utsuno et al., Phys. Rev. C 86, 051301(R) (2012); Y. Utsuno et al.,
Phys. Rev. Lett. 114, 032501 (2015).[7] Y. Tsunoda et al., Phys. Rev. C 89, 031301(R) (2014).
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Prospects of nuclear astrophysics experiments in Korea
.

.
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Nuclear Structure (Coulomb Excitation) Experiments at RIBF

NAKAMURA Takashi
TIT.

C1.08(
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Structure, reaction and astrophysics of unstable nucler

.
.
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C10.01

Information Thermodynamics for a Feedback with Time Delay

JAEGON Um, CHULAN Kwon1, JAE DONG Noh2, HYUNGGYU Park
Korea Institute for Advanced Study. 1Myongji University. 2University of Seoul.
We investigate a realistic feedback process repeated in multiple steps where a feedback protocol from measurement is applied
with delay and maintains for a finite duration until next step. Unlike a feedback without delay, the mutual information for a
time-delay period is found to account for the correlation between the system state and the joint state of recent and past
memories. We consider the measurement of an observable with odd parity in time reversal, which is shown to give rise to an
anomalous entropy production recently recognized for a stochastic system under a odd-parity force. We exemplify a cold
damping case where a velocity of a particle is measured and a dissipative protocol is applied by feedback. Through repeated
feedback steps, the temperature of the system can or cannot be cooled down towards a steady-state value depending on the
parameters used: the delay time, the duration time, and the intensity of the protocol. We rigorously derive the stability
condition for the steady-state temperature in the parameter space. We expect the instability in a repeated feedback process to be
a general feature due to similar sources of imperfection in measurement and feedback.

C10.02

Interrupted coarsening in the zero-temperature kinetic Ising chain driven by a periodic

external field
YI Su Do, BAEK Seung Ki
Pukyong National University, Department of Physics.
If quenched to zero temperature, the one-dimensional Ising spin chain
undergoes coarsening, whereby the density of domain walls decays
algebraically in time. We show that this coarsening process can be
interrupted by exerting a rapidly oscillating periodic field with enough
strength to compete with the spin-spin interaction. The steady state
solution of the domain wall density for different periods are obtained by
the transition matrix approach and the Monte-Carlo simulation as seen in
attached figure. By analyzing correlation functions and the distribution
of domain lengths both analytically and numerically, we observe
nontrivial correlation with more than one length scale at the threshold
field strength.
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C10.03

Heat conduction on Langevin harmonic chains

.
Temperature profiles and heat flows in harmonic chains coupled with Langevin heat reservoirs are studied. Exact calculational
results of heat conductances are presented. The maximal heat conductances for the studied systems are analyzed.

C10.04

Molecular Dynamics study on a Non-Equilibrium Motion of a Colloidal Particle driven by
External Torque.
,

,

1

,
. 1KISTI.
We investigate the motion of a colloidal particle driven out of equilibrium by an external torque. We use the molecular
dynamics simulation that is alternative to the simulation based on the Langevin equation and is expected to mimic an
experiment more realistically. We choose a heat bath composed of about a thousand particles interacting to each other through
the Lenard-Jones potential and impose the Langevin thermostat to maintain it in equilibrium. We prepare a colloidal particle to
interact with the particles of the heat bath also by the Lenard-Jones potential while any dissipative force and noise are not
employed explicitly. We study the stochastic properties of the nonequilibrium fluctuation for work and heat produced
incessantly in the steady state. We accurately confirm the fluctuation theorem for the work production. We also investigate the
motion beyond the overdamped limit by varying the mass of the particle. We compare our result with a previous theoretical
result in the overdamped limit based on the Langevin equation1.
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C10.05*

Predicting Intra City Human Mobility Using Individual Daily Movement Pattern And

Land-use
,
,
.
Understanding human mobility pattern is crucial issue in various academic fields. As data availability increased, many studies
have observed human mobility and found some interesting phenomena. On the otherhand, models were developed to explain
the phenomena and regenerate the mobility pattern. However, since the studies require big dataset or at least census data, the
area where data availability is limited was not studied much. In order to find the solution of the limitation in mobility studies,
we suggest a new model to estimate the population distribution and the mobility in intra-city level. Inspired by that individual
travel behavior inside a city has high regularity and land-use pattern reflects human activity in land, our model uses individual
daily routinedata and city land-use map. To validate the model, we estimate the population distribution and mobility of the
grater Chicago area and compare with the empirical Chicago origin-destination survey data.

C10.06*

Community Consistency Determines the Stability Transition Window of Powergrid Nodes

KIM Heetae, LEE Sang Hoon, HOLME Petter
Department of Energy Science, Sungkyunkwan University.
Rotational motion of power generators synchronize with each other in an
electric power grid. When the synchrony is broken, the electric energy
system could suffer from a blackout. Therefore, it is important to recover
the nodes' synchronization in a power grid after a large nodal
perturbation. Specifically, it is different for each individual node when
the node recovers its synchrony or escapes from synchronization against
a large nodal perturbation. The fraction of the synchronization recovery
to the random perturbations in the phase space—basin stability—is an
important measure of such nodal stability. The basin stability, however,
is highly sensitive to the coupling strength between nodes: as the
coupling strength increases, the basin stability gradually increases and
the width and the location of the transition—transition window—
become wider and higher. In this work, we circumvent this problem by
considering the overall shape of transition window by varying the coupling strength, not just the fraction in the phase space for
a certain coupling strength, and suggest a relevant network property in regard to the basin stability, which is the community
consistency in the power-grid network. We find that nodes with large transition window are located at the border
of communities. In other words, a node with weak community consistency, whose community membership is not well-defined,
induces a large transition window.
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C10.07

Self-Attracting Walk On Random Scale-Free Networks

LEE Deok-Sun, KIM Kanghun, KYOUNG Jaegu
Department of Physics, Inha University, Incheon 402-751, Korea.
As the digital data of diverse human behaviors are accumulating on
large scales, their quantitative analyses and model studies are
increasingly demanded. In particular there has been much effort to
understand the human mobility in the real and the cyber space, and it
was found that the memory of individuals and the topology of the
underlying space can be of relevance. However, there is no analytic
understanding of the combinatorial impact of the memory and the
network topology on the mobility. Here we present our analytic study of
the self-attracting walk model on random scale-free networks. We find
that the preference of visited nodes makes the diffusion dynamics slow
on scale-free networks with the degree exponent smaller than 3. The
scaling behavior of the number of visited nodes as a function of time is
derived and confirmed numerically.
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C11.02

Photochemistry probed by pump-probe X-ray diffraction

IBS, Center for Nanomaterials and Chemical Reactions & KAIST, Department of Chemistry.
The pump-probe X-ray diffraction and scattering techniques have now been fully established as a powerful method to
investigate molecular structural dynamics [1-5]. We have employed the techniques to study structural dynamics and
spatiotemporal kinetics of many molecular systems including diatomic molecules, haloalkanes, organometallic complexes and
protein molecules over timescales from ps to milliseconds. X-ray crystallography, the major structural tool to determine 3D
structures of proteins, can be extended to time-resolved X-ray crystallography with a laser-excitation and X-ray-probe scheme,
but has been limited to a few model systems due to the stringent prerequisites such as highly-ordered and radiation-resistant
single crystals. These problems can be overcome by applying time-resolved X-ray diffraction directly to protein solutions
rather than protein single crystals. To emphasize that structural information can be obtained from the liquid phase, this timeresolved X-ray solution scattering technique is named time-resolved X-ray liquidography (TRXL) in analogy to time-resolved
X-ray crystallography where the structural information of reaction intermediates is obtained from the crystalline phase. We
will present our recent results including the achievement of femtosecond TRXL by using an X-ray free electron laser. [1]
Direct observation of bond formation in solution with femtosecond X-ray scattering”, K. H. Kim, J. G. Kim, S. Nozawa, T.
Sato, K. Y. Oang, T. W. Kim, H. Ki, J. Jo, S. Park, C. Song, T. Sato, K. Ogawa, T. Togashi, K. Tono, M. Yabashi, T.
Ishikawa, J. Kim, R. Ryoo, J. Kim, H. Ihee*, S. Adachi, Nature, 2015, 518, 385-389. [90] “Volume-conserving trans-cis
isomerization pathways in photoactive yellow protein visualized by picosecond X-ray crystallography”, Y. O. Jung, J. H. Lee,
J. Kim, M. Schmidt, K. Moffat, V. Srajer, H. Ihee*, Nat. Chem., 2013, 5, 212-220. [3] “Visualizing Solution-Phase Reaction
Dynamics with Time-Resolved X-ray Liquidography”, H. Ihee*, Acc. Chem. Res., 2009, 42, 356-366 (Review Article).[4]
Tracking the structural dynamics of proteins in solution using time-resolved wide-angle X-ray scattering”, M. Cammarata*,
M. Levantino, F. Schotte, P. A. Anfinrud, F. Ewald, J. Choi, A. Cupane, M. Wulff, H. Ihee*, Nature Methods, 2008, 5, 881887.[22] “Ultrafast X-ray diffraction of transient molecular structures in solution”, H. Ihee*, M. Lorenc, T. K. Kim, Q. Y.
Kong, M. Cammarata, J. H. Lee, S. Bratos, M. Wulff, Science, 2005, 309, 1223-1227.

C11.03

Atom-photon quantum interaction: Generation and engineering of non-classical biphotons
using cold atoms
CHO Young-Wook, PARK Kwang-Kyoon, LEE Jong-Chan, KIM Yoon-Ho
Department of Physics, POSTECH, Pohang 790-784, Korea.
The nonclassical photon pair, generated via a parametric process, is naturally endowed with a specific form of frequency-time
quantum correlations. Here, we report complete control of frequency-time quantum correlations of narrow-band biphotons
generated via spontaneous four-wave mixing in a cold atomic ensemble. We have experimentally confirmed the generation of
frequency-anticorrelated, frequency-correlated, and frequency-uncorrelated narrow-band biphoton states, as well as verifying
the strong nonclassicality of the correlations. Our work opens up new possibilities for engineering narrow-band entangled
photons for various quantum information applications, such as, quantum networks and quantum repeaters.
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Infinitely long one-nanometer gaps for terahertz and microwave funneling

KIM Dai-Sik
Seoul National University, Department of Physics and Astronomy,
Centre for Subwavelength Optics.
We discuss terahertz and microwave nano phenomena whereby
millimeter and centimeter waves funnel through nano antennas
enhancing molecular cross sections by 103; enhancing nonlinearities and
lowering transition temperatures of vanadium dioxide; creating intensity
enhancements of 109; funneling of terahertz waves through onenanometer-wide ring apertures [1-6]. In this paper, we manufacture 2
centimeter long, one-nanometer wide slits using photolithography, thin
film deposition and selective etching; these nanometer-wide gaps are
essentially infinitely long for the purpose of terahertz applications but
possibly not for microwave applications. Nano and terahertz
technologies have much to offer to each other, providing insights into
the smallest possible gaps interacting with largest available wavelengths. Quantum measurements might benefit eventually
also. [1] M. A. Seo, H. R. Park, S. M. Koo, D. J. Park, J. H. Kang, O. K. Suwal, S. S. Choi, P. C. M. Planken, G. S. Park, N. K.
Park, Q. H. Park, and D. S. Kim, “Terahertz field enhancement by a metallic nano slit operating beyond the skin-depth limit”,
Nat. Photonics 3, 152 (2009). [2] H. R. Park, Y. M. Park, H. S. Kim, J. S. Kyoung, M. A. Seo, D. J. Park, Y. H. Ahn, K. J.
Ahn, and D. S. Kim, “Terahertz Nano-Resonators: Giant Field Enhancement and Ultrabroadband Performance”, Appl. Phys.
Lett. 96, 121106 (2010). [3] Y. M. Bahk, H. R. Park, K. J. Ahn, H. S. Kim, Y. H. Ahn, Dai-Sik Kim, J. Bravo-Abad, L.
Martin-Moreno, and F. J. Garcia-Vidal, “Anomalous Band Formation in Arrays of Terahertz Nanoresonators”, Phys. Rev. Lett.
106, 013902 (2011). [4] M. Seo, et al., "Active Terahertz Nanoantennas Based on VO2 Phase Transition," Nano Lett. 10, 2064
(2010). [5] Xiaoshu Chen, H. R. Park et al., “Atomic layer lithography of wafer-scale nanogap arrays for extreme confinement
of electromagnetic waves”, Nat. Comm. 4, 2361 (2013). [6] Jeeyoon Jeong, Jiyeah Rhie, Woojin Jeon, Cheol Seong Hwang,
and Dai-Sik Kim, “High-throughput fabrication of infinitelylong 10 nm slit arrays for terahertz applications”, J Infrared Millim
Terahertz Waves 36, 262 (2015).
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C12.01(

) Constraining Theory Parameter of Eddington-inspired Born-Infeld Gravity From Inflation

CHO Inyong
University of Paris 7/Seoul National University of Science and Technology.
We present the result of the investigation on the inflationary density perturbations in Eddington-inspired Born-Infeld Gravity.
We consider the bounds on the theory parameter from this result, in particular from the tensor-to-scalar ratio, and discuss the
viability of the model.

C12.02

Accuracy on growth rate

LEE Seokcheon
Korea Institute for Advanced Study.
Differentiating dark energy and modified gravity with the growth function has been developed recently. The parametrizations
for the growth rate have been used for this purpose. However, one should pay attention to the accuracies of these
approximations in order not to reach to the wrong conclusion about the modified gravities.
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C12.03

Fragmentation Instability of anti-de Sitter Black Holes and Gauss-Bonnet Black Holes

GWAK Bogeun, AHN Wha-Keun1, LEE Wonwoo, LEE Bum-Hoon1
. 1
,
.
We investigate the non-perturbative instability of anti-de Sitter black holes and Gauss-Bonnet black holes through
fragmentation. These black holes undergo fragmentation instability above a specific mass or momentum for given a
cosmological constant and couplings. Now, we present our recent results of fragmentation instability in the whole point of
view including Schwarzschild black holes, Gauss-Bonnet black holes, and anti-de Sitter black holes in four dimensions and
over. The black holes have unstable phases under fragmentation, even if these are stable under the linear perturbation.

C12.04

Dynamics of magnetic shells and information loss problem

LEE Wonwoo, LEE Bum-Hoon1, YEOM Dong-han2
Center for Quantum Spacetime, Sogang University. 1Center for Quantum Spacetime and Department of Physics, Sogang
University. 2National Taiwan University.
We investigate dynamics of magnetic thin-shells in three dimensional AdS background. Because of the magnetic field, an
oscillatory solution is possible. This oscillating shell can
tunnel to a collapsing shell or a bouncing shell. In the entire path integral, via the oscillating shell, there is a non-zero
possibility
to maintain a trivial causal structure without a singularity. Since it can tunnel after a number of oscillations, in the end, it will
allow infinite number of different branchings to classical histories.
This system can be a good model of the effective loss of information. We discuss whether the information could be conserved
from the viewpoint of the unitary observer defined in this work.
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C12.05

Cosmological Tests using Redshift Space Clustering in BOSS DR11

.
We analyze the clustering of large scale structure in the Universe in a model independent method, accounting for anisotropic
effects along and transverse to the line of sight. A large sample of 690,000 galaxies from The Baryon Oscillation Spectroscopy
Survey Data Release 11 are used to determine the Hubble expansion $H$, angular distance $D_A$, and growth rate $\gth$ at
an effective redshift of $z=0.57$. After careful bias and convergence studies of the effects from small scale clustering, we find
that cutting transverse separations below 40 Mpc/$h$ delivers robust results while smaller scale data leads to a bias due to
unmodelled nonlinear and velocity effects. The converged results are in agreement with concordance $\Lambda$CDM
cosmology, general relativity, and minimal neutrino mass, all within the 68\% confidence level. We also present results
separately for the northern and southern hemisphere sky, finding a slight tension in the growth rate -- potentially a signature of
anisotropic stress, or just covariance with small scale velocities -- but within 68\% CL.

C12.07
,

Gravitational Wave Physics and KAGRA
1,

. 1
.
In this talk we will review gravitational wave physics briefly. The existance of the gravitational wave is approved indirectly by
observing the variation of the period of pulsar. However, it is almost impossible to detect directly with its very tiny amplitude.
Also this very weak interaction gives an opportunity to understand very early stage of the universe or internal unknown
mechanism for astrophysical objects if it were observed. Hence the direct observation of gravitational wave is one of the
biggest challenge in 21st century physics. To detect gravitational wave, there are various detectors. One of the most promising
one is large scale laser interferometer observatory such as LIGO, Virgo, GEO, and KAGRA. Here we want to review the
physical basis for gravitational waves.
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C12.08

Collaborations in experimental researches with KAGRA: The research on developing a new
initial alignment scheme for initial mirror alignments in KAGRA
,
,
.
One of the promising efforts in measuring the extremely small strain induced by a gravitational wave is the KAGRA, which is
a large scale interferometer being installed in tunnels in Kamioka, Japan. There have been extensive collaborations in
experimental researches, mainly in the field of laser frequency stabilization and mirror alignment, between KAGRA and
KGWG. In this paper, we will give a presentation on the experimental collaboration for developing a high sensitivity, very
stable, wide dynamic range tilt sensor which can be used for the initial mirror alignments in the KAGRA. Current status of
KAGRA and KGWG will also be mentioned briefly.

C12.09

New Approaches for Identifying Noise Glitches and Improving Data Quality of
Gravitational-Wave Data
.
We present new approaches of identifying instrumental noise glitches of auxiliary channel data obtained from the
gravitational-wave detectors such as LIGO and CLIO gravitational wave observatory. In particular, we introduce a new event
trigger generation method based on the Hilbert-Huang Transform (HHT), comparing to other conventional methods used in the
LIGO Scientific Collaboration. We also present new glitch identification algorithm based on the Deep Learning and glitch
monitoring scheme using various correlation analyses. We show that these can be complimentary ways of improving Data
Quality of gravitational-wave detection data.
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C13.01*
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Bayesian Modelling of Lithium BES Data at JET

KWAK Sehyun, SVENSSON Jakob1, BRIX Mathias2, M.S. Bawa’aneh3, GHIM Young-chul, JET Contributors4
Department of Nuclear and Quantum Engineering, KAIST, Daejeon, Korea. 1Max-Planck-Institut für Plasmaphysik,
Greifswald, Germany. 2CCFE, Culham Science Centre, Abingdon, UK. 3Department of Applied Mathematics and Sciences,
Khalifa University, UAE. 4EUROfusion Consortium, JET, Culham Science Centre, Abingdon, OX14 3DB, UK.
A Bayesian model has been built for the analysis of Li-BES (Lithium Beam Emission Spectroscopy) data at JET (Joint
European Torus). Lithium beam emission profiles are measured at 26 different radial locations. The measurements have ~15
ms temporal resolution and ~1 cm spatial resolution [1,2]. The Bayesian model includes a full collisional-radiative model [3-5]
of the neutral lithium beam emission take into account both electron and proton impact [6,7]. The electron density profile is
modelled by a Gaussian process [8] and the electron temperature is currently taken from the JET HRTS (High Resolution
Thomson Scattering) system. The absolute calibration factor of the system is an additional free parameter. The model
reconstructs the edge density profiles via the maximum of the posterior distribution, and a MCMC (Markov Chain Monte
Carlo) method is used to calculate uncertainties. Comparisons will be made with the electron density profiles from the HRTS
system and the results form the pre-existing method for analysing lithium beam data.
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C13.02

RF high-voltage and high current test results on the tungsten coated vacuum feedthrough
for high-power, long-pulse ICRF operations
,

,

,

1,

1

.
,
.
A vacuum feedthrough (VFT) is one of the most important parts of the ICRF antenna for plasma heating in nuclear fusion
devices. It has to withstand high RF voltage or large RF current while keeping the antenna in high vacuum. In 2014 KSTAR
plasma experiments, RF high power of 900 kW at the frequency of 30.8 MHz could be injected into L-mode plasma without
any arcs at the VFTs [1]. Furthermore, high RF power of 700 kW with 5 s pulse also was coupled into the NB heated H-mode
plasma successfully. However, we found that the surfaces on inner and outer conductors of VFTs which connected to the ICRF
antenna side in the KSTAR vacuum were damaged by arcs when we disassembled and checked the VFTs after the 2014
campaign. In order to improve the electrical and thermal performances of VFTs we have coated a stainless steel VFT with
tungsten (W) whose thickness is about 30~50um. The W-coated VFT was test in the Hi-pot test-stand connected with vacuum
chamber using a 2 MW transmitter. In the high current tests for W-coated VFT, the temperature increase in the surface of Wcoated VFT was measured to be 4 times low in comparison with the data obtained from the stainless steel VFTs when 50 kW
RF power with 30 s pulse, repeated 10 times continuously [2]. In this paper, we will present experimental data and ANSYS
thermal analysis for the W-coated VFT and normal VFT. * This work was supported by R&D Program through the National
Fusion Research Institute of Korea (NFRI) funded by the Government funds. References1.
H. J. Kim, S. J. Wang, S. W.
Seon, S. H. Kim, B. H. Park, and J. G. Kwak, “ICRF heating in KSTAR through the upgrade of transmission line
H. J. Kim, S. J. Wang, B. H. Park, S. H. Hong, S. H. Kim, and
components”, KSTAR Conference, DCC, Daejeon, 2015.2.
J. G. Kwak, “Reliable high power RF injection through the upgrade of ICRF transmission line system”, 6th A3 foresight
program workshop, Nanning, China, 2015.

C13.03

Progress of Advanced Scenario Development in KSTAR

NA Yong-Su, NA D.H., BYUN C.-S., KIM H.-S., KIM J.1, JEON Y.-M.1, BAE Y. S.1, BAK J. G.1, IDE S.2, JEONG J. H.1,
JOUNG M.1, KIM J. Y.1, KIM S. H.3, KWAK J. G.1, LEE S. G.1, MUELLER D.4, OH Y. K.1, PARK J. M.5, PARK S. I.1,
SUZUKI T.2, YOON S. W.1
Seoul National University, Department of Nuclear Engineering. 1National Fusion Research Institute. 2Japan Atomic Energy
Agency. 3ITER Organization. 4Princeton Plasma Physics Laboratory. 5Oak Ridge National Laboratory.
We report the status of the development of advanced scenarios as an important experimental goal of the KSTAR project. Two
types of advanced scenarios are pursued, high poloidal beta scenarios for steady-state operations and hybrid scenarios for
advanced inductive operations. For the high poloidal beta scenarios, fully non-inductive current drive is achieved with a
plasma current of 400 kA and a toroidal field strength of 2.0 T (q95 ~ 8.5) which has βp of ~3.5, βN of ~3.0, H89 ~ 2.2, and H98
~ 1.7. The fully non-inductive phase is achieved only transiently due to the engineering limit of the plasma radial position
feedback control available at present in the KSTAR experiment. For the hybrid scenarios, high performance with βN > 2.0 and
H89 ~ 2.0 has been obtained in stationary phases without sawtooth activity at a range of plasma currents from 400 to 600 kA
and a magnetic field from 1.6 to 2.0 T with constant q95 ~ 6.0. βN up to 3.0, H89 up to 2.7, and H98 up to 1.4 are achieved
transiently due to the limit of the radial position control and saturated at the values above in the stationary phase. The plasma
current overshoot scheme is used to establish the q-profile with magnetic shear close to zero at the center and high values at the
edge. The effects of the heating scenario and use of plasma current overshoot are discussed in hybrid scenarios.
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C13.04

Recent experimental results and research plan of VEST

LEE H.Y., AN Y.H., LEE J.W., JO J.G., KIM Y.G., JO J.M., YANG J.H., PARK J.Y., YANG S.M., KIM Y.S., KIM S.C.,
LEE K.H., JUNG B.K.1, KIM S.H.1, CHUNG K.J., NA Y.S., HWANG Y.S.
Seoul National University, Nuclear Engineering. 1Korea Atomic Energy Research Institute.
Various plasma start-up experiments have been conducted in Versatile Experiment Spherical Torus (VEST). First plasma
start-up experiment in VEST has been successfully carried out with conventional start-up scheme using a central solenoid. A
plasma current of ~70 kA has been generated with pulse duration of ~15 ms, which will be utilized as the target plasma for
various experiments.Efficient plasma start-up scheme with low loop voltage and low volt-second consumption utilizing the
trapped particle configuration (TPC), a mirror like magnetic field configuration, is developed. TPC significantly enhances the
pre-ionization with the enhanced particle confinement due to its mirror effect, and intrinsically provides the equilibrium field
with the stable decay index enabling the prompt plasma current initiation. Consequently, TPC allows the plasma start-up with
the lower loop voltage and lower volt-second consumption as well as wider operation range in terms of the ECH pre-ionization
power and the H2 filling pressure.Investigations on the non-inductive start-up using helicity injection are ongoing as well.
Electron guns for local helicity injection have been constructed and commissioned successfully, which can inject up to 1.2 kA
of electron beam into VEST. With assisted by helicity injection, a plasma current of up to 15 kA has been generated but
detailed study for non-inductive start-up using helicity injection will be on progress.To support high beta operation in VEST,
additional heating power systems including NBI and helicon wave system for core heating are under development. Moreover,
various diagnostics including a Thomson scattering and a charge exchange spectroscopy (CES) system are under development
to support future experiments.

C13.05

KSTAR 2014 experimental results toward demo

.
The main mission of Korea Superconducting Tokamak Advanced Research (KSTAR) program is exploring the physics and
technologies of high performance steady state tokamak operation that are essential for ITER and fusion reactor. Since the
successful long pulse operation of 25sec at 0.5MA in 2013, the duration of H-mode is extended to around 50sec which
corresponds to a few times of current diffusion time. In addition to long-pulse operation, the operational boundary of the Hmode discharge is further extended over MHD no-wall limit(βN~4) and higher stored energy both by increased total heating
power (~6 MW) and plasma current (Ip up to 1 MA for ~10s) assisted by optimizing discharge scenario during ramp-up phase.
Since the unique success in ELM suppression using n=1 RMP, KSTAR has been focusing on extending operation window of
ELM suppression and it is found that q95 has extended to 5,6,7 by adjusting phase and combination of mode number. In
parallel, by extending the duration of the ELM suppression up to 5 sec, the long-pulse compatibility of RMP suppresion is
tested in terms of global particle balance also. Since the 4 segment measurement on ohmic discharge in 2013, the detailed
evaluation of error field (EF) has been extended to H-mode case by measuring the rotation drop in maximum current in each
quadrant coil, the level of the intrinsic error field is found to be at the order of 10-5 and operation down to q95<2 is possible. It
also conjectures that the extra error field correction is not necessary for KSTAR to operate ITER standard scenarios(βN~2.5).
Including above topics, the presentation will address the recent results on MHD and fast particle activities as well as newly
installed diagnostics, .
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Recent progress on pedestal physics research at KSTAR
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In this paper, as one of the main research thrusters in KSTAR[1], the recent progress of research activities on pedestal physics
will be summarized emphasizing the progress of the profile and fluctuation diagnostics. The topics will address the several key
topics in the pedestal region including ELM suppression/dynamics and stimulated L-H transition by Supersonic Molecular
Beam Injection. The physical processes behind is further investigated with detailed profile and fluctuation measurements
including Charge Exchange Spectroscopy, high resolution Thomson scattering system, 2D ECEI, MIR, Lithium Beam
emission spectroscopy. Finally, the upgrade for the pedestal diagnostics will be addressed in accordance with research plan. [1]
S.W. Yoon, J.-W. Ahn, Y. M. Jeon, T. Suzuki, S. H. Hahn, W.H. Ko, K. D. Lee, J.I. Chung, et al., Nucl. Fusion 51, 113009
(2011)

C13.07

Recent Research Activities on MHD and Energetic Particle Physics in KSTAR

BYOUNGHO Park, YONGKYOON In, JAYHYUN Kim, MI Jung, MINWHA Woo, JINHYUN Jung, JUNGHEE Kim,
TONGNYEOL Rhee, JUN-GYO Bak, JUNGYOUNG Kim1, KSTAR team
National Fusion Research Institute. 1University of Science and Technology.
In this presentation, the recent achievements in MHD and energetic particle physics in KSTAR will be presented. Throughout
the 2014 campaign, strategically important works in achieving KSTAR milestone including NTM stabilization, error field
measurement, establishing disruption mitigation system, and identification of Alfvenic eigenmode are conducted. Real time
feedback control of 2/1 NTM is implemented with the search and suppression algorithm and the improved ECCD mirror
control system. 3-D structure of n=1 intrinsic error field are fully explored with L- and H-mode plasma aiming not only to
complete MID IVCC compass scan but also to set a groundwork toward understanding of KSTAR’s unique feature, ELM
suppression by n=1 RMP. Elaborated $q_{95} \sim 2$ discharge regime is achieved without any error field correction by
virtue of the extremely low intrinsic error field of KSTAR. The integrated disruption avoidance/mitigation system for the
safety secured MA-class operation is well assessed. Further investigations of the energetic particle mode have been done with
various control nobs of ECH, RMP and tailoring of NBI profile and mode identification efforts have been followed. Besides
high priority works above, studies on sawtooth and run-away electron have made progresses.
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C13.08

Toroidal rotation and momentum transport studies in KSTAR*

LEE Sang Gon, KSTAR Team
National Fusion Research Institute.
Investigation of the toroidal rotation is one of the most important topics for the magnetically confined fusion plasma
researches since it is essential for the stabilization of resistive wall modes and its shear plays an important role to improve
plasma confinement by suppressing turbulent transport. The most advantage of KSTAR tokamak for toroidal rotation and
momentum transport studies is that it equips two main diagnostics including the high-resolution X-ray imaging crystal
spectrometer (XICS) and charge exchange spectroscopy (CES). Simultaneous core toroidal rotation and ion temperature
measurements of different impurity species from the XICS and CES have shown in reasonable agreement with neutral-beam
injected discharges in KSTAR. Recently, the core toroidal rotation and ion temperature of a long-pulse plasma discharge were
measured for a period of up to 40 seconds with use of the XICS. This presentation will describe the toroidal rotation and
momentum transport studies with ohmic discharges as well as plasmas with various heating sources in the KSTAR
device. *Work supported by the Korea Ministry of Science, ICT and Future Planning under the KSTAR project.

C13.09
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Localized explosive magnetic reconnection in magnetized plasmas
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Hydrodynamic instabilities in magnetized high-temperature plasmas are
often terminated by explosive crash events such as solar flares in space
and sawtooth crash in fusion plasmas. The rapidness of such crash
events implies the existence of an efficient dissipation channel of
magnetic energy other than resistive heating. On the KSTAR tokamak, a
suite of passive radiation diagnostics has been developed to study the
entire evolution process of MHD instabilities in Alfvenic (~μs) time resolution, including electron cyclotron emission (ECE)
imaging system (~100 GHz), fast RF spectrometer (< ~1 GHz), and fast hard X-ray (HXR) spectrometer (10--300 keV). These
diagnostics revealed several important features of the sawtooth crash: (1) convective heat transport through a poloidally and
toroidally localized channel, (2) rotation braking, (3) non-thermal ECE burst near inversion, and (4) long-lasting HXR burst
after crash. These observations are compared with a model for fast magnetic reconnection accelerated by generation of
Alfven/whistler waves (and rapid Landau damping on electrons) [Bellan, Phys. Plasma 5 (1998)], which may explain the rapid
transport of heat during the crash.*Work supported by the National Research Foundation of Korea (grant Nos. NRF2014M1A7A1A03029881, NRF-2013M1A7A1A02043921, and BK21+ program) and Asia-Pacific Center for Theoretical
Physics.
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C13.10

Off-Axis Current Drive in KSTAR Plasmas Using Helicon Wave

WANG S. J., KIM H. J., WI H. H.1, KIM J. H., PARK B. H., KWAK J. G.
NFRI. 1
.
The development of an efficient mean of current profile control in high performance plasmas is still demanding requirement
for the steady state operation of modern tokamaks and fusion reactor. It is well known that lower hybrid wave (LHW) can
drive plasma current efficiently. ITER seriously considers taking advantages by using LHW, and application of LHW to
DEMO is also proposed for its high capability of controlling current profile. However, it is controversial that high density and
temperature at the pedestal prevent LH wave penetration into the desired radial domain. Unlike to LHW, helicon wave current
drive uses fast wave which is far less affected by plasma density and temperature. Actually, fast wave drives centrally peaking
current in the frequency range up to several ion cyclotron harmonics at the present tokamaks, such as KSTAR, having damping
length comparable or larger than machine size due to moderate temperature and density. Increasing fast wave frequency up to
LH resonance frequency at the pedestal, spiral propagation at the outer region of plasma due to its nature of whistler wave
lengthens the wave path to the plasma center. Also, optical thickness increases with frequency. These effects produce off-axis
power deposition depending on the electron beta and magnetic field pitch. In this presentation, the simulation result of helicon
wave current drive for KSTAR plasmas, with present and future KSTAR plasma parameters as well as draft system design
with load resilient travelling wave antenna will be discussed.

C14.01

Development of the Level-1 Pixel Trigger for the CMS Phase-2 Upgrade

YU Geumbong, YANG Un-ki, KIM Junho, PARK Jaegyun, OH Sungbin, MOON Chang-Seong1, SAVOY-NAVARRO
Aurore2
Seoul National University, Dept of Physics and Astronomy. 1UNESP-Universidade Estadual Paulista. 2Universite ParisDiderot/CNRS.
LHC plans to increase luminosity over 5x10^34 /cm^2/s as the Phase-2 Upgrade (2023-2025). The CMS experiment will
replace the silicon tracker (pixel and strips detectors) to allow for efficient data taking at higher collision rates. This brings an
opportunity to include the tracker into the Level-1 trigger system. We perform feasibility studies of new Level-1 pixel trigger
for electron and b-jet. We present the status of the Level-1 pixel trigger development.
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C14.03*
NAM Soon-Kwon, KROPIVNITSKAYA Anna, KIM TaeHoon, KIM
JungMin, NAM YeonSeo
.
We performed a trigger study of HLT_Mu17_TkMu8 for boosted
J/psiin the mu+mu- final state with the CMS experiment by using data
collected from pp collisions at sqrt{s}= 8 TeV and calculated the muon
identification efficiency. This trigger appears to be sensitive to boosted
J/psi decay.

C14.04*

Nuclear Interaction Study at CMS Tracker.

NAM Soon-Kwon, KROPIVNITSKAYA Anna, KIM Jungmin, KIM
Taehoon, NAM Yeonseo, GOUZEVITCH MAXIME1
Kangwon National University. 1UCBL, Lyon.
In this Analysis, we present initial results of the distribution and the
effects of material within the CMS Tracker. Study is based on the
nuclear interaction in the material in the tracking volume. Preliminary
results obtained with the 13 TeV simulated data using particle gun
Monte Carlo are shown.
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C14.05

Gigantic diphoton rate of heavy Higgs boson in the aligned 2HDM with small \tan\beta

YOON Yeo Woong, SONG Jeonghyeon
Konkuk Univ..
We study the implications of the LHC heavy neutral Higgs search data on the aligned two Higgs doublet model with softly
broken Z2 symmetry. When tanβ is small, the gluon fusion production of the heavy CP-even scalar H0 or the CP-odd scalar A0
becomes large enough to constrain the model by the current γγ, τ+τ−, and tt¯ data. By reinvestigating this small tanβ region,
we find that the indirect constraints like Δρ, b→sγ, ΔMBd, Rb, ϵK, and the perturbativity of running top Yukawa coupling are
rather weak to be tanβ>0.5. The current heavy Higgs search results are shown to put more significant bounds. If mH≃mA, the
tt¯ mode excludes tanβ<1.5 for mH,A=500−600GeV in all four types, and the γγ and τ+τ− modes exclude tanβ<1−3
(tanβ<3−10) for mH,A=120−340GeV in Type I, II, and Y (Type X).

C14.06

Stoponium from lattice QCD

KIM Seyong
Department of Physics, Sejong University.
Using lattice version of non-relativistic effective field theory, we calculate the properties of squark-anti-squark bound state
(stoponium) at the mass range of 100 GeV to 500 GeV. Quenched lattice configurations of SU(3) gauge theory on 12^3x24 are
used for the calculation. Non-relativistic propagator for scalar quark is computed under these gauge configurations and
stoponium correlators are formed using these squark propagator.
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C14.07

Tau Neutrinos from Charmed Meson Decay

, RENO Mary Hall1
,
. 1The University of Iowa.
A new fixed target experiment at CERN, SHiP is planned to search for the hidden particles using charmed mesons produced
with 400 GeV proton beam. It is also ideal for the study of tau neutrinos. We present the study of the tau neutrino and
antineutrino fluxes from the decay of the charmed meson, D_s as well as their cross sections.
,

C14.08*

Quark fragmentation into spin-triplet S-wave quarkonium

BODWIN Geoffrey T., CHUNG Hee Sok, KIM U-Rae1, LEE Jungil1
Argonne National Laboratory. 1Korea University.
We compute fragmentation functions for a quark to fragment to a quarkonium through an Swavespin-triplet heavy quarkantiquark pair. We consider both color-singlet and color-octet heavyquark-antiquark (QQbar) pairs. We give results for the
case in which the fragmenting quark and thequark that is a constituent of the quarkonium have different flavors and for the
case in whichthese quarks have the same flavors. Our results for the sum over all spin polarizations of theQQbar pairs confirm
previous results. Our results for longitudinally polarized QQbar pairs agree withprevious calculations for the same flavor cases
and correct an error in a previous calculation forthe different-flavor case.
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C14.09*

The galactic center gamma ray excess from leptophilic Z' model in gauged lepton numbers

KIM Jongkuk, PARK Jong Chul, PARK Seong Chan
Sungkyunkwan University.
Recently observed gamma ray excess in GeV ranges suggests that light dark matter particles may annihilate into the standard
model fermions. In this work, we study Z' mediated charged dark matter model with the gauged U(1)_(L(mu)-L(tau)) gauge
group, and identify the allowed region from thermal relic density in the Universe. We also discuss direct detection and the
LHC signatures.

C2.01

Magneto Resistance in One-Dimensional Polymer Nanofibers
.

The magneto resistance (MR) of one-dimensional polymer nanofibers up to 35 tesla is reviewed. Ealrier MR results on film
types of polyacetylene and other conducting polymers are summarized first and then recent progress on the synthesis and
characterization of conducting polymer nanofibers and tubes are surveyed. The studies on the dispersion and the MR
measurements as well as the recent discovery of the zero magneto resistance (ZMR) of polyacetylene nanofibers in high
electric fields are presented. Comparing with the MR of polyaniline and polythiophene nanofibers, the deconfinement
conduction of spinless charged solitons is introduced to understand the ZMR of polyacetylene nanofibers in high electric fields.
Applicability to a temperature sensor in high magnetic field is discussed.
(1) Yung Woo Park, Chem. Soc. Rev., 39, 2428 (2010)
(2) A. Choi et al., Phys. Rev. B 86, 155423 (2012)
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C2.02

High Magnetic Field and 2D Vertical Heterojunctions Based on Ferromagnetic Graphene

LEE Seung Joo, MYOUNG Nojoon1, PARK Hee Chul2
Dongguk University, QSRC. 1Department of Material Science and
Engineering, University of Ioannina, Ioannina 45100, Greece. 2School
of Computational Science, Korea Institute of Advanced Study, Seoul
Korea.
Brief introduction of an application of high magnetic field in
semiconductors will be reviewed. And integrated structures of nano
magnet with semiconductors and graphene are investigated. Here, we
predict the emergence of giant resistance in a vertically stacked
heterojunction based on ferromagnetic graphene (FMG) with spinresolved band structures. We investigate tunneling current characteristics
through atomically thin insulating layer sandwiched by two FMGs.
Owing to the spin-resolved band structures of FMG, spin configuration
of FMGs can be controlled by electric fields, and quantum tunneling
through FMG heterojunctions can be suppressed by giant electroresistance in ferroelectric tunnel junctions.

C2.03

Fluctuation effect and vortex dynamics in superconductingNaFe1-xCoxAs single crystals

KWON Yong Seung, AHMAD D, CHOI W.J., SEO Y.I., SONG K. J.1, MOSQUEIRA J.2
DGIST. 1Jeonbuk University. 2Universidade de Santiago de Compostela.
We investigate the fluctuation effect and the vortex dynamics in superconducting NaFe1-xCoxAs single crystals (x = 0, 0.01,
0.03, and 0.07). The superconducting fluctuations were analyzed through in-out-plane paraconductivity and
magnetoconductivity in NaFe1-xCoxAs single crystals. The Ginzburg-Landau and Lawrence-Doniach approaches were applied
on the magnetoconductivity data of NaFe1-xCoxAs single crystals well above their Tc. The results showed that the coherence
lengths depend on the Co doping level. In particular, the transverse coherence length decreases on entering in the overdoped (x
0.07) region which justifies a 3D-2D transition in the overdoped sample. Furthermore, for the optimal doped sample (x =
0.03), xc was estimated to be 2nm which is larger than the value for overdoped sample (0.2nm) thus indicated the 3D
anisotropic superconductor. The field dependence magnetic hysteresis of the series samples showed that the secondary peak
(SP) gets prominent from under doped to optimal doped region however less pronounced in the over doped region. We found
large critical current density Jc in the optimal doped sample. Furthermore, from the time dependence magnetization, the
analysis of the vortex dynamics supports a crossover from plastic creeping to collective pinning in the optimal doped region
which justifies the prominent secondary peak (SP) in the sample.
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C2.04

Magnetic And Electric Phase Diagram Of Multiferroic Triangular Lattice
Antiferromagnets Ba3MNb2O9 (M= Co, Ni, Mn)
CHOI Eun Sang, LEE Minseong1, ZHOU Haidong2, DUNN Z. L.2, MA J.3, DELA CRUZ C. R.3, MATSUDA M.3, TIAN W.3
National High Magnetic Field Laboratory, Tallahassee, FL, USA. 1National High Magnetic Field Laboratory. 2University of
Tennessee. 3Oak Ridge National Laboratory.
We have experimentally investigated the phase diagram of Ba3MNb2O9, where M forms two-dimensional equilateral triangular
lattice with different spin values of 1/2 (M=Co), 1 (M=Ni) and 5/2 (M=Mn). All three compounds share common features at
low temperatures; (i) 120 degree antiferromagnetically ordered state accompanied by para-ferroelectric transition at zero field
and (ii) successive magnetic phase transitions into the up-up-down (uud) and the 2:1 canted spin states with increasing fields.
We also observed distinctive differences in the detailed phase diagrams. For example, the ferroelectricity survives at high
fields even in the collinear spin states for M=Co and Ni compounds, while it is suppressed for M=Mn compound. The uud state
exists in larger magnetic field region at higher (lower) temperatures in the M=Mn (M=Ni, Co) compound(s), which suggest the
thermal (quantum) fluctuation plays more important role in stabilizing the uud state.

C2.05

The colored amorphous Si and SiGe transparent solar cells with high transparency

LIM Jung Wook, LEE Da Jung, YUN Sun Jin
Electronics and Telecommunications Research Institute, 138 Gajeongno,
Yuseong-gu, Daejeon 305-700, Korea; Department of Advanced Device
Engineering, University of Science and Technology, 113 Gwahangno,
Yuseong-gu, Daejeon, 305-333, Korea.
To date, building-integrated PV (BIPV) have developed rapidly because the ability of buildings to supply their own electricity
through PV is required for saving energy in the building. Among these BIPV techniques, transparent solar windows are most
promising and they are expected to occupy most of BIPV market over 90 % if large area solar windows are commercialized.
For securing high stability, a-Si:H thin film solar cells have been developed as transparent photovoltaic windows and some
efforts to enhance the transmittance as well as conversion efficiency have been made. Another approach is that a-SiGe:H films
were introduced as an absorber in the fabrication of transparent solar cells to enhance the efficiency due to their lower energy
band gap. The a-Si:H cells show 5.7 % of efficiency and 25 % of average transmittance and 46 % of maximum transmittance.
For a-SiGe:H transparent cells, they show 6.5 % of efficiency and 22 % of average transmittance (the Ge content was fixed to
about 13 %). In our study, both a-Si:H and a-SiGe:H transparent solar cells have 150 nm thick absorber. The usage of thin
absorber enables relieving photo-degradation due to its high open circuit voltage and lower defects. In a fabrication of a-Si:H
transparent solar cells, another advantage is the embodiment of various colors in the fabrication of transparent solar cells
depicted in Fig. 1. The colored cell with high stability may be very promising in view of aesthetic PV. [Figure 1. Various
colors of a-Si:H transparent solar cells through (a) to (d).]
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C2.06

Transparent Flexible Piezoelectric/Triboelectric Nanogenerators for Self-Powering Small

Electronics
KIM Sang-Woo
School of Advanced Materials Science and Engineering, SKKU Advanced Institute of Nanotechnology (SAINT), Sungkyunkwan
University (SKKU), Suwon 440-746, Korea.
Energy harvesting systems based on piezoelectric and triboelectric nanomaterials are in great demand, as they can provide
routes for the development of self-powered devices which are highly flexible, stretchable, mechanically durable, and can be
used in a wide range of applications. Our recent research interest mainly focuses on the fabrication of nanogenerators (NGs)
based on 1D/2D nanomaterials such as zinc oxide nanowire/nanosheets and graphene. In this talk, I will address the first
demonstration of DC power generation using piezoelectric 2D ZnO nanostructure and an anionic layer. The device made from
such 2D piezoelectric nanosheets/anionic layer heterojunction has potential for use as a mechanically durable and smallest size
power package, which can be used to charge wireless nano/micro-scale systems with no need for a rectifier circuit. The
combined effect of buckling the ZnO nanosheets, anionic layer, and coupled semiconducting and piezoelectric properties of
ZnO nanosheets are the main causes of the efficient DC power generation. Further I will present the growth of lead-free singlecrystalline ferroelectric V-doped 2D ZnO nanosheets and the realization of a high-performance flexible DC power output NG
based on V-doped 2D ZnO nanosheet networks for the first time. Furthermore, this talk will introduce the importance of
nanogenerators as well as the recent advances in power generation through piezoelectric/triboelectric nanogenerators with the
power generation mechanism. I will discuss recent research and design efforts that enhanced the power generation to
commercialize the nanogenerators to power portable and wearable devices.

C2.07

Allotrope-like bismuth nanowires at ambient condition

.
Allotropy is a fundamental and prevailing concept much studied over the centuries. But although the bulk allotropy of
elemental solids is fairly well understood, it remains challenging to produce reliably predicted allotropy that has a different
crystal structure and thus accompanies a change in physical properties. In principle, allotropic transformation from
rhombohedral to near-cubic structure in bismuth has been predicted which may potentially provide the ability to control and
modulate the electrical band structure. Such effect is promising in that it can reduce the band overlap without size reduction
that causes unwanted surface states, reduced mean free path, and effective mass. We find that the strain, caused by such lattice
mismatch, of [100]-grown Bi nanowires reduces the atomic linear density (LD) along c-axis that is predicted from theoretical
considerations, thus establishing a design rule for strain-induced allotropic change. With our nanowires, interestingly, we
measure a thermoelectric figure of merit of 0.8 with enhanced Seebeck coefficient, primarily owing to the reduced band
overlap, according to our density-functional calculations.
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Thermoelectric Transport in Low-dimensional Materials
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As a subject of near-equilibrium transport, the thermoelectric transport has information of electronic density of states (DOS)
of an object. We have measured thermoelectric power (TEP) in multi-layer black Phosphorous (BP) and n-typed InAs
nanowire field effect transistors. Multi-layer BP devices show a bulk thermoelectric property for 10 nm ~ 40 nm thicknesses
(layer number: 20 ~ 80) regardless of temperature. For InAs nanowires, on the other hand, the TEP measured at T ~ 30 K
shows several locally enhanced TEPs while signal is increased with negatively increasing gate voltage. With considering the
DOS of a one-dimensional quantum channel, locally enhanced TEPs with varying gate voltages is interpreted as signature of
the van Hove singularities in the DOS. This assumption is supported by the observed quantized conductance behavior as a
function of gate voltage.
, UST
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C2.09

Triboelectric nanogenerator for self-powered systems

CHOI Yang-Kyu, KIM Daewon, SEOL Myeong-Lok, PARK Sang Jae,
JEON Seung-Bae, WOO Jong-Ho1
KAIST. 1Samsung Electronics.
An energy harvester converts ambient energy such as solar, thermal, and
mechanical vibration energy to usable electrical energy. There were
various types of the energy harvester. A triboelectric nanogenerator
(TENG) utilizes contact-electrification and electrostatic induction. It has
drawn considerable attentions due to large output power, simple
fabrication, broad applicable area, and cost-effective property. The
TENG generates electrical power based on electrostatic charges induced
by contact-electrification. When two surfaces are brought to contact, one
is positively charged and the other is negatively charged. In order to
enhance output power, an effective contact area should be enlarged. Thus micro/nano structures are created by two methods:
nature-replication and the blockcopolymer (BCP) lithography. The TENG fabricated by the BCP lithography turns on LEDs
more than 500. The TENG patterned by nature-replication, which is inspired from the lotus effect, shows high immunity
against humidity due to the inherent superhydrophobicity. Other TENGs to utilize wind and water (raindrop) energy are also
demonstrated. The TENG driven by wind is composed of an intercalated movable thin membrane. When wind is introduced,
electric power is generated via the flip-flop actuation of the membrane. In the TENG driven by raindrops, iterative contact and
leaving processes of the raindrops create electric power. This TENG is combined with a solar cell thus electrical energy is
generated when it is rainy as well as sunny.

-181-

C3.01

Ultrafast Dynamics mediated by Surface Plasmons in Metal/semiconductor Nanostructures

SEUNG-HYUN Kim, AHN Kwang Jun1, YEE KI-JU
Department of Physics, Chungnam National University. 1Dept. of Energy Systems Research and Dept. of Physics, Ajou
University.
By performing time-resolved techniques with femtosecond pulses, we have studied ultrafast dynamics of surface plasmons
(SPs) and radiative emission in metal/semiconductor nanostructures. Surface plasmon resonance tailored by the metal grating
was located near the energy gap of InGaAs material to mediate strong interactions with photoexcited carriers. Photo-induced
changes of the refractive index and absorption coefficient occurring in the semiconductor influences the behavior of SPs at the
metal/semiconductor interface. Time-resolved transmission spectrum has revealed ultrafast modulation of the SP resonance by
photoexcitations as well as the significant transmission enhancement near the SP resonance. On the other hand, strong
interaction of photoexcited carriers with SPs due to the Purcell enhancement can make the recombination process faster and
more efficient. At high carrier densities some characteristic features of the superradiant emission were observed in the timeresolved photoluminescence and upconversion spectroscopy supporting the builds up of macroscopic dipole polarizations
mediated by SPs.

C3.02

Single carbon-nanotube photonics and optoelectronics

KATO Yuichiro K.
Institute of Engineering Innovation, The University of Tokyo, Tokyo, Japan.
Single-walled carbon nanotubes have unique optical properties as a result of their one-dimensional structure. Not only do they
exhibit strong polarization for both absorption and emission, large exciton binding energies allow for room-temperature
excitonic luminescence. Furthermore, their emission is in the telecom-wavelengths and they can be directly synthesized on
silicon substrates, providing new opportunities for nanoscale photonics and optoelectronics. Here we discuss the use of
individual single-walled carbon nanotubes for generation, manipulation, and detection of light on a chip. Their emission
properties can be controlled by coupling to silicon photonic structures such as photonic crystal microcavities. With the strong
absorption polarization at the nanoscale, they allow for unconventional polarization conversion that results in giant circular
dichroism. Simultaneous photoluminescence and photocurrent measurements show that excitons can dissociate spontaneously,
enabling photodetection at low bias voltages despite the large binding energies. More recently, we have found that alternating
gate-voltages can generate optical pulse trains from individual nanotubes. Ultimately, these results may be combined to
achieve further control over photons at the nanoscale. Work supported by KAKENHI (24340066, 26610080), The Canon
Foundation, The Asahi Glass Foundation, and JSPS Open Partnership Joint Projects, as well as the Nanotechnology Platform
and Photon Frontier Network Program of MEXT, Japan.
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C3.03

THz spectroscopy in photoexcited semiconductors

NAGAI Masaya
Graduate School of Engineering Science, Osaka University, Toyonaka, Japan.
Photoexcited electron-hole pairs provide us the new aspects of quantum many-body phenomena, and their dynamics are also
critical for the design of the novel light emitting devices and photoelectric conversion devices. For the past four decades, they
have been investigated with the time-resolved luminescence and absorption spectroscopies near the band gap energy. Recent
development of the ultrashort optical pulse technologies allows us new time resolved spectroscopy in the low frequency region.
The collective motion of individual carriers can be accessed with this spectroscopy, which give us the complementary
information from the optical responses near the band gap of the semiconductor. Moreover, new experimental technique,
temporal profile of electric field is detected with optical sampling technique, also promotes time-domain spectroscopy,
facilitating the measurements of photoinduced conductivity and new two-dimensional spectroscopy. Low frequency
spectroscopy also provides us with information on the inhomogeneous carrier density distribution as well as its physical
properties. In the usual photoexcitation case, the carriers are generated inhomogeneously in space, which causes the strong
spectral distortion of the probe light because of the photo-induced carriers. Recently we performed optical pump THz probe
spectroscopy for the photovoltaic materials for the solar cells. We quantitatively evaluated the enhancement of the internal
quantum efficiency of photoexcited carriers in Si due to the carrier multiplication. We also investigate the ultrafast free-carrier
dynamics in Cu2ZnSnS4 single crystal. The transient responses near the band gap energy and in THz frequency region revealed
a global feature of energy relaxation and recombination processes of free carriers. These works were performed with G.
Yamashita, E. Matsubara, Y. Minowa, M. Ashida, L. Q. Phuong, and Y. Kanemitsu.

C3.04

Quantum coherence and disorder effect in a single anisotropic quantum ring

KYHM Kwangseuk
Department of Optomechatronics, Pusan National University.
As long as quantum coherence is preserved around a ring structure, the rotating charge was known to give rise to novel
physics, the so-called Aharonov-Bohm (AB) effect, which can be manifested in terms of persistent current in a metal ring or
conductance oscillation for increasing an external magnetic field in a mesoscopic device based on a quantum point contact.
While these electric measurements require extreme low temperature of a few mK, optical version of the AB effect in a
semiconductor quantum ring (QR) can be observable near 10 K [1,2,3]. Nevertheless, optical AB effect of a neutral exciton in
a single QR still is in debate and analysis is limited to an idealized ring due to its anisotropy. We present quantum coherence
against disorder effect in a single anisotropic quantum ring [4].
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C3.05

Single Photon Generation from Nitrogen Isoelectronic Traps in III-V Semiconductors

IKEZAWA Michio, ZHANG Liao, SAKUMA Yoshiki1, TAKEDA Hiroyuki1, IKEDA Naoki1, SUGIMOTO Yoshimasa1,
SAKODA Kazuaki1, MASUMOTO Yasuaki
Institute of Physics, University of Tsukuba, 1-1-1 Tennoudai, Tsukuba 305-0006, Japan. 1National Institute for Materials
Science, 1-1 Namiki, Tsukuba 305-0044, Japan.
Impurity centers in semiconductors has been attracting considerable attention for the applications in the field of nanophotonics
and quantum information technology. We study nitrogen isoelectronic impurity centers in GaP or GaAs for solid-state single
photon sources with high homogeneity, which is important for many applications. We have successfully demonstrated single
photon emission with well-defined energy from these centers. The energy fluctuation of the emitters is as small as 100 meV,
which is one or two orders smaller than that based on semiconductor quantum dots. Coherence time T2 was measured by
Fourier spectroscopy of single centers. T2 was rather long at low temperature, being comparable with that of semiconductor
quantum dots. Resonant optical excitation of two-level system is useful to obtain highly coherent single photons and also for
optical manipulation of the two-level system. Recently, we applied resonant excitation for single nitrogen impurity centers, and
successfully observed Rabi oscillation using resonant ps optical pulses. Acknowledgement A part of this study was supported
by NIMS Nanofabrication Platform in Nanotechnology Platform Project sponsored by the Ministry of Education, Culture,
Sports, Science and Technology (MEXT), Japan.

C3.06

Fluorescence enhancement of colloidal quantum dots by localized surface plasmons from
metallic nanodisks in light emitting diode applications
, USMAN Isnaeni1,

1,

1

KAIST,
. 1KAIST,
.
The use of metallic nanostructures in various applications has gained considerable attention and has been studied extensively
due to their ability to confine and manipulate light down to nanometer scales. The coupling between localized surface
plasmons (LSPs) and light emitters to enhance their fluorescence for lighting applications has been widely explored. While
LSP coupling was studied in different types of light emitting diodes (LEDs) such as epitaxial LEDs, organic LEDs and
quantum dot (QD) LEDs, more detailed investigation of the fluorescence enhancement process is required to understand how
much enhancement is possible in such large-area LED applications. In this work, simulation and experimental results for the
QD fluorescence enhanced by LSPs from silver and aluminium nanodisks for LED applications is presented. An InGaN/GaN
blue LED is used as the excitation source for the metallic nanostructure and the colloidal QD layer for color conversion. The
structure is modeled by using finite-difference time-domain (FDTD) method for in-depth study of the fluorescence
enhancement process in a 500 х 500 μm2 substrate. A plane-wave of 455 nm represents the incident blue light from the LED,
and dipoles of 530 nm and 620 nm emission wavelengths are used to represent green QD and red QD respectively. First of all,
metallic nanostructure dimensions and the array spacing are optimized in order to provide the best resonance conditions with
the green and red QDs, by maximizing scattering cross-section and minimizing absorption cross-section at 530 nm and 620 nm
wavelengths. Then, three important factors that are involved in the fluorescence enhancement process is analyzed in depth.
Excitation enhancement by metallic nanoparticles at 455 nm, spontaneous emission enhancement factor (Purcell factor) and
radiative out-coupling efficiency are calculated for the case of the coupling between silver nanodisks and red QDs at 620 nm,
and for the case of the coupling between aluminium nanodisks and green QDs at 530 nm. The overall enhancement factor for a
single disk is then given by the product of the three different factors: This enhancement factor in the large area is then
estimated by using integration in the whole substrate of 500х500 μm2 size. The results from the calculation is compared with
the preliminary experimental result, which shows promising results for further improvement and implementation in surface
plasmon enhanced QD-LED application.
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C3.07

Spectroscopic Properties of Vrtual Frisch-grid CdMnTe Detector

KIM KiHyun, PARK Chansun, KIM Pilsu, CHO Shinhaeng
Korea University, Department of Radiologic Science.
CdMnTe is a promising alternative materials for using as a roomtemperature radiation detector. Frisch-grid detector have a simple
configuration and an outstanding spectral performance any other single
carrier collection technique. Energy resolution of large-volume virtual
Frisch-grid CMT detector was tested with multiple isotope such as 57Co,
22Na , 133Ba, and 137Cs together or separately. We obtained 6.7 % and
2.1 % energy resolution obtained for 122 keV of 57Co and 662 keV of
137Cs, respectively, without any other signal processing. Also, 12-mm
thick CMT detector detected 511 keV and 1.277 MeV gamma peak of
22Na with FWHM of 2.7 % and 1.5 %, respectively. Mobility-lifetime
product calculated from the shift of 662-keV photo-peak shift vs. bias
using Hecht equation is 7 x 10-3 cm2/V.

C3.08

Correlation Between Leakage Current and Thermal Admittance Spectrometry
Measurements in InGaN/GaN MQW Based Blue Light Emitting Diode
BOURIM El-Mostafa, HAN Jeong In, MOON Hyun-Chan1, MOON Hyeong-Don1, YOON Jung-Hwan1
Department of Chemical and Biochemical Engineering, Dongguk University-Seoul. 1EyeD Ind. KANC (Korea Advanced Nano
Fab Center), Suwon, Gyeonggi-do.
Characterizations of InGaN/GaN-quantum wells based LED heterostructure were undertaken by static and dynamic electrical
measurements at different temperatures. The analysis of the I-V characteristics demonstrated different mechanisms involved in
the current charge transport in the LED device. Experimental admittance spectra have been investigated in broad frequency
range, at various temperatures and different dc biases. A specific materialization of the quantum well conductance based on
Nicollian and Goetzberger's model related to MIS structure has shown the effect of the quantum structure on the electric
transport, and hence a correlation between the I-V electrical characteristics and the admittance spectroscopy has revealed the
different conduction mechanisms involved in the charge transport in the InGaN/GaN LED. Activation energies and carrier
capture velocity obtained from Arrhenius plots have confirmed that QW parameters are related to the carrier escape from
confined levels in quantum wells.
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C3.09

Ab Initio Study of Extended Defects in GaN: High-Angle Grain Boundary and Dislocation

YOON Sangmoon, YOO Hyobin, KANG Seoung-Hun1, CHUNG Kunook2, YI Gyu-Chul2, KWON Young-Kyun1, KIM
Miyoung
School of Materials Science & Engineering, Seoul National University, Seoul 151-744, Korea. 1Department of Physics and
Research Institute for Basic Sciences, Kyung Hee University, Seoul 130-701, Korea. 2School of Physics and Astronomy, Seoul
National University, Seoul, Republic of Korea.
There have been extensive studies on structural defects in GaN since such defects cause spatial variations in many properties of
wide-bandgap materials and devices. High-angle grain boundaries and dislocations in GaN are innately different kinds of
defects, but they possess similar core structure with specific atomic configurations. To compare one kind of defects to another,
we investigate their effects on the structural stability and the electronic property of GaN using ab initio density functional
theory. We identify the equilibrium core structures existing in the respective defects, which are distinct due to their intrinsically
different strain fields surrounding them, through the formation energy calculations. Our systematic analysis of the defect states
in high-angle grain boundaries and dislocations reveals that the order of the defect states in one type can be rearranged and
reversed in another one, which is verified by visualizing their wave functions in real space. Furthermore, it is observed that a
new kind of open core structure, which exhibits totally different defect states from already-known open core structures, can be
stabilized in high-angle grain boundaries.
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C4.01*

Photo-thermoelectric effect induced photocurrent channel of ABA/ABC lateral junction in
tri-layer graphene photodevice
KIM Minjung, CHOI Seon-Myeong1, YOON Ho Ang2, KIM Jung
Cheol, LEE Jae-Ung, LEE Sang Wook2, SON Young-Woo1, CHEONG
Hyeonsik
Sogang University, Department of Physics. 1Korean Institute for
Advanced Study, School of Computational Sciences. 2Konkuk University, Division of Quantum Phases and Devices.
We observed new photocurrent channel generated at ABA/ABC stacking junction in tri-layer graphene photodevices.
Mechanically exfoliated tri-layer graphene samples with both ABA and ABC stacking were found by measuring Raman
images of several tri-layer graphene samples [T. A. Nguyen et al., Sci. Rep. 4, 4630 (2014).]. We studied the back-gate bias
dependence of the photocurrent at the ABA/ABC domain boundary in vacuum to investigate the mechanism of the
photocurrent. In general, there are two mechanisms of photocurrent in graphene photodevices without an external bias: the
photovoltaic effect from the Fermi energy difference and the photo-thermoelectric effect from the Seebeck coefficient
difference. We compared the measured photocurrent with the theoretically calculated Fermi energy difference and Seebeck
coefficient difference between different kinds of tri-layer graphene. The Fermi energy is calculated by the density functional
theory (DFT), and the Seebeck coefficient is calculated by the Bolztrap. A code and DFT. It turns out that the dominant
mechanism of the photocurrent generated at the ABA/ABC junction in tri-layer graphene photodevices is the photothermoelectric effect if a band offset at the ABA/ABC junction is assumed to be 90 meV.

C4.02*

Phase Transition of In2Se3-graphene Heterostructure for Memory Device Application

CHOI Min Sup, YANG Chenxi, RA Chang Ho, YOO Won Jong
SKKU Advanced Institute of Nano-Technology (SAINT), Sungkyunkwan University.
In2Se3 is one of the phase transition materials which has different phases showing various resistance. Using this unique
property, the studies on phase change memory have been performed previously. In particular, this material is likely to be
applied for flexible and transparent heterostructured electronics since it has two-dimensional atomic structure. In this study, we
investigated the electrical and memory properties of In2Se3 heterostructure. The fabricated device revealed a rapid increase of
current at a fixed voltage which indicates the phase transition. In addition, the current level was varied with applied pulse
conditions. This result demonstrate the possibility for In2Se3 to be used for memory electronics with different current states,
contributing to the development of phase change memory using 2D materials.
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C4.03*

Manganese-Particle-Induced Enhancement of the Photoluminescence from Nucleic-AcidFunctionalized Single-Walled Carbon Nanotube
SIM Yumin, LEE Jaesung, SEONG Maeng-Je
Chung-Ang University.
Effect of manganese particle on functionalized single-walled carbon nanotubes (SWCNTs) with ribonucleic acid (RNA),
deoxyribonucleic acid (DNA), and sodium deoxycholate (DOC) was studied by using Raman and photoluminescence (PL)
spectroscopy. Introduction of manganese (Mn) particles into the RNA-functionalized SWCNT suspension strongly enhanced
PL intensity whereas that into the DOC-fuctionalized SWCNT solution did not change the PL intensity. The PL intensity from
DNA-functionalized SWCNT suspension exhibited similar enhancement when Mn was introduced into the solution. Raman
intensities of SWCNT did not show any change after the introduction of Mn particles into functionalized SWCNT solutions.

C4.05*

The Majority Carrier Device with a Gigantic Responsivity and The Characteristics of
Interface Effect on Graphene-Silicon Hetereostructure
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C4.06

Combination of Quantum Behavior with Charge-Trap Memory Operation in Graphene

Device
KANG Haeyong, YUN Yoojoo, LEE Sang Wook1, LEE Young Hee,
SUH Dongseok
Sungkyunkwan University, Department of Energy Science, Center for
Integrated Nanostructure Physics, Institute for Basic Science. 1Konkuk
University, Division of Quantum Phases and Devices, School of Physics.
For application of graphene device, systematic control of charge
neutrality point (CNP) has been investigated by chemical doping or by
using different substrates. In general, the quantum Hall effect related
phenomena is usually suppressed in graphene device with a largely
shifted CNP, because the position of CNP is not only related to the
amount of unintentional doping, but also associated with the degradation
of graphene’s intrinsic mobility due to a contribution of significant
inelastic scattering. However, we observed a two-terminal quantum Hall conductance behavior along with a giant shift of CNP
(at VG > 100 V) in the specially designed structure. We added charge-trap sites by the employment of defective silicon oxide
dielectrics in the graphene transistor and inserted hBN layer as a tunneling dielectric as well as a flat substrate for graphene.
Because the CNP shift was driven not by contaminants but by trapped charges inducing the gate-field screening, the
combination of quantum Hall state of graphene FET with charge-trap memory operation was achieved successfully.

C4.07

Nano-physical Investigation of CVD Graphene Monolayer with Gap-Plamson

PARK Won-Hwa
Department of Physics, Sogang University.
Graphene monolayer fabricated via Chemical Vapor Deposition (CVD) method is explored at individual Au Nanoparticle
(NP)-Au Thin Film (TF) junctions. Due to the exclusive employment of strongly enhanced electromagnetic local z-field at
junction via the coupling between Localized Surface Plasmon Resonance (LSPR) at Au NP and Surface Plasmon Polariton
(SPP) at Au TF, the efficient Surface-Enhanced Raman Spectroscopy (SERS) of graphene monolayer can be carried out. In this
talk, I will introduce the newly appeared (or enhanced) the low frequency peaks of graphene monolayer ranging from 140 ~
600 cm-1 and their interpretation in terms of variable nano-physical variable formation Au TF substrate, which can be regarded
as an arbitrary substrate as well as the one of SERS. Furthermore, I will briefly substantiate the significance of suspended
formation of graphene in sync with macroscopic electrical properties (ex: sheet resistance value, W/‡) probed by Raman
spectroscopy, Electrostatic Force Microscopy (EFM) and Current-AFM (C-AFM) techniques.
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C4.08(
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Graphene-based Eectronic Textiles

YUN Yong Ju, HONG Won Gi1, CHOI Nak-Jin2, LEE Hyung-Kun2, JUN Yongseok, SHIN Dong Seok3, JEON Jun Woo3,
KIM Byung Hoon3
Department of Materials Chemistry and Engineering, Konkuk University. 1Division of Material Science, Korea Basic Science
Institute (KBSI). 2Electronics and Telecommunications Research Institute (ETRI),. 3Department of Physics, Incheon National
University.
Carbon-based electronic textiles have recently been considered as the potential components for low-cost, multifunctional
flexible, and wearable electronics. Although many promising results have been reported to fabricate carbon textiles, they are
not adoptable to the current textile industry, such as, nylon, cotton, polyester, due to their chemical stability. Here, we present a
facile way to prepare fully conductive, flexible, and stable reduced graphene oxide (RGO) textiles from yarns to fabrics.
Bovine serum albumin (BSA) proteins serve as universal adhesives for improving the adsorption of the graphene oxide to any
textiles regardless of materials and surface condition. With this method, we successfully prepared various conducting RGO
textiles-based on nylon-6 yarns, as well as cotton yarns, polyester yarns, and nonwoven fabrics. These conducting textiles
exhibit excellent electromechanical stability under severe mechanical deformation and a large number of repetitive bending
cycles. Moreover, we show the possibility for the flexible gas sensor with the excellent sensitivity to NO2 gas.

C4.09(
,

)

Silicon microbeam based gravimetric mass sensors
,

,
.
Silicon based Micro/Nano Electromechanical Systems(M/NEMS) are one of the most promising candidates for the mass
sensors because of their easy fabrication processes adopted from conventional complementary-metal-oxide-semiconductor
(CMSOS) techniques. In order to achieve high quality and reproducible microbeams composed of silicon single crystals,
however, there are many technical barriers such as the achievements of high quality factors and signal to noise ratio, bucklingfree processes and the fabrication techniques for reproducible beam dimensionsIn this talk, we present the microbeam mass
sensors fabricated by silicon nitride anchors and high quality resonators resulted by the high strains. The definition of well
oriented anchors was done by the deposition and etching of silicon nitride. The quality factors of fabricated devices are higher
than the normal silicon microbeams. In addition, the buckling effects by the sequential mass loading onto silicon microbeams
show local and global buckling simultaneously different from normal buckling in silicon microbeams. We consider that the
abnormal phenomena in silicon based microbeams fabricated by silicon nitride anchors are related to the stain effects by the
pivot construction in the microbeams.
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High-power Biofuel Cell Textiles from Woven Biscrolled Carbon Nanotube Yarns

,
.
Biofuel cells that generate electricity from glucose in blood are promising for powering implantable biomedical devices.
Immobilizing interconnected enzyme and redox mediator in a highly conducting, porous electrode maximizes their interaction
with the electrolyte and minimizes diffusion distances for fuel and oxidant, thereby enhancing power density. Here we report
that our separator-free carbon nanotube yarn biofuel cells provide an open-circuit voltage of 0.70V, and a maximum areal
power density of 2.18mWcm2 that is three times higher than for previous carbon nanotube yarn biofuel cells. Biofuel cell
operation in human serum provides high areal power output, as well as markedly increased lifetime (83% remained after 24 h),
compared with previous unprotected biofuel cells. Our biscrolled yarn biofuel cells are woven into textiles having the
mechanical robustness needed for implantation for glucose energy harvesting.

C4.11(

)

Percolation Effects in Charge Carrier Transport Properties and Electrostatic Capacitance
in Two Dimensional Carbon Nanotube Random Networks
JOO MIN-KYU, MOUIS Mireille1, JEON Dae-Young2, KIM Gyu-Tae3,
KIM Un Jeong4, LEE Young Hee, GÉRARD Ghibaudo1
Center for Integrated Nanostructure Physics, Institute for Basic Science,
Sungkyunkwan University, Suwon, Kyeonggi 440-746, South Korea. 1IMEP-LAHC, Grenoble INP, Minatec, BP 257, 38016
Grenoble, France. 2Namlab gGmbH, Nöthnitzer Strasse 64, 01187 Dresden, Germany. 3School of Electrical Engineering,
Korea University, Seoul 136-701, South Korea. 4Frontier Research Laboratory, Samsung Advanced Institute of Technology,
Suwon 440-600, South Korea.
In this seminar, percolation effects in charge carrier transport properties and electrostatic capacitance of two-dimensional (2D)
random network thin film transistors (RN-TFTs) based on single-walled carbon nanotubes (CNTs) will be presented. To have
better picture of electro static capacitance in percolation-dominated 2D RN-TFTs, a 2D finite numerical percolation simulation
was performed. Finally, one-dimensional (1D) cylindrical analytical capacitance based model (C1D) was suggested and applied
to provide a better consistency between all electrical parameters based on experimental and simulation results.
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Noise in Low-dimensional Nanomaterials: From Random Telegraph Noise to Johnson

Noise
.
Due to their excellent electrical properties, low-dimensional carbon
materials such as carbon nanotubes and graphenes have been widely
studied in a field-effect transistor geometry replacing the channel
material of Si in traditional metal-oxide-semiconductor field-effecttransistors. As they are considered as one of the most promising
candidates for future nanolelectronics, an understanding of their noise
characteristics is important to improve the performance of such devices.
Here we discuss the noise charactersistics of carbon nanotubes and
graphenes.

C5.01*

Nanostructured Si solar cells for efficient collection of incoming photons and photo-excited

carriers
CHO Yunae, GWON Minji, KIM EUNAH, KIM Dong-Wook, PARK Hyeong Ho1, KIM Joondong2
Ewha Womans University, Department of Physics. 1Korea Advanced Nano Fab Center (KANC). 2Incheon National
University, Department of Electrical Engineering.
We have investigated optical characteristics of Si absorbers with surface hexagonal nanoconical frustum (NCF) arrays using
finite-difference time-domain (FDTD) simulations. The NCF array drastically reduced the optical reflection loss and enhanced
the near-surface optical field intensity. Based on the calculation studies, we fabricated surface-patterned Si solar cells using
nanoimprint lithography and studied their photovoltaic characteristics. Quantum efficiency measurements under reverse bias
clearly revealed that the SiNx layer played important roles in raising the collection efficiency of the photo-excited carriers as
well as further reducing optical reflectance of the cells. Through comparative studies, including both experiments and
simulation, we achieved a very high energy conversion efficiency of ~16%.
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C5.02*

ZnS secondary phase distribution in Cu2ZnSnS4 solar cells and solar conversion efficiency

NAM Dahyun, CHO Soyeon, SIM Jun-Hyoung1, YANG Kee-Jeong1,
SON Dae-Ho1, KIM Dae-Hwan1, KANG Jin-Kyu1, KWON Minsu2,
JEON Chan-Wook2, CHEONG Hyeonsik
Sogang University, Department of Physics. 1DGIST, Green Energy
Research Division. 2Yeungnam University, Department of Chemical
Engineering and Technology.
Cu2ZnSnS4 (CZTS) solar cells with different sulfurization temperature
were investigated by depth-resolved resonant-Raman scattering. We found that the distribution of the ZnS secondary phase
depends on the sulfurization temperature and has a close correlation with the solar conversion efficiency. For solar cells with
decent conversion efficiencies, the ZnS secondary phase tends to accumulate near the interface between CZTS and MoS2
formed on top of the Mo layer. The highest conversion efficiency of 7.5% was obtained from a solar cell prepared at a
sulfurization temperature of 570°C, in which no ZnS was detected in the MoS2 layer. A clear anti-correlation between the
efficiency and the ZnS Raman signal intensity in the MoS2 layer was found. Therefore, in order to obtain a high efficiency
CZTS solar cell, it is critical to find a condition that keeps ZnS from the MoS2 layer.

C5.03*

Study of nano/micro structured polymer films for photovoltaic cell applications

DUDEM Bhaskar,
,
,
Kyung Hee University, Department of Electronics and Radio Engineering.
Recently, an efficiency enhancement of photovoltaic (PV) cells has been getting more important due to the energy crisis and
environmental issues. To improve the efficiency in PV cells, it is very helpful to employ the efficient antireflection and light
scattering layer at the top surface of PV cells. The hierarchical nano/micro (HNM) structures have been reported for
antireflection and light scattering effects. Using the soft imprint lithography, the HNM patterned polymer films can be easily
realized. In this work, we fabricated the HMN polymer (i.e., polydimethylsiloxane; PDMS) films using anodic aluminum oxide
master molds via simple soft imprint lithography. The optical transmittance and surface wetting behaviors of fabricated
samples on glasses were investigated. To simply demonstrate their device feasibility, the HMN PDMS films with antireflection
and light scattering effects were laminated on the surface of glass substrates in dye sensitized solar cells (DSSCs) as a
protective layer. The resulting samples increased both the total and diffuse transmissions of bare glasses and showed a
hydrophobic surface. In DSSCs, finally, it enhanced an efficiency of DSSCs due to improved photocurrents.
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Enhanced Fluorescence from One-dimensional Photonic Crystal Light-emitting Structures
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C5.05*
,

Inverted Quantum Dot LED Using Polyethylenimine Ethoxylated Modified ZnO
,

1,

. 1
,
.
Among a number of approaches to improve performance of the QD based light emitting diodes (QDLEDs), the most practical
one is optimization of charge transport and charge balance in the recombination region. Here, we suggest a polyethylenimine
ethoxylated (PEIE) modified ZnO nanoparticles (NPs) as electron injection and transport layer for inverted structure red CdSeZnS based quantum dot light emitting diode (QDLED). The PEIE surface modifier, incorporated on the top of the ZnO NPs
film, facilitates the enhancement of both electron injection into the CdSe-ZnS QD emissive layer by lowering the workfunction
of ZnO from 3.58 eV to 2.87 eV and charge balance on the QD emitter. As a result, this device exhibit a low turn-on voltage of
2.0-2.5 V and have maximum luminance and current efficiency values of 8600 cd/m2 and current efficiency of 1.53 cd/A,
respectively. The same scheme with ZnO NPs/PEIE layer has also been used to successfully fabricate green, blue, and white
QDLEDs.
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C5.08*

Growth of High Quality Epitaxial Graphene on Hexagonal SiC Surface with Molybdenum
Plate Capping during UHV Annealing
JIN Han Byul, JEON Youngeun, JUNG Sungchul1, MODEPALLI
Vijayakumar2, KANG Hyun Suk3, LEE Byung Cheol3, KO Jae-Hyeon4,
SHIN Hyung-Joon2, YOO Jung-Woo2, KIM Sung Youb5, KWON SoonYong2, EOM Daejin6, PARK* Kibog7
School of Electrical and Computer Engineering, UNIST. 1Department
of Physics, UNIST. 2School of Materials Science and Engineering, UNIST. 3Korea Atomic Energy Research
Institute. 4Department of Physics, Hallym University. 5School of Mechanical and Nuclear Engineering, UNIST. 6Korea
Research Institute of Standards and Science. 7School of Electrical and Computer Engineering and Department of Physics,
UNIST.
It was found that high quality epitaxial graphene (EG) films can be grown on hexagonal SiC surface at relatively low
temperature ~900°C simply by capping the surface with a molybdenum plate (Mo-plate) during UHV annealing. The
enhanced crystallinity of the EG films grown with Mo-plate capping was confirmed by Raman spectrum measurements,
compared with the films grown without Mo-plate capping. Mo-plate capping is believed to induce heat accumulation on SiC
surface in contact with it by thermal radiation mirroring and slow down Si atom sublimation from surface effectively, which
establish an environment favorable to grow high quality EG films cooperatively.[1] A top-gated field effect transistor (FET)
using an EG film grown on Si-face semi-insulating 6H-SiC surface as a channel material was fabricated. The FET on/off ratio
was measured to be ~4.6 and the field effect mobility of EG be ~1800 cm2/Vs, higher than the values reported in other
researches so far. [1] C. Çelebi, C. Yanik, A. G. Demirkol, and I. I. Kaya, Carbon 50, 3026 (2012)

C5.09*

Study of luminescence mechanisms of graphene-based quantum dots affected by chemical
oxidation and reduction process
1,
2,
2,
1,
3
,
KAIST, Department of physics. 1KAIST, Department of Chemical and Biomolecular Engineering. 2KAIST, Graduate School
of Nanoscience and Technology. 3KAIST, Department of Physics.
Graphene-based quantum dots (QDs) have gained tremendous interest because of various advantages such as costeffectiveness in synthesis, low toxicity, and reduced photobleaching. However, the origins of photoluminescence (PL) in
graphene-based QDs are controversial issues due to extrinsic states of the impurities and disorder structures. Especially, the
oxygen-functional groups formed by fabrication process are a crucial element for tuning the optical properties of graphenebased QDs. Therefore, to utilize graphene based QDs in various applications, their optical properties affected by oxygenfunctional groups should be understood. Herein, we prepared different types of monolayer graphene-based QDs with oxygen
functional groups by chemical oxidation and reduction, and selected graphite nanoparticles with 4 nm diameters as starting
materials in order to make graphene-based QDs with similar size distribution. A series of graphene oxide QDs (GOQDs) with
different amounts of oxygen-contents are firstly synthesized via a direct oxidation route of graphite nanoparticle and
thoroughly compared with a series of reduced GOQDs (rGOQDs) prepared by the conventional chemical reduction. The PL
peak position of GOQDs was clearly changed into blue and green-yellowish color. On the other hand, that of rGOQDs did not
change significantly. To compare the optical properties between GOQDs and rGOQDs, we measured the PL excitation, UV-vis
absorbance, and time-resolved PL measurement. Our study provides an important insights for understanding the optical
properties of graphene-based QDs and how they are affected by oxygen functional groups.
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C5.10*

Second harmonic generation of monolayer CVD-grown MoSe2

LE Chinh Tam, CLARK Daniel J.1, SENTHILKUMAR V., JANG Joon
I.1, CHO Heung-Yeol2, KIM Yong Soo
Department of Physics and Energy Harvest Storage Research Center
(EHSRC), University of Ulsan. 1Department of Physics, Applied Physics
and Astronomy, Binghamton University, Binghamton. 2Department of
Physics and Energy Harvest-Storage Research Center, University of
Ulsan.
Molybdenum dichalcogenide materials MoX2 (X= S, Se) have drawn
much scientific attention due to their dependence of electrical and
optical properties on dimensionality. Unlike well-studied sulfide branch,
monolayer molybdenum selenide (MoSe2) has not been fully explored,
especially in term of nonlinearity optics. In this study, we utilized the
picosecond pulses from Nd:YAG laser to study nonlinear optics properties of monolayer MoSe2. Chemical vapor deposition
(CVD) method was employed to yield monolayer MoSe2 on SiO2/Si. Raman scattering and photoluminescence measurement
verified the high quality of monolayer CVD-grown MoSe2. The polarized second harmonic generation (SHG) measurement on
monolayer MoSe2 exhibits six petals pattern, which is expected to D3h point symmetry group. Using our proposed bulk model,
the second order susceptibility χ(2) at 675 nm was calculated ~ 530 pm/V, which comparable to those previously reported for
either CVD-grown or mechanically exfoliated MoS2. Broadband wavelength dependent SHG response ( = 1.064 – 1.9μm)
revealed that excitonic resonance effect occurs near A and B excitons state in monolayer MoSe2.

C5.11*

Local structural properties of epitaxial VO2 thin films at the metal-insulator transition

JIN Zhenlan, HWANG In-Hui, PARK Chang-In, SON Jae-Kuan, HAN Sang-Wook
Department of Physics Education and Institute of Fusion Science, Chonbuk National University.
VO2 is a well-known a metal-insulator-transition (MIT) material, accompanied with a first order structural phase transition.
Because of the structural phase transition and the MIT occur near a same temperature, there is an ongoing argument whether
the MIT is induced by the structural phase transition. We investigated the temperature-dependent local structural properties of
VO2 films by using in-situ X-ray absorption fine structure (XAFS) measurements at the V K edge. VO2 films were fabricated
on Al2O3(0001) substrates using a DC magnetron sputtering deposition process. X-ray diffraction measurements from the films
showed only (0l0) peaks with no extra peaks, indicating b-oriented films. XAFS revealed that the structural phase transition
was occurred nearly 70oC for heating process and reproducible. Resistance measurements as a function of temperature (R-T)
demonstrated that the resistance of VO2 films was changed by a factor of 4 near 75oC which was higher than 68oC reported
from a VO2 bulk. We will discuss the MIT of VO2 films, comparing with the local structural properties determined by XAFS
measurements.
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C5.12*

Scanning-probe-based investigations of the phase coexistence in VO2/TiO2 thin films

SOHN AHRUM, KANKI Teruo1, SAKAI Kotaro1, TANAKA Hidekazu1, KIM Dong-Wook
Ewha Womans University, Department of Physics. 1Osaka University.
VO2 undergoes the first-order metal-insulator transition (MIT) near room temperature: metallic and insulating phases coexist
while spanning the transition. The metallic/insulating domain configurations and its evolution can influence the physical
properties of VO2 samples. In this work, we carried out measurements of the local surface work function (WS) of VO2/TiO2
thin films using Kelvin probe force microscopy (KPFM). VO2/TiO2 thin films have large size grains due to the relatively small
lattice mismatch. WS maps, obtained by KPFM, showed that the VO2/TiO2 thin films had two regions with clearly distinct WS
values, throughout the MIT transition. The evolution of the metallic domain fraction well explained the temperature
dependence of the resistivity based on the 2D percolation model. Real-space domain maps also suggested that the percolation
domains were fractal objects.

C5.13

Optical and Electrical Properties in Strained V2O5 Films

MANIL Kang, SOK WON Kim, JI-WOOK Ryu1
University of Ulsan, Department of Physics. 1Kongju National
University, Department of Physics.
Thin-film V2O5 has attracted much attention owing to its unique
electronic, chemical, and optical properties. The outstanding properties
of V2O5 films are of interest for use in various applications such as highcapacity lithium batteries, solar cell windows, and electrochromic
devices. In the present study, we investigate the physical properties in
strained V2O5 films prepared using an rf sputtering system. The optical
and electrical properties in the films are characterized by measurements
of the ellipsometry and resistance at temperatures ranging from room
temperature to 400 °C.
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C6.01

Aspects of topology-driven magnon transport in Heisebergn-Dzyaloshinskii-Moriya magnet

HAN Jung Hoon
.
In this talk we discuss two aspects of topology-driven magnon transport phenomena in non-centrosymmetric ferromagnetic
magnetic systems with Dzyaloshinskii-Moriya interaction. In the first part we develop a theory of Hall transport of spins in a
correlated paramagnetic phase. By identifying the thermal Hall current operator in the spin language, which turns out to equal
the spin chirality in the pure Heisenberg model, various response functions can be derived straightforwardly. Subsequent
reduction to the Schwinger boson representation of spins allows a convenient calculation of thermal and spin Hall coefficients
in the paramagnetic regime using self-consistent mean-field theory. Comparison is made to results from the Holstein-Primakoff
reduction of spin operators appropriate for ordered phases. In the second part of the talk, we construct Holstein-Primakoff
Hamiltonian for magnons in arbitrary slowly varying spin background, for a microscopic spin Hamiltonian consisting of
ferromagnetic spin exchange, Dzyaloshinskii-Moriya exchange, and the Zeeman term. The Gross-Pitaevskii-type equation for
magnon dynamics contains several background gauge fields pertaining to local spin chirality, inhomogeneous potential, and
anomalous scattering that violates the boson number conservation. Non-trivial corrections to previous formulas derived in the
literature are given. Subsequent mapping to hydrodynamic fields yields the continuity equation and the Euler equation of the
magnon fluid dynamics. Magnon wave scattering off a localized Skyrmion is examined numerically based on our GrossPitaevskii formulation. Dependence of the effective flux experienced by the impinging magnon on the Skyrmion radius is
pointed out, and compared with analysis of the same problem using the Landau-Lifshitz-Gilbert equation.

C6.02

Intrinsic Spin Hall Effect Mediated By Atomic Orbital

JUNG Wonsig, GO Dongwook1, LEE Hyun-Woo1, KIM Changyoung
Department of Physics, Yonsei University. 1Department of Physics, POSTECH.
We examine effects of atomic orbitals on intrinsic spin Hall effect. We find that atomic orbitals provide a very important
channel for the emergence of the intrinsic spin Hall effect. Its implications on the sign and magnitude of the intrinsic spin Hall
conductivity will be discussed.
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C6.03

Measurements of Interfacial Dzyaloshinskii-Moriya Interaction

YOU Chun-Yeol
Department of Physics, Inha University.
Recently, the interfacial Dzyaloshinskii-Moriya interaction (iDMI) in inversion symmetry breaking system is attracted due to
its fascinating physics and potential of nano information storage devices. In order to investigate the iDMI, experimental
quantitative determination of iDMI is essential. So far, Brillouin Light Scattering (BLS) can provide most reliable results
compared with other methods such as spin wave velocity measurement using ferromagnetic resonance, and asymmetric domain
wall velocity using direct imaging. While the iDMI energy density is directly obtained in the BLS measurement, other methods
results require additional vague physical parameters. We will also discuss about noble technique in the determination of iDMI
by means of static and macroscopic tools. The proposed noble method is most useful in the qualitative determination of the
iDMI, and requires only standard static magnetic hysteresis loop measurement instruments.

C6.04

Unusual Strain–Lattice Behavior in Strained Cuprates

,
.
Lattice strain is known to remarkably modify the electronic properties and superconducting critical temperature of cuprates, as
they are highly susceptible to changes in interatomic bond lengths and bond strengths. Recently, contrary to the traditional
understanding that oxygen deficiency in simple perovskite oxides increases the c-axis lattice parameter, the lattice contraction
has been observed in tensile-strained La2-xSrxCuO4 (x=0.15, LSCO). However, the comprehensive theoretical study on strainlattice has never been systematically explored. Here, using first-principles density-functional calculations, we explore the
influence of biaxial strain on the oxygen vacancy formation energy and the lattice constant change of LSCO. According to the
crystallographic symmetry of LSCO, there are two possible atomic positions for oxygen vacancies to reside: equatorial (in
CuO2 plane) and apical (perpendicular to CuO2 plane). We first report that oxygen vacancy prefers an equatorial site to an
apical site, leading to the shrinkage of c-axis lattice parameters. Not only have we found that the vacancy formation is
energetically more stable in the equatorial position than the apical position, but that oxygen vacancies are more stable when the
film
is
under
the
tensile
strain,
which
is
in
excellent
agreement
with
experimental
results.
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C6.05

In situ X-ray Studies of Functional Oxides for Energy Systems

Argonne National Laboratory, US.
Functional oxides and their interfaces offer new opportunities to overcome the current limits of energy storage and conversion
systems, e.g., water dissociation and formation. However, the understanding of complex oxide interfaces and their
electrochemical properties is far from complete, particularly with regard to electronic and ionic dynamics occurring in aqueous
solutions or ionic liquids under applied electric fields. To elucidate the physical and electrocatalytic properties of oxide
surfaces and interfaces, it is necessary to build a model system and to employ in situ experimental tools to detect and analyze
the complex time-dependent phenomena. In this talk, I will introduce recent in situ synchrotron studies [1,2] conducted at
Argonne National Laboratory that combine structural, spectroscopic, and electrochemical characterization on model systems,
e.g., epitaxial perovskite or layered oxide thin films. With this methodology, we can determine both the reactivity and stability
of active sites on complex oxide surfaces during water dissociation and formation. This approach offers much needed insight
into the electrocatalytic properties of oxide interfaces and provides new strategies for the creation of new stable and active
energy materials designed at the atomic level. [1] S. H. Chang et al., ACS Nano 8, 1584 (2014). [2] S. H. Chang et al.,
Nature Commun. 5, 4191 (2014).

C6.06

Hybrid Improper Ferroelectric (Ca,Sr)3Ti2O7

OH Yoon Seok, LUO Xuan1, HUANG Fei-Ting2, WANG Yazhong2, CHEONG Sang-Wook2
UNIST, Department of Physics. 1Postech, Department of Physics. 2Rutgers, Department of Physics and Astronomy.
Geometric ferroelectrics are called as improper ferroelectrics where geometric structural constraints, rather than typical cationanion paring, induce proper ferroelectric polarization. Hybrid improper ferroelectricity (HIF), one kind of geometric
ferroelectricity, results from trilinear coupling of two rotational modes and polarization, where the electric polarization plays a
role of the secondary order parameter. In recent, hybrid improper ferroelectricity has been theoretically predicted in ordered
perovskites and the Ruddlesden-Popper compounds. However, the ferroelectricity of these compounds has never been
experimentally confirmed and even their polar nature has been under debate. In this talk, we report our first experimental
results of exploring switchable electric polarization and domain structures in the single crystals of the n = 2 layered
Ruddlesden-Popper compounds (Ca,Sr)3Ti2O7.
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C6.07

Optical investigation of Ce1-xNbxO2 ceramic

HWANG Jungseek, SEO Yu-Seong, CHANG Suyong, KOLODIAZHNYI Taras1
Department of Physics, Sungkyunkwan University, Suwon, Gyeonggi-do 440-746,. 1National Institute for Materials Science,
1-1 Namiki, Tsukuba, Japan.
Over the past decades, there are tremendous reports on electric properties of CeO2-based materials for a ceramic dielectric
resonator. In this work, we report the optical properties of Ce1-xNbxO2 ceramic s (x = 0 and 0.003) obtained optical
spectroscopic technique. We measured reflectance in a wide spectral range (50 - 40,000 cm-1) at various temperatures from 30
to 300 K. Interestingly we observed unusual features in phonon modes for the both materials. Firstly, we observed two phonon
modes around 280 cm-1 even though one phonon mode is predicted theoretically. Also, the widths of the two phonon modes,
which might be related to the dielectric loss, do not show temperature dependence. We also acquired direct bandgap energies
which are 3.73 eV (30,074 cm-1) and 3.63 eV (29,326 cm-1) for CeO2 and Nb-doped CeO2, respectively. We will compare
optical properties of our two materials in detail.

C6.08*

A comparative study on depolarization field and interface effect on the photocurrent of
Pt/BNT/Pt and Pt/NKBiT/Pt capacitors
,

,
,
,
,
,
& EHSRC.
We have investigated the photoelectric behaviours of (Bi0.5Na0.5)TiO3 (BNT) and (Na0.82K0.18)Bi4.5Ti4O15 (NKBiT) thin
films fabricated by chemical solution deposition method. Based on the double wave method (DWM), the mechanism of
Pt/BNT/Pt and Pt/NKBiT/Pt capacitors was suggested that Pt/NKBiT/Pt capacitor had a higher symmetry between pure
remnant polarization of film at positive applied voltage and negative applied voltage. The depolarization field and pure
remnant polarization of ferroelectric thin films were proportional relationships. Photovoltaic effect in ferroelectric materials are
confirmed that the associated the Schottky barrier height interface and polarization direction of ferroelectric material. The
mechanism behind the origin of the different photocurrent behaviors between Pt/BNT/Pt and Pt/NKBiT/Pt capacitors was
discussed. We propose the Pt/NKBiT/Pt capacitor as one of candidate of a non-volatile memory for the polarization-dependent
photovoltaic effect in ferroelectric.
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C6.09*

Exploration of electromechanical properties based on a finite ionic chain model

CHU Kanghyun, YANG Chan-Ho
KAIST, Department of Physics.
Our finite ionic chain model consists of point charges representing the Born effective charges and harmonic springs
connecting the neighboring charges. The phenomenological parameters such as dielectric constants, piezoelectric coefficients,
and elastic constants are deduced from the model parameters of effective charges and spring constants. Different surface
terminations as an extrinsic origin results in inversion symmetry breaking effects. Using the toy model, we quantitatively
compare the extrinsic effect to the intrinsic bulk symmetry breaking effect in aspect of ferroelectric polarization and
piezoelectricity. Furthermore, we will introduce our efforts to evaluate flexoelectric coefficients in a system strain gradients are
present.

C7.01

The Quest for Superconducting Supercomputers

ROGALLA Horst
EECE Department (University of Colorado Boulder) and Quantum Electronics Group (NIST Boulder), USA.
Superconducting Electronics (SE) is around since quite a long time, covering in meantime the whole area from ultrasensitive
sensors to extremely fast switching elements. In scientific applications, it has become quite a success story: Superconducting
Quantum Interference Devices (SQUIDs) are used in applications that require very high sensitivity to magnetic flux or
anything, magnetic flux can be derived from; Transition Edge Sensors (TES) begin to dominate the field of detector arrays in
astronomical telescopes, and the digital operation of Single Flux Quantum (SFQ) circuits has been demonstrated up to a
frequency of about 800 GHz. Nevertheless, the number and financial volume of commercial applications of SE is small and
nearly not growing. But there could be a significant change coming: future supercomputers are so power-hungry that in a few
generations each supercomputer would need an own electrical power station.Superconducting digital circuits could be a way
out of this dilemma. By using superconducting circuits the energy consumption can be reduced by 3 to 5 orders of magnitude
(including the cooling) compared to equivalent semiconductor supercomputers. This has been recognized by one of the largest
users of supercomputers in the USA, and recently a major project has been started to investigate ways how to realize such a
computer. The main obstacle is posed by the need for a scalable and low-power superconducting memory. New ideas are
needed since the classical SQUID-like memory cell is far too big for a large-scale integration. The need of new
superconducting memory elements and three-terminal devices requests the interaction with fundamental and device oriented
research groups. Without having such devices available, the quest for a superconducting supercomputer will be a failure.In this
talk I will shortly introduce Superconducting Electronics, give an overview over the supercomputer project and report on
ongoing work for superconducting memory elements.
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C7.02

Nanoscale superconducting-magnetic hybrid memory element

BAEK Burm, RIPPARD W. H., PUFALL M. R., RUSSEK S. E., SCHNEIDER M. L., BENZ S. P., ROGALLA H.,
DRESSELHAUS P. D.
National Institute of Standards and Technology, Boulder, CO 80305, USA.
Superconducting-ferromagnetic hybrid devices have potential for a practical memory technology compatible with
superconducting logic circuits and may help realize energy-efficient, high-performance superconducting computers. We have
developed single Josephson junction devices with pseudo-spin-valve barriers. We observed changes in Josephson critical
current depending on the magnetization state of the barrier (parallel or anti-parallel)through the superconductor-ferromagnet
proximity effect.This effect persists to nanoscale in contrast to the remanent field effect.In nanoscale devices, the
magnetization states of the pseudo-spin-valve barriers could also be switched with applied bias currents which is consistent
with the spin-transfer torque effect in room-temperature spin valve devices. Our results demonstrate devices that combine
superconducting and spintronic functions promising for a nanoscale cryogenic memory technology.

C7.03

Superconducting Qubit for Quantum Information Science

CHONG Yonuk
Korea Research Institute of Standards and Science, Daejeon 305-340, Korea.
Superconducting qubit(quantum bit) based on Josephson junction is regarded as the most promising candidate in realizing
quantum information processing. Recently, the technology has reached to a state that it was successfully demonstrated to
protect quantum state against arbitrary multiple environmental errors through quantum error correction. In this talk, I will give
an overview of the exciting technology development and key breakthroughs in this field for last decade. From physicist’s point
of view, the superconducting qubit can serve as a unique tool in quantum measurements, in studying fundamentals of quantum
mechanics as well as in quantum information processing. KRISS has actively developed superconducting qubit technology and
now operating very reliable qubit system for various quantum measurement researches. I will introduce our recent results in
superconducting qubit research and future directions.
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C7.04

Development and applications of superconducting nanowire single photon detectors

MIKI Shigehito
National Institute of Information and Communications Technology, Japan.
Superconducting nanowire single photon detector (SNSPD or SSPD) has recognized as promising detectors in wide range of
applications such as quantum information technology, quantum optics, laser ranging, free space optical communications,
fluorescence microscopes, and so on, because they can achieve broad band sensitivity from visible to mid infrared, high
detection efficiency, low dark count, and short timing jitter. We have been developed practical SSPD system with GM
cryocooler. Our SSPD system show the system detection efficiency (SDE) at 1550 nm wavelength of ~80 %, dark count rate of
~100 counts/sec and timing jitter of ~70 ps[1].Thishigh performance SPD system have employed to several applications such
as quantum key distribution test [2], quantum optics experiments [3], and fluorescent correlation spectroscopy measurement
[4], and showed its superiority to commonly used semiconductor detectors.We also have been developing multi pixel SSPD
array system toward the realization of high-speed operation, enlargement of the device area, pseudo photon number resolution,
and spatial resolution. Though one of critical issue is readout technology for SSPD array, we proposed to apply
superconducting single flux quantum circuit as SSPD’s readout circuit. In this talk, we will also introduce the current status of
the development for SSPD array system.

C7.05

Applications of superconducting quantum interference devices(SQUID) from biomedical
diagnosis to fundamental science
LEE Yong Ho
Korea Research Institute of Standards and Science, Daejeon 305-340, Korea.
Superconducting quantum interference device (SQUID) is a high-sensitivity magnetic sensor from near DC to GHz frequency
range, and SQUIDs have been applied to various precision measurements. In principle, SQUID can detect any physical
quantity which can be converted into magnetic flux, such as magnetic moment, current, magnetic field, displacement,
microwave power, etc. Application examples of SQUIDs are quite diverse from medical diagnosis to fundamental science. In
medical science, measurements of magnetic fields from human brain or heart can provide accurate information for the
functional diagnoses of the brain or heart. And magnetic resonance imaging at micro or milli tesla field strength is also
possible using the SQUID technology. In the fundamental physics, detection of a weak microwave photon produced by the
decay of an axion can provide information to understand dark matter of the universe. In this presentation, applications and
prospect of SQUIDs for biomedical and fundamental siences will be introduced.
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C7.06

Metallic Magnetic Calorimeters and Applications Using Superconducting Electronics

KIM Yong-Hamb
Institute for Basic Science, Center for Underground Physics.
Low temperature detectors (LTDs) have been important tools in variety of applications on radiation detection and
measurements. Their performance on energy measurement exceeds the limit of conventional semiconductor-based devices.
These sensitive detectors have benefited the noble characteristics of superconducting materials and electronics. Metallic
Magnetic calorimeters (MMCs) as a kind of LTDs utilize noble technologies of superconducting sensors to measure magnetic
signals caused by an energy absorption in a detector. Using an MMC as the primary sensor of particle detection is
advantageous because of not just their energy resolution but also their physical properties that can be adjusted for a given
experimental condition. We present the working principle of MMCs and their applications particularly on particle astrophysics
and radionuclide analysis.

C7.07

Development of Superconducting Thermometers for High Resolution X-ray Spectroscopy

LEE Sang-Jun, ADAMS Joseph, AUDLEY Heather, BANDLER Simon,
BETANCOURT-MARTINEZ Gabriele, CHERVENAK James,
ECKART Megan, FINKBEINER Fred, KELLEY Richard,
KILBOUNRE Caroline, PORTER Frederick, SADLEIR John, SMITH
Stephen, WASSELL Edward, YOON Wonsik
NASA Goddard Space Flight Center.
We are developing X-ray microcalorimeters in which each pixel consists
of a superconducting transition-edge sensor (TES) that is strongly
coupled to an X-ray absorber suspended above it. The TES is a bilayer
of superconducting Mo and normal metal Au with its superconductor to
normal transition temperature tuned to ~ 100 mK. When biased between
the superconducting and normal metal states, the TES is highly sensitive
to small temperature changes. The X-ray absorber is a gold film and its
geometry is chosen to provide high quantum efficient for soft X-rays.
The energy of each X-ray stopped in the absorber is determined by
measuring the temperature rise in the TES. We present the results that
demonstrate the best energy resolution for Al Ka X-rays (1.5 keV) and Mn Ka X-rays (5.9 keV) among those achieved with
any energy-dispersive detectors, and discuss potential applications.

-206-

C8.01

Inelastic Neutron Scattering at J-PARC for Condensed Matter Physics

KAJIMOTO Ryoichi
J-PARC Center, Japan Atomic Energy Agency.
The Materials and Life Science Experimental Facility (MLF) in the Japan Proton Accelerator Research Complex (J-PARC) is
one of the largest pulsed neutron and muon facilities. There are 23 neutron beam ports in MLF, 21 of which are already
occupied by neutron instruments. Inelastic scattering instruments make up a sizable portion in the neutron instruments: three
direct-geometry chopper spectrometers and one backscattering spectrometer are in operation, one group of spin-echo
spectrometers is under commissioning, and one chopper spectrometer is under construction. In addition to the high neutron
intensity provided by the 1 MW class (currently 300 kW) neutron source, each instrument has unique and advanced features,
such as high measurement efficiency by utilizing multiple incident energies or energy bands, neutron Brillouin scattering, and
polarization analysis. Most of the inelastic scattering instruments have been used or have a potential for researches of
condensed matter physics such as superconductivity, magnetism, and dielectric properties. In this presentation, the
characteristics of each instrument as well as scientific outputs and expected research target will be reviewed.

C8.02

Hard Condensed Matter Physics at the HANARO Neutron Scattering Facility

PARK Sungil, SONG Ki Myung, LEE Seongsu, OH In-Hwan, LEE June Hyuk, KIM Ki-Yeon, LEE Jeong-Soo, CHUNG JaeHo1, JI Sungdae2
KAERI, Neutron Science Division. 1Korea Univ., Department of Physics. 2Max Planck POSTECH/Korea.
HANARO, the only large-scale research reactor in Korea with a 30 MW thermal output, houses several neutron scattering
instruments suitable for studying "hard" condensed matter systems in the form of powder, crystals and thin films. These
instruments range from the powder diffractometer to the cold neutron triple-axis spectrometer. We will update on the status of
the facility and showcase some of the hard condensed matter physics research performed there.
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C8.03

Introduction for users to HANARO, J-PARC, JRR-3M and CKorJPARC program

LEE Chang-Hee
Korea Atomic Energy Research Institute.
There are various neutron scattering facilities available in the world for researchers in Korea. Among those, HANARO, the
domestic national faciltiy and the Japanese facilties of J-PARC and JRR-3M will be introduced in line with the focused session
flavour. The staus of each facility of HANARO, J-PARC and JRR-3M and how-to-get access to the facilties, and the program
CKorJPARC, Center for Korean J-PARC users, will be introduced in more detail.

C8.04

Structural studies of hydrogen storage materials with neutron powder diffractions

OTOMO Toshiya
Institute of Materials Structure Science, High Energy Accelerator Research Organization (KEK).
Neutron diffraction is a powerful technique to observe hydrogen position in materials. Since hydrogen absorption/desorption
process in hydrogen storage materials often causes certain disorder in the material, it is important to analyse order and disorder
in materials. “Total scattering” is a powder diffraction technique that had been developed for disordered materials studies and
is now widely used to observe non-crystalline features in materials. A neutron total diffractometer, NOVA, was constructed at
J-PARC (Japan Proton Accelerator Research Complex) to analyze crystalline and non-crystalline structure of hydrogen storage
materials. J-PARC provides the world’s most instence plused neutrons. By adapting neutron total scattering technique to
hydrogen storage materials, it is aimed to extract of variety of structural information such as hydrogen-hydrogen correlation
even in disordered phase. In this presentaion, structural studies of hydrogen storage materials with NOVA and other neutron
powder diffractometers at J-PARC will be presented.
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C8.06*

Spin phonon induced magnetic soft modes in triangular antiferromagnets (Y/Lu)MnO3

OH Joosung, LE Man-Duc, SIM Hasung, JEONG Jaehong, PARK Je-Geun, PERRING T. G.1, NAKAJIMA Kenji2,
KAWAMURA S. O.2, EISAKI H.3, YOSHIDA Y.3, NAHM H.
Center for Correlated Electron systems, Institute for Basic Science (IBS). 1ISIS Facility, STFC Rutherford Appleton
Laboratory. 2J-PARC Center, Japan Atomic Energy Agency. 3National Institute of Advanced Industrial Science and
Technology (AIST).
Spin lattice coupling relieving geometrical frustration is an extensively studied subject. Specifically in triangular
antiferromagnets, spin phonon coupling stabilizing collinear order has been discussed[1]. However, microscopic understanding
of such coupling in real materials has not been well explored yet. We report inelastic neutron scattering measurements on
triangular antiferromagnets (Y/Lu)MnO3 which show evidence of magnon phonon hybridization at the Brillouin zone
boundary. Furthermore, a magnetic soft mode is observed at lower energy at the same momentum transfer. The exchange
striction model, within the linear approximation, qualitatively explains the observed features while the 1/S expansion
calculation shows that a third of the observed softening is caused by magnon-magnon interactions. Further investigation on the
quantum phase diagram of the model using linear spin wave theory reveals that a soft mode transition might take place in
contrary to the classical case[1]. Our results demonstrate that spin phonon coupling and quantum effects plays an important
role in the excitation spectrum and phase diagram of triangular antiferromagnets. [1] F. Wang et al., Phys. Rev. Lett. 100,
077201 (2008)

C9.01

Coupled electricity and magnetism in frustrated systems and in magnetoelectrics: currents,
dipoles and monopoles
KHOMSKII Daniel
Koeln University, Germany.
The standard point of view is that at low energies Mott insulators exhibit only magnetic properties, while charge degrees of
freedom are frozen out, because electrons are localized. I demonstrate that in general this is not true [1, 2]: for certain spin
textures there exist quite nontrivial effects in the ground and lowest excited states, connected with charge degrees of freedom.
In particular this may happen in frustrated systems, e.g. containing triangles or tetrahedra as building blocks. I will show that in
some cases there may exist spontaneous circular currents in the ground state of insulators, proportional to the scalar chirality;
this clarifies the meaning of the latter and opens the ways to directly experimentally access it. For other spin structures there
may exist spontaneous charge redistribution, so that average charge at a site may be different from 1. This can lead to the
appearance of dipole moments and possibly of the net spontaneous polarization. This is a novel, purely electronic mechanism
of multiferroic behaviour. In particular I show [3] that such electric dipoles should exist in spin ice materials at every
tetrahedra with three-in/one-out or one-in /three-out spin configurations, which are equivalent to magnetic monopoles [4]. Thus
there should be an electric dipole attached to each magnetic monopole in spin ice. This leads to electric activity of magnetic
monopoles, and opens the possibility to control magnetic monopoles by electric field. I will also discuss unconventional
dynamics of magnetoelectric materials, in which there should be magnetic monopole attached to each electric charge [5]. [1]
L.N.Bulaevskii, C.D.Batista, M.V.Mostovoy and D.I.Khomskii, Phys.Rev.B 78, 028402 (2008). [2] D.I.Khomskii, JPCM 22,
164209 (2010). [3] D.I.Khomskii, Nature Communications 3, 904 (2012). [4] C.Castelnovo, R.Moessner and S.L.Sondhi,
Nature 451, 42 (2008). [5] D.I.Khomskii, Nature Communications 5, 4793 (2014)
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C9.02

Bond-polarization (a.k.a. pd-hybridization) mechanism of multiferroic Mott insulator

JUNG HOON Han
Sungkyunkwan University, Department of Physics.
In this talk I review the brief history and recent progress of the so-called pd-hybridization mechanism responsible for
multiferroic behavior in some Mott insulators. Initially proposed as a theoretical possibility around 2006, the mechanism soon
found its realization among several multiferroic materials. Since then, its applicability was extended to a diversity of
multiferroic systems spanning those exhibiting field-driven quantum critical behavior and Skyrmion lattice under modest
magnetic field. Several examples drawn from recent experimental events governed by the pd-hybridization term in the
Hamiltonian will be discussed.

C9.03

Review on the experimental status of multiferroic materials

PARK Je-Geun
Center for Correlated Electron Systems, Institute for Basic Science (IBS), Department of Physics and Astronomy, Seoul
National University, Seoul 151-747, Korea.
The primary question of modern condensed matter physics is how to understand the emergence of a ground state out of several
competing phases. Multiferroic systems are one of the latest additions to this long-standing problem. Having both ferroelectric
and antiferromagnetic transitions in a single compound, it has been under extensive studies over the past decades or so.
Although initially it was challenged why there are so few real materials having such interesting properties [1], we now know
that there are much more diverse materials exhibiting the multiferroic behavior than originally thought [2].
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C9.04
.
,
.

20

1000

.

.
. For the past half century, LandauFermi liquids have been known as a matter organizing principle, where quasiparticles explain the electronic behavior not only
in the weakly correlated electron systems, but also in the strongly correlated systems. Recently, however, there has been a
plethora of reports on a strange metallic state that does not follow the prediction by Landau-Fermi liquids, requiring a new
explanation. High-Tc superconductors and heavy fermion compounds are such examples in which Landau-Fermi liquids break
down. In this tutorial I will introduce some experimental evidences that the new metallic state is related to a quantum phase
transition. Possible relationship between superconductivity and critical fluctuations associated with the quantum phase
transition will be additionally discussed.

D1.01*

Simulation of neutron detector with realistic pulse response for the high-energy LAMPS

at RAON
,

,

,

.
The nuclear symmetry energy at densities higher than the saturation value is critical to understand various astrophysical objects
such as the core of the neutron star. The high-energy LAMPS (Large Acceptance Multi-Purpose Spectrometer) setup to be
built at the RAON facility will measure the yields and the momentum spectra of the charged hadrons and neutrons,
simultaneously. Especially, the neutron is a sensitive probe for the nuclear symmetry energy via the neutron-to-proton ratio
(N/Z) and the collective flow observables. Therefore, the neutron detection is essential for the symmetry-energy study, and, as
a result, the detailed simulation is required for the final design of the detector system. In this simulation, we consider the
realistic pulse response for the characteristics and the effect on the position resolution are investigated and compared with the
experimental data whenever available.
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D1.02*
,

Characterization of Prototype Pixel Chip Explorer for ITS upgrade of ALICE detector
,

.
The ALICE (A Large Ion Collider Experiment) is a general purpose experiment dedicated to the study of heavy ion collisions
at the CERN LHC. The main goal of the ALICE ITS (Inner Tracking System) upgrade project is to improve the vertexing and
the tracking capabilities at low pT according to higher luminosity at LHC. The new ITS is, therefore, based on the latest silicon
pixel technology and designed to raise the data taking rate with new readout system and to reduce the pixel size and the
material budget. The prototype chip Explorer provides an analogue output with several parameters like pixel collection
electrode size, shape, pixel pitch, reverse bias voltage, etc. The characteristic measurment results of lab measurement with
55Fe source and test beam with 60 MeV electrons at PAL (Pohang Accelerator Lab) will presented.

D1.03*

Laser Soldering QA for the module construction in ALICE ITS upgrade project

BONG-HWI Lim, IN-KWON Yoo
Pusan National University Department of Physics.
A new ITS (Inner Tracking System) of ALICE (A Large Ion Collider Experiment) detector is currently being developed for
enhanced vertexing and tracking capabilities and faster data taking with increasing beam luminosity at LHC in 2020.
Especially the electrical circuits for signal processing are to be integrated into the silicon chip itself of the new ITS for
reducing budget materials. Korean ALICE team is now expected to take whole responsibility for mass test of total 53k chips,
and Pusan Nat'l University and Inha University team are now preparing a HIC (Hybrid Integrated Circuit) assembly system. In
this talk, a laser soldering system for the HIC assembly will be introduced with recent research results on a quality assurance
method.
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D1.04

Beam data analysis of pALPIDE(Prototype of ALICE PIxel DEtector) with 60MeV
electron at Pohang Accelerator Lab(PAL).
EUM Jongsik, CHOI Kyungeon, KIM jiyoung, LIM Bong-Hwi, YOO In-Kwon
Department of Physics, Pusan National University.
A new ITS (inner tracking system) is currently being developed as a core upgrade project of the ALICE (A Large Ion Collider
Experiment) for increasing luminosity beam at LHC in 2020. The new ITS is designed to have reduced pixel size and material
budget for higher vertexing and tracking capabilities and data taking rate, in particular for low momentum particles. The
pALPIDE (a prototype of ALice PIxel DEtector) has, therefore, been tested with 60MeV electrons at PAL (Pohang Accelerator
Laboratory) and its recent results will be presented.

D1.05

Activity of INHA university for the ALICE ITS upgrade

.
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D1.06*

Effect of Si-CsI array on the neutron measurement for the low-energy LAMPS at RAON

1,
1,
2,
3
,
,
,
,
,
1
2
3
. IBS.
.
.
Extraordinary low-energy radioactive ion beams to be provided by RAON will play an important role in studying the nuclear
symmetry energy at sub-saturation densities. A basic version of the low-energy Large Acceptance Multi-Purpose Spectrometer
(LAMPS) has been designed, avoiding the acceptance overlap between the Si-CsI system and the neutron detector array. In the
meantime an alternative configuration of the low-energy LAMPS setup has been suggested, in which the neutron-detector
array completely encompasses the Si-CsI system. In order to investigate the effect of the Si-CsI modules on the neutron
measurement in the alternative proposal, we first performed the GEANT4 simulation and, then, tested the prototype detector
using the neutron source. In this presentation, we summarize these simulation and test results, which will eventually help us to
finalize the design of the low-energy LAMPS system.

,

D1.07*

Development of the mullti-neutron finding method for the high-energy LAMPS
neutron array at RAON
,

,
,
.
In the future radioactive-ion beam (RIB) facility RAON, the Large Acceptance Multi-Purpose Spectrometer (LAMPS) system
will be installed for forefront research in nuclear physics. For RIB physics, the neutron is an essential probe for investigating
the nuclear symmetry energy as well as the detailed structure of the exotic isospin-asymmetric nuclei. Therefore, the highenergy LAMPS setup plans to have the neutron detector array in forward region where not only single-neutron but also multineutron events are expected. Thus, we have developed the method which can identify and analyze several neutrons incident on
the detector. For this purpose, various information, such as the arrival time, position, and velocity, for each recorded hit have
been utilized to differenciate incident neutrons. We present the GEANT4 simulation results, testing the multi-neutron
finding algorithm, which should be useful for the future LAMPS experiment at RAON.
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D1.08*

Preliminary mid-rapidity double helicity asymmetry of neutral pion production in
logitudinally polarized proton-proton collision at center of
mass energy 510 GeV with PHENIX experiment
YOON INSEOK, KIYOSHI TANIDA
Seoul National University.
It is one of the important purposes of relativistic heavy ion collider
longitudinally polarized proton program to constrain the gluon helicity
distribution to the proton by measuring the double helicity asymmetries
of various probes production such as neutral pion. The measurement at
center of mass energy, √s=200 GeV at mid-rapidity has been published.
To expand experimental sensitivity to lower momentum fraction, x
region, the new measurement was performed at √s=510 GeV and the
preliminary results have been released. At the increased √s, the new
measurement can reach a lower x range of 0.01, while the previous
measurement can reach x range of 0.05. Also the statistical precision at
the same transverse momentum, P_T is improved due to accumulating
about 10 times as much luminosity. Larger asymmetry is observed at the higher √s at the same x_T=2P_T/√s which is expected
due to evolution. The preliminary results are presented and its impacts are discussed.

D1.09

Alignment of the PHENIX Silicon Vertex Tracker (VTX) in 2014 Run

MOON Taebong
for the PHENIX collaboration.
During the 2014 run, PHENIX has recorded a large number (~20B) of events with the PHENIX Silicon vertex tracker (VTX).
The PHENIX silicon vertex tracker (VTX) is composed of 4 layers of silicon detectors in the east and west at the PHENIX
central region to achieve the precise measurement of charm and bottom production using a distance of closest approach (DCA)
of the reconstructed track from the primary vertex position. This (DCA) measurement requires high precision alignment of the
VTX ladders. Tracks are reconstructed by the PHENIX VTX and/or drift chamber (DCH). Therefore the relative offset
between the VTX and DCH should be determined first by measuring the beam center in each coordinate system. The VTX
ladder by ladder alignment can then be done using tracks and clusters in the VTX. We have achieved the DCA resolution better
than 70 microns for pT > 1GeV/c. In this talk, we report the procedure and the current status of the VTX alignment using the
data set obtained in 2014.
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D1.10*
,

Perspectives of gamma-hadron correlation in CMS heavy-ion collisions for LHC RUN2
,

,
,
,
,
,
.
Hard probes in high-energy heavy-ion collisions play a crucial role to characterize the Quark Gluon Plasma (QGP). QGP is
predicted to exist in early Universe at about 10 microsecond after the Big Bang. One of the promising observables for QGP is
the photon-hadron correlation and the fragmentation functions. The previous CMS results from the analysis of the first heavyion RUN at LHC have demonstrated that the jet fragmentation function in PbPb at $sqrt(s_{NN})$ = 2.76 TeV is modified
with respect to the pp reference. The CMS plans to collect high-statstics PbPb events at 5.1 TeV in the end of 2015. Then, an
improved analysis for the photon-hadron correlation in connection with the fragmentation function will be possible. In this
presentation, we discuss the perspectives of this analysis in the future, based on the previous data obtained by CMS, ALICE
and PHENIX as well as various theoretical predictions.

D1.11
,

Temperature Dependent Meson Spectrocopy In Heavy Ion Collisions
,

,

.
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D1.12*

Analysis of both the raios and the transverse momentum spectra of hadrons at RHIC
energy using an iterative method within a blast-wave model
CHOI Ji Young, CHOI Suk1, LEE Kang Seog
,
. 1
.
Analysis of both the raios and the transverse momentum spectra of hadrons at RHIC energy using an iterative method within a
blast-wave model which assumes chemical and thermal freeze-outs at different temperature will be presented. Since this model
does not assume the invariance under the Lorentz boost, the application of the model is expected to give better result than that
at the LHC energy.

D1.13*
,

Production of B mesons in pPb and feasibility study in PbPb for CMS
,

,
,
,
,
.
Due to the heavy-mass nature of bottom quark, the B mesons are believed to be excellent probes for the stong interaction in
hot, dense medium produced by high-energy heavy-ion collisions at LHC. However, prior to estimating the temperature and
dense effects, it is, first of all, necessary to understand the cold nuclear matter (CNM) effects in pPb collisions at LHC. The
CMS collaboration has reconstructed the B$^{+}$, B$^{0}$ and B$_{S}^{0}$ mesons in pPb collisions at the center-of-mass
energy per nucleon pair of 5.02 TeV. We show the summary of these data on the cross sections and the nuclear-modification
factors and their implications to the CNM effect in the first half of this presentation. In addition to pPb, LHC plans to run large
statistics PbPb collisions at 5.5 TeV in the end of 2015. The integrated luminosity for an upcoming PbPb run is expected to be
about 28 times larger than that of the previous 2011 run. The B mesons are planned to be analyzed in details using 2015 run.
We present the results of the feasiblity study for the B-meson reconstruction in PbPb collisions in the second half of this
presentation.
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D11.01*

Coherent Lattice Vibrations of Single-Layer and Multilayer Graphene

JEONG Tae-young, JUNG Su-Yong1, YEE Ki-Ju
Department of Physics, Chungnam National University, Daejeon, 305764. 1Korea Korea Research Institute of Standards and Science,
Daejeon 305-340, Republic of Korea.

D11.02*

Resonant absorption of electromagnetic waves in inhomogeneous chiral media

,
.
We study theoretically the mode conversion of transverse
electromagnetic waves into longitudinal modes and the associated
resonant absorption phenomena in inhomogeneous chiral media, where
the dielectric permittivity ε, the magnetic permeability μ, and the
chirality index γ depend on only one spatial coordinate. In uniform chiral
media, right-circularly-polarized (RCP) and left-circularly-polarized
(LCP) waves are two independent eigenmodes. The effective refractive
indices for RCP and LCP waves are (εμ)1/2 +γ and (εμ)1/2 -γ respectively.
Mode conversion of transverse waves into longitudinal modes and the
associated resonant absorption can occur at locations where these
quantities vanish. In inhomogeneous chiral media, RCP and LCP waves
are no longer eigenmodes and are coupled to each other. The resonance points where the mode conversion occurs are different
for RCP and LCP waves. In the following figure, we plot the absorptivity A versus the incident angle for a stratified chiral
medium, which contain one resonance point for LCP waves and none for RCP waves. We find that when an LCP wave is
incident, there is only one absorption peak at θ~9°. On the other hand, when an RCP wave is incident, there appear additional
peaks at higher incident angles as well as the peak at θ~9°. We explain this surprising phenomenon in terms of wave coupling
in inhomogeneous media.
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D11.03

Phase dependent light switching in a triple-Λ system
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D11.04

Experimental observation of moire patterns in cylindrical structures

SAVELJEV Vladimir
KIST, Hanyang University.
The moire phenomenon is an optical effect due to due interference of
transparent layers. The moire patterns are typically observed in plain
parallel layers, when the visual effect can be predicted basing on the
moire magnifier concept [1]. The layers are usually supposed to be
periodic and similar to each other, although this is not necessary. In
these cases, the moire patterns reproduce the structure of the layers,
magnified and rotated. Therefore, the shape of the moire patterns is
actually predefined by the geometry of the layers, while their period, the
phase, and rotation angle of visible patterns depend on the relative
location of the layers and can be obtained from the spectral theory for
non-coplanar plain layers [2]. Moreover, this theory can be applied to the
layers of any shape.
Particularly, it appears that the same theory can also give an answer for
a non-plain case. For a cylindrical structure made of a twisted periodic
grid, the period of the moire patterns is kept along the lines parallel to
the axis of the cylinder and changed along the orthogonal direction
analytically. Note, that the infinite distance gives the infinite
wavelength. Again, the shape of the moire patterns represents the
structure of the layer; however in this case, this shape is non-linearly
distorted along the x-axis. The effect of the changed period is visualized
by the lines of the moire patterns, curved near the sides.
In this paper we consider the visual effect only, assuming that the
results are valid for other wavelengths and sizes. The theoretical results
are verified experimentally by photographs of cylinders made of gratings with periods between 2 mm and 4 mm and λ/R ratios
between 10 and 20. The mismatch between the theoretical and experimental data is about 10%.
1. M.C. Hutley, R. Hunt, R.F. Stevens, P. Savandert, The moire magnifier, Pure and Applied Optics: Journal of the European
Optical Society Part A, vol. 3, No 2, pp. 133-142, 1994.
2. V. Saveljev and S.-K. Kim, Theoretical estimation of moire effect using spectral trajectories, Optics Express, v. 21, No 2,
pp. 1693-1712, 2013.
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D11.06*

Phase vs Amplitude Micromesh for Scalable Digital Spatial Light Modulator-Micromesh
Heterostructures for Real Time Wave Optical Applications
,
.
We propose enhanced method of widening viewing-angle of holography by overlaying phase modulated micromesh
instead of binary amplitude modulated micromesh. In our previous paper, we employed binary amplitude modulated
micromesh, and in this paper we employed both binary amplitude and phase micromesh to compare both.
Consequently, we subdued zeroth order principal maximum of diffracted light from SLM, and enhanced real image of
wide viewing angle.
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D11.12*

Emission Dynamics of an Electron in a Quantum-Dot Pump under a High Magnetic Field

RYU Sungguen, KATAOKA Masaya1, SIM Heung-sun
Department of Physics, Korea Advanced Institute of Science and Technology. 1National Physical Laboratory, United
Kingdom.
A quantum-dot electron pump, formed and operated by applying a time-dependent potential barrier to a two dimensional
electron gas (2DEG), provides a promising redefinition of ampere. The pump operation consists of capturing an electron from
the one side of the 2DEG into a dynamical quantum dot and emitting it to the other side. The capturing process has been
theoretically understood by a semi-classical treatment of the tunneling from the 2DEG to the dot. By contrast, the emission
process has not been theoretically addressed, although it is useful for improving pump accuracy and for utilizing the pump as a
single-electron source for mesoscopic quantum electron devices. We theoretically investigate the evolution of the
wavefunction of the captured electron during the emission process of a quantum-dot pump. We find that the electron can be in
a coherent state during the emission process when the magnetic field on the pump is so strong that the magnetic confinement
dominates over the electrostatic confinement of the dot. We discuss the signature of the coherent state in the pump current.

D12.01

Light interacting with gravitational waves and the principle of LIGO

(Kang, Gungwon)
KISTI
.
We have considered the propagation of a light in the presence of a gravitational wave. By solving the Maxwell's equation for a
light perturbed by a plane gravitational wave, we show how the interferometric gravitational wave detector such as LIGO
works in the leading order approximation. The effect of Newtonian gravity noise caused by matter distributions or seismic
waves around a detector has also been discussed.
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D12.02

Primordial Gravitational Waves And Rescattered Electromagnetic Radiation In The
Cosmic Microwave Background
, TRIPPE Sascha1
,

.

1

,

.

We consider a charge drifting in the Cosmic Microwave Background
(CMB). Primordial gravitational waves (GWs) propagating through the
CMB can agitate the charge, setting it in periodic, regular motion along
particular directions. Then the electromagnetic radiation rescattered by
the charge will be partially polarized, and this will imprint a
characteristic pattern on the light of the CMB. A net linear polarization
from the rescattered radiation can be shown by determining the Stokes
parameters. In this study, we investigate how the polarization patterns in
the CMB can be represented out of the Stokes parameters. We work out
the representations of gradient modes (E-modes) and curl modes (B-modes) to map the polarization patterns. We find that GW
profiles such as strain amplitude, frequency and polarization states are not practically associated with the E-mode and B-mode
maps but that the GW propagation direction is.

D12.03

Implications of PSR J0737-3039B for the Galactic NS-NS Binary Merger Rate

, MCLAUGHLIN Maura1, PERERA Benetge Bhakthi Pranama2
. 1West Virginia University. 2U. Manchester.
The Double Pulsar (PSR J0737-3039) is the only neutron star-neutron star (NS-NS) binary in which both NSs have been
detectable as radio pulsars. The Double Pulsar has been assumed to dominate the Galactic NS-NS binary merger rate R_g
among all known systems, solely based on the properties of the first-born, recycled pulsar (PSR J0737-3039A, or A) with an
assumption for the beaming correction factor of 6. In this work, we carefully correct observational biases for the second-born,
non-recycled pulsar (PSR J0737-0737B, or B) and estimate the contribution from the Double Pulsar on R_g using constraints
available from both A and B. Observational constraints from the B pulsar favour a small beaming correction factor for A (~2),
which is consistent with a bipolar model. Considering known NS-NS binaries with the best observational constraints, including
both A and B, we obtain R_g=21_{-14}^{+28} per Myr at 95 per cent confidence from our reference model. We expect the
detection rate of gravitational waves from NS-NS inspirals for the advanced ground-based gravitational-wave detectors is to be
8^{+10}_{-5} per yr at 95 per cent confidence. We discuss prospects of gravitational-wave detection based on our
results.Implications of PSR J1906+0746, which is likely to be another tight NS-NS binary in the Galactic disc suuported by
recent observations, are also remarked.
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D12.04

Comparison Between Gravitational Softening Models In Smoothed Particle

Hydrodynamics.
/ MaribMir Lab..
N-body gravitational model
, SPH(smoothed particle hydrodynamics)
SPH
smoothed particle
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axisymmetric cloud
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Gravitational wave signals from supermassive star collapses

KIM Hee Il, LEE Hyung Mok
Seoul National Univ., Department of Physics and Astronomy.
Using fully general relativistic hydrodynamics codes, we study the collapse of supermassive stars (SMSs), especially focuing
on the post-collapse signals of gravtiational waves (GWs). The SMSs are considered to be rapidly and differentially rotating
with the radiation-dominated equation of state. We consider the models of the SMSs capable of producing accretion disk plus
black hole systems during their collapse. The GWs generated during collapse are investigated and their detectability by the
space-based GW detector, eLISA, is discussed.
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D12.06*

Status of Ultra Fast Flash Observatory(UFFO)-pathfinder
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,

2015

Performance of Silicon Charge Detector of ISS-CREAM Experiment
,

,
,
,
.
ISS-CREAM experiment is space borne that will be on International Space Station (ISS). Silicon Charge Detector (SCD) is
one of CREAM detector that measures charge constitution of energetic cosmic rays. CREAM which was the NASA Antarctica
balloon borne at Antarctica has been successfully done till 9 years so it has another chance to have an experiment on space
borne. Particularly SCD has played the key role on CREAM borne. SCD of ISS-CREAM has been changed 2-layer to 4-layer.
And all electronics system appropriate for space operation at the International Space Station. SCD is already developed for ISS
and it passed thermal & vacuum test and vibration test that NASA requires for space qualification. SCD is integrated with ISSCREAM payload and testing final check with whole instruments. We will present about electronics performance with thermal
& vacuum test and vibration test and source test with Strontium-90 which is a radioactive isotope of strontium and integration
test.
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D12.08

Latest Results from IceCube

ROTT Carsten
Sungkyunkwan University, Physics Department.
Latest results from the IceCube Neutrino Telescope will be presented.
Plans for future upgrades to the detector will be discussed.

D12.09

Directional dark matter by polar angle direct detection and application of columnar

recombination
LI JIN
.
We report a systematic study on the directional sensitivity of a direct dark matter detector that detects the polar angle of a
recoiling nucleus. A WIMP-mass independent method is used to obtain the sensitivity of a general detector in an isothermal
galactic dark matter halo. By using two-dimensional distributions of energy and polar angle, the performance of a detector
without head-tail information is encouraging, even when compared to a full three-dimensional tracking dark matter detector.
Optimum operation orientations are obtained for various experimental configurations, with detectors that are space- or Earthfixed, have head-tail capability or not, and use energy information or not. Earth-fixed detectors are found to have best
sensitivity when the polar axis is oriented at a 45 degree angle from the Earth's pole. The WIMP-mass dependence of the
performance of a detector with a 3 keV energy threshold that uses xenon as target material is reported. We apply realistic
experimental resolutions and thresholds for a columnar recombination detector that detects two channel recombination and
ionization processes from gaseous xenon. Detailed discovery potential of a columnar recombination detector is obtained.
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D12.10

Earth Rotation and Tide : Report of Recent Advances

NA Sung-Ho
Ajou university/UST.
A new computing program for Earth Tide has been developed (K2-Tide.for). This program is advanced from its proto-type
(K-tide.for) by including Earth's spin, ellipticity, and anelasticity. Ocean Tidal Loading effect (both displacement and gravity
perturbation in Korea due to ocean tide) can now be predicted. Recent and on-going researches about Earth's spin rotation are
reported as well.

D12.11*

Energy calibration for the fluorescence detector in Telescope Array experiment with
Electron Light Source
SHIN B. K., CHEON B. G., KIM H. B., SHIBATA T.1, FUKUSHIMA M.2, SAGAWA H.2
Hanyang University, Dept of Physics. 1KEK. 2ICRR.
The Electron Light Source (ELS) is a new facility using electron linear accelerator to perform the energy calibration of ultra
high energy cosmic rays by the fluorescence detector (FD) in Telescope Array experiment. The ELS shoots beam of 40 MeV
electrons into atmosphere 100 m away from the FD in which air fluorescence light is detected from nitrogen molecule
excitation by electron beam. We present the energy calibration result obtained from the comparison between beam and Monte
Carlo simulation data.
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D12.12*

Simulation Results of Top and Bottom Counting Detectors for ISS-CREAM experiment

PARK J.M., KIM H.J., PARK H., HWANG Y.S., JEON H.B., HYUN H.J.1, ANGELASZEK D.2, COPLEY M.2, HAN J.H.2,
HUH H.G.2, KIM K.C.2, LEE M.H.3, LUTZ L.2, OFOHA O.2, PATTERSON P.2, SEO E.S.2, WU J.2, YOON Y.S.3
Kyungpook National Univ.. 1Kyungpook National Univ./Pohang Accelerator Laboratory. 2University of
Maryland. 3University of Maryland/Institute for Basic Science.
The Cosmic Ray Energetics And Mass (CRAM) experiment will be launched in 2015 to the International Space Station (ISS)
for measuring cosmic ray spectrum. Its goal is to understand the origin, acceleration and propagation mechanism of highenergy cosmic rays. The Top Counting Detector (TCD) and Bottom Counting Detector (BCD) are designed to separate
electrons from protons by using the difference shower shapes between electromagnetic and hadronic interaction. The T/BCD
consists of a plastic scintillator attached with 20 by 20 photodiodes, respectively. T/BCD is integrated with payload at NASA
Wallops Flight Facility. After integration, performance of T/BCD such as noise, gain was tested. In the energy range of 150
GeV ~ 600 GeV, the capability of the T/BCD to separate electron from proton is studied with GEANT3 simulation. In this
presentation, we present the design, performance, simulation results and status of the T/BCD.

D12.13*
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Mass and Radius Constraint on Neutron Stars in Low-Mass X-ray Binaries (LMXBs)
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D13.01*

Development of a low-Q cavity-type beam position monitoring system

JANG Siwon, KIM Eun-San, TOSHIAKI Tauchi1, NOBUHIRO Terunuma1, YOUSKE Honda1, PHILIP Bambade2
KNU. 1KEK. 2LAL.
A beam position monitor (BPM) with a nanometer-scale position resolution and a timing resolution of ~20 ns is developed as
the IP position monitor in order to verify the nanometer stabilization of the ILC beam trains at the Accelerator Test Facility
(ATF), KEK, Japan. It is a low-Q cavity BPM system consisting of three sets of sensor cavities and a two-cell reference cavity.
For the analog signal processing, an electronics system was also developed. The beam position resolution of the low-Q cavity
BPM with the electronics system was measured during beam operation period of 2014 at the ATF2 beam line of KEK, and the
results of the beam tests in the developed low-Q cavity-type BPM are described.

D13.02

Current Status of HXPP Beamline Construction Project in PAL-XFEL

KIM SUNAM, KIM KYUNGSOOK, NAM KI HYUN, KANG TAIHEE, KWON SOONNAM, KIM SANGSOO, RAH SEUNGYU, PARK
JAEHYUN, SHIN HOCHEOL, EOM INTAE, KIM SEUNG-NAM,
KIM BONGSOO, KO IN SOO, CHO MOOHYUN
Pohang Accelerator Laboratory.
The HXPP (Hard X-ray Pump and Probe End-station) in PAL-XFEL
will be introduced in this talk. It will be a new and unique tool to
observe femto-second time dynamics of physics and chemistry. All
staffs is constructing the new facility with passion, and plans for user
support from 2017 through one year commissioning in 2016. In this
presentation, current status of construction project will be reported:
science opportunity, XFEL photons, experimental apparatus, construction concept and plan, and so on. Since the HXPP is user
facility, we wish to have time for communication with future HXPP users.
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D13.04

Study of Beam Delivery Design in Carbon Ion Therapy

CHO Ilsung, YOO SeungHoon, CHO Sungho, KIM Eun Ho, SONG
Yongkeun, JUNG Won-Gyun
Korea Institute of Radiological and Medical Sciences.
Consideration of Biological properties is a major key issue for the design
of a beam delivery line for the KHIMA (Korea Heavy Ion Medical
Accelerator) Project. In order to deliver biologically effective dose to
entire tumor location, Relative Biological Effectiveness (RBE) was
considered in the design of beam delivery component. The
monochromatic carbon-ion beams of 290 MeV/u to 220 MeV/u were
chosen to simulate the carbon ion beam into water phantom in the
building geometry for KHIMA project. The pristine Bragg peak
distributions of carbon-ion beams were generated by Geant4 simulation
toolkit. The lineal energy of fragmented charged particles was calculated
as a function of the depth of water phantom. The microdosimetric kinetic
model is applied to estimate the Relative Biological Effectiveness (RBE)
for 10% survival of HSG cells according to Bragg peak depth. Spreadout Bragg peak (SOBP) distributions were designed for a beam delivery line based on RBE weighted Bagg peaks. Based on
physical dose distribution of designed RBE weighted Bragg peak, Ridge filter was designed for KHIMA beam delivery line.
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D13.05

Commissioning & operation summary of a C-band electron linear accelerator at DIRAMS

YI Jungyu, LEE Manwoo, LIM Heuijin, JEONG Dong Hyeok, LEE Mujin, KIM Sung-woo, GWANGMO Yang, YI Jungyu1
DIRAMS(Dongnam Institute of Radiological and Medical Science). 1Pusan National University.
We have developed a C-band electron linear accelerator (LINAC) for scientific research & medical application.The LINAC is
capable of producing 6 MeV electron beams and X-ray with a RF power of 2.5MW.We'll introduce the LINAC system and test
result from beam measurements in this presentation.

D13.06

Detector Construction for Reactor Short-BaseLine Neutrino Experiment

OH Yoomin, KIM Hongjoo1, LEE Jooyoung1, SEO Kyungmin2, JOO Kyungkwang3, SO Sun-heang3, SONG Sook Hyung3,
YEO In Sung3, KIM Ba Ro3, KIM Seoung Chan3, KIM Hyunsoo4, KIM Jinyu4, MA Kyungju4, JEON Eun-ju, KIM Yeongduk,
LEE Jeong-yeon, PARK Kang-soon, PARK Hyangkyu, LEE MooHyun, SUN Gwang-Min5, HAN Boyoung5, PARK
Hyunseo6, KIM Siyeon7, KO Youngju7
Institute for Basic Science. 1Kyungpook National University. 2Chonbuk National University. 3Chonnam National
University. 4Sejong University. 5Korea Atomic Energy Research Institute. 6Korea Research Institute of Standards and
Science. 7Chung-Ang University.
Reactor anti-neutrino experiments at a distance have played a significant role in determining the neutrino oscillation
parameters. A focus is moving to a very short-baseline (SBL) experiment, in order to solve the reactor anomaly and to verify
the possible existence of a sterile neutrino. A homogeneous type anti-neutrino detector using 1000 L of Gd loaded liquid
scintillator has been designed and constructed.
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Sensitivity study of RENO-50
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RENO-50, 18 kton ultra-low-radioactivity liquid scintillator detector is
proposed to determine the neutrino mass hierarchy and to make highly
precise measurement of θ12, Δm212 and Δm312. The detector is located at
roughly 50 km away from the Hanbit nuclear power plant in Korea
where the neutrino oscillation due to θ12 takes place at maximum. The
detector is expected to detect not only neutrinos from nuclear reactors but also neutrinos from the Sun, Supernova, the Earth,
any possile stellar object and J-PARC neutrino beam. The experimental requriements and the strategy to achieve the main
physics goals and sensitivities of RENO-50 are presented.

D13.08

Sensitivity to the determination of neutrino mass hierarchy using reactor neutrinos

PAC Myoung Youl, CHOI June Ho
Dongshin University.
We discuss the experimental sensitivity to determination of the neutrino mass hierarchy using reactor neutrinos. Structures of
the neutrino mass hierarchy can be recognized from the squared-mass-different oscillation by applying the Fourier sine and
cosine transform to the L/E spectrum. From the MC based study, we find reachable experimental conditions such as energy
resolution of detector and neutrino flight length.
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RENO has successfully measured the last unknown neutrino mixing angle, theta_13 (~5 sigma) in 2012. Since then we have
been updating our results (8.2 sigma) with increased statistics and reduced systematic errors but all with rate-only analysis
method.In this talk, we present our first measurement of dm^2_13 as well as theta_13 performed with a spectral analysis
method using 800 days of data. The 5 MeV excess compared to a neutrino flux model, seen in our data is also discussed.
,

6IBS. 7

D13.10*

Preliminary Results from the KIMS-NaI Experiment

, CUP (KIMS Collaboration).
A number of experiments are operating around the world that search for WIMP, one of the Dark Matter candidates. Among
these experiments, DAMA is unique in that it has consistently claimed the observation an annual WIMP modulation signal
while others rule out the DAMA signal region in the parameter space. The KIMS-NaI experiment aims to confirm the DAMA
observation unambiguously using same type of crystal detectors (NaI(Tl)). We have developed a 9.15 kg, high light-output NaI
(Tl) crystal that has good pulse shape discrimination (PSD) of nuclear recoil signals from electron recoil backgrounds and took
133 days of data with it in the Yangyang Underground Laboratory. Preliminary results based on a PSD analysis of these data
will be presented.
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RENO energy calibration for precise reactor neutrino spectra
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Measurement of energy dependent reactor neutrino disappearance
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RENO (Reactor Experiment for Neutrino Oscillation) is an experiment for measuring neutrino oscillation parameter theta_13
using reactor neutrinos at Yonggwang. For a precise measurement of theta_13, it is absolutely necessary to properly calibrate
energy of RENO detector. The energy calibration has been performed periodically during regular data taking with radioactive
sources, Cs137, Ge68, Co60, and Cf252. The energy response was studied using additional radioactive source Po-Be, Am-Be,
and Boron beta-decay spectrum induced cosmic rays. from the study, we did update energy scale conversion function with
more precisement. In this presentation, we describe the methods energy calibration and recent results.
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The Reactor Experiment for Neutrino Oscillation(RENO) starteddata-taking from August, 2011 and has observed the
disappearance of reactor electron antineutrinos to measure the neutrino mixing angle theta_13. The experiment has
accumulated roughly 800 days of data and this increased events make possible to improve our measurement of the reactor
neutrino flux and spectral shape. The Antineutrino spectra from six reactors at Hanbit Nuclear Power Plant in Korea are
compared by two identical detectors each located near and far from the reactor array center. In this talk, we present new results
on theta_13,and reactor neutrino spectra and flux based on the 800 day data sample.
,
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Search for sterile neutrinos at RENO
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The RENO experiment was designed to measure an neutrino mixing
angle, theta13, by detecting anti-electron neutrinos emitted from the
Hanbit nuclear reactors (known as Yonggwang before) in Korea, and
succeeded to measure theta_13 from the disappearance mode of reactor
anti-electron neutrinos at a few km-order baselines in three-neutrino
frame. We investigate the possibility of sterile neutrinos existence at
RENO experiment. We compare data with four-neutrino scenario. In this
talk, we present some recent results, including the probability deficit curve .vs. distance and the excluded contour in sin^2
(2theta14) – Delta(m41)^2 space using chi-square analysis.

D13.14*
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Measurement of theta13 with neutron capture on hydroge
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RENO has been taking data since August, 2011 and successfully measured the smallest neutrino mixing angle, theta_13. This
measurement was based on reactor neutrino events with neutron captures on gadolinium. Furthemore, RENO can also measure
the theta_13 with reactor neutrino samples of neutron captures on hydrogen. The background removal with neutron capture on
hydrogen is more difficult than that with neutron capture on gadolinium. However, this independent measurement provides a
valuable cross-check on the systematic uncertainties of the earlier measured theta_13 results. In this talk, the recent results
from the hydrogen capture analysis will be presented.
.
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D14.01

Overview of recent ATLAS results and preparation of Run-2

YAMAZAKI Yuji
Kobe University.
The LHC accelerator at CERN has been operated very successfully at 8 TeV (Run-1), which lead to the discovery of the Higgs
boson together with plenty of results on new physics searches and precise test of the Standard Model. It resumes operation in
Spring 2015 (Run-2) and will provide collisions at 13 TeV, extending the reach to new physics by almost twice in mass. In this
talk, selected results from the ATLAS experiments, one of general purpose detectors at the LHC, are reviewed together with
the physics prospects for Run-2. The operation status of the LHC and the ATLAS detector is also reported.
<!--[if !supportEmptyParas]--> <!--[endif]-->

D14.02

The CMS Experiment: Physics at the Highest Energies

CHOI Suyong
Korea University, Physics Department.
We review the current status and outline the future plans of the CMS experiment. Run 1 data yielded the long sought after
Higgs boson. Its measured properties by CMS are consistent with that of the Standard Model. Many precise measurements
such as the top quark mass have been obtained. While searches for physics beyond the SM all yielded null results so far, the
upcoming run in May of 2015 will allow us to explore previously uncharted areas and we may see a hint for new physics at
last. The high luminosity running of the LHC beyond 2025 requires us to upgrade the CMS detector. Physics reach will be
further extended with the upgrades.
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D14.03

Footprints of Supersymmetry on Higgs Decay

ENDO Motoi
University of Tokyo.
Motivated by future collider proposals that aim to measure the Higgs properties precisely, we study the partial decay widths of
the lightest Higgs boson in the minimal supersymmetric standard model with an emphasis on the parameter region where all
superparticles and heavy Higgs bosons are not accessible at the LHC. Taking account of phenomenological constraints such as
the Higgs mass, flavor constraints, vacuum stability, and perturbativity of coupling constants up to the grand unification scale,
we discuss how large the deviations of the partial decay widths from the standard model predictions can be. It will be shown
that these constraints exclude large fraction of the parameter region where the Higgs widths show significant deviation from
the standard model predictions. Nevertheless, we will see that, even if superparticles and the heavy Higgses are out of the
reach of 14TeV LHC, the deviation may be large enough to be observed at future $e^+e^-$ collider experiments.

D14.04

Searching for signatures of extra dimensions at the LHC

CHO Gi-Chol
Ochanomizu University, Dept of Physics.
After discovery of the Higgs boson, looking for new physics beyond the Standard Model is one of the most important tasks in
high energy physics. In this talk I would like to briefly summarize the result of new physics search at the LHC-Run1 and
discuss possibilities of searching for new physics signature at the LHC-Run2. Most of my talk will be devoted to the collider
phenomenology of extra dimension models, focusing on general consequences of this class of models -- Kaluza-Klein (KK)
excitations of graviton, SM particles and radion.

-239-

D14.05

The Belle II / SuperKEKB experiment: Prospect and Status

KIM Doris Yangsoo
.
The B factory is an excellent environment to test the limit of the
Standard Model and to look for previous unknown phenomena. Based
on the data sets from the Belle and Babar experiments, the elementary
particle physicists have accomplished valuable analyses successfully:
Confirmation of the CP violation in the B sector, discovery of X(3782)
and a series of new particles, measurement of the CKM matrix
elements at a very precise level, and many others. To further exploit this
field, the KEKB collider is being upgraded to SuperKEKB,
to produce an upgraded data set for the Belle II experiment, also being
constructed. The luminosity of SuperKEKB will be increased by 40
times compared to its predecessor, and the sample size for Belle II is
expected to be increased by 50 times compared to that of Belle, creating various new physics opportunities. In this talk, the
physics prospects of the Belle II experiment will be discussed and the construction status of the detector and the collider will
be shown.

D14.06

Quarkonium Phenomenology

LEE Jungil
Korea University.
We review recent developments and future prospects in quarkonium phenomenology at colliders. Main issues we consider
include the leading-power approximation technique in estimating the dominant mechanism of quarkonium production at high
energies, identification of the double logarithms in $e^+ e^- \rightarrow J/\psi+\eta_c$, and exclusive Higgs decays into a
quarkonium associated with a photon that might be a useful probe to the Higgs Yukawa coupling with the charm quark.
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D14.07

Physics and Status of the ILC

ISHIKAWA Akimasa
Tohoku University.
The International Linear Collider is a next generation electron-positron energy frontier machine which covers center of mass
energy from 250GeV to 500GeV in the 1st phase, and also have energy extendability to 1TeV. Both electron and positron
beams can be polarized up to +-0.8 and +-0.3, respectively. We would like to talk on physics capability at the ILC, especially
Higgs, top and new physics search with this great machine and sophisticated high granuality detector, and also status of the
ILC.

D14.08

Prospect for Future Colliders

LEE Seung Joon
KAIST.
In this talk I will review the existing proposals for future colliders, and discuss physics opportunities with them. In particular, I
will discuss why it is important to explore the energy frontier of particle physics, specially in the context of the recent
discovery of the Higgs boson.
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D2.01

Development of a pulsed magnet system at Seoul National University

YOO Kyongjun, JANG Zeehoon1, KIM Kee Hoon
Center for Novel States of Complex Materials Research, Department of Physics and Astronomy and Institute of Applied
Physics, Seoul National University, Seoul 151-747, Korea. 1Deparment of physics, Kookmin University, Seoul 136-702,
Korea.
Using a pulse magnet is one of effective ways to generate high magnetic fields by which various physical phenomena such as
quantum oscillations, quantum Hall effects, and upper critical fields of superconductors can be investigated. We have recently
developed a capacitor-discharge-type-pulse magnet system at Seoul National University. We used a capacitor bank of total
capacitance 8.3 mF with a maximum tolerable voltage of 9 kV for accumulation of electric energy up to 0.34 MJ. A siliconcontrolled-rectifier (SCR) for a high voltage (Vmax = 8.5 kV), a high current (Imax,pulse = 65 kA) operation is used for the
voltage and current switching. A solenoid for generating high magnetic fields is wound up with a copper wire with a
rectangular cross-section and mechanically reinforced with an aramid fiber and an epoxy composite to endure strong magnetic
pressure. We also prepared the 3He cryostat for cooling down the sample to ~0.5 K, and a probe for the transport measurement.
We here present preliminary test results of the developed system including charging voltage - magnetic field characteristics
and electrical resistance under magnetic field up to ~30 T. In future, we will upgrade to reach a higher magnetic field up to 45
T (0.5 K) to investigate physical properties such as transport, magnetization, and electric polarization of various correlated
materials.

D2.02

Quantum magnets investigated by high magnetic field facilities: Examples

CHOI Kwang-Yong
Chung-Ang University, Department of Physics.
In this talk we present the many examples of high magnetic field research carried out in quantum magnets, emphasizing the
potential advantages of using high pulsed and steady magnetic fields in magnetization, nuclear magnetic resonance (NMR),
electron paramagnetic resonance (ESR) and Raman spectroscopy. First, we demonstrate that pulsed field magnetization is a
powerful tool in observing a field-induced phase, magnetization plateau, and a dynamic structure of magnetic behavior in
magnetic clusters and (non)frustrated magnets. Second, we highlight NMR and ESR as a local probe of low-energy spin
dynamics in a class of low-dimensional and frustrated quantum magnets. We will further show that NMR can map out a phase
diagram as a function of external field and high-frequency ESR can determine anisotropic exchange interactions. Finally, we
present our recent works on high-field Raman spectroscopy in multiferroic compounds. Magnetoelastic coupling is examined
by tracking optical phonons under an external magnetic field.
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D2.03

Electron spin resonance study of phosphorus donors doped into crystalline silicon

LEE SangGap
Korea Basic Science Institute.
An electron spin of phosphorus doped into crystalline silicon is one of the most interesting models as a quantum bit (qubit) for
quantum computation. It has been of importance to preserve quantum information stored as a coherent spin state sufficiently
long for correction of quatum error. Reviewed are studies with various approaches on electron-spin decoherence in
phosphorus-doped silicon over several decades including recent results. Presented and discussed are our experimental findings
on decoherence of the electron spins dynamically-decoupled from a bath of 29Si nuclear spins in a sample with a concentration
of phosphorus donors, 10^17 /cc, in a high magnetic field of 3.4 T and at temperatures lower than 10 K. Besides, development
activity at KBSI with facilities for use in high magnetic fields is introduced such as high-resolution NMR and magnetic
resonance force microscope.

D2.04*
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The Super unit cell formation of Poly (3-hexylthiophene) after cryo-cooling
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Poly (3-hexylthiophene) (P3HT) super structure could be formed after
the cryo-cooling (around 100K) of a film. The film layer consists of
glass/ITO/PEDOT:PSS/P3HT:PCBM/Al. The unit cell of the super
structure was 3 times bigger than the normal P3HT one. a lattice
parameter of the super structure was slightly small than the normal
P3HT. It seemed that a type II P3HT was formed. Alkyl chains of the
type II P3HT were interdigited. For this reason, the lattice parameter of
type II P3HT was smaller than the normal P3HT. The confinement effect
that caused by Al makes P3HT orientating superior than absence of
confined materials. The survival temperature range of the super structure could be also increased by the mixture of
chlorobenzene and dichlorobenzene solvents. We also expect that the super structure can contribute to the increase of currentvoltage characteristic of opto-electronic devices such as OPVs or OFTs.
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D2.06*

Visible-light photocatalytic activity of sol-gel synthesized SrCrO4 particles

LANKAMSETTY KRISHNA BHARAT, YU JAE SU
.
Nowadays, research on photocatalytic materials which respond to visible and ultraviolet (UV) lights have attracted much
interest. The applications specially related to energy and environment make researchers to pay more attention in developing
efficient photocatalysts. In this context, a ternary metal oxide of general formula XCrO4 (X=Sr, Ba, Pb) is synthesized by a
sol-gel process. The thermal stability was tested by thermogravimetric anlaysis/differential thermal analysis. The structural and
morphological characterization of the as-preapred (calcined at 950 °C) were carried out by X-ray diffraction, Fourier transform
infrared spectroscopy and scanning electron microscopy, respectively. These powders were used as photocatalysts under
visible light irradiation. The catalytic activity was examined by varying the irradiation time in a dye (RhodamineB (RhB))
solution. The photodegradation rates were found to be approximately 21.8% and 98.3% for RhB solutions without and with
SrCrO4 particles, respectively. These results suggest tha, this material can be efficient visible-light photocatalyst for
degradation of dye pollutants.
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D2.07*

Phase-Engineered Synthesis of Centimeter-Scale Thin 1T’- and 2H-Molybdenum

Ditelluride Films
1,
1,
2,
1,
1,
3
,
Center for Integrated Nanostructure Physics, Institute for Basic Science,
Department of Physics, Sungkyunkwan University. 1Center for
Integrated Nanostructure Physics, Institute for Basic Science,
Department of Energy Science, Sungkyunkwan University. 2Center for
Integrated Nanostructure Physics, Institute for Basic Science,
Sungkyunkwan University. 3Department of Energy and Materials
Engineering, Dongguk University–Seoul.
We report the synthesis of centimeter-scale thin 1T’- and 2H-MoTe2

films using tellurization of thin Mo film. 1T’-MoTe2 was initially grown and converted gradually to 2H-MoTe2 through
prolonged growth time under Te atmosphere. Maintaining excessive Te was necessary to obtain stable stoichiometric 2HMoTe2 phase. Further tellurization at higher temperature followed by a rapid quenching led to recover 1T’-MoTe2 film.
Orientation of the 2H-MoTe2 film was determined by the tellurization rate. Slow tellurization was the key to obtain highlyoriented 2H-MoTe2 film over the entire area, while fast tellurization led to 2H-MoTe2 film with randomly oriented c-axis. Our
approach will pave a pathway not only to study the phase transition of other transition metal dichalcogenides, but also to
synthesize large-area and high-quality multilayer other transition metal dichalcogenides film.

D2.08*

Upconversion emission of rare-earth ions tridoped Na0.5Bi0.5TiO3 for optical temperature
sensing applications
DU Peng, YU Jae Su
Kyung Hee University, Department of Electronics and Radio Engineering.
In recent years, rare-earth (RE) doped upconversion (UC) emission materials were intensively studied owing to their widely
potential applications, such as bio-imaging, photovoltaic cells, temperature sensors, and color displays [1]. Among them, the
optical temperature sensor, which is based on UC emission by a fluorescence intensity ratio (FIR) technique, has drawn much
attention as a result of its high sensitivity and accuracy. The Na0.5Bi0.5TiO3:RE (RE= Mo, Er, and Yb) ceramics were
synthesized through a conventional solid-state reaction method. Under 980 nm excitation, strong green and red UC emissions
were observed in all as-prepared samples. Furthermore, the UC emission properties can be enhanced with moderate addition of
Mo ions. Additionally, the optical temperature sensing properties of these ceramics were also investigated by the FIR
technique. The temperature sensor can be operated in a wide temperature range, suggesting that the Mo/Er/Yb tridoped
Na0.5Bi0.5TiO3 ceramics have potential applications in optical temperature sensors.
References
[1] B. Dong, B. Cao, Y. He, Z. Liu, Z. Li, and Z. Feng, Adv. Mater. 24 (2012) 1987-1993.
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Unveiling highly stable features of Al metal evaporation-assisted solution-processed ZnO
thin fim transistors
JINPYO HONG, TAESUNG KANG, SEJUN KWON
Hanyang University.
A generic metal evaporation approach is introduced to enhance the electrical performance of solution-processed ZnO TFTs.
We examine the effect of simple Al evaporation on solution-processed ZnO TFTs through systematic structural/electrical
measurements. Al evaporation times of 0 to 40 s resulted in Al-evaporated ZnO TFTs with enhanced electrical features. A
maximum carrier mobility of 35.27 cm2 V-1 s-1 was obtained for 40 s Al-evaporated ZnO TFTs, which is 18-fold higher than
that of pristine ZnO TFTs (1.95 cm2 V-1 s-1). Optimized 20 s Al-evaporated ZnO TFTs also exhibited an improved carrier
mobility of 8.15 cm2 V-1 s-1, together with highly promising stability. We propose possible origins of solution-processed ZnO
TFTs containing a ZnO active layer thinner than 10 nm based on oxygen-related deep level traps and metal bonding-related
shallow traps. Finally, we conduct low temperature-dependent activation energy analyses under high vacuum conditions (~106 Torr), along with positive temperature bias stress (PBTS) tests at 70 °C in an air atmosphere.
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Optical Aharonov-Bohm effect of a quantum dot-coupled closed loop in ensemble system

3,
3, FOMIN VLADIMIR M.4
KIBA Takayuki2, MURAYAMA Akihiro2,
,
,
. 1
2
. Hokkaido University, Graduate school of Information Science and Technology. 3
,
4
. IFW Dresden, Institute for intergrative Nanosciences.
Recently, optical Aharonov-Bohm (AB) effect in a semiconductor quantum ring (QR) is of great interest as an optical
alternative measure of the quantum circumference phase coherence. Although type- ensemble quantum dots (QDs) and
single QR are often used, a closed-loop is also possible through ensemble QDs. We obtained the mixed optical AB oscillations
of the closed loop in terms of the energy and clarified several period of the oscillation through the Fourier transform. Also,
different decay time was observed for external magnetic field. As a result, we conclude that there are several closed loops in
type- ensemble QDs through electron tunneling.

,

1,
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,

Efficient Tip Fabrication Method For Tip-Enhanced Raman Spectroscopy
,

,

1

,
. 1
.
Fabricating an optimally etched sharp metallic nano-tip by
electrochemical etching method [1] is crucial in achieving both high
spatial resolution and large signal enhancement in tip-enhanced Raman
spectroscopy (TERS) [2]. However, a systematic studies on the optimal
tip shape and its fabrication process for best TERS signal was rarely
provided experimentally so far. Here, we suggest an efficient method of
fabricating gold tip for TERS by electrochemical etching in HCl and
ethanol solution. We studied the effect of HCl concentration on etching
speed and the corresponding shape of the etched tip, in terms of the
diameter and conical angle of apex. We found that the gold tips
fabricated by this method have a radii of curvature from 5 to 30 nm.
Using these tips, we achieved that a spatial resolution of Raman scattering image is improved up to a few nanometers and
successfully detected the weak signals which was unable to be detected with conventional Raman spectroscopy. We emphasize
that our proposed method is simple, easy, and time-saving.[1] S S Kharintsev et al., J. Phys. D: Appl. Phys., 46, 145501
(2013).[2] Chi Chen et al., Nature Communications, 5, 3312 (2014).

D3.05

Tuning structural and optical properties of quantum dots

,
.
Quantum dots (QDs) have been particularly interesting due to their unique physical properties related to three-dimensional
carrier confinement and their promising applications in high-performance optoelectronic devices single-electron transistors,
light-emitting diodes, lasers, infrared photodetectors, and solar cells. For these applications, the control of the QDs size, shape,
and size distribution is expected to play an important role in optoelectronic devices. Furthermore, selective wavelength tuning
of QDs is useful for the fabrication of monolithically integrated QD-based optoelectronic devices. In fact the standard method
to fabricate QDs with high structural and electronic properties relies on the self-assembled Stranski-Krastonow (SK) growth,
which does not allow for a deterministic control of spectral properties of the QDs. Therefore, postprocessing tuning techniques
able to compensate for fabrication imperfections are particularly demanded. In this work, we describe the various techniques to
control and tune the structural and optical properties of QDs.
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D3.06

Synthesis of centimeter-scale transition metal dichalcogenides

KIM Ki Kang
Deaprtment of Energy and Materials Engineering, Dongguk University-Seoul.
Recently, two dimensional transition metal dichalcogenides (TMdCs) have been highlighted due to their unique physical and
chemical properties, and numerous applications including high-speed field effect transistor, optoelectronics, and valleytronics.
However, it is challenge to obtain large-area and high-quality TMdCs with controlling number of layers. Here, we present new
strategies to synthesize large-area and high-quality TMdCs by chemical vapor deposition. First, we introduce the catalytic
metal substrate to grow monolayer TMdCs with full coverage. Second, we discuss how to control their thickness with
maintaining high quality. The detailed experimental results will be discussed in the presentation. Our strategies will not only
pave the way to synthesize large-area and high-quality TMdCs, but also promote their real applications.

D3.07

Structural and Electronic Properties of Anionic Gold Nanocages XAu16- (X = N, O, or S)

KIM Gunn
Department of Physics, Sejong University.
Au16- is the smallest gold nanocage with a hollow interior. Similar to carbon fullerene derivatives, the gold fullerene can
become a host to form various derivatives by adsorbing various atoms, molecules and radicals. Using first-principles
calculations, we have investigated structural and electronic properties of anionic gold nanocages XAu16- (X = N, O, or S).
Since oxidation is an important issue for gold nanostructures with high chemical reactivity, we have investigated the binding
characteristics of the adsorbate atom on Au16-. Going a step further, it may help to understand adsorption properties of
molecules containing nitrogen, oxygen, or sulfur such as N2, NO, NO2, NH3, O2, O3, SO2, and H2S, etc. onto the gold
buckyball. We also investigate the transition between the most favorable exohedral and endohedral adsorption configurations.
Finally, we show the infrared active vibrational spectra of our models, which may help identify dopant-adsorbed Au16- in
future experiments.
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Synthesis of superior substrate for 2D materials
1

,
. 1
,
.
Among the two dimensional materials, hexagonal boron nitride (hBN) is a large bandgap insulator and has significant
technological importance. Driven by the significant need, there have been a lot of efforts to synthesize large-area hBN by
chemical vapor deposition (CVD). High quality monolayer hBN grown on Cu or Pt has been demonstrated, nevertheless, for
its application as a dielectric layer or a substrate, high quality multilayer hBN is more desirable. Here, we report the synthesis
of the high-quality and large-area hBN film on Fe foils by CVD with borazine precursor. Field effect transistors based on
CVD-grown graphene and WSe2 are fabricated on these hBN substrates and hole mobilities for graphene and WSe2 devices
were achieved as high as ~ 24,000 and ~ 9 cm2/Vs, respectively. The superior mechanical robustness demonstrated by these
multi-layer hBN films provides further evidence for their high quality and makes it much easier for the processing.
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Electronic and optical properties of few-layered monoclinic MoTe2

1,
1, SUENAGA Kazu2,
, ZHAO Jiong,
,
2
.
. AIST, Japan.
Transition metal dichalcogenides (TMDs), together with metallic graphene and highly insulating hexagonal boron nitride, have
recently attracted renewed interests as an important two-dimensional component of next-generation devices. In particular,
polymorph engineering in group 6 TMDs, such as MX2 with M=(Mo, W) and X=(S, Se, Te), has been an intriguing theme in
science for more than 50 years; most researches have been conducted with semiconducting hexagonal
(2H) phase, however other polymorphs have not been explored due to their inhomogeneous formation in limited areas. Here
we report a reversible structural phase transition between hexagonal and stable monoclinic (distorted octahedral or 1T’) phase
in bulk single-crystalline MoTe2, and an electronic phase transition between semi-metallic (bulk) and semiconducting (few-

,

,

,

1KAIST

layered) 1T’-MoTe2. The newly discovered 1T’-MoTe2 exhibits a maximum carrier mobility of 4,000 cm2V-1s-1 and a giant
magnetoresistance of 16,000% in a magnetic field of 14 Tesla at 1.8 Kelvin in the bulk form, and the few-layered 1T’MoTe2 reveals a bandgap of up to 60 meV in monoclinic TMDs. Our density functional theory calculations identify strong
interband spin-orbit coupling (SOC) as the origin of bandgap opening in the few-layered monoclinic MoTe2. We further clarify
that the Peierls distortion is a key mechanism to stabilize the monoclinic structure. This new class of semiconducting
MoTe2 unlocks the possibility of topological quantum devices based on nontrivial Z2-band-topology quantum spin Hall
insulators in monoclinic TMDs.

D4.01(

)

Relation Between Unit-Cell Dimension and Resonance Wavelength in Metamaterial

Absorbers
,
.
Metamaterial (MM) absorber has been firstly proposed by Landy et al., which has advantages in size and thickness over the
conventional absorbers. Since the first work, a great number of MM absorbers have been proposed for different application
areas, such as thermal images, solar cells, and sensors. General MM absorbers are composed of three layers: patterned metal
layer to minimize reflection, dielectric layer and continuous metal layer for blocking remnant transmission. The lattice constant
of aforementioned general MM absorbers is about 1/3–1/5 of the wavelength of incident electromagnetic wave.
In this study, we investigated a polarization-independent dual-band perfect absorber which was realized by using only one
kind of pattern. For the low-frequency resonance peak, the absorption is caused by the fundamental magnetic resonance. The
high-frequency perfect absorption is induced by the third-harmonic magnetic resonance. For the high-frequency peak,
interestingly, the ratio between unit-cell size and resonance wavelength (in mm) is close to 0.9.
Moreover, we realized the low-frequency perfect absorption with very small unit-cell size and thin thickness, based on a
snake-shape structure. The performance of MM absorbers was numerically and experimentally investigated, and we concluded
that the improved performance of the structure with the deep-subwavelength unit cell was due to the increased inductance. The
unit-cell size for the perfect-absorption can be reduced to 1/12 (in GHz range) and 1/30 (at in MHz range) with respect to the
resonance wavelength.
This work was supported by the ICT R&D program of MSIP/IITP, Korea (KCA-2013-005-038-001).
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Berry phase from the atomic orbital and its effect on spin dynamics

GO Dongwook, JUNG Wonsik1, LEE Hyun-Woo, KIM Changyoung1
Department of Physics, POSTECH. 1Department of Physics, Younsei University.
A hot topic in the field of spintronics is to understand the role of Berry phase in spin dynamics because it allows for concise
geometrical interpretation of otherwise complicated phenomena. Such examples are magnetic Skyrmion [1], quantum spin Hall
phase [2], and so on. However, there is no satisfactory explanation about how it emerges, and its effects on spin dynamics. In
one approach, first suggested by Niu et al., Berry phase appears only from the wave-packet, thus the theory remains semiclassical [3]. Spin dynamics coming from the Berry phase is even more tricky. For example, spin Hall effect in Rashba system
is critically unstable under the impurity scattering, i.e. the effect exactly vanishes when impurity vertex diagrams are included
[4,5]. Moreover, in theories of spin Hall effect, the same effects are coming from many different mechanisms and sometimes
they cancel each other [6], thus systematic classification of different contributions is needed.In this presentation, we
demonstrate that Berry curvature naturally emerges as the Schrodinger equation is down-folded onto an incomplete subspace
[7]. One of such effect is that orbital degree of freedom gives rise to non-vanishing Berry phase in momentum space. Thus, it
generates electric dipole moment as discussed by Vanderbilt et al. [8]. One consequence is that when the dipole moment
couples to surface or interface electric field, so-called orbital Rashba effect emerges [9]. In the presence of atomic spin-orbit
coupling, it becomes Rashba effect with total angular momentum. Since this allows for spin-flip scattering even with a nonmagnetic impurity, we propose that quasi-particle interference measurement using magnetic scanning tunneling microscopy
would reveal the orbital nature of the Rashba effect. Another consequence is orbital Hall effect in the bulk, where spin Hall
effect also arises in the presence of atomic spin-orbit coupling [10]. The mechanisms of orbital/spin Hall effect are of three
kinds : intrinsic, side-jump, and skew-scattering. We show that the intrinsic and the side-jump contributions are of comparable
order with opposite signs. We further show that the side-jump contribution can be divided into two parts : Fermi sea
contribution and Fermi surface contribution. The Fermi sea contribution of side-jump has the same nature as intrinsic
contribution, both of which are exactly the same magnitude with opposite signs. Thus, only the Fermi surface contribution of
side-jump survives and gives measurable effect. In the steady state, orbital moment is accumulated at the edge of the sample,
which can be observed by measuring circular dichroism with optical Kerr spectroscopy. Our study on the atomic orbital
character of Berry phase provides insight on rich spin dynamics phenomena arising from spin-orbit coupling.References[1] N.
Nagaosa and Y. Tokura, Nat. Nanotechnol. 8, 899 (2013).[2] M. Z. Hasan and C. L. Kane, Rev. Mod. Phys. 82, 3045 (2010).
[3] D. Xiao, M.-C. Chang, and Q. Niu, Rev. Mod. Phys. 82, 1959 (2010).[4] J. Sinova et al., Phys. Rev. Lett. 92, 126603
(2004).[5] J. Inoue et al., Phys. Rev. B 70, 041303(R) (2004).[6] P. Nozires and C. Lewiner, Le Journal de Physique 34, 901
(1973).[7] Dongwook Go and Hyun-Woo Lee, in preparation.[8] Ivo Souza, Jorge Iniguez, and David Vanderbilt, Phys. Rev.
B 69, 085106 (2004).[9] Seung Ryong Park, Choong H. Kim, Jaejun Yu, Jung Hoon Han, and Changyoung Kim, Phys. Rev.
Lett. 107, 156803 (2011).[10] Wonsik Jung, Dongwook Go, Hyun-Woo Lee, Changyoung Kim, arXiv:1407:3446 (2014).
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Development of Cryogenic Coherent Diffraction Microscope

NAM Daewoong, KIM Chan1, KIM Yoonhee2, FAN Jiadong3, KIM
Junhyeong1, LEE Ki Bong, NOH Do Young4, SONG Changyong
Physics Department, POSTECH. 1Department of Physics and Photon
Science, GIST. 2School of Materials Science and Engineering,
GIST. 3RIKEN SPring-8 Center, Hyogo, Japan. 4Department of
Physics and Photon Science & School of Materials Science and Engineering, GIST.
Radiation damage to biological specimens is a serious obstacle for high- resolution structural studies with X-rays. To mitigate
this limitation, we have developed a cryogenic coherent diffraction microscope. Samples were prepared by rapidly freezing
them below 77 K to preserve the native structures. Frozen hydrated bacteria samples were then preserved below 110 K
throughout the X-ray imaging experiments. We have successfully recorded high contrast diffraction patterns of which the
signal extends to 22 nm resolution in half period. Diffraction patterns from the specimen were monitored with X-ray dose to
confirm that the radiation induced structural deformation is not involved. The attained resolution is not limited by the radiation,
but by the numerical aperture from the detector. With this new capability, we expect to unveil internal compartments of frozen
hydrated cyanobacteria at better than 20 nm scale in a near future.
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Switching Mechanism And Multi-Level Cell in the Bipolar Resistance Switching Device

NA Sang-Chul, CHUN Min Chul, SHIN Hye-Jin, KWON Young-Sun, KANG Bo Soo
Hanyang University.
Since multi-level cell (MLC) in resistance switching (RS) enable us to fabricate high density memory device, enormous
researches have been conducted. In practical point of view, providing stable 2n states, sufficient resistance ratios between
adjacent states, and, especially, direct state transition should be accomplished. Although the MLC are easily attained in the RS,
satisfying above requirements is laborious work. To do so the switchig mechanism in the bipolare resistance switching is given
by measuring and analysing the capacitance and the resistance during the set and reset processes. Based on the switching
mechanism, suitably setting the compliance current and the negative stop voltage are employed to achieve the MLC with four
states, over 10 resistance ratios between any states, and direct twelve transitions. This work is very valuable wokr becase it is a
first report that all possible transitions (12 transitions with 4 different states) are presented.
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Effect of Surface Energy Minimization on the Selective Nucleation of [1-10-3]-oriented
GaN Twins on an SiO2-Patterned m-plane Sapphire
Substrate
,
,
,
,
,
.
The mechanism of selective nucleation of [1-10-3]-oriented GaN twins
on an mask-patterned m-plane sapphire substrate was investigated. Each
variant of twins was observed to be selectively nucleated over the
opposite edges of an SiO2 pattern. Based on the validity of a kinetic
Wulff plot in determining the growth morphology of a crystalline
domain, it was hypothesized that the effective surface energy of c- and
m-facets would be proportional to the growth rate of the respective facet.
On the basis of this hypothesis, minimization of the effective surface
energy of a nucleated domain was proposed as a mechanism of
preferential nucleation.
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Physical properties of Fe doped SrRuO3 epitaxial thin film

CHANG UK Jung, KIRSTIE RAQUEL NATALIA Toreh
Hankuk University of Foreign Studies.
Epitaxial thin films of the conductive ferromagnetic oxide SrRuO3 has been extensively studied due to its great electrical and
magnetic properties for device applications. The effect of oxygen vacancy on the transport properties of ferromagnetic
perovskite oxide such as SrRuO3 is much larger than that on the magnetic properties. By using polycrystal of (Sr1-xLax)(Ru1xFex)O3,

Mamchick et al. discovered interesting “self spin valve” phenomena. The existence of grain boundary and A-site
disorder effect in Mamchick et al. sample play together with the “self spin valve” and bothered their conclusion. Here we made
SrRu1-xFexO3-δ (x = 0.00, 0.05, 0.10, and 0.20) to study intrinsic aspect of the discovered “self spin valve”. We succeed in
making nice single phase thin films using epitaxial strain during thin film growth. Our films were free from problems related to
oxygen vacancy, A-site disorder due to codoping at Sr site, and grain boundaries. By the substitution of Fe at the B-site of
SrRuO3, the structural and the transport properties changed systematically. We also found systematic change of
magnetoresistance in our films. We compared our results with those by Mamchick et al.

D5.07*

Temperature-dependent Thermal Conductivity of Post-annealed Antimony Telluride Thin
Films using 3-omega Method
PARK No-Won, LEE Won-Yong, PARK Tae-hyun, PARK Sang-In,
CHO sang-hyeok, LEE sang-kwon
Department of Physics, Chung-Ang University.
In this study, we studied the effect of grain size and strain on the
temperature-dependent thermal thermal transport of antimony telluride
(Sb2Te3) thin films in the temperature ranges from 20 to 300 K using 3omega method. The Sb2Te3 thin films with a thickness of 400 nm were
deposited onto SiO2/Si substrates using radio frequency magnetron
sputtering and annealed at various temperatures for 5 min under an Ar
atmosphere. The measured total thermal conductivities of 400-nm-thick
thin films annealed at temperatures of 200°C, 250°C, 300°C, 320°C, and
350°C were determined to be 2.0 to 3.7 W/m · K in the temperatures from 20 K to 300 K. From our thermal transport
characteristics, we found that the film grain size, rather than the strain, had the most prominent effect on the reduction of the
total thermal conductivity. To confirm the effect of grain size on temperature-dependent thermal transport in the thin films, the
experimental results were analyzed using a modified Callaway model approach.
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Optical Absorption of Twisted Bilayer Graphene with Interlayer Potential Asymmetry

MOON Pilkyung, KOSHINO Mikito1, SON Young-Woo2
New York University Shanghai, Arts and Sciences. 1Tohoku University,
Department of Physics. 2Korea Institute for Advanced Study, School of
Computational Sciences.
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. [1] P. Moon and M. Koshino, Phys. Rev. B 87, 205404 (2013). [2] P. Moon and M.
Koshino, Phys. Rev. B 85, 195458 (2012). [3] P. Moon, Y.-W. Son, and M. Koshino, Phys. Rev. B 90, 155427 (2014).
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One-dimensional Moiré Superlattices: Double-walled Carbon Nanotubes

MOON Pilkyung, KOSHINO Mikito1, SON Young-Woo2
New York University Shanghai, Arts and Sciences. 1Tohoku University,
Department of Physics. 2Korea Institute for Advanced Study, School of
Computational Sciences.
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. [1] S. Iijima, Nature 354, 56 (1991). [2] M. Koshino,* P. Moon,* and Y.-W. Son,* Phys. Rev. B 91,
035405 (2015). *All authors equally contributed to this work.

D6.04

Single and multilayer MoTe2 field-effect transistors

IERMOLENKO Volodymyr M., IQBAL Muhammad Waqas,
,
.
The discovery of transition metal dichalcogenides (TMDs) opens an alternative way of evolution of novel microelectronics.
This materials are hexagonally packed layer compounds with general formula MX2 (M is a transition metal from IV-VII group
(Mo, W) and X is a chalcogenide (S, Se, Te)), where M layer is sandwiched between to X layers. Such structure characterizes
strong intralayer covalent interaction and weak interlayer van der Waals coupling. The absence of surface dangling bonds, low
carrier surface scattering and good electrostatics control make TMDs a promise candidate for field-effect transistor (FET)
applications. MoTe2 is layer semiconductor with small bandgap (1 eV) compared to other TMDs.MoTe2 crystals of different
thickness were mechanically exfoliated from single crystal of MoTe2 and transferred onto oxidized p+ Si substrate. Thickness
of flakes were measured by AFM. Additionally Raman spectroscopy was using for its characterized. Electrical contacts
(source/drain) were formed by depositions of 20 nm of Ti and 80 nm of Au. p+ Si was using as back gate.FET based on thick
flakes (more than 20 layers) has ambipolar characteristics. Decreasing of flake thickness suppresses the n-channel of
conductance and FET based on less than five layers flakes shows mainly p-type channel. The maximum on/off current ratio
was 107. In addition, we have estimated the carrier mobility for different numbers of layers. In addition, the combination of a
p-type FET based on MoTe2 and an n-type FET based on MoS2 has been made to work as a complementary logic inverter.
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Raman Scattering Spectroscopy and FDTD Simulation Study of ZnO Nanorod Films
Blended with Si Nanoparticles
YOON Seokhyun, MOON Hankyoul, NGUYEN Thi Thu Trang, SHIN Hae-Young, PARK Jong-Hyurk1, LEE Yun Sang2
Department of Physics, Ewha Womans University, Seoul 120-750, Korea. 1Electronics and Telecommunications Research
Institute (ETRI), Daejeon 305-700, Korea. 2Deparment of Physics, Soongsil University, Seoul 156-743, Korea.
Zinc oxide (ZnO) is one of II-IV semiconducting materials widely used for many applications such as piezoelectric and
optoelectronic devices, due to large direct band gap (3.37 eV) and large exciton binding energy (60 meV). In our study, we
mixed ZnO nanorod films with Si nanoparticles to form a blended structure to investigate the influence of Si nanoparticles to
the optical and the structural properties of ZnO nanorods. We measured Raman scattering spectra of three different samples:
One is bare ZnO nanorod film and other samples are as-grown and annealed blended ZnO nanorod films. In Raman data, we
observed the change of both ZnO and Si, which reflects the interaction between ZnO nanorods and Si nanoparticles. It is
observed that the blended structure exhibits the better arrangement of ZnO nanorods. We also calculated electric field intensity
by using finite-difference time-domain (FDTD) simulation from which we observed the change in the optical absorption in the
blended structures, that are consistent with experimental observations.

D6.06*

First Principle Study of Equilibrium Structure and Phase Transition Properties of Phase
Change Material : GeTe
PARK Hanjin, KWON Young-Kyun
Department of Physics and Research Institude for Basic Sciences, Kyung Hee University, Seoul, Korea..
Using ab initio density functional calculations, we investigate the equilibrium structure and phase transition properties of the
ordered crystalline and disordered amorphous phases of a GeTe material, which would be used for phase change random
access memory. Different amorphous phases are, then, modeled by performing molecular dynamics simulations, which are
composed of various stages including thermal equilibrations, a high-temperature pre-melting process with a low gravimetric
density, and a quenching process to room temperature. To identify the local structures in amorphous phases, we evaluate their
radial distribution functions (RDFs), order parameters (OPs) and angle distribution functions(ADFs). Our calculated OPs and
RDFs are analyzed and compared to EXAFS data available. Furthermore, we analyze the OPs and ADFs to identify the local
atomic geometries of each phase. From these results, we discuss the phase transition characteristics of GeTe.
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Single-layer WS2 field-effect transistors sandwiched between hexagonal BN films

IQBAL Muhammad Waqas, KHAN Muhammad Farooq,
,
.
Tungsten disulfide (WS2), an emerging electronic material as one of transition metal dichalcogenides (TMDCs), can be
exfoliated as an atomically thin layer and can compensate for the drawback of graphene originating from a gapless band
structure. A direct bandgap, which is obtainable in single-layer WS2, is an attractive characteristic for developing
optoelectronic devices, as well as field-effect transistors. However, its relatively low mobility and electrical characteristics
susceptible to environments remain obstacles for the use of device materials. Here, we demonstrate remarkable improvement in
the electrical characteristics of single-layer WS2 field-effect transistor (SL-WS2 FET) using chemical vapor deposition (CVD)grown hexagonal BN (h-BN). SL-WS2 FET sandwiched between CVD-grown h-BN films shows unprecedented high mobility
of 214 cm2/Vs at room temperature. The mobility of a SL-WS2 FET has been found to be 486 cm2/Vs at 5 K. The ON/OFF
ratio of output current is ~107 at room temperature. Apart from an ideal substrate for WS2 FET, CVD-grown h-BN film also
provides a protection layer against unwanted influence by gas environments. The h-BN/SL-WS2/h-BN sandwich structure
offers a way to develop high-quality durable single-layer TMDCs electronic devices.

D6.08*

Reversible doping of graphene by KNO3 solution and observation of photo-desorption

current
KHAN Muhammad Farooq, IQBAL Muhammad Waqas,
,
.
Graphene can be easily p-doped by diverse impurities, so a development of stable n-doping of graphene is worthwhile
challenge. We report stable n-doping of chemical-vapor-deposition (CVD)-grown graphene using potassium nitrate (KNO3)
solution, along with mobility improvement of charge carriers. We verified the electron doping by electrical transport
measurements and Raman spectroscopy and suggest that the mechanism of n-doping is attributed to ionic adsorption on the
graphene surface. We observed stable doping of graphene in air (room temperature) and at low temperature (50 K, 25 K and
4.7 K). We also investigated that after annealing of devices the Dirac point of doped graphene is shifted back to the position of
pristine graphene. We also measured the drain current of pristine and KNO3-doped graphene photodetector under deep
ultraviolet (DUV) light. We found the reduction of photo-desorption current in doped graphene. The origin of doping is related
to reducing the oxygen constituents, which confirmed by X-ray photoelectron spectroscopy (XPS). In general this chemical
doping method provides a simple and novel route to n-doping of graphene for the realization of high performance graphenebased electronic and photo-electronics devices.
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D6.09

Majorana zero mode in the perovskite oxide 2DEGs

, CHAN Cheung1, YAO Hong1
, IBS-CCES. 1Tsinghua University, Institute for Advanced Study.
Much of the current experimental efforts for detecting Majorana zero modes centered on probing the boundary of quantum
wires with strong spin-orbit coupling. It is possible to realize the same type of Majorana zero mode at crystalline dislocation in
the 2D superconductor, which has non-zero weak topological indices. Unlike at an Abrikosov vortex, at such a dislocation,
there will not be midgap states other than the Majorana zero mode that can complicate the experimental detection. We will
show that, using the anisotropic dispersion of the Ti / Ta t2g orbitals, such a weak topological superconductivity can be realized
when the surface 2DEG of SrTiO3 or KTaO3 becomes superconducting.

D6.10

Spin-orbit coupling, electron-phonon interactions in SrPtAs: non-centrosymmetric
superconductor with global inversion symmetry
RHIM S.H., YOUN S.J.1, NAKAMURA Kohji2, AGTERBERG Daniel F.3, WEINERT Michael3
. 1
. 2U. Mie. 3U. Wisconsin-Milwaukee.
Non-centrosymmetric superconductivity in SrPtAs is studied in the framework of electron-phonon pairing.
We show phonon dispersion and Eliashberg function of the layered SrPtAs.
From those along with Fermi surfaces, only scattering near $K$ and $M$ contribute to the electron-phonon mediation.
$T_C$ using McMillan-Allen-Dynes formula is around 3.2 K close to experiment
that indicates the electron-phonon mediation is enough to account to for superconductivity in SrPtAs.
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D6.11

Superconducting Sr2VO3FeAs investigated with Scanning Tunneling Microscopy

CHOI Seokhwan, CHOI Hyunwoo, LEE Hyun-Jung, JUNG Jin-Oh, SON Dong-Hyun, LEE Alex Tae-Kyung1, OK Jong
Mok2, KIM Jun Sung2, LEE Jhinhwan
KAIST, Dept. of Physics. 1Columbia University, Dept. of Physics. 2POSTECH, Dept. of Physics.
In many of FeAs compounds, it is believed that the antiferromagnetic spin-fluctuation induced by the Fermi-surface nesting
mediates the Cooper pairing with the extended s-wave symmetry (s±) with which the gap function has different sign in the hole
and the electron pockets centered at the G and the M points, respectively. However the charge or orbital fluctuation enhanced
by the intersite correlation can open an alternative channel for Cooper pairing with different types of spin and space-inversion
symmetry. Particularly in Sr2VO3FeAs, the intersite interaction is enhanced by the hybridization between the FeAs and the
VO3 layers, with which the nesting condition for AF spin-fluctuation is substantially destroyed. Even in the case, the
stoichiometric Sr2VO3FeAs compound shows Tc above 30K, indicating that the pairing mechanism is not attributed to AF
spin-fluctuation, but rather charge or orbital fluctuation enhanced by the interlayer coupling.
In order to understand the effect of the interlayer coupling between FeAs and VO3 layers on electronic structure and
superconductivity, we use the scanning tunneling microscopy (STM) measurements on Sr2VO3FeAS single crystals that
allows atomic scale examination of this system below and above the transition temperature. As a consequence, we observe the
Fano resonance in the dI/dV spectrum measured on VO3 layers, which indicates the coexistence of the uncompensated local
moment and the itinerant quasiparticles in it. The itinerant quasiparticles make a highly dispersive electron pocket near the Gpoint, which is clearly shown in our quasiparticle interference (QPI) image. The coexistence of the Fermi liquid and the
uncompensated local spin is the low-energy characteristics of the multi-channel Kondo lattice models, which show a variety of
interesting phenomena such as orbital-selective metal-insulator transition and non-Fermi liquid behavior, as well as
unconventional superconductivity.

D6.12*

Quantitative Analysis of Charge Modulations in The Pseudo-Gap States of
Bi2Sr2CaCu2O8+δ
LEE Gyoung Seok, KIM Jae-joon, PHARK Soo-hyon1, YOO Jung Hoon, PARK Min Seok, JOO Sang Hyun, GWAK Jung
Soo, LEE Jinho
Department of Physics & Astronomy, Seoul National University. 1Center for Correlated Electron Systems, Institute for Basic
Science, Seoul National University.
Pseudo-Gap (PG) of the cuprates is believed to hold a key to the understanding of the mechanism of high – Tc
superconductivity. Recently, discoveries of CDW phase in PG have been reported on cuprate superconductors, but its detailed
origin is still not fully understood. We studied PG phase of BSCCO 2212 using variable temperature STM and observed charge
modulations similar to the reported CDW’s wave vectors. Unlike the previously reported CDW’s, however, we find these
charge modulations disperse in particle – hole asymmetric manner. In this presentation, We will discuss a quantitative measure
of the correlation length of these charge modulations, their origin and their connection to the Fermi arc’s near the anti-nodal
quaiparticles of the PG phase of the cuprates.
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D6.13*

Mechanism of Charge Density Wave in Pt-based Superconductors : SrPt2As2 and

LaPt2Si2
SOORAN KIM, KYOO KIM, B.I. MIN
POSTECH.
The intriguing coexistence of the charge density wave (CDW) and superconductivity in SrPt2As2 and LaPt2Si2 has been
investigated based on the ab initio density functional theory band structure and phonon calculations. We have found that the
CDW instability for the both cases arises from the Fermi surface nesting. The local split distortions Pt atoms in the [As-Pt-As]
layers play an essential role in driving the five-fold supercell CDW instability as well as the phonon softening instability in
SrPt2As2. By contrast, the CDW and phonon softening instabilities in LaPt2Si2 occur without split distortions of Pt atoms. The
phonon calculations, however, suggest that the CDW and the superconductivity coexist in [X-Pt-X] layers (X = As or Si) for
both cases.

D6.14

Pressure induced phase diagram of high quality FeSe

JO Younjung, KIM Ji-hye, HONG Yoonjung, OK Jong Mok1, KWON Chang Il1, KIM Jun Sung1, KANG Won2
Kyungpook National University, Physics. 1POSTECH, Dept. of Physics. 2Ewha Womans University, Dept. of Physics.
Iron selenide is the simplest crystal among Fe-based superconductors and has the interesting feature that its critical
temperature(T_c) increases up to 36.7 K under the pressure[1]. Superconductivity of FeSe_{1-x} has close relation to its
crystal structure parameter such as lattice constant and Se height from Fe plane[2]. Therefore, clarifying the interplay between
them is regarded as a key factor to describe superconducting mechanism of FeSe_{1-x}. We established the pressure induced
phase diagram of a high quality FeSe_{1-x} from the ambient pressure to 3 GPa. In this pressure range, a local maximum
and minimum of T_c are found where the competition between superconducting state and magnetism exists[3]. Remarkably,
an anomaly of temperature(T_x) is shown up just above the local maximum temperature. Compared with previous muon spin
resonance(\muSR)[3] and nuclear magnetic resonance(NMR)[4] experiments, an antiferromagnetic transition takes place
below T_x. [1] S.Medvedev et al., Nature Mater. 8, 630 (2009) [2] H. Okabe et al., Phys. Rev. B 81, 205119 (2010) [3] M.
Bendele et al., Phys. Rev. B 85, 064517 (2012) [4] Phys. Rev. Lett. 102, 177005-1 (2009)
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D7.01*

Dilute Magnetic Topological Semiconductors

,
,
POSTECH, Physics.
Replacing semiconductors with topological insulators, we propose the
problem of dilute magnetic topological semiconductors. Performing the
renormalization group analysis for an effective field theory, where doped
magnetic impurities give rise to a spatially modulated random axion
term, we find a novel insulator-metal transition from either a topological
or band insulating phase to an inhomogeneously distributed Weyl
metallic state with such insulating islands, where extremely broad
distributions of ferromagnetic clusters combined with strong spin-orbit
interactions are responsible for the emergence of randomly distributed
Weyl metallic islands. Since electromagnetic properties in a Weyl metal
are described by axion electrodynamics, the role of random axion
electrodynamics in transport phenomena casts an interesting problem beyond the physics of percolation in conventional
disorder-driven metal-insulator transitions.

D7.02*

Topological Fermi-Liquid Theory

JHO Yong soo, KIM Ki seok
POSTECH.
We propose a novel metallic state identified with a topological Fermiliquid fixed point and described by a topological Fermi-liquid theory,
where electromagnetic properties are governed by axion electrodynamics
originating from chiral anomaly, thus which should be distinguished
from the Landau's Fermi-liquid fixed point described by Landau's Fermiliquid theory. Integrating over high-energy electronic excitations below
the chemical potential and enslaving spin degrees of freedom for
resulting low-energy fermion excitations in QED4 with an axion term,
we derive an effective field theory for chiral spinless fermions on a pair
of chiral Fermi surfaces, which introduces effects of both Berry
curvature and chiral anomaly into the effective field theory as effective
potentials. This effective field theory allows us to incorporate the role of
the topological structure in dynamics of such low-energy spinless chiral
fermions perturbatively. Introducing generic four-fermion interactions
and performing renormalization group analysis, we discover a
topological Fermi-liquid fixed point, where effects of marginal forward
scattering are introduced into topological Boltzmann transport theory, completing topological Fermi-liquid theory.
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D7.03*

Helium adsorption on graphite : Path-integral Monte Carlo study

AHN Jeonghwan, LEE Hoonkyung, KWON Yongkyung
,
.

D7.04*

Observation of half-quantum vortices in a spin-1 antiferromagnetic Bose-Einstein

condensate
,
,
,
Seoul National University.
We report the obsrvation of half-quantum vortices (HQVs) in an antiferromagnetic spinor Bose-Einstein condensate. We
realize the easy-plane polar or antiferromagnetic (AF) phase of spin-1 sodium condensate by tuning the sign of the quadratic
Zeeman energy with microwave dressing field. We employ novel imaging system - the magnetization-sensitive phasecontrast imaging, and observe that a singly charged vortex splits into a pair of HQVs with ferromagnetic vortex cores of
opposite magnetization. We will also discuss the effects of spin fluctuation on the splitting process.
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D7.05*

Exploration of BaBiO3 in the two-dimensional limit:evolution of lattice and electronic

structure
KIM Gideok, NEUMANN Michael, KIM Minu, KANG Tae Dong, NOH Tae Won
Center for Correlated Electron Systems, IBS.
The perovskite material BaBiO3 is the parent compound of the oxide superconductors BaPb1-xBixO3 and Ba1-xKxBiO3, with
critical temperatures 13 K and 30 K, respectively. The stoichiometric compound BaBiO3 could be naively expected to be
metallic due to the nominal Bi4+ valence state (6s1). Instead, the material is a charge-ordered insulator, generally believed to
exhibit charge disproportionation into the Bi3+ and Bi5+ valence states.As a consequence, bulk BaBiO3 exhibits two types of
structural distortions from the ideal cubic perovskite: a tilting distortion of the perovskite octahedra due to the different ionic
radii of Bi3+ and Bi5+, and a breathing-mode distortion associated with the charge disproportionation phenomenon lead to a
lower-symmetry monoclinic lattice structure. The octahedral tilting has been reported to be suppressed in epitaxial thin films of
stoichiometric BaBiO3 grown on suitable substrates, whereas the breathing distortion is claimed to be retained.We study
epitaxial BaBiO3 thin films grown by pulsed laser deposition, as a function of film thickness. We use X-ray photoemission
spectroscopy (XPS) to quantify the stoichiometry of our samples; spectra acquired on our as-grown BaBiO3 films show that
our samples are stoichiometric, with a Ba:Bi ration of 1:1 within measurement uncertainty. Further, we determine the optical
constants of these films using ellipsometric spectroscopy, and we probe the samples' Raman response that exhibits peaks
characteristic for the breathing mode distortion. Both measurements show that thick films have properties identical to bulk
BaBiO3. With decreasing film thickness, however, the signatures of charge ordering and of the breathing distortion are
suppressed concurrently. Lastly, we perform a detailed X-ray diffraction study to directly track distortions of the BaBiO3
lattice as a function of film thickness. On the basis of these observations, we discuss the mechanism that controls the charge
order and its suppression in very thin BaBiO3 films.

D7.06*

Optical Femtosecond Pump Probe Study of Mott Insulator Ca2RuO4

LEE Min-Cheol, SEO Choongwon1, LEE Yeongseon1, KWAK Inho, SOHN Chang Hee, SOW Chanchal2, MAENO
Yoshiteru2, KIM Kyungwan1, NOH Tae Won
Center for Correlated Electron System (CCES), Institute for Basic Science (IBS). 1Department of Physics, Chungbuk National
University. 2Department of Physics, Kyoto University.
We have investigated ultrafast dynamics of carriers and phonons in single crystalline Ca2RuO4 with optical pump-probe
technique. Ca2RuO4 is one of well known Mott insulator, which has metal-insulator transtion above room temperature (TMIT
= 357K) with structural distortion. This compound currnetly attracts much interests due to its characteristic of electric-field
induced metal-insulator transition below the critical temperature. From our NIR pump - NIR probe spectroscopy
measurement, a coherent oscillation is found from time-resolved reflectivity data which is related specific A1g phonon modes
in Ca2RuO4. Also, we discuss the possibility of photo-induced metal-insulator transition under the critial temperature in
Ca2RuO4 by comparing ultrafast pump probe analysis with metallic single crystal Ca1.94Sr0.06RuO4.
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D7.07

LDA+DMFT implementation in a non-orthogonal local orbital basis

HAN Mancheon, OH Hyungju, LEE Choong-Ki1, CHOI Hyoung Joon
Department of Physics and IPAP, Yonsei University Center for
Computational Studies of Advanced Electronic Material Properties,
Yonsei University. 1Center for Computational Studies of Advanced
Electronic Material Properties, Yonsei University.
The density functional theory (DFT) is very successful for ab initio
calculations of various materials. However, it has limited accuracy for
strongly correlated materials. The dynamical mean field theory (DMFT),
which maps a correlated system to an interacting impurity in a noninteracting bath, describes local correlation. Combination of two
methods, LDA$+$DMFT, is an adequate approach for correlated
material research. We implemented a LDA$+$DMFT based
on the SIESTA program, where electronic wavefunctions are expanded
with pseudo-atomic orbitals. An exact diagonalization method is used as
an impurity solver. We apply our program to the electronic structure
of LaFeAsO and compare the results with those from DFT and
experiments. This work is supported by the NRF of Korea (Grant
No.2011-0018306). Computational resources have been provided by
KISTI Supercomputing Center (Project No. KSC-2014-C3-070).

D7.08

DFT+DMFT Study of Composition and Temperature Dependent Electronic Structure and
Metal-Insulator Transition in NiS2-xSex
MOON Chang-Youn, JI HOON Shim1
Korea Research Institute of Standards and Science. 1Pohang Universtiy
of Science and Technology.
Nickel chalcogenide alloy NiS2-xSex exhibits a complex phase diagram
where metal-insulator transition (MIT) as well as magnetic phase
transition occurs by varying Se composition x, temperature, and also
pressure, depending on the strength of the electron correlation. Although
the phenomenological phase diagram itself was well established earlier,
detailed nature of the each phase and the transition among them have been controversial. Here we investigate the evolution of
the electronic structure of nickel chalcogenide alloy NiS2-xSex with varying composition x and temperature using the combined
theoretical method of density-functional theory and dynamical mean-field theory. Using real alloy structures containing both S
and Se species in the cell, we map electronic correlation strength of the alloy on the phase diagram, and observe the metalinsulator transition along both the composition and temperature axes, consistent with the experimentally established phase
diagram of this alloy system. The temperature dependence of the local magnetic susceptibility is obtained and shows an
evolution from typical Curie-Weiss-like behavior for insulating phases to the constant behavior for metallic phases with
increasing x. Comparison of electronic structures among NiS2 and NiSe2 in different lattice structures suggests that the
composition-driven metal-insulator transition in the alloy results from the change of the hybridization strength between Ni d
and chalcogen p orbitals.
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D7.09

Two Particle Vertex and Dynamical Mean Field Theory

LEE CHOONG-KI, CHOI HYOUNG JOON
Department of Physics and IPAP, Yonsei University. Center for
Computational Studies of Advanced Electronic Material Properties,
Yonsei University.
Combining dynamical mean field theory(DMFT) with two particle
irreducible vertex (2PI) formulation enables us to compute the
generalized susceptibilities and one particle self-energies of the strongly
correlated electronic systems. We introduce the general scheme of 2PI
with DMFT framework, and present the result of its application to
Hubbard model. This work was supported by KISTI supercomputing
center (Project No. KSC-2014-C3-070 ).

D7.10

Dynamical mean-field theory for the Kondo lattice URu2Si2

LEE Hyun-Jung, KANG Hanhim1, SHIM Ji-Hoon1
KAIST, Dept. of Physics. 1POSTECH, Dept. of Chemistry.
The heavy Fermi liquid, where the strong Coulomb interaction on the felectron orbitals hybridizing with a conduction band brings up the
Kondo effect, shows a variety of interesting phenomena such as
magnetic order, quantum phase transitions, and associated non-Fermi
liquid behavior, as well as unconventional superconductivity. It is
believed that the underlying physics is governed by the competition
between the exchange interaction of the magnetic moments and their
screening by conduction electrons, though no theoretical consensus have
emerged yet. Among the heavy fermion compounds perhaps the most
enigmatic is the URu2Si2 system, which undergoes a hidden-order
transition with a rather large change in entropy at 17.5 K from a
paramagnetic phase with Kondo screening to a phase with an unknown
parameter[1,2]. Recently, a novel experimental probe such as scanning
tunneling spectroscopy (STS) provide complementary information on
modification of the electronic structure of URu2Si2 at the onset of the
hidden order transition with high energy and spatial resolutions[3,4]. As
examples, a partial energy gap emerges in the dI/dV spectra below the
hidden order transition temperature, where the anisotropic heavy-band
splitting is observed in the quasiparticle scattering interference (QPI)
image as well. The Theoretical challenge in the interpretation of the STS spectra of the heavy fermion compound lies in the
proper treatment of the strong correlation effects governing the Kondo lattice systems. In this work, by combining the
numerical renormalization group (NRG) and the dynamical mean-field theory (DMFT), we address the nature of the partial gap
and the heavy-band splitting realized in the Periodic Anderson model. The partial gap emerging in the local spectral density is
also discussed in the context of the two-channel Kondo lattice models, where a spontaneous breaking of the orbital symmetry
brings up the orbital-selective Kondo effect[5].[1] TTM Palstra et al., Phys. Rev. Lett. 55, 2727 (1985)[2] V. Tripathi et al.,
Nat. Phys. 3, 78 (2007)[3] A. R. Schmidt et al, Nature (London) 465, 570 (2010)[4] P. Aynajian et al., Proc. Natl. Acad. Sci.
U.S.A. 107, 10383 92010)[5] S. Hoshino et al., Phys. Rev. Lett. 107, 247202 (2011)
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D7.11

RG-Improved Perturbation Theory of Kondo Effect Based on the Schwinger-Boson

Representation
HAN Jae-Ho, TRAN Minh-Tien1, KIM Ki-Seok2
POSTECH, Dept. of Physics. 1Vietnam Academy of Science and Technology, Institute of Physics. 2POSTECH, Dept. of
Physics.
Resorting to the Schwinger-boson representation for the description of a localized magnetic-impurity state, we develop an RGimproved (renormalization group) perturbation theory for the Kondo effect. This Schwinger-boson based RG-improved
perturbation theory covers the whole temperature range from a decoupled local moment state to a local Fermi-liquid state
through the crossover temperature regime, shown from the specific heat and spin susceptibility of the magnetic impurity. The
Schwinger-boson based RG-improved perturbation theory makes the strong coupling fixed point at IR (infrared) accessible
from the gaussian one at UV (ultraviolet) within the perturbation framework, regarded to be complementary to the Schwingerboson based NCA (non-crossing approximation) self-consistent theory [Phys. Rev. Lett. 96, 016601 (2006)]. The existence of
the perturbatively accessible strong coupling fixed point implies the nature on the statistics of spinons, not determined by
hands but chosen by the nature of strongly coupled systems.

D7.12

Surface Majorana fermions and bulk collective modes in superfluid 3He-B

PARK YEJE, CHUNG SUK BUM1, MACIEJKO Joseph2
KAIST,
. 1Center for Correlated Electron Systems, Institute for Basic Science. 2University of Alberta, physics.
The theoretical study of topological superfluids and superconductors has so far been carried out largely as a translation of the
theory of noninteracting topological insulators into the superfluid language, whereby one replaces electrons by Bogoliubov
quasiparticles and single-particle band Hamiltonians by Bogoliubov-de Gennes Hamiltonians. Band insulators and superfluids
are, however, fundamentally different: while the former exist in the absence of inter-particle interactions, the latter are broken
symmetry states that owe their very existence to such interactions. In particular, unlike the static energy gap of a band
insulator, the gap in a superfluid is due to a dynamical order parameter that is subject to both thermal and quantum
fluctuations. In this work, we explore the consequences of bulk quantum fluctuations of the order parameter in the B phase of
superfluid 3He on the topologically protected Majorana surface states. A mean-field theory suggests that the surface Majorana
fermions in 3He-B may be in the vicinity of a metastable gapped time-reversal-symmetry-breaking phase.
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D8.01

La-Displacement Driven Double-Exchange Like Mediation in Titanium dxy

Ferromagnetism at the LaAlO3/SrTiO3
ODKHUU Dorj, RHIM S. H.1, SHIN Dongbin2, PARK Noejung2
Department of Physics, Incheon National University. 1Department of Physics, University of Ulsan. 2Department of Physics,
Ulsan National Institute of Science and Technology.
The epitaxial atomistic interfaces of two insulating oxides, LaAlO3 (LAO)/SrTiO3 (STO), have attracted great interests,
owing to rich emergent phenomena such as interface metallicity, thickness dependent insulator-metal transition,
superconductivity, ferromagnetism, and even their coexistences. Still, the physics origin of conductivity and ferromagnetism
found in the n-type LAO/STO interface is in debate. In this talk, we will present the theoretical evidence on an emergence of
ferromagnetism at the LAO/STO interface without oxygen vacancy. We propose that the polar distortion of La atom is the key
for ferromagnetism, where the hybridization between La dz2 and O px,y states offers a pathway for Ti dxy ferromagnetism by
double-exchange like interaction. We further demonstrate that the structurally and electrically modified outermost surface of
LAO or switching the polarization direction of ferroelectric overlayers on LAO/STO can modulate the interface
ferromagnetism through La displacement.

D8.02

The study of orbital angular momentum and spin-splitting in triangular lattice

OH SEHOON, CHOI HYOUNG JOON
Department of Physics and IPAP, and Center for Computational Studies of Advanced Electronic Material Properties, Yonsei
University, Seoul, Korea.

We study the spin-splitting in triangular-lattice materials including transition-metal dichalcogenides materials
and Au (111) surface quantitatively as well as qualitatively using tight-binding and first-principles
calculations. To analyze the spin-splitting of the bands, we calculate the orbital angular momentum (OAM) and
consider the symmetry of the system. We confirm that the large spin-splitting results from the presence of
significant local OAMs and strong spin-orbit interactions in the vicinity of high-atomic number elements. This
work was supported by NRF of KOREA (Grant No. 2011-0018306) and KISTI supercomputing centre (Project No.
KSC-2013-C3-070).
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D8.03*

Atomic and electronic properties of monolayer MoTe2

CHOE Duk-Hyun, SUNG Ha-Jun, KIM Sung Wng1, LEE Young Hee1, YANG Heejun1, CHANG Kee Joo
Department of Physics, KAIST. 1IBS Center for Integrated Nanostructure Physics (CINAP), Institute for Basic Science,
Sungkyunkwan University; Department of Energy Science, Sungkyunkwan University.
The existence of moderate band gaps and strong spin-orbit coupling (SOC) in transition metal dichalcogenides (TMDs) make
them promising materials for the development of next-generation electrical, optical, and spintronic devices. TMDs commonly
appear in two distinct symmetries, with a trigonal prismatic 2H phase being semiconducting and an octahedral 1T phase being
metallic. Interestingly, a spontaneous symmetry breaking of 1T phase also leads to a distorted octahedral 1T’ phase that
exhibits unexpected electronic properties.
In this work, we investigate the structural and electronic properties of experimentally synthesized MoTe2 through firstprinciples density functional calculations. We show that a spontaneous phase transition from 1T to 1T’ is driven by the
electron-phonon coupling. A nesting vector in the Fermi surface of 1T-MoTe2 is responsible for the Peierls-like distortion
which leads to 1T’-MoTe2. Such structural distortion causes a band inversion and SOC opens a small energy gap. We discuss
the effects of carrier doping and lattice distortion on the structural stability and the modification of the electronic structure.

D8.04*

First-principles Study of Work Function Changes in Alkali-metal Adsorbed MoTe2 and

WTe2
,
.
The lowest work function of materials, reported so far over the last few decades, is an order of 1eV experimentally and
theoretically. Designing materials that has work-function less than 1eV is essential in the thermionic energy conversion. To
explore new low work function materials, we study MTe2 (M=Mo and W) adsorbed with alkali metals (Li, Na, K, Rb and Cs),
and investigate the charge transfer, the formation of surface dipole, and the change in work function using first-principles
calculations. It is found that the charge transfer from alkali metals to MTe2 substrates decreases as the atomic number of
adsorbates increases. Regardless of the amount of the charge transfer, K on WTe2 exhibits the biggest surface dipole moment,
which consequently makes the surface work function the lowest. We show that the formation of the surface dipole is a key in
changing the work function. We find the trimerization of W and Mo atoms in the substrate with the lowest work-function,
which may contribute to enhancement of the surface dipole.
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D8.05*

Electronic structure and thermoelectric properties of (PbSe)m/(SnSe)n superlattice: A first

principles study*
HONG Soon Cheol, RHIM S. H., CUONG Do Duc, LEE Joo-Hyoung1
. 1Department of Materials Science and Engineering, Gwangju Institute of Science and Technology.
The extremely high figure of merit (ZT) of layered structure SnSe1 recently opened up a new direction in study of
thermoelectricity due to its low thermal conductivity, which, however, is limited to high temperature. ZT of thermoelectric
materials can be enhanced by lowering thermal conductivity or/and increasing electrical conductivity. Here, we performed first
principles density functional calculations to explore room-temperature thermoelectricity. We consider (PbSe)m/(SnSe)n
superlattices with various n and m values, whose quantum well structure is expected to increase electrical conductivity by
modulation of charge doping at the interface. It is found that the band gap is strongly reduced when the superlattice changes
from (PbSe)2/(SnSe)1 to (PbSe)5/(SnSe)1. Calculations of Seebeck coefficients for the superlattices show an anisotropy
Seebeck coefficient at room temperature.

D8.06*

First Principles Investigation for the Enhancement of ZT and its Microscopic
Origin in GBT (mixture of Bi2Te3 and GeTe) compounds
KIM Jae Nyeong, SHIM Ji-Hoon
Department of Chemistry, Pohang University of Science and Technology, Pohang 790-784, Korea.
We have explored the thermoelectric (TE) properties of layered [GeTe]m[Bi2Te3]n (GBT) compounds with varying their
compositions (m=1~8, n=1~3), using first principle density functional theory calculations and Boltzmann transport theory.
With combination of tensile effect and quantum confinement effect, electronic structure of GBT compounds at high doping
region (>1020cm-3) shows potential for better TE properties than Bi2Te3. However, consideration of realistic scattering time
and experimental lattice thermal conductivity gives poor TE performances at high doping region with low scattering time and
Seebeck coefficients. Instead, p-type GBT with low doping region (~1019cm-3) is expected to shows better TE performances
than Bi2Te3 with high Seebeck coefficients and low lattice thermal conductivity. We investigate microscopic origin for these
phenomena and suggest GBT as good candidate for better TE performances
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D8.07

First-principles Study of Thermoelectric Properties of Bi2Te3, Bi2Se3, and Sb2Te3 Thin

Films
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Three-dimensional topological insulator Bi2Te3, Bi2Se3 and Sb2Te3 are good thermoelectric materials. In this
study, we use first-principles calculations and semi-classical Boltzmann transport method to investigate the
thermoelectric property of these compounds in a-few-layer structures. In particular, we study the effect of
topological surface states and quantum-well states on the thermoelectric property. Our calculations show that the
Seebeck coefficients of n-type and p-type doped films exhibit contrasting behavior upon variation in film thickness.
We show that the thickness dependence of the Seebeck coefficient is associated with the interplay of the quantum
confinement effect and the surface states near the Fermi level in 2D structures.

D8.08*

Development of a full ab-initio non-equilibrium quantum transport calculation method: A
case of tunneling electronic devices based on vertically-stacked 2D layered materials
KIM Yong-Hoon, KIM Han Seul, KIM Hu Sung
KAIST.
We report on the development of a novel first-principles method for the calculation of non-equilibrium quantum transport
process. Within the scheme, non-equilibrium situation and quantum transport within the open-boundary condition are
described by the region-dependent D self-consistent field method and matrix Green’s function theory, respectively. We will
discuss the limitation of conventional method and advantage of our scheme in describing the characteristics of 2D layered
materials-based tunneling electronic devices. Then, we investigate the effect of various factors such as number of layers and
material species on the realistic device operations.
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D8.09

Moire bands theory of non-commensurable graphene and hexagonal boron nitride

heterojunctions
JUNG Jeil
Department of Physics, University of Seoul, 130-743, Korea.
When atomically thin two-dimensional (2D) materials are layered, they often form incommensurate noncrystalline structures
that exhibit long-period moire patterns when examined by scanning probes. Here we use a methodology that uses information
obtained from ab initio calculations performed on short-period crystalline structures to derive effective Hamiltonians that are
able to efficiently describe the influence of the moire pattern superlattices on electronic properties. We apply our approach to
the cases of graphene on graphene (G/G) and graphene on hexagonal boron nitride (G/BN) to derive the explicit effective
Hamiltonians that can be used to calculate electronic properties of interest for arbitrary twist angles and lattice constants. We
will discuss the electronic structure in the small twist-angle non-perturbative limit where gate doping can access the relevant
features introduced by the moire pattern superlattices. [References]: [1] A. DaSilva, J. Jung, S. Adam, A. H. MacDonald,
Transport and particle-hole asymmetry in graphene on boron nitride ’, arXiv:1503.04312 (2015). [2] J. Jung, A. DaSilva, A.
H. MacDonald and S. Adam, ‘Origin of band gaps in graphene on hexagonal boron nitride’, Nature Communications 6:6308
(2015). [3] J. Jung, A. Raoux, Z.H. Qiao and A. H. MacDonald, ‘Ab-Initio Theory of Moiré Superlattice Bands in Layered
Two-Dimensional Materials’, Physical Review B 89, 205414 (2014).

D8.10*

Negative Thermal Expansion Behavior of T-Carbon Material: Ab initio Study

CHOI Ho-Sik, KANG Seoung-Hun, KWON Young-Kyun
Department of Physics and Research Institute for Basic Science, Kyung Hee University, Seoul, Korea.
We investigate the thermal property and the thermal expansion behavior of a “T-carbon” structure using the first-principles
density functional theory. T-carbon is a recently proposed carbon allotrope, which can be constructed from the diamond by
replacing every carbon atom with a tetrahedron composed of four carbon atoms. We search for its equilibrium structure by
scanning its energy landscape while changing the C-C bond lengths within the tetrahedron and between the neighboring
tetrahedra. Based on the equilibrium configuration, we apply the finite displacement method to calculate the phonon dispersion
and its vibrational modes to explore its thermal property. We also use the quasi-harmonic approximation, and observe that Tcarbon exhibits unusual thermal expansion behavior: negative thermal expansion in the cubic structure. Such an abnormal
negative thermal expansion behavior is attributed to the existence of rigid unit modes originated from the tetrahedron structure.
We further analyze the rigid unit modes as well as the effects of the structural deformations.
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D8.11*

Topological Quantum Phase Transitions Driven by Strains in Phosphorene Oxides

KANG Seoung-Hun, PARK jejune, WOO Sungjong1, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University. 1Korea Institute for Advanced Study.
Phosphorene, a new two-dimensional layered material extracted from the black phosphorus, has attracted much attention due
to its potential usage for electronic or optoelectronic devices since its recent synthesis. Because of a lone pair of electrons on
each phosphorous atom, however, pristine phosphorene may be extremely reactive with oxygen in air, and thus the oxidation
of phosphorene would be unavoidable during synthesis and/or fabrication processes unless they were done in a vacuum
environment. Using ab initio density functional theory with spin-orbit coupling, we investigate various properties of
phosphorene oxides (POx) with various oxygen compositions x. To find the equilibrium structure for each x value in POx,
diverse configurations are considered and optimized. With the equilibrium configurations for all x values, we explore their
electronic properties, and observe that the band gaps tend to increase with the oxygen composition of x<0.5, and then decrease
with x>0.5. We further investigate the strain effect on the electronic structure of the fully oxidized phosphorene, PO. At a
particular strain is observed an interesting band inversion near its Γ point in the momentum space implying a topological
quantum phase transition, where the phosphorene oxide is transformed from a normal insulator to a topological insulator. We
confirm this implication by identifying its band topology and by directly calculating the Z2 invariant from electronic wave
functions.

D8.12

Computational design of silicon allotropes with direct band gaps

OH Young Jun, LEE In-Ho1, LEE Jooyoung2, KIM Sunghyun, CHANG Kee Joo
KAIST, Department of Physics. 1KRISS. 2KIAS, Center for In Silicon Protein Science, School of Computational Science.
Silicon is a major element in electronic devices, and Si-based semiconductor technology has been well established for last
several decades. On the other hand, Si has an indirect band gap which limits its applications for optical devices due to
inefficient light emission and absorption. It is known that the optimal value of direct band gap is about 1.3 eV for solar cell
applications. Thus, it is a challenging issue to search for Si crystals with direct band gaps around 1.3 eV.
In this work, we predict various crystalline Si allotropes with direct and guasi-direct band gaps through extensive
computational searches. Our approach combines a conformational space annealing algorithm for global optimization and firstprinciples density functional calculations. We examine the structural stability of the predicted allotropes by performing finitetemperature ab initio molecular dynamics simulations and calculating the whole phonon spectra. These allotropes are quite
stable at ambient conditions, although they are metastable with respect to the cubic diamond phase. The optical properties are
also examined by solving the Bethe-Salpeter equation together with the quasiparticle G0W0 approximation. We find that the
absorption spectra are greatly improved as compared to amorphous and cubic diamond Si, with solar cell efficiencies
comparable to those of best-known photovoltaic absorbers such as CuInSe2,
CuInS2, and CuGaSe2.
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D8.13*

Ab initio Study of Acetylsalicylic Acid Adsorbed on Single-walled Carbon and Carbon
Nitride Nanotubes
LEE Yongju, KANG Seoung-Hun, KIM Gunn1, KWON Young-Kyun
Department of Physics and Research Institute for Basic Science, Kyung Hee University, Seoul, Korea. 1Department of
Physics, Graphene Research Institute, and Institute of Fundamental Physics, Sejong University, Seoul, Korea.
We investigate the structural and electronic properties of acetylsalicylic acid (ASA), a major component of aspirin, adsorbed
on a carbon nanotube (CNT) and a carbon nitride (C3N4) nanotube (CNNT), using ab intiodensity functional theory. We use a
plane-wave basis set and the projector augmented wave method with the generalized gradient approximation implemented with
van der Waals interaction. It is found that the ASA molecule binds stronger on the CNNT with its adsorption energy of ~0.67
eV than on the CNT with ~0.51 eV. The stronger adsorption energy on the CNNT is ascribed to the high reactivity of the N
atoms containing electron lone pair. There are noticeable differences in the electronic structures of CNTs and CNNTs due to
the adsorption of a ASA molecule. We will present the electronic band structures, densities of states, and charge distriubtions
of the ASA-adorbed CNT and CNNT, and discuss the adsorbate effects on their distinct electronic characteristics in detail.

D8.14*

First-principles study on the structural and electronic properties of graphitic carbon
nitride sheet and nanotubes
SONG hosin, KIM Min-gwan, KANG Seoung-Hun, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University.
Using first-principle calculations based on density functional theory, we investigate structural and electronic properties of
triazine-based graphitic carbon nitride (g-C3N4) sheet and nanotubes (NTs). g-C3N4 is a two-dimensional defect-rich and
nitrogen-bridged honeycomb lattice composed of C3N4 sub units cross-linked by triangular nitrogen atoms (joint N). We
search for its optimized structure by scanning its energy landscape while changing nonequivalent bond lengths and the
buckling effect. It is found that the buckled sheet is more stable than its planar counterpart, because of electronic polarization
between nitrogen and carbon atoms. It turns out that the sheet is semiconducting with an indirect band gap of 2.15 eV. Based
on the optimized structure, we modeled various g-C3N4 NTs in zigzag and armchair forms like carbon NTs. Interestingly, the
(7,0) zigzag NT is more stable than not only any other NTs, but also even the equilibrium buckled sheet, implying such g-C3N4
NTs could be synthesized more easily than the sheet. The zigzag and armchair g-C3N4 NTs are all semiconducting with a band
gap ranging from 2.1 eV to 2.7 eV. Furthermore, we evaluate the Li adsorption and diffusion properties on the g-C3N4 material
to explore the possibility of using them as an electrode in a Li ion battery.
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D8.15*

Implementation of a Conformational Space Annealing Algorithm in Computational Search
for Functional Materials
KIM Sunghyun, LEE In-Ho1, LEE Jooyoung2, OH Young Jun, CHANG Kee Joo
Department of Physics, Korea Advanced Institute of Science and Technology, Daejeon 305-701, Republic of Korea. 12Korea
Research Institute of Standards and Science, Daejeon 304-340, Korea. 2Center for In Silico Protein Science, School of
Computational Science, Korea Institute for Advanced Study, Seoul 130-722, Korea.
Very recently, the inverse method of materials design has attracted much attention, together with high through-put
computations for material search. In the inverse approach, specific electronic properties are initially assigned and target
materials are subsequently searched. In this work, we propose a new scheme for the inverse design of functional materials, in
which the conformational space annealing (CSA) algorithm for global optimization is combined with first-principles density
functional calculations. To implement the CSA, we need a series of ingredients, (i) an objective function to minimize, (ii) a
local enthalpy minimizer of a given conformation, (iii) ways to combine two parent conformations to generate a daughter one,
(iv) a 'distance' measure between two conformations, (v) a special conformation update scheme, and (vi) an annealing method
in the 'distance' parameter axis. We present the implementation of our scheme to search for Si crystals with direct band gaps
and the lowest-enthalpy phase of boron at high pressure and discuss the efficiency of the present scheme.

D9.01

Electronic Structure of the Au/Si(111)-5x2 Surface: Density Functional Calculations

KANG Myung Ho, KWON Se Gab
.
Density functional calculations are used to study the band structure and core-level shifts of the Au/Si(111)-5x2 surface, based
on the recently proposed structural model with a Au coverage of 0.7 ML [1]. Our calculations well reproduce previous ARPES
data. Especially, the ARPES data obtained in the energy range of 0.2-1.0 eV below the Fermi level are found to represent
multiple bands: this ARPES feature was previously assigned to a single band, which lead to an experimental claim for an
interesting 1D-to-2D dimensional change within single band [2]. Our calculated Au 4f core level shifts also compare well with
previous XPS data [3]. The higher binding shifts for the surface Au atoms are compatible with our electron counting analysis,
which confirms the experimental suggestion for a depletion of Au d electrons at this surface. [
] [1] S. G. Kwon and
M. H. Kang, Phys. Rev. Lett. 113, 086101 (2014). [2] R. Losio, K. N. Altmann, and F. J. Himpsel, Phys. Rev. Lett. 85, 808
(2000). [3] T. Okuda, H. Shigeoka, H. Daimon, S. Suga, T. Kinoshita, A. Kakizaki, J. Electron Spectrosc. Rel. Phen. 80, 229
(1996).
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J.D Denlinger2,
. 2Lawrence Berkeley National Laboratory.

First-principles study on the electronic properties of two-dimensional puckered antimony

nanostructure
,
Department of Physics, POSTECH.
Recently, experimental discovery of phosphorene (single-layer of black phosphorus) has initiated the study of twodimensional materials suitable for future electronics application. Based on first-principles calculations, we investigated the
electronic properties of two-dimensional antimony with puckered honeycomb structure named as O-antimonene similar to
black phosphorus. To check the dynamical stability of this unknown 2D material, we calculated the phonon spectra. We
obtained its band structure and found that it is semiconductor with a moderate band gap good for applications to electronic
devices. We also studied the effect of strains on O-antimonene as an efficient way to tune the band gap.

-280-

D9.04*

Asymmetric Core Level Photoemission Line Shape in Compound Metal Ag5Pb2O6

SINN Soobin, LEE Kyung Dong1, WON Choong Jae1, YOO Hyang Keun, OH Ji Seop, KUO Cheng-Tai, HAN Moonsup2,
CHANG Young Jun2, HUR Namjung3, PARK Byeong-Gyu4, KIM Hyeong-Do, NOH Tae Won
Center for Correlated Electron Systems, Institute for Basic Science (IBS), Seoul 151-747, Republic of Korea / Department of
Physics and Astronomy, Seoul National University (SNU), Seoul 151-747, Republic of Korea. 1Center for Correlated Electron
Systems, Institute for Basic Science (IBS), Seoul 151-747, Republic of Korea / Department of Physics, Inha University, Incheon
402-751, Republic of Korea. 2Department of Physics, University of Seoul, Seoul 130-743, Republic of Korea. 3Department of
Physics, Inha University, Incheon 402-751, Republic of Korea. 4Pohang Accelerator Laboratory, Pohang University of
Science and Technology, Pohang 790-784, Republic of Korea.
Orbital character of conduction electrons is one of the most important factor determining properties of material. It is,
nevertheless, not easy to identify the character of conduction electron. This difficulty occasionally makes a discrepancy
between researches like in the case of Ag5Pb2O6. Earlier theoretical work by using extended Hückel tight binding method
expected the conduction electrons of this material are composed of Ag 5s electrons. Recent study by using density-functional
theory (DFT) claimed, on the other hands, the conduction electrons of Ag5Pb2O6 have Pb 6s and O 2p characters. In this
presentation, we show the conduction electrons of Ag5Pb2O6 have a Pb character, not a Ag character by means of X-ray
photoelectron spectroscopy. Asymmetric line shape of Pb 4f core level is observed due to core hole screening by Pb conduction
electrons unlike symmetric Ag 3d core level spectrum. This result is consistent with previous DFT study. We also demonstrate
our Pb 4f core level spectrum cannot be explained by typical Doniach-Šunjić (D-Š) line shape, only can be explained by
calculation with density of states because of narrow bandwidth.

D9.05*

Anisotropic bias dependent transport property in vacancy defective phosphorene layer

M. UMAR Farooq, HONG Jisang
Department of Physics, Pukyong National University.
Phosphorene is receiving great research interests because of its peculiar physical properties. Nonetheless, no systematic
studies on the transport properties modified due to defects have been performed. Here, we present the electronic band structure,
defect formation energy and bias dependent transport property. Both single and divacancy defects have been considered. We
found that the defect formation energy is much less than that in graphene. The defect configuration strongly affects the
electronic structure. The band gap vanishes in single vacancy layers, but the band gap reappears in divacancy layers.
Interestingly, a single vacancy defect behaves like a p-type impurity for transport property. Unlike the common belief, we
observe that the vacancy defect can contribute to greatly increasing the current. Along the zigzag direction, the current in the
most stable single vacancy structure was significantly increased as compared with that found in pristine layer. In addition, the
current along the armchair direction was always greater than along the zigzag direction and we observed a strong anisotropic
current ratio of armchair to zigzag direction. This research was supported by Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology
(No.2013R1A1A2006071) and by the Supercomputing Center/Korea Institute of Science and Technology Information with
supercomputing resources including technical support (KSC-2014-C3-071)
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Electronic structure studies of hydrogen gas exposed MoS2 by angle resolved photoemission
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We measured the electronic structure of MoS2 using angle-resolved photoemission spectroscopy(ARPES). We investigated the
indirect band gap and spin-band splitting sizes of MX2. In addition, we present ARPES results from high pressure exposed
MoS2 (MoS2+H2(10h) performed to investigate the evolution of the band structure as a function of hydrogen exposure (from
MoS2 to MoS2+H2(10h)). Photon energy dependence and potassium dosing were performed for each system. The results from
MX2 are quite consistent with the published band calculation results. In the MoS2+H2 (10h) case, there are two interesting
observations from the results. The first is that impurity state appear between conduction and valence band upon exposure to
hydrogen. The other observation is that the Γ band appears to have quantum confinement effect.

D9.07*

Spin-Dependent Transport and Optical properties of transparent Half-Metallic g-C4N3

Films
ARQUM Hashmi, M. UMAR Farooq, TAO Hu, HONG Jisang
Department of Physics, Pukyong National University.
Half-metallic materials play an essential role in the spin-dependent transport study, and so far it is believed that the 3d
transitional metal elements are necessary to obtain a ferromagnetic state. Herein, we demonstrate that the metal free twodimensional graphitic carbon nitride (g-C4N3) film show half metallic state and this is independent of the film thickness and
stacking order. We find that the half-metallicity results in a very large magnetoresistance even at finite bias. Moreover, we
have also investigated various optical properties. The g-C4N3 thin films have a very high refractive index for parallel
polarization and extremely weak reflectivity for perpendicular polarization. Additionally, the g-C4N3 thin films are optically
transparent because of very weak absorption coefficients. Overall, our findings suggest that the transparent half-metallic gC4N3 thin films can be used for both spintronics and optical applications because of potential multifunctionality. This research
was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the
Ministry of Education, Science and Technology (No. 2013R1A1A2006071) and by the Supercomputing Center/Korea Institute
of Science and Technology Information with supercomputing resources including technical support (KSC-2014-C3-071)
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P1-nu.001

Photo-transferred Thermoluminescence On Calcite

HONG Dukgeun, KIM Donghwi, LEE Jiyeon
Department of Physics, Kangwon National University.
Photo-transferred thermoluminescence (PTTL) is the phenomenon of optically stimulated transfer of electrons from deep
traps into shallow traps, yielding subsequent thermoluminescence peaks depending on light source intensity, wavelength and
illumination time. It is observed in many natural artificial materials and has been proposed as useful tool for dosimetry and
dating. Regarding the calcite, various interpretations can be found in literature. In this work, some considerations about the
recombination pathway of the optically stimulated electrons from deep traps for calcite are discussed.

P1-nu.002

Performance Tests Of An Automated Small X-ray Irradiator For Luminescence

Dosimetry
HONG Dukgeun, KIM Myungjin1
Department of Physics, Kangwon National University. 1Radiation Technology Institute, Neosiskorea Co. Ltd..
A newly developed small X-ray irradiator was composed mainly of a Varian VF-50J mini X-ray generator, Pb collimator,
delay shutter, and Al absorber. When the shutter was delayed for an initial period of 4 seconds with an Al absorber of thickness
300 , the dose rate was linearly increased to 0.8 Gy/s against the emission current at 50 kV anode potential. Using such a
small X-ray irradiator, it was known that the X-rays were homogeneously irradiated onto the sample area with a diameter of
about 20 mm. On the basis of each 3D TL spectrum, the small X-ray irradiator was considered to be comparable with the
conventional 90Sr/90Y beta source. Finally, the SAR growth curve from the small X-ray irradiator was identical with that from
the beta source.
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P1-nu.003

R-matrix Analysis For The 14O(a,p)17F Reaction At Ec.m.=2.1~3.1 MeV

KIM A., LEE N. H.1, HAN M. H.2, YOO J. S.2, HAHN K. I.2, YAMAGUCHI H.3, BINH D. N.3, HAYAKAWA S.3, KAHL
Daid3, KAWABATA T.3, KURIHARA Y.3, WAKABAYASHI Y.3, HASHIMOTO T.3, KUBONO S.4, CHOI S.5, KWON Y.
K.6, MOON J. Y.6, TERANISHI T.7, KATO S.8, KOMATSUBARA T.9, GUO B.10, LIU W. P.10, WANG B.10, WANG Y.10,
JUNG H. S.11, LEE C. S.11
Sung Kyun Kwan University, Dept. of Physics. 1Ewha Womans University, Dept. of Physics. 2Ewha Womans University,
Dept. of Science Education. 3University of Tokyo, Center for Nuclear Study. 4RIKEN Nishina Center. 5Seoul National
University, Dept. of Physics. 6RISP, Institute of Basic Science. 7Kyushu University, Dept. of Physics. 8Yamagata University,
Dept. of Physics. 9Tsukuba University, Dept. of Physics. 10China Institute of Atomic Energy. 11Chung Ang University, Dept.
of Physics.
The 14O(a,p)17F reaction is very important for understanding the break-out mechanism from the hot CNO cycle to the rp –
process in explosive stellar sites such as novae and x-ray bursters. In this study, the 14O(a,p)17F reaction was measured directly
in the energy range Ec.m.=2.1~3.1MeV and three resonances at Ex=7.35, 7.58 and 7.72 MeV in 18Ne were observed. For
acquiring the resonance parameters such as resonance energies, channel widths and spin-parities, R-matrix analysis was
performed. In addition, the 14O(a,p)17F reaction rate contributed by three resonances was calculated and it was found that
contribution by 1--7.35MeV state begins to surpass one by the 1- -6.15MeV state in the region of T9>2. The results of R-matrix
calculation and their astrophysical implication will be presented.

P1-nu.004

The measurement of interaction depths for interaction positions of gamma rays using
risetime in a room-temperature CZT semiconductor detector
LEE Il Maek, LEE Pil Soo, LEE Jong Hun, JANG Taek Jin, CHO Hwa Youn, LEE Chun Sik
Chung-ang university.

Position-sensitive 16-pixel CZT detectors have poor energy resolution due to the
hole trapping effect. Interaction depths were extracted from information on risetime
of a pulse. We performed experiments to find relationship between depths and
risetimes. Three different depth positions were set using a collimator placed on the
side face of the CZT detector. Gamma rays scattered in 90 degrees out of the CZT
detector were detected by a NaI(Tl) scintillator in coincidence. Events satisfying the
kinematic condition that the summed energy should be equal to the energy of
incidence gamma rays were sorted out among digitally recorded coincidence events
falling within a coincidence window. Risetimes corresponding to three different
depths were found for these events through pulse shape analysis.
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P1-nu.006*

Constraining the spins of energy levels in 21Na nucleus through the 24Mg(p, α)21Na

reaction
CHA SooMi, CHAE K.Y, AHN S.H1, BARDAYAN D.W2, CHIPPS K.A.3, CIZEWSKI J.A.4, HOWARD M.E4, KIM A,
KOZUB R.L.5, KWAG M.S., LEE E.J, MANNING B4, MATOS M6, O'MALLEY P.D.4, PAIN S.D2, PETERS W.A7,
PITTMAN S.T.2, RATKIEWICZ A4, SMITH M.S.2, STRAUSS S.4
Sungkyunkwan Univ.. 1Univ. of Tennessee, Knoxville. 2Oak Ridge National Laboratory. 3Colorado School on
Mines. 4Rutgers Univ.. 5Tennessee Technological Univ.. 6Louisiana State Univ.. 7Oak Ridge Associated Univ..
In order to constrain the spins and parities of the energy levels of the radioactive 21Na nuclide, the 24Mg(p, α)21Na reaction
has been measured at the Holifield Radioactive Ion Beam Facility (HRIBF) of the Oak Ridge National Laboratory (ORNL). 31
MeV proton beams from the 25-MV tandem accelerator and solid-typed 24Mg targets (99.9 % isotopically enriched) were used.
A segmented annular silicon detector array was used to detect the recoiling alpha particles arriving at several angles
simultaneously. An energy level at 6.589 +/- 3 keV was newly observed through the present work. Spins and parities of energy
levels in 21Na up to Ex ~ 7 MeV were constrained by comparing the experimentally extracted angular distributions and
theoretical distorted wave Born approximation (DWBA) calculations.
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P1-nu.008 Spectroscopic Characterization of a CZT Absorber Detector for Compton Camera Based
on Digital Signal Processing
LEE Jonghun, LEE Pilsoo, LEE Ilmeak, JANG Taxjin, CHO Hwa-youn1, LEE Chunsik
Chung-Ang Univ. Department of physics. 1Chung-Ang Univ. Institute of Innovative Functional Imaging.
Based on digital signal processing, energy resolution, energy linearity, coincidence time resolution, coincidence rate and
intrinsic efficiency of a CZT semiconductor detector were measured through a time-stamped record of output signals from
preamplifiers. A home-made analysis method appropriate to CZT pulses was developed in order to acquire pulse height,
risetime of a signal, etc. Energy resolution was of acceptable value and energy linearity was good. In coincidence
measurements, a high portion of real coincidence events were observed. Accounted for the hole trapping effect of the CZT
detector, both coincidence rate and intrinsic efficiency turned out to be in good accord with simulation results. In addition, the
present digital processing system proved to be suitable for further spectroscopic measurements employing a CZT detector as
well as for measurements on all pixels of segmented CZT detectors.

P1-nu.009* Performance test of fast ionization chamber for KOBRA recoil spectrometer
KWAG MINSIK, CHAE KYUNGYUK, CHA SOOMI, KIM ARAM, KIM MINJU, LEE EUNJI, LEE JAEHA
Department of Physics, Sungkyunkwan University.
A ionization chamber is a very popular device in nuclear physics experiment in detecting beams and beam-like heavy recoils
due to its sturdiness against radiation damage. A prototype of fast ionization chamber was designed and constructed at the
SKKU to be coupled with the future recoil spectrometer of RAON, the KOBRA. The response time of ionization chambers
was improved by reduction of the distance between electrodes. Commissioning of the fast ionization chamber was performed
by using proton beams and a carbon target at the KIRAMS. Details of the experimental setup and results shall be presented.
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P1-nu.010 Large size CaMoO4 crystal growth at the Center for Underground Physics
RA se jin, KHAN Arshad, KIM Y.D., KIM H.J.1
Center for Underground Physics, Institute for Basic Science. 1Department of Physics, Kyungpook National University.
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P1-nu.012* Measurement wirings and concerns for AMoRE-pilot and AMoRE-10
KIM Y.H, KIM H.L1, COLLABORATION AMoRE
Institute for Basic Science. 1
, Institute for Basic Science.
AMoRE is a rare event search experiment for neutrinoless double beta decay. It uses low background scintillating crystals in
simultaneous measurement scheme of light and heat signals at ultra-cold temperatures around 10 mK. The experiment requires
running a cryogenic-liquid-free dilution refrigerator (CFDR) with metallic magnetic calorimeter (MMC) measurement setup.
Currently, the first stage experiment, AMoRE-pilot is being prepared for 5 crystals and 11 MMC measurement channels. The
front end of the each channel is composed of an MMC device and a current sensing superconducting quantum interference
device (SQUID) attached to the coldest part of the cryostat. In the presentation, the wiring scheme of the measurement system
is introduced from room temperature stage to the coldest stage. Considerations on minimizing the heat load and the
measurement noise from the wires will also be discussed.

P1-nu.014

Study on Performance Optimization of a B

C Neutron Detector for Beam Profile

Measurements
,

,

,
.
A design factor of a type of neutron detector for the beam profile
measurement has been calculated. For neutron experiments, it is very
essential to verify the beam profile before carrying out the experiments.
Neutron radiography based on particle detection techniques is an
effective means in that it makes it possible to visualize not only the
localization of a beam, but also its actual delivery. As hellium-3, which
is the golden standard to detect neutrons, is being depleted, boron-10 is one of the strong candidates for the hellium-3
replacements since boron-10 is non-toxic, it has discriminatory ability between neutron and gamma signals and boron-10 is
relatively abundant element than hellium-3. In this study, boron carbide has been considered than pure boron. The central
question in this research asks how to optimize the thin film detector by varying the parameters of the film thickness. For the
purpose, we have supposed an analytical model, which can express behavior of particles generated in the detector volume, and
try to presume induced signal at the active layer of the neutron detector. With the results, we provide image characteristics such
as point spread function (PSF) according to the parameters of the thin boron carbide film detector.
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P1-nu.015* Measurement of Relative Proton Induced Cross-Sections of 208Pb(p,x)Pb and 208Pb(p,x)Hg,
Reactions by Using 100 MeV Proton Accelerator of KOMAC
LEE Jieun, YOON Jungran, RO Taeik, LEE Samyol1
Dong-A University, Department of Physics.. 1Dongseo University, Department of Radiological Science..
The significance of proton induced nuclear reaction data is increasing with various facilities using proton recently. But
Material for the world-study of nuclear reaction by 100 MeV or more of the proton beam, is a very poor situation. In this study,
we have measured the energy spectrum of delayed gamma-ray (p,x) for the reaction of NatPb Target by using a HPGe
spectrometer system and the 100 MeV proton beam. the proton beam in the experiment was derived from 100 MeV proton
linear accelerator in the KOMAC. We measured the relative cross-section by measuring branching ratio reaction of 208Pb(p,x)
Pb and 208Pb(p,x)Hg. The results were compared with analysis results of ENDF/B-VI and EXFOR. A result that has been
measured with high energy region using proton research of nuclear reaction I believed to be helpful in collecting data, such as
nuclear fusion reactor nuclear material development field.

P1-nu.016 Determination of NIST sediment standard by photon activation analysis
KIM Hyo Jin, RO Tae-Ik1, NOH Sung Jin2, KIM Hyun2, JEONG Dong-Hyeok2, LEE ManWoo2, KIM Jeung-Kee2, KIM
Guinyun3, KANG Yeong-Rok2
Department of Physics, Dong-A University, Research center, Dongnam Inst. of Radiological & Medical
Sciences.. 1Department of Physics, Dong-A University. 2Research center, Dongnam Inst. of Radiological & Medical
Sciences. 3Department of Physics, Kyungpook Nat. Univ..

Photon activation analysis was performed using a standard sediment SRM 1646a and the Bremsstrahlung
X-ray from a Pohang Accelerator Laboratory (PAL). The experiment wasperformed by using the endpoint bremsstrahlung energies of 60MeV at the electron linear accelerator (linac). The γ-spectrometer
used for the measurements was a p-type coaxcial ORTEC high-purity germanium (HPGe) detector. Using
Internal Standard Method, the concentrations of Ni, Cu, V and Ce has been determined, the results agree
well with the values given by National Institute of standards and Technology(NIST).
※ This work was supported by the National Research Foundation of Korea(DIRAMS) grant funded by the Korea government
(MSIP) (No. 50496-2015)
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P1-nu.017

DAQ system for LAMPS(Large Acceptance Multi-Purpose Spectrometer) at RAON

KIM Youngjin, KIM Yonghak, KIM Young Jin, LEE Hyosang, SHIN Taeksu
Institute for Basic Science.
In this presentation, I will show that DAQ system for LAMPS (Large Acceptance Multi-Purpose Spectrometer) at RAON.
LAMPS is Heavy Ion Collision experiment for studying symmetry energy by using both stable and rare isotope heavy ion
beams from RAON accelerator. LAMPS is designed by two detector setup for low and high energy studies. DAQ system will
be prepared two different detector setup for each purpose. APVDAQ is for a low energy (< 18.5 MeV/nucleon)
experimental setup is consisted of cluster array using ΔE-E technique with Si-CsI detectors. The other, NARVAL, is for high
energy (> 18.5 MeV/nucleon) is consisted of Time Projection Chamber, Si-CsI detector, neutron wall detector, focal plane
detector, Time-Of-Flight and magnet.

P1-nu.018* Measurement of Delayed Gamma Ray Energy Spectrum and Cross Section from Residual
Nuclide for 184W(p,x) Reaction by 100 MeV Proton Accelerator and HPGe Detector System
LEE Dongyun, SHIN Jeong Hee, LEE Sang Hun, LEE Samyol, LEE Jieun1, YOON Jungran1, RO Taeik1
Dongseo University, Department of Radiological Science. 1Dong-A University, Department of Physics.
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P1-nu.019
,

Development of Time Projection Chamber for LAMPS at RAON
,
.

,

,

The Large Acceptance Multipurpose Spectrometer (LAMPS) is designed to investigate the Equation of State (EoS) of nuclear
matter in a wide range of neutron-proton asymmetry. LAMPS high energy experimental setup is designed to cover wide
acceptance range with high detection efficiency and accuracy of charged particles and neutrons. Time Projection Chamber
(TPC) is main detector to measure complete information of charged particle trajectory at LAMPS high energy system. TPC has
cylindrical shape and its dimensions are length of 1.2m, inner radius of 0.15m and outer radius of 0.5m. Electrons produced by
ionization of particles passing through mixed gas inside TPC will be moved along uniform electric field to both ends of TPC
and amplified by Gas Electron Multiplier (GEM) to create large enough electric signals on readout. In this presentation, I will
show current status and test result of prototype TPC and future plan of TPC development.

P1-nu.020

Internal Radioactive Background Study of Calcium Molybdate Crystals

KIM H.J., LEE J.Y.
Kyungpook National University, Department of Physics.
The AMoRE (Advaced Molybdenum based Rare process Experiment) collaboration has developed a
100Mo.

40Ca100MoO

4

(CMO)

We are planning to use CMO crystals with about 10 kg for the
crystal to search for neutrinoless double beta decay in
first phase, AMoRE-10, at YangYang underground laboratory (Y2L) in Korea. Using Monte-Carlo simulation, we have
obtained the requirements for the level of internal radioactive backgrounds in the crystals for AMoRE-10. We present the
measured results at room temperature for the internal radioactive background in the CMO crystals.
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P1-nu.021* Optimization Of A Fast Ionization Chamber Using GARFIELD++ And GEANT4
KIM D.H., CHAE K.Y1, KIM A.R.1, KWON Y.K.2, LEE K.B.2, MOON J.Y.2, HAN S.Y., KIM G.W., PARK S.Y., CHA
S.M.1, KWAG M.S.1, LEE E.J.1, HASHIMOTO T.2, JUNG I.I.2, KIM Y.H.2, PARK J.S.2, CHAE H.W.2, HAHN K.I.
Ewah womans University, Department of Physics. 1Sungkyunkwan University, Department of Physics. 2Institue for Basic
Science, Department of Low Energy.
The Monte Carlo simulations using GARFIELD++ and GEANT4 were performedto optimize a fast ionization chamber. The
fast ionization detector was fabricated fordetecting charged particles at high count rate environment. Our simulation
studiesdemonstrated some of the key characteristics of the fast ionization chamber detector,as they successfully reproduced
experimental results.

P1-nu.022* Simulation of Gamma Background for AMoRE-10
HA daehoon, For the AMoRE Collaboration1
. 1AMoRE.

AMoRE( Advanced Molybdenum based Rare process Expriment )
Mo-100
.
.
AMoRE-10
.
.
AMoRE-10
.
Geant4
.
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Th-232, U-238, K-40

P1-nu.023 Dosimetry technique using optical stimulation luminescence dosimeters (OSLD)
HWANG Jinho, NOH Sung jin1, KIM hyun1, KIM Hyo Jin1, LEE Manwoo1, JEONG Dong-Hyeok1, YANG Kwangmo1, RO
Tae-Ik2, KANG Yeong-Rok1
Research center, Dongnam Inst. Of Radiological and Medical Science/Department of Materials Physics, Dong-A
University. 1Research center, Dongnam Inst. Of Radiological and Medical Science. 2Department of Materials Physics, DongA University.
In this study, the correction factors compensating the physical characteristics of OSLD were calculated to improve the
radiation measurement accuracy and precision. OSLD system used in this study included Microstar reader by LANDAUER
and Nano Dot using the Al2O3:C material with plastic packet size of 9 x 9 x 1.5 mm. Homogeneity and reproducibility of
OSLD were checked by 1.5 Gy 60Co gamma ray irradiation to the device. Linearity was tested by irradiating 0.5 ~ 6 Gy in
increasing order. Fading phenomenon was evaluated by reading the 1.5 Gy irradiated OSLD every 3 days for 30 days, and the
angular dependency was checked by irradiating 1.5 Gy for every 30° rotation in vertical and horizontal directions. Finally,
energy dependence was checked using 137Cs gamma ray, 60Co gamma ray and 6 MV, 10 MV photon beam irradiation to
OSLD. Discussion about the technique for improving the radiation measurement accuracy and precision using OSLD was
followed by correction factors calculation for each physical characteristic. *This work was supported by the National Research
Foundation of Korea(DIRAMS) grant funded by the Korea government(MSIP) (No. 50495-2015)

P1-nu.024* AMoRE-pilot cryostat and refrigerator
.
The AMoRE (Advanced Mo-based Rare process Experiment) project uses a cryogenic detector which consists of metallic
magnetic calorimeters (MMCs) as sensor and CaMoO4 crystals as absorber. The detector uses doubly enriched 40Ca100MoO4
crystals to probe 0νββ signals of 100Mo. MMC operation requires running a dilution refrigerator to cool the detector system
down near 10-20 mK in which their sensitivity reaches an optimal condition. We have successfully installed a dilution
refrigerator in the YangYang Underground Laboratory. The system reached below 10 mK during a cooling test. The
refrigerator performance will be reported regarding the sensitivity dependance on the operation temperatures.
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P1-nu.026 Purification of Calcium Carbonate (CaCO3) for Neutrinoless Double Beta Decay
Experiment
BIBI Ruqia, H.K Park1, H.J Kim2
, IBS. 1IBS. 2
.
Abstract: The AMoRE (Advanced Mo based Rare process Experiment) collaboration is searching for neutrinoless double beta
decay of 100Mo using low radioactive CaMoO4 scintillation crystals. But the raw materials for growth of CaMoO4 crystal are
usually contaminated by various radioactive contaminants such as radium, uranium and thorium. In order to achieve required
levels of radioactivity, calcium and molybdenum powders should be purified. In this study we mainly focused on purification
of calcium carbonate from radioactive elements and chemical contaminants. Three methods, ion exchange chromatography
using MnO2 resin and sorption using BaSO4 and PbSO4, were used to remove mainly impurities of radium, uranium and
thorium. Based on results, impurities are efficiently removed with manganese dioxide based ion exchange chromatography.

294
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P1-nu.029

Metallic magnetic calorimeters for AMoRE-pilot
.

The AMoRE (Advanced Mo-based Rare process Experiment) project uses metallic magnetic calorimeters (MMCs) as its
detector technology. MMCs employ superconducting electronics to measure magnetic signals of a paramagnetic temperature
sensor originating from energy input to the detector. We report the recent status on MMC development for AMoRE-pilot
experiment that requires 11 MMC channels.

P1-nu.030 Thermal neutron capture cross section and resonance integral of 152Sm(n,g)153Sm reaction
with pulsed neutrons
HIEN Nguyen Thi, KIM Kwagnsoo, SHAHID Muhammad, ZAMAN Muhammah, NADEEM Muhammad, KIM Guinyun,
KHUE Pham Duc1, THANH Kim Tien1, VAN DO Nguyen1
Department of Physics, Kyungpook National University. 1Institute of Physics, Vietnam Academy of Science and Technology.
This study implies that 197Au(n,g)198Au monitor reaction may be a convenient alternative comparator for the activation method
and thus, it was used for the determination of thermal neutron capture cross section (s0) and the resonance integral (RI) of the
152Sm(n,g)153Sm

reaction. High-purity natural Samarium and Gold foils were exposed to pulsed neutrons at Pohang neutron
facility. One set of foils was irradiated directly and the second set of foils was shielded with a cadmium cover of 0.5 mm
thickness. The induced activities in the activated foils were measured by a gamma-ray spectrometer based on a calibrated high
purity Gecmanium (HPGe) detector. In order to improve the accuracy of the experimental results, the correction factors for
gamma-ray attenuation (Fg), thermal neutron self-shielding(Gth), resonance neutron self-shielding (Gepi), and epithermal
neutron spectrum shape factor (α) were taken into account in the determinations. The thermal neutron capture cross section for
the 152Sm(n,g)153Sm reaction has been determined to be 211.8 ± 7.73 barn relative to the reference value of 98.65 ± 0.09 barn
for the 197Au(n,g)198Au reaction. By using a 1/E epithermal neutron spectrum and assuming the cadmium cut-off energy of
0.55 eV, the resonance integral cross section for the 152Sm(n,g)153Sm reaction is 3021.48 ± 187 barn, which is relative to the
reference value of 1550 ± 28 barn for the 197Au(n,g)198Au reaction. The measured results are compared with literature values
and agree with some previously reported values within the limits of error
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P1-nu.031* Multi-layer Scintillation Detector for Cosmic-ray Measurement (COSMUS)
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Preliminary vacuum test for superconducting cavity with liquid nitrogen

KIM Heetae, CHOI Suk, KIM Jae Hong, PARK Gun-Tae, KIM Young Kwon, JOUNG Mijoung, CHA Hyuk Jin, KIM
Wookang, KIM Hyung Jin
Rare Isotope Science Project, Institute for Basic Science.
Preliminary vacuum test for superconducting cavity with liquid nitrogen is performed. Schematic plan for ROAN vacuum
system is introduced and vacuum control system for superconducting cavity test is shown. Pressure of cavity is shown as a
function of time and temperature. Outgassing species from cavity is also detected. Detailed experimental procedure is
described to test vacuum in cavity with liquid nitrogen.
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P1-nu.033

Sn (Tin) Purification for Neutrinoless Double Beta decay Experiment

J.K Son, H.K Park1, H.J Kim
. 1IBS.
abstract : The AMoRE (Advanced Mo-based Rare Process Experiment) collaboration is going to search for
neutrinoless double beta decay by using calcium molybdate crystals in the cryogenic system. For connecting electronic
components in the cryogenic system, we usually use a solder with the mixture of tin and lead. Unfortunately, even pure tins
with 99.95% are contaminated by various radioactive elements such as uranium and thorium, which give backgrounds for the
experiment. Thus, it is necessary to purify tin. We used the zone purification method to remove radioactive elements in tin.
After applying this method, we reduced uranium and thorium significantly in tin. The mixture of 50% Sn (tin) and 50%
sunken lead will be used the solder in the experiment. In this poster, we will present the method and results.

P1-nu.034

Higher Field NMR Set-up for Polarized 129Xe with Spin-Exchange Optical Pumping

TAN Joshua Artem, SEON Yonggeun, KIM Wooyoung,
KAVTANYUK Vladimir, GLADKOV Aleksey, PARK Seongwoo, SO
Jieun
Department of Physics, Kyungpook National University, Daegu 702701, Republic of Korea.
We present a spin exchange optical pumping (SEOP) device for the
production and polarization measurement of polarized 129Xe. After
gaining right-handed circular polarization in the optics system, laser with
wavelength of 795 nm polarizes the valence electrons of Rb atoms via
optical pumping. Polarized Rb atoms transfer their spins to 129Xe nuclei
through spin-exchange mechanism. Nuclear magnetic resonance (NMR)
system with the configuration for standard NMR free induction decay
(FID) mode is installed for polarization measurement. Trials of protonin-water NMR signal calibration and 129Xe polarization measurement
around 100 G of holding magnetic field provided by large Helmholtz
coils show that the quality of the measurement is greatly limited by the
magnitude and homogeneity of the holding field. To improve our NMR
system, we employ permanent magnets that can provide homogeneous
holding field of higher magnitudes: 210 G and 300 G, and thus redesign
our RF coils to accommodate the increase in holding field. Currently, we
are performing proton-in-water NMR signal calibration as we optimize
the settings for the higher field NMR measurement.
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P1-nu.035 Environmental background simulation for AMoRE-10
LUQMAN Ali, E.J Jeon1, Y.S Yoon1, H.J Kim2
Kyungpook National Univ. AMoRE collaboration.. 1IBS. 2Kyungpook National University.
Recent neutrino oscillation experiments have unveiled numerous properties of neutrinos and establish that neutrinos have a
non-zero mass. However, these observations do not provide any information about absolute mass value or the fundamental
nature (Majorana or Dirac) of neutrinos. Searches for 0νββ decays, which can only occur for Majorana neutrinos, are the key to
address these unanswered questions about the properties of neutrinos.
AMoRE-10 (Advanced Mo based Rare process Experiment) is an experiment to search for 0νββ decay of 100Mo using about
10kg of calcium molybdate (CaMoO4) scintillating crystals. The 0νββ decay process, if it occurs at all, is very rare and
searches for it need exceptional detection sensitivities and extremely low backgrounds. One factor that limits the detection
sensitivity is the level of background from radioactive contaminants both internal and external to the scintillating crystals. In
this poster we present results of simulation studies of external environmental backgrounds for AMoRE-10, produced using the
Geant4 toolkit.

P1-nu.036* Bethe-Heitler formula
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P1-nu.038 Measurements of (n,xn) cross sections for fast neutrons by using KIRAMS MC-50 cyclotron
KIM Do Yoon, BAK Sang In1, HAM Chul Min1, MIN Kyung Joo1, IN Eun Jin1, SHIN Jae Won, PARK Tae-Sun,
BHORASKAR V. N.2, HONG Seung-Woo
Department of Physics, Sungkyunkwan University, Suwon 440-746, Republic of Korea.. 1Department of Energy Science,
Sungkyunkwan University, Suwon 440-746, Republic of Korea.. 2Department of Applied Physics, S. P. Pune University, Pune
-411025, India..
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P1-nu.039 Internal background simulation on a low background CaMoO crystal
4
JO Hyon-Suk
Institute for Basic Science, Center for Underground Physics.
In the preparation of the AMoRE (Advanced Mo-based Rare process Experiment) experiment, a CaMoO4 crystal was
produced and tested, and its internal background was studied. Monte Carlo simulations were produced and analysed in order to
identify the different contributions to the measured background and estimate their respective importance.

P1-nu.040

Prompt Psi(2S) Measurement in pp and PbPb Collisions at sqrt(s_NN) = 2.76 TeV

,
.

We would like to present the double ratio of the excited charmonium state psi(2S)
and the ground state J/psi between PbPb and pp is updated, utilizing the pp sample
from 2013, which has a factor of 20 higher statistical precision than the 2011 pp
data previously presented.
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P1-pa.001 A Study on Evolving Architecture for the Beyond Standard Model
CHO Kihyeon, KIM Jangho, KIM Junghyun
KISTI.
For the solution of searching for new physics beyond the standard model, we do a research and development of simulation tool
kit based on the evolving computing architecture with international collaboration. Using the tools, we study particle physics
beyond the standard model. We present the current status of the research and development for these.

P1-pa.002

Longitudinal polarization measurement of (anti-) Lambda particle in pp collision at 7 TeV

KIM Jinsook, BAEK Yongwook1, HRISTOV Peter2, JUNG Hyungtaik, KIM Dowon3, KIM Mimae, WILLIAMS
Themistoklis2
Gangneung-Wonju Nat. Univ. Department of Physics. 1Konkuk Univ. Department of Physics. 2CERN, Switzerland. 3KISTI,
Daejeon.
A measurement of longitudinal polarization of (anti-) Lambda has been performed using ALICE data obtained at 7 TeV in pp
collision in 2010. We analyzed about 130M minimum bias events of 43 runs. The polarization has been measured in 6
pT ranges taking into account the efficiency correction of each pT range. It is usually considered that the measured polarization
might be come from the weak decays. Here, we present a robust method to measure the polarization of primary (anti-) Lambda
taking into account the detector resolution and the result.
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P1-pa.003 Report on Distributed Computing and Data Handling at Belle II Experiment
,
KISTI.
We introduce the distributed computing and datahandling systems at Belle II, a next-generation B factory experimentat KEK.
The systems have to handle an amount of dataeventually corresponding to 50 times the level of its predecessorexperiment,
Belle, by the end of 2022. The data size is comparableto the ones of LHC experiments. For the Belle II experiment
weemployed the distributed computing system based on DIRAC.DIRAC provides many features that we would have to
developand an interface with grid and cloud resources.

P1-pa.004 Dalitz Plot Study of B+ to π+π0π0 at Belle
KIM Kyungho, KWON Youngjoon
Yonsei University.
In standard model of electroweak interaction, b->c and b->u transitions are allowed. But b->u decays are rarely
observed compared with b->c decays. Then we try to see b->u transitions in hadronic B decay mode. We choose B+ -> pi+ pi0
pi0 decay mode. And, we started Dalitz plot study on B+ -> pi+ pi0 pi0 decay. We use MC samples based on a data sample of
711 fb^{-1} collected at the Y(4S) resonance energy, recorded by KEKB collider.
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P1-pa.006* Z Cross Section Measurement in the Electron Channel in pp Collisions at sqrt(s) = 8 TeV
,

,

.
A measurement of the inclusive Z cross section in the electron channel in pp collisions at 8 TeV is presented. The electron
channel is analyzed in a data sample collected with the CMS detector corresponding to an integrated luminosity of 19.7 fb-1.
The measured value agrees with the previous results and next-to-next-to-leading order prediction.
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P1-pa.007* Z Cross Section Measurement in the Muon Channel in pp Collisions at sqrt(s) = 8 TeV
LEE Kyeongpil, NAM Kyungwook, YOO Hwidong
Seoul National University.
A measurement of total inclusive Z boson production cross section in pp collisions at 8 TeV is presented. Muon final states are
analyzed in a data sample collected with the CMS detector corresponding to an integrated luminosity of 19.7 fb-1. Cross
section times branching fraction is measured for the dimuon mass in the range of 81 to 101GeV. The measured value agrees
with next-to-next-to-leading-order QCD cross section prediction.

P1-pa.008*

Study of wrapping procedure for SVD assembly in Belle II detector

JEON Hyein, KANG Kookhyun, KIM Bobae, KIM Hongjoo, PARK
Hwanbae, UOZUMI Satoru, HARA Koji1, HIGUCHI Takeo2,
HORIGUCHI Tomohiro3, MORII Tomoko2, NAKAMURA Katsuro1,
ONUKI Yoshiyuki4, SASAKI Junya4, SATO Nobuhiko1, SEINO
Yoshiaki5, SHIMIZU Nobuhiro4, TSUBOYAMA Toru1, YOSHINOBU
Toshiki4
Kyungpook National University. 1High energy accelerator research
organization (KEK). 2Kavli Institute for the Physics and Mathematics of
the Universe. 3Tohoku University. 4The University of Tokyo. 5Niigata
University.
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P1-pa.009* MC Study of Z Boson Transverse Momentum Distribution at 13 TeV
PARK SangIl, LEE SangEun, BUTANOV Khakimjan, YUSUPOV Hammid, SON DongChul, KIM GuiNyon
Physics department, Kyungpook National Unversity.
We present the study of Z boson transverse momentum distribution at sqrt(s)=13 TeV at LHC.The Monte Carlo study using
miniAOD samples is presented.We study lepton efficiency using tag and probe techniques.

P1-pa.010* MC Study of W Boson Transverse Momentum Distribution at 13 TeV
YUSUPOV Hammid, LEE SangEun, BUTANOV Khakimjan, PARK SangIl, SON DongChul, KIM GuiNyun
Physics department, Kyungpook National University.
We present the MC preparation plans for 13 TeV run at the CMS experiment at LHC for W transverse momentum cross
section study. We study validating new baseline MC in order to update to using latest theoretical developments and test new
MC features against old versions of MC simulations.
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P1-pa.011* MC Study of MET for HWW Analysis at 13 TeV
BUTANOV Khakimjan, LEE SangEun, YUSUPOV Hammid, PARK SangIl, SON DongChul, KIM GuiNyun
Physics department, Kyungpook National University.
We present the Monte Carlo study of Missing Transverse Momentum (MET) for HWW analysis at 13 TeV run at the CMS
experiment at LHC.We study Particle Flow MET with Type-I correction, PUPPI MET and Tracker MET to improve Higgs
transverse mass resolution.

P1-pa.012* U-238 + p Collision Simulation on Geant4
LEE Chanyoung, KIM Kyungho, CHO Kihyeon1, KWON Youngjoon
Yonsei Univ.. 1KISTI.
As the preceding step of the experiment which is planned in RAON, proper simulation environment should be setup and run.
This research is the progress of selecting physics model, the distribution studies for secondary particles of collision, and the
prediction to RAON.
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P1-pa.013* Study of the Calorimeter Trigger Monitoring at Belle II experiment
KIM S. H., UNNO Y., LEE I. S., GOH Y. M., CHEON B. G.
Hanyang University, Dept of Physics.
The Belle II calorimeter trigger system is comprised of three stages in hardware point of view in order to make a final trigger
decision from e+e- beam collision at the Super-KEKB collider. During taking data we should monitor the performance of each
stage to give a feedback to DAQ system whether trigger signal handling operates properly inside the calorimeter trigger
system. We report on the monitoring performance under Belle II cosmic run using full chain readout with partial trigger
boards.

P1-pa.014* Study of the Calorimeter Trigger Simulation at Belle II experiment
LEE I. S., UNNO Y., KIM S. H., GOH Y. M., CHEON B. G.
Hanyang University, Dept of Physics.
Simulation study of the Belle II calorimeter trigger system is very crucial to develop appropriate trigger algorithm performing
at severe beam background environment due to ultra high luminosity operation of the Super-KEKB collider. We report on
preliminary results on various trigger logics and trigger efficiencies of physics and Bhabha events using Belle II Geant4-based
analysis framework called Basf2.
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P1-pa.016* Study of top quark mass measurement using J/psi inside jets at LHC
RYU Geonmo, PARK Inkyu, KIM Ji hyun, RYU Min Sang, LEE Jason, CHOI Minkyoo, KIM Hyunyong, JEON DaJeong,
KIM Byoungjun
University of Seoul.
The measurement of the top quark mass is very important topic at LHC because top quark mass is one of fundamental
parameters to research “Standard Model”. The large dependence of one loop corrections to the higgs boson mass on top quark
mass makes its precise determination of extreme importance for constraining the model itself. In this poster, we researched
ttbar events include jpsi-in-jet to measure top quark mass. These events were extracted from 8TeV LHC data in 2012. In order
to measure top quark mass precisely, a classical method have limitations to reduce systematic errors because this method has
uncertainties of jet energy scale and jet resolution. However, a method which use jpsi-in-jet can reduce systematic errors
attributable to jet because it does not use jets to determine top quark mass. This method only use an isolated lepton from W
boson and 2 muons from jpsi in b jet. LHC accelerator provides a highest energy and luminosity for particle collision in the
world. Although jpsi-in-jet events have very small statistics, we are expecting to find considerable jpsi-in-jet events from LHC
data.

P1-pa.017* Dark matter search with leptonic decay of top quark in pp collisions
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P1-pa.018* High Level Trigger for CMS upgrade
JEON Dajeong, PARK Inkyu, KIM Ji Hyun, LEE Jason, RYU Min Sang1, CHOI Minkyoo, KIM Hyunyoung, RYU Geonmo,
KIM Byungjun
University of Seoul. 1Chonbuk National University.
GEM is proposed to be a new addition to the CMS muon system. The GEM detector will be very important for the triggering
performance to improve the physics potential of the CMS detector. The upgrade High Level Trigger (HLT) performace is
compared to the current detector layout.

P1-pa.019* Higgs to dimuon at upgrade CMS detector.
KIM Byoungjun, PARK Inkyu, RYU Min Sang1, LEE Jason, KIM Ji Hyun, RYU Geonmo, CHOI Minkyoo, KIM Hyunyong,
JEON Dajeong
University of Seoul. 1Chonbuk National University.
The proposed upgrade of the CMS detector to the muon system is the addition of GEM detectors. This will improve our
potential to see the Higgs decaying to dimuons. The reconstruction performance of the upgrade detector scenarios is shown for
the higgs to dimuon decay.
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P1-pa.021* Searches for heavy Majorana neutrinos in tri-lepton channel at the CMS
,

,
,
,
,
,
, ALMOND John
.
Searches for heavy Majorana neutrinos at the CMS have been done in two same-sign leptons and two jets channels. We extend
the searches into tri-leptons channel. For the heavy Majorana neutrino with mass less than W boson, the production cross
section will be enhanced due to on-shell W production which has a huge cross section. For events with tri-leptons and missing
transverse energy, the invariant mass of the heavy neutrino can be fully constructed with a good mass resolution. This brings a
good sensitivity in search for heavy Majorana neutrinos. We present a study of this channel and the discovery sensitivity.

P1-pa.022* Search for light charged Higgs in top quark decays at pp collisions with sqrt(s) = 8TeV in
CMS experiment
,

,
, ALMOND John,
.
We present a study of charged Higgs search using the CMS data from pp collisions at 8 TeV. If the charges Higgs bosons are
lighter than top quark mass, they can appear in top decay as t->H+b. In particular, the branching ratio of charged Higgs decay
into cb-bar enhances in type-Y two Higgs doublet model. In the lepton+jets channel of the Standard Model tt-bar event, the
final state has one lepton, four jets (two b-jets and two light jets), and missing transverse energy. If the charged Higgs decaying
to cb-bar is produced in the place of hadronic decaying W, one more b-jet is expected in the final state. A search for the light
charged Higgs to cb-bar using at least two b-jets is performed using 19.7/fb of the data.
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P1-pa.023* Search for Heavy Neutrinos in the Same-sign Electron-muon Lepton Pair Events from pp
collisions at sqrt(s) = 8 TeV Using the CMS Detector
,

,
,
,
,
,
, ALMOND John
.
The discovery of neutrino oscillations has opened a possibility of the existence of heavy neutrinos at the LHC energy scale.
So far, the CMS experiment has performed searches for heavy neutrinos in dielectron and dimuon channels. We present the
studies of heavy Majorana neutrino searches in the same-sign electron-muon lepton pair events which allows heavy neutrino to
mix with electron and muon together.

P1-pa.024 Monitoring Radon concentration in the RENO air
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The RENO(Reactor Experiment for Neutrino Oscillation) experiment is to measure the smallest neutrino mixing angle theta13
using anti-neutrinos emitted from the Hanbit nuclear power plant in korea. The RENO detector was constructed under the
ground to avoid backgrounds from cosmic ray. We reported Rn concentration monitoring results at the RENO experimental
site from Aug. 2011 to Aug. 2014.
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P1-pa.025* Low-energy K-40 Backgrounds in NaI(Tl) Crystals for the KIMS-NaI Experiment
ADHIKARI Pushpa raj
Sejong University, Department os Physics.
The main issue for dark matter search experiment is the reduction of low-energy backgrounds. As part of the KIMS-NaI
experiment, we are masuring low-energy backgrounds in NaI(Tl) crystals at the Yangyang Underground Laboratory. Six NaI
(Tl) crystals produced from different powder batches are being tested as part of a program for reducing the levels of K-40 and
other activities. We have produced some crystals with unprecedentedly low level of K-40 and other low energy background
contaminations, and have plans to reduce these even further. Results from these measurements will be reported and future
prospects of KIMS-NaI will be discussed.

P1-pa.026* Alpha Rate Measurement of KIMS-NaI Experiments
ADHIKARI Govinda
Sejong University, Department os Physics.
The KIMS (Korean Invisible Mass Search) experiment aim is to confirm the DAMA observation of a WIMP-induced dark
matter signal by using the same technique. As part of this effort, we have to develop ultra-low-background NaI(Tl) crystal
detectors. We have studied six NaI(Tl) crystal detectors (five from Alpha-Spectra and one form Beijing HAMAMATSU) and
measured their levels of both natural and cosmogenic backgrounds. Based on these results, we will prepare an array of pure
200 kg NaI(Tl) crystals with background levels < 1 counts/kg/keV/day, and operate them in the Yangyang undergraound
laboratory in Korea. In this poster, U-238 and Th-232 decay chin alpha particle rate measurements are reported as well as a
time dependent Po-210 alpha decay rate that reflects a Rn-222 contamination that occurred sometime during the powder
preparation, crystal frowing process
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P1-pa.027* SBL Main Detector Construction
KIM Jinyu, KIM Hongjoo1, LEE Jooyoung1, SEO Kyungmin2, YEO Kangmo2, JOO Kyungkwang3, YEO In Sung3, KIM Ba
Ro3, KIM Seong Chan3, KIM Hyunsoo, MA Kyungju, KIM Yeongduk4, JEON Eun-ju4, KHAN Nasir4, LEE Jaison4, LEE
Jeong-yeon4, PARK Kang-soon4, PARK Hyangkyu4, SUN Gwang-min5, HAN Boyoung5, PARK Hyunseo6, KIM Siyeon7,
KO Youngju7
Sejong University. 1Kyungpook National University. 2Chonbuk National University. 3Chonnam National
University. 4Institute of Basic Science. 5Korea Atomic Energy Research Institute. 6Korea Research Institute of Standards and
Science. 7Chung-Ang University.
SBL is a Short-BaseLine reactor neutrino experiment for searching sterile neutrinos using the research reactor HANARO as
neutrino source. Detector will be placed at a distance of about 6m from the reactor core and we will measure the disappearance
of anti-electron neutrino for testing the existence of sterile neutrinos. A prototype detector which has 50L of Gd-loaded liquid
scintillator as target is constructed and tested in several environments. On the basis of analysis results from prototype detector,
main detector is designed and constructed in KAERI. In this poster, schematic structure of main detector and related analysis
results from prototype detector are presented.

P1-pa.028* Background Understanding of NaI(Tl) Crystal for WIMP Dark Matter Search
OH Seung-Yoon
Sejong University, Dept. of Physics.
DAMA/LIBRA has been reporting evidence for a WIMP dark matter candidate based on an annual modulation of low energy
signals in a NaI(Tl) crystal array that has persisted for nearly 20 years. The current level of statistical significance of this
signal is 9.3 sigma. However, this result has not been convincingly confirmed by any other competitive experiment. The
KIMS-NaI experiment uses the same NaI(Tl) detector material at the Yangyang underground laboratory to make unambiguous
tests of the DAMA/LIBRA claim. The performance of the KIMS-NaI detector depends sensitively on the level of background
contaminants both inside and outside the crystals, especially contamination from long half-life isotopes of U, Th, and K and
their decay products. A thorough understanding of the levels of these background sources and their reduction is essential. In
this poster, we report on Monte Carlo studies of background sources based on the Geant4 simulation toolkit. We incorporate
backgrounds from each contaminant at levels that are determined from measurements of NaI(Tl) crystals at the Yangyang
underground laboratory, and determine how these affect the sensitivity of the KIMS-NaI WIMP search.
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P1-pa.029* Phonon simulations for AMoRE and KIMS
Department of Physics and Astronomy, Seoul National University.
In both AMoRE (Advanced Mo-based Rare process Experiment) and KIMS-LT (Korea Invisible Mass Search at Low
Temperature), phonon-based cryogenic detection technique is used to measure energy deposit to a detector crystal from 0νββ
events and dark matter collisions. In search for such rare events one requires the energy resolution of the detector to be as high
as possible. Therefore, we are currently working on phonon simulation for various detector crystals in an effort to understand
any position dependence, which may degrade resolution. This poster features the basic method of the phonon simulation and
how the position dependent correction can be made. The recent results of the phonon simulation and the position dependence
experiment planned to test them are also introduced.

P1-pa.030* Alpha particle measurements using a ZnS(Ag) Phosphor
ADHIKARI Pushparaj
Sejong University, Dept. of Physics.
A ZnS(Ag) Phosphor is used as a particle detector to measure low-level alpha particle activities in a sample. One of the main
challenges for an alpha counter is to reduce the background from natural alpha sources to measure very low level of Pb-210
contamination.We are working under IBS, CUP(Centre for Underground Physics) and developing a detector consisting of a
large area ZnS(Ag) sheet viewed by a 5-inch photomultiplier tube with the level of natural background sources reduced by
means of ultrasonic cleaning (using DI water). Results from prototype measurements will be reported and future prospects will
be presented.
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P1-pa.031* Mass Production of Gd-LS for SBL Experiment
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We present the process of mass production for liquid scintillator to be used for short-baseline (SBL) reactor neutrino
experiment. Gadolinium-loaded liquid scintillator (GdLS) is made based on Gd compound dissolved into LAB (Linear Alkyl
Benzene) with PPO and bis-MSB, Ultima Gold F. For mass production of liquid scintillator, a liquid handling system
consisting of several acrlyic vessels with circulation pipe lines, filtering system, storage tanks, etc, is made. In this poster we
show the result of quality check of produced GdLS, too.

P1-pa.032*

Prototype Liquid Scintillator Veto System for KIMS-NaI Experiment

OH Seung-Yoon
Sejong University, Dept. of Physics.
DAMA/LIBRA experiment has been searching for WIMP as a candidate of Dark Matter for about 20 years using NaI(Tl)
crystal scintillation detectors. The collaboration claims an observation of an annual modulation signal considered as the result
of WIMP-nucleon interaction, with 9.3 sigma significance. However, this result has not been convincingly confirmed by any
other competitive experiment. The KIMS-NaI Experiment uses NaI(Tl) crystal detectors of the same NaI(Tl) detector material
at the Yangyang underground laboratory to make unambiguous tests of the DAMA/LIBRA claim. To do that, it is necessary to
reduce the level of background contaminants both inside and outside the crystals, especially contamination from long half-life
isotopes of U, Th, and K. Since radiations from these contaminants are mainly gammas and can hit more than one detector, if
we can find this multiple hit events, we can reduce the background level by vetoing the events from signal region. We’ve
designed a single-cell test prototype that uses a NaI(Tl) detector and surround it with radioactive-pure LAB based Liquid
Scintillator (LS) to use it as a veto. In this poster, we report on Monte Carlo studies of background sources in the prototype and
its veto efficiency based on Geant4 Simulation toolkit.
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P1-pa.033*

A Pulse Shape Discrimination Method in High Energy Physics

LIU DONG, KO Jewou, WOO Jong-Kwan, LEE Se Byeong1
Jeju National University,Department of Physics. 1Proton Therapy Center, National Cancer Center.
The success of current high energy physics experiments usually depends on the discrimination of signal of particles. As for
charged particles, they can be determined and discriminated through the measurements of their charge number and mass.
However, for neutral particles, for instance, gamma photons and neutrons, the method that used for discrimination of charged
particles are incompetence. Therefore, an excellent Pulse Shape Discrimination method is necessary for discrimination of
signal of these particles. The interaction of incident particles and target nuclei can be attributed to the 2-body problem. There
are two possible energy states for the combination for 2-body problem, singlet state and triplet state, which are populated
depending on the ionizing particle Linear Energy Transfer. This may leads to the difference in pulse shape. Therefore the
characteristic of incident particles can be determined though the analysis of the pulse shape. This presentation will introduce
the method for discrimination of using the analysis of pulse shape, as the result, the characteristic of incident neutral particles
can be specified.

P1-pa.034* Segmented type cylindrical detector with PSD analysis
SEO kyungmin, KIM hongjoo1, LEE jooyoung1, JOO kyungkwang2, SO sunheang2, SONG sookhyung2, YEO insung2, KIM
baro2, KIM seongchan2, KIM hyunsoo3, KIM jinyu3, MA kyungju3, JEON eunju4, KIM yeongduk4, LEE jaison4, LEE
jeongyeon4, PARK kangsoon4, PARK hyangkyu4, SUN gwangmin5, HAN boyoung5, PARK hyunseo6, KIM siyeon7, KO
youngju7, YEO kangmo
jeonbuk national university. 1kyungpook national university. 2Chonnam National University. 3Sejong University. 4Institute
of Basic Science. 5Korea Atomic Energy Research Institute. 6Korea Research Institute of Standards and Science. 7ChungAng University.
A segmented type detector for the reactor Short Base-Line neutrino experiment has an advantage of the
background rejection power over a homogeneous type detector. We have tested a cylindrical cell with a LAB
based liquid scintillator as a prototype of the segmented type detector. The position and the energy
reconstruction and the pulse shape discrimination have been studied using two different reflecting materials.
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P1-pa.036* Study of Background for SBL Experiment
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SBL Experiment is performed overground, and there is almost no overburden compared to underground experiments.
Background from cosmic-rays is significant. We studied the background with our prototype detector at two places with
different overburden, and compared the data with the simulation. We optimized the shields of the main detector with the
simulation.

P1-pa.037* Quarkonium Analysis At 8TeV And Compare With The 7TeV Data in ALICE Muon
Spectrometer
KONG Byungyun, OH Sun kun, BAEK Yongwook
Konkuk Univ..
The data was produced in 2012 between period of 'h' and
'i'. That data was created in p-p collisions at 8TeV. The data were re-analyzed and sough the number of J/Ψ and Ψ'. After they
divided into six range by the number of tracklets from the 1 st bin to 5 th bin, were divided into range of 1-49. From that result
compared with the result of multiplicity densities in 7TeV. The increasing tendencies are overall similar.
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P1-pa.038 Lattice Non-perturbative Renormalization of four-fermion operators relevant to B
K
,

1,

1,

1,

1

1

KISTI.
.
We obtain the matching factor of four-fermion operators relevant to BK using non-perturbative renormalization(NPR) method
with Regularization Independent Momentum Subtraction(RI-MOM) scheme. We use the MILC asqtad coarse (a ~ 0.12fm)
ensembles with 203 \times 64 geometry and am_l/am_s = 0.01/0.05. We compare the NPR results with those of one-loop
perturbatioin theory.

P1-pa.039* Constraints on the Interactions of SIMP Dark Matter
,
.
The SIMP miracle can provide a new possibility for thermal dark matter in the presence of strong interactions in the hidden
sector. We consider Higgs-portal type interactions of SIMP dark matter to keep it in kinetic equilibrium with thermal bath until
freeze-out in the early universe. As a consequence, we find bounds on the Higgs-portal couplings from the requirement that the
3-to-2 scattering is dominant mechanism for determining the thermal dark matter relic density as well as from the Higgs
invisible decay.
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P1-pa.040*

A Study of background discriminate in a neutral kaon decay, KL->pi0pi0gamma

KO jewou, WOO Jong-Kwan, KIM Young Joo, LIU Dong, LIM Gei Youb1, KIM Eun Joo2, AHN Jung Gun3
Jeju National University, Jeju 690-756, Republic of Korea, Department of Physics. 1Institute of Particle and Nuclear Studies,
High Energy Accelerator Research Organizatopn (KEK). 2Chonbuk National University, Chonbuk 561-756, Repulic of Korea,
Department of Science Education. 3Korea University, Seoul 136-701, Republic of Korea, Department of Physics,.
We are interested in the rate of Neutral Kaon decay mode, KL->pi0pi0gamma, produces 5 photons. Because according to
Chiral perturbation theory (ChPT), this theory can predict that KL->pi0pi0gamma decay mode process will vanishes at level O
(P4). ChPT is basically ask to the strong interaction of low energy region in Standard Model. So KL->pi0pi0gamma decay
mode can be calculated by O(P6). In this presentation, we reported a value of main background about KL->pi0pi0pi0 decay
mode for KL->pi0pi0gamma decay mode. Because KL->pi0pi0pi0 decay mode is dominant for the KL->pi0pi0gamma decay
mode. The rate of background is about 1.24*10-8. Also, we propose a method to discriminate two decay modes.

P1-se.001*

Controlling Photoluminescence Wavelength from Ge-on-Si by Thermal Annealing

LEE Chulwon, YOO YangSeok, MIN-HO Jang, CHO Yong-Hoon, KI Bugeun1, OH Jungwoo1
. 1
.
Recently, strained Germanium has attracted much attention as an active light source material due to its silicon compatibility
and carrier mobility.[1] However, in spite of the necessity of the tensile-strain, which is the key of enhanced Γ band transition,
it has been an obstacle to telecommunication application due to strain-induced red-shift that shifts the photoluminescence
wavelength away from the desirable wavelength.In this research, we suggest a facile fabrication method of Ge-on-Si with
controlled photoluminescence wavelength. By thermally annealing the Germanium epitaxial film on Silicon substrate, we
could achieve biaxial tensile strain higher than non-annealed sample as well as blue-shift of the Γ band transition, which makes
it possible to achieve enhanced Γ band transition and desirable wavelength simultaneously. We could confirm that SiGe
intermixing has been formed at the interface by analyzing Raman spectroscopy. Γ band transition with the wavelength close to
telecommunication wavelength could be achieved by controlling thermal annealing conditions. This research may provide a
new possibility of on-chip light source for the optical interconnection applications.*Corresponding e-mail: yhc@kaist.ac.kr[1]
T.-H. Cheng, et.al., Applied Physics Letters, 96,211108 (2010)
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P1-se.002

Antireflective properties of micro-pyramidal structured silicon prepared by wet etching

DUDEM Bhaskar,
,
Kyung Hee University, Department of Electronics and Radio Engineering.
Silicon (Si) is one of crucial materials in the semiconductor industry, but its high surface reflection (i.e., > 30%) due to the
high refractive index degrades the optical performance in Si-based optoelectronic devices. Thus, it is necessary to employ the
efficient antireflection coatings (ARCs) that reduce the Fresnel reflection losses at the surface. As an alternative of
conventional ARCs consisting of a quarter-wavelength (λ/4) stack of dielectrics with different refractive indices with several
disadvantages including thermal expansion mismatch, material selection, and narrow bands of wavelengths and incident
angles, recently, tapered micro- or nanostructures have been widely studied. These structures can suppress the surface
reflection of Si over a wide range of wavelengths and incident angles. In this work, we fabricated the micro-scale pyramid
textures on crystalline Si (100) wafers via an anisotropic etching process with a solution of potassium hydroxide and isopropyl
alcohol. We investigated the influence of pyramid size and height on the reflection behavior of the micro-scale pyramid
textured Si samples, including their surface wettability.

P1-se.004

Dynamical decoupling of donor electron spins in phosphorus-doped silicon

GWAK Minchan, YU Insuk1, LEE Sanggap
Korea Basic Science Institute, Daejeon 305-333, Republic of Korea. 1Department of Physics and Astronomy, Seoul National
University, Seoul 151-742, Republic of Korea.
Phosphorus-doped silicon has been recognized as a promising model for a large-scale quantum computer because it has the
advantage of scalabilty up to the arbitrary number of quantum bits (qubits) with the aid of mature silicon technologies. One of
the hurdles in building the silicon-based solid-state quantum computer is relatively short storage time of the quantum
information encoded into electron spin states. Due to couplings between spin and its noisy environment, the quantum
information becomes corrupted with time. Even though paramagnetic impurities in silicon are extremely reduced, a perfectly
silent environment is not obtainable because the qubit (donor electron spin) itself acts as noisy environment to neighboring
qubits. As a solution to this problem, dynamical decoupling (DD) technique uses many resonant pulses to induce repetitive
spin-flips and consequently cancel out the effect of couplings to the environment. In this work, we demonstrate DD controls
for their ability of preserving quantum information, quantified as coherence of spin ensemble, in an isotopically natural silicon
with the phosphorus donor concentration of 1.1E17 /cc. A novel feature of DD-controlled echo decay, a manifestation of the
loss of quantum information with time, is presented in the aspect of the so-called 'high fidelity' regime of significant
importance for the fault-tolerent quantum computation.
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P1-se.005
,

Enhancement of light absorption in Au-nano particle attached Si NWs
,

,
.
Semiconducting nanowire arrays have already been shown to have low reflective losses compared to planar semiconductors.
Among those semiconductors, silicon is one of the most used solar cell material. However, silicon has limitations of
absorption range and efficiency. To overcome those limitations, we attached Au nanoparticles (Au NPs) on silicon nanowire
(SiNW) surface. Au NPs can absorb the wave in Near-IR range by surface plasmon resonance, resulting in enhancement of the
absorption efficiency. Accordingly, this Au NPs attached SiNWs can lead to the way to getting more effective silicon
nanowire-based solar cell. In this study, we investigated the Au NPs attached SiNWs grown by the vapor–liquid–solid (VLS)
method with Au catalyst. Gold film was deposited on silicon nanowires using evaporation method in vacuum chamber. To
investigate the size effect of Au NPs, various thickness films with 10, 30, 45, 60, 80, and 100 were deposited on Si NWs and
in situ annealed at 400℃ for generating Au NPs. We analyzed the effect of Au NPs at SiNWs surface using UV-VIS
spectroscopy and IR spectroscopy. As the size of Au NPs attached on SiNWs surface is increased, the absorption main peak
caused by Si NWs is shifted in UV-VIS region and additional peak is generated in IR region. The results clearly showed that
the effect of Au NPs on Si NWs can be applied to the solar cell devices using Si-based materials

P1-se.006* Strong Fermi-Level Pinning at Metal/Si(001) Interface Ensured by Forming Abrupt
Schottky Junction with Graphene Insertion Layer
YOON Hoon Hahn, JUNG Sung Chul, CHOI Gahyun, KIM Jun Hyoung1, JEON Youngeun1, JEONG Hu Young2, KIM
Kwanpyo, PARK* Kibog3
Department of Physics, UNIST. 1School of Electrical and Computer Engineering, UNIST. 2UNIST Central Research
Facilities (UCRF), UNIST. 3School of Electrical and Computer Engineering and Department of Physics, UNIST.
We report the experimental studies demonstrating that an impervious graphene layer inserted at metal/n-Si(001) interface is
very useful to explore the Fermi-level pinning effect at interface systematically. It is confirmed with High-Resolution
Transmission Electron Microscopy (HRTEM) images that the inserted graphene layer prevents the atomic inter-diffusion and
an atomically abrupt Schottky junction is formed. The Schottky barrier heights of metal/graphene/Si junctions determined from
Internal Photoemission and Current-Voltage measurements show very weak dependence on metal work-function, implying that
the Fermi-level of metal electrode is virtually pinned at charge neutrality level close to the valence band edge. The
impermeable and electronically transparent properties of graphene would make it possible to form intact Schottky contacts
regardless of surface treatment methods used in device fabrication, which provides important information for the Si-based
CMOS technology.
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P1-se.007

Current-voltage characteristics in Cu Schottky contacts to n-type Ge

KIM Se Hyun, JUNG Chan Yeong, KIM Hogyoung
Seoul National University of Science and Technology, Department of Visual Optics.
Germanium (Ge) has been considered as an alternative channel material for high-speed complementary metal-oxidesemiconductor (CMOS) devices due to its higher electron and hole mobilities compared to Si However, the main problem for
realizing high performance Ge n-MOSFETs is the large effective Schottky barrier height at the metal/Ge interface, which
results from the strong Fermi-level pinning towards the valence band edge EV of Ge. This eventually leads to a high contact
resistance between metal/n-Ge contacts. Metal-semiconductor (MS) contacts are the basic building blocks for device
fabrication and an understanding of carrier transport across the MS contacts is required to achieve high-performance Ge-based
devices. Various surface treatments such as sulfur treatment, Se treatment, and plasma treatment have been employed to
improve the device performance of the metal/Ge contacts. In this work, oxygen plasma was considered as a pretreatment
method before depositing a very thin layer and the effect of oxygen plasma treatment on the electrical properties of metal/n-Ge
contacts was investigated. Smaller variation in the electrical parameters for oxygen plasma treated was observed, which
suggests that oxygen plasma improved the homogeneity of the Schottky barrier interface. Based on these results, further
investigation will be discussed later.

P1-se.008* Electrical properties of band-gap controlled Ge doped ZnO S thin films
1-x x
1,
1,
1,
1,
1,
2
,
,
,
,
Department of Physics, Changwon National University. 1School of Materials Engineering, Changwon National
University. 2Department of Physics Education, Pusan National University.
Even though ZnO and ZnS, as II-VI semiconductors, share similarities in chemically and structurally, both binary compounds
do not form a solid solution in the entire compositional range of S and O due to solubility limits of S in ZnO and O in ZnS in
equilibrium states. In order to fabricate the ZnO1-xSx thin films with 0 < x < 1, films were intentionally deposited in nonequilibrium state by a pulsed laser deposition method while controlling oxygen pressures. The formation of the intermediate
structures between ZnO and ZnS were confirmed by an X-ray diffraction study shown in figure 1. The lattice constant changes
continuously from ZnO to ZnS as increased S contents. Optical properties, including energy band gap, and electrical properties
were investigated. However, resistivity of ZnO1-xSx thin films were too large to measure by Hall measurement method. Ge has

been doped in ZnO1-xSx thin film to increase electrical conductivity to study electrical properties of these films. Details of
structural, chemical, optical and electrical properties of Ge doped ZnO1-xSx thin films will be discussed in the presentation.
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P1-se.009

InAs/GaSb

2

HUN Lee, SANG JUN Lee1, JUN OH Kim1, HA SUL Kim
. 1
.
InAs/GaSb 2
.
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.
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.

P1-se.010

Negative Diamagnetic Shift in InP-GaP Lateral Nanowires under Pulsed Magnetic Fields

KIM Yongmin, SHIN Y. H., SONG J. D.1
Dankook University. 1KIST.
While growing a short period superlattice (SPS), due to the in-plane strain field along [110] direction, deposited atoms are
cross-penetrated, which spontaneously generates potential modulation along the lateral [110] direction. In such growth
condition, lateral superlattice can be achieved. Limiting the thickness of the SPS layer, which is sandwiched between the
barrier layers, one can grow a lateral nanowire. We measured photoluminescence (PL) of an InP-GaP lateral nanowire under
pulsed magnetic fields to 50 T. We observed strong negative diamagnetic shift in a specific magnetic field direction due may to
a variation of exciton center of mass potential.
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P1-se.011*

Defect Distribution in InGaN/GaN Light-Emitting Diodes Investigated by FrequencyDependence Capacitance-Voltage Measurement
SONG Jung-Hoon, KIM Tae-Soo, HONG Moon-Taek, OH Nan-Cho,
YU Hey-Jung, EOM Tae-Kyun, LIM Seung Young, MOON Yungboo1,
HONG Soon-Ku2, BAEK Jong-Hyeob3, CHUNG Taehoon3
Kongju National University, Department of Physics. 1UJL
Ltd.. 2Chungnam National University, Department of Materials Science
& Engineering. 3Korea photonics Technology Institute, LED R&DB Division.
Direct understanding of the defect distribution is crucial for both improving quantum efficiencies and understanding the
operation mechansm in InGaN/GaN. Furthermore, intentionally generated defects such as V-pit have been introduced recently
into the active layers in some cases in order to improve and modify the physical properties of quantum wells. The effects of
these defects can be manifold. The crystal quality of these layers can be degraded the transport properties. They can also
increase the series resistance and can be a leakage path. In this report, we demonstrated that the defect distribution in the LED
can be directly probed by frequency dependent capacitance-voltage (C-V) measurement with impurity depth profiling. In our
previous report, C-V depth profile with additional laser excitation was used for observation of doping and carrier distribution
in active layer in LEDs. Frequency dependence C-V is then applied in order to investigate the existence of defects. We tried to
combine these two measurements of C-V depth profile and frequency dependence C-V and investigated the defect distributions
in the active layer.. Because frequency dependence arises from the defective layers, as shown in Figure 1, we can accurately
locate the position of the defective layers and can investigate the properties of these defects.

P1-se.014

A 1D plasmonic type-II superlattice device for linear polarization detection

YOON Su-Jin, KANG Byung Soo1, KIM Jun Oh1, KANG Sang-Woo1, KIM Jong-Su2, URBAS Augustine3, KU Zahyun3,
LEE Sang Jun1
Division of Industrial Metrology, Korea Research Institute of Standards and Science, Department of Physics, Yeungnam
University. 1Division of Industrial Metrology, Korea Research Institute of Standards and Science. 2Department of Physics,
Yeungnam University. 3Air Force Research Laboratory, Wright-Patterson Air Force Base.
Polarimetric imagers measure information about the vector nature of the optical field across a scene, thereby being capable of
using in a variety of remote sensing applications, especially the detection of man-made objects due to typically having more
planar and smoother surfaces than natural materials. Here, we propose a new type of IR-linear polarization-discriminator using
a 1D plasmonic structure and type-II superlattice (T2SL) device in order to achieve a high extinction ratio defined as the
intensity ratio between TM and TE polarization for normally incident IR light, and to reduce the cost and complexity of IR
imaging system significantly. The extinction ratio used as the quality factor for polarimetric performance is affected by
structural dimensions of periodicity, width, and thickness. Accordingly, a finite integration technique based simulation (CST
Microwave Studio) was preliminary carried out to find the optimized plasmonic structure for integration with T2SL device. To
experimentally demonstrate, 1D plasmonic structure was fabricated across the full open aperture of T2SL device using electron
beam lithography. The processing steps were as follows. (i) 950 PMMA C4 was spun onto fabricated T2SL device. (ii)
Electron beam lithography using 30 kV and 240 pA was carried out to produce a 1D periodic narrow pattern in the PMMA
layer, then developed (MIBK:IPA = 1:1). (iii) A 10-nm thick layer of Ti and a 100-nm thick layer of Au were deposited on the
developed sample using e-beam evaporation, followed by a liftoff processing with acetone to remove the PMMA layer, leading
to final structure. The device responses were measured for normally incident TM/TE (perpendicular/parallel to 1D plasmonic
structure) polarized light using a Nicolet Fourier transform infrared spectroscopy. To the best of our knowledge, this is the first
experimental work on the linear polarization detection using T2SL device.
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P1-se.015* Electrical properties and transport mechanism of p-ZnTe/n+-GaAs hetero-junction grown
by pulsed laser deposition
LEE Kyoung Su, OH Gyujin, KIM Eun Kyu
Department of Physics, Hanyang University.
Low-cost and high efficiency solar cells are tremendous interests for the realization of a renewable and clean energy source.
ZnTe based solar cells have a possibility of high efficiency with formation of an intermediated energy band structure by
impurity doping. In this work, the ZnTe thin films were deposited by pulsed laser deposition (PLD) technique. A pulsed (10
Hz) Nd:YAG laser operating at a wavelength of 266 nm was used to produce a plasma plume from an ablated a ZnTe target,
whose density of laser energy was 4.5 J/cm2. The base pressure of the chamber was kept at a pressure of approximately 4x10-7
Torr. During deposition of ZnTe film, gas was not introduced. The p-ZnTe thin film which was grown at temperature 250 oC
and gas was annealed at 400 oC for 15 min. For fabricating p-ZnTe/n+GaAs hetero-junction, Au metal electrodes were
depositing on the ZnTe film by thermal evaporation method. The radius and thickness of the electrode were 350 μm and 150
nm, respectively. From the fabricated p-ZnTe/n+-GaAs hetero-junction, current-voltage characteristics was measured from 220
to 300 K by using HP 4156-a semiconductor parameter analyzer. By analyzing temperature dependent current-voltage
characteristics, transport mechanism of the device was studied.
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P1-se.017* Discrete states and carrier-phonon scattering in multilayer CdTe/ZnTe quantum dots
MAN Minh Tan,
,
.
Quantum dots (QDs) are interesting not only for their fundamental physics, but are also important for applications in
optoelectronics and emerging electronic devices. These device structures are typically grown on GaAs substrates due to the
small lattice mismatch. However, the use of Si substrates has many advantages: they are cheaper and more widely available
than compound semiconductor substrates, and Si technologies offer the potential for fabrication of very-large-area and highquality products. Multilayer structures with spatially ordered QDs are characterized by highly homogeneous sizes and shapes;
furthermore, the vertical alignment throughout subsequent layers can be engineered to be nearly perfect, although the lateral
ordering tendency has been found to be much less pronounced. Accordingly, an understanding of carrier dynamics and timeresolved photoluminescence (PL), as well as precise control of shape and size distributions of QDs, are expected to increase
opportunities for their utilization and to play vital roles in deterministic physical performance metrics that will improve optics
and electronic devices. In addition, because the discrete structure of energy and density of states arise mainly from QDs’ dfunctions, the carrier dynamics and energy relaxation in QDs are mainly expected to differ qualitatively from those in bulk
materials. So far, several important mechanisms for explaining the unique evolution of PL spectra in QDs have been taken into
account, including radiative relaxation energy transfer between dots of different dimensions, Auger recombination scattering,
thermal escape from the dot, and trapping in surface and/or defect states. However, the mechanisms for carrier trapping and
thermally activated transitions between different states, as well as the origin of trapping at defect sites, are not yet understood.
In this study, we investigated the discrete states and carrier-phonon scattering in multilayer CdTe/ZnTe QDs on Si substrate
with various numbers of stacked dot layers by time-resolved and temperature-dependent PL measurements.
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P1-se.019
,

Physical Properties of the Gallium doped Zinc Magnesium Oxides Thin Films
1,

1,

. 1
.
Gallium 3 at.% doped Zn1-xMgxO (ZMO:Ga, x = 0 ~ 0.2) thin films were studied for the thin films transistors. The gallium
doped ZMO:Ga target ceramics were prepared by using the conventional solid state reaction methods. The thin film of
ZMO:Ga was coated on the p-Si (100) substrates by using the RF-magnetron sputtering methods. The structural and surface
morphology of ZMO:Ga thin films were analyzed by using the X-ray diffraction analysis and the scanning probe microscopy.
The electrical properties of the post-annealed ZMO:Ga thin films were investigated by using the Hall Effect measurements and
the 4-wire surface conductivities. As the annealing temperature is increased in the temperature range from 300°C to 800°C, the
X-ray scattering intensity of the (002) peak was increased but the surface conductivity was decreased. The structural
characteristic were considering the homo double layers of the post annealed ZMO:Ga thin films as the insulating ZMO layer
over the conductive ZMO:Ga layer on the substrate.

P1-se.020* Raman scattering from CdTe/ZnTe self-assembled quantum dots
,

,
.
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P1-se.021*

SPOTTING CARRIER INJECTION MECHANISM ACROSS METAL-MoS2

INTERFACE
YOO WonJong, AHMED Faisal1, CHOI MinSup, LIU Xioachi
Sungkyunkwan University, SKKU Advance Institute of Nano Technology (SAINT). 1Sungkyunkwan University, Mechanical
engineering.
Currently, semiconducting MoS2 has excited the research community due to its fascinating properties. The ultra thin body,
layered structure, flat and pristine surface not only make it potential candidate for low dimensional electronics but also enable
it superior to its bulk counterpart materials. The thickness dependent sizeable band gap, feasible carrier mobility, high
rectification and resilience to short channel effect make it a promising channel material for field effect transistor application.
However most of the scope of previous studies on MoS2 is concentrated along the channel part, whereas the contact part is
merely studied. In this work, we extensively explore the different metal MoS2 contacts and briefly investigate the different
charge carrier injection mechanisms and their transition from one to another across the interfacial barrier. Low temperature
measurements on MoS2 field effect transistor are carried out and contact resistance (Rc) as the function of temperature is
studied. As the result the obvious transition from thermionic emission at high temperature to quantum mechanically tunneling
of charge carriers at low temperature along the junction is observed. Furthermore, at a low temperature, the nature of the
tunneling behavior is spotted by the current-voltage dependency. Interestingly, direct tunneling at a low bias and FowlerNordheim tunneling at a high bias is realized for a Pd-MoS2 contact due to the effective barrier shape modulation by biasing.
However, at the same bias conditions only direct tunneling is observed for a Cr-MoS2 contact. Moreover, a simple analytical
approach is applied to theoretically calculate the Rc of metal-MoS2 interface that is consistent with the experimental results. We
expect that the proposed detailed study will be promising findings to explore metal-MoS2 contact for realizing efficient flexible
and transparent electronic devices based on 2-dimesional materials.

P1-se.022*

Wafer scale synthesis of multilayers MoS2 thin film by pulse laser deposition

ULLAH Farman, SENTHILKUMAR V., KIM Sun-Ho, KIM Yong Soo
Department of Physics and Energy Harvest-Storage Research Center.
Transition metal di-chalcogenides (TMDCs), particularly MoS2 has
drawn researcher attention due to its potential in wide range of
applications such as energy harvesting, electronics and optoelectronics.
However, large area control synthesis of monolayer and few layers
MoS2 thin films still remains a challenge which is required for future
practical applications. The MoS2 films obtained through conventional
micromechanical exfoliation and chemical vapor deposition (CVD)
show good crystallinity but it is very tedious and time consuming to
produce large area continuous uniform films with repeatability in these
methods. An alternative approach could be the physical vapor deposition
(PVD) technique. Here, we report uniform large area (~4 cm2) multilayer MoS2 thin film on quartz and Si/SiO2 substrate by
pulse laser deposition (PLD). Raman spectroscopy, atomic force microscopy (AFM) and field emission scanning electron
microscopy (FE-SEM) were carried out to characterize the samples. Raman spectra, absorbance spectra, FE-SEM and the
schematic diagram of PLD are shown in figure. The energy peaks appeared between 600nm and 700nm in UV-vis absorbance
spectra, corresponds to A and B excitations arise from K point of the Brillouin zone. The peaks of Raman spectra are not sharp
which might be due to the grain boundary scattering and lattice imperfections. Our result is consistent with previously
published paper(Eda, Yamaguchi et al. 2011, Heeá Ryu and Hoá Cho 2014). Hall mobility of multilayer MoS2 was found to
be 0.161 cm2/ (V.s).
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P1-se.023* Structural and Luminescence features of Lithium-doped p-type ZnO Sheet-like Nanorods
HONG Jinpyo, KO Wonbae, YEON Bummo
Hanyang University.
Lithium(Li)-doped ZnO nanorods having optically p-type behavior were synthesized by utilizing a simple hydro-thermal
process in an aqueous solution at low temperature (<90°C). The surface morphology and diameters of synthesized lithium
doped nanorods were controlled as a function of molar concentration. High molar concentration allows for hexagon and flatsurface nanorods. The synthesized lithium-doped ZnO nanorods were annealed in different ambient at temperatures ranging
from 500 °C to 600 °C. Post-annealing process effectively leads to the incorporation of lithium dopant as an acceptor resulting
in optically p-type behavior. The crystal structure of undoped and lithium-doped ZnO nanorods is analyzed with the X-ray
diffraction (XRD). All synthesized nanorods show the dominant (002) diffraction peak which indicates highly preferentially
orientation along the c-axis of ZnO, even in high lithium contents. The p-type features of doped ZnO nanorods were verified
using a photoluminescence (PL) measurement using a He-Cd laser as an excitation source at 10 K. In addition, the
temperature-dependent photoluminescence clearly confirmed the several peaks regarding to free excitons (FX), exciton bound
to acceptor (A0X), free electron to the acceptor transition peak (FA), and its LO phonon replicas.

P1-se.024*

Highly doped MoS2 PN junction formed by using chemicals

YOO WonJong, RYU JungJin1, CHOI MinSup, LIU Xiaochi
Sungkyunkwan University, SKKU Advanced Institute of Nano-Technology (SAINT). 1Sungkyunkwan University, Mechanical
Engineering.
In this study, a technique to form a lateral 2D MoS2 p-n junction was developed by partial deposition of Al2O3 as a
passivation layer for n-doped MoS2. Al2O3 was deposited by atomic layer deposition (ALD) and it can block the penetration of
p-dopant into n-doped MoS2. According to the output curve of p-n diode, the reverse current is about 1.0 - 1.2 nm and forward
to reverse current ratio is about 105. This low reverse current and high forward/reverse current ratio could be attributed to the
successful formation of the depletion region between p- and n-doped MoS2. In general, conventional p-n diodes show bipolar
characteristic. However, we found that the current reaches its maximum at certain gate voltage which is related to the n- and pdoped states. This study provides a promising approach to use chemically doped MoS2 as a 2D material in post-silicon
electronic and optoelectronic device applications.
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P1-se.025*

Synthesis of Large-Area MoS2 with Chemical Vapor Deposition

KYUNG-HWA Yoo, SANG JEONG Kim, SUNG JIN Park, JUN HO Song
Yonsei university, Department of Physics.
In recent years, many 2-D materials have received significant interest due to their potential in a wide range of novel
application. However, it is not easy to obtain large-area and uniform MoS2 films yet. Here, we report on synthesis of large-area
MoS2 using chemical vapor deposition (CVD). Relatively uniform MoS2 are obtained. To fabricate field-effect transistor
(FET) devices, MoS2 films are transferred to another SiO2/Si substrate using polystyrene and patterned using Oxygen Plasma.
Device characteristics are presented and compared with the reported results.

P1-se.026*

Bipolar resistive switching in solution-processed Pt/Bi1-xSbx/Pt single nanowire device

PARK Myung Uk, HAN NALAE, YI Sum-gyun, KIM Sung Hyun, YOO Kyung-Hwa
.
Recently, resistive switching in binary transition metal oxides such as NiO, TiO2, and Fe2O3, etc. have received
considerable attention because of their potential application in nonvolatile memory devices. The key feature of resistive
switching in metal oxides is the ability to switch between a low and high resistance state simply by applying a voltage or
current. Moreover, above all binary metal oxide nanowires have been studied extensively, because low-dimensional
nanostructure memory materials are promising building blocks for nonvolatile, scalable memory devices due to quantum
confinement. Here, we report on reversible memory switching effects in Bi1-xSbx (x=0.01~0.50) nanowires fabricated using
anodized aluminum oxide (AAO) membranes. Bi1-xSbx nanowires show a bipolar resistive switching induced by electric
field, similar to that reported for TiO2, SiO2, Al2O3, .. etc. In particular, we have grown Bi1-xSbx nanowires with various x
and investigated their electrical properties. Possible mechanisms of resistive switching in Bi1-xSbx nanowires are discussed.
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P1-se.027* Tunneling spectroscopy for nanomaterials based on contact barrier engineering
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Depending on the relative work function value of electrodes with respect to that of semiconducting nanomaterials, electronic
carrier types can be determined, i.e., contact barrier engineering. We choose indium as the metal electrode with a work
function (ΦIn) of ~4.1 eV for carbon nanotubes (ΦCNT ~ 4.5 eV) and multi-layer black phosphorus (ΦBP ~ 4.5 eV) as nanosemiconducting materials. In a low-field transport regime, both cases show the ambipolar field-effect transistor character in
transfer curves, which indicates that the Fermi level of the metal is pinned in the gap regions. In a high-field regime, a
conductance map as a function of source-drain and gate voltages reveals the electronic structures of the nanomaterials, for
instance, van-Hove singularities for one-dimensional CNTs and a monotonic semiconducting gap feature for three-dimensional
BP.

P1-se.028

Dielectric Functions of Monolayer WS2 and WSe2 on Sapphire Substrate

PARK Jun-Woo, KIM Sung, CHOI Suk-Ho, LEE Hosun
Kyung Hee University, Department of Applied Physics.
We investigated the optical properties of monolayer WS2 and WSe2 on
c-plane substrate using spectroscopic ellipsometry, Raman, and
photoluminescence spectroscopies. The dielectric functions of WS2 and
WSe2 were estimated applying layer model analysis to the ellipsometric
angles. Parametric optical constant and Drude model was used for the
line shape model of the dielectric functions of the metal-dichalcogenide thin films, The optical gap energies were estimated
using the linear extrapolation method of the absorption coefficients derived from the optical constants. Optical transition
energies of WS2 and WSe2 were obtained by applying the standard critical point (SCP) model to the second derivative spectra
of the dielectric functions. The lowest energy peaks are attributed to the excitons arising from the spin-orbit split transitions at
the K point.
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P1-se.032*

Plasma Passivation of Si Solar Cell Nanosurface Using Plasma Enhanced Chemical Vapor

Deposition
PARIDA BHASKAR, CHOI JAEHO, PALEI SRIKANTA, KO
SEOKYONG1, KIM KEUNJOO1
Dept. of Mechanical Engineering, Chounbuk National
University. 1Dept. of Mechanical Engineering, Chounbuk National
University, Division of R&D, Withlight.co.Ltd.
We investigated the surface passivation of nanosurface black Si solar
cells by SiNx using PECVD. In experiment, microtextu- red p-n junction
Si solar cells with sheet resistance of 55 ohm/sq were used. The
nanosurfaces were fabricated by the metal assisted chemical etching
process by using a mixed solution of HF:H2O2 for etching times of 10
and 30 sec prior to the Ag nanoparticles deposition from a solution of
HF:AgNO3. The surface Passivation of nanosurface black Si solar cells
were carried out by the deposition of SiNx layer using a PECVD.
Before, SiNx deposition, the nanotextured Si solar cells were treated by
O2, N2 and NH3 plasmas, respectively. The depth of the
nanosurfaces were about 70 and 100 nm. Furthermore, we will present
the surface passivation properties of these Si solar cell nanosurfaces in
details.
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P1-se.034*

GaAs/Si Heterojunction Formation by E-beam Evaporator for Si Solar Cell Applications

PALEI Srikanta, PARIDA Bhaskar, CHOI Jaeho, KIM Keunjoo
Dept. of Mechanical Engineering, Chonbuk National University.
We investigated GaAs thin films deposited on Si wafers by electron
beam evaporator and rapidly annealed samples. The thin film with the
thickness of 60 nm showed the nanocrystallite structure from the Raman
and SEM measurements. The as-deposited sample showed very broad
Raman peaks and the annealed sample at 700 ºC showed the peaks at
193 and 246 cm-1. The result and discussions will be presented in
details. This work was supported by Basic Science Research Program
through the National Research Foundation of Korea (NRF), funded by
the Korean government (2014056184).

P1-se.035* Optical reflectance studies of sub-100-nm Si nanopatterns for inspection of wettability
KIM Sujung, GWON Minji, KIM Dong-Wook, CHEN Chang1
Ewha Womans University, Department of Physics. 1IMEC, Belgium.
Optical characteristics of Si nanopillar (NP) arrays with various diameters and filling ratios were studied using the finite
differential time domain simulation method. The simulated reflectance spectra showed notable difference depending on the
wetting state of Si NP arrays. At long wavelengths, destructive interference of the reflected light at the top and bottom of the
NPs well explained the dips in the reflectance spectra. In such calculations, the region containing the NPs and the surrounding
medium was regarded as a homogeneous medium with a proper effective refractive index. As the diameter of the NPs
increased, resonant guided modes in individual NPs and coupled guided modes appeared in visible range. The wetting state
also influenced resonant-mode-related spectra. Our results show that simple optical reflectance measurements provide a useful
method of inspecting the wetting states of nanopatterns.
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P1-se.036* Mie-resonance-mediated light trapping in Si nanostructure arrays
KIM Eunah, CHO Yunae, SOHN Ahrum, KIM Dong-Wook, PARK Hyeong-Ho1, KIM Joondong2
Ewha Womans University, Department of Physics. 1Korea Advanced Nano Fab Center (KANC). 2Incheon National
University, 3Department of Electrical Engineering.
Surface nano-patterned Si has much enhanced optical absorption than planar counterparts with the help of graded refractive
index, multiple scattering, diffraction, and Mie resonance. Such nanostructures, however, often exhibit limited collection
efficiency of photo-carriers due to surface recombination loss. Therefore, it is very important to design desirable nanostructures
to fulfil both enhanced light trapping and carrier collection capability. In this study, we fabricated Si nanopillar (NP) arrays
using e-beam lithography and investigated their optical characteristics. Optical simulations and analyses showed that the NPs
exhibited enhanced optical absorption in wide wavelength range and also strongly concentrated light intensity near the surface
due to the Mie resonance. Surface photovoltage (SPV) behaviors of the NPs were compared with those of a planar counterpart
by Kelvin probe force microscopy measurements. Perturbation by light illumination changes the surface band profile and
induces SPV. The SPV studies could help to improve collection efficiency of photo-carriers in nanostructured Si solar cells.

P1-se.037

Effect on Electro-optical Properties Depending on Substrate Temperature of TiInZnO Thin
Films Prepared by RF Magnetron Sputtering.
HEO Gi-Seok, KIM Eun Mi, OH Jeong Pyo1, KIM Nam-Ho
Korea Institute of Industrial Technology. 1Chonnam National University.
The optical, electrical, and structural properties of Titanium indium zinc oxide (TiInZnO) thin films deposited on glass
substrate by RF/DC magnetron sputtering system were investigated with regarding the change of substrate temperature (Ts).
The X-ray diffraction (XRD) results showed that TiInZnO thin films deposited above 300 oC were found to be as a
polycrystalline phase. The amorphous TiInZnO films had lower resistivity than polycrystalline films. When the films deposited
at 300 oC, the minimum resistivity of 1.5
10-3 Ω∙cm was obtained. However, the film resistivity rapidly increased from the
Ts of 400 oC. The superior sheet resistance of 58 Ω/□, the optical transmittance of 91 % [normalized to the glass substrate] at
550 nm wavelength range, and the surface roughness (RRMS) of 0.48 nm was obtained for the TiInZnO thin film deposited at
the substrate temperature of 300 oC, and the film thickness of 130 nm.
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Graphene/Organic Junction Transistor with Ion-gel Gate Dielectric
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High-quality channel layer is required for next-generation flexible
electronic devices. Graphene is a good candidate due to its high carrier
mobility and unique ambipolar transport characteristics but typically
shows a low on/off ratio caused by gapless band structure. Popularly
investigated organic semiconductors, such as pentacene, suffer from
poor carrier mobility. Here we propose a graphene/organic channel layer
with high-k ion-gel gate dielectric. The graphene/organic device shows
both high on/off ratio and carrier mobility as well as excellent
mechanical flexibility. Most importantly, it reveals ambipolar behaviors
and related negative differential resistance, which are controlled by
external bias, although such ambipolarity has never been previously
reported in graphene/semiconductor barristor structures. Therefore, our graphene/organic barristor with ion-gel gate dielectric
can offer various flexible device applications with high performances.

P1-se.039

Decrease of the rise time in the electroluminescence of tris(8-hydroxyquinolinato)aluminum
under a magnetic field
KANG Hoju
POSTECH, PAL.
The transient electroluminescence was measured in tris(8-hydroxyquinolinato)aluminum based organic light-emitting diodes
under an external magnetic field. The noticeable decrease in the rise time was observed as the strength of the magnetic field
increased and the exponential decay of the electroluminescence signal was separated with the magnetic field. The results
suggest that the recombination process is altered by the magnetic field and the localized states due to the polarity play a role.
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P2-ap.001 Effect of proton irradiation in AlGaN/GaN HEMT device
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AlGaN/GaN HEMTs device were exposed to 5.2 MeV proton with a variety of amount of dose (1 x 1012 cm-2 ~ 1 x 1016 cm-2 )
which was grown by Metal Organic chemical vapor depostion (MOCVD). Thourgh room temperature hall effect measurement,
unexpected improvement was observed in sheet carrier concentration at the number of 1 x 1012 cm-2 ~ 1 x 1014 cm-2 upto 25
% . On the other hand, optical characteristics didn’t shows enhancement after proton radiation. Photoluminescence main peak
of GaN (~ 366 nm) diminishes after 1 x 1015 cm-2 amount of proton dose. Raman scattering didn’t shows any dependence
between proton irradiation. The unexpected enhancement in electrical properties such as sheet carrier concentration and
resistivity, might be drived from self annealing mechanism of GaN.

P2-ap.003* Low temperature synthesis of ITO thin films with KrF excimer laser irradiation
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In the oxide thin film synthesis, low temperature process is the challenge for applying the flexible devices. In this research we
suggest the low temperature process by irradiating KrF excimer laser on the indium tin oxide (ITO) thin films which is the
representative transparent conducting oxide. When the laser energy density increase from 50 to 240 mJ/cm2, the conductivity
of ITO calculated by hall measurement and Drude fitting increase. To explain the conductivity enhancement through laser
energy density increase, we examine optical band gap through ellipsometry and chemical bonding states of ITO atoms through
X-ray photoemission spectroscopy (XPS) and energy dispersive spectroscopy (EDS).
[Acknowledgement: NRF-2014R1A1A1002868]
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P2-ap.004* RTP temperature dependence of CZTSSe absorber layer
CHO Soyeon, NAM Dahyun, LIM Soo Yeon, KO Byoung Soo1, HWANG Dae-Kue1, KIM Dae-Hwan1, KANG Jin-Kyu1,
CHEONG Hyeonsik
Sogang University, Department of Physics. 1Daegu Gyeongbuk Institute of Science & Technology, Advanced Convergence
Technology Center.
Raman measurements were carried out in order to study the absorber layer of Cu2ZnSn(S,Se)4 (CZTSSe) solar cells. In
general, CZTSSe solar cells consist of a p-type CZTSSe absorber layer, an n-type CdS buffer layer, i-ZnO, and an n-type ZnO
window layer. For this study, the absorber layer was fabricated by co-evaporation and sulfurized by the rapid thermal
processing (RTP). Since the S/Se ratio change in the absorber layer is associated with the energy band gap, it is an important
characteristics of the CZTSSe absorber layer. In order to study the effect of the RTP condition on the absorber layer, we
changed the RTP temperatures: 550°C, 570°C, 590°C, 610°C and 630°C. Macro-Raman measurements showed that the S/Se
ratio increases as the RTP temperature increases. The SEM image showed that the absorber layer is made up of two layers. The
layers were further investigated by depth-resolved micro-Raman measurements. It revealed that the S/Se ratio depends on the
depth of the samples. Also, we found that the S/Se ratio change is different for each RTP temperature.

P2-ap.005* Atomic Layer Deposition of High-k Thin Films on Graphene
,

,

,
,
,
/
.
Graphene has been extensively researched for nano and optical applications owing to its unique band structure and high carrier
mobility, transparency, flexibility, elasticity and mechanical strength. Atomic Layer Deposition (ALD) appears to be one of the
best deposition technique to grow functional thin films for the nano and optical devices. ALD technique allows us to deposit
functional films with accurate controllability and uniformity in the thickness and composition, thus, ALD was expected to
deposit high-k dielectrics on the graphene uniformly. However, the growth of high-k thin films by ALD was not successful due
to the lack of surface functional groups (i.e. –OH group) on the graphene. Although several treatment methods were suggested
to supply functional groups on the graphene surface, it was not possible to cover the graphene surface completely with high-k
dielectrics (such as Al2O3) using ALD. In some cases, additional defects were generated or organic materials (which provided
nucleation sites on the graphene surface) were remained on the graphene surface after those treatments. Here, we suggest a
novel and simple treatment method for the growth of high-k dielectric films on the graphene surface using ALD. The simple
treatment (on the graphene surface) demonstrated fully-covered graphene surface with the ALD-grown high-k dielectric films
without further defect generation on the graphene.
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P2-ap.006* Creation of 2-Dimensional Electron Gas at Amorphous Oxide/SrTiO3 Heterostructures
using Atomic Layer Deposition
,
/
.
Oxide heterostructures have attracted great attentions for materials and physics research since 2-dimensional electron gas (2DEG) was observed at the oxides interface, i.e., LaAlO3 (LAO) and SrTiO3 (STO) heterostructures. Interestingly, high density
electrons (1013~1014/cm2) were confined at the interface of LAO/STO heterostructures, where the LAO layers were grown
epitaxially on single crystalline STO substrates via pulsed laser deposition (PLD). The generation of the 2-DEG is related with
an electronic reconstruction (electronic compensation) mechanism. However, we demonstrated the 2-DEG could be created
using amorphous LAO (a-LAO) layer by atomic layer deposition (ALD) technique on the STO substrates, instead of epitaxial
layers. More remarkably, we could create the 2-DEG using amorphous Al2O3 (a-Al2O3) layer, which consists of non-polar
plane. The creation mechanism of the 2-DEG at the a-LAO/STO (or a-Al2O3/STO) heterostructures can be explained in terms
of oxygen vacancy generation. The details will be introduced in the presentation
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P2-ap.009 Influence of Charge Compensation on the Enhancement of the Photoluminescence in
CaMoO4:Eu3+, Bi3+ Phosphor
JEONG Jung Hyun, KIM Eun Ock, SEO Yeon Woo, MOON Byung Kee, CHOI Byung Chun, KIM Jung Hwan1
Department of Physics, Pukyong National University. 1Department of Physics, Dong-eui University.
In the present study, phosphors are synthesized without any charge compensation of ion. But, when a metal ion is substituted
for an element with a different valence in the matrix, charge compensation is needed. In this work, the charge compensation is
provided by a calcium vacancy (3Ca2+ → 2Eu3+ + a calcium vacancy). The functionality of CaMoO4 hosts is increased when
lanthanide (Ln3+) ions are doped into the Ca2+ sites, especially in LEDs and fluorescent. In order to improve the optical
property, many efforts have been made. And, significant attention has been focused on improving the luminescence properties
of molybdate phosphors co-doped with Bi3+ and Eu3+. In this study, Eu3+, Bi3+ co-doped CaMoO4 phosphor was synthesized
by solid state reaction and sol-gel method. X-ray diffraction (XRD), field emission scanning electron microscope (FE-SEM)
and photoluminescence excitation and emission spectra were used to characterize the resulting samples. XRD pattern confirms
that the CaMoO4 powders were well indexed to tetragonal crystal structure (JCPDS card No. 07-0212).

343

P2-ap.010 Experimental and Theoretical Study of Pure and Eu3+doped CaMoO Phosphors
4
JEONG Jung Hyun, PARK Sung Wook, NOH Hyeon Mi, KIM Do Rim, KIM Jung Hwan1
Department of Physics, Pukyong National University. 1Department of Physics, Dong-eui University.
CaMoO4 phosphors have been successfully prepared by a hydrothermal reaction method and investigated by the X-ray
diffraction, photoluminescence and optical spectra, repectively. Density functional theory calculations have been performed on
the crystal and electronic structures and optical properties of pure and Eu3+ doped CaMoO4 crystals. The experimental results
of excitation and absorption spectra of CaMoO4 phosphors are in good agreement of the theoretical calculations.

P2-ap.011 Upconversion Luminescence Properties and Morphology of Yb3+, Er3+ doped β-NaYF
4
JEONG Jung Hyun, OH Ju Hyun, MOON Byung Kee, CHOI Byung Chun, KIM Jung Hwan1
Department of Physics, Pukyong National University. 1Department of Physics, Dong-eui University.
Upconversion (UC) luminescent nanomaterials have attracted much research interest due to their applications in various
optical devices such as solid state lasers, three-dimensional flat-panel displays. The UC nanomaterials with controlled sizes
have been widely studied in optical devices and white light source powders, bio-probes and bio-images due to their features of
low background light, high detection limits, and low toxicity as compared to the majority of current commercialized labels
such as organic dyes and quantum dots. Among them, hexagonal phase NaYF4: Yb, Er is known as one of the most efficient
UC materials under near-infrared (NIR) excitation.In the study, we report the Yb3+, Er3+ doped hexagonal structure NaYF4
phosphors have been synthesized by hydrothermal method in presence of ethylenediaminetetraacetic acid disodium salt
(EDTA-2Na) at 200oC.
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P2-ap.012 The Capability of Any Wavelength Excitation in the 250-500 Range in Sr CaW
2
13+
xMoxO6:Sm

Phosphor

JEONG Jung Hyun, WANG Lili, NOH Hyeon Mi, KIM Jung Hwan1
Department of Physics, Pukyong National University. 1Department of Physics, Dong-eui University.
Sm3+ doped Sr2CaW1-xMoxO6 (x= ) were synthesized though solid state reaction and their photoluminescence was
investigated. Full spectral excitation band in the 250-500 range from UV, near UV, blue to green regions was realized in this
phosphor. The capability of any excitation can guarantee the phosphor to be excited effectively, especially in the range of 370410 nm where the most efficient LEDs are available. The absorption edge was extended from 330 to 400 nm compared with
that in Sr2CaWO6: 2%Sm3+. At the same time, the emission intensity at 648 nm was increased by 2.495 times in
Sr2CaW0.98Mo0.02O6: 2% Sm3+ compared with that in Sr2CaMoO6: 2%Sm3+. The extension of charge transfer band to near
UV region was attributed to the tiny change of the ligand environment of Sm3+ due to appropriate amount Mo doped into
Sr2CaWO6. Excess Mo will block the energy transfer from W(Mo)O6 group to Sm3+ ions.

P2-ap.013
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calcium phosphate
,

,

,

1,

. 1
.
Calium phosphate is known as an apatite. And the most of the phosphorus on Earth can be found in the apatite groups.
Phosphorus of the apatite groups is the main raw material of the phosphorus fertilizers, fodder and technical phosphates,
elementary phosphorus, and phosphor-organic compounds. The conventional apatite has the general formula Ca5(PO4)3X,
where X is negative ions such as F-, Cl-, or OH-. The doped rare-earth elements in apatites act as the luminescence centers, the
optical properties of apatites are interesting subjects for the ptotonic applications. In our work for the calcium chlorapatites, we
find that the sintering temperature affects the structures of the prepared apatite powders. We prepare Eu3+- and Sm3+-doped
calcium chlorapatite [Ca5(PO4)3Cl] powders by using the solid-state reaction method sintering at 1,100 oC and 1,300 oC,
respectively. We characterize the structures and observe the morphology of the synthesized apatite powders. Also we study the
chemical bonding states. The powders exhibit two phases with the sintering temperatures: the one sintered at 1,100 oC form in
hexagonal structure, while the other sintered at 1,300 oC form in monoclinic structure. The apatite compounds sintered at
higher temperature show the structure with lower space symmetry.
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P2-ap.014 Sm3+
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,

1,

. 1
.
Hydroxyapatite is known as a bioactive and biocompatible material. Due to its structural similarity with the bone mineral, it is
widely studied as the bone implant material. Because of the flexibility in the structure of the hydroxyapatite, the various metal
ions are substituted in hydroxyapatite to improve the antibacterial property, mechanical strength, and solubility for bone
implantation. The conventional hydroxyapatite has the general formula Ca5(PO4)3OH. Since we have studied the rare-earthions-doped calcium chlorapatites, we find that the hydroxyapatite looks quite interesting for the fluorescent materials. We
prepare Sm3+-doped calcium hydroxyapatite [Ca5(PO4)3OH] powders by using the solid-state reaction method sintering at
several temperatures from 900 oC to 1,300 oC , to obtain the most appropriate sintering condition. By characterizing the
structures and the morphology, the synthesized powders show well-crystallized powders with monoclinic phase. Optical
characteristics show that the Sm3+-doped hydroxyapatite powders can be useful for the photonic applications, too.

P2-ap.015 Eu3+
,
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Ca5(PO4)3OH has been extensively investigated for crystal structures, dissolution properties, and surface structures because it
is a main inorganic component of vertebrate bond and tooth tissues. Eu3+ is an important activator in the visible spectrum,
emitting the red-emission with high color purity. Inorganic compounds with apatite structure have been widely investigated for
several applications. In this presentation, we prepare Eu3+-doped Ca5(PO4)3OH powders by using the solid-state reaction
method sintering at 1,100 oC and 1,300 oC. We characterize the structures, the morphology, and the chemical bonding states of
the synthesized powders. Optical properties are studied by taking absorption and emission spectra. The obtained results show
that the Eu3+-doped hydroxyapatite powders can be a potential candidate in photonic applications.
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P2-ap.016 White-light Emission from a Single-phase Ca NaGd (PO ) :Eu2+/Mn2+ Phosphor under
9
2/3
4 7
Near-Ultraviolet Excitation
JEONG Jung Hyun, GUO Yue, NOH Hyeon Mi, WANG Lili, CHOI Byung Chun, KIM Jung Hwan1
Department of Physics, Pukyong National University. 1Department of Physics, Dong-eui University.
In recent years, numerous efforts have been made to develop thesingle-phase white-emitting phosphors which are based on
themechanism of the energy transfer from sensitizer to activator,such as Eu2+/Mn2+ and Ce3+/Eu2+. Mn2+ doped
luminescentmaterials have been known to show wide-ranging emissionfrom 500 to 700 nm, which is strongly affected by the
crystal fieldof the host materials. Owing to the forbidden 4T1→6A1 transitionof Mn2+, the emission intensity of Mn2+ singly
doped phosphor islow under UV excitation. It is well known that Eu2+ acts asa promising sensitizer, transferring energy to
Mn2+ in many hostlattices. Thus, it is necessary to enhance the emission intensity ofMn2+ doped materials by introducing an
efficient sensitizer.In this study, a series of Eu2+-doped Ca9NaGd2/3(PO4)7andMn2+-doped Ca9NaGd2/3(PO4)7and Eu2+/Mn2+
co-doped Ca9NaGd2/3(PO4)7 phosphors were synthesized from a solid-state reaction. The X-ray powder diffraction XRD ,
photoluminescence excitation, emission spectra, concentration quenchingwere applied to characterize the samples. Thewhitelight emission from a single-phased Ca9NaGd2/3(PO4)7:Eu2+/Mn2+ phosphor suitable foruse in near-UV LEDs. Its excitation
wavelength rangingfrom 250 to 450 nm fits well with the characteristic emission ofnear-UV LED chips. We also investigate its
luminescenceproperties as well as energy transfer phenomenon between thesensitizer and activator.

P2-ap.017* Nanoscale Morphology Control of Lead Zirconium Titanate Nanocrystals on Multi-walled
Carbon Nanotubes using Sol-gel Technique
SINWOOK Kang, JINKYU Han, SANGDON Bu
Department of Physics, Chonbuk National University, Jeonju 561-756, Korea.
Carbon nanotubes (CNTs) have attracted extensive attention since they have been applied to a support material for the
stabilization of metal oxide nanocrystals (MO-NCs) and they exhibits high chemical, thermal resistance and surface-to-volume
ratio. In recent years, the hybrid nanocomposites consisting of CNTs and ferroelectric MO-NCs have received a huge interest
due to their potential applications to electromagnetic wave absorbers and ferroelectric field-effect transistors. The electrical
properties of the nanocomposites are known to be governed by how to growth the NCs on the CNTs. However, analysis of an
atomic scale bonding near the interface of ferroelectrics NPs and CNT is not yet reported. In this study, we report the effects of
mole concentrations of Pb(Zr0.52Ti0.48)O3 (PZT) sol-gel solution on the morphological, structural, and compositional properties
of the hybrid materials composed of multi-walled CNTs (mwCNTs) and PZT NCs, where the PZT NCs were grown directly
onto the mwCNT surface. The hybrid materials were prepared by an injection method with the PTFE syringe filter. We
observed that the diameter of PZT NCs in the hybrid materials increased with increasing concentrations of PZT solution from
0.05 to 0.30 M. We also found that their diameters were correlated with the compositions of the PZT NCs, which may be due
to the oxygen vacancies created at the interface of PZT NCs and mwCNT.
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P2-ap.019 Investigation of Fe-based Soft Magnetic Alloy System with High Saturation Magnetization
YIM Haein, KIM Sumin
Sookmyung Women's University, Department of Physics.
There has been an increasing interest in Fe-based ferromagnetic amorphous materials due to their soft magnetic properties
such as high saturation magnetization, low coercivity and high permeability. We added Cobalt in order to obtain good soft
magnetic properties. Fe-Co system has the high saturation magnetization and the permeability in comparison to Fe-only and
Co-only systems. Moreover, the substitution of Co for Fe enhances glass-forming ability. We also added minor Boron to
improve the thermal and structural stability. However, it could decrease the saturation magnetization. Therefore, the goal of
this research is to gain optimum composition of the Fe-Co-Ti-Zr-B alloys.
A new collection of Fe-based soft magnetic alloy ingots were prepared by arc-melting. By using a melt-spinning technique,
we produced thin ribbons of amorphous alloys. In order to characterize the glassy structure of our ribbons, we used a X-ray
diffraction. The thermal characterization was carried out using a differential scanning calorimeter. Soft magnetic properties
including the saturation magnetization and the coercivity were measured by using a vibrating sample magnetometer.

P2-ap.020 Thermodynamic analyses of MTS and TMS as precursors for SiC single crystal growth
using HTCVD method
KANG Yura, JEONG Seongmin1, HONG Suklyun
Department of Physics and Graphene Research Institute, Sejong University, Seoul 143-747, Korea. 1Energy & Environmental
Division, Korea Institute of Ceramic Engineering and Technology, 101, Soho-ro, Jinju-si, Gyeongsangnam-do, Korea.
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P2-ap.023* Raman measurements of twisted bi-layer graphene with controlled misorientation angle
HAN Songhee, KIM Minjung, LEE Jae-Ung, CHEONG Hyeonsik
,
.
We fabricated twisted bi-layer graphene by the stamp method [Andres Castellanos-Gomez, Michele Buscema, Rianda
Molenaar, Vibhor Singh, Laurens Janssen, Herre S. J. van der Zant and Gary A. Steele, 2D Materials 1, 011002 (2014).].
Single-layer graphene samples were mechanically exfoliated on acrylic substrates covered with PDMS. We measured the
polarized Raman spectrum of graphene under uniaxial strain to identify the crystallographic orientation of the graphene. When
strain is applied, the graphene G peak is splitted. Through polarization dependece of the split G peak intensity, we obtained the
orientation of the sample. We transferred one graphene sample on another sample controlling the lattice misorientation
angle.Raman characteristics of twisted bi-layer graphene have been studied [Kwanpyo Kim, Sinisa Coh, Liang Z. Tan, William
Regan, Jong Min Yuk, Eric Chatterjee, M. F. Crommie, Marvin L. Cohen, Steven G. Louie, and A. Zettl, Physics Review
Letters 108, 246103 (2012).]. We measured the Raman spectrum of the twisted bi-layer graphene to confirm the intentional
lattice misorientation angle of the samples fabricated by our transfer technique.

P2-ap.024* Raman and photoluminescence of suspended few-layer MoS2
KIM Kangwon, LEE Jae-Ung, CHEONG Hyeonsik
Sogang University Department of Physics.
We investigated Raman and photoluminescence (PL) spectra of suspended MoS2 with thickness up to 6 layers. In single-layer
MoS2, the large exciton binding energy is attributed to Coulomb interaction that is not strongly screened due to the lack of
surrounding dielectrics. The exciton binding energy can be affected by dielectric environment.[1] Because of charged
impurities, Si substrate can induce a local electric field . To rule out the effects of substrate, we made pristine suspended MoS2
samples on patterned substrate by mechanical exfoliation without any chemical treatment. We observed slight peak shifts of A
exciton and intensity enhancements of indirect PL peak compared to supported samples. We also measured and compared the
Raman spectra with several excitation energies to investigate the resonance effects.[2] This study will help understand the
effect of the dielectric environments on 2-dimensional semiconductors.
References
[1] Y. Lin et al., Nano Lett. 14, 5569 (2014)
[2] J.-U. Lee et al., Nanoscale 7, 3229 (2015)
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P2-ap.025* Dissociative hydrogen-induced electron doping of chemical vapor deposition grown single
layer graphene
HONG Sung Ju, PARK Min, KANG Hojin, LEE Minwoo1, SOLER-DELGADO David, SHIN Dong Seok2, KIM Kyung Ho,
KUBATKIN Sergey3, JEONG Dae Hong1, PARK Yung Woo, KIM Byung Hoon2
Department of Physics and Astronomy, Seoul National University. 1Department of Chemistry Education, Seoul National
University. 2Department of Physics, Incheon National University. 3Department of Microtechnology and Nanoscience,
Chalmers University of Technology.
We report the n-type doping behavior of single-layer graphene (SLG) grown by chemical vapor deposition (CVD) due to
dissociative hydrogen adsorption. The resistance vs gate voltage showed n-type doping similar to that of mechanically
exfoliated graphene. Furthermore, we studied the thermoelectric power (TEP) of CVD-grown SLG before and after H2
treatment. In terms of the TEP results, we observed that the CVD-grown SLG is n-type doped without degradation of the
quality after H2 adsorption. Finally, the n-type doping was consistently verified by Raman spectroscopy.

P2-ap.026* Wafer-Scale Fabrication of Anodized Aluminum oxide(AAO)-Based Nanobiosensor
YOO Kyunghwa, KIM Bongjun, OH Jeseung1
Yonsei University, Department of Physics. 1Proteometech Inc..
Various nanobiosensors have been developed and extensively investigated. For their practical applications, however, the
reproducibility and uniformity should be good enough and the mass-production should be possible. To fabricate anodized
aluminium oxide (AAO)-based nanobiosesnor on wafer scale, we have designed and constructed a wafer-scale anodizing
system. 1 μm-thick-aluminum is deposited on 4 inch SiO2/Si substrate and then anodized, resulting in uniform nanopores with
an average pore diameter of about 65 nm. Furthermore, most AAO sensors constructed on this wafer provide capacitance
values of 30 nF ∼ 60 nF in PBS, demonstrating their uniformity.
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P2-ap.027*

Catalytic Role of FeCl3 in the Spontaneous Pattern Transfer for Selective Growth of

Graphene
,
,
,
,
,
.
When a Cu foil was placed on top of a FeCl3-patterned quartz substrate and heated at 1000℃ in H2/Ar atmosphere, a FeCl3
played a catalytic role to supply Si species in such a way that spontaneously diffused Si through a Cu foil formed SiO2 mask
pattern. Due to spontaneous pattern transfer of SiO2, graphene was selectively grown on a Cu foil. Detailed analysis of
interfacial reaction between FeCl3 and a quartz will be discussed.
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P2-ap.029* Superconducting Proximity Effects in PbIn-Au-PbIn Weak Links Near Liquid Helium
Temperature
KIM Nam-Hee, KIM Bum-Kyu, KIM Hong-Seok, DOH Yong-Joo
Department of Applied Physics, Korea University Sejong Campus.
We report on the fabrication and electrical transport properties of the metallic weak link made of normal Au and
superconducting PbIn electrodes, which forms a superconducting-normal metal-superconducting (SNS) junction. The SNS
Josephson junctions with 200-nm-long channel widths have been fabricated by using conventional electron-beam lithography
and electron-beam deposition techniques. Superconducting transition temperature (Tc) of PbIn is obtained to be about 6.15 K
from resistance vs. temperature curve. At low temperature near 2.3 K, the current vs. voltage curves indicate a clear existence
of the critical supercurrent up to Ic ~ 6 PA. With increasing temperature up to 4.5 K, Ic decreases exponentially. We also
applied perpendicular magnetic field to the junction to modulate the supercurrent, which confirms the genuine Josephson effect
in the SNS weak link.

P2-ap.030* Superconducting Quantum Interference Devices of PbS Semiconductor Nanowires
KIM Hong-Seok, KIM Bum-Kyu, YANG Yiming1, PENG Xingyue1, YU Dong1, DOH Yong-Joo
Korea University Sejong Campus, Department of Applied Physics. 1University of California, Davis, Department of Physics.
A superconducting quantum interference device (SQUID) is based on a superconducting loop including two Josephson
junctions. We report on the fabrication and electrical transport properties of nano-hybrid dc SQUID devices, made of PbS
nanowire contacted with three PbIn superconducting electrodes forming a supercurrent loop. The PbS nanowires with 100-nm
diameter were synthesized via a chemical-vapor-deposition method. The devices have been fabricated by using the
conventional e-beam lithography and subsequent e-beam evaporation of PbIn. The proximity effect is established through the
PbS NW below the transition temperature of PbIn electrodes (Tc~7 K). At T = 2.8 K, the current versus voltage curve shows
the Josephson supercurrent. When the magnetic field is applied perpendicular to the plane of the nanowire SQUID, clear Φ0
periodic voltage oscillations is observed for devices with different flux area, where Φ0 = h/2e is the magnetic flux quantum.
We also measured the magnetic flux dependent modulation of the critical current as a result of the superconducting quantum
interference effect. Our study would pave the way to develop a gate-tunable superconducting information devices.
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P2-ap.031* Graphene field-effect transistor on ferroelectric single-crystal substrate
PARK Nahee, KANG Haeyong, LEE Young Hee1, SUH Dongseok1
Department of Energy Science, Sungkyunkwan University, Suwon 440-746, Korea. 1Department of Energy Science, Center for
Integrated Nanostructure Physics, Institute for Basic Science (IBS), Sungkyunkwan University, Suwon 440-746, Korea.
We have fabricated the graphene field effect transistor on the ferroelectric single-crystal substrate, (1-x)[Pb(Mg1/3Nb2/3)
O3]-x[PbTiO3] (PMNPT) with hexagonal boron nitride (hBN) layer. The strong antihysteresis behavior appeared as reported
in other literature having the direct contact of graphene with ferroelectric material, which showed the conductance hysteresis in
the direction opposite to that of ferroelectric feature. We investigated this phenomena in terms of the charge-trapping effect
between hBN and PMNPT. When the sweep range of gate voltage reduced, the behavior of antihysteresis changed to be that of
normal ferroelectric hysteresis. The strong saturation of channel conductance in the positive gate voltage region and the abrupt
enhancement of channel conductance at the negative coercive voltage indicated that the charge-trapping, the direction of
permanent dipole moment, and the channel carrier density are closely correlated with each other. This work was supported by
the Institute for Basic Science (IBS-R011-D1), Republic of Korea.

P2-ap.032* Thermal mapping of paraffin infiltrated multiwall carbon nanotube yarn by infrared
microscopy
TRUONG KIEU, KANG HAEYONG1, LEE Young Hee, SUH Dongseok
Department of Energy Science, Center for Integrated Nanostructure Physics, Institute for Basic Science (IBS), Sungkyunkwan
University, Suwon 440-746, Korea. 1Department of Energy Science, Sungkyunkwan University, Suwon 440-746, Korea.
In 2012, Lima et. al reported multiwall carbon nanotube (MWCNT) yarn with paraffin guest for artificial muscles
(Lima et al. 2012). Moreover, the paraffin infiltrated yarn had offered a great potential as interface materials for
electrical actuators and thermoelectric power generators (Marconnet et al. 2011). Here, we report the infrared thermal
mapping image of MWCNT yarn that is half-infiltrated by paraffin. The measurements were carried out using the
temperature image microscope (QFI InfraScope III, Quantum Focus Instrument). The current flowed along the yarn
that melt the paraffin due to Joule heating, which drove the torsional actuation due to the difference in the volume
expansion between two parts, with and without infiltrated paraffin. The infrared thermal mapping showed the
temperature difference between those two parts, which occurred due to the high specific heat of infiltrated paraffin.
These results enable the systematic study about the phase-change-material incorporated hybrid carbon nanotube yarn
to be used a waste thermal energy harvesting..ReferencesLima, Márcio D., Na Li, Mônica Jung de Andrade, Shaoli
Fang, Jiyoung Oh, Geoffrey M. Spinks, Mikhail E. Kozlov, et al. 2012. “Electrically, Chemically, and Photonically
Powered Torsional and Tensile Actuation of Hybrid Carbon Nanotube Yarn Muscles.” Science 338 (6109): 928–32.
doi:10.1126/science.1226762.Marconnet, Amy M., Namiko Yamamoto, Matthew A. Panzer, Brian L. Wardle, and
Kenneth E. Goodson. 2011. “Thermal Conduction in Aligned Carbon Nanotube–Polymer Nanocomposites with High
Packing Density.” ACS Nano 5 (6): 4818–25. doi:10.1021/nn200847u.
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P2-at.002

Analytical Solutions of Three Color Electromagnetically Induced Absorption in a Laddertype Atomic System
,

1

,
. 1
,
.
We present an analytical calculation of the three color electromagnetically induced absorption for a ladder-type three-level
atomic system. A weak probe beam is tuned to the lower line and two counter-propagating coupling beams are tuned to the
upper line. An analytical solution of the absorption coefficient for the probe beam at weak probe beam intensity was obtained.
The effect of the coupling beam co-propagating with the probe beam was studied.

P2-at.003
,

Experimental progess of atomic qubit lattice by optical Talbot intereference
,

,
,
,
KAIST
.
Ultracold atoms arranged in a well-organized lattice can be a good
candidate system for quantum information processing and quantum
simulation. In that regards, besides previously considered atom lattices
based on standing-wave optical lattices, holographic atom trapping
recently introduced to host single atoms via dipole trapping in the farfield region to freely adjust the lattice constants, is gradually becoming
an interesting topic of research. In this presentation, we report the experimental progess of holographic near-field atom
trapping implemented by optical Talbot-effect interference of rubidium atoms in a MOT.
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P2-at.004*

Theoretical Calculation of Lineshapes in sub-Doppler DAVLL

CHOI Gyeong Won, NOH Heung-Ryeul
Department of physics, Chonnam National University.
We present a theoretical study of calculation of the lineshape in sub-Doppler dichroic atomic vapor laser lock (DAVLL)
spectroscopy for the D1 transition lines of Rb atoms. We calculated sub-Doppler DAVLL spectra with both density matrix
equations and rate equations, and found that the coherence effect is heavily dependent on the branching ratios of the transition
lines. We present also the calculated results for the D2 transition line.

P2-at.005

Light Shifts and Magic Wavelengths for Radium

PARK Sung Jong, SHIN Taeksu
Institute for Basic Science.
We investigate light shifts of radium which are interesting for permanent electric dipole moment searches. In radium, the weak
intercombination transition at 714 nm could be used for laser cooling and trapping. The light shifts of the ground and excited
states are calculated with the theoretically evaluated energy levels and the experimental energy levels for comparison. More
accurate knowledge of the experimental energy levels and transition rates are required for determining the magic wavelengths
which would be useful for efficient loading of the trapped atoms into an optical dipole trap that allows Doppler cooling while
trapping.
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P2-at.006*

Medium-Induced Interactions in the Two-Dimensional Fermi Gases with the Rashba Spin-

Orbit Coupling
LEE Juhee, KIM Dong-Hee
,
.
We study the effect of medium-induced interactions on the two-dimensional Fermi gas in the presence of Rashba spin-orbit
coupling with an out-of-plane Zeeman field applied. We employ the diagrammatic correction suggested by Gorkov and MelikBarkhudarov (GMB) [1] to calculate the critical temperature within the mean-field approximation. We find that the spin-orbit
coupling changes the diagrammatic contributions of the GMB correction drastically from the usual Bardeen-CooperSchrieffer-type mean-field calculation. We will present the magnitude of the corresponding correction in the
critical temperature and discuss how it would change the pairing transition picture in the conventional mean-field approach
without the many-body correction.
[1]L. P. Gorkov and T. K. Melik-Barkhudarov, Sov. Phys. JETP 13, 1018 (1961).

P2-at.007

Quantification of Macroscopic Superposition based on coarse-grained measurement

YEE Ki Hyuk, BANG Jeongho1, LEE Changhyoup2, LEE Jinhyoung
Hanyang University. 1Gwangju Institute of Science and Technology. 2Centre for Quantum Technologies, National University
of Singapore.
Based on coarse-grained measurement, we propose a measure to qualify macroscopic quantum superpositions. We first define
macroscopic scale and second propose how to measure quantum superposition over macroscopic scale we define. In doing so,
we can distinguish macroscopic quantum superposition state from quantum superposition state which is not distinguishable
from macroscopic classical state.
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P2-at.008
LEE Min-Ho,

Introduction to B-Spline R-Matrix
,

1

,
.

Ne, Ar
.

1

.

core

R-matrix

.

Belfast
Time dependent R-matrix method (TDRM)
Ne 2s, 2p shell
time delay
pseudo resonance
[1].
pseudo resonance
B-Spline R-matrix (BSR)
[2].
R-matrix
orbital
resonance
[3].
BSR
.
BSR
.
90
BSR
obeject oriented program
C++
.
C++
.
[1] L. R. Moore et al., Phys. Rev. A84, 061404(R) (2011).
[2] O. Zatsarinny, Comput. Phys. Commun. 174, 273 (2006).
[3] J. Feist et al., Phys. Rev. A 89, 033417 (2014).

R-matrix
.

P2-at.009* Quantum Mechanical Conditions of Coupling for Efficient Energy Transfer
LEE Joon-Sung, LEE Jinhyoung, LIM James1
Department of Physics, Hanyang University. 1Department of Physics, Ulm University.
We investigate optimal structure of interacting two level quantum system for excitation energy transfer under dissipative
environment. We found optimal conditions of coupling for efficient energy transfer have following features: (a)coupling of
both ends sites are weaker than coupling between inner sites, (b)the optimal structure is asymmetry for mirror inversion, (c)odd
sites networks have similar optimal structure. even sites networks are the same. We find eigenstates of quantum network serve
as energy trasfer channel. We demonstrate energy transfer features form the viewpoint of energy transfer channel. Feature(a)
originates from quantum coherence. Feature(b) balance system and environment. Feature(c) is related to the number of major
transfer channel. We expect this investigation is a help to design of quantum transport devices and networks.
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P2-at.010

Coupling power dependences on ultra-narrow spectral features of EIA of 85Rb atom

REHMAN Hafeez Ur, MUHAMMAD MOHSIN Qureshi, HEUNG-RYOUL Noh1, JIN-TAE Kim
,
. 1
,
.
We have investigated spectral features of EIA dependent on powers of coupling laser beam for degenerate cycling D2
transition lines of thermal 85Rb atom. Ultra-narrow EIA profiles depending on polarization combinations of control and probe
beams have been obtained theoretically and experimentally. The experimental ultra-narrow power dependent EIA spectral
features using one laser combined with an AOM match well with calculated spectra obtained from generalized optical Bloch
equations.

P2-at.011*
,

Creation of Ultracold Quantum Gases of Ytterbium Atoms
,

,

.
We report an experimental apparatus for generating ytterbium (Yb) ultracold quantum gases. We collect atoms in a magnetooptical trap (MOT) from atomic beam slowed by increasing field Zeeman slower. The atomic cloud is then transferred into
spherically-shaped crossed optical dipole trap (xODT) which captures more than 10^7 atoms. The atoms are evaporatively
cooled down to quantum degenerate regime by decreasing depth of the trap. Our system routinely produces ytterbium BoseEinstein condensates of about 10^5 atoms with temperature of few hundreds of nano-Kelvin. We also successfully create
ytterbium degenerate Fermi gases using similar scheme.
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P2-at.012

Proton spin-echo magnetometer for measuring low magnetic fields in residual field gradient

SHIM Jeong Hyun, LEE Seong-Joo, HWANG Seong-min, YU Kwon Kyu, KIM Kiwoong
Korea Research Institute of Standards and Science.
We demonstrate a proton spin echo magnetometer, in which the interrogation time is not limited by T2 and can be prolonged to
T2. Therefore, even under a severe field gradient, the precision of the measurement does not degrade. We devised a phase
linearization method that enables accurate estimation of the precession frequency from a spin-echo train. With proton spins in
deoxygenated tetrametyl silane (TMS) and a superconducting quantum interference device (SQUID)-detected NMR system at
KRISS, an average field of around 5 μT was measured with an uncertainty of 0.42 nT in the presence of a field gradient of
12.8 μT/m. This implies that our system tolerated a 25 % variation in magnetic field over the sample area. The proton spinecho magnetometer will be useful in measuring magnetic fields without compensating for residual field gradients.

P2-at.013*

87Rb

(Observations of Doppler-

free hyperfine spectroscopy of the D2 line of 87Rb vapors)
,
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P2-at.014*

Flat response atomic magnetometer under negative feedback for biosiganls

KIM kiwoong, SHIM Jeong Hyun, LEE Hyun Joon1, MOON Han Seb1
Korea Research Institute of Standards and Science (KRISS), Center for Biosignals. 1Pusan National University, Department
of Physics.
We report an experimental demonstration of a potassium atomic magnetometer with a flat frequency response through
negative magnetic feedback when operated in a spin-exchange relaxation free (SERF) regime. We achieved a flat-frequency
response from zero to 190 Hz, which is nearly a three-fold enhancement while maintaining sensitivity without a significant
degradation in its SNR. With the extension of the bandwidth, the linear correlation between measured signals and a
magnetocardiographic field synthesized for comparison was increased from 0.21 to 0.74. This result leads to the conclusion
that a SERF atomic magnetometer with negative feedback is practical for sensing biomagnetic signals containing multiple
frequency components.

P2-at.015* Implentation of Continuous Variable Operational Quasi-probability via Consecutive
Homodyne Measurement
JAE jeongwoo, SEOL Kang Hee, YEE Ki Hyuk, LEE Jinhyoung
Hanyang University, Department of Physics.
Non-classicality of continuous variable system has been mainly studied with quasi-probability. But relation between negative
value of existing quasi-probabilities and non-classicality is not clear at all. In this study, we suggest Operational quasiprobability which can verify whether physical systems satify given classical model or not. Through consecutive homodyne
measurement scheme, we show that Macroscopic realism can not model quadrature variable system of coherent state
via negativity of Operational quasi-probability.
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P2-at.016
,

Quantum Trajectories in the Time-Dependent Analytic R-matrix Method
,

1

,
.

1

.

The time-dependent anaytic R-matrix method (ARM) was deveopled by Smirnova group in 2012 for strong-field ionization of
atoms and molecules [1]. Recently ARM has been found to produce very accurate results by comparing exact calulational
results. We review its physical ground and and demonstrate its usage by showing the photoelectron spectrum of a onedimensional model atom as an example. Special attention is put on how to understand the complex trajectories in the
classically allowded region and how to interprete the imaginary part of the trajectories [2].
[1] L. Torlina and O. Smirnova, Phys. Rev. A 86, 043408 and 043409 (2012).
[2] L. Torlina, J. Kaushal, and O. Smirnova, Phys. Rev. A 88, 053403 (2013).

P2-at.017* Epigenetic and anti-cancer effects of proton beam on MCF-10A and MCF-7 breast cells
KIM Sun Jung, KIM Byungtak, BAE Hansol, PARK Sung-Bin, LEE Hyun Kyung, LEE Seung Yeon, PARK Jeong Chan1,
KIM Kye Ryung1
Department of Life Science, Dongguk University-Seoul. 1Korea Multi-purpose Accelerator Complex, Korea Atomic Energy
Research Institute.
Proton beam has emerged as an alternative tool to treat cancer. However, little has been known about the effect of proton beam
on epigenetic alterations. In this study, the effects of proton beam on DNA methylation were evaluated in breast cell lines,
MCF-10A and MCF-7. Pyrosequencing analysis of LINE-1 indicated that a few specific CpG sites were induced to be
hypermethylated in the two cell types. A genome-wide methylation analysis identified “Cell-to-Cell Signaling and Interaction,
Nervous System Development and Function, Cell Morphology” as the top network in the MCF-7 cell. The proliferation rate
has significantly decreased in proton beam treated cells judged by colony formation assay and CCK-8 assay. Treated with the
proton beam, the expression of MDH, STYXL1, CPE, FAM91A and GPR37 were significantly changed in accordance with
the changes of methylation level. Taken together, proton beam induces epigenetic and cellular changes, widening its potentials
in breast cancer treatment. **The proton accelerator at KOMAC was used in this study.
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P2-at.018*

Effects of generalized measurement on the entropic uncertainty

SON Wonmin, BAEK Kyunghyun
Sogang University, Physics department.
Under the scenario of generalized measurements, how much of the uncertainty does come from the unsharpness of generalized
measurements? In order to answer this question, we consider the entropic uncertainty to differentiate genuinely quantum
mechanical uncertainty from classical uncertainty coming from the unsharpness of generalized measurement. We suggest
quantities to represent these quantum mechanical and classical uncertainties based on the Shannon entropy. By using these
quantities, we derive entropic uncertainty relations bounded by unsharpness-bounded lower bounds under the consideration of
generalized measurements provided by white noise.

P2-co.001

Correlation Between Electrical, Morphological And Structural Properties In Nanosize VO2

Films
SLUSAR Tetiana, CHO Jin-cheol, KIM Hyun-Tak
ETRI, MIT Creative Research Center.
Vanadium dioxide (VO2) is a famous representative of transition metal oxides that undergoes insulator-to-metal transition
(IMT) or Mott transition at a critical temperature Tc ≈ 340K at normal conditions. This electronic transition is accompanied by
structural changes from a low-temperature monoclinic insulating phase to a high temperature rutile tetragonal metallic phase.
Properties of the phase transition in VO2 strongly depend on films stoichiometry and quality, which are defined by growth
conditions. In this work, we have studied the dynamics of transport properties and activation energy of nanothick films, as well
as their morphological and structural characteristics as functions of oxygen contents in VO2, deposited on substrates with
different crystallographic orientations by pulsed laser deposition method. It is shown that with decreasing oxygen partial
pressure in the chamber the resistance of the films in the semiconducting phase (before IMT) and the calculated activation
energy also decrease. At the same time, when oxygen is reduced, the film surface morphology becomes more rough and grain
size become smaller than those obtained at higher oxygen content. The temperature dependences of the X-ray diffraction and
of the resistance of the films are shown. On the basis of the obtained experimental data, the interdependence and correlation
between films properties are depicted. The latter is especially important for fabrication of high quality films with controllable
parameters.
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P2-co.002
,

Ferroelectric Properties of the Barium Europium Titanates Solid Solution
1,

1,

.

1

.

The ferroelectric phase transitions were studied in barium europium titanates Ba Eu TiO (BET, x = 0 ~ 0.5)
1-x x
3
ceramics. The BET ceramics showd the perovskite stricture at room temperature when prepared in the nitrogen gas
atmospheres. The dielectric characterizations were performed in the air and the nitrogen gas ambient in the
temperature range below 200 °C. The Cole-Cole type dielectric relaxations were observed in the frequency range
-2
5
from 10 Hz to 10 Hz during the ferroelectric phase transition. We are studying the ferroelectric phase transition
of the BET solid solution by using the dielectric spectroscopy and the ferroelectric hysteresis behaviors in the
2+
3+
temperature range below 200 °C. It is considered that there were no significant decomposition of Eu to Eu
during the ferroelectric phase transitions of BET ceramics. As increasing the Eu substitution for the perovskite A
site, the a-axis lattice constant was considered to decrease linearly with increasing x in the BET ceramics. It is
considered that the c-axis lattice constant and the ferroelectric phase transition temperature decrease with
proportional to the increasing x in the BET solid solution. Where, the structural phase transition from the high
temperature cubic to the low temperature tetragonal phase during the temperature is decreased in the air and the
nitrogen gas atmosphere.

P2-co.003

Suppression of structural distortions and charge order in BaBiO3 thin films

NEUMANN Michael, KIM Gideok, KIM Minu, KANG Tae Dong, NOH Tae Won
Center for Correlated Electron Systems, IBS.
The perovskite material BaBiO3 doped with hole-carriers was the earliest high Tc superconductors that does not contain
copper. In particular, the K-doped compound (Ba1-xKxBiO3) discovered in 1988 has a remarkably high superconducting
transition temperature ~30 K, which is very close to the upper limit of the critical temperature predicted by BCS theory. The
origin and nature of the superconductivity in BaBiO3 has been a puzzle that motivated much research work for many years.
The undoped parent compound BaBiO3 also exhibits unusual behavior that is generally believed to derive from the
phenomenon of Bi4+ valence skipping. Naively, the average valence of the Bi ion would be expected to be 4+ (6s1), and
accordingly, BaBiO3 would be expected to be a metal. Instead, bulk BaBiO3 is an insulator with 2 eV bandgap: this behavior is
understood to be caused by a Bi “valence disproportionation” into 3+ and 5+ valences (6s2 and 6s0) in alternating unit cells.
This charge order results in two kinds of distortion of the perovskite lattice: a tilting distortion of the oxygen octahedral, and a
breathing distortion due to the differences in the Bi-O bond length. Thus, the strong coupling between lattice structure and
electronic properties play a key role in determining this material’s properties.Despite the large volume of research on BaBiO3,
relatively few studies have been performed on thin film of this compound. We study epitaxial BaBiO3 thin films grown by
pulsed laser deposition, covering a wide range of film thicknesses. For structural analysis, we perform X-ray diffraction
measurements. We observe that our film samples have high crystallinity, and reciprocal space mapping reveals a clear
dependence of the lattice structure on film thickness: thick films have the same monoclinic structure as bulk BaBiO3, whereas
for d < 10 nm we observe a complex structure evolution. Optical measurements reveal a parallel trend and both effects are
gradually suppressed as the film thickness is reduced, with a critical thickness close to 5 nm. We discuss the implications for
the structural and electronic properties of BaBiO3
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P2-co.004

Investigation of magnetism-driven ferroelectricity in a double-perovskite Lu2CoMnO6

single crystal
LEE Nara, CHIKARA Shalinee1, ZAPF Vivien1, CHOI Hwan Young, CHOI Young Jai
Yonsei University. 1National High Magnetic Field Lab, Los Alamos National Laboratory, USA.
We have grown single crystals of multiferroic double-perovskite Lu2CoMnO6 and present pulsed-magnetic field
measurements on their magnetic and electric properties. We report the first observation of the ferroelectric polarization
emerging along the b-axis, consistent with the previous dielectric measurements. Through the strongly coupled ferromagnetic
and ferroelectric states, the suppression of ferroelectricity was achieved in application of magnetic fields. We suggest that the
frustrated spin configuration with an incommensurate long-wavelength modulation in the ab-plane may play an important role
in inducing ferroelectricity in the system.
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P2-co.006

Separation of localized carrier types in transparent thin films of polycrystalline p-type
semiconducting NiOx
HA Taewoo, LEE Kwang H.1, SIM Kyung Ik, IM Seongil, KIM Jae Hoon
Department of Physics, Yonsei University 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Republic of Korea. 1Defense
Advanced R&D Institute, Agency for Defense Development, P.O. Box 35, Yuseong, Daejeon305-600, South Korea.
In recent years, nonstoichiometric nickel oxide films have regained interest from the solid state community in regard to their
widely varying electronic properties controlled by nickel and oxygen vacancies. We have employed a number of joint
spectroscopic tools, such as terahertz time-domain spectroscopy (THz-TDS), spectroscopic ellipsometry (SE), and
spectrophotometry, to investigate a series of phase transitions in nickel oxide thin films that are closely connected to vacancies
and conduction electrons. We detected both p- and n-type carriers simultaneously present as revealed by a multi-pole Drude
analysis of the dynamic conductivity spectra. The p-type carriers in oxygen-annealed films also exhibited localized behavior.

P2-co.007

Nonlinear Transport Behavior for Negative Differential Resistance driven by MetalInsulator Transition in VO2 Thin Films
,
Department of Physics, Sungkyunkwan University, Korea.
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P2-co.008* Path-integral Monte Carlo Study of Helium Adsorption on C Molecular Surfaces
40
KWON Yongkyung, PARK Sungjin
.
We have performed the path-integral Monte Carlo calculations to study the adsorption of helium on two kinds of C40 fullerene
molecules: D2 and D5d. In order to account for corrugations of helium atoms on the fullerene surface, the 4He-C40 interaction is
described by the sum of carbon-4He pair potentials. The radial density distributions reveal the layer-by-layer growth of 4He on
the fullerene surface with the first layer being located at a distance of ~ 7.28 Å from the center of a C40 molecule. From the
angular density profiles, we investigate quantum phase transitions as the number of adsorbed 4He atoms (N) varies. For N=22
we observed a commensurate solid state with ten 4He atoms being localized on the tops of the hexagon centers of the C40
surface and the other twelve atoms above the pentagon centers. In addition, the first 4He layer shows commensurateincommensurate transition before the second-layer promotion starts for all C40 isomers, which is consistent with the first
helium layer on graphite. Additionally the promotion of the second helium layer starts at different 4He concentrations
depending on the C40 species; N=41 for D2 isomer and N=40 for D5d. We have also calculated superfluid fractions for helium
layers on C40 fullerene surfaces as the number of 4He atoms changes.

P2-co.009* Critical Behavior of Classical XXZ Triangular Lattice Antiferromagnets Under Transverse
Magnetic Fields
JEON Gun Sang, YUN Miso
Dept. of Physics, Ewha Womans University.
Anisotropy on spin systems has significant effects on the phase transition. We study the classical XXZ Heisenberg
antiferromagnet of easy-plane type on a triangular lattice at finite temperatures. We perform classical Monte Carlo simulations
with replica exchange and find the emergence of a conical phase in the presence of transverse magnetic fields. This phase turns
up through the spontaneous breaking of U(1) symmetry without any breaking of threefold sublattice symmetry. We compute
the critical exponents and discuss the universality class of the phase transition.
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P2-co.012* Observation of half-quantum vortices in a spin-1 antiferromagnetic Bose-Einstein
condensate
,
,
,
Seoul National University.
We report the obsrvation of half-quantum vortices (HQVs) in an antiferromagnetic spinor Bose-Einstein condensate. We
realize the easy-plane polar or antiferromagnetic (AF) phase of spin-1 sodium condensate by tuning the sign of the quadratic
Zeeman energy with microwave dressing field. Here, We employ novel imaging system- the magnetization-sensitive phasecontrast imaging and observe that a singly charged vortex splits into a pair of HQVs with ferromagnetic vortex cores of
opposite magnetization. We will also discuss the effects of spin fluctuation on the splitting process. In this poster, we will
discuss more details about the experiments and background physics which may not be mentioned in our oral presentation.

P2-co.013* Density Matrix Renormalization Group Study of Ferromagnetically Frustrated Spin-1
Chain System
LEE Hyeong Jun, JEON Gun Sang1, CHOI MooYoung
Department of Physics and Astronomy and Center for Theoretical Physics, Seoul National University. 1Department of
Physics, Ewha Womans University.
We consider ferromagnetically frustrated quantum spin-1 chains in the presence of exchange-interaction anisotropy at zero
temperature. The model possesses both the ferromagnetic nearest-neighbor and the antiferromagnetic next-nearest-neighbor
couplings. The ground state is calculated through the use of the density matrix renormalization group method in an infinitesystem algorithm. We investigate the possibility of the existence of spontaneously symmetry-broken states and topologically
nontrivial states. It is also discussed how the ferromagnetic nearest-neighbor interaction affects the phase transition of the
system in comparison with the spin-1/2 model.
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P2-co.014*

Electronic Structure Studies on Transition Metal Dichalcogenides by angle
resolved photoemission
,

,

,

1

,
1

,
.
,
.
We present the electronic structure studies on transition metal dichalcogenides MX2(M=Mo, W; X=S, Se) by angle-resolved
photoemission spectroscopy(ARPES) to investigate the indirect band gap and spin-band splitting size of each sample. Their
indirect band gap size are quite similar to each samples but spin-band splitting size are proportional to those spin orbit coupling
size. Also, we performed the photon energy dependence and potassium dosing experiment for each sample. In M=Mo case,
conduction band minimum(CBM) is lacated at the K point but in M=W case, CBM is located at the gamma point. We need
further works to reveal the relation between the CBM and atomic size.

P2-co.015* Doping dependent band evolution of Sr Ir Ru O
2 1-x
x 4
HWANG Jungseek, LEE Seokbae, JUNG Eilho, ROH Seulki, CHOI Youngjae1, CHOI Kwang-Yong2
Department of Physics, Sungkyunkwan University. 1Institute of Physics and Applied Physics, Yonsei University. 2Department
of Physics, Chungang University.
We investigate doped iridiate single crystals (Sr2Ir1-xRuxO4: x = 0.01, 0.03, 0.07 and 0.1) using an optical spectroscopy. We
took reflectance data in a spectral range from 70 to 12,000 cm-1 at various temperatures using a commercial spectrometer
Bruker Vertex 80v and an optical cryostat. Our crystal samples are small and brittle; area is smaller than mm2. To obtain
accurate reflectance spectra we used an in-situ gold evaporation technique. The pristine compound has been known as a novel
Jeff = 1/2 Mott insulator. DC resistivity data show that all our hole-doped compounds are insulators. In our optical data we
observed doping dependent electronic structure evolution. We will discuss about the doping dependent evolution.
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P2-co.016*

Optical Study of Spacing Dependent Properties of Fractionally δ-doped Titanate

Superlattice
HWANG Jungseek, ROH Seulki1, CHOI Minsu2, SEO Yuseong1, LEE Seokbae1, JUNG Ilho1, CHOI Wooseok1, LEE
Jaichan2
Department of Physics, Sungkyunkwan University,. 1Department of Physics, Sungkyunkwan University. 2School of Advanced
Materials Science and Engineering, Sungkyunkwan University.
We studied fractionally delta-doped (Sr1-xLaxTiO3)1/(SrTiO3)n superlattice with n varying to 1, 3 and 5. We obtained
reflectance spectra of superlattice samples by FTIR and grating-type monochrometer. To remove the substrate effect from
reflectance data, we used film-fit analysis with multiple Drude-Lorentz oscillators. Our result shows that through the
controlling of the spacing between two SLTO layers, one can effectively tune the metal-insulator transition. For the n = 1 case,
it shows bulk-like metallic property. The n = 3 sample turns out to be metallic conducting state for temperature above 45 K,
below that temperature, it became insulator with no Drude component. Lastly, n =5 was an insulator for all measured
temperature range. From the partial sum-rule analysis, spectral weight shift from the Drude mode to polaron resonance modes
was observed. Therefore, we stress the role of the polaron in metal-insulator transition in this fractionally δ -doped titanate
superlatticce.

P2-co.017*

Optical study on [(SrIrO3)m/(SrTiO3)] superlattice

KIM Soyeun, SOHN Chang Hee, NOH Tae Won, MATSUNO Jobu1
IBS-CCES, SNU department of physics. 1RIKEN Advanced Science Institute.
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P2-co.018* Electrodynamics of Ru-doped Sr Ir O Investigated by Using Infrared Spectroscopy
3 2 7
SONG Seungjae, AHN G. H., HOGAN T.1, WILSON S. D.2, MOON S. J.
Department of Physics, Hanyang University, Seoul 133-791, Korea. 1Department of Physics, Boston College, Chestnut Hill,
Massachusetts 02367, USA. 2Department of Materials, University of California, Santa Barbara, California 93106, USA.
Electronic correlations are the root of various exciting phenomena in 3d- and 4d-transition metal oxides. Recently, it has been
noticed that the electronic correlations can play a significant role for inducing novel quantum phase in 5d-transition metal
oxides. The Ruddlesden-Popper series iridium oxides Srn+1IrnO3n+1 constitute a representative case where the electronic
correlations in conjunction with strong spin-orbit coupling lead to an effective total angular momentum Jeff=1/2 Mott state. In
the iridate Ruddlesden-Popper series phase diagram Sr3Ir2O7 occupies a unique position near the boundary of the metal to
insulator phase transition and is therefore an ideal compound to study the properties of the doping-induced metallic Jeff=1/2
state. We investigated the electrodynamics and electric structure of Ru-doped Sr3Ir2O7 compounds as a function of temperature
by using infrared spectroscopy. We observed a clear optical signature of insulator-to-metal transition upon Ru-doping. We will
discuss the effects of Ru-doping to the electronic response in the perspective of the variation in the magnitudes of electronic
correlations and spin-orbit coupling.

P2-co.019* Infrared Spectroscopic Investigation of the Charge Dynamics of Electron-Doped Sr Ir O
3 2 7
AHN Gihyeon, SONG S. J., HOGAN T.1, WILSON S. D.2, MOON S. J.
Department of Physics, Hanyang University, Seoul 133-791, Korea. 1Department of Physics, Boston College, Chestnut Hill,
Massachusetts 02467, USA. 2Department of Materials, University of California, Santa Barbara, California 93106, USA.
The Ruddlesden-Popper series of 5d iridium oxides Srn+1IrnO3n+1 have been attracting wide interest due to the emergent
effective total angular momentum Jeff=1/2 Mott state arising from the interplay of electronic correlations and spin-orbit
coupling. An insulating Sr3Ir2O7 occupies a unique place in the vicinity of insulator-to-metal transition. This
renders Sr3Ir2O7 system a starting point for perturbing the Jeff=1/2 Mott insulating state and investigating the behavior of
carrier-induced metallic phase. We investigated the charge dynamics of La-doped Sr3Ir2O7 system by using infrared
spectroscopy. We observed a systematic evolution of the optical response. Upon electron doping, the Jeff=1/2 Mott gap closed
and a well-defined Drude-like response appeared, which is a characteristic changes of insulator-metal transition. We'll discuss
the roles of electronic correlations and spin-orbit coupling in the electronic response of the electron-doping-induced metallic
state.
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P2-co.020* Time-resolved broadband terahertz spectroscopy using ZnTe, GaP and GaSe non-linear
crystals
KWAK Inho, LEE Min-Cheol, SEO Choongwon1, LEE YeongSeon1, CHOI Jae-Yoon2, KIM Kyungwan1, NOH Tae Won
Center for Correlated Electron Systems, Institute for Basic Science, Republic of Korea. 1Department of Physics, Chungbuk
National University. 2Quantum Many Body Systems, Max-Planck-Institute of Quantum Optics.
We investigate correlated electron systems by using optical pump-broadband terahertz probe spectroscopy. The ultrafast
optical spectroscopy enable us to understand the time dynamics in correlated electron system such as electron-electron
scattering, electron-phonon scattering and coherence effects. The intense pump pulses can excite electrons to excited state and
then this excited electrons are released to ground states by scattering with several decay channels. According to the materials, it
is possible to break the magnetic ordering or induce structural phase transitions by using pump. In this case, if we use terahertz
short pulse as probe, we can study time dynamics of many important issues like evolutions of superconducting gap, pseudo gap
in cuprates, phonons, charge density waves and spin waves. We can perform optical pump-optical probe spectroscopic
investigation and THz-time domain spectroscopy using ZnTe and GaSe crystals within 0.5 to 2.5 THz and 8 to 18 THz region.
It is possible to generate the extremely broadband of 8 to100 THz by using thin GaSe or selective broadband using thick GaSe.
In order to make THz pulses, we use optical rectification and electro-optic-effect in non-linear crystals. The principle of
terahertz generation and detection lies on phase matching of incident NIR pulse and generated THz pulse. If the time duration
of incident NIR pulse is shorter than 10 fs, it is possible to make phase matching of incident NIR pulse and 8 to 100 THz
pulses at once. In present, we use commercialized Ti-sapphire laser of 40 fs time duration. It is possible to generate selectively
broadband terahertz pulses, but not enough to make extremely broadband terahertz pulses. Therefore, we are now building the
four prism compressor in our laser system to make NIR pulse of ~10 fs time duration.

P2-co.021*

An application of Vanadium Dioxide as Metal and Insulator in Metal-Insulator-Metal

Diodes
ABBAS Kaleem,
Department of Physics and Department of Energy Science, Sungkyunkwan University, Korea.
This work is focused on the fabrication and characterization of metal-insulator-metal (MIM) diodes using vanadium dioxide
(VO2) as metal and insulator. IV characteristics of MIM diodes was investigated and nonlinearity and asymmetry were
observed. The parameters were controlled by playing with thickness, temperature and contacts. Quantum mechanical tunneling
was controlled by the thickness of the dielectric layer. Higher the non-linearity and asymmetry, the better is MIM diode for its
applications. In this study, VO2 material was used as metal to fabricate and characterize MIM diode properties and VO2 as
insulating layer between two metals controlling the conducting channel by thickness and temperature. VO2 has good IR
absorption properties and thermally sensitive, making it promising for its applications in coupling and tuning impedance.
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P2-co.022* Non-linear Hall Effect and Giant Resistivity Anomaly in Transition Metal Pentatellurides
KHO Byung Woo, PARK Joonbum, KAMPERT Erik1, KIM Jun Sung
Department of Physics, Pohang University of Science and Technology, Pohang 790-784, Korea. 1Dresden High Magnetic
Field Laboratory, Helmholtz-Zentrum Dresden-Rossendorf, D-01314 Dresden, Germany.
We present the single crystal growth and the electrical transport properties of the transition metal pentatellurides, MTe5 (M
=Zr, Hf). MTe5 systems have ultra-low carrier density with a weakly coupled van der Waals interlayer coupling, making the
electronic structure prone to external parameters such as temperature or tensile stress. Using high quality MTe5 single crystals,
grown by the chemical vapor transport method, we observed a broad anomalous resistivity peak at T=150 K and T=83 K for
the ZrTe5 and the HfTe5, respectively. In the Hall effect measurement, temperature dependence of the multiple bands is
observed, where carriers changes from hole dominant to electron dominant at the resistivity peak. These evidences indicates
that the giant resistivity peak in MTe5 originate from the electronic band structure change with temperature.

P2-co.023

Magnetoresistance and Electronic Structure of WTe2

JEONG Jinwon, MOON Hyun Sook, KIM Euna, NOH Han-Jin
Department of Physics, Chonnam National University.
Recently, there was a report that shows a large non-saturating magnetoresistance (MR) in WTe2 [1]. The feature is
interesting not only in potential applications but also in physical origin of the phenomenon. In order to explain the extremely
large MR in semimetals/semiconductors, nearly perfect electron-hole resonance is required, which is hardly expected to be
implemented in a semimetallic compound by accident. An investigation of the electronic structure is essential to resolve the
issue. For the purpose, we synthesized single crystals of WTe2, measured MR of WTe2, and performed an x-ray photoelectron
spectroscopy study. Based on these measurements, the electronic structure will be discussed in the presentation.

[1] M. N. Ali et al., Nature, 514, 205 (2014).
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P2-co.024

Study of Topological Phase Transitions in Topological Insulator Bi2Se3 Ultrathin Films

PARK Byung Cheol, KIM Tae-Hyeon1, SIM Kyung Ik1, KANG Boyoun2, KIM Jeong Won3, CHO Beongki2, JEONG KwangHo1, CHO Mann-Ho1, KIM Jae Hoon1
Department of Mechanical Engineering, Korea Advanced Institute of Science and Technology (KAIST). 1Department of
Physics, Yonsei University. 2School of Materials Science and Engineering, Gwangju Institute of Science and
Technology. 3Division of Industrial Metrology, Korea Research Institute of Standards and Science (KRISS).
Study of topological insulators provides unique opportunities to explore topological phase transitions. Standard electrical and
optical experiments have so far been hampered by the interference of bulk and quantum-well states. With terahertz timedomain spectroscopy of ultrathin Bi2Se3 films, we present evidence for topological phase transitions, a single conductance
quantum of e2/h per Topological Surface State, and a quantized terahertz absorbance of 4α≈2.9 % (α the fine structure
constant). Our experiment demonstrates the feasibility to isolate, detect, and manipulate Topological Surface States in the
ambient.

P2-co.025

Confirmation of Two Scattering Mechanisms in n-type NiOx Transparent Conducting

Films
LEE Howon, HA Taewoo, LEE Kwang H. L, SIM Kyung Ik, IM Seongil, KIM Jae Hoon, LEE Kwang H. L1
Department of Physics, Yonsei University 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Republic of Korea. 1Defense
Advanced R&D Institute, Agency for Defense Development, P.O. Box 35, Yuseong, Daejeon 305-600, South Korea.
With optical spectroscopic analysis tools of terahertz time-domain spectroscopy (THz-TDS), spectroscopic ellipsometry (SE),
and spectrophotometry, we investigated the charge dynamics of electrons in n-type NiOx films grown on Si and quartz
substrates. The induced carriers were separated with a multi-pole Drude model. We found two distinct electron conduction
processes independently related to defects and lattice.
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P2-co.026

Manipulation of Conduction Electron Density in Epitaxial Films of Perovskite Ba1-

xLaxSnO3

KIM Jong Hyeon, HA Taewoo, KIM Useong1, SIM Kyung Ik, PARK C. K.1, CHAR Kookrin1, KIM Jae Hoon
Department of Physics, Yonsei University. 1Department of Physics and Astronomy, Seoul National University.
Ba1-xLaxSnO3 (BLSO) epitaxial films hold promising potential for transparent conducting oxide (TCO) applications. We
have investigated the doping-dependent changes in the charge dynamics of conduction electrons in Ba1-xLaxSnO3 (0.01-0.06)
epitaxial films grown on STO with terahertz time domain transmission spectroscopy (THz-TDS) and Fourier transform
infrared spectroscopic ellipsometry (FTIR-SE). We found that the carrier mobility is dominantly influenced by the scattering
rate whereas the effective mass plays a relatively minor role.

P2-co.027

Dopant Site Dependent Carrier Dynamics in Epitaxial Films of Perovskite Barium Stannate

JO Young Chan, HA Taewoo, KIM Useong1, SIM Kyung Ik, PARK C. K.1, CHAR Koorin1, KIM Jae Hoon
Department of Physics, Yonsei University. 1Department of Physics and Astronomy, Seoul National University.
BaSnO3 is a promising member of the perovskite-based transparent conducting oxides. We have investigated its physical
properties controlled by La and Sb doping via a Drude-Lorentz model analysis using terahertz time-domain spectroscopy
(THz-TDS) and Fourier-transform infrared spectroscopic ellipsometry (FTIR-SE), deducing the electron effective mass and the
scattering rate. We found the scattering rate is the major factor in determining the level of mobility and that it is itself
dominantly influenced by different dopant sites. The main source of the electron scattering is attributed to threading
dislocations caused by the lattice mismatch between the perovskite oxide film and the STO substrate.
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P2-co.028

Direct observation of magnetodielectric effect in type-I multiferroic PbFe0.5Ti0.25W0.25O3

MOON Jaeyoung, KIM MiKyung, CHOI HwanYoung, OH SangHyup, JO YoungHoon1, LEE Nara2, CHOI YoungJai2
,
. 1Korea Basic Science Institute, Materials Science. 2
,
.
In type-I multiferroics, where ferroelectricity and magnetism arise from different origins, the explicit measurement of
magnetoelectric effect is commonly prohibited due to the weak magnetoelectric coupling. From our investigation of magnetic
and dielectric properties in a perovskite PbFe0.5Ti0.25W0.25O3, we have directly demonstrated magnetic-field-driven change of
dielectric constant in a highly non-linear fashion. The temperature dependent evolution of the magnetodielectric and dielectric
relaxation effects were also observed. Our results offer a potential utilization of magnetoelectric functionality in type-I
multiferroics.

P2-co.030

Resistance Switching In VO2 And V1-xWxO2 Devices With Various Channel Dimension
1,

,
ETRI, MIT
. 1UST,
.
In order to compare the electrical properties of planar-type MIT (metal-insulator transition) devices with different chemical
composition (VO2 and V1-xWxO2), we have investigated the negative differential resistance (NDR) behavior. Sol-gel thin films
were used for the devices with various channel dimensions. Obtained experimental data shows the significant difference in
NDR behavior: VO2-based devices show a single step NDR behavior, while V1-xWxO2 device - multi-step. The latter feature
can be easily observed on I-V curves, which can be modified by increasing of W-doping level. Also we investigate the effect
of NDR shape on the MIT oscillation in VO2 devices.
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Electrochemical and Optical Characteristics of Grown CuSO45H2O Crystals by Solution

Growth Method
KWON Ji Eun, HONG Tae Eun, KIM Jung-Ha, HA Myoung Gyu, KIM Young-Hyun1, KIM Jong-Pil
. 1
.

Spectral characteristics of chalcanthite crystal (CuSO45H2O) allow for it to be used as an optical
bandpass filter with a transmission band of 0.28-0.57 Pm in high-resolution spectral devices. Copper
atoms in the CuSO45H2O structure are octahedrally coordinated by four oxygen atoms of water
molecules and two oxygen atoms of sulfate groups. CuO6 octahedra are distorted because the copper ion
Cu2+ in the electronic configuration d9 exhibits the Jahn-Teller effect. In this study, CuSO45H2O
crystals were grown by solution growth method at room temperature. The crystal strphase formation
processes and micorstructures were examined by high resolution X-ray diffraction (HRXRD). The optical
properties in the UV visible region and Differential Thermal Analysis are reported here.
Acknowledgments; This work was supported by Korea Basic Science Institute (KBSI) Grant C35220.

P2-co.032

Unoccupied band splitting due to SOC in epitaxial IrO2 film

KIM Woojin, KIM So Yun, SOHN Chang Hee, CHAE Seung Chul1, NOH Tae Won
Center for Correlated Electron Systems, Institute for Basic Science, Republic of Korea & Department of Physics and
Astronomy, Seoul National University, Republic of Korea. 1Department of Physics Education, Seoul National University,
Republic of Korea.
Relatively small energy scale of SOC in solid state system induces nontrivial electronic properties such as 5d Mott insulator,
Weyl semimetals and axion insulators [1]. For example in Mott regime 5d electron system is delocalized comparing to 3d, 4d
systems, but due to strong SOC t2g states divided into Jeff =1/2 states and Jeff =3/2 [2] which well explains in Sr2IrO4,
Na2IrO3 .Most recently, study in metal IrO2 revealed 5d metal TMOs are the most promising materials for spin detection in
spintronics due to strong SOC [3]. Vast needs of low energy dissipative spin current device truly inspire study of simple metal
iridium oxide IrO2 of its SOC effect and band structure. IrO2 epitaxial films were grown on rutile TiO2 (100) and its occupied
state and unoccupied state have been measured with in-situ XPS and Optical spectrometer respectively. One of the groups have
done calculations analysis on this material and give possibility of the Jeff=1/2 state in this system.[4] Using polarized optical
measurement, we observed band gap (~0.5eV) in unoccupied state along the direction ZRA which assumed to originate from
SOC. Optical conductivity data is consistent with our previous result [5] but better quality due to single phase system
measurement. From the experimental results IrO2, even in metallic systems, still have important role of SOC, Jeff=1/2 state is
robust and does not melt away. Reference[1] X. Wan et al., Phys. Rev. B 83, 205101 (2011)[2] B. J. Kim et al., Phys. Rev.
Lett. 101, 076402 (2008)[3] Kohei Fujiwara et al.,ncomms. 10, 1038 (2013)[4] S. K. Panda et al., Phys. Rev. B. 89, 155102
(2014)[5] W. S. Choi et al., Phys. Rev. B. 74, 205117 (2006)
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P2-co.033

A Detailed Analysis for High-Tc Superconductivity Phase Diagram Based on the U(1) SlaveBoson Representation of t-J Hamiltonian
AHN Sul-Ah, LEE Sung-Sik1, SALK Sung-Ho2
Korea Institute of Science and Technology Information. 1McMaster University. 2Pohang University of Science and
Technology.
One of the major theoretical challenges for high-Tc superconductivity studies is to reproduce the observed phase diagrams
which display the monotonously decreasing pseudgap temperature and the dome shaped superconducting transition
temperature in the plane of temperature vs. hole concentration. Earlier Lee and Salk reported a successful reproduction of the
phase diagram by introducing a realistic slave-boson approach to the Heisenberg term in the t-J Hamiltonian. More recently,
Shin et.al. present temperature and doping dependencies of magnetic susceptibility and spin pairing correlations involved with
spin dynamics in high-Tc superconductivity. We perform a detailed numerical analysis of phase diagrams in the high-Tc
superconductivity using U(1) slave-boson representations of the t-J Hamiltonian. For different values of J/t such as 3, 5, 7 and
on the various lattice sizes such as 20x20, 30x30, 50x50, we see if calculated Tc values converge to the observed Tc value in
high-Tc superconductivity phase diagram.

P2-co.034
,

Comparative Orbital Fluctuation Study in Iron Pnictides by ARPES
1,
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The most important and still remaining issue in iron based superconductor is on the superconducting pairing mechanism. As
well as spin fluctuation, orbital fluctuation has been proposed as a candidate for the pairing in iron pnictides. The mechanism
we consider is a pairing mechanism in which spin and orbital order fluctuations coexist and contribute to the pairing.
Therefore, investigation of orbital fluctuation will give a valuable hint for understanding the superconductivity in iron
pnictides. We present comparative study on orbital order fluctuations in isovalent doped BaFe2As2 system. To investigate
orbital order fluctuation, angle resolved photoemission was performed on Ru doped BaFe2As2 single crystals. We observed
dyz /dzx band splitting by angle resolved photoemission. Based on this results, we confirmed the existence of orbital order in
doped BaFe2As2 system. Temperature dependence data were compared to previously reported angle resolved photoemission
data from electron doped BaFe2As2.
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Biaxially textured MgO films on solution derived planarization Y2O3 buffer substrate

1,
1
,
,
,
1
.
.
Biaxially textured MgO thin film layer was deposited on chemical
solution derived planarization Y2O3 metallic substrate by IBAD(Ion
Beam Assisted Deposition) method for HTS(High temperature
superconductor) coated conductor. Planarization Y2O3 layer was
prepared on unpolished Hastelloy metal tape using a continuous reel-to-reel solution multi-nano layer coating process. We
have demonstrated IBAD_MgO template including solution Y2O3 buffer layer with in-plane texturing degree around less 7°.

,

P2-co.036* Angle Resolved Photoemission Spectroscopy study of Na dosed FeSe
SEO J. J., KIM Y. K., KIM B. Y., KIM B. S., KIM C., OK J. M.1, KIM J. S.1
Department of Physics, Yonsei University, Korea. 1Department of Physics, Pohang University of Science and Technology,
Korea.
Recently, 65K Tc has been reported in single-layer FeSe films grown on SrTiO3 substrates. It has been argued that electrons
transferred from oxygen-vacant substrate is the main reason for the enhanced Tc. To verify this argument, we dosed Na on bulk
FeSe surface and performed Angle Resolved Photoemission Spectroscopy. We found that Na donates electrons to the FeSe
surface but did not observe any distinct increase in the SC gap size. Therefore we conclude that electron doping is not main
reason for the largely enhanced Tc.
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P2-co.037

Properties of Grain Boundaries in Superconducting MgB2 Films

LEE Sung Hoon, LEE Soon-Gul
,

.

A grain boundary in unconventional superconductors is a major factor limiting the lossless-currentcarrying capacity of superconducting transmission lines on the one hand, but also a clue to the
development of Josephson elements on the other. Unlike YBCO, MgB2 has a much longer coherence
length in comparison its lattice parameters and thus theoretically the grain interface of the size of the
lattice parameter is not expected to play as a weak link. However, in our study on the focused-ion-beam
patterned intergrain nanobridges, the critical transport properties showed a wide spectrum from an
extremely strong-coupled case to a weak-coupled Josephson junction characteristics. The origins of such
a variety of intergrain coupling strengths were analyzed in conjunction with the lattice structure at the
grain interface. Detailed experimental results and discussion will be presented.
†This research was supported by Nano·Material Technology Development Program through the
National Research Foundation of Korea(NRF) funded by the Ministry of Science, ICT and Future
Planning.(2009-0082580)

P2-co.038

The Local Analysis of YBCO Coated Conductors with Striations Using Low-Temperature
Scanning Laser and Hall Probe Microscopy
RI Hyeong-Cheol, KIM Muyong, PARK Sangkook, PARK Heeyeon, KIM Chan, KIM Jongho
Kyungpook National Universitiy, Department of Physics.
To commercialize 2G high-temperature superconductor (HTSC) coated conductors, it is necessary to minimize the ac loss
which is related to transporting the current. It seems to be reasonable that a multi-filamentary wire can decrease the hysteresis
loss. In this study, we prepared two samples of YBCO coated conductors with striations. We measured local superconducting
properties of both samples by using Low Temperature Scanning Laser and Hall Probe Microscopy (LTSLHPM). The
distribution of the local critical temperature of samples was analyzed from experimental results of Low Temperature Scanning
Laser Microscopy (LTSLM) near the superconducting transition temperature. According to LTSLM results, spatial
distributions of the local critical temperature of both samples are homogeneous. The local magnetic field in samples were
explored from measuring stray fields by using Scanning Hall Probe Microscopy (SHPM). From SHPM results, the remanent
field pattern of the one bridge sample in an applied magnetic field confirms the Bean’s critical state model and the three bridge
sample has similar remanent field pattern of the one bridge sample. The local hysteresis loop in the three bridge sample was
measured from external fields from -500 Oe to 500 Oe. We visualized that the local hysteresis loss are related in a distribution
of a remanent field. Although those experimental results have a field dependence of the critical current density, the relation of
the local hysteresis loss and the remanent field from the Bean’s critical state model was available.
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The Local Studies on the Superconducting Properties of GdBCO Coated Conductor

RI HYEONG-CHEOL, PARK Heeyeon, KIM Muyong, KIM Chan, KIM Jongho, PARK Sangkook
Kyungpook national university, Department of physics.
We present the local features of the distribution of local critical temperature, magnetic field, current density, and local
magnetization of GdBCO sample by using Low temperature scanning laser and hall probe microscopy (LTSLHPM). In the
case of scanning laser microscopy, the voltage signal can be induced by changing of the sample resistance in a current biased
sample near sample transition temperature 93 K. Thus we can see the distribution of the local critical temperature. And
scanning hall probe microscopy is suitable way to map out the magnetic-field distribution of a scale of a few microns. The
sample was patterned to be two bridge shape arranged in parallel by photolithography process. The experimental results are in
qualitatively well agreement with the Bean’s critical state model. And a peak in the local magnetization measurement right
after the field reversal is known to be attributed to the field generated by the current flow in a platelike superconductor.

P2-co.041

Enhanced Critical Current Density in Artificially Layered Ba(Fe,Co)2As2 Film

OH Myeong jun, LEE Jongmin1, SEO Sehun1, YOON Sejun1, LEE Sanghan1, JO Y.J.
Department of Physics, Kyungpook National University. 1School of Materials Science and Engineering, Gwangju Institute of
Science and Technology.
The study of film is one of the key issues on the superconductor research. The growth technique on the some substrate is
developed dramatically as time goes by. we can control the condition like heterostructure, grain boundary, artificial defects and
even type of substrate. These tuned condition change the superconductivity(Tc, Jc, Hc2, Hirr, anisotropy and so on) and we can
reveal a one vail of superconductivity. By seeing in another view point, film study can be a foundation of application in the
future day because the conduction layer forms a film on the electronics circuit. Therefore not only the origin physics but also
property enhancement is also important part in the field of superconductivity research. The artificially layered heterostructure
film which never existed in the nature give us the chance to enhance the superconductivity. This structure of special array of
layers is different from the structure of other ordinary compounds. The interlayer coupling between the superconductor and
other phase can affect the superconductivity and the property can be changed. Our film has layers with Co doped phase and
raw phase of Ba122. This artificial layer array enhance critical current density compare with other Co doped Ba122 films.
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Effects of Rare Earth (Dy, Gd and Eu)-doping on Ferroelectric Properties of Aurivillius
Na0.5Bi4.5Ti4O15 Thin Films
KIM Sang Su, RAGHAVAN Chinnambedu Murugesan, KIM Jin Won, CHOI Ji Ya
Changwon National University.

P2-co.043

Structural and Electrical Properties of Chemical Solution Deposited 0.7BiFeO3-0.3CaTiO3

Solid Solution Thin Film
KIM Sang Su, KIM Jin Won, RAGHAVAN Chinnambedu Murugesan, CHOI Ji Ya
Changwon National University, Department of Physics.
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Effects of Nb-doping on Structural and Electrical Properties of K0.5Bi4.5Ti4O15 Thin Films

Prepared by Chemical Solution Deposition
KIM Sang Su, CHOI Ji Ya, KIM Jin Won, RAGHAVAN Chinnambedu Murugesan
Changwon National University, Department of Physics.
The potential ferroelectric materials, such as K0.5Bi4.5Ti4O15, result the formation of novel Aurivillius type bismuth layerstructured ferroelectric (BLSF) structure with general formula (Bi2O2)2+(Am-1BmO3m+1)2-. The K0.5Bi4.5Ti4O15 is considered as
technologically important because of their high dielectric transition temperature and piezoelectric behavior. However, the
K0.5Bi4.5Ti4O15 showed poor electrical resistivity and hence exhibits poor ferroelectric polarization. There are many research
investigations focused on the increase of electrical resistivity and improving ferroelectric properties of the BLSFs thin films. In
this study, pure K0.5Bi4.5Ti4O15 (KBTi) and Nb-doped K0.5Bi4.5Ti3.94Nb0.06O15+δ (KBTNb) thin films were prepared on Pt
(111)/Ti/SiO2/Si(100) substrates by a chemical solution deposition method. The structures and the surface morphologies of the
thin films were characterized by means of X-ray diffraction, Raman scattering spectra and scanning electron microscopy. For
electrical measurements, such as leakage current, dielectric constant and ferroelectric property, the platinum electrodes with
areas of 1.54×10-4 cm2 were deposited by an ion sputter through a shadow mask. The improved electrical properties were
observed in the KBTNb thin film as compared to the pure KBTi thin film.

P2-co.045

Energy-storage density of Bi0.5(Na0.82K0.18)(Ti1-xZrx)O3 ferroelectric thin film

,
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, TANGE Achiri
,
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Dielectric materials play a key role in modern electronics and electric power systems due to control store charges and electric
energies. As the requirements grow for very high energy and power capacity storage systems, dielectric materials with high
power and energy density becomes a major enabling technology. Recently, dielectric capacitors with thin film are increasing
attention by the development of electronic devices toward miniaturization, light weight, and integration. Especially, relaxor
ferroelectrics with slim P-E hysteresis loops are the promising candidates due to their diffused phase transition and relaxor
ferroelectrics also possess good temperature stability of electrical properties. Based on these facts, the study on the energystorage performance in relaxor ferroelectrics has got increasing attention, and a few exciting results have been published. Leadfree Zr-modified Bi0.5(Na0.82K0.18)(Ti1-xZrx)O3 thin film were synthesized by a chemical solution depositon process and its
influence on crystal structure and energy- storage density. We have grown the lead-free Zr doped Bi0.5(Na0.82K0.18)0.5(Ti1-xZrx)
O3 (BNKTZ-x) ferroelectric thin films on Pt/TiO2/SiO2/Si substrate using Sol-Gel process. The physical properties of BNKTZx thin film was investigated by measuring SEM, XRD and P-E hysteresis loop. Also, the high energy-storage density and
efficiency of BNKTZ-x thin film was investigated as a function of applied electric field.
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Antiferroelectric Thin Film Capacitor with High Energy Storage Density, Low Energy Loss,
and Fast Discharge Time
,

,
,
,
& EHSRC.
The pulsed high power capacitors being a high technologically challenging application due to the requirement for low energy
loss and fast discharge time, much of the attention in high power capacitors has been applied to this class of materials. In this
work, we demonstrate a high energy density, low loss, fast discharge time, and high temperature stability capacitor based on
Pb0.97Y0.02[(Zr0.6Sn0.4)0.925Ti0.075]O3 (PYZST) antiferroelectric thin films. PYZST thin film exhibited a high recoverable
energy density of Ureco = 21 J/cm3 and a high energy storage efficiency of η = 90 % at an electric field of 1300 kV/cm and
provide microsecond discharge time faster than that of commercial polypropylene capacitors. Moreover, PYZST thin film
showed a high temperature stability on energy storage properties in temperature range from room temperature to 130 oC and
strong charge-discharge fatigue endurance up to 107 cycle.

P2-co.047

Ferroelectric domain structures of multiferroic YCrO3 thin films

,

,
,
.
The YCrO3 thin films were deposited on Rh and Pt/Ta/glass substrates by pulsed laser deposition. XRD analysis reveals that
the polycrystalline YCrO3 thin films are monoclinic structure. The ferroelectric polarizations of the Pt/YCrO3/Rh and
Pt/YCrO3/Pt/Ta/glass capacitor were estimated about 5μC/cm2 and 9μC/cm2 respectively. The magnetic measurement shows
that the YCrO3 thin films have ferromagnetism at 10K. The ferroelectric domain structure was observed by piezoelectric force
microscope. The scaling exponent gamma of domain wall energy for YCrO3 thin films was calculated by domain width and
thin film thicknesses.
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Mn doping effect on ferroelectric domain structure of BaTiO3 thin films
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Considerable attention has been paid to multiferroic materials due to their potential applications as multifunctional electronic
devices for memories, sensors, and spintronics. BaTiO3 has been one of the most extensively investigated perovskite oxides for
many years. Compared to BiFeO3, BaTiO3 has better physical properties such as high dielectric constant, low leakage current
and low dielectric loss, and so on. In this study, we comparatively investigated ferroelectric domain structure for two epitaxial
thin films of BaTiO3 and Mn-doped BTO3 (Mn 1wt %) grown on Pt/MgO substrates by pulsed laser deposition. The Mndoped BTO3 thin film showed the enhanced ferroelectric polarization, low leakage current, and ferromagnetism. In addition,
piezorepsonse force microscopy (PFM) study revealed that the Mn doping led to an increase in the ferroelectric domain
structure, which originated from the increased domain wall energy.

P2-co.049

Composition-dependent ferro/piezoelectric properties of BiFeO3 - BaTiO3 solid solution

LEE Myang Hwan, KIM Da Jeong, PARK Jin Su, KUMAR Shalendra, KIM Myong-Ho, SONG Tae Kwon, KIM Sang
Wook1, KIM Won-Jeong1, DO Dalhyun2, JEONG Il-Kyoung3
School of Materials Science and Engineering, Changwon National University. 1Department of Physics, Changwon National
University. 2Department of Advanced Materials Engineering, Keimyung University. 3Department of Physics Education,
Pusan National University.
Recently, a BiFeO3-BaTiO3 (BF-BT) solid solution bulk ceramic system was presented as a potential lead-free piezoelectric
ceramic system. Due to the morphotropic phase boundary in which the rhombohedral (BiFeO3) and tetragonal (BaTiO3) phases
coexist together, excellent piezoelectric properties in BF–BT system can be expected.In this study, (1-x)BiFeO3-xBaTiO3 (x =
0.20 to 0.5) bulk ceramic system was prepared via a typical solid-state reaction process. The crystal phase, phase transition,
microstructure, dielectric, ferroelectric, and piezoelectric properties as functions of composition were investigated. Detailed
structural and electrical properties of BF–BT ceramic will be presented concern with piezoelectric application.
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P2-co.050*

Study of local structural changes in epitaxial T-like phase BiFeO3 thin films probed by X-

ray microdiffraction
,

,

,
.
BiFeO3(BFO) has the rhombohedral structure at room temperature, but
under compressive strain from the substrate like LaAlO3:~4.5% or
YAlO3:~7.3%, it can have the tetragonal-like(T-like) structure with a
large tetragonality. This T-like phase attracted a lot of attention from
researchers due to their potential large remnant polarization. The X-ray
Reciprocal Space Mapping(RSM) and TEM studies suggested that BFO films under compressive strain usually had mixtures of
the rhombohedral like(R-like) phase and T-like phase, and even the monoclinic-phase(M-phase) when they were thicker than
~100 nm. But most structural studies have been either in a macroscopic scale or in a microscopic scale. In this study, X-ray
microdiffraction set up at Pohang Light Source(PLS) was used to investigate the local structural variations in the intermediate
scale, which enabled to get the statistics of local structures. X-ray white beam from the synchrotron radiation source was
focused down to 2x2 micron2, and scanned over the area of several tens of microns. Laue patterns from the PLD grown BFO
films on LaAlO3 and YAlO3 substrates had peaks from both the R-like phase and the T-like phase, which enabled us to get a
T/R abundance ratio from their relative peak intensities. At each point, the c/a ratio and the T/R abundance ratio were
calculated and their distribution map and the statistics were obtained. The statistics as shown in the figure suggested that the
tetragonality had variations, but in the similar range as reported values. On average, the film on YAlO3 substrate had bigger c/a
ratios. Interestingly, the tetragonality increased where more grains were in the T-like phase.

P2-co.051* Ferroelectric properties of (1−x)BiFeO –xBaTiO solid solution films by pulsed laser
3
3
deposition
PARK Jinsu, LEE Myang Hwan, KIM DA JEONG, HAN SUNG JIN1, KIM MYONG-HO, KIM WON-JEONG1, DO
DALHYUN2, SHALENDRA Kumar3, SONG Tae Kwon
School of Materials Science and Eng., Changwon Nat’l Univ., Gyeongnam 641-773, Korea. 1Department of Physics,
Changwon Nat’l Univ., Gyeongnam 641-773, Korea. 2Department of Advanced Mat. Eng., Keimyung Univ., Daegu 704-701,
Korea. 3Institute of Basic Sciences, Changwon Nat’l Univ., Gyeongnam 641-773, Korea.
Thin films of lead-free ferroelectric material 0.67BiFeO3-0.33BaTiO3 (BF-BT) were deposited on a Pt(111)/Ti/SiO2/Si(100)
substrates at 550oC~580oC by pulsed laser deposition at various oxygen partial pressure, such as 10, 30, 50 and 100 mTorr,
respectively. The crystal structures were investigated by using X-ray diffraction. Deposited at various oxygen partial pressure,
BF-BT films were exhibited single-phase perovskite structure. The crystal structure were change from rhombohedral phase to
tetragonal phase at x~0.33 composition. Interestingly, the P-E loops were exhibited change from hard to soft type as increasing
of BT in BF film.
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P2-co.052* Effects of Mn and Zn-Mn co-doping in BiFeO -BaTiO bulk ceramics system
3
3
KIM D. J., LEE M. H., PARK J. S., KUMAR S., KIM M.-H., SONG T. K., KIM S. S.1, KIM W.-J1, DO D2, LEE H.-Y.3
School of Mat. Eng., Changwon Nat’l Univ., Gyeongnam 641-773, Korea. 1Department of Physics, Changwon Nat’l Univ.,
Gyeongnam 641-773, Korea. 2Department of Advanced Mat. Eng., Keimyung Univ., Daegu 704-701, Korea. 3Ceracomp Co.,
Ltd., Cheonan-si, Chungcheongnam-do, Korea.
BiFeO3–BaTiO3(BF–BTx) solid solution bulk ceramic is presented as potential lead-free piezoelectric ceramic. The phase
diagram of BF-BTx material show morphotropic phase boundary (MPB) at x = 33 mol% region, which is coexistence of both
rhombohedral (BiFeO3) and tetragonal (BaTiO3) phase, the result of excellent piezoelectric properties in BF-BT33 system can
be expected. BF-BT33 solid solution bulk ceramic is presented as potential lead-free piezoelectric ceramic. Many researchers
have reported and focused on the ferroelectric and piezoelectric properties of BF-BT based system. Pure BF-BT33(BF-BT33),
Mn doped BF-BT33, and Zn-Mn co-doped BF-BT33 bulk ceramics was prepared via a typical solid-state reaction process. The
aim of improving electric properties is Mn doped and Zn-Mn co-doped BF-BT33 bulk system compared to BF-BT33 bulk
system. The crystalline structures, leakage current, ferroelectric and piezoelectric properties of the ceramics were investigated.

P2-co.053*
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. *This work was supported
by the Defense Research Laboratory Program of the Defense Acquisition Program Administration and the Agency for Defense
Development of Republic of Korea and by the Basic Science Research Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education, Science and Technology (2013R1A1A2006582).

389

P2-co.054

Electromechanical Properties of Bismuth Copper-based Lead Free Piezoelectric Ceramics

TANGE Achiri, KIM Hee Sung, AHN Chang Won, KIM Ill Won
Department of Physics and Energy Harvest-Storage Research Center (EHSRC), University of Ulsan.
Piezoelectric ceramics are widely used in electromechanical systems due to their good piezoelectric properties. Lead zirconate
titanate (PZT) has been dominant in this respect because it possesses much superior piezoelectric properties as well as a high
Curie temperature near its morphotropic phase boundary (MPB). Recently due to environmental concerns (because of the
toxicity of lead) there is the need to look for alternative lead-free piezoelectric systems with properties close to or comparable
to that of PZT. Bismuth copper-based lead free perovskite materials are interesting because of the effect of copper in inducing
more distortion to the perovskite structure at low fields, thereby improving the ferroelectric and piezoelectric properties. We
have synthesized a lead free piezoelectric material (1-x)Bi0.5(Na0.78K0.22)0.5TiO3-xBi(Cu0.5Ti0.5)O3 (BNKT-BCuT) using a
conventional ceramic process and studied its physical and piezoelectric properties. The addition of small amounts of BCuT was
found to have a small effect on both the shape of the P-E and S-E hysteresis loops as well as polarization values. Both the
remnant polarization Pr and the coercive field Ec were found to decrease gradually with increasing BCuT content, indicating a
shift from normal to relaxor-type ferroelectric behavior. This was confirmed by the frequency dependence in the dielectric
constant.The strain was significantly increased for x = 0.01 and decreased monotonically with increasing BCuT content with
maximum normalized strain d33* = 500 pm/V at 50kV/cm. This suggests that this material (for x = 0.01) could be a promising
candidate for actuator applications.

P2-co.055

Structural Characterics for Phase Transitions of [N(CH3)4]2CuCl4 by 13C CP/MAS NMR

and 14N NMR
,

,

1

,
. 1
,
,
.
Structure geometry changes in [N(CH3)4]2CuCl4 near the phase transition temperature were studied by 13C CP/MAS NMR and
14N

NMR spectrum. We distinguished the two chemically inequivalent N(1)(CH3)4 and N(2)(CH3)4 groups by
14N

13C

CP/MAS

NMR and
NMR spectrum. The abrupt changes in chemical shifts and the split of the NMR signals near the phase transition
temperatures for 13C and 14N are explained by a structural phase transition, implying that the structural geometry depends on
the temperature. The mechanism behind this phase transition is based on ferroelasticity, and is also mainly related to the 14N
ions in N(CH3)4 ions. Furthermore, both phases III and IV exhibit ferroelastic properties with identical orientational domains.
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P2-co.056

Ferroelastic Property of tetramethylammonium tetrachlorozincate tetrachlorocuprate, [N
(CH3)4]2Zn1-xCuxCl4 (x=0, 0.3, 0.5, and 1)
,

1

,
. 1
,
,
.
The various crystallographic structures of [N(CH3)4]2Zn1-xCux Cl4 (x=0, 0.3, 0.5, and 1) may be understood by considering the
different chemical shifts observed in 1H MAS and 13C CP/MAS NMR spectra. Cu2+ ions, after replacing partially the Zn2+
ions, occupy the same locations in the lattice as the Zn2+ ions. The NMR spectrum and T1ρ of x=0.3 were found to be similar to
those of pure [N(CH3)4]2ZnCl4, whereas the NMR spectrum and T1ρ of x=0.5 were different. Consequently, the existence of
ferroelstic properties of N(CH3)4 ions in x=0, 0.3, and 1 are apparent at low temperatures, whereas they disappear for x=0.5.

P2-co.057

Impedance spectroscopy of dry Nafion

LEE Cheol Eui, HAN junhee, LEE K. W., KIM S. H.1
Department of Physics, Korea University, Seoul 136-713, Republic of Korea. 1Faculty of Science Education, Jeju National
University, Jeju, Republic of Korea.
Temperature-dependent impedance spectroscopy study on perfluorosulfonic acid ionomer Nafion without water molecule
inclusion was carried out. A glass transition behavior of the segmental chain motion and an ionic mobility transition were
identified from the equivalent circuit analysis of the impedance, the two transitional behaviors apparently being correlated.

391

P2-co.058

(1-x)Li2B4O7-xSrTiO3
1,

,
,

.

P2-co.059

1

,

.

2

,

.

,
BaTiO3 (BT)

.

BaTiO3-KNbO3-SiO2
1,

,

,

2

,

2
1

.
/

,

.

2

.

BT

.
BT

KNbO3
. BT-KN

.
BT-KN
SiO2

,

/
.
. Johnson-Mehl-Avrami-Kolmogrov
.

392

P2-pl.001
,

PAL-XFEL Inter-Undulator Section
,

,

,

Girder

WPS

,

.
2
4
PAL-XFEL
,
2015
. PAL2016
XFEL
Bunch to Bunch
(60Hz, Energy
10GeV, Charge 200pC, Bunch Length 60fs, Emittance X/Y
,
Photon
0.481um/0.256um)
.
PAL(1) Energy (2) Flux (3) Timing
XFEL
(
+/- 5um, Undulator +/- 2um)
. PAL-XFEL
, Quad Magnet
(misalignment & tilt), Bend (tilt), RF structure (misalignment)
Error
.
(
)
Hydrostatic Levelling System (HLS) PAL-XFEL
. Inter-Undulator Section
Girder
Wire
Girder
Tilt
Position Sensor (WPS)
.
WPS
.

P2-pl.002

Study of Thermal Property for Cyclotron Carbon Stripper Foils

.
In cyclotron, carbon foils are used to strip two electrons from accelerated negative ions, enabling the extraction of positive
ions under magnetic fields. A long lifetime of the extracting strippers is needed to be as long as possible for enough running
cyclotron at least 2 weeks, consistent with the requirement of ( ~ 1 mA) beam production. The lifetime of carbon foil could be
determined by operating temperatures raised by the deposited power due to accelerated protons and electrons. In this study, an
effective lifetime of foils will be discussed as a function of a foil peak temperature for the sake of its lifetime longer.
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Design of Echo-Enabled Harmonic Generation(EEHG) using 150MeV Electron Beam.

KIM Eun San, LEE Dong Seok, LEE Su An
(KNU).

We investigated EEHG that consists of two modulators and two chicanes. This scheme is designed to
produce high-harmonics in the beam density distribution for the generation of short-wavelength radiation.
The 150 MeV electron beam is sent with a seed laser through two modulators and two dispersion sections.
We show the results of generating a short wavelength about 100nm from 2400nm seeding laser of EEHG
FEL and how the 24th harmonic of the seed laser can be generated with a relatively small energy
modulation using the EEHG scheme. Ultimately, we design a EEHG with parameters obtained using
MATLAB and GENESIS 1.3 program.
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P2-pl.005* Design Study of a Low-emittance Lattice using 5-bend-archomat Lattice
KIM Eun-San, LIU HaoLin
(KNU).
The Multi-Bend Achromat (MBA) lattice is one of promoting future facility of the storage ring based light source, which can
provide the small horizontal emittance in the sub-nanometer rage. We present the linear and non-linear properties of the
designed optics and the result of the optimization. The designed MBA lattice was designed as 5-bend achromat and emittance
of 0.277nm-rad is obtained. The energy and circumference of the designed optics are 3 GeV and 491.3 m, respectively. We
present an injection system with a single pulsed sextupole magnet (PSM) at the storage ring, the space allocation in injection
section and the particle dynamics of injected beam are also presented. In result, our design conditions of having ultralow
emittance, good dynamic aperture , number of straight sections and circumference as a light source for the 3 GeV.

P2-pl.006
,

Field Measurement Systems at the PAL
,

,
,
,
,
,
.
The PAL(Pohang Accelerator Laboratory) has run magnetic field measurement laboratory since 1990. This laboratory
included various field measurement systems such as a NMR field calibration system, a rotating coil system, Hall probe
scanning systems, magnetic block measurement system, flip coil systems and so on. Some of them have been applied to the
PAL-XFEL project to characterize the field quality of the electro magnets and undulators. In this presentation, the field
measurement systems at the PAL are introduced with their specifications and performances.
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P2-pl.007
,

Improvement of Transmission Efficiency for KSTAR LHCD System*
1,

2

,
. 1
,
&
. 2
.
Lower Hybrid Current Drive (LHCD) system is one of the heating sources of KSTAR. It uses a klystron to a RF source. An
electromagnetic wave from the RF source is transmitted along a rectangular waveguide to Tokamak. Current occurs on the
surface of waveguide when the electromagnetic wave moves along the transmission line. Ohmic loss arises because the surface
resistance of the waveguide is zero. The efficiency of the transmission line being used by the LHCD system is calculated to be
75% but the actual efficiency is about 50%. The cause of the reduction in transmission efficiency is estimated to be due to the
generation of other modes. In order to increase the transmission efficiency, Ohmic loss generated on the surface of waveguide
should be minimized and higher order RF mode should not occur. To satisfy these condition, we propose the use of a mode
converter and a circular waveguide.* This research was supported by National R&D Program through NRF of Korea funded
by MSIP (NRF-2014M1A7A1A02029891), BK21+ program and Korean ITER project.

P2-pl.008

Determination of optimal e-gun current for clinical applications in electron linac

KIM Sung-woo, RHEE Dong Joo1, KANG Sang Koo1, LEE Manwoo1, LIM Heuijin1, YI JunGyu1, LEE Mujiun1, YANG
Gwangmo1, RO Tae Ik2, JEONG Dong Hyeok1
Dongnam Institute of Radiological and Medical Sciences, Busan / Dong-A university department of new material physics,
Busan Korea. 1Dongnam Institute of Radiological and Medical Sciences, Busan. 2Dong-A university department of new
material physics, Busan Korea.
The electron linear accelerator (LINAC) prototype was developed at DIRAMS (Dongnam Institute of Radiological And
Medical Sciences) for the purpose of radiotherapy applications. The LINAC was designed to produce the 6 MeV electron beam
accelerated by high power microwaves. In this study, electron beam energies by changing electron gun (e-gun) heater current
were measured by the film dosimetry technique to determine the optimal conditions in terms of clinical applications. The most
probable and mean energies at the phantom surface for e-gun heater currents from 2.0 to 2.5 A were determined from the depth
dose curves in the solid phantom by applying IAEA TRS-277 dosimetry protocol for clinical electron beams. As results, the
mean energies were decreased from 5.9 to 2.8 MeV with increasing e-gun heater current.(This work was supported by the
DIRAMS grant funded by the Korea government(MSIP) (No. 50495-2015 & 50496-2015)).
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P2-pl.009*

KONUS Beam Dynamics for IH-DTL

LEE Yumi, KIM Eunsan, LI Zhihui1, HAHN Garam2
Department of Physics, Kyungpook National University. 1Sichuan University. 2Division of Heavy Ion Accelerator, Korea
Heavy Ion Medical Accelerator.
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P2-pl.011*

Shock Ion Acceleration Through the Relativistic Transparency in a Destructed Target

KIM Young Kuk, HUR Min Sup, CHO Myung Hoon, SONG Hyung Sun, KANG Tea Yeon, PARK Hyung Ju1, JUNG Moon
Youn1
UNIST. 1ETRI.
We investigate ion acceleration from an interaction between an ultra-short circularly polarized pulse and a destructed target
using a laser ASE or primary pulse by means of 1D PIC simulations. When the relativistic transparency takes place on the
compressed ion layer, high velocity ion layer passes through a high temperature upstream region as a shock sustaining proper
Mach number. This shock generates quasi-monoenergetic ion beam and accelerates light ions for a long time without driving
laser pressure.
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The PERCIVAL Soft X-ray Detector

HYUN H.J., KIM K.S., RAH S.Y., MARRAS A.1, WUNDERER C.B.1, BAYER M.1, CORREA J.1, GOTTLICHER P.1,
LANGE S.1, SHEVYAKOV I.1, SMOLJANIN S.1, VITI M.1, XIA Q.1, ZIMMER M.1, DAS D.2, GUERRINI N.2, MARSH
B.2, SEDGWICK I.2, TURCHETTA R.2, CAUTERO G.3, GIURESSI D.3, MENK R.3, PINAROLI G.3, STEBEL L.3,
YOUSEF H.3, MARCHAL J.4, NICHOLLS T.2, PEDERSEN U.4, REES N.4, TARTONI N.4, REZA S.5, GRAAFSMA H.1
Pohang Accelerator Laboratory. 1Deutsches Elektronen-Synchrotron (DESY). 2Science & Technology Faculties
(STFC). 3ELETTRA Sincrotrone Trieste. 4Diamond Light Source (DLS). 5Mittsweden University.
The PAL-XFEL (Pohang Accelerator Laboratory – X-ray Free Electron Laser) will have three experimental end-stations for
two hard X-ray ones in energy range of 5 keV ~ 20 keV, and one soft X-ray one, in the energy range of 0.2 keV ~ 2 keV. The
physical construction is planned to be finished by the end of 2015 and the commissioning will be started in early 2016. 2D Xray detectors for the PAL-XFEL is requested to fulfill high frame rates, wide dynamic range, geometrical conditions and
experimental environments that suit each scientific area and samples. Especially, single photon counting capability is the most
critical point, considering a detector in experiments that use weakly diffracting samples, because only a few diffracted photons
may reach the detector. Therefore, the soft X-ray detector must have high quantum efficiency and uniformity over the pixels.
The Pixelated Energy Resolving CMOS Imager, Versatile and Large (PERCIVAL) soft X-ray detector is being developed in a
collaboration with DESY, STFC RAL (Rutherford Appleton Laboratory), Elettra Sincrotrone Trieste, DLS, and PAL, and,
aims to meet a need for high frame rates, very large dynamic range, single photon counting capability with low probability of
false positives, and a few megapixels of detector area. This back-thinned detector is being designed to work in primary energy
range of 250 eV to 1 keV with target efficiencies ≥ 90%. In this presentation, we will introduce the PERCIVAL soft X-ray
detector and report about the current status of the detector development.

P2-pl.014*

Breakdown experiment under low pressurized gaseous condition using a high power
millimeter wave gyrotron oscillator.
CHOI Eunmi, KIM Dongsung, KIM Sunggug1, CHOE Munseok, LEE Ingeun1, SAWANT Ashwini1
UNIST, Department of Physics. 1UNIST, Department of Electrical Engineering.
We present plasma breakdown experiment under different gaseous condition in pressurized vacuum chamber using high
power source of millimeter wave oscillator, gyrotron. The generated output beam from a W-band gyrotron with tens of kW is
reflected and focused by spherical mirror and teflon lens, respectively. When the focused beam approaches the threshold power
density, breakdown phenomenon occurs inside of the vacuum chamber. We detect breakdown signal optically when the energy
of the incident beam converts to visible light due to the interaction of beam and air gas particles. With amplitude and pulse
length of incident gyrotron wave, we determine the characteristic time of breakdown. From this experiment, threshold power
and characteristic time for breakdown events will be determined.
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P2-pl.015

Error study on KIRAMS HEBT line at KHIMA project

PARK Chawon, NAM Sang Hoon, KIM Geun Beom, AN Dong Hyun, YIM Heejoong, HAHN Garam
Korea Institute of Radiological & Medical Sciences (KIRAMS).
A lattice design and beam optics studies for the KIRAMS HEBT line of KHIMA project have been carried out with the
WinAgile and the MADX codes. Because the magnetic field errors and the miss alignments introduce to the deviations from
the design parameters, these kind of error sources are treated explicitly and the sensitivity of the machine's lattice to different
individual error sources is studied. Various error types have been taken into account and have been corrected with a dedicated
correction algorithm by using the MADX program. As a result, the tolerances for the various error contributions have been
determined for the different lattice components. The design choices for the expected magnet field and power supply quality,
alignment tolerances, instrument resolution and physical apertures were validated.

P2-pl.017

Lattice design of post LEBT in RAON accelerator

JIN Hyunchang, JANG Ji-Ho, HONG In-Suk, JANG Hyo-Jae
IBS.
RAON, the heavy ion accelerator of the Rare Isotope Science Project (RISP) in Daejeon, Korea, has been designed to
accelerate multiple-charge-state beams. In RAON accelerator, the in-flight fragmentation (IF) and Isotope Separation On-Line
(ISOL) methods will be used to produce various isotopes. The rare-isotope beams, which are generated by the ISOL system,
will be transported through the post Low Energy Beam Transport (LEBT) system to the Radio Frequency Quadrupole (RFQ).
The lattice of post LEBT has to be designed to keep the small beam size and match the requirements at the RFQ entrance. We
will present the recent lattice design of the post LEBT in RAON accelerator and the result of 3D tracking simulations with the
code TRACK.

400

P2-pl.018*

The Concept of Fast Switching System using Photo-excited Media for Electromagnetic
Wave Transmission in Millimeter Wave Regime
CHOI EunMi, CHOE Mun Seok, LEE Kyu-Sup1, YU Nan Ei2
Department of Physics, School of Natural science, Ulsan National Institute of Science and Technology (UNIST), Ulsan,
Korea. 1Department of physics and photon science, Gwangju Institute of Science and Technology (GIST), Gwangju,
Korea. 2Advanced Photonics Research Institute, Gwangju Institute of Science and Technology (GIST), Gwangju, Korea.
The NTM instability in fusion plasma can be controlled by high power EM wave. Under the microseconds range, mechanical
switching of EM wave in high power transmission lines is technically difficult. For this problem, we propose to use a
novel plasma switching system using wave properties in glow plasma discharge. In order to perform proof-of-concept study,
we choose terahertz optical switch concepts that are mainly used in terahertz time domain spectroscopy (THz-TDS) to verify
quasi-optical switching system in millimeter-wave regime. We design a low power transmission system using quasi-optical
mirrors and oversized corrugated horn (D/λ > 10) sourced by Vector Network Analyzer (VNA, W-band and Yband).When a GaAs ( Thickness : 0.35 mm ) wafer is placed at the beam waist position, we can measure transmittance of
transmission system as the properties of dielectric constant of GaAs are changed. Nano-second pulse laser (wavelength : 532
nm) will be used in the system for optical pumping of the GaAs wafer. We will present the details of the fast switching system
in high power EM wave region.

P2-pl.019* Beam dynamics and error study of the MEBT beam line in KHIMA.
KIM Chanmi, KIM Eun-San, HAHN Garam1
Department of Physics, Kyungpook National University, Daegu, Korea. 1Division of Heavy Ion Accelerator, Korea Heavy Ion
Medical Accelerator, Seoul 139-706, Korea.
KHIMA consists of injector and synchrotron for an ion medical accelerator of the first carbon ion therapy system in
Korea. MEBT connects the IH-DTL (Drift Tube Linac) and the synchrotron. We have used the LISE++ and TRACK codes
to tracking simulation in the MEBT. Charge stripper changes from C+4 into C+6 . We investigated the performance of
debuncher to optimize energy spread and beam distribution in z-dE/E phase. Possible misalignments and rotations of the
magnets as well as power supply errors have been thoroughly considered. In this poster we focus on the beam dynamics and
error studies dedicated to the MEBT beam line and shows the optimized beam parameters in MEBT.
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Basic tests for L-band cavity BPM

KIM Eun-San, JEONG Ho Yeong, JANG Si Won
Kyungpook National University, Daegu, Korea.
L-band
ILC
(KEK) Superconducting RF test facility(STF)
,
L-BPM
. L-BPM
.
L-BPM
RF
.

403

. L-BPM
ILC
,

P2-pl.024*

RF system for 165 MHz CW-mode RFQ system

BAHNG Jungbae, LEE Byoung-Seob1, KIM Eun-San, YOON Jang-Hee1, PARK Jin Yong1, JUNG-WOO Ok1, MI-SOOK
Won1, SEYONG Choi1
Kyungpook Nat'l Univ.. 1KBSI.
Korea Basic Science Institute (KBSI) has developed a heavy ion accelerator for fast neutron radiography.
KBSI accelerator provides 2.7 MeV/u and 1mA CW heavy ion beams to meet the requirements for fast neutron generation.
The accelerator system consists of an electron cyclotron resonance ion source(ECR-IS),low-energy beam transport(LEBT)
system,radio-frequency quadrupole (RFQ), medium-energy beam transport system, and drift tube linac.
We present the RF system for the RFQ system which provides Li3+ beam of 500 keV/u from 12 keV/u with CW mode.
Main components of high power RF system are LLRF, RF power amplifier, circulator, coupler and transmission line.
We control the phase and amplitude of the field in the RFQ to within 1.0 degree / 1.0 %. The frequency tuning will be
controled by water amount with fixed temperature. We present design of LLRF algorithms design, the details of RF amplifier
system and asociated system to the RFQ cavity.
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P2-pl.026*

A study on physical characteristics of a fabricated 9.3 GHz 6 MeV linear accelerator

(LINAC) cavities
SHIN Dongwon, KIM Jae hong, HUR Min sup, JEON Seok-Gy
KERI, Applied Electromagnetic Wave Research Center.
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P2-pl.028* Enhancement of Betatron Oscillation in Laser Wakefield Acceleration by Off-Axis Laser
Injection
LEE Seungwoo, LEE Tae-hee, JANG Dogeun, NAM Inhyuk, SUK Hyyong
Gwangju Institute of Science and Technology (GIST).
X-ray
betatron X-ray
capillary
off-axis
betatron oscillation amplitude
,
on-axis
X-ray
two-dimensional particle-in-cell(2D PIC)
.
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P2-pl.030* Tunable Water Window Undulator Radiation Using the Energy Controllable Electron
Beam from the Tapered Plasma
,

,
.

,

1,

1

.

Tunable table-top undulator radiation with laser-plasma accelerator throughout the range of water window (2.3nm ~ 4.4nm) is
studied by using 2-dimensional particle-in-cell (2D-PIC) code and SPECTRA. From 2D-PIC, the energy adjustable electron
beam between 450MeV and 650MeV has been generated by employing the positive density tapering. In this system, it was
found that only the electron beam center energy is changed while the beam emittance, the beam energy spread, and the beam
size remain similar value. Furthermore, the spectral properties of the controllable water window x-rays from the undulator
are also numerically investigated by SPECTRA.
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P2-pl.033*

Optics tuning using Q5-scan method in compact Energy Recovery Linac(cERL)

KIM Eunsan, LEE Dongseok, TSUKASA Miyajima1
KNU. 1KEK.
In real accelerator, a magnet have some errors. So we carried out Q5-scan method which consist of 5 quadrupoles and a screen
to reduce the errors in compact Energy Recovery Linac(cERL) beamline. In order to correct the strength of 4 quadrupoles, we
use the other quadrupole and a screen. And we present the Q5-scan results using correction values of quadrupole strength.
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P2-pl.035

Design of a drift-tube of C-band CW klystron

HWANG Jihyun, PARK Sungju1, NAMKUNG Won1, CHO Moohyun2
Dept. of Physics, POSTECH. 1Pohang Accelerator Laboratory. 2Dept. of Physics and Division of Advanced Nuclear
Engineering, POSTECH.
A klystron is a linear-beam vacuum tube which amplifies RF signals by converting the kinetic energy in DC electron beams
into radio frequency power. It consists of an electron gun to produce electron beams, a drift tube which is connected to series
of reentrant cavities and a collector to dump the spent electron beams at the end. In the drift tube region, the electron beams are
bunched in consequence of a velocity modulation by interacting with cavities. The amplified signals are extracted when the
bunched beam enter the output cavity. Therefore, the drift tube design plays a vital role to decide the tube performance
parameter like gain, bandwidth and overall efficiency; the cavity parameters like resonant frequencies and R/Q of each cavity
can be calculated by SUPERFISH code or white noise method. The white noise method is used to measure the tuning
frequencies of the input and the intermediate cavities of klystron. Through the simulation and experiment, we tried to find out
the proper design of the drift-tube of C-band klystron to get the goal efficiency and gain by changing the frequencies of each
cavities and the distances between the cavities.*This research was supported by National R&D Program through the NRF of
the Republic of Korea funded by the MSIP (NRF-2014M1A7A1A02029891), BK21+ program and the Korean ITER project.

P2-pl.036

Magnet power supplies for PAL-XFEL

,
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,
.
This paper describes the types and quantities of DC magnet power supplies for PAL-XFEL. There are over six hundreds of
magnet power supplies (MPS). The power capacity of the MPS was ranging from about 1 A to 300 A. The nine different
prototypes of MPS have been developing using the digital signal processing. The 20A/20V MPS is tested to verify the
performance and functions. The installation of MPS will be begun to end of April. The fabrication of MPS has been drawing
by E-PLAN and check out the output cable configuration of cite layout. This paper present the test results of the prototype
20A/20V MPS in major specifications. All MPSs have to be installed the end of August in 2015. The installation progress of
the MPS has described.
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The electromagnetic design of the phase probe for MEBT of KHIMA project
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P2-pl.042

Beam Extraction Results of 28 GHz ECR Ion Source at KBSI

LEE Byoung Seob, CHOI Seyong, OK Jung-Woo, PARK Jing Yong, KIM Seung Jun, HONG Jonggi, BHANG JeongBae,
SHIN Chang Seouk, WON Mi-Sook, YOON Jang-Hee, KIM Hyeun Gyu
Korea Basic Science Institute.
The KBSI (Korea Basic Science Institute) is developing a heavy ion accelerator for fast neutron radiography. For fast neutron
generation, we have to deal with high current ion beam which is generated from 28 GHz ECRIS (Electron Cyclotron
Resonance Ion Source) which are developed in last year. We have extracted multi-charged ions using Argon gas and Oxygen
gas. SIMs analysis was performed for confirm extraction of Oxygen ions. Oxygen ion implanted as 35.3 KeV at Silicon base.
We will report results of generated beam and future plan of beam diagnosis and generation. Also, beam service plan for
material research will present.
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P2-pl.043

The Development of Small Ion Gun for Analytical Equipment

LEE Byoung Seob, CHOI Myoung Choul, BHANG JungBae, HONG Jonggi, HONG Tae Eun
Korea Basic Science Institute.
A gas cluster ion source and metal ion source were required for various analytical equipment using ion beam. The KBSI
(Korea Basic Science Institute) is developing small ion gun for XPS(X-ray Photoelectron Spectroscopy), SIMS (Secondary Ion
Mass Spectroscopy) and MS(Mass Spectroscopy). Specially, the small ion gun was used for the secondary ion generation and
ion etching. In gas cluster ion source, the clusters are formed when a high pressure gas expands into vacuum through a laval
nozzle and the generated clusters are ionized by collisions with emitted electrons from ionizer. In metal ion source, ions
generated using emitted electron and plasma status. The generated ionized clusters and ions at ion gun are sorted using wien
filter and accelerated. In this paper, we will introduce various types of wien filter for small ion gun. Also, we will discuss about
wien filter design in detail.

P3-.pl.049 Exploration of Extremely Low q_edge Regime in KSTAR
,

,

, AYDEMIR Ahmet
.
We explored qedge <2 regime in Korea superconducting tokamak advanced research (KSTAR) without any feedback or
feedforward control of non-axisymmetric (NA) field. The qedge <2 regime had long been regarded as an experimentally
forbidden regime due to magneto-hydrodynamic instabilities. However, in KSTAR, the low qedge discharge (with q95~ 1.9) was
sustained for 800 ms that is at least one order of magnitude longer than the resistive wall characteristic time of the device. It is
consistent with the recent results in RFX-MOD and DIII-D experiments where the controls of error field and/or resistive wall
mode enabled them to access the forbidden regime [1]. Considering that the intrinsic error field in KSTAR (δB/BT~10-5) is
inherently much lower than in other devices (δB/BT~10-4) [2], the easy access to the low qedge discharge in KSTAR without
any additional control effort corroborates the merit of the low level of intrinsic error field. To see if the error field determines
the accessibility to the forbidden regime, a proxy error field (δB/BT~10-4) was employed. Such proxy error field prevented us
from accessing the qedge=3 integer rational surface and disrupted the plasmas. The detailed analysis is on-going to clarify the
role of the error field in the excitation of the instability. In 2015 campaign, we are going to further explore the low qedge regime
in both performance and stability aspects. In particular, a diverted shape discharge will be attempted with controlled traveling
NA fields. [1] P. Piovesan et al., Phys. Rev. Lett. 113, 045003 (2014). [2] Y. In et al., Nucl. Fusion accepted.
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P3-ap.001* Capacitance biosensor for real time monitoring of three dimensional cell culture system
YOO Kyung-Hwa, HAN Nalae, LEE Sun Mi1, KIM Hyung Joon1, LEE Seo Won
Yonsei University, Dept. of physics. 1Graduate Program for Nanomedical Science and Technology, Yonsei University.
The importance of three dimensional (3D) cell culture system is increased as the development of regenerative medicine and
pharmacology in biotechnology. However, a cell based biosensor has been developed for only two dimensional (2D) cell
culture system. In these works, we introduce a novel capacitance biosensor for 3D cell culture systems, which can give the
real-time information of cell proliferation and apoptosis after drug treatment into hydrogel based 3D cell culture system. Also,
we describe the cell location and conditions into 3D multi-layer cell culture system due to the multi electrodes with different
height. The 3D cell culture system monitoring based capacitance biosensor can be an alternative method for high throughput
drug discovery screening using mimic in vivo 3D tissue growth systems.

P3-ap.004* Temperature dependence of DNA translocation through a glass nanopore functionalized
with probe DNA molecules
YOO Kyung-Hwa, LEE Choongman, YOUN Yeoan, KIM Joo Hyoung
Department of Physics, Yonsei University.
We have measured DNA translocation through a glass nanopore functionalized with probe DNA molecules. The target DNA
molecules complementary to the probe DNA ones yielded more frequent events and longer dwell times than those of the noncomplementary target DNA ones, suggesting that the complementary and non-complementary target DNA molecules may be
discriminated due to interactions between target and probe DNA molecules. To investigate the interactions between target and
probe DNA molecules further, we have measured DNA translocation at different temperatures since the interaction strength
decreases with increasing temperature. Indeed, different behaviors were observed below and above the DNA melting
temperature, demonstrating that target DNA translocation was affected by the interaction between target and probe DNA
molecules.
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P3-ap.005* Protein Translocations via Biotin-coated Glass Nanopore
,

,

,
.
We describe various translocation behaviors of proteins through biotin-coated nanocapillaries. Three small proteins with
different affinities for biotin are allowed to translocate through the biotin-coated conical glass nanopores. At first, avidin,
which has a strong affinity to biotin and positively charged in pH 7.6, exhibits stepwise current drop due to the avidin-biotin
complex formations. Secondly, streptavidin, which has similar binding strength to avidin, but negatively charged in pH 7.6,
yields more transient or repetitive on-off-type current blockades. Finally, a portion of SART-3 protein, which has a similar
charge/MW ratio with streptavidin, but no binding strength for biotin, show only transient current blockade. These different
translocation behaviors may be understood in terms electrophoresis, electroosmosis, and molecular binding affinities.

P3-ap.006 Investigation On The Interaction Between Human U6 RNA And SART 3 Protein Using
Glass Nanopore.
,

,

,
.
The protein encoded by Squamous cell carcinoma antigen recognized by T-cells 3 (SART3) gene is a kind of RNA binding
nuclear protein. The role of the protein is associated with HIV-1 gene expression, viral replication and even RNA recycling
process. Here, we investigated the binding affinity of SART3 protein and U6 snRNA depending on the existence of HAT
domain by using glass nanopore. We measured the translocation of SART3 protein through glass nanopore modified with U6
RNA. The translocation time of SART3 protein with HAT domain gave out three distinguishable distribution, while the
translocation time of SART3 protein without HAT domain provided only two. Additional population seemed to be resulted
from tighter binding due to the HAT domain, suggesting that the HAT domain strengthen the interaction between SART3
protein and U6 snRNA.
,

415

P3-ap.007*

A Hexagonal Periodicity in Cortical Neural Selectivity seeded by Underlying Neural

Circuit Structure
PAIK Se-Bum, LEE Changju, JANG Jaeson
Department of Bio and Brain Engineering, KAIST.
In mammalian cortex, various functional maps have been observed,
representing a relationship between the features of external stimuli and the corresponding neuronal responses. Orientation map
in visual cortex, in particular, is one of the most studied and the structural feature of them is still of great interest to both
theoretical and experimental researchers. In a recent paper, the developmental mechanism of orientation map structure was
explained as a moire interference between ON- and OFF-center retinal ganglion cell (RGC) layers [1], the spatial structure of
which is in hexagonal lattice (Fig. 1a). Here we show that this characteristic hexagonal structure of the map and the distribution
of ON/OFF RGCs can induce a noble selectivity pattern of cortical neurons: hexagonal periodicity in their orientation tuning
curve, which is not reported yet in any experimental studies.In our simulation, a model orientation map is described by virtual
cells in visual cortex, which sample the receptive fields of RGCs in a certain local visual area. Due to a slight difference of
lattice distance between ON and OFF mosaics, the nearest neighbor of an OFF cell is an ON cell, forming an RGC dipole (Fig.
1b) and this becomes a source of cortical orientation selectivity. When a cortical cell samples local RGCs, or dipoles, it
contains either a single dipole, or with high chance, three dipoles aligned in 60 degree intervals of preferred orientations. As a
result, our model not only explains the 180 degree periodicity in a selectivity tuning curve, which is generally observed in
cortical simple cells, but also predicts a 60 degree periodicity (Fig. 1c) that need to be confirmed with further experimental
studies.Our result suggests that the hexagonal periodicity is a universal property in the functional map structure, and also in a
single cell activity.Reference[1] Se-Bum Paik & Dario L Ringach. Retinal origin of orientation maps in visual cortex. Nat.
Neurosci. 14, 919-925 (2011).

P3-ap.008 Effect of Tilted Fixation Posts in Clearance configuration for Gamma Knife Radiosurgery
LIM SA-HOE, JUNG SHIN, KIM IN-YOUNG, MOON KYUNG-SUB, JUNG TAE-YOUNG, JANG WOO-YOUL
.
Although the height of fixation posts in the coordinate frame configuration for Gamma Knife treatment planning is defined as
the perpendicular distance along the Z-axis, the posts are tilted to exterior of stereotactic space in practice. The tilted post may
cause the clearance distance to be wrongly calculated for the shot position that the clearance check is required. For extreme
treatment position defined from clinical data, a difference between calculated and measured clearance distance was evaluated.
In this study, alteration of clearance limits by effect of tilted posts was investigated. The Leksell coordinate frame provides
accurate approach for performing the Gamma Knife radiosurgery. Nevertheless, the clearance limits should be modulated in
consideration of tilted post because the discrepancies between calculated and actual clearance distance are likely to occur for
extreme treatment position in some cases.
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P3-ap.009* Hydrodynamic Property Investigation of Long Human Telomere by Fluorescence
Correlation spectroscopy
JUNG Sokhyun, KIM Soo Yong, KIM Sok Won1
KAIST, Department of Physics. 1University of Ulsan, Department of Physics Energy Harvest Storege Research Center.
Human telomere is consisted of repeated human telomeric sequence (TTAGGG)4 which form G-quadruplex. For theraputic
agents, knowledge of Long Human telomere structure (TTAGGG)12 is crucial. However, recent researches are mainly focused
on single human telomeric sequence unit. Here, we investigated long human telomere (TTAGGG)12 hydrodynamic property
through Fluorescence Correlation Spectroscopy. It has been known that Long Human Telomere form ‘bead-on-a-string’
structure which is consisted of three human telomeric unit (hybrid121) as well as two contiguous quadruplex. We investigated
(TTAGGG)4 hydrodynamic property both when folded and unfolded structure. Based on the hydrodynamic property of single
quadruplex unit, we counted the ratio of two contiguous quadruplex and three contiguous quadruplex.

P3-ap.010*

Drug Response of Captured BT20 Cancer Cells and Evaluation of Circulating Tumor Cells
from the Breast Cancer Patients
,

,
,
,
,
.
Study on specific drug responses of circulating tumor cells (CTCs)
affords important information for treatment of cancer patients at a
patient-specific level. For this reason, a promising substrate for high
capture efficiency of CTCs is required for clinical evaluation of patientspecific drug responses from captured CTCs. In this study, the breast
carcinoma cell-line (BT20) cells were captured by streptavidin (STR)functionalized silicon nanowire (SiNW) substrate for evaluation of
capture efficiency. With this capture platform, we achieved more than
90% capture efficiency. Specific drug responses of BT20 cells captured
on SiNW-STR substrate were analyzed using tamoxifen or docetaxel as
a function of incubation time and dose, and compared with a 96-well
plate platform. The drug responses of CTCs on STR-SiNW platforms
were more sensitive than a 96-well plate platform. In conclusion, we
suggest that the SiNW substrate is highly adaptable for clinical use in evaluation of CTCs and drug response examinations.
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P3-ap.012* Rebound Synchronization as the origin of information transfer between neuronal layers
PAIK Se-Bum, SAILAMUL Pachaya, KANCHANAKANOK Pornbhussorn, SONG Min, JANG Jaeson
KAIST, Department of Bio and Brain Engineering.
Abnormal synchrony in neural population activity is often observed accompany brain disorders such as schizophrenia and
epilepsy [1]. A number of studies suggest that this neural synchronization might be a key to understand various brain functions
[1], but the detailed mechanism of how the synchronized neural activity can be systematically controlled is not completely
understood yet. In this study, we use the simulation of large model neural network to better understand how the
synchronization of spike activities in local neural population can be modulated by certain factors.
We developed a model network of Excitatory (E) and Inhibitory (I) neural populations, using Hodgkin-Huxley model
neurons with the NEURON simulator [2]. The spatial distribution of neurons is determined by our developmental model
algorithm with local repulsive interaction. The connectivity between them was also determined by our statistical rule, where
the probability and the strength of local synaptic connection only depend on the spatial distance between two neurons [3]. Then
we examined the correlated neural activities in the network with varied model neural properties.
We examined the synchronization of the rebound spikes that are generated by controlled intracellular current injection. In
particular, we compared two cases: when the T-type calcium channels normally functioning and when the channels are
blocked. From the repeated simulations, we observed that the rebound bursting spikes are highly synchronized with much
shorter latency in their timing when the T-type calcium channels function normally. On the contrary, when the T-type calcium
channels were blocked, the spikes were noticeably delayed and the synchronization was significantly reduced, suggesting that
the controlled activation of T-type calcium channels can modulate the neural synchrony.
Our results show that T-type calcium channel is one of the important factors that induce various levels of synchronization in
neural spike activity. This result will lead to further study on the role of calcium channels in the selective activation of neural
system, through controlled neural synchronization.
References:
[1] Uhlhaas, J. and Singer, W., 2006, Neural Synchrony in Brain Disorders: Relevance for Cognitive Dysfunctions and
Pathophysiology. Neuron 52, 155–168.
[2] Hines, M.L. and Carnevale, N.T., 1997, The NEURON simulation environment, Neural Computation, 9:1179−1209.
[3] Paik, S-B. and Glaser, D.A., 2010, Synaptic Plasticity Controls Sensory Responses through Frequency-Dependent Gamma
Oscillation Resonance. PLoS Computational Biology, 6(9).

P3-ap.013* An Interference Pattern of Cell Mosaics developed by Local Interaction can generate a
Periodic Structure of Functional Maps in the Brain
PAIK Se-Bum, JANG Jaeson
Department of Bio and Brain engineering, KAIST.
In the sensory cortex of the brain, various functional maps are observed that represent a specific type of information encoded
from sensory inputs. Orientation map, which represents the periodic distribution of preferred orientations of cortical cells, is
one of the most studied functional maps in visual system. About its developmental mechanism, a theoretical model recently
suggested that a moire interference pattern, which is a superposition of two hexagonal lattice structure, of ON and OFF retinal
ganglion cell (RGC) mosaics can generate a quasi-periodic structure of orientation map [1]. Here, to examine how the
regularity of the map periodicity can be developed, we designed a developmental model of RGC mosaics that a simple
mathematical rule of a local repulsive interaction between the cells can generate the consistent spatial periodicity in the
orientation map.To simulate the development of ON/OFF RGC mosaics, we assumed a local repulsive interaction between
nearby cells in the mosaic. In the previous developmental model study of pairwise interaction point process (PIPP), the local
interaction was defined by birth-and-death step which only considers the spatial locations of neighbor cells [2]. Since PIPP
model cannot explain the long-range order of mosaic structure, we supposed a different type of local repulsive interaction
which allows a gradual shift of cell location. We first confirmed that our model can develop a hexagonal lattice structure in a
monotypic mosaic. Then, we tested the simultaneous development of ON/OFF RGC mosaics using the same mechanism. As
observed in animal data, we assumed an inter-layer distance between ON and OFF mosaics that can control the strength of
heterotypic interaction. In a certain interval of inter-layer distance, (i) the hexagonal mosaic structure of each ON/OFF mosaic
was not destroyed, but (ii) the relative angular alignment between them was restricted within a limited range of angle,
achieving the condition to reproduce a consistent moire interference pattern. We simulated the orientation maps from the
interference patterns of ON/OFF RGC mosaics by statistical wiring model and confirmed the hexagonal periodicity of
orientation preference in the orientation map as predicted by moire interference [3].Our result suggests that a local repulsive
interaction in ON/OFF RGC mosaics can develop a hexagonal periodicity of orientation preference as a moire interference.
This interference pattern might be the blueprint of the consistent spatial periodicity of orientation preference of cortical cells in
the orientation map.References1. Paik S-B, Ringach DL: Retinal origin of orientation maps in visual cortex. Nat Neurosci
2011, 14:919–25.2.2. Hore VR a, Troy JB, Eglen SJ: Parasol cell mosaics are unlikely to drive the formation of structured
orientation maps in primary visual cortex. Vis Neurosci 2012, 29:283–99.3. Ringach DL: Haphazard wiring of simple
receptive fields and orientation columns in visual cortex. J Neurophysiol 2004, 92:468–76.
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P3-ap.014* Bio-application of functionalized graphenes by different gases plasma-treatment
JUNG ranju, CHOI jinsung, BAIK Ku Youn, GWON hyeseon, CHO jaewon, KIM Yun Ki, ATTRI Pankaj, KIM Un Jeong1
Kwangwoon Univ.. 1Samsung Advanced Institute of Technology.
Surface functionalisation of graphene layer has been investigated to improve the efficiencies in bio-applications. The effects of
plasma treatment on graphene surface are examined by the adsorption of fibronectin and the adhesion, proliferation, and
differentiation of human mesenchymal stem cells. The N2 plasma-treated graphene layer enhances Fibronection adsorption.
All of the plasma-treated graphene substrates broden hMSCs adhesion, especially on the N2 plasma-treated one.

P3-ap.015* A Biologically Inspired Adaptive Model for Efficient Image Compression
PAIK Se-Bum, LEE Hyeonsu1, JANG Jaeson
Department of Bio and Brain Engineering, KAIST. 1Department of Mathematical Sciences, KAIST.
Human vision is adaptive to effectively encode various types of visual stimuli, from natural images of smooth spatial
variation and high correlation, to artificial graphic images of discrete objects with little spatial correlation. On the other hand,
conventional image processes of computer vision such as Joint Photographic Experts Group (JPEG) are not flexible to the
input images of different types, or to the spatial variations of an image. As a result, they often generate noticeable artifacts or a
large encoding/decoding error. Here we developed a biologically inspired model algorithm that flexibly compresses and
reconstructs information in a various type of input images, similar to the mechanism that the retinal ganglion cells (RGCs) in
visual system encode visual information. In our model, the basic idea is to sample input images using the receptive fields
structure of ON and OFF RGCs modeled by 2D Gaussian, and notate them by the weighted linear sum of receptive fields. The
image is compressed by selectively reducing the number of RGCs that are contributed to reconstruct the image. After this
sampling, the similarity between the local receptive field and the corresponding part of image is compared to decide whether
the part of image can be compressed or not. By rejecting the cells that encode redundant information, the image could be
reconstructed with less number of cells, maintaining high correlation between the original and the reconstructed images. We
confirmed that this model induces less artifacts compared to the conventional image compression algorithms. Our model
suggests that ON and OFF RGC mosaics can sample the salient feature of original image and compress various types of images
efficiently, and this model of visual information coding can be applicable to the development of a new image compression
algorithm.
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P3-ap.016 Carbon-Nanotube-Based Flexible DNA Sensors
,

1

. 1
.
We developed all-solution-processed muti-walled-carbon-nanotube based electrodes. These electrodes could be used as both a
recognition layer for DNA, without the need for surface modification, and a channel for electron flow in electrochemical
measurements, enabling simple fabrication of DNA sensors. We also showed the fast fabrication of DNA sensors at an analyte
solution-containable region by cutting and attaching the nanotube–polymer composite electrodes, which were used as the
working, reference, and counter electrodes, to the solution container. This showed the possibility of developing user-fabricated
easily attached DNA sensors. Our nanotube-electrode-based DNA sensor has great potential to be commercialized because of
the low fabrication cost as compared to Au electrodes and the easy and simple fabrication processes for the electrodes and the
sensor systems.

P3-ap.017* The Magnetic Properties of Multilayer Thin-films with Amorphous CoSiB-layer
YIM Haein, JUNG Sol
Sookmyung Women's University, Department of Physics.
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P3-ap.018 Fabrication and characterization of LiCoO thin film cathode materials by Pulsed Laser
2
Deposition
,

,

,
,
,
.
Most thin film batteries studied and developed have used lithiated transition metal oxides, such as LiCoO2 and LiMn2O4, as
cathode film materials. LiCoO2 is of particular interest because of its high specific capacity and high operating voltage. The
thin film formation, in general, requires either an elevated thin film growing temperature or a post- annealing treatment at high
temperature to improve the crystallinity of thin films. However, such a high temperature process step is often not compatible
with devices requiring the direct integration of the battery and many desirable substrates, such as flexible polymer materials
and low-temperature substrate materials, which limits the application and fabrication of the thin film batteries. In this study, we
show the effect of substrate temperature on the structure, composition, morphology properties and oxidation states of Co for
LiCoO2 thin film deposited on Pt wafer substrate by PLD without the post-deposition heat treatments.

P3-ap.019*

Sputtering energy and perpendicular magnetic anisotropy of CoFeB

RHIE Kungwon, KIM Bumjin, KIM Dongseok, JANG Young-Jae, KIM
Jimin
Korea University, Department of applied physics.
Both high quality of multi-layers and large anisotropic constant K are the
essential requirements. The effect of sputtering energy for better
perpendicular magnetic anisotropy (PMA) of CoFeB [1] is studied.
SiO2/X(2)/CoFeB(1.3)/MgO(2)/Ta(2) (in nm.) samples are grown by
conventional magnetron sputtering techniques, where X is FeZr and Ta.
The sputtering energy was controlled by changing sputtering pressure
and distance between samples and sputtering gun. The sputtering
particles may lose energy they arrive substrate, because they experience
multiple scattering by Ar particles along the path to the substrate.
Therefore, sputtering particle energy at substrate is small when both
working pressure and distance is high. In a low sputtering energy case, sputtered particles cannot make a uniform surface and
voids may be formed inside a film, which results lower film density. We observed that the film growth pattern changes from 2
dimensional to 3 dimensional growth by crossing a critical sputtering condition. The best pressure and distance to make the
best film quality is less than 5mTorr and below 10.5 cm, respectively.
Low resistivity and high anisotropic constant K could be achieved by controlling the sputtering energy.
[1] D. S. Kim, K. Y. Jung, S. J. Joo, Y. J. Jang, J. K. Hong, B. C. Lee, C. Y. You, J. H. Cho, M. Y. Kim, and K. Rhie, J. Magn.
Magn. Mater. 374, 350 (2015).
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P3-ap.022* Control the Crystallization of In-Te Thin Films Using the Sequential Thermal Evaporation
of In and Te
,

,

,
,
,
.
III-VI compound semiconductors have a great attention because of their various applications for the phase change memory and
hybrid solar cell, photo and gas sensing, etc. Among them, In-Te system has been investigated for potential applications in
switching device, thermoelectric power generator, and photo-voltaic device. In-Te system has rather complex crystalline
phases and have well-known stoichiometries of In4Te3, InTe, and In2Te3. Here, we studied on the crystalline phase of In-Te
thin films using by sequential thermal evaporation of In and Te. The superlattice structure of [InxTey]n through our deposition
can have more effective inter-diffusion of each atom during the annealing process. Finally, through the structural investigation
we found a single phase In-Te thin films of In4Te3, InTe, and In2Te3. In addition, we conducted the Hall measurement and
other optical measurements to verify physical properties of the In-Te thin film.
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P3-ap.023* Real Time Analysis Of Vanadium Oxidation Process With Ambient Pressure XPS
1,
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2,
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4,

1,
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,
. 2
. 3
,
.
.
Lawrence Berkeley National Laboratory.
The evolution of oxidation states of vanadium are monitored with ambient pressure X-ray photoemission spectroscopy. As the
pressure of oxygen gas and surface temperature of vanadium change, various oxidation states of vanadium form on the surface.
Under 100mTorr of the oxygen gas pressure and 523K of sample temperature, VO2 and V2O5 are formed on the surface. After
the oxide is grown, a temperature-dependent resistance measurement on grown sample shows a clear metal-insulator transition
near 350K. Also, the results of Raman spectroscopy display the structural change from monoclinic to rutile structures across
the phase transition temperature.
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P3-ap.025 Indium Molybdenum Oxide
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P3-ap.028* Measurement of temperature-dependent thermal conductivity in antimony telluride thin
film with a high electronic contribution
CHO sang-hyeok, PARK no-won, LEE won-yong, PARK tae-hyun, PARK sang-in, LEE sang-kwon
Chung-Ang University, Department of Physics.
We investicated the theoretical and experimental characteristics of thermal transport of 100nm and 500nm thick antimony
telluride(Sb2Te3) thin films, which were prepared by radio frequency magnetron sputtering. The out-of-plane thermal
conductivity of this thin film was measured at temperatures ranging from 20 to 300K, using four-point-probe 3-omega method.
The thermal conductivity of the Sb2Te3 thin film was much lower than that of the bulk material in the entire temperature range
indicating that the phonon- and electron-boundary sacattering are enhanced in thin films. We found that the contribution of the
electronic thermal conductivity(ke) in total thermal conductivity(k) linearly increased up to ~77% at 300 K with increasing
temperature. Furthermoer, we theoretically anlayzed and explained the high contribution of electronic component of thermal
conductivity towards the total thermal conductivity of the films by a modified Callaway model. In conclusion, we noticed that
the theoretical model prediction correspond well with the experimental results.

P3-ap.029

High Efficiency Solution Processed Quantum Dot Light-Emitting Diodes with PANI:PSS
Hole Transport Layer
PARK Young Ran, SHIN Koo1, HONG Young Joon2
Graphene Research Institute, Sejong University. 1Department of
Chemistry and Graphene Research Institute, Sejong
University. 2Department of Nanotechnology and Advanced Materials
Engineering, Hybrid Materials Research Center, and Graphene
Research Institute, Sejong University.
We investigated the effect of inserting polyaniline-poly(pstyrenesulfonic acid) (PANI:PSS) layer between poly(3,4ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS) and poly
(N-vinylcarbozole) (PVK) on the light efficiency of quantum dot lightemitting diodes (QD-LEDs). The hole-only devices with PANI:PSS
presented enhanced electric characteristics with high hole conduction
capability. More importantly, the QD-LED with PANI:PSS interlayer exhibited superior luminance and luminous current
efficiency than QD-LED without PANI:PSS. The insertion of the PANI:PSS layer significantly down-shifted the electronic
energy levels of the PVK layers, which reduced the hole barrier at PVK/QDs from 1.45 to 1.23 eV. Hence, our results
indicated that the insertion of PANI:PSS interlayer in QD-LEDs contributed to (i) increase of the p-type conductivity and (ii)
reduction of the hole barrier height of PVK/QDs, all of which are critical factors leading to improve the efficiency of QDLEDs.
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P3-ap.030* Characterizations of quantum-dot light emitting diodes with Perchlorate-doped
PEDOT:PEG
LEE Sang Moo, CHO Jae Eun, KANG Seong Jun
Department of Advanced Materials Engineering for Information and Electronics, Kyung Hee University.
Quantum-dot light emitting diodes were fabricated by inserting additional hole injection layers of perchlorate (PC) doped poly
(3,4-ethylenedioxythiophene)-block-poly(ethylene glycol) (PEDOT:PEG). The additional layer was inserted between the
transparent anode and poly(3,4-ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS), which is a typical hole
injection layer. The device with the additional PC-doped PEDOT:PEG showed improved electroluminescent properties
compared to the device that used only PEDOT:PSS as a hole injection layer. In this presentation, we will discuss the origin of
the improvements as well as the device characterizations, in detail.

P3-ap.031 Comparison of the Electronic Properties of Methylbenzenethiol versus Benzenedithiol in
PEDOT:PSS Electrode Molecular Junctions
,

1,

1,

1,

1,

. 1
.
In this study, we fabricated methylbenzenethiol (MBT) and benzenedithiol (BDT) molecular electronic devices with
PEDOT:PSS (3,4-ethylenedioxythiophene) interlayer and performed the characterization of the electronic properties of these
devices. We determined the current density–voltage (J-V) characteristics from the statistical analysis for MBT and BDT
devices and found that the conductivity of MBT is higher than that of BDT by a factor of ~10. The difference of the
conductivity of the MBT and BDT devices is attributed to the difference of the contact properties between the MBT and BDT
PEDOT:PSS-interlayers
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. This research was supported by the Basic Science Research
Program through the National Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and
Technology (2013–016467)
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P3-ap.035 Plasmonic organic solar cells using carbon-coated copper nanoparticles
,

1

. 1
.
We have improved organic solar cells by embedding carbon-coated copper nanoparticles into the hole transport layers. This
improvement is attributed mainly to the enhancement in Jsc. The plasmonic property of the embedded nanoparticles not only
improved light absorption but also the exciton generation rate inside the devices. The power conversion efficiencies of the best
P3HT- and PTB7-based cells developed using this technique were 4.14 and 7.52%, respectively. Finally, we established that,
besides Au and Ag nano-structures, Cu nanoparticle is another effective plasmonic material for improving performances of
both P3HT/PC60BM and PTB7/PC70BM-based organic BHJ solar cells. Similar to the use of Au and Ag nano-structures, the
use of Cu NPs also results in significant PCE improvements at a much lower cost. Thus Cu NPs have great potential for
application in commercial organic solar cells.
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P3-ap.036*

Study of the charge injection and trapping mechanism of organic semiconductor devices
by optical second harmonic generation measurement
1,

,

2,

,
,
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,

.

We studied the carrier behavior in TIPS-pentacene organic field effect transistors and organic double-layer diodes with
doped CNT, on focusing carrier injection and transport. By using time-resolved optical electric field induced second
harmonic generation (TR-EFISHG) and electrical measurements, i.e. I-V and C-V measurements, we studied the carrier
injection and trapping phenomenon in organic semiconductor devices. Analyzing these results in terms of carrier
injection and transport properties on the basis of the Maxwell-Wagner effect model, we conclude that TR-EFISHG is
very effective to directly measure electric field distributions and potential distributions in these devices under operational
conditions.

P3-ap.038

Study of carrier transport of TIPS-pentacene organic semiconductor device by using
EFISHG and CMS measurements
,

1,

1,

2,

2

,
. 1
,
. 2
,
.
We studied the carrier injection and transport in 6,13-Bis(triisopropylsilylethynyl)pentacene (TIPS-pentacene) thin film
transistor and double-layer diode by using electric field induced optical second harmonic generation (EFISHG) and charge
modulation spectroscopy (CMS) system. The I-V characteristics shows a typical p-type transistor behavior, and the EFISHG
directly probes the spatial carrier behaviors and CMS evidently probes the energetic status of carriers in the TIPS-pentacene
layer. Results clearly suggest the loss of electrons due to the hole injection from the electrode. I-V measurement coupled with
TREFISHG and CMS are useful to study carrier behaviors in organic semiconductor devices.
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P3-ap037

Study of organic semiconductor device characteristics by proton beam irradiation
1,

,

2,

1,

1,

2

1

,
,
.
,
. 2
,
.
By using high energy particle radiation on organic semiconductor device, we studied the effect that appears on the device
performance. Carrier behaviors of organic devices with and without high energy particle radiation were explored by using
electrical measurements. Using the Maxwell-Wagner model, we analysed the results with taking into account the carrier
trapping for development of high efficient injection type organic devices.
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P3-co.002* Antisymmetric orbital angular momentum based Hamiltonian analogous to spin based
Dzyaloshinskii-Moriya Hamiltonian
KWON Junyoung, JUNG Wonsig1, KIM Changyoung
Yonsei University, Institute of Physics and Applied Physics. 1Pohang Accelerator Laboratory, Pohang University of Science
and Technology.
In crystalline structure of condensed matter physics, Orbital Angular Momentum (OAM) is known to be quenched, and
scarcely considered as a major parameter of physical properties. However, the recent research on Rashba effect have revealed,
when charge inversion symmetry is broken, OAM can have a crucial role to the system. From this idea, one can conclude that
inversion symmetry broken system with Dzyaloshinskii-Moriya (DM) interaction can be another example of the system where
OAM could have an important contribution. Simulation work on this system have shown that similar OAM structure to spin
system with DM interaction, such as canted structure or cycloidal structure, can be a considerable factor to contribute on the
system Hamiltonian.
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Ta/Pd/Co/Pt

P3-co.004*
,

Distinct magnetic-domain-pattern induced by Dzyaloshinskii-Moriya interaction
,

,
.
We report that expansion pattern of magnetic domain is distinguishable
depending on the magnitude and sign of the Dzyaloshinskii-Moriya
interaction (DMI). The enlongation of the expansion pattern is parallel ,
anti-parallel, or perpendicualr to the applied in-plane magnetic field. The origin of this different enlongation is competition
between the DMI and Zeeman interaction.

P3-co.005*
,

, MICHEL ANNY1,
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[1] Eur. Phys. J. B 24, 43-49 (2001)

P3-co.006*
,

Controllable Magnetic Coercivity in Double-perovskite Y2CoMnO6 Single Crystals
,

,

,

,

,

.
.

P3-co.007* Efficient Spin Injection and Detection in a Perpendicularly Magnetized [CoSiB/Pt]
Multilayer Device
NOH Hwayong, KHALIL H. M. W., KIM Y. K., KIM T. W.
Sejong University.
Non local spin valve devices with ferromagnetic electrodes are of great interest in future generation spintronic applications,
including novel memory and logic chips. Although it has been demonstrated with various materials of in-plane magnetic
anisotropy that non local spin injection is an efficient way to produce a pure spin current with no charge related spurious
effects, there are only a few studies with a material possessing a perpendicular magnetic anisotropy (PMA). Here we
demonstrate a non local spin injection and detection in a lateral spin valve device with [CoSiB/Pt] multilayer electrodes with
perpendicular magnetic anisotropy. We have seen a clear spin injection signal as high as 750 mW at room temperature, more
than 10 times larger than the result of the only available report in the literature we could find for a PMA device. These results
are important for the development of spintronic devices where a PMA material needs to be adopted.
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P3-co.008* Control of a chaos in a dynamic formation of magnetic vortex structures
HAN Hee-Sung, LEE Su-Seok, JUNG Dae-Han, IM Mi-Young1, HONG Jung-Il2, FISCHER Peter1, LEE Ki‐Suk
School of Materials Science and Engineering, Ulsan National Institute of Science and Technology (UNIST), Ulsan, Republic of
Korea. 1Lawrence Berkeley National Laboratory, USA. 2Daegu Gyeongbuk Institute of Science and Technology, Daegu,
Korea.
Among a nontrivial spin configurations, the magnetic vortex structure has attracted a lot of attention for developing a nonvolatile device due to its topological stability and dynamic properties [1], [2]. The magnetic vortex structure has energetically
equivalent quaternary ground states [3] according to its in-plane curling spin direction (chirality) with clockwise (CW) or
counterclockwise (CCW), as well as its upward or downward core orientation (polarity). It has been known that a chirality of
vortex can be controlled by forming vortex structures in asymmetric circular nanodisks [4], [5]; the chirality is determined by
the saturation direction before a forming of vortex structures from the saturation states under in-plane magnetic field, whereas
the polarity occurs randomly during the formation of vortex structure. In this presentation, we show that such randomness
originates from chaos, so called the butterfly effect. Moreover, this chaotic behavior can be controlled by applying very small
in-plane magnetic field along the transverse direction to the saturation magnetization during the vortex formation process.
Consequently, the resultant polarity can be selected by the orientation of that small applying field. As a result, both the
chirality and the polarity can be manipulated by means of the saturation direction and applying field direction, respectively, as
shown in Fig.1. Our results offer fundamental understandings on chaos in spin structure formations as well as a novel method
to manipulate by means of controlling the chaos.Fig 1. The schematic illustration of control of chaos. With varying the external
field direction and saturation direction, fourfold magnetic vortex state can be obtained.[1] R. P. Cowburn, Nat. Mater. 6, 255
(2007)[2] S.-K. Kim, K.-S. Lee, et al, Appl. Phys. Lett. 92, 022509 (2008).[3] Y.-S. Choi et al., Appl. Phys. Lett. 96, 072507
(2010)[4] M. –Y. Im, K.-S. Lee, et al., Nature Communications. 5, 5620 (2014)[5] M. Schneider et al., Appl. Phys. Lett. 79,
3113 (2011)

P3-co.009* Thickness Dependence of a Current-Driven Domain Wall Motion in Perpendicularly
Magnetized Nanostripe
,
School of Materials Science and Engineering, Ulsan National Institute of Science and Technology (UNIST), Ulsan, Republic of
Korea.
For an application of future high-performance solid-state storage and operation technologies, current driven domain wall
(DW) dynamics in magnetic nanostripe with perpendicular magnetic anisotropy have been attracted much attention. However,
there is a few remaining problems for practical applications. One of the most important problem is their speed limit comes
from Walker’s breakdown; the wall velocity initially increases with current, but above a critical current density, JC, it suddenly
decreases due to oscillatory motion of the DW.[2] To increase the critical velocity, a variety of methods have been proposed,
such as applying external fields [3] or modifying shapes [4],[5]. However, these methods are not easy to be applied in practical
devices. Here, we provide a simple and practical method using thickness of nanostripe. We study current-driven DW motion in
perpendicular magnetized nanostrips by means of micromagnetic simulations. As a model system, we chose a CoPtCr
nanostripe with 6 um length, 84 nm width, and various thickness ranging from 2 to 20 nm. At the center of the nanostripe, a
Neel-type DW was placed. As predicted in 1D analytical calculations [Walker ref.], oscillatory motion of DW is found for
current density above the critical Walker current JC. However, it is found that the critical current value varies with the film
thickness; the critical velocity increases with decreasing thickness. Details on this physical understanding will be given in this
presentation. The results provide a simple and efficient means for an information transfer through a current-driven DW motion.
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P3-co.013

Investigation of HoB4 by using 11B NMR Measurements

KANG Kihyeok, KIM Junghoon, LEE Moohee, KIM J. Y.1, CHO B. K.1
Konkuk University, Deptment of Physics. 1GIST, Deptment of Materials Science and Engineering.
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P3-co.015

Anomalous spin dynamics of coupled spin-tetramer system CuSeO3

LEE WonJun, LEE Suheon, CHOI Kwang-Yong, VAN TOL Johan1, OZAROWSKI Andrzej1, KUHNS Philip L1, REYES
Arneil P1, BERGER Helmuth2
Department of Physics, Chung-Ang University, Seoul 156-756, Republic of Korea. 1National High Magnetic Field
Laboratory, Florida State University, Tallahassee, Florida 32310, USA. 2Institute of Condensed Matter Physics, EPFL, CH1015 Lausanne, Switzerland.
We report high-field magnetization, 77Se nuclear magnetic resonance (NMR), and electron spin resonance
(ESR) measurements of the coupled spin-tetramer system CuSeO3 (P21/n), which consists of strongly coupled (dimer-like) Cu
(1) spins and weakly coupled Cu(2) spins. At zero field this compound undergoes long-range antiferromagnetic order at TN = 9
K. Thus, CuSeO3 constitutes a promising candidate to investigate the interplay of inter-tetramer interactions with built-in
tetrahedral frustration. We observe the half-step magnetization plateau at μ0H = 42-50 T, depending on a crystallographic
orientation. This is expected for a chain-like array of tetrahedral spin clusters. With decreasing temperature both the ESR
linewidth and g-factor decrease monotonically down to 50 K and then show the respective critical-like broadening and shift at
TN = 9 K. The nuclear spin-lattice relaxation rates, 1/T1, measured at μ0H = 9.9 and 10.1 T exhibit a critical divergence at TN =
10.0 K. Noticeably, the critical temperature at finite external field is higher than the zero-field one, suggesting the significance
of singlet fluctuations. In a magnetically ordered phase, both the linewidth of antiferromagnetic resonance mode and 1/T1 show
an anomaly at T* = 6.0(5) K as evident from a change of their exponent. This result is attributed to a spin reorientation and is
discussed in terms of a large difference of an energy scale between the Cu(1) and Cu(2) spins.

P3-co.016

Magnetic and electric bias dependence of switching probability in MgO based spin torque
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P3-co.017

Magnetic Easy Axis Of Ce-based Heavy-fermion Compounds (CeAuSb2 and CeCuSb2)

JANG JaeKyung, RHEE JooYull
Sungkyunkwan university, department of physics.
A Ce-based compounds CeTSb2 (T: Cu, Au) belongs to one of the heavy-fermion systems. These compounds crystallize in the
ZrCuSi2-type tetragonal structure with an antiferromagnetic (AFM) ordering at 6.9 K (Cu) and 5 K (Au), and anomalies of the
temperature dependence of the electrical resistivity and magnetic susceptibility were observed. It also exhibits a strong
magnetic anisotropy.
We investigated the electronic structures of AFM CeTSb2 by using the full-potential linearized-augmented-plane-wave
method to elucidate the correct magnetic ground state. In experiments, the AFM easy axes are along the (100) and (001) axes
for Cu- and Au-compounds, respectively. Our results, however, are opposite to the experimental ones if only the spin-polarized
(SP), SP with spin-orbit (SO) coupling or SP with the so-called LDA + U method, while SP with SO coupling and LDA + U
can correctly predict the easy axes. In both case, we can deduce that the effects of on-site Coulomb interaction U and SO
coupling of Ce atom plays a crucial role to determine the magnetic easy axes of these systems by comparing the spin-density
plots of Ce atom with different directions of magnetization.

P3-co.018

Nonlinear magnetodielectric effect driven by rare-earth magnetism in Gd2NiMnO6

S. H. Oh, H. Y. Choi, J. Y. Moon, M. K. Kim, N. Lee, Y. J Choi, Y. Jo1
Yonsei University. 1Korea Basic Science Institute.
Magnetic and dielectric properties of the double perovskite Gd2NiMnO6 were investigated. Ferromagnetic order of alternating
Ni2+ and Mn4+ spins arises below TC=134 K and additional order of Gd3+ spins occurs at TGd=33 K. The formation of shortrange ferromagnetic clusters accompanied by Griffiths phase-like feature below TG=230 K is also suggested. Under the low
enough dielectric loss at low temperature regime excluding the influence of extrinsic effect, highly non-linear variation of
dielectric constant was achieved in application of magnetic fields below TGd. Our findings suggest that rare-earth magnetism
plays a crucial role in the emergence of magnetodielectric effect and also offer an alternative approach to accomplish
intrinsically coupled functionality.
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P3-co.019

Crystal Growth and Single-Crystal Structures of (CH3)2NH2CuCl3

PARK Garam, OH In-Hwan, PARK J. M. Sungil, HONG Chang Seop1,
LEE Kwang-Sei2
Korea Atomic Energy Research Institute, Neutron Science
Division. 1Korea University, Department of Chemistry. 2Inje
University, Department of Nano Science & Engineering.
Single crystals of (CH3)2NH2CuCl3 (DMACuCl3) showing lowdimensional magnetic behavior are grown by a slow solvent evaporation
methods in the various solvent conditions and at different temperature
settings. The quality of the obtained crystals is tested by X-ray powder
diffraction, neutron single crystal diffraction and magnetic susceptibility
measurements. DMACuCl3 crystallizes at room temperature in the
monoclinic space group C12/c1 (No.15) with a = 17.411(3) Å, b = 8.587
(2) Å, c = 11.975(5) Å, β = 125.05(1)° and Z = 4. At 175 K, DMACuCl3 shows the triclinic space group P-1 (No.2) with a =
8.552(1) Å, b = 9.614(1) Å, c = 10.568(1) Å , α = 73.089(1)°, β = 68.389(1)°, γ = 64.459(1)° and Z = 2.

P3-co.020

The multiferroic properties of a single phase Ba0.9La0.1Ti0.9Fe0.1O3

KIM deok hyeon, LEE min young, JO han yeol, YOO pil sun, LIU chunli, LEE bowha
Hankuk University of Foreign Studies, Department of Physics and Oxide Research Center.
The study on functional materials such as the multiferroics has been extensively carried out in the last decade due to their
potential applications in a spin transistor-type memory. In this work we have investigated the multiferroic properties of La and
Fe equi-proportional co-doped BaTiO3 (Ba0.9La0.1Ti0.9Fe0.1O3). The polycrystalline Ba0.9La0.1Ti0.9Fe0.1O3 sample was
synthesized by the solid-state reaction method by sintering the mixture of BaCO3, La2O3, TiO2 and Fe2O3. X-ray diffraction
observation revealed that the Ba0.9La0.1Ti0.9Fe0.1O3 sample has single tetragonal phase. The field dependent magnetization (MH) measurement at room temperature showed an obvious magnetic hysteresis loop. The temperature dependent magnetization
(M-T) measurement at 2000 Oe was performed from 300 K to 800 K, and the magnetic phase transitions in
Ba0.9La0.1Ti0.9Fe0.1O3 was occurred around 690 K. Additionally, clear polarization-electrical field (P-E) loop was observed at
room temperature, indicating that the Ba0.9La0.1Ti0.9Fe0.1O3 sample is a multiferroic material with both magnetic and
ferroelectric orders at room temperature.
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P3-op.003* Numerical Analysis of Temperature Distribution in Diode-end-pumped Sold State Laser
Configuration
,

,

3
ERICA
.
In solid state laser configuration, thermal problems induced by deposited heat due to pumping, such as thermal lensing, thermal
birefringence, thermal fracture, etc., are the main obstacle for scaling the laser output power and, especially, are exacerbated in
the diode-end-pumping configuration due to localized pumping. Therefore it is very important to know temperature
distribution of the laser crystal while pumping to optimize the laser configuration and lots of theoretical/experimental studies
have been conducted until now. In this study, we numerically analyzed the temperature distribution of the Nd-doped laser
crystals in the diode-end-pumped laser configuration using the commercial software, ANSYS Workbench. Compared to the
previous numerical analysis, this software based on finite element analysis is easy to use but very powerful to calculate the
spatial temperature distribution of the material under various heating configurations. Using ANSYS, we investigated the spatial
temperature distribution of the Nd-doped laser crystals for the top-hat, Gaussian, and ring-shaped pumping beams and
furthermore temporal change of the peak temperature in pulsed-pumping mode of operation.
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P3-op.005

Tailoring Plasmonic Field Of Nano-Antenna Under Few Cycle Laser Pulse

ZIAUL Hoque,
, MARCELO Ciappina1,
,
Department of Physics, Center for Attosecond Science and Technology,Pohang University of Science and Technology, Pohang,
790-784, South Korea, Max Planck Center for Attosecond Science, Max Planck POSTECH/KOREA Res. Init.,. 1MaxPlanck
Institute Of Quantum Optics, Germany.
Plasmonic nanoantennas are versatile tools for coherently manipulating light on the nanoscale. One of major role of plasmonic
nanoantenna is that weak nonlinear light emission can be enhanced on a subwavelength scale by taking advantage of high field
confinement of selectively coupled resonant plasmonic modes with laser. Therefore, estimation of optical responses of such
nanoantenna is important for utilizing it as optical tools. Here, we theoretically show that localized ultrafast plasmonic field of
nanoantenna can be spectrally manipulated under excitation of few cycle pulse. By simply tuning geometrical parameters of
nanoantenna, the resultant near field pulse has different center frequency enabling frequency tunable ultrafast pulse at
nanoscale. This intriguing phenomena is only visible under excitation of broadband, few cycle pulse and this can be exploited
to various nonlinear experiments such as frequency tunable second harmonic generation or high harmonic generation at
nanoscale without optical paramatic oscillator.
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cluster development program of the Ministry of Science, ICT & Future Planning, the Industrial Strategic Technology
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Microscope’ funded by the Ministry of Trade, Industry & Energy(MI, Korea), and Basic Science Research Program through
the National Research Foundation of Korea(NRF) funded by the Ministry of Education(grand no. 2014R1A1A2059532).
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P3-op.018

Dynamic Polarization modes Mmanipulating Platform Realized with Jones Vectors in

Mathematica
YUN Hee-Joong, CHOI Yongdae1, LEE Hyunhee1
KISTI. 1Mokwon University.
The fundamental physics conception of the polarization propagation of the electromagnetic waves in the matter understands
newly as the cardinal keyword in the age of the quantum cryptography transport technology and Standard Model in modern
physics. The propagation mechanism of the polarized electromagnetism in the solid and its helicity has received attention
accordingly in the modern technology
and science. We have provided a dynamic polarization modes platform converting the state of polarization in $Mathematica$
system using Jones vector calculations. The platform will confirm the propagation process satisfying the Maxwell's two vector
equations graphically in the medium.
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P3-op.031

High power, High Repetition Rate, CEP Stabilized OPCPA System

, PRINZ stephan1, HAEFNER matthias1, TEISSET catherine yuriko1, BESSING robert1, MICHEL knut1, GENG xiao
tao,
,
, METZGER thomas, SCHULTZE marcel
1Department of Physics, Center for Attosecond Science and Technology, Pohang University of Science and Technology,
Pohang, 790-784, South Korea. 13TRUMPF Scientific Lasers GmbH + Co. KG, Feringastr. 10a, 85774 Unterföhring,
Germany.
In last decades, optical parametric chirped pulse amplification (OPCPA) technique had lots of attention in the field of ultrafast
science since OPCPA system can be used for high harmonic generation (HHG) and generation of attosecond pulse. Moreover,
a high repetition rate OPCPA has a great potential to be integrated with photoemission measurement such as time of flight
(TOF) or photoemission electron microscopy (PEEM) due to high signal-to-noise ratio from high rep. rate and weak spacecharge effect.We present a CEP-stabilized, high power, high repetition rate OPCPA system. The power after compression
achieved ~ 15 W with a repetition rate of 300 kHz. The pulse duration measured by SPIDER technique is sub-6 fs. Thus, the
reconstructed temporal profile shows peak power ~ 4 GW. The CEP of amplified pulse is stabilized with a phase noise of <
240 mrad over 200 pulses during 20 minutes of measurement. The overall system runs stable with a long term power
fluctuation of < 1.5% over 2 hours and a pulse energy fluctuation of < 3% over 30000 pulses.

P3-op.032* Extended Drude Model Analysis Of HOPG(Highly Ordered Pyrolytic Graphite)
HWANG jungseek, JUNG eilho
.
We investigated HOPG(Highly Ordered Pyrolytic Graphite) using an optical spectroscopy technique. We measured
reflectance spectra of our HOPG samples in far- and mid-infrared range (50 ~ 7000 cm-1) at various temperatures. We obtained
the optical conductivity and the dielectric function from the measured reflectance using a Kramers-Kronig analysis. The optical
conductivity in far-IR range cannot be described by the simple Drude-model. By applying an extended Drude-model we could
get correlation information among charge carriers in HOPG. We will discuss the origin of the correlation.
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P3-op.035 Simulation study for the generation of ultrafast magnetic field normal to surface with nano
concentric rings
SUNGHO Choi, SEUNGCHUL kim, DONGEON kim
Department of Physics, Center for Attosecond Science and Technology,.
Nano-sized gold concentric rings have been investigated. By using FDTD(finite-difference time domain) program,
simulation studies for the spatial optimization of concentric rings have been done not only to find the plasmonic resonance
conditions, but also to study the induced ultrafast magnetic field. By researching the time-resolved spectrum, it can be seen
whether electro-magnetic coupling between the two rings occurs or not. How electric and magnetic field is changed by the
changes of spatial elements will be presented.

452

P3-op.036

Simulation of Optically Induced Current in Metal under Ultrafast Laser Pulse

KIM Dasol, KIM Dongeon, LEE Jaedong1
Department of Physics, Center for Attosecond Science and Technology,Pohang University of Science and Technology, Pohang,
790-784, South Korea. 1Department of Emerging Materials Science, DGIST, Daegu 711-873, Republic of Korea.
Recently, the research of optically induced current in dielectric draws attentions. To see tendency of phenomena in more
general picture, we try to calculate the current in all three pictures - metal, semiconductor, and insulator. As a first step, we
calculate the change of optically induced current in metal under ultrafast high laser pulse with a stabilized carrier-envelope
phase. We solve two electron Hamiltonian involving electron-electron interaction. To simplify calculation, screening potential
is approximated to the screening potential between a pair of external charge. We will compare the shape difference and delay
between the laser pulse and the current. The analysis of important quantities such as transferred charge and wavefunction will
be discussed.
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P3-op.039*
,

Critical Coupling Coherent Perfect Absorption in Metasurface of Silver
,

,
,
.
Coherent perfect absorption (CPA) of two dimensional periodic
metamaterial of silver is analyzed in temporal coupled-mode (TCM)
theory [1]. It occurs at critical coupling condition of time-reversal
symmetry excitation in normal illumination. The transparency state of
this metasurface is also found at damping relationship of scattering loss. Extraction of perfect geometry is a precondition for
optical analysis of this type of nanostructure. Mirror symmetry occurs at this suitable configuration of resonant length of the
scatterers and beyond this length whether it is shorter or longer no more perfect absorption is appeared as shown in the Figure
1 (b). The isolated, non-touching unique size slabs and its periodicity develop the cavity resonators at the optimal
miniaturization. Excitation of critical coupling resonance in this periodic subwavelength scatterers and hence the abrupt
changes of phase and amplitude between frontscattered reflection and backscattered transmission and vice versa lead to the
coherent condition of destructive interference. This phenomenon develops the CPA mode in the THz range even in noble
metals. This is a way of shaping wavefront. Dipole resonance effect and inherent metallic absorption are assumed to lead this
coherent absorption. It can be the way of controllability of light in required regime according to the subwavelength size and
shape of the resonators.
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P3-op.040

Development and Characterization of Dual VMI

,
.
The simultaneous measurement of photo-electrons and photo-ions from an interaction points are highly demanded to better
understand chemical reaction dynamics. For this purpose, we have designed and constructed a dual VMI (velocity map
imaging) system. The design will be discussed. The characterization using a 532nm picosecond laser and Xe sample will be
presented.

P3-pl.001* Measurement of Electron Temperature and Density in KSTAR Using Thomson Scattering
Modified Lookup Table and Fitting Method.
OH T.-s., KIM K.H., LEE J.H1, OH S.1, JANG S.1, BAWA’ANEH M. S.2, SCANNELL R.3, GHIM Y.-c.
Department of Nuclear and Quantum Engineering, KAIST, Daejeon, Korea. 1National Fusion Research Institute, Daejeon,
Korea. 2Department of Applied Mathematics and Sciences, Khalifa University, UAE. 3Culham Centre for Fusion Energy,
Culham Science Centre Abingdon, Oxfordshire OX14 3DB, United Kingdom.
The raw Thomson scattered signal from KSTAR contains information of electron temperature and density. Signal is obtained
via fast sampling digitizer and modeled using electron density, Selden function [1, 2] which depends on the electron
temperature, and an assumption of Gaussian shaped laser pulse in time. We have performed Gaussian fitting on the measured
data, and time evolution of electron temperature and density are estimated using both weighted look-up table method [3] and
fitting method [4]. The results from these two different methods are compared. Background uncertainty is used as weighting
parameters for both cases. Due to the lack of Rayleigh calibration data with the fast sampling digitizer, only the relative density
evolution is obtained.
References.
[1] S L Prunty, 'A primer on the theory of Thomson scattering for high-temperature fusion plasmas", Phys. Scr. 89, 128001
(2014).
[2] Tohru Matoba et al, "Analytical Approximations in the Theory of Relativistic Thomson Scattering for High Temperature
Fusion Plasma", Jpn. J. Appl. Phys. 18, 1127 (1979)
[3] Oh S, Lee JH, Wi H, "Examinations of electron temperature calculation methods in Thomson scattering diagnostics", Rev.
Sci. Instrum. 83, 10D525 (2012)
[4] Rory Scannell, "Investigation of H-mode edge profile behaviour on MAST using Thomson scattering", Thesis (Ph.D.) -NUI, 2007 at Department of Electrical and Electronic Engineering, UCC.
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P3-pl.002

The multichord motional Stark effect diagnostic in KSTAR

CHUNG Jinil, KO J., JASPERS R. J. E.1, SCHEFFER M.1, LANGE
G.1, MESSMER M.1, DE BOCK M. F. M.2
National Fusion Research Institute. 1Eindhoven Univ. of Tech.. 2ITER
org..
The motional Stark effect (MSE) diagnostic is used to measure the
radial magnetic pitch angle profile in neutral beam heated plasmas. This
is used to calculate the safety factor, q, with magnetic equilibrium
reconstruction codes such as EFIT in shaped plasmas. The MSE
diagnostic is important on shaping the q profile to optimize confinement
and stability, and it has become a key diagnostic in high performance
tokamaks. A multichord photo-elastic modulator (PEM) based MSE
system with digital lock-ins is being developed for a real-time plasma
current profile control in Korea Superconducting Tokamak Advanced
Research (KSTAR). The PEM based approach is a standard method
measuring polarization of a single Stark line with narrow tunable band-pass filters. A tangential view of the heating beam
provides a good spatial resolution of 1 - 3 cm. This gives an opportunity to have 25 channels of multichord system for covering
the major radius from 1.74 m to 2.28 m. Application of real-time control is a long-term physical and technical goal after
commissioning in KSTAR from the upcoming campaign this year. In this work, we present the design of an installing
multichord MSE diagnostic and its commissioning plan in KSTAR.

P3-pl.003

Characteristics of H-mode Transition Measured by Two-Dimensional Beam Emission
Spectroscopy in KSTAR
NAM Yongun, ZOLETNIK Sandor1, LAMPERT Mate1
National Fusion Research Institute. 1Wigner RCP.
H-mode plasmas are now routinely produced with optimized scenarios in Korea Superconducting Tokamak Advanced
Research (KSTAR) tokamak. Electron density profile and its fluctuation spectrum were significantly changed near the edge
region during the onset of L-H transition and even before the transition. Characteristics of the transition were measured by twodimensional (16 radial x 4 poloidal) beam emission spectroscopy (BES) system. The system has spatial resolution of 1 cm,
temporal resolution of 2 MHz, and its beam source is a heating deuteron beam operating at 2 MW and 100 keV energy.
Temporal evolution and behaviour of the spatially localized pedestal on the H-mode transition defined by electron density and
its fluctuation spectrum will be discussed.
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P3-pl.004* simulation of Sawtooth by Electron Cyclotron Resonance Heating(ECRH) in KSTAR
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P3-pl.006

Poloidal and Toroidal Rotation Characteristics in KSTAR Plasma

KO Won-Ha, LEE H.H., LEE J.H., SEO D.C., IDA K.1, JEON Y.M., YOON S.W., KWAK J. G., OH Y.K.
National Fusion Research Institute. 1National Institute for Fusion Science.
The recent tokamak research has been emphasizing that the plasma rotation plays an essential role in determining transport
which is related in rotation shear and stability which is affected by increased rotation [1]. The toroidal and poloidal rotation
profiles of the carbon impurity line are measured by charge exchange spectroscopy and it enables to understand the behavior of
plasma especially for the LH transition, the effect of the ECH and the resonant magnetic perturbations (RMPs)[2, 3].The
resonant magnetic perturbations make not only ELM suppression but also reduction of rotation in the KSTAR H-mode plasma.
There is being edge rotations which is term from intrinsic torque but core rotation disappears during the mode locking by
RMPs on KSTAR. The poloidal and toroidal rotation dynamics and its physics is further investigated including the
temperature. References: [1] T Tala, et al., Plasma Phys. Control. Fusion 49, B291 (2007). [2] Y. M. Jeon et al., Phys. Rev.
Lett. 109, 035004 (2012). [3] W.H. Ko, et al., Rev. Sci. Instrum. 85, 11E413 (2014).

P3-pl.007
,

Heat Flux Analysis of Misaligned Leading Edges at Divertor
, NICOLAS Fedorczak1,

,

,

1

,

,

.
.
Long pulse steady state operation in a tokamak results in high heat and particle flux towards plasma-facing components
(PFCs), especially limiter and divertor structure. Efforts have been made to reduce heat flux on the PFCs such as radiated
divertor and castellation shaping. One of main aims for the castellation shaping is to protect edges from plasmas: If the
castellation structures of PFCs are perfectly aligned, plasmas will not see any leading edges. However, engineering limits gives
always misalignment, of the order of 0.1 mm in reality, and plasmas do see this small misalignment and attack the leading
edges.We have fabricated a multi-purpose, castellated, brazed tungsten blocks (W-Cu-CuCrZr). The shapes of blocks are
simulated by ANSYS analysis. The blocks are mounted and assembled as a divertor tile which has four different parts: 1) three
different shaping of castellation structures, 2) two different gap distance between castellations (0.5 mm and 1 mm), 3) different
thickness of tungsten (1 mm, 2 mm, 5 mm), 4) three different widths of tungsten blocks (6 mm, 12 mm, 15 mm). During the
KSTAR experiments, the tile is exposed to various Ohmic, L- and H-mode plasmas, and observed by divertor IR system. The
heat flux on the tungsten tile was estimated by calculating heat flux on carbon tiles nearby. IR observation has indicated that
the edges of the blocks are exposed to plasmas, especially the edges of blocks which have gap distance of 1 mm show intensive
emission. A Monte Carlo simulation code for the heat load distribution on the surface of tiles with complex geometries is used
to compare the experimentally observed heat flux pattern. After the campaign, the tile is extracted and analysed by Scanning
Electron Microscopy and 3D laser mapping technique is used to measure absolute misalignment level. SEM analysis shows
that the damages on edges depend on the gap distance: Damage with 1 mm gap distance is more than that with 0.5 mm, since
much more particles have been reached the leading edge. Furthermore, coatings on the surface of slightly misaligned blocks
are suppressed due to the shadow effect.
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Measurement of electron temperature using Thomson scattering and forward modeling of
Thomson scattering system in KSTAR
KIM , Keon Hee, OH , T.-s., LEE , J. H.1, OH , S.1, JANG , S.1, BAWA'ANEH , M. S.2, GHIM , Y.-c.
KAIST, Department of Nuclear and Quantum Engineering. 1NFRI. 2Khalifa University, Department of Applied Mathematics
and Sciences.
To measure electron temperature in KSTAR tokamak by using Thomson scattering system, we use High-speed sampling
digitizer to measure Thomson scattered signal. We suppress noise signal by using frequency filter technique. To calculate
electron temperature, we build the look-up table [1] using the Selden-Zhuravlev function [2]. We estimate electron temperature
by comparing the ratio of the measured data to the look-up table. Then we construct time evolution of electron temperature.
We model that the intensity of Thomson scattered light is distributed in Gaussian function with respect to time and SeldenZhuravlev function [2] with respect to wavelength. By taking account of photon budget of Thomson scattering, we build
forward model of Thomson scattering system. Using this forward model, we generate synthetic Thomson scattered data and
compare them to the measured data.

References:
[1] S. Oh, J. H. Lee, and H. Wi, “Examinations of electron temperature calculation methods in Thomson scattering
diagnostics”, Rev. Sci. Instrum. 83, 10D525 (2012).
[2] O. Naito, H. Yoshida, and T. Matoba, “Analytic formula for fully relativistic Thomson scattering spectrum”, Phys. Fluids B
5, 4256 (1993).

P3-pl.009

Study of Erosion and Redeposition of Plasma Facing Component In KSTAR Using Optical
and Structural Probes
PARK Jun-Woo, SO Hyeon Seob, LEE Hosun, HONG Suk-Ho1
Kyung Hee University, Department of Applied Physics. 1National Fusion Research Institute.
We investigated the properties of hydrocarbon (HC) films which were deposited in 2012, 2013, and 2014 Campaign at
KSTAR, and studied the mechanism of film erosion, redeposition and the transport characteristics of impurities which varied
following the direction of magnetic field. We measured the characteristics of hydrocarbon films which were deposited on Si
substrate, which were made in coupon structure made of stainless steel. Two slit directions of Horizontal and Vertical were
adopted in the coupon structure to measure the influence of the toroidal and poloidal field on the hydrocarbon flux. We
analyzed the composition profile, microstructure, and optical properties of the hydrocarbon films using transmission electron
microscopy and spectroscopic ellipsometry (SE). The thickness distribution and the optical constants (n, k) were measured
using SE. Raman spectroscopy was used to measure the microstructure and atomic bonds of the thin films. According to
energy dispersive X-ray analysis (EDX), the HC films contained Si compositions, which came from Si substrate. The width of
HC thin films of vertical slits due to Poloidal gap were narrower than those of horizontal slits due to toroidal gap. The optical
constants of the HC films deposited in 2012 and 2013 campaigns were very different from those deposited in 2009 campaign,
and were not able to be analyzed using diamond-like-carbon (DLC) models. The optical constants of the HC films in
Horizontal slits were different from those of Vertical slits, because the incident particles are both neutral and ion particle in
Horizontal slits and are only neutral in Vertical slits.
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P3-pl.010

Prototype new polychromator system for KSTAR Thomson scattering system

LEE J.H., KO W.H., JEON J.S.1, HEO K.H.1, BOG M.G.1
. 1( )
.
Polychrometor system is widely used to measure the electron temperature and density by using Thomson scattering system in
Tokamak. In KSTAR Thomson scattering system has been developed, and polychromator has been used. This polychromators
were developed through Korea-Japan collaboration and made by NIFS(National Institute for Fusion Science) in JAPAN. But
these polychromator systems do not have temperature correction system for APDs, and applied voltages for all APDs are
manually controlled at the power supply system. For these reason we developed new polychromator system for KSTAR
Thomson scattering system. This polychromator include the high voltage module and temperature correction system, moreover
can controlled by LabView with cDAQ system. In this poster new polychromator system will be introduce and we will shows a
test result of the optical response by using Tungsten light. For the next step, new polychromator system will install the KSTAR
tokamak and measure the plasma parameter in 2015 KSTAR campaign. *This project was supported by Dajeon techno park.

P3-pl.012* Statistical consideration for two-point measurement of turbulence correlation length and its
practical application
KIM Jaewook, GHIM Y.-c.
KAIST, Department of nuclear and quantum engineering.
Plasma turbulence must be controlled in order to achieve economical fusion power plants. Thus, characterisation of plasma
turbulence is important. There are several key characteristics of plasma turbulence: radial, poloidal and parallel correlation
lengths, fluctuation level, and decay time. In KSTAR tokamak, there are two diagnostics measuring 2D (radial and poloidal)
density fluctuations at different toroidal location. Thus, we have potential to measure parallel correlation length of ion-scale
turbulence in the core of hot plasmas. Due to the lack of measurement points, it is necessary to confirm the statistical technique
measuring a correlation function with two spatial points. We thus use mathematical model mimicking real density fluctuations
and examine the uncertainty of the technique. We analytically derive the correlation function and numerically generate the
uncertainty of the function. To verify our result, we apply the technique to synthetic 3D density fluctuation data in toroidal
coordinate system and also to real density fluctuation data from BES.
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P3-pl.014

,

Using the Ghost-cell Method to Adapt a MHD Code for Tokamak Simulations

JUNG Laurent, YOU K.I., CHO J.1, KIM C.H.2, HA Y.3, RYU D.4
NFRI. 1Chungnam National University. 2Konkuk University. 3Seoul National University. 4UNIST.
Magnetohydrodynamics (MHD) describes the comportment of electrically conducting fluids (liquid or plasma) in presence of
an electromagnetic field. Several different models can be used. Among these models, the ideal MHD is the simplest. This
model has been used to study hot plasmas such as astrophysical plasmas and natural or artificial thermonuclear plasmas.In this
study, we use a MHD code developed in collaboration with several laboratories. This Finite Difference code uses a WENO
scheme to solve the ideal MHD equations. The geometry of Finite Difference grids is well adapted to space plasmas study but
does not permit to treat easily problems with complex boundaries (e.g. Tokamak).Several methods exist to treat fluid-structure
interaction problems with complex geometries. Here, we are showing how we modified the code, by using one of these
methods (ghost-cell method), in order to be able to perform KSTAR simulations.
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P3-pl.015

Design of fully decoupled MIMO-type isoflux shape controller for KSTAR

JEON YoungMu, HAHN Sanghee, EIDIETIS N.W.1, HYATT A.W.1,
LANCTOT M.1, MUELLER D2, WALKER M.L.1, KIM Jayhyun,
YOON Siwoo, HAN Hyunsun, WOO Minho, KIM Yeon-Jeong,
HUMPHREYS D.A1
National Fusion Research Institute. 1General Atomics. 2Princeton
Plasma Physics Laboratory.
A new intuitive and direct method for design of decoupled plasma shape
controller is introduced and applied to KSTAR. Typically the plasma
shape controller is designed by a matrix inversion of a shape response
matrix, which can be obtained by examining the shape responses to
small variations of coil currents. In the new method, the shape controller
matrix is directly formed from a series of free boundary equilibria,
without any matrix inversion or algebraic operation. It is shown in this
new method that the plasma response is self-consistently included and the decoupled controllability is assured automatically.
As an application, a fully decoupled MIMO isoflux shape controller is designed for KSTAR. Control simulation based on
Toksys/Simserver models confirms that the designed controllers can provide a very good control performance with full
decoupling, even under step changes of target control shape shown in the Figure. Furthermore, it is shown with the most
importance that the control actions (or costs) can be greatly reduced by this MIMO isoflux shape controllers, compared with
those by the SISO-type controllers*. *Y.M. Jeon, et. al., “A new direct method for design of plasma shape controller and its
application to KSTAR”, KSTAR conference 2015, Daejeon, Korean (2015)

P3-pl.017*

In-Out Asymmetry of Turbulence Spreading

CHO Youngwoo, YI Sumin1, KWON Jaemin1, HAHM Taiksoo
Dept. of Nuclear Engineering, Seoul National University. 1National Fusion Research Institiute.
It is known that turbulence spreading is one of the main reasons why transport scale can deviate from gyroBohm scale.
Moreover, the linearly stable zone for turbulence can be unstable due to turbulence spreading, since it is mesoscale
phenomenon that makes initial turbulence in the locally unstable region penetrate into the locally stable zone[1,2]. Previous
simulations reported that zonal flow, which is also mesoscale phenomenon that reduces turbulence amplitude, can regulated the
turbulence spreading[3]. In this work, we study the in-out asymmetry of turbulence for different zonal flow level, using gkPSP
code[4]. It is found that for low level of zonal flow, there is a disparity of radial correlation lengths between high field side and
low field side. As level of zonal flow increases, radial correlation length in high field side doesn't change drastically. However,
we observe the radial correlation length gets shorter in low field side in accordance with the in-out asymmetry of ExB shearing
rate in toroidal geometry[5].
References
[1] T.S. Hahm et al, Plasma Phys. Control. Fusion 46, A323 (2004)
[2] O. Gurcan et al, Phys. Plasmas 12, 032303 (2005)
[3] W.X. Wang et al, Phys. Plasmas 14, 072306 (2007)
[4] J.M. Kwon et al, Journal of Computational Physics 283, 518 (2015)
[5] T.S. Hahm and K.H. Burrell, Phys. Plasmas 2, 1648 (1995)
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P3-pl.019* ExB shear induced suppression of initially tilted eddys
,
.
ExB flow shear induced suppression of tokamak turbulence is widely believed as a crucial mechanism on L-H transition and
transport reduction [1]. ExB shear suppression has been characterized by reduction in radial correlation length of turbulent
eddys from two point nonlinear decorrelation theory [2-4]. In this work, we study effects of initial eddy tilting on ExB shear
suppression in toroidal geometry extending the work by Hahm and Burrell [4]. Reduction in radial correlation length of an
eddy in the presence of ExB flow shear can be understood in terms of ExB shear induced scale reduction and eddy rotation.
Dependency of turbulence suppression on the sign of initial tilting angle with respect to ExB shear direction is found. The
same direction of initial eddy tilting and ExB flow shear, rather than the opposite direction, is desirable for effective
suppression. This sign dependency is more pronounced for highly elongated eddys in radial direction. With a proper model for
magnetic shear induced eddy tilting [5], our results predict different levels of threshold ExB flow shear for H-mode transition
depending on the grad-B drift direction with respect to the single-null location of diverted plasmas.
[1] K.H. Burrell, Phys. Plasmas 4, 1499 (1997)
[2] H. Biglari et al., Phys. Fluids B 2, 1 (1990)
[3] T.S. Hahm, Phys. Plasmas 1, 2940 (1994)
[4] T.S. Hahm and K.H. Burrell, Phys. Plasmas 2, 1648 (1995)
[5] N. Fedorczak et al., Nucl. Fusion 52, 103013 (2012)
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Preliminary result of KSTAR LHCD experiment in 2014 and upgrade plan

KIM Jeehyun, WANG S. J., KIM H. J., PARK B. H., BAE Y. S., HILLAIRET J.1, SUNG T. S.2, CHO M. H.3, NAMKUNG
W.3
NFRI. 1CEA. 2Dept of Physics, POSTECH. 3PAL, POSTECH.
It was difficult to operate the LHCD system at a high power for a long pulse in 2012 due to the interlock triggered by arcs and
large reflection (4-10%). The reflection was reduced to <1% after the phase shift correction in the power dividing network. In
2013 campaign, the whole transmission line (TL) had to be kept evacuated with no high power application because of the
vacuum problem between the TL and the KSTAR. The large permeation of silicon rubber O-rings at the boundary of vacuum
and pressurized TL caused the vacuum problem and fixed by replacing the silicon rubber to viton there. High power
conditioning of main TL helped to find out that the arcing started from two defective waveguides. After replacing two
defective waveguide components, the TL could transmit 5 GHz 500 kW RF power for 2 sec to a dummyload. In the 2014
KSTAR campaign, the preliminary LHCD coupling enhancement experiments were performed by the plasma position control,
local gas puffing with >100 kW of RF power coupled to tokamak for 1~2 sec. Although some diagnostics signals showed
changes with lower hybrid wave power injection, major plasma parameters such as the plasma density, loop voltage, stored
energy were not affected significantly. In this paper, it will be presented the characteristics of KSTAR LHCD antenna, high
power conditioning, preliminary coupling experiments results and modification plan of LHCD antenna.

P3-pl.021* Improvement in NBI Efficiency by modifying equilibrium of VEST
KIM SangKyeun, NA Donghyeon, LEE JeongWon, YOO MinGu, NA YongSu
.
Neutral Bean Injection (NBI) is one of main methods for plasma heating and current drive by injecting fast neutral particles
into a tokamak. Versatile Experiment Spherical Torus (VEST), recently constructed at Seoul National University [1] considers
NBI as a heating tool to access target performance. Heating and current drive efficiency of NBI strongly depends on design
parameters of NBI and characteristics of plasma of VEST. Therefore, specific injection conditions of NBI and equilibrium of
plasma should be settled to achieve optimum heating and current drive. In VEST, large orbit loss is expected due to small
toroidal field and current. Also, sufficient beam power is difficult to be used, since high energy beam particle in small field is
followed by large beam loss. In this study, the way to improve orbit loss of NBI in VEST are investigated. Firstly, we perform
a zero dimensional analysis [2] and found a field structure that reduces the orbit loss. Secondly, we modified equilibrium of
VEST to enlarge this structure and performed a 1.5 dimensional analysis with a transport code, NUBEAM, with NBI modules
[3, 4] to obtain accurate effect of B field on plasma response to NBI. Significant reduction was found in orbit loss and beam
efficiency was highly improved. Additionally, we made further discussions on this result with single particle approach and
found relation between orbit loss and shape of field structure. Finally, we suggest equilibrium structure and optimum design
parameters of NBI in VEST based on above discussions. [References]: [1] K.J. Chung et al 2013 Plasma Sci. Technol. 15 244.
[2] H. S. Thomas et al 1971 Heating of Toroidal Plasmas by Neutral Injection. [3] A. Pankin et al 2004 Numerical techniques
used in Neutral Beam Injection modules. [4] A.C. Riviere et al 1971 Nucl. Fusion. 11 363.
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P3-pl.023* Dynamic and Static Permeation of Hydrogen in CuCrZr
BYEON W. J., LEE S. K., SEO H. J., SHIN H. W., KIM H. S., NOH S. J.
Department of Applied Physics, Dankook University, Yongin-si, Gyeonggi-do 448-701, Korea.
Dynamic and static permeation of hydrogen in CuCrZr was measured by using a continuous-flow method for fusion
applications. Hydrogen diffusivity in CuCrZr was successfully determined by using various techniques including conventional
time-lag technique. The permeability was determined when the permeation flux reached the steady state. the solubility was also
obtained. The results of our study were compared with results previously reported by others.------------------------------------------------------------------*E-mail: sjnoh@dankook.ac.kr
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An efficient strategy for the mitigation of impurity deposition on first mirror in nuclear

fusion reactors
,

,

1,

1,

2

,
. 1
(NFRI). 2
,
.
In nuclear fusion reactor, optical diagnostic systems require the observation of an energetic neutral beam with a collection
system which has a relatively large first mirror close to the plasma. Since the first feasibility studies of active beam
spectroscopy, the analysis encompasses maintenance and mitigation of first-mirror degradation due to erosion by fast particles
and impurity deposition, which are severe limiting factors on the life time of the first mirrors of the ITER optical diagnostics.
The mirrors should be installed inside protecting structures (ducts) which should prevent the mirrors from a direct exposure to
plasma.
Previously, we suggested a new concept for the mitigation of impurity deposition by a strategy employing a gas-phase
scattering with a noble gas beam. The impurity-blocking efficiency was estimated to be enhanced linearly with the gas flux,
but the efficiency degrades considerably in high gas flux.
In this study, we devised a noble baffled duct in front of the mirror to keep the vacuum maintained during the impurityscattering by noble gas for the protection of the mirrors from degradation. The duct was connected to vacuum vessel on one
end and was aligned with a sputtering gun used as impurity source. A quartz thickness monitor (QCM) was positioned at the
other end of the duct for the evaluation of the amount of impurity accumulated on the mirrors. With the gas flow through the
duct from the QCM side toward the open end of the vacuum system, the pressure gradient was maintained in such a way that
the pressure above 10 mTorr near the QCM was achieved without degrading the vacuum system. This condition ensured
protection of the mirror from the impinging impurity; more than 97 % of the impurity was scattered away by the gas flow. The
higher pressure gradient, or the higher pressure near the QCM with lower gas flow was achieved by changing the shape and the
number of baffles, which proved our approach to be very promising.
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P3-pl.026

Numerical Study for ELM Suppression Experiments under Mixed Non-axisymmetric Fields

in KSTAR
PARK G.Y., KIM J.
National Fusion Research Institute.
Control of the edge localized modes (ELMs) is one of the most critical issues for a more successful operation of ITER and the
future tokamak fusion reactors. Recently, It was found that strong n=1 non-resonant magnetic perturbation (NRMP)
fields could degrade the ELM suppressed state obtained by n=2 resonant magnetic perturbation (RMP) in KSTAR[1]. This
result is completely opposite to the prediction based on the ELM suppression mechanism based on the island overlap physics
and suggests that plasma response to the RMP with strong fraction of non-resonant components may play an important role in
actual ELM suppression process. In this presentation, we briefly explain the basic experimental characteristics of ELM
suppression when mixed RMPs ate simultaneously applied to the H-mode plasma in KSTAR. In particular, the present study
reports the numerical exploration of plasma response under mixed RMP configuration in KSTAR and tries to clarify the
experimental results based on the numercial ones. [1] J.Kim, G.Y.Park, and the KSTAR team, KSTAR Conference (2015)

P3-pl.027

Change of the toroidal mode number of the edge localized modes during ELM evolution in

KSTAR plasmas
LEE Jieun, KIM Minwoo, LEE Jaehyun, YUN Gunsu, PARK Hyungeo1, LEE Woochang1, KO Wonha2
POSTECH. 1UNIST. 2NFRI.
Changes of the toroidal mode number (n) of the edge localized modes (ELMs) have been observed during the ELM evolution
phase in several KSTAR discharges. The mode transition always accompanined a discrete change of the mode frequency and it
typically lasted for a few hundreds of micro seconds. While the global parameters (stored energy, plasma current, shape, etc.)
did not change very much (~2%), the toroidal velocity gradient and the ion temperature gradient at the pedestal considerably
changed through the mode transition.Two classes of mode number transitions were identified: overlapping transitions and nonoverlapping transitions. In the former case, another filamentary mode structure appears and co-exists with the original mode
structure and it persists after the original one perishes. On the other hand, in the latter case, the coherent filamentary structure
disappears temporarily and re-appears with a different mode number during the transition. These phenomena may help to
understand the previous observation on the ELM crash dynamics where a rapid mode number change preceded the ELM crash
[1]. *Work supported by the NRF of Korea under contract No. 2014M1A7A1A03029881 and the BK21+ program.

[1] G.S. Yun et al, Phys. Plasma 19, 056114 (2012)
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P3-pl.028*

Upgrade of 2D Microwave Imaging Reflectometery (MIR) in KSTAR

LEEM Juneeok, LEE Jihun, NAM Yoonbum, YUN Gunsu, LEE Woochang1, PARK Hyeon.K1, PARK Hyun2, KIM
Kangwook2, DOMIER C.W.3, LUHMANN.JR N.C.3
POSTECH, Physics. 1UNIST, Physics. 2KNU, Electronics Engineering. 3UC Davis, Electronics Engineering.
Microwave reflectometry is one of the most commonly used diagnostics for the measurement of electron density profiles and
its fluctuating behaviors in tokamak plasmas [1]. However, in the case of multidimensional, large amplitude and short
wavelength fluctuations, the interpretation of reflectometry data is still a remaining issue due to diffraction and complex
interferences patterns of the reflected waves [2-4]. An advanced diagnostic concept for the electron density fluctuation
measurement, microwave imaging reflectometry (MIR), has been developed to overcome the shortcomings of conventional
microwave reflectometry. MIR system adopts a large-aperture probing and imaging optics in order to launch the probing beam
properly and collect the majority of the reflected beam while minimizing the interference problem [2-4]. Measurement of semi2D (radial and poloidal) electron density fluctuations can be realized in MIR system through the combination of the largeaperture optical system and the array of detectors (and one another for 2D measurement). From the 2014 KSTAR campaign,
KSTAR MIR system has been upgraded to have doubled radial channels for investigating the radial structures of the plasma
turbulence. In order to expand the detection channels, most components of the KSTAR MIR system such as I/Q electronics,
optics, probing source and also DAQ system have been modified or replaced. In this work, laboratory test results of the
upgraded KSTAR MIR system will be addressed and discussed. *Work supported by NRF Korea under grant no. NRF2014M1A7A03029865.

P3-pl.029
,

Study on the parity-nonconserving anisotropic spectrum in the drift-alfven model
,

.
Study on the parity-nonconserving anisotropic noise spectrum in the drift-alfven modelUnderstanding turbulence of the
plasmas is of great importance in nuclear fusion experiments.A nonlinear simulation of resistive drift alfven turbulence in a
sheared field is carried out. At the tubulent steady state, the fluctuations are built on the linear dynamics and the balance
between the ExB convective and the parallel Alfvenic couplings. The ExB convection may not be parity-conserving about the
specific direction such as pressure gradient. When parity-nonconserving noise dominates among the fluctuations, it is shown
that an advective term is generated in the model.This study shows that ExB convective nonlinearity contributes to an advective
nonlinearity with a Gaussian coefficient that is white in time with zero mean. For the numerical simulation, BOUT++ platform
is used.
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Halo Current Measurement during Vertical Displacement Events (VDEs) in KSTAR
Tokamak Plasmas
,

,

,
,
,
,
,
.
Small Rogowski coils as halo current monitors (HCMs) are used to measure halo currents (HCs) flowing through the support
structures for the divertors between plasma and the wall of the vacuum vessel during the vertical displacement events (VDEs)
which cause plasma disruption in the Korea Superconducting Tokamak Advanced Research (KSTAR) tokamak. The VDEs can
be usually occurred by the vertical instability due to a failure of vertical control or a result of the gross magnetic perturbation
from a minor disruption for elongated plasmas. The HC measurements are carried out for during up / downward VDEs under
the experimental conditions such as plasma current Ip0 = 0.2 - 0.8 MA, toroidal field BT = 1.5 – 2.7 T. The value of total halo
current Ih is estimated as 5 ~ 30 % of Ip0 in the operational range of Ip0 and BT for elongated plasmas (kappa> 1.5). The
dependences of Ih on plasma parameters (as toroidal field, plasma current, stored energy, plasma density, plasma shaping) and
the relationship between the value of Ih and the vertical displacement are investigated, and the toroidal peaking factors (TPFs)
are evaluated from the toroidal distribution of the HC obtained at the in/outboard divertors. The maximum value of TPF x Ih /
Ip0 is about 0.4. In this work, the KSTAR HCMs will be briefly introduced, and results from the experimental investigations
during the campaign of 2014 in the KSTAR tokamak will be presented. * Work supported by the Korea Ministry of Science,
ITC and Future Planning under the KSTAR project contract.

P3-pl.031* Observation of reduced turbulence scale length by electron cyclotron heating in KSTAR Lmode plasmas
LEE Jihun, LEE Woochang1, LEE Juneok, YUN Gunsu, PARK Hyeon K1, KIM Y.G2, PARK H2, KIM K.W2, DOMIER C.
W.3, LUHMANN N. C.3
Pohang University of Science and Technology. 1Ulsan National Institute of Science and Technology. 2Kyungpook National
University. 3University of California at Davis.
It is believed that anomalous transport of heat and particles is closely related to the micro turbulence which is caused by
stiffness of the temperature or density profile. It is known that E x B flow shear, zonal flows and negative magnetic shear can
suppress the micro turbulence. To understand these phenomena, a 2-D microwave imaging reflectometry (MIR) was installed
on the KSTAR tokamak and has been improved to visualize electron density fluctuations in the 2-D (radial and poloidal) cross
section [1]. In the 2014 KSTAR experiment, poloidal correlation lengths of density fluctuations which correspond to turbulent
eddy structure sizes, were observed to decrease when electron cyclotron heating (ECH) was applied in L-mode plasmas. In the
region of r/a < 0.7 (the ECH heating position is r/a ~ 0.6), the poloidal correlation length decreases over 10 % at f < 40 kHz
however it remains constant at f > 40 kHz. The role of the ECH on the poloidal scale length reduction in the low frequency
range is under investigation. Note that the radial correlation length measurement was unsuccessful because of the insufficient
radial resolution. The MIR system will be upgraded to measure the radial correlation lengths by changing the electronics and
increasing the number of radial detection channels. *Work supported by National Research Foundation of Korea under
contract No. NRF-2014 M1A7A1A03029865 and US DoE under contract No. DE-FG-02-99ER54531.[1] W. Lee et al.,
Nuclear Fusion 54 (2014) 023012.
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P3-pl.032* Relative Calibration between the ECEI Channels using the MHD instability
CHOI Minjun J., YUN Gunsu S., CHOE Gyeonghyeon, LEE Woochang1, PARK Hyeon K.1, KSTAR Team2
POSTECH, Physics. 1UNIST, Physics. 2NFRI.
A calibration method using MHD instabilities such as sawtooth and tearing mode is developed for the KSTAR electron
cyclotron emission imaging (ECEI) diagnostic. The typical ECEI data has been represented as the normalized electron
temperature (Te) fluctuation against the time averaged value due to difficulties in the absolute calibration. Although the
normalized ECE images are useful detecting small variations, it is often very difficult to figure out the spatial structure of an
instability when its spatial scale length is small or when it is coupled with other instabilities. For more intuitive understanding
and direct comparison with the theory or simulation, the calibration method using a priori Te profile obtained from sawtooth or
tearing mode oscillations has been devised and applied to the KSTAR ECEI measurements. The relatively scaled Te contours
are well reconstructed in the sawtooth and tearing mode instabilities. *Work supported by NRF Korea under grant no. NRF2014M1A7A1A03029865 and NRF-2014M1A7A1A03029881.

P3-pl.033

The Excitation of Multiple Mode during the Inter-ELM-Crash Period in KSTAR H-mode

Plasma
KIM Minwoo, LEE Jaehyun, LEE Jieun, PARK Hyeon K.1, YUN Gunsu S., LEE Woochang1
POSTECH. 1UNIST.
The electron cyclotron emission imaging (ECEI) systems on KSTAR have been operated with quasi 3D view [1]. The
temporal and spatial modulation of edge localized mode (ELM) structure has been observed during the inter-ELM-crash period
in KSTAR discharge #7328 [2]. The observation is interpreted as simple superposition of two mode structure with different
toroidal mode number. The modulation pattern is reproduced with the hypothesis that each mode can have different apparent
rotation frequency. In addition, it is under investigation that the proposed multi-mode model could explain the observed fast
mode number transition during the inter-ELM-crash period [3]. This work is supported by the NRF of Korea under Contract
No. 2014M1A7A1A03029865. [1] G. S. Yun et al., Review of Scientific Instruments 85, 11D820 (2014) [2] M. Kim et al.,
"Multimode excitation during the inter-ELM-crash periods in KSTAR H-mode plasma", Nuclear Fusion (submitted) [3] Jieun
Lee, "Changes of the toroidal mode number of the edge localized modes during ELM evolution in KSTAR plasma" ibid
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Fuel Retention Analysis of KSTAR Experiments in 2014

JUHN June-Woo, SONG J. I., LEE H. M., KIM K. P., SON S. H., KIM
J. S., HONG S. H.
National Fusion Research Institute.
In 2014 KSTAR experiments, amount of fuel retained on the KSTAR
first wall has been calculated. In order to obtain the number of fuels in
experiments, the number of fuels Ftot from each source has been
individually calibrated such as conventional gas puffing (GP),
supersonic molecular beam injectors (SMBI) and neutral beam injectors
(NBI) thus Ftot = FGP+FSMBI+FNBI.The note-worthy upgrade of KSTAR
NBI system from two ion sources to three in simultaneous operation,
increases not only the total heating power up to 4.5MW but also fuel
injection significantly.This increase of NBI fuel flux leads to the
constant retention rate R over the injected fuels Ftot at approximately
2.5x1020 Ds-1 as figure below, defined as the total retention amount divided by pulse length. Details of the retention amounts
and its rates will be discussed together.

P3-pl.035

Functionality of Multi-Purpose Midplane Manipulator for Plasma-Surface Interaction on

KSTAR
SON S. H., HONG S. -H., PARK I. S.1, KIM D. H.1, LEE H. Y.2, SONG Inwoo2, LITNOVSKY A.3, HELLWIG M.3, DOUAI
D.4, FENYVESI A.5, NEMETH J.6, ZOLETNIK S.6, CHUNG C. W.1, CHOE W.2
NFRI,. 1HanYang Univ., Department of Electrical Engineering. 2KAIST. 3Institute of Energy and Climate Research
(IEK). 4CEA. 5Institute of Nuclear Research of the Hungarian Academy of Sciences. 6Wingner Research Centre for Physics.
To understand physics and phenomena at the edge region where particles and heat flux come out from the core, and the region
where those heat and particles contact the surface of plasma facing components, a dedicated, multi-purpose mid-plane
manipulator system has been built in KSTAR. In this paper, we introduce the multi-purpose mid-plane manipulator system and
the activities performed by using it. The manipulator was installed in 2011 and has been serving PSI topics such as 1) exposure
of castellation structure proposed by A. Litnovsky et al. [1]. 2) To measure ion density and electron temperature at far-SOL
region, a harmonic probe has been mounted. We have successfully measure the ELM characteristics and expand the research
activity to understand propagation of ELMs towards main chamber. 3) An impurity injection gun has been developed for
impurity transport study. The system has been tested successfully and planned to inject powder form of various metal impurity
into plasma. 4) To see the effect of activation of materials, we have an international collaboration between KO-HU for
activation probe measurement. A dedicated probe for the study has been manufactured. 5) To measure the effect of Ion
Cyclotron Wall Conditioning (ICWC), especially the treatment inside the gap, a dedicated castellation structure with precalibrated a-C/B:H thin films was exposed to helium ICWC plasmas. It is shown that the co-deposited layers inside the gap of
castellation structure were removed, and found that Helium ICWC plasma is a promising cleaning method for ITER.
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P3-pl.036

ExB Flow Velocity Prediction with Microwave Imaging Reflectometer in KSTAR L-mode

Plasmas
LEE W., LEEM J.1, CHOI M. J.1, YUN G. S.1, PARK H. K., KO S. H.2, LEE K. D.2, KO W. H.2, BUDNY R. V.3, WANG
W.3, KIM K. W.4, DOMIER C. W.5, LUHMANN N. C.5
UNIST. 1POSTECH. 2National Fusion Research Institute. 3Princeton Plasma Physics Laboratory. 4Kyungpook National
University. 5University of California at Davis.
Turbulence driven by micro-instabilities is considered to be a major source of anomalous transport in fusion plasmas, and the
ExB flow shear is known for suppression of the micro-instability driven turbulence and for transport barrier formation. This is
why the measurement of the radial electric field or ExB flow velocity is important in turbulence and transport studies. The ExB
flow velocity were estimated from the measured apparent poloidal rotations of ion-scale density fluctuations in the laboratory
frame with the microwave imaging reflectometer (MIR) system in KSTAR. The apparent poloidal velocity is close to the ExB
flow velocity when the intrinsic phase velocity of dominant density turbulence is negligible compared to the apparent poloidal
velocity. Details of the ExB flow velocity estimation from the apparent velocity and the result for neutral beam heated L-mode
plasmas will be presented. For validation of the MIR measurement, the measured apparent poloidal velocities were compared
with the results from a nonlinear gyro-kinetic simulation performed with GTS. *Work supported by NRF Korea under grant
no. NRF-2014M1A7A03029865.

P3-pl.037

Measurements of deuterium Balmer alpha spectrum of KSTAR plasma using obstructing

technique
,
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1,

2

,
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(NFRI). 2
,
.
In 2014 KSTAR experimental campaign, the main ion spectral lines have been investigated under the framework of the
development of main ion CES system. We were exposed to difficulties relating bright emission originating from plasma edge
neutrals in KSTAR and handling overlapped complex spectra. We coped with the intense signals around Da requiring
extremely high dynamic range measurements by a genuine grism spectrometer system. At the exit of the spectrometer, the light
is horizontally dispersed in wavelength. A vertical stop filter on the exit focal plane blocks the portion of the rest Da spectrum
[1]. This blocked spectrum image, then, was focused onto the plane of CCD via a relay lens. Underpinning this method, time
slice subtraction of 100 Hz speed measurements was possible. Modulation of the neutral beam injection and time slice
subtraction is used to eliminate the complicating features of complex spectral lines [2, 3]. The measured active chargeexchange signal can be fitted with two-Gaussian functions by means of a nonlinear least-squares fitting.ELM(Edge Localized
Mode) was significantly reduced with applied RMPs(Resonant Magnetic Perturbations) in H-mode and the discharge shows a
slow HL back transition. We measured the data in L-mode with RMPs which reduced the rotation in both L- and H-mode. We
recognized preferentially information of shot number # 11387 in KSTAR plasma at 12.99 s such as plasma current (628 kA),
plasma stored energy (186 kJ), and line averaged density(6.8X1019m-2).From the fitted Gaussian function, the ion temperature
and toroidal rotation velocity in the core plasma (r=1,920mm) are estimated to be 1.09keV and 99.6km/s.
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Preliminary experimental observations of beam-induced Alfvén eigenmodes in KSTAR
1,

,

2,

1,

CHENG C. Z.3

(NFRI),
(UST). 1
(NFRI). 2
(UST).
Cheng Kung University, Taiwan.
Energetic particles generated by auxiliary heating and fusion reactions are able to produce the characteristic Alfvenic activities
such as excitation of Alfven eigenmodes (AE) through wave-particle interactions. In KSTAR main driver of the AEs is the
neutral beam (NBI) whose energy is about 100 keV (higher than sideband-Alfvenic speed (vA/3)). Experimental observations
in KSTAR discharges have shown that various NBI scenarios can change the mode structure and frequency of the AEs. It
implies that NBI, utilized with the operation scenario, can be used as one of promising control knobs to mitigate or excite the
AEs since fast-ion pressure and beam-driven current profiles have the primary role of exciting/mitigating the AEs. In addition,
preliminary diagnostic results on the fast-ion loss, which seems to be caused by the multiple n-mode AEs, are discussed in this
presentation.
3National

P3-pl.039
,

Heat Flux Measurements using the IRTV in KSTAR
,

,
.
The Infrared TV system has been installed in 2010 in Korea Superconducting Tokamak Advanced Research (KSTAR) to
monitor the increase of the temperature of the ICRH antenna, and heat flux to the first wall. In this campaign, a view direction
was moved using an adjustable mirror to observe the divertor region. The advantage of that is simultaneously can be observed
for surface temperatures of inboard limiter, inner divertor, central divertor, outer divertor and poloidal limiter. The temperature
and the heat flux on the surface of these are presented. Recently, that has many studies to control the Edge-Localized Mode
(ELM) using resonant magnetic perturbations (RMPs). The strike point splitting induced by resonant magnetic perturbations
has been observed on the inner divertor. The measurements have been obtained with an infrared TV system. In this work, we
present details of the Infrared TV system and the measurement results of that.
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P3-pl.040*

Characterization of the fast-ion loss in KSTAR under the applied magnetic perturbations

KIM Jun Young, KIM Junghee1, RHEE T. N.1, YOON S. W.1, JEON Y. M.1, ISOBE M2, SHINOHARA K.3
Korea University of Science and Technology, Accelerator and Nuclear Fusion Physics Engineering. 1National Fusion
Research Institute. 2National Institute for Fusion Science. 3Japan Atomic Energy Agency.
Confinement of fast-ion is crucial in the future fusion devices such as ITER or DEMO in order to achieve high energy
amplification (e.g. Q=10 or higher). However fast-ion loss is unavoidable. When the level of fast-ion loss is high, degradation
of heating/fusion performance and damage on the first-wall are caused, so that the fusion reaction can be stopped. For these
reasons, understanding of the fast ion behavior in fusion plasmas is being crucial in ITER as well as in the future fusion
machines such as DEMO and commercial power plant. In order to investigate the behaviors of the fast ions in KSTAR
plasmas, fast-ion loss detectors (FILD) have been used intensively. Two sets of scintillator-based fast ion loss probe-heads
have been installed inside of KSTAR vacuum vessel near C- and I-port to demonstrate the localized and asymmetric properties
of the fast-ion loss by the applied edge magnetic perturbations (RMP). Simultaneous measurements of both FILD-1 and FILD2 have produced the preliminary observations on the asymmetric loss rate during applications of various RMP spectra which
has been predicted by the fast ion loss simulation with superposed vacuum RMP field using the Lorentz orbit (LORBIT) code.
In addition, change in pitch-angle (velocity component) distribution under the applied RMP is discussed.
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P3-pl.042

Design of W-band ECE radiometer for electron temperature profile measurement at

KSTAR
LEE Kyu-Dong
National Fusion Research Institute.
The last developed electron cyclotron emission (ECE) diagnostic system with a broadband multichannel radiometer (110–196
GHz) has been operated for electron temperature profile measurements in the high and/or low field sides at KSTAR. However,
since the harmonic overlap in the high field side during the 2T operation is not avoidable, the W-band heterodyne radiometer
(78–110 GHz) has been designed to measure electron temperature profiles in the low field side. The local oscillator frequency
is 94 GHz for two double balanced mixers and both IF frequency range after down conversion is 2 to 16 GHz. In this poster,
the detailed system design will be presented and the combining manner with the D-band radiometer (110–162 GHz) will be
considered for the optimized absolute calibration.

P3-pl.043

Electron-Impact Excitation Cross Sections and CR Modeling of He I

KWON Duck-Hee, LEE Won Wook
Nuclear Data Center, Korea Atomic Energy Research Institute.
A reliable analysis and modeling of plasma spectra relies on accurate atomic data. Especially collisional excitation/deexcitation and radiative transitions data are important for spectroscopic modeling. He is ash species of fusion reaction and
abundant in divertor region of tokamak and He I spectra is essential for diagnosis of divertor plasma. A set of recommended
data on electron-impact excitation (EIE) cross sections for He I has been provided comprehensively and used in a collisional
radiative (CR) modeling. We performed state-of-the-art R-matrix calculations including couplings up to n=7 states and
distorted wave (DW) calculations for EIE cross sections of He I using the flexible atomic code (FAC). We modified the
original FAC to enable parallel computation for R-matrix calculation accounting large channel couplings. Our calculated cross
sections are compared with the recommended data and assessed in detail.
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Diamagnetic Flux Evaluation by Toroidal Field Coil Current Measurement in VEST

YANG Jeong-hun, KIM Yoo-Sung, LEE Jeong Won, JUNG Bong-Ki1, CHUNG Kyoung-Jae, HWANG Yong-Seok
Seoul National University. 1Korea Atomic Energy Research Institute.
A simple method using the measurement of the current flowing through the toroidal field (TF) coil is introduced to measure the
diamagnetic flux in VEST (Versatile Experiment Spherical Torus). The unwanted contributions to the TF coil current are
removed. The uncertainty level of the measurement is 0.5 mWb, originating from the Hall sensor which measures the TF coil
current. Typical signal level for the 60 kA VEST plasma is 1 mWb. The plasma stored energy is proportional to the maximum
plasma current. The typical energy confinement time is 2.5 ms in VEST. The existence of a runaway electron is suggested
from one of the discharges. In order to improve the signal to noise ratio, a Rogowski coil is implemented for the TF coil
current measurement. Test results from the measurement using the newly adopted Rogowski coil will be presented.

P3-pl.045* Time Evolution Of A Plasma Current Distribution During DC Helicity Injection Start-up in
VEST
1,
,
,
,
,
1
.
.
The electrostatic helicity injection is one of the promising non-inductive start-up methods for spherical torus. The electron guns
as a helicity injector are installed in Versatile Experiment Spherical Torus (VEST) at Seoul National University (SNU) and
injection current of 1.2 kA has been obtained for about 10 msec [1]. Initial plasma start-up experiments using upper-located
electron gun have been performed, toroidal plasma current of ~15 kA has been achieved successfully. The time evolution of
current distribution using magnetic diagnostic system in VEST [2] will be discussed in the presentation.References:
[1] JongYoon, Park, et al. “Design and development of the helicity injection system in Versatile Experiment Spherical Torus."
Submitted to Fusion Engineering and Design[2] Lee, Jeongwon, et al. "Design and commissioning of magnetic diagnostics in
VEST." Fusion Engineering and Design 88.6 (2013): 1327-1331.

,

,

,
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P3-pl.046* Impurity Monitoring using Quadrapole Mass Spectrometer in VEST
,

,

,

,
,
,
.
Impurities inside fusion devices deteriorate the plasma performance. The early plasma current quenching even with sufficient
loop voltage has been observed in VEST, which is considered to be resulted from the radiation cooling due to the oxygen
impurity influx during a discharge limited by the tungsten limiter. Since it is essential to monitor residual gas for the
improvement of the plasma performance by controlling the impurity influx, a monitoring system incorporating the quadrapole
mass spectrometer (QMS) is constructed for VEST. To analyze the residual gas during wall treatments such as glow discharge
cleaning (GDC), a differential pumping system is required, since the VEST GDC is performed in pressure range of 10~40
mTorr, while QMS operates below Torr. The design parameters of the differentially pumped QMS chamber will be presented.
A preliminary test result from the QMS system when a vacuum bake-out is applied to the differential pumping chamber will
also be presented

P3-pl.047

Linear Stability and the Eigenmode Structure of Multiple Modes Induced by a Current
Density Perturbation in Sawtoothing KSTAR Plasmas
NAM Yoonbum, CHOI Minjun, CHOE Gyuenghyuen, YUN Gunsu, PARK Hyeon Keo1, JARDIN Stephen2
Pohang University of Science and Technology. 1Ulsan National University of Science and Technology. 2Princeton Plasma
Physics Laboratory.
Multiple mode structures (m/n=2/2, 3/3, etc.) in addition to the m/n=1/1 mode in the core of the sawtoothing plasma have been
studied on the KSTAR by a systematic scan of the electron cyclotron heating/current drive (ECH/CD) from the center to q~1
surface and using 2D Electron Cyclotron Emission Imaging (ECEI) diagnostic [1]. As the ECH/CD position was changed from
the center to q~1 surface, the measured mode structure changed from m/n=2/2 to m/n=4/4 or higher right after the sawtooth
crash. During the ramp-up period, the higher m/n modes transform into the lower m/n modes and eventually merge into a
single m/n=1/1 mode prior to crash. The dynamics of multiple mode structures were compared with a reduced MHD
simulation with an empirical source term for the radially localized current drive on a flat q-profile with q0 ~ 1 [2]. In order to
model the formation and the time evolution of the multiple mode structures, the growth rates of all possible modes for sets of
core equilibrium conditions and the modified current density profile has been investigated in detail using M3D-C1 code in
cylindrical geometry. A series of radial safety factor profiles for each time stage of a sawtooth period has been compared for
two cases to address the issue of the central q value in sawtooth physics; 1) q0 stays below 1 after crash (i.e. from 0.75 to 0.8)
[3,4] and 2) q0 is above 1 after the crash and drops to q0 ~0.75 before crash. Then a current density perturbation due to ECCD
has been added from the center to q~1 surface onto the two cases. The calculated result suggests that the double tearing can be
a possible mechanism for the formation of multiple mode structures if q0 is above 1 right after the sawtooth crash. *Work
supported by NRF of Korea (grant No. NRF-2014M1A7A1A03029865)[1] G. H. Choe et al, Nuclear Fusion 55 013015 (2015)
[2] Andreas Bierwage et al, Nuclear Fusion 55 013016 (2015)[3] F. M. Levinton et al, Physical Review Letters 63 2060 (1989)
[4] H. Soltwisch et al, Review of Scientific Instrument 59 1599 (1988)
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Developing an MHD Simulator for Tokamaks
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In this presentation, we explain our activity to develop an MHD (Magnetohydrodynamic) simulation code for tokamak plasma.
We make a backbone of MHD simulation code using WENO (Weighted Essentially Non-Oscillatory) method, which is newest
numerical scheme suitable to one fluid non-linear ideal MHD equation. This scheme easily and well describe the conservation
law of ideal plasma and is especially suitable for fast flow and shock wave in plasma, hence the numerical code can easily
analyze MHD phenomena in tokamak related to fast plasma flow like sawtooth mode or disruption after expansion. We will
expand this backbone to include terms presenting non-ideal and 2-fluid effects. And we will introduce AMR or parallelization
methods to this code for more efficient calculation.This code adopts finite difference method in both of cartesian and
cylindrical coordinates and WENO method in hybrid type. Positivity preserving scheme is used, which guarantees positive
density, pressure, and energy during numerical simulation. Divergence free characteristic of magnetic field is realized using
flux constrained transport method, which is based on the staggered grid idea. The spatial accuracy of this code is 5th order and
accuracy for time is 3rd order. For time advance, we use explicit method. This code adopts ghost cell method for boundary
condition of real tokamak geometry.This code can be used to analyze the experimental results, to understand the physical
characteristics, and to estimate experimental phenomena of tokamak plasma. And also this code can be used to simulate
astronomic plasmas because of its ability to simulate fast flow. Because we exactly know the interior structure of the code, it is
easy to maintain, to change and to modify to study new physics. Finally it can be one of the core parts of a virtual tokamak,
which should be developed in future.
1
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Thermal analysis on the Vacuum Feed-Through using ANSYS

SEON Sang Won, KIM Hae Jin, WANG son jong, LEE yu ho1, PARK Byoung Ho, YOON Si WOo
NFRI. 1KAIST.
KSTAR Ion Cyclotron Range of Frequency (ICRF) system has been developed for high-power, long-pulse plasma heating at
frequencies from 25 to 60 MHz.[1] In the ICRF system, a Vacuum feed-through (VFT), which is composed of an inner
conductor, an outer conductor, and Al2O3 dielectric vacuum barriers, does not have active cooling system.[2] It serves to
withstand high voltage or current and provide vacuum sealing between the pressurized transmission line and the KSTAR
vacuum. Due to the Viton O-ring sealing in the VFT, vacuum condition could be affected by the temperature increase in the
VFT system during the long-pulse RF heating.[3] It is necessary to investigate thermal analysis on the VFT using ANSYS. In
this presentation, temperature increases in VFTs with and without tungsten coating(~50 ) from the five-minute high current
tests are compared. During the RF pulse operation, the temperatures at the outer conductor surfaces were measured by two
thermocouples and a IR camera, respectively. ANSYS thermal analysis on the VFTs will be presented in the case of different
materials and heat loads under steady-state condition.
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issues and design status”, J. Nucl. Mater. 438, S48-S56 (2011). [2] H.Y. Lee et al., "Development of a particle injection system
for impurity transport study in KSTAR", Rev. Sci. Instrum. 85, 11D862 (2014).
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Operation Results Of Neutron Activation System During The 2014 KSTAR Campaign

JO Jungmin, CHEON M.S.1, DANG Jeong-Jeung, LEE Yuna, CHUNG Kyoung-Jae, HWANG Y.S.
Seoul National University, Department of Nuclear Engineering. 1National Fusion Research Institute.
The Neutron Activation System (NAS) evaluates absolute neutron yields from fusion plasmas by measuring radioactivities
from the appropriate foils irradiated by the fusion neutrons. From the 2011 KSTAR campaign, NAS has been implemented to
monitor the fusion neutron source strength and the total fusion power from the KSTAR plasmas. Indium foil was used as an
activation material and High Purity Germanium (HPGe) detector was used to count gamma photons from the activated indium
foils. From the operation result, it was shown that the measured neutron yield was proportional to the shot-integrated values of
the signals from the Neutron Flux Monitor. Neutron Flux Monitor has been absolutely calibrated based on this linearity. Also
there is strong correlation between neutron yield and total injected neutral beam power.

P3-pl.054

High Performance Steady State Operation Research in KSTAR

BAE Young-soon, KSTAR teams
.
The main mission of KSTAR is to demonstrate the advanced tokamak
operation mode with high performance and steady state for 300 s. Key
technologies for the long pulse operation with high performance is
addressed to be developed in KSTAR. KSTAR is presently focusing to
develop the necessary technologies for long pulse H-mode discharge
before the high performance operation phase which requires the high
power auxiliary heating and current drive system including efficient offaxis current drive. Figure shows recent long pulse H-mode discharge; pulse duration of 43 s, the plasma current of 0.6
MA, 4.3-MW neutral beam power, bN ~ 2 and stored energy ~ 400 kJ. Fully non-inductive operation with higher bN (~ 3) has
been also transiently demonstrated at the lower plasma current of 0.4 MA and earlier neutral beam injection. This high
performance phase is not sustained with long pulse due to the lack of radial position controllability with earlier neutral beam
heating. Toward the higher performance steady state operation in KSTAR, we plan to develop off-axis neutral beam injector
(NBI) and new two-frequency electron cyclotron heating (ECH) system. By combination of on-axis and off-axis NBI and
ECCD, the fully non-inductive operation with higher bN is predicted using FASTRAN transport solver. But, additional far offaxis current drive by lower hybrid (LH) is also under consideration of importance for the target performance of bN = 4~5 and
high bootstrap current fraction.
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P4-ap.001* Mechanical Properties of High Stress SiN Beam estimated by two Flexural Measurement
Technics
KIM Hakseong, MCALLISTER Kirstie, LEE Sangik, LEE Jeonghyeon, PARK Bae Ho, LEE Sang Wook
Division of Quantum Phases & Devices, School of Physics, Konkuk University.
The mechanical elastic properties of silicon nitride (SiN) beams were investigated through two measurement techniques of
dynamic and quasi-static flexural measurements based on different origins of bending properties. For this study, laser
interferometry technique for detecting mechanical motion of vibration and 3-points bending test by atomic force microscope
were performed. PECVD(plasma enhanced chemical vapor deposition) grown high-stress silicon nitride films were used to
define doubly clamped free standing beams with length variation. From both measurement results, tensile stress and Young’s
modulus of SiN beam were estimated to be around 584MPa and 187GPa, respectively. Based on our experimental results for
elastic properties of SiN beams, the prospects of using stressed SiN beams as highly sensitive mass detectors and their
minimum detectable mass change were discussed.

P4-ap.002* Dual-broadband metamaterial absorber based on truncated-cone structure
,

,
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2,
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We suggest dual-broadband and polarization-independent metamaterial absorber. It is basically a triple-layer structure
composed of metal/dielectric/multilayered truncated cones. The multilayered truncated cones are periodically arranged and
play a role of meta-atoms. We observe not only one broadband absorption, which utilizes the fundamental magnetic
resonances, but also another broadband absorption in high-frequency range based on the third-harmonic resonances in both
simulation and experiment. In simulation, the absorption bands with absorption higher than 90% were 3.93 – 6.05 GHz and
11.64 – 14.55 GHz. The experimental absorption bands are in 3.88 – 6.08 GHz, 9.95 – 10.46 GHz and 11.86 – 13.84 GHz due
to the fact that the middle absorption is higher with respect to the simulation. The physical origins of these absorption bands
are elucidated. Additionally, it is also polarization-independent owing to the circularly symmetric structures. Our design is
scalable to smaller size for the infrared and the visible ranges. This work was supported by the ICT R&D program of
MSIP/IITP, Korea (KCA-2013-005-038-001).
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P4-ap.003* Symmetry breaking and coupling enhancement in metamaterial absorber
NGUYEN VAN Dung, BUI SON Tung, BUI XUAN Khuyen, YOO Young Joon, LEE Y. P., KIM K. W.1, RHEE J. Y.2, VU
DINH Lam3
Department of Physics, Quantum Photonic Science Research Center and RINS, Hanyang University, Seoul, 133-791,
Korea. 1Sunmoon University, Asan, Korea. 2Sungkyunkwan University, Suwon, Korea. 3Institute of Material Science,
Vietnamese Academy of Science and Technology, Hanoi, Vietnam.
We demonstrate triple-band metamaterial absorption at GHz frequency utilizing coupled asymmetric structure. The
investigated metamaterial absorber is based on the simple sandwich structure which is composed of copper-patterned layer at
the front and continuous copper plane separated by a dielectric of FR-4. The front layer consists of inner squares and closed
rings. At first, dual-band metamaterial absorption was realized at 4.6 and 10.6 GHz due to the two fundamental magnetic
resonances. In the next investigation, we moved the inner square close to the ring in both x and y directions for distance of d√2
(d: displacement), which led to the breaking symmetry of the coupled system. The second peak is enhanced and then separated
into two peaks for the normal-incident wave, the triple-band absorption is achieved at 4.6, 10.2 and 10.8 GHz with high
absorption. The absorber is examined to operate in a wide range of incident angle and as insensitive to the change of
polarization angle. The triple-band absorber structure can be applied for various absorbing elements operating in different
frequency ranges because of its scalability. This work was supported by the ICT R&D program of MSIP/IITP, Korea (KCA2013-005-038-001).

P4-ap.004* Conversion between single/dual bands in metamaterial perfect absorbers at low frequencies
BUI XUAN KHUYEN, BUI SON TUNG, NGUYEN VAN DUNG, YOO Young Joon, KIM Young Ju, LEE Y. P.
Department of Physics, Quantum Photonic Science Research Center and RINS, Hanyang University, Seoul, Korea.
In this work, we designed and investigated a metamaterial perfect absorber (MPA) in the MHz region based on a planar
sandwiched metal-dielectric–metal structure. Firstly, a single perfect absorption was obtained at 400 MHz. The ratios of the
periodicity of unit cells and the thickness to the absorption wavelength are 1/12 and 1/87, respectively. The mechanism for the
low-frequency MPA is described in detail. Influence of the incident angle of electromagnetic (EM) waves on absorption was
also explored, and the absorption is maintained above 95% at incident angles up to 30 . Finally, by manipulating the structure,
we propose an asymmetric structure, which induces the dual-band perfect absorption in the same range of frequency. The EM
behavior of the excitation modes and the mechanism of the dual-band MPA were clearly explained. Especially, the state of
single- or dual-band perfect absorption can be switched by changing the polarization of the incident EM wave. Our work is
promising for potential practical applications in the radio range such as radio-frequency shielding devices and single- or dualfrequency filters. This work was supported by the ICT R&D program of MSIP/IITP, Korea (KCA-2013-005-038-001).
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P4-ap.005* Liquid crystal displays with carbon nanomaterials as a transparent electrode
SHIN Seung Won, JUNG Yong Un, KIM Ki-Beom, CHOI Suk-Won, KANG Seong Jun
Department of Advanced Materials Engineering for Information and Electronics, Kyung Hee University.
We will present typical twisted nematic (TN) liquid crystal displays (LCDs) using carbon nanomaterials as a transparent
electrode instead of famous indium-tin oxide (ITO). Various types of transparent electrodes including carbon nanotube,
graphene, multilayer graphene, and the hybrid films of them with metal grids were tried to replace the ITO in the LCDs. The
characterizations of each transparent conductive film based on carbon nanomaterials will be presented in detail as well as the
device performance. Then, we will suggest the best type of transparent conductive film, which can be used for the future
flexible and highly transparent LCDs.

P4-ap.006*

Experimental Investigation on the Decrease in the Quality Factor and Calculation of
Mechanical Properties of Quartz Tuning Forks from
Analogous Electrical Parameters
ULLAH Naveed, PARK Sang-joon, LEE Yong
Kyungpook National University, School of Mechanical Engineering.
Quartz tuning forks (QTFs) are being more frequently adopted instead
of cantilevers as force sensors in scanning probe microscope due to their
mechanical stability, high quality factors, and wide availability at low
costs. Mass-produced QTFs are typically housed in vacuum-sealed
canisters, and this necessitates the removal of the vacuum canisters to
make necessary modifications such as attaching a tip or an optical fiber.
Commonly, a decrease in the quality factor after the removal of the canister is attributed to the increase in air damping with no
further investigation on other possible causes. We carried out several experiments with QTFs before and after the canisters
were removed. Despite a vacuum level below 10-5 torr, all investigated QTFs exhibited decreased quality factors once the
protective canisters had been removed. We present possible causes for this observation by analyzing scanning electron
microscope images. Also, complete mechanical and electrical characterizations of QTFs are presented by taking advantage of
analogies that exist between mechanical and electrical systems.
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P4-ap.007*

Phase transition and thinning effect by laser irradiation in MoTe2
1,

,

,

,

,

,
. 1
.
Here, we report both the layer thinning and the structural phase
transition in 2H-MoTe2 by using 532nm-laser irradiation. This way, we
discovered that several layers of the hexagonal (2H) MoTe2 changed to the monoclinic (1T’) phase, then both 1T’ and 2H
coexist. These results are verified by using Raman mapping, AFM, and XPS. The structure of 2H and 1T’ MoTe2 is shown in
figure 1. The coexisting 2H- and 1T'-MoTe2 became thinned together. Figure 2 is Raman shift of the MoTe2 by the laser
irradiation. New peaks resulting from phase transition appear and the intensity of Si Raman peak increases.
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P4-ap.009 Hybrid carbon nanotube yarn biscrolled with superconducting NbN layer
KIM Jeong-Gyun, KANG Haeyong, LEE Young Hee1, SUH Dongseok1
Department of Energy Science, Sungkyunkwan University, Suwon 440-746. Korea.. 1IBS Center for Integrated Nanostructure
Physics, Institute for Basic Science, Sungkyunkwan University, Suwon 440-746. Korea..
Carbon nanotube (CNT) yarn from the twist insertion into free-standing sheet drawn from vertically aligned CNT forest has
been extensively studied due to its light weight, high flexibility, and superior mechanical property. Moreover, multifunctional
CNT yarn can be prepared by the introduction of functional guest materials using the biscrolling technique. The combination
of CNT sheets with superconducting materials is expected to offer a great potential for outstanding superconducting fiber. In
this study, we tested a superconducting NbN as a guest material in the biscrolled hybrid CNT yarn. We found out that the
superconducting properties of NbN was preserved in the NbN-CNT hybrid yarn, which can be used as a promising
superconducting cable in the miniaturized superconducting system. The superior mechanical properties of NbN-CNT hybrid
yarn enables the knotted and the coiled structures that still maintain superconducting properties. This work was supported by
the Institute for Basic Science (IBS-R011-D1) and the Basic Science Research Program (No. 2013R1A1A1076063) through
the National Research Foundation of Korea (NRF), funded by the Ministry of Science, ICT & Future Planning, Republic of
Korea.

P4-ap.010* Metal-insulator transition effect of well crystallized individual VO microwire
2
LEE Jeonghyeon, PARK Jong Hyuk1, KIM Hakseong, YOU Young-Gyu, JHANG Sung Ho, LEE Sang Wook
Division of Quantum Phases & Devices, School of Physics, Konkuk University. 1Electronics and Telecommunications
Research Institute.
Phase transition behaviors of Vanadium Oxide(VO2) microwires were investigated depended on temperature variation.
Electrical connection of VO2 microwire was defined through PMMA ribbon method which is optimized for fabricating stable
electrical contact on micro scale materials with relatively low contact resistance. The resistivity and contact resistance of our
devices were estimated by 4-probe measurement technique. Phase transition temperature of VO2 microwires was examined by
using physical property measurement system(PPMS) for accurate temperature control during measurements. The transition
temperature of VO2 microwires was determined to be around 340K by observing dramatic change of its resistance values
which is induced by variation of crystal structure from insulating monoclinic to metallic rutile. In this presentation, phase
transition properties as well as their electrical and mechanical properties suspended VO2 microwire will be discussed.
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P4-ap.014*

Self-assembled monolayer organic molecules on Au nanoplate : New building block of
molecular electronics
PARK Jeongyoung, JEONG Wooseok, LEE Miyeon1, LEE Hyunsoo, LEE Hyoban1, KIM Bongsoo1
KAIST(IBS), EEWS. 1KAIST, Chemistry.
In this study, we demonstrate the charge transport properties on self-assembled organic monolayer on Au nanoplates with
conductive probe atomic force microscopy (CP-AFM). Very large and atomically flat Au nanoplates which exposes (111)
surfaces were used for the substrates of hexadecanethiol (HDT) self-assembled monolayers (SAMs). Atomic scale highresolution image shows molecular periodicity which indicates well-ordered structure of HDT on Au nanoplates. Reduced
friction and adhesion force of HDT SAMs on Au nanoplates, compared to the Si substrates were observed, which is consistent
with the lubricating nature of HDT SAMs. The electrical properties such as I-V characteristics and current as a function of load
were measured by using CP-AFM. The charge transport properties on HDT SAMs on Au nanoplates is similar to that on Au
(111) substrate, which indicates that SAMs on nanoplates can be a new building block of molecular electronics.
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P4-ap.017* Metal-Insulator Transistion in Multilayer MoS
2
PARK MINJI, YOO KYUNG-HWA
Yonsei University, Physics.
The temperature dependence of electrical transport properties have been investigated for multilayer MoS2 field effect transistor
devices with the thickness of 3 – 22 nm. Some devices show a typical n-type semiconducting behavior, while the others exhibit
the metal-insulator transition (MIT) from the metallic to insulating conduction near zero gate voltage or at high positive gate
voltages. Analysis of Raman spectroscopy reveals that the difference between the devices without and with the MIT may be
the metallic 1T phase: no 1T phase is found in the devices without the MIT, whereas the 1T phase is observed in the devices
with the MIT. These results suggest that the metallic 1T phase may contribute to induce the MIT.

P4-ap.018* Proton irradiation-induced disordering of InGaAs Quantum Well on GaAs (100) substrates
,
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To fabricate wavelength division multiplexing applications, quantum well intermixing (QWI) technique have been attracting
attention because of its convenience. In this work, proton irradiation is used to make QWI in InGaAs quantum well, which was
grown GaAs (100) substrate by metalorganic chemical vapor deposition (MOCVD), with the dose range of 5 x 1014 – 1 x 1016
cm-2. After irradiation, the samples were subsequently annealed at 750-900℃ for 10 min. As increasing the dose of protons,
and annealing temperature, energy shift increased range from 1 to 24 meV. To estimate the degree of QWI, and ion depth
profile, photoluminescence (PL) and secondary ion mass spectrometry (SIMS) were used.

489

P4-ap.019*
,

Faraday
,

,

.

Faraday
,

,
(Verdet constant)

.
Faraday

.

632.8 nm

He-Ne

,
Lock-in amplifier
.

Verdet
, carbon

nanoparticle
carbon-water
.

0.01 wt%
carbon-ethanol

P4-ap.020*
,

,
-

-

.

490

P4-ap.021*

Plasmon-polariton Damping Effect of Chromium Adhesion Layer on Nanostructured

Resonators
,
KAIST,
.
We report the plasmon-polariton damping exacerbation of metallic nanostructures that contains chromium adhesion layer
between the substrate and the nanostructure. For plasmonic nanostructures, especially gold nanostructures which possess low
adhesion to the substrate, an adhesion layer is usually utilized for structural stability of nanostructure on conventional
substrates. However, common adhesion layers, such as chromium, titanium, and titanium nitride are optically very lossy and
can significantly deteriorates plasmonic resonances of nanostructures. In this research, we qualitatively analyze the effect of
chromium adhesion layer on the plasmon resonance using gold nanorod as a resonator. The optical effect of adhesion layer is
expected to be greatly affected by the mode profiles of the resonator and their physical overlap with the adhesion layer.
Through Finite Difference Time Domain (FDTD) simulations, we accurately calculate the mode profiles and physical overlaps
and compare the measured cavity quality factor of the resonator to the values obtained by a theretical model based on the
overlap.
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P4-ap.023* Study on Localized Surface Plasmon Resonance to Coupled Resonance Transition in Array
of Metal Nanoparticles
SHIN JONGHWA, KIM REEHYANG, CHUNG KYUNGJAE
KAIST, Department of Material Science and Engineering.
Nanoparticle shows unusual characteristics which are different from bulk materials. Over the last decades, synthesis and
arrangement methods of nanoparticle with various size and shape have been actively investigated. Especially metallic
nanoparticle with sizes smaller than the wavelength of light shows a distinctive characteristic: localized surface plasmon
resonance (LSPR). LSPRs are collective electron charge oscillations in metallic nanoparticles, excited by light. However, this
resonance characteristic is modified when the metal nanoparticles form an array. In this study, we investigate transition of
resonance nature in metal nanoparticle array and corresponding changes in resonance wavelengths and quality factor based on
] [1] C. J. Murphy,
a theoretical model and verify the predictions using finite difference time domain simulations. [
T. K. Sau, A. M. Gole, C. J. Orendorff, J. Gao, L. Gou, S. E. Hunyadi, and T. Li, “Anisotropic metal nanoparticles: Synthesis,
assembly, and optical applicationsWedging Transfer of Nanostructures”, J. Phys. Chem. B, 109 (29), pp 13857–13870 (2005).
[2] T. Wen and S. A. Majetich, “Ultra-Large-Area Self-Assembled Monolayers of Nanoparticles”, ACS Nano, 5 (11), pp
8868–8876 (2011).
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P4-ap.025* Generalized Design of Anisotropic Metamaterial Microlens
SHIN Jonghwa, CHANG Taeyong
KAIST, Department of Materials Science and Engineering.
Metamaterial with designed optical properties can manipulate light flow in a desired way. Particularly, the focused light spot
size can become deep-sub-wavelength scale in metamaterials, and it could be used in optical imaging and energy applications.
Metamaterials, in general, may have high degree of anisotropy, however, the study on general lens design principles has been
mainly focused on isotropic material cases except for hyperbolic and elliptical dispersion metamaterials. In this study, we
utilize a generalized approach for deriving lens shape equation for arbitrary anisotropic media. The light propagation and
focusing with anisotropic material lens and metamaterial lens was verified by finite-difference time-domain simulations. The
degree of anisotropy and the magnitude of refractive index determine focused spot size and Rayleigh length of focused beam.
Interestingly, anisotropic material lens can reduce surface reflection and maintain sub-wavelength focused spot size better than
isotropic high index material lens.

P4-ap.026 Unmixed Spin Hall Angle From Irreversible Process Of Voltage In Ferromagnetic
Resonance Spin Pumping
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P4-ap.027* Flexible Multiferroic BiFeO Nanoparticle-embedded Polymer Film
3
,

1,

1,

,

2,

2,

1

,
.
. 2
,
.
We for the first time present flexible multiferroic film having both ferromagnetism and ferroelectricity at room temperature.
The flexible mutiferroic is composed of BiFeO3 nanoparticles (BFO NPs) with tens of nm in diameter, which are evenly
distributed in polyvinyl-alcohol (PVA) matrix. The magnetic and electric analysis reveal that the multiferroic properties is
improved. Especially, unlike bulk BFO polycrystal, the magnetic phase is ferromagnetism and ferroelectricity is retained even
if BFO has high oxygen deficiency. This phenomenon could be interpreted by two reasons: i) ferromagnetism is attributed to
uncompensated spiral ordering due to the confined size of BFO NPs, and ii) ferroelectricity comes from electric isolation of
high resistive PVA due to the cut-off of leakage current path. We will present further detail about its electric and magnetic
properties of flexible film. [Acknowledgements] This work was supported by the ICT R&D program of MSIP/IITP, Korea
(KCA-2013-005-038-001).
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P4-ap.029

The study of the perpendicular magnetic anisotropy energy in Pt/CoFeB/Ta structure
employing Brillouin light scattering
KANG Seung Ku, MIN SeJune, PARK Kwonjin, CHO Jaehun, YOU
Chun-Yeol
Inha University, Department of Physics.
The heacy metal/ferromagnet layer structures have been studied widely
because they are key structure of noble spintronics devices including
spin-transfer torque and spin-orbit torque devices.[1][2] In this study we
studied the magnetic properties of py/CoFeB/Ta structure using
Vrillouin light scattering. We perpared CoFeB thin film sandwiched by 4
nm Ptand Ta, with various CoFeB thickness (1.0~2.4 nm) by DC
magnetron sputtering. Figure 1 is the Keff×tCoFeB vs tCoFeB plot with a
linear fit (solid line). we extract Ks and Ms from the slope and y-cross
section. The effective anisotropy of a whole thickness becomes negative,
it implieds that the easy axis of the sample is in-plane, however, there is finite perpendicular magnetic anisotropy energy of
0.37 +/-0.04 mJ/m2, and 4πMs of 15.48 +/-0.83 A/m. The samples show inverse thickness proportionality of the perpendicular
magnetic anistropy. We will more discuss about the magnetic propertied after annealing at 300oC. [1]Junyeon Kim, et. al.,
Nat. Mat. 12, 240 (2013), [2] Ioan Mihai Miron, et.al., Nat. Mat. 9, 230 (2010)
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P4-ap.031* Tuning Of Rashba Spin-orbit Interaction In Surface Passivated Undoped ZnO Nanowire
YOO Jung-Woo, MODEPALLI Vijayakumar, JIN Mi-Jin, PARK Jungmin, JO Jun-Hyeon, KIM Ji-hyun, BAIK Jeong Min
UNIST, School of Materials Science and Engineering.
In this work, we studied the magnetotransport of individual undoped ZnO nanowires. Negative magneto-conductance was
observed, which is a signature of one-dimensional weak antilocalization of electrons in the presence of strong Rashba spinorbit interaction. We successfully generate and tune the Rashba spin-orbit interaction, which is created in the presence of
strong electric field by utilizing the back gate voltage. The spin-orbit interaction is enhanced by increasing the gate voltage. In
order to remove adsorbates, defects, etc., the nanowire was annealed and then its surface was passivated with aluminum oxide
(Al2O3) capping layer. To passivate the ZnO nanowire surface, we use the atomic layer deposition (ALD) technique because it
produces conformal three dimensional coating with monolayer level control. The goal of my work is to study deep into the
effect of back gate and top gate on generation and tuning of Rashba spin-orbit interaction in individual ZnO nanowires for the
application of future spintronic devices.

P4-ap.032

The Origin of The Difference Spin Wave Frequencies at The Pt/Co/AlOx Interface

CHO Jaehun, KIM June-Seo1, HAN Dong-Soo1, SWAGTEN Henk J.
M.1, YOU Chun-Yeol
Department of Physics, Inha University, South Korea. 1Department of
Applied Physics, Center for NanoMaterials, Eindhoven University of
Technology, Netherlands.
The interfacial Dzyaloshinskii-Moriya interaction (DMI) is currently one
of hot topics in spintronics communications as it offers intriguing
magnetization dynamics and has potential to realize magnetic skyrmions
at room temperature. It is also important from the view of fundamental
science as it is correlated with other spin-orbit coupling effect especially
interfacial perpendicular magnetic anisotropy (IPMA). In this respect, a
reliable way to measure interfacial DMI in various systems is crucial
importance. In this study, we investigated the origin of the difference
spinwave (SW) frequencies at the Pt/Co/AlOx interface using Brillouin light scattering which is performed to observe nonreciprocal SW dispersion relations. As the experimental and calculation result, the SW frequencies difference between Pt/Co
and Co/AlOx interface influence by the interfacial DMI not IPMA difference. We attempted to exclude the IPMA difference
by three kinds of observations: (1) frequency difference from SW wavevector, (2) the angular dependence of frequency
difference between the magnetic field vector with SW wavevector and (3) excellent agreement between magnetic field
dependence and dispersion relations. Fig. (1) is Numerically calculated frequency difference from Eq. 11 in ref. [1] for with
KStokes and KAnti-Stokes IPMA values (red line) and experimental frequency difference (open circles) with the linear fit (black
line). [1] G. Gubbiotti, G. Carlotti, and B. Hillebrands, J. Phys.:Condes. Matter 10, 2171-2180 (1998).
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P4-ap.033*

Dzyaloshinskii-Moriya interactions in amorphous FeZr/CoFeB/MgO multilayers

RHIE Kungwon, KIM Dongseok, NAWAOKA Kohei1, SUZUKI
Yoshishige1, MIWA Shinji1, PARK Seung-Young2, CHO Jaehun3,
YOU Chun-Yeol3, LEE Byung-Chan3
Korea University, Department of applied physics. 1Osaka University,
Graduate school of engineering science. 2KBSI, Spin Engineering
Physics Team. 3Inha University, Department of Physics.
Dzyaloshinskii-Moriya interaction (DMI) [1,2], which is now often considered as one of origin of SOT [3] has been reported
in Heavy metal/FM structures in domain wall velocity, electron energy loss spectroscopy and Brillion Light Scattering (BLS)
measurements [4]. In this study, we used an amorphous FeZr buffer layer under the CoFeB/MgO multilayer and found that the
DMI exists on our structure.The magneto-static wave mode of very thin CoFeB films grown on amorphous FeZr layer was
observed with an antenna method employing coplanar waveguides. The DMI constant (D) determined using the difference in
the frequencies and group velocities of the multilayer was estimated to be -1.0 ± 0.3 mJ/m2. The average group velocity of the
CoFeB film was -3.6 km/s, a value 16 times larger than the theoretically obtained. The D value observed is the largest yet
observed in thin ferromagnetic metallic layer, and the sign is reversed from the case of Co/Pt system. This study revealed that
an amorphous metallic layer is a good buffer to provide a large value of DMI, which may be applied to novel magnetic devices
such as 3 terminal memory cells.We observed MSSW propagation even for very thin 2.3m CoFeB film in on top of amorphous
buffer layer. We expect the DMI is responsible for the group velocity difference [1] I. E. Dzialoshinskii, Sov. Phys. JETP 5,
1259 (1957).[2] T. Moriya, Phys. Rev. 120, 91 (1960).[3] J. H. Moon, S. M. Seo, K. -J. Lee, K. -W. Kim, J. Ryu, H. –W. Lee,
R. D. McMichael, and M. D. Stiles, PRB 88, 184404 (2013).[4] K. Di, V. L. Zhang, H. S. Lim, S. C. Ng, M. H. Kuok, J. Yu, J.
Yoon, X. Qiu, and H. Yang, PRL 114, 047201 (2015).

P4-ap.034* Current induced switching in Transition-metal/Ferromagnetic multilayers
RHIE Kungwon, KIM Jimin, KIM Dongseok, JANG Young-Jae, KIM Bumjin
Korea University, Department of Applied Physics.
The spin orbit torque (SOT) may lead to a better conceptual basis for developing 3-terminal magnetic memory cells [1]. After
the Miron’s work [2], many results shown that SOT is a good mechanism to change a magnetization direction of ferromagnetic
layers which include a transition-metal (TM)/ferromagnetic (FM) multilayers structure. [3]
In this study, we use Pt/Co, FeZr/CoFeB, and Ta/CoFeB multilayers to understand an effect of SOT in each structure. In Pt
(t1)/Co/Pt (t2) case, the thickness of both upper (t2) and lower (t1) Pt layers are varied separately. The sign of SOT is changed
when t2 is thicker than t1, which means injected spin currents from upper and lower Pt layers have different spin directions.
Since the amount of injected spin current is proportional to thickness of TM, one is able to observe the competitions of spins
injected from upper and lower paramagnetic layers. The critical current to switch magnetization decreases with the increase of
in plane magnetic field strength. And the sign of Hall voltage is changed when the direction of applied filed is switched. We
observed magnetic field dependence of switching current and thickness dependence of spin Hall sign
[1] L. Liu, C. F. Pai, Y. Li, H. W. Tseng, D. C. Ralph, and R. A. Buhrman, Science 336, 555 (2012).
[2] I. M. miron, k. Garello, G. Gaudin, P. J. Zermatten, M. V. Costache, S. Auffret, S. Bandiera, B. Rodmacq, A. Schuhl and P.
Gambardella, Nature (Lond on) 476, 189 (2011).
[3] K. Ando, S. Takahashi, k Harii, K. Sasage, J. Idea, S. Maekawa and E. Saitoh, Phys. Rev. Lett. 101, 036601 (2008).
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P4-ap.035 Flexible high-sensitive pressure sensor for robot-skin
JUNG MINHYUN, JUNG JUNWON, KIM KYUNGKWAN, KIM TAEHO1, JEON SANGHUN1
. 1
.
Recently, health care-monitoring system, electronic skin (e-skin) for robot, and wearable device fields are emerging. In order
to realize these innovation device, flexible and stretchable pressure sensor is crucial and inevitably necessary. Here we made
highly-sensitive resistive pressure sensor for robot skin and its sensitivity was observed to be up to 500Pa~3,000Pa. In this
work, micro pyramid structure was patterned on flexible polydimethylsiloxane (PDMS) substrate to realize highly stretchable
and flexible structure. To demonstrate stretchable conducting electrode, we coated a conductive polymer—poly (3, 4ethylenedioxythiophene–poly (styrenesulfonate) (PEDOT: PSS) and elastomer-polyurethane dispersion (PUD) blends on
PDMS micro pyramid array structure. Its resistance was observed to be about (103~104 Ω/□) when stretched 0~25% which
coated with 60% of PUD containing in PEDOT: PSS/PUD blends.

P4-ap.036 Resonance Spectroscopy for Non-Destructive Testing of Nuclear Fuel Rods
LIM SA-HOE
CNUHH.
To evaluate the properties of the nuclear fuel rods, the acoustic resonance spectroscopy was applied. Scattering matrix
elements of a Zr-cylindrical shell by obliquely incident plane wave is calculated, and the resonance spectra as a function of
frequency and aspect angle was obtained theoretically. For the verification of numerical results, the backscattered spectral
magnitude for Zr-cylindrical shell is measured using the quasi-harmonic MIIR. The feasibility to evaluate the variation of shell
thickness using the resonance spectroscopy was discussed based on mathematical and experimental results.

498

P4-ap.037 Magnetism and Seebeck coefficient of FeGe thin film grown on GaAs (100)
DUONG Anh Tuan, SHIN Yooleemi, NGUYEN Van Quang, NGUYEN Thi Minh Hai, NGUYEN Anh Phuong, PHAM Anh
Tuan, CHO Sunglae
University of Ulsan, Physics.
Skyrmions are small magnetic vortices, which was firstly discovered in manganese silicide thin film. FeGe thin film is one of
magnetic materials with skyrmion state. [1, 2] Skyrmions could form the basis of future hard-disk technologies because they
might be made much smaller to create storage devices, resulting in much higher density than the disks using magnetic
domains.[3] Here we report on magnetism and thermoelectric properties of FeGe film grown on GaAs (100) substrate by
molecular beam epitaxy (MBE). A monoclinic structure of FeGe thin film was confirmed by XRD pattern. Temperature
dependent resistivity measurement showed a metallic behavior but an increase in electrical resistivity was observed at below
50 K. The anomalous Hall effect (AHE) originating from asymmetric scattering in the presence of magnetization was
observed. Coercivity, saturation magnetic field and saturation Hall resistance decrease with increasing temperature. Seeback
coefficient was 12 mV/K at 300 K and decreased with decreasing temperature.

P4-ap.038 Room-temperature ferromagnetism in ferroelectric PbTi O nanocrystals: role of Ti
1±d 3
vacancies
CHO Sunglae, DUONG Van Thiet, NGUYEN Thi Huong, NGUYEN Thanh Huong, VU Thi Hoa
University of Ulsan, Physics.
The ferroelectric ceramics PbTiO3 are widely applied in technogical devices such as nonvolatile random access memories
(FeRAMs), transducers, and electromechanical devices. The PbTiO3 existed both tetragonal in ferroelectric phase and cubic in
paraelectric phase. Shimada et al. predicted that both oxygen-vacancy (VO) and Ti-vacancy (VTi) induced the ferromagnetism
while magnetic moment per vacancy of VTi in the tetragonal (1.633 mB) were smaller than VTi (2.223 mB) in cubic PbTiO3.
However, the origin of ferromagnetism, especially the role of VTi, has yet to be elucidated, In this work, the PbTi1±dO3
nanocrystalline with cubic symmetric were prepared by sol-gel method. The result indicated that the saturation magnetism
(MS) increased when the Ti-vacancy concentration increased. However, the MS decreased to suppress the ferromagnetism
when Ti-rick. The origin of ferromagnetism ordering in ferroelectric material PbTi1-dO3 will be discussed further in
conference.
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P4-as.001

Camera System for IceCube Upgrades

BOSE Debanjan, KIM Myoungchul, JEONG Minjin, KIM Jonghyun,
KANG Woosik, ROTT Carsten
Sungkyunkwan University, Physics Department.
The IceCube neutrino telescope has been built at South Pole to detect
neutrinos of astrophysical origin using more than 5000 optical sensors to
observe Cherenkov light from neutrino interactions. A hot water drill
was used to melt holes in the ultra-pure Antarctic ice, in which strings of
optical sensors were deployed at a depth of 1500m to 2500m. The recent
observation of high energy neutrinos consistent with astrophysical
origin, as well as measurements of neutrino oscillation parameters and
world-leading searches for dark matter, have demonstrated the great
potential of this detector. Extension to the IceCube detector are now
being considered. Ice properties, including the refrozen hole ice, have emerged as major source of uncertainty for event
reconstruction. A camera system integrated with optical sensor modules could be tremendously beneficial in order to better
understand ice properties and interpret calibration measurements. We are designing a camera system for IceCube upgrades to
study the ice properties surrounding each photosensor.
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P4-co.002

ZnSe nanostructures produced by laser ablation

JANG youngrae
KAERI, Neutron Instrument Research Division.
ZnSe is a perspective material for optoelectronic devices, including light emitting diodes, laser and photo detectors due to its
wide direct band gap (2.67 eV) and large exciton binding energy (21 meV). ZnSe nanostructures were produced by pulsed
laser ablation technique in liquids. Their optical and structural properties were investigated using photoluminescence and
transmission electron microscopy, respectively.

P4-co.003

Dynamical Properties of Hydrogen in ZnO:H by H$_2$/Ar Plasma Treatment

PARK Jun Kue, KWON Hyeok-Jung, KIM Han-Sung, KIM Dae-Il, CHO Yong Sub
Korea Multi-purpose Accelerator Complex, Korea Atomic Energy Research Institute, Gyeongju 780-904, Korea.
ZnO is a wide-band-gap semiconductor with many technological applications, including catalysis, gas sensing, and the
fabrication of microelectronics devices. The geometric, electronic, and defect surface structures play a role in many
applications of ZnO. Here we investigate dynamical properties of hydrogen adsorbed on ZnO surface (ZnO:H) by H$_2$/Ar
mixed plasma treatment. Electron spin resonance measurement on temperature was made to identify occupied energy states of
H in ZnO:H, the g-values of H being revealed to be 1.96. The dynamical properties of ZnO:H are discussed in view of
conversion to hydrogen molecules by analyzing the spin-lattice relaxation time of $1^$H nuclear magnetic resonance
spectroscopy.
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P4-co.006

Non-volatile functionalization of 2DEG conductivity at oxide interfaces

BAEK Seung-Hyub
Korea Institute of Science and Technology.
Two dimensional electron gas (2DEG) formed at LaAlO3(LAO)/SrTiO3(STO) interfaces exhibits a wide spectrum of physical
properties, envisaging promising applications in multifunctional nanoelectronics. For device applications, it is crucial to
manipulate 2DEG conductivity in a controllable way. It was reported that 2DEG conductivity can be controlled by an electric
field. However, the switched conducting states remain, albeit the electric field is removed, and are continuously relaxed into
the original ground state in a few hours at ambient conditions. This places a big obstacle to utilize the as-fabricated 2DEG at
oxide interfaces for both fast-speed switching devices and long-term information storage devices. Here, the recent results will
be presented where 2DEG at LAO/STO interface can be ferroelectrically controlled in a non-volatile way using the Pb
(Zr0.2Ti0.8)O3 overlayer in the PZT/LAO/STO epitaxial heterostructure. Our approach will provide new opportunities to
multifunctionalize 2DEGs for next-generation nanoelectronics as well as to explore novel physics arising from interactions
between 2D and 3D phenomena.

P4-co.007

Angular Dependence of Exchange Bias in FeMn/Py Bilayers

KIM Ki-Yeon, CHOI Hyeok-Chul1, YOU Chun-Yeol1
Korea Atomic Energy Research Institute, Neutron Science
Division. 1Inha University, Department of Physics.
We have investigated the angular dependence of both longitudinal and
transverse loops in the film plane of the exchange-biased FeMn/Py
bilayers by employing vector Magneto-Optic Kerr Effect magnetometer
and numerical calculation based on modified Stoner-Wholfarth model.
From the angular dependence of experimental and calculated magnetic
hysteresis (Fig.1), it is found that the relevant magnetic anisotropies such
as uniaxial (angular orientation, Theta_Ku) and unidirectional anisotropy
(angular orientation, Theta_K_AF) are not parallel to the deposition field
applied during sample growth. With the magnetic domain wall
nucleation and propagation or irregular magnetic rotation, the rotatable
anisotropy much larger than ferromagnetic anisotropy constant is
required to elucidate the angular dependence of coercivity in the
polycrystalline FeMn/Py bilayers. This work was supported by NRF
Grants (2012M2A26004261) funded by the Korea government.
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P4-co.008

Non-locality of graphene Hall bar device with gate voltage

YOO Jung-Woo, PARK Jungmin, JIN Mi-Jin, MODEPALLI Vijayakumar, JO Junhyeon
.
UNIST,
Spintronic applications of graphene have received growing attention in recent years because graphene is expected to have
long spin life time and length. The spin current for spintronics is typically obtained by injecting electrons from the
ferromagnetic electrodes but can be also induced by the spin Hall effect. In spin Hall effect, longitudinal charge current
induces transverse spin current. Experimentally, this effect can be confirmed by non-local measurement in H-shape geometry.
When a current is passed on one side of the graphene H bar, the voltage can be measured in nonlocal manner on the other side
via spin hall and inverse spin Hall effect. But common source of non-locality is not only spin current but also heat or Ohmic
effect. In this study, to investigate non-local signal of graphene device, we have fabricated graphene H bar devices, which have
width of 1 µm and length of 2,3,4 µm. Then, we introduced doping of Au atoms in CVD graphene via thermal deposition in
order to implement extrinsic spin-orbit coupling. The detailed type (source: spin current, heat, Ohmic effect) of non-local
signal in Hall bar geometry will be discussed further.

P4-co.009

Quasi-particle band structures of silicon-germanium core-shell nanowires in GW method

KIM HAN-GYU, CHOI HYOUNG JOON
Department of Physics and IPAP, Yonsei University.
We study electronic structures of Si-core/Ge-shell and Ge-core/Si-shell nanowires by using first-principles calculations. We
determine the atomic structures of the nanowires by minimizing the total energy. We perform the GW calculation to obtain the
band structures more accurately. Using the GW method, we obtain the band gaps of the nanowires and compare them with the
results of the density functional theory. We calculate the Si and Ge band offsets using the calculated electronic structures in
order to describe the device prospects of the core-shell nanowires. This work is supported by the NRF of Korea (Grant
No.2011-0018306). Computational resources have been provided by KISTI Supercomputing Center (Project No. KSC-2014C3-070).
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P4-co.010

Adsorption of low energy Li+ ions on Graphene

,

,
,
,
,
,
.
We have investigated electronic properties of single layer graphene formed on 6H-SiC(0001) substrate doped with low
energy Li+ ions. By using angle-resolved photoemission spectroscopy (ARPES) and high-resolution photoemission
spectroscopy (HRPES) with synchrotron radiations, we find that Li+ ions do not intercalate under the graphene and induce
significant changes in the p-band of graphene depending on the substrate temperature. The doping of Li+ ions on graphene at
room temperature (RT) simply causes an n-doing effect shifting the Dirac point down away from the Fermi energy while it
opens a band gap at low temperature (90K). Such features induced by Li+ ions on graphene are quite distinct from the changes
induced by neutral Li atoms, where Li atoms are intercalated and no remarkable changes are found in the p-band at RT as
reported earlier. The driving force for the metal-insulator transition caused by Li+ ions at low temperature is attributed to the
enhanced sublattice asymmetry in graphene by the Li+ ions.

P4-co.011

Charge Transport in Metal-Molecule-Metal Junctions Probed by Conducting Atomic Force

Microscopy
,
.
Conducting atomic force microscopy (CAFM) is a widely used technique to achieve reliable electrical contacts to selfassembled monolayers (SAMs) to measure charge transport through single molecules or small molecular groups bridging
macroscopic external contacts. In this study, we report on a study of charge transport in alkanedithiol SAMs formed in metalmolecule-metal junctions using CAFM, in combination with a variety of molecular transport techniques including temperatureand length-variable transport measurements, and transition voltage spectroscopy (TVS).
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P4-co.013

Catalytic activity and OAM in Pt based catalyst

KIM Changyoung, JUNG Jongkeun
Yonsei University.
Pt-based catalysts are one of the most widely studied groups of catalyst since it shows the best performance. Recently, the
investigations on the Pt-based alloys revealed that the ORR could be enhanced significantly by adding transition metals (TM)
and the d-band model was employed to explain the higher catalytic activity. Although the experimental results agree well with
the trend predicted by the d-band model, the physical origin of the trend and its resultant chemical reaction mechanism are not
clearly understood yet. In an effort to unveil the details of d-band model, circular-dichroism angle-resolved photoemission
spectroscopy (CD-ARPES) is measured.
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P4-co.014

Temperature Dependent Band-Bending on Ge(001) Surfaces

JI-HO Kim, MIN-SEONG Kim, IN-WHAN Lyo
Dept. of Physics, Yonsei University, Seoul 120-749, Republic of Korea.
Using low temperature scanning tunneling microscopy (STM), we investigate band-bending effects of atomic and meso-scale
charge traps on Ge(001) surface at varying temperature. In our preliminary study, Ge(001) surface, similar to GaAs possessing
no surface state, exhibits strong tip-induced band bending (TIBB) effect, which compete with the band-bending of localized
charge trap. Especially, a distinct, sharp boundary of STM tip height exist at a certain distance from the charge trap in constant
current mode images. For specify the result, we image the induced charge trap and the boundary around of it on the Ge(001)
surface with varying temperature from 50 to 100 K continuously. The increase of temperature causes a widening of the pinned
region as we predicted. Furthermore, Additional photo-doping using simple laser device show opposite effect, which also
corresponds with our expectations

P4-co.015
,
,
& EHSRC.
Nowadays thermoelectric devices based on intermetallic materials with high ZT values are industrially used, but due to their
degradation at high temperatures under air, they should not be used in devices working in those conditions. In this regard,
oxide materials are advantageous for high-temperature thermoelectric applications due to their high thermal and chemical
stability under air. For example, nontoxicity and low-cost ZnO is a great promise as an n-type thermoelectric oxide material for
such applications because their excellent charge carrier transport properties are tunable via doing, which is stable in a wide
temperature range. We report on enhanced thermoelectric power factor of thermally annealed Al- and Ga-doped ZnO thin films
under different ambient conditions. The various annealing conditions (e.g., temperature and ambient gas) were carefully
controlled and systematically studied, from the preparation of the as-grown sample grown at room temperature, to investigate
the effects of each of the conditions.
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P4-co.016

Hydrogen Absorption and Structural Analysis of TiZrNi Quasicrystals by adding Pd or V

LEE Sang-hwa, KIM Jaeyong
.
Quasicrystals exhibit a 5-fold rotational symmetry which is not allowed in a concept of solid state physics or conventional
crystalography. D. Shectman was awarded Nobel Prize in chemistry 2011 by the first discovery of quasicrystals formed from
rapidly quenched Al-Mn alloys. TiZrNi alloys forming the second largest quasicrystals are known to absorb a large amount of
hydrogen because they have high number of tetrahedral interstitial sites that are suitable in size and high chemical affinity with
hydrogen. However, TiZrNi quasicrystals exhibit low equilibrium vapor pressure, lower than 0.5 Torr at 300 oC. To increase
an equilibrium vapor pressure of hydrogen, a small amount of Ti was replaced by Pd or V and structural and hydrogen
absorption properties were investigated.TiZrNi quasicrystals were prepared by rapid quenching the molten ingots of Ti53xZr27Ni20Pdx,

Ti53-xZr27Ni20Vy alloys (where 0≤x, y≤10) in an Ar atmosphere. Hydrogen was loaded by using an automatic
gas handling system, and pressure-composition-temperature (P-c-T) data were analyzed to determine the maximum amount of
hydrogen and to measure the equilibrium vapor pressure. The maximum amount of hydrogen to host metal atom ratio (H/M)
value decreased from 1.32 to 1.06 as increasing the Pd concentration from 0 to 8, while equilibrium vapor pressures of
hydrogen at 0.5 of H/M increased from 0.32 to 0.68 Torr. When V replaced Ti (y=10) the maximum H/M values decreased to
1.20 and equilibrium vapor pressure increased to 0.86 Torr. After hydrogen absorption, the quasilattice constants expanded
from 5.10 to 5.26 Å and from 5.09 to 5.32 Å for x=8 and y=10, respectively, without phase transformation. Dynamics of
hydrogen and results of structural analysis accordance with hydrogen absorption in TiZrNi quasicrystals will be presented.

P4-co.017

Optical Properties of CaSrSiO4:Eu2+ Phosphors on Blue LED Chips

KWON Bong-Joon, GANDHI Sakthivel, WOO Hyun-Joo1, CHO Kyungmi1, SHIN Dong-Soo2, JANG Kiwan1
Changwon National University, Research Institute of Basic Sciences. 1Changwon National University, Department of
Physics. 2Changwon National University, Department of Chemistry.
The white light emitting diode (WLED) can be considered as the most general solid-state lighting source for the next
generation because of its high emission efficiency, short response time, and long lifetime. The research on phosphors with high
efficiency and excellent color rendering index are needed for the development of WLED. Recently, the studies on green and
red phosphors based on silicates excited by near UV or blue are important due to their outstanding thermal, chemical, and
mechanical stability, along with structural diversity and optical properties.In this work, CaSrSiO4:Eu2+ phosphors were
synthesized by solid state reaction method with various Eu concentration and sintering temperature. The prepared phosphors
were studied by means of scanning electron microscopy, energy dispersive x-ray spectrometer, x-ray diffraction,
photoluminescence (PL), and PL-excitation (PLE). Quantum yield was measured by using a fluorescence spectrophotometer
(FP-8500, JASCO). The white luminescence conversion LED was fabricated. Among various types of LEDs, GaN (400 nm
chip)-based white LED was encapsulated in a transparent epoxy resin. The emission spectrum under a forward bias of 20 mA
was measured using a fiber detector and a custom integrated sphere.
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P4-co.018

Flexible and Translucent Remote Phosphor for White LED Applications – A Vital Role
Played by Versatile Mesoporous Silica
GANDHI Sakthivel, KWON Bong-Joon, WOO Hyun-Joo1, CHO Kyungmi1, SHIN Dong-Soo2, JANG Kiwan1
Changwon National University, Research Institute of Basic Sciences. 1Changwon National University, Department of
Physics. 2Changwon National University, Department of Chemistry.
The inception of phosphors provoked the need of highly efficient lighting sources for the conceivable next generation
applications. In this regards, a novel attempt towards the development of rare-earth Eu2+ doped silicate phosphors have been
put forth using a versatile material namely, mesoporous silica through a convenient wet-solid phase reaction. The developed
phosphor can be efficiently excited in a broad spectral range of 200 – 500 nm, and gets emitted strongly in the greenish yellow
region. On introduction of smaller radius cations to Eu2+ doped silicate phosphors, a clear red shift has been recorded in the
photoluminescence spectra. These mesoporous silica assisted synthesis of silicate phosphors showed a good thermal
luminescence stability and high quantum efficiency of about 85%. It has also been successfully used for the fabrication of a
flexible and translucent remote phosphor. Perhaps, the designed LEDs yielded a color correlation temperature (CCT) < 5000 K
and color rendering index (CRI) > 80.

P4-co.019* Sythesis of ZnO Nanorod/Graphene/ZnO Nanorod Epitaxial Double Heterostructure for
Piezoelectric Nanogenerators
1,
2,
2,
3,
1,
3
, TSEGE Ermias Libnedengel,
,
. 1
,
. 2
,
. 3
,
.
Here, we present a simple strategy for fabricating the ZnO nanorod/graphene/ZnO nanorod double sided heterostructure. The
characterization of the double sided heterostructures by using SEM, and Raman scattering spectroscopy reveals the key process
and working mechanism of a formation of the heterostructure. The mechanism is discussed in detail in term of the decomposed
seed layer and the vacancy defect of graphene. The approach could achieve ZnO coverage with a higher number density than
that of the epitaxial single heterostructure. The resulting improvement has a direct beneficial effect on the double side
heterostructured nanogenerator performance. The total output voltage and current density are improved up to ~2 times
compared to those of a single heterostructure due to the coupling of the piezoelectric effects from both upward and downward
grown nanorods. The facile one-step fabrication process suggests that double sided heterostructures would improve the
performance of electrical and optoelectrical device.
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P4-co.020* Direct Growth of Nanostructured Vanadium Oxides by Thermal Evaporation
,
,
.
Vanadium oxides, VOx, have various different chemical phases such as VO2, V2O3, V2O5, V3O7, V4O9, and V6O13 [1].
Two kinds of VOx are mostly being investigated: vanadium dioxides (VO2) and vanadium pentoxides (V2O5). VO2 is being
researched for functional materials of smart windows, and V2O5 is being investigated for cathode materials of secondary
battery, respectively. Synthesis of VOx can be easily achieved by chemical vapor deposition, and hydrothermal methods. In
this study, we report direct growth of nanostructured vanadium oxides on Si (100) by thermal evaporation [2] using VO2
powders (Sigma-Aldrich, Purity: 99.9%) without any buffer layers and catalysts. Nanostructured VOx was synthesized in low
pressure condition flowing Ar gas (99.999%). The morphology and crystallographic properties of nanostructured VOx were
characterized by SEM, XRD, and TEM, respectively.Reference[1] Naoufal Bahalwane et al., Chem. Vapor Depos. Vol. 20, pp.
299-311 (2014).[2] Zhong L. Wang* et al., Adv. Funct. Mater. Vol. 13, pp. 9-24 (2003).
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P4-co.022* Characterizations of the photodetectors based on InGaZnO and quantum dots
SHIN Seung Won, LEE Kwang-Ho1, PARK Jin-Seong1, KANG Seong Jun
Department of Advanced Materials Engineering for Information and Electronics, Kyung Hee University. 1Division of
Materials Science and Engineering, Hanyang University.
Generally, oxide semiconductors cannot absorb a visible light and produce a photocurrent with visible light due to their wide
band-gap. However, we found a way to produce a photocurrent at oxide semiconductors even with the visible light. Quantumdot was combined with InGaZnO to fabricate a phototransistor. In this way, the device showed a strong enhancement of
photocurrent with a visible light due to the small band-gap quantum-dots. A detail characterization of the phototransistors
based on InGaZnO and quantum dots will be presented. Also, the origin of the photocurrent will be considered in detail as
well.

P4-co.023* The origin of the photocurrent in the thin film transistor based on Ge-doped InGaO and
quantum-dots
LEE Sang Moo, PARK Si Jin, LEE Kwang Ho1, PARK Jin-Seong1, YI Yeon Jin2, KANG Seong Jun
Department of Advanced Materials Engineering for Information and Electronics, Kyung Hee University. 1Division of
Materials Science and Engineering, Hanyang University. 2Institute of Physics and Applied Physics, Yonsei University.
We report that germanium-doped indium gallium oxide (GIGO) thin film transistors (TFTs) can generate a photocurrent in the
range of visible-light with the quantum-dots. Generally, a wide band-gap semiconductor cannot generate photocurrent with a
visible light. However, we observed that a strong photocurrent at GIGO TFTs could be occurred even with the visible light,
when the small band-gap quantum-dots are introduced to the GIGO TFTs. The result suggests a method to develop highly
transparent photodetector, which can detect visible light. The origin and the device characterization will be presented in detail.
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.
(2011-0031933, 2012R1A1A2005940,
. [1] A. Rogozin et al. Appl. Phys. Lett. 89, 061908 (2006).

CVD graphene with low dc-resistance engineered by high energy ion irradiation

CHOI E.J, LEE Chul, KIM Jiho, OH Changwon, KIM JooYoun1, BAE
Sukang2, KIM Keun Soo3, KIM Sang Jin4, HONG Byung Hee4
Department of Physics, University of Seoul. 1School of Electrical and
Electronic Engineering, Yonsei University. 2Soft Innovative Materials
Research Center, Korea Institute of Science and
Technology. 3Department of Physics, Sejong University. 4Department
of Chemistry, College of Natural Sciences, Seoul National University.
We find that dc-sheet resistance(R_s) of large scale CVD graphene is
reduced by 59~69 % when given by 5 MeV-proton(H^+) with low beam
flux I_p = 10^16 ions/cm^2. Raman phonon measurement shows that
almost no defect is induced by the irradiation. The R_s-reduction
remains stable under air forever without degradation. From Infrared
transmission and I-V transport measurement, we find that the hole
density of graphene increases significantly as large as 19.5 times in the irradiated graphene leading to the enhanced dcconductivity. Possible mechanism of the N-increase is discussed in terns ofH^+-induced electron/hole pair creation and
recombination.This defect-free method of R_s-decrease does not require anycomplicated device/electrode fabrication.
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P4-co.026*

Physical properties of Sn-doped ZnO thin films prepared by an rf-magnetron sputtering

method
,
.
ZnO is a II-VI compound semiconductoer and has a wide band gap of 3.37 eV with a large excitonic binding energy of 60
meV, and has a high optical transmission coefficient. Generally, ZnO films deposited with a stoichiometric composition have
higher concentration of Zn than O. When the films were exposed to air, physical properties of the materials including electrical
conductivity varied because of oxygen adsorption on the surface. In general, ZnO compatible elements are doped to maintain
the constant physical properties. In this study, Sn-doped ZnO thin films were prepared on quartz substrate by using an rfmagnetron sputtering method at room temperature and we investigated the physical and optical properties. The X-ray
diffraction data revealed that the pure ZnO film exhibit only (002) plane. As increasing the SnO2 contents, however, the (002)
peak became broad and the film transformed to an amorphous phase at 30 % of SnO2. The electrical resistivity values
measured by using a 4-point probe increased from 0.485 to 6.790 Ω·cm as increasing the SnO2 contents from 0 to 30 %.
Surface morphology of the samples measured by using an atomic force microscopy revealed that RMS values decreased from
10.20 to 2.48 nm as increasing the SnO2 contents. The optical transmittance values were between 80 and 95 % in the visible
wavelength range.

P4-co.027* Spinodal dewetting of Co thin films grown on sapphire substrate induced by nano-second
laser irradiation.
1,
2,
1
,
,
,
,
. 1
,
. 2
,
.
We report the phase transformation of Co thin films on sapphire induced by laser irradiation. As grown Co films were
composed of thin epitaxial Co films and poly-crystalline Co components as revealed by XRD measurements. With low power
laser irradiation, the surface was ruptured forming irregular holes. As the laser power was increased, the films changed into Co
NPs with well-defined 6-fold structure. By measuring the size distribution of Co NPs as a function of film thickness, we found
that the average particle size is proportional to 1.7 power of the film thickness which was consistent with the prediction of thin
film hydrodynamic (TFH) dewetting theory. TFH dewetting theory calculation revealed that the overall mechanism
accompanies a Spinodal dewetting process.

,
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P4-co.028* Destructive versus constructive effects of proton irradiation on optical properties of silicon
related nanostructures
JEONG Jiwoon, GU Minseon, GUK Yeongju, HAN Moonsup
Department of Physics, University of Seoul.
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. [Acknowledgement : NRF-2012M2B2A4029470, NRF-2014M2B2A4031923]

P4-co.029* Drude scattering of CVD-graphene field effect transistor under air condition
YU Kwangnam, KIM JooYoun1, KIM Jiho, CHOI E. J.
Department of Physics, University of Seoul. 1School of Electrical and Electronic Engineering, Yonsei University.
We present results of scattering rates of graphene under air condition. Although defects in air cause degradation of graphene
samples, its mechanism has not been fully studied. We determine scattering rates (Γ) and conductivity of Drude carrier in
CVD-graphene/SiO2/p-Si field effect transistor from infrared transmission measurement and electronic measurement. The Γ
increases as the defect-density (n_i) and the conductivity becomes asymmetry. We consider possible origin of them. Also the
asymmetry behavior of the conductivity is discussed in terms of the n_i-dependent Γ change.
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P4-co.030* Effect of Ambient Gases N and Ar in Post Annealing Process on Strong Luminescence
2
Enhancement of Silicon Nanocrystals via Sensitive Formation of Defect and Interface States
JOO Beom Soo, AHN Hanyeol, PARK Youngju, HAN moonsup
University of Seoul, Department of Physics.
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P4-co.031*

Role of π Orbital Resonance and Molecular Symmetry in Adsorption of Pyridine and
Pyrimidine Molecules on Si(5512)
KIM Gyu Hyeong, JEONG Sukmin
Department of Physics and Research Institute of Physics and Chemistry,
Chonbuk National University.
Initial stage of a molecule growth on the semiconductor surface has been
investigated a lot for its potential application and the academical
knowledge. The energetics of the molecular adsorption on the
semiconductor surface is usually described by covalent bond, van der
Waals interaction, and strain energies. However, we find that the
breaking of the π orbital resonance and preservability of the molecular
symmetry play critical roles in determining the most stable adsorption
structure. In this paper, we introduce the pyridine and pyrimidine
adsorptions on Si(5512). The pyridine molecule energetically prefers to
have vertical geometry, while the pyrimidine molecule favours the
parallel geometry on the surface. The energy gain and loss of the vertical
and parallel structures mainly originate from the preservability of the molecular symmetry in the adsorption geometry and
breaking of the π orbital resonance of the molecules, respectively.
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P4-co.034* ARPES Study on Rashba Effect of Ferroelectric Material GeTe
KIM Beomyoung, KYUNG Wonshik, HAN Garam, KIM Changyoung, KIM Yeongkwan1, DENLINGER Jonathan1, JOONIL
Cha2, CHUNG In2
Institute of Physics and Applied physics, Yonsei University. 1Advanced Light Source, Lawrence Berkeley National
Laboratory. 2Graduate School of Nanoscience and Technology, KAIST.
There has been significant increase in the research of spin orbit coupling (SOC) induced exotic phenomena. The Rashba
effect, theoretically predicted to exist, is one of the SOC related phenomena. The phenomenon was later experimentally
observed in the surface states of metals and topological insulators as well as interfaces of hetero structures that have inversion
symmetry breaking (ISB). It was very recently proposed that ferroelectric GeTe has Rashba effect. This is a unique situation
where ISB is provided not by the structure ISB but by an electrical polarization. We have performed angle-resolved
photoemission spectroscopy (ARPES) on GeTe single crystals. Our results show the existence of a giant Rashba effect in
surface state of GeTe. We discuss various aspect of the Rashba state in GeTe.
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P4-co.037* Scanning Tunneling Microscopy Studies on Water-Intercalated CVD Graphene on Mica
HWANG Jin Heui, LEE Hyunsoo, KIM Wondong1, PARK Jeong Young
Center for Nanomaterials and Chemical Reactions, IBS & Graduate School of EEWS, KAIST. 1Korea Research Institute of
Standard and Science.
We investigated the intercalation and diffusion of water trapped between graphene and a muscovite (mica) using scanning
tunneling microscopy (STM) and atomic force microscopy (AFM) at room temperature. We transfer chemical vapor deposition
(CVD) graphene to mica with poly(methyl methacrylate) (PMMA). The final transfer occurs on a freshly cleaved mica surface
within a deionized water bath, so flat surface of confined water layer were observed in nanoscale size. We demonstrate that
morphology changes as function of relative humidity. Water diffuses along certain direction of the surface indicating influence
of hydrophobic graphene layer on the water diffusion. On the other hands, we obtained various atomic scale patterns of
graphene on the first water layer. Associated change in the local surface charge density implies the strong interaction between
water layer and graphene.
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P4-co.039

Interfacial Magnetic and Electronic Properties of MoS2-Ferromagnet Contacts

YUN Won Seok, LEE J. D.
DGIST, Department of Emerging Materials Science.
Recently, considerable attention has been paid to the electronic structure and magnetic properties of transition-metal
dichalcogenides due to their potential applications in areas such as the nanoscale optoelectronic, photovoltaic, and spintronic
devices. For a practical device realization, it is a critical issue to control electronic transport properties, contact resistance, and
spin injection at the interfaces between semiconducting MoS2 and ferromagnetic metal. Therefore, it is important to optimize
the ferromagnetic metal contacts to the single-layer (1L) MoS2. In this work, based on the first-principles calculations, the
electronic and magnetic properties of interface at MoS2-metal contacts are presented. Especially, we concentrate on the
interaction between hexagonal 1L-MoS2 on the fcc Ni(111) and the hcp Co(0001) surfaces. In addition, we consider the case of
atomic vacancy defect in 1L-MoS2, because it can influence the interfacial and electrical properties of this system. Detailed
discussion of these properties of 1L-MoS2-metal contact will be given.

P4-co.040

Study of Temperature-dependent Multilayer Structures of Thiophene on Si(100)

PARK Jinwoo, LEE Han-Koo1, SOON Aloysius2, YU B.D.3, HONG Suklyun
Graphene Research Institute and Department of Physics, Sejong University, Seoul 143-747, Korea. 1Beamline Research
Division, Pohang Accelerator Laboratory, Kyungbuk 790-784, Korea. 2Department of Materials Science & Engineering,
Yonsei University, Seoul 120-749, Korea. 3Department of Physics, University of Seoul, Seoul 130-743, Korea.
We have investigated multi-layer structures of thiophene molecules adsorbed on the Si(100)-2x1 surface at 170 K and its
evolution upon annealing by employing near-edge X-ray absorption fine structure (NEXAFS) in the partial electron yield mode
and ab initio calculations. NEXAFS spectra show that thiophene molecules are predominantly physisorbed on the Si(100)-2x1
surface for multilayer films with an upright molecular orientation at 170 K and chemisorbed on the Si(100)-2x1 surface for
monolayer in a flat lying position at 240K. The thiophene molecules are found to chemically adsorbed on Si(100)-2x1 through
the formation of 2,5-dihydrothiophene structure. To analyze behaviors of multilayer structures of thiophene depending on
temperature, we investigate structural evolution and energetics of this system using ab initio calculations. As a result, we
confirm that the intermediate flat lying phase is favorable for monolayer coverage while film formation of molecules
perpendicular to Si(100) is favored for multilayer coverage.
* Corresponding author: hong@sejong.ac.kr , hangulee@postech.ac.kr
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P4-co.041

Study of Vibrational Modes of Benzene Molecule on Pristine and Oxidized Graphene

PARK Jinwoo, HONG Suklyun
Graphene Research Institute and Department of Physics, Sejong University, Seoul 143-747, Korea.
We have studied vibrational modes of benzene molecule adsorbed on pristine and oxidized graphene sheets by employing
density functional theory (DFT) calculations. Most organic molecules have been studied with infrared (IR) spectroscopy
method. We analyze vibrational properties of molecule from IR spectra results. To supplement and confirm the analysis using
experimental data only, we introduce DFT based IR simulation. First, to test reliability of the simulation, we choose the
benzene molecule, one of the common organic molecules. Next, to investigate the effect of graphene substrate on vibrational
properties of benzene, we perform IR simulation for the system of benzene molecule on pristine and oxidized graphene sheets.
We hope that this simulation study will give a guide line for better understanding of IR spectra.* Corresponding author:
hong@sejong.ac.kr

P4-co.042

Study of Van der Waals density-functional theory for bulk solids with BCC, FCC, and
diamond structures
PARK Jinwoo, YU Byung Deok1, HONG Suklyun
Graphene Research Institute and Department of Physics, Sejong University, Seoul 143-747, Republic of Korea. 1Department
of Physics, University of Seoul, Seoul 130-743, Republic of Korea.
Proper inclusion of van der Waals (vdW) interactions in theoretical simulations based on standard density functional theory
(DFT) is crucial to describe the physics and chemistry of systems such as organic and layered materials. Many encouraging
approaches have been proposed to combine vdW interactions with standard approximate DFT calculations. However, despite
many vdW studies, there is no consensus on the reliability of vdW methods. To help further develop- ment of vdW methods,
we have performed the assessment of various vdW functionals through calculations of structural properties at equilibrium, such
as lattice constants, bulk moduli, and cohesive energies, for bulk solids, including alkali, alkali-earth, and transition metals
with BCC, FCC, and diamond structures as the ground state structure. These results provide important information for the
vdW-related materials research, which is essential for designing and optimizing materials systems for the desired physical and
chemical properties.
* Corresponding author: hong@sejong.ac.kr
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P4-co.043*
HAN Seungwu, KANG Youngho, KANG Gijae
Seoul National University.
Titanium dioxide (TiO2) and strontium titanate (SrTiO3) have been widely utilized due to their significant roles in
technological applications. For instance, TiO2 has been studied for photovoltaic cells and photocatalytic reaction because of its
stability and adequate band-edge position. SrTiO3 has been widely investigated for oxide microelectronic devices, owing to its
high mobility and dielectric constants. Also, high-quality epitaxial interfaces of SrTiO3 is receiving recent attention due to
their unexpected conductivity, magnetism, and superconductivity.
Band gap of titanate is one of the key parameters that determines the performance of aforementioned applications. However,
the well-known band gap underestimation of density functional theory (DFT) hinders the accurate calculation of band structure
of titanates. Recently, the GW approximation has been widely employed to overcome the problem.
In this study, we systematically tested various levels of self-consistency in GW calculations on TiO2 and SrTiO3, with an aim
to establish a proper GW scheme which can be applied to titanates in d0 configurations. It turned out that QPGW0 scheme
which maintains the Coulomb screening from the initial PBE functional while updating wavefunctions self-consistently,
improves the band gap over any other GW schemes. We found that wavefunction updates in QPGW0 and QPGW reduce the
electronic density near the Ti atom site, which contributes to reducing the band gap which is overestimated in GW and GW0.
We believe that the present work can serve as a good starting point to predict various properties related to the band gap.
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P4-co.045* Controlling Magnetic Properties of Graphene using Iron Dopant Pair: A First-Principles
Study
LEE Sungwoo, YOON Euijoon, LEE Gun-Do
Department of Materials Science and Engineering, Seoul National University.
Graphene is the key material for novel nanoelectronic devices. Controlling main properties such as electronic structure, carrier
concentration, magnetism opens a new way to high performance devices. Doping impurities such as metal dopants is the one
way to control properties of graphene.In this work, we study controlling magnetic properties of graphene using Fe dopant pair.
Spin-polarized calculations were performed using Vienna ab initio simulation package (VASP) code. The unit cell containing
two Fe dopants was made from pristine graphene of 245 carbon atoms. During structural relaxation, two Fe dopants in adjacent
monovacancies slightly lifted from graphene layer and this final structure have magnetic moments of 2 Bohr magneton (μB).
We moved one Fe atom from its original position to the opposite side of graphene and magnetic moments suddenly decreased
to zero. The results from this work suggest that graphene can be used as magnetic switch and basic building blocks for novel
magnetic memory devices.

P4-co.046*

First Principle Study on Structural Properties and Phase Changes of Ge2Sb2Te5

KIM Cheol-Woon, PARK Hanjin, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University.
Based on first-principles density functional theory, we investigate the structural stability and phase transition of Ge2Sb2Te5,
which has potential to be used as a material of the phase change random access memory. We first search for the equilibrium
structure of crystalline Ge2Sb2Te5 while considering vacancy configurations. Then, we perform molecular dynamics (MD)
simulations to identify its corresponding amorphous phases. Our MD simulations are composed of several procedures. We run
a pre-melting procedure with low density at extremely high temperature to produce perfectly disordered structures. After this
stage, the temperature is reduced at a little above the melting temperature, at which the system becomes liquidized. Next, the
system experiences a quenching process, where the temperature decreases quite drastically, but at a constant rate, to room
temperature. Finally, we perform an additional MD simulation to equilibrate the system and to collect its thermodynamic
variables. By taking ensemble and time averages, we calculate the order parameter population as a function of coordination
numbers as well as the radial distribution functions and the angle distribution functions. Through these quantities, we analyze
the local atomic configurations in the crystalline and amorphous phases of Ge2Sb2Te5. We further estimate the transition
barrier between these phases.
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P4-co.047* Extensive Study on Doped-ZnO Using High-throughput Ab initio Calculation Approach
YIM Kanghoon, LEE Joohee, HAN Seungwu
Department of Materials Science and Engineering, Seoul National University.
Zinc oxide (ZnO) has been receiving many attentions for a long time due to its potential applications in optical and
optoelectronic devices as a transparent conducting oxide (TCO). ZnO has high mobility of carriers because of its dispersive
band structure and it is transparent as it has wide direct band gap. On the other hand, intrinsic carrier concentrations of ZnO are
not large enough for an electrode material. To utilize ZnO as an electrode, heavy donor or acceptor doping has to play an
important role. For example, heavy doping of Al or Ga in ZnO can achieve n-typle conductivity of ~10-4 Ωcm which is
comparable to In-Ga-Zn-Oxide. If reliable p-type doping on ZnO is achieved, applications with p-n junction could be activated
but it has not discovered yet. In addition, doping can facilitates band gap engineering to absorb visible light, and application for
spintronics is also possible when a transition metal is doped. However, though there are massive studies on popular dopants for
ZnO, types and behaviors of many possible dopants are still unknown in both experiments and theoretical studies.
To find optimal dopants for a various applications, we extensively study doped-ZnO with every element in periodic table as a
single dopant by ab-initio calculations. In order to find the most stable doping site for each dopant, we search almost all
possible doping types including substitutions, interstitials according to bonding and anti-bonding framework, and split
interstitials. We also considered various charge state of each doping types. To search those massive space, we develop an
automatic code for high-throughput calculation of doped-ZnO. As a result, characterizations of various dopants in ZnO such as
formation energies and carrier concentrations on doping limit are obtained and we figure out interesting doping types are stable
for several dopants, though most dopants are found to prefer generally known doping site.

P4-co.048

Gold pseudopotential for quantum Monte Carlo calculations

SHIN Hyeondeok, KWON Yongkyung
School of Physics, Konkuk University, Seoul 143-701, Korea.
Gold clusters, where the aurophilic attraction plays a central role in stabilizing their formations, have attracted much interest
because of unique electronic properties and extensive structures. The high relativistic effects of a gold atom significantly
decreases the energy gap between 5d and 6s orbitals and different forms of gold clusters such as 2D linear forms, 3D pyramids,
and hollow cages could be realized as the number of involved gold atoms varies. Here we have performed quantum Monte
Carlo (QMC) calculations to study the electronic structures of different gold clusters, both neutral and anion ones. It is known
to be very challenging to generate a good pseudopotential of a gold atom which has a high atomic number and strong electron
correlations. In order to make an accurate description of the chemical bonding in gold clusters, we generate a scalar-relativistic
Hartree-Fock (HF) semi-core pseudopotential. With our HF pseudopotential, the QMC ionization energies of an anion gold
dimer (Au2-) and a linear trimer (Au3-) were calculated to be 1.87(4) eV and 3.92(5) eV, respectively, which are in good
agreements with the experimental values of 1.92(4) eV (dimer) and 3.88(2) eV (trimer). [1] [1] H. Häkkinen et al., J. Phys.
Chem. A 107, 6168 (2003).
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P4-co.049

Novel two-dimensional semiconductor β-ZrNCl

KIM Jongmin, YUN Won Seok, LEE J. D.
DGIST, Department of Emerging Materials Science.
Recently two-dimensional (2D) layered transition metal dichalcogenides are explosively attractive to many scientists due to
their intriguing properties. For this reason, the search for 2D materials with promising physical properties has been an issue of
growing interest in the field of low-dimensional systems. β-ZrNCl, belonging to a family of the group-IVB nitride halides, has
a layered structure like graphite, where layers (consist of Cl-Zr-N-Cl) are coupled to each other by weak van der Waals
interactions. Recently, ZrNCl nanosheets could be successfully synthesized through the mechanical micro-cleavage technique
and electrochemical Li-intercalation method. However, a clear understanding for the fundamental properties of 2D β-ZrNCl
compound has not been reported yet. In this work, in order to investigate the electronic properties of single- and double-layer
β-ZrNCl, we performed the first-principles calculation. As a result, β-ZrNCl shows semiconducting characters with indirect
gap, regardless of their thickness. However, β-ZrNCl undergoes the indirect-direct gap transition when the tensile strain
reaches ~3%.

P4-co.050

Origin of charge puddle of graphene on SiO2 : First principles study

SHIM Yoonsu
KAIST, Graduate school of EEWS.
Ripples and charge impurity effect of graphene are considered as the origin of charge puddles in graphene sheet on SiO2.
However, this topic is very controversial among researchers in graphene community. In this study, by using density functional
theory, we calculate the band structure of the rippled graphene model and charged impurity model that is located close to the
(0001) α-quartz surface. We expect that this study will provide great insight on this matter
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P4-co.051

Crystal Structure Of α-BiFeO3: A First-Principles Investigation

FAYYAZ Ahmad, ISHRAT Naz, RHEE JooYull
Sungkyunkwan university, department of physics.
Density-functional-theory-based calculations have been carried out to investigate the stable crystal structure of α-BiFeO3. A
generalized-gradient approximation has been employed for the exchange-correlation functional. In experiment1 several
different crystal structures were suggested, and it was claimed that the triclinic phase (space group: P1) is the most suitable
one. In order to check this claim we carried out the total-energy calculations for different crystal structures. Indeed, we found
that the triclinic phase had the lowest total energy. Furthermore, only the triclinic phase has the direct band gap of 0.78 eV
consistent with experimentally observed antiferromagnetic semiconducting state.

P4-co.052

Ultrafast cooperative dynamics of charge and vibration in molecular crystal

CHA Woongtak, LEE Jae Dong
DGIST, Department of Emerging Materials Science.
To investigate the ultrafast dynamics of the molecular crystal, initiated by the ultrashort optical pumping, we employ a model
of the two-dimensional crystalline array of molecules. In the system, a molecule with two electronic and two vibrational states
interacts with each other at the nearest neighbor site. Time-dependent Schroedinger equation makes it possible to describe the
ultrafast cooperative phenomena of charge and vibration in a given molecular crystal.
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P4-co.053

Ab initio Study of Dielectric Function of PbVO3 Using Density Functional Theory

Calculations
CHA Janghwan, OH Seol Hee1, JO William1, HONG Suklyun
Department of physics and graphene research institute, Sejong university. 1Department of physics, Ewha womans university.
It has been known that PbVO3 has perovskite structure, which is an elongated tetragonal crystal consisting of VO5 square
pyramid structures, and the lattice parameter ratio c/a of PbVO3 is 1.23. To investigate optical properties of PbVO3, we have
studied dielectric functions of PbVO3 using density functional theory calculations within generalized gradient approximation
(GGA). To obtain correct dielectric functions, we adopt the GGA+U method by introducing the effective on–site Coulomb and
exchange interaction parameters. We find that the effective on-site Coulomb interaction parameters strikingly change the
dielectric functions of PbVO3. Our theoretical results are compared with available experiment.

P4-co.054

Study of Half-metallicity in Multi-layer Graphene Nanoribbons with Distinct Stacking

Forms
JEON Gi Wan, LEE Kyu Won, LEE Cheol Eui
Department of Physics and Institute for Nano Science, Korea University, Seoul 136-713.
Zigzag graphene nanoribbons (ZGNRs) have spatially-localized electron edge states. The localized edge states can lead to a
half-metallic state under an electric field. In bilayer ZGNRs, only AB-β stacking form shows the edge states contrasting to
another stacking form. In this work, we have investigated trilayer ZGNRs with distinct stacking forms by means of density
functional theory (DFT) calculations.
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P4-co.055

Study of Mechanism of Unwinding of WRN Helicase Using Magnetic Tweezers

LEE Mina, UHM Heesoo, HOHNG Sungchul
Seoul National University.
Werner Syndrome Protein (WRN) is a helicase which plays important role maintaining the integrity of a genome being
involved in various repair processes. The defect in wrn gene increases the risk of cancer and cause premature aging. In spite of
its importance, the function and mechanism of WRN has not been understood well. To address this, we studied unwinding
dynamics of DNA hairpin substrate by WRN using magnetic tweezers. To monitor hairpin dynamics, we improved magnetic
tweezers so as to apply high force (> 20 pN) and to track a bead in a nanometer accuracy. The result reveals that WRN
unwinds several tens of bases at a time and returns back showing in repetitive burst of unwinding while the presence of RPA
significantly increases the processivity of WRN.

P4-co.056

Dynamics of Saccharomyces cerevisiae Mph1 Helicase on DNA Fork Structure via FRET

JUNGE Yongje, HOHNG Sungchul
Department of Physics and Astronomy, Seoul National University..
DNA replication is essential process for all kinds of lifeforms. Since DNA is a gigantic polymer, the process should replicate
billions of basepairs, hence it inevitably makes a number of errors within them. If these flaws accumulate, an organism cannot
maintain the sound activity of life, which results in death or genetically crippled progenies. For this reason, all lives have its
own DNA lesion detection and repair mechanism.Mph1 is a budding yeast(Saccharomyces cerevisiae) protein related to DNA
repair, which is a homologue of human FANCM(Fanconi anaemia, complementation group M). The protein takes part in
solution of interstrand crosslinking(ICL). When a replication fork comes across an ICL, Mph1 starts to consume ATP and
regresses the fork some steps so that other enzymes may dissolve the lesion and substitute new, healthy DNA strand for the
area. In human case, one lacks of this protein suffers Fanconi anaemia, which is often altered to myeloid leukaemia.To observe
properties of this fork regression, we employed smFRET(single molecule Förster resonance energy transfer) technique. Firstly
we labeled DNA sample, which is a replica of replication fork, with fluorophores at proper position, and measured required
lengths to get complete dynamic model of the protein.
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P4-co.057

Inducing the conformational change between the alternative and collapsed form of blood
coagulation protein (prethrombin-2) using target molecular dynamics simulation
WU Sangwook
.
Prethrombin-2 is an important intermediate in the thrombin generation. The Di Cera group has recently crystallized
prethombin-2 in two conformational forms existing in the same mother liquor (Pozzi et al. Biochemistry 2011; 50:
10195−10202). One of the conformations has the active site partially blocked. It is considerable interest to be able to visualize
the sequential atomic events that lead from one form to the other. We completed the two X-ray structures and equilibrated the
resulting all-atom structures in a realistic aqueous/ionic environment using molecular dynamics (MD) simulation. Targeted
MD (TMD) was used to force a conformational change between the forms.We find both simulation structures are uniquely
stable. By the use of targeted MD (TMD) simulation, we find that the path from the alternative (open) structure to the
collapsed (closed) structure involves a loop-driven change in the clustering of key hydrophobic residues: Dimer (open)→
Tetramer (intermediate)→ Trimer (closed). This study provides dynamical evidence for the existence of two structural forms
of prethrombin-2 in solution and proposes the essential elements of the interconnecting path.

P4-co.058

The effect of Nap1L1 on the mechanism of chromatin remodeling by CSB

HOHNG Sungchul, LEE Juyeon
.

The Cockayne syndrome complementation group B (CSB) protein plays pivotal roles in
transcription-coupled nucleotide excision repair (TC-NER). The mutations in CSB lead to
defects in TC-NER, which is implicated in Cockayne syndrome characterized by
photosensitivity, progressive neurological degeneration and premature-aging. CSB possesses
a DNA-stimulated ATPase activity and can inefficiently repositions a nucleosome in an ATPdependent manner. Recently, NAP1-like histone chaperone1 (Nap1L1) is discovered as a
non-catalytic CSB-binding partner, which enhances nucleosome remodeling activity of CSB.
However, how Nap1L1 impacts CSB’s activity in the remodeling mechanism is not known.
Here, we studied the underlying mechanism of nucleosome remodeling by CSB in the
absence or presence of Nap1L1, using a single molecule FRET technique. Interestingly,
Nap1L1 reduced the binding of CSB on the free DNA, while ATP further decreased the dwell
time of transient DNA wrapping by CSB. Not only does Nap1L1 suppress unnecessary ATP
consumption during remodeling, but it also increased the processivity of remodeling activity
of CSB. How this DNA wrapping and remodeling activity of CSB is linked to the process of
TC-NER will be discussed.
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P4-co.059* Nucleosome Remodelling Induced by CHD1
HOHNG Sungchul, KIRK Jaewon
Seoul National University.
Nucleosome is basic unit of chromatin, which packs long DNA into nucleus. In transcription or replication process, a set of
enzymes -chromatin remodellers- translocate nucleosome along DNA to avoid interference between nucleosome and
RNAP/DNAP. Chromodomain-helicase-DNA-binding protein 1 (CHD1) is one of chromatin remodeller, and well conserved
in eukaryotes including human. CHD1 regulates nucleosome dynamics and it is important in transcription regulation. By single
molecule Fluorescent Resonance Enegy Transfer (smFRET) assay, we observed characteristic behavior of nucleosome
induced by ATP binding/hydrolysis of CHD1. It seems that Initiation of nucleosome remodelling needs ATP binding and
hydrolysis, however, second or third remodelling doesn't.

P4-co.060* Characterization of Drosha-DGCR8 Complexes in Primary MicroRNA Processing at
Single-molecule Level
MYUNG HYUN Jo, TUAN ANH Nguyen1, YEON-GIL Choi1, SUNGCHUL Hohng, V. NARRY Kim1, JAE-SUNG Woo1
Seoul National University, Department of Physics & Astronomy. 1Seoul National University, School of Biological Sciences.
MicroRNAs are short non-coding single-stranded RNAs of ~22 nt in length, which perform integral roles in posttranscriptional gene regulation in eukaryotes. In the early stage of biogenesis of miRNAs, RNase III DROSHA cleaves a long
primary microRNA. The accurate process of DROSHA is critical for the production of functional microRNAs. How DROSHA
recognize the various substrates specifically and cleave them precisely for successive processes remains enigmatic. This study
clarified the stoichiometry of DROSHA-DGCR8 complexes with a single-molecule fluorescence microscopy, and opened the
way for illuminating the mechanism of the Microprocessor.
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P4-co.061*

Spring-loaded unraveling of a single SNARE complex by NSF in one round of ATP

turnover
RYU Je-Kyung, MIN Duyoung, RAH Sang-Hyun, KIM Soo Jin1, PARK Yongsoo2, KIM Haesoo1, HYEON Changbong3,
KIM Homin1, JAHN Reinhard2, YOON Tae-Young
KAIST, Dept. of Physics. 1KAIST, Grad School of Medical Science & Technology. 2Max-Planck-Institute for Biophysical
Chemistry, Dept. of Neurobiology. 3Korea Institute for Advanced Study.
During intracellular membrane trafficking, N-ethylmaleimide-sensitive factor (NSF) and alpha soluble NSF attachment protein
(α-SNAP) disassemble the soluble NSF attachment protein receptor (SNARE) complex for recycling of the SNARE proteins.
The molecular mechanism by which NSF disassembles the SNARE complex is largely unknown. Using single-molecule
fluorescence spectroscopy and magnetic tweezers, we found that NSF disassembled a single SNARE complex in only one
round of ATP turnover. Upon ATP-cleavage, the NSF hexamer developed internal tension with dissociation of phosphate ions.
After latent time measuring tens of seconds, NSF released the built-up tension in a burst within 20 ms resulting in disassembly,
followed by immediate release of the SNARE proteins. Thus, AAA+ ATPases appear to use a “spring-loaded” mechanism to
couple ATP hydrolysis and unfolding of substrate proteins.
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P4-co.063

Super-resolution Imaging Of Neuron In Caenorhabditis Elegans With DNA-PAINT

PARK Sangjun, KWON Yeongdae, LEE Junho1, HOHNG Sungchul
Department of Physics and Astronomy, Seoul National University. 1School of Biological Science, Seoul National University.
Caenorhabditis elegans is the best model to study the neuronal networks and connectomes. The adult worm has 302 neurons.
These neurons communicate with about 6400 chemical synapses, 900 gap junctions, and 1500 neuromuscular junctions. In
addition, C. elegans is the single creature that every neuron wiring connection was discovered among all organisms. Until now,
we got the ambiguous image for pre-synaptic and post-synaptic structure of neurons. This study aims to get a high resolution
image of nervous system in C. elegans. To achieve the goal, we use the super-resolution microscope with the transient binding
of dye labeled DNA such as DNA-PAINT(point accumulation for imaging in nanoscale topography).

P4-co.065

Single-molecule studies on maltose transport system

HOHNG Sungchul, LEE Jongjin
Department of Physics and Astronomy, Seoul National University, Seoul, Korea.
Efficient carbon utilization is critical to the survival of microorganisms in competitive environments. To optimize energy
usage, bacteria have developed an integrated control system to preferentially uptake carbohydrates that support rapid growth.

Maltose is transported across the cytoplasmic membrane of Escherichia coli by a binding protein(MalE)-dependent transport
system. The three membrane-associated components of the transport system, the MalK, MalF, and MalG proteins.

This system has been studied extensively by crystallography and biochemical assays. Although crystal structures provide
crucial snapshots of discrete states of the translocation cycle, but do not resolve the dynamics of the processes. Additionally,
bulk” biochemical experiments cannot provide insights into rare and/or transient events, crucial for the transport process, as
these are lost in the ensemble averaging.
Thus we are studying this transport system by using single-molecule technique to overcome these limitations.
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P4-co.066

Single Molecule Studies on T-phi terminator

HOHNG Sungchul, KANG Wooyoung
Seoul National University, Department of Physics.
The bacterial intrinsic terminator is composed of a stem-loop hairpin structure and a poly-uracil(U) chain. We know these
structures can induce the termination event, but how it is happening remains unsolved. In this study, we would define which
model can explain the mechanism of the termination through single-molecule FRET. Using wild type T phi terminator and
artificial terminator which can form two different shape, T phi terminator and anti-terminator, with T7 RNA polymerase, we
observed the FRET change. There was the dramatic FRET change because of formation of the RNA structure and the signal
indicating RNA dissociation on wild type sample. We will study the movement of RNA polymerase during the termination by
labeling other kinds of dye on DNA and RNA polymerase.

P4-co.067

Werner Syndrome protein binds to the replication fork as a tetramer, but turns into a
dimer for replication fork regression
SHIN Soochul, HYUN Kwang-Beom1, LEE Jinwoo, KIM Jaehoon1, HOHNG Sungchul
Department of Physics and Astronomy, SNU. 1Department of Biological Sciences, KAIST.
The number and cooperative mechanisms of monomers in the active form are keys to understanding of the acting mechanisms
of helicases. We address this issue on Werner syndrome protein (WRN) using a single-molecule multi-color fluorescence
technique to simultaneously monitor the monomer number and the activity of WRN on DNA substrates. Our data reveal that
WRN binds to model replication forks as a tetramer, and become dimerized for replication fork regression. Selective inhibition
of the helicase activity either on the lagging arm or on the leading arm reveals that the lagging arm unwinding is a critical step
for the formation of a Holliday junction. Once a Holliday junction is formed, the inhibition of a single WRN monomer does
not affect the branch migration speed, indicating that the monomers do not need to be cooperative for branch migration
activity.

532

P4-co.068

Single-molecule assay for UvrD helicase activity

LEE Jong-Bong, LEE Ryanggeun, LIU Jiaquan1, FISHEL Richard2
POSTECH, Department of Physics. 1The Ohio State University Medical center, Department of Molecular Virology,
Immunology and Medical Genetics. 2The Ohio State University, Physics Department.
DNA helicases separate double-stranded DNA (dsDNA) into two single-strands. However, unwound single-strands can be
reannealed behind helicase at the ss/dsDNA junction since transient separated nucleotides thermodynamically favors to be
repaired, which limits the real-time observation of helicase events. We have developed a multiplexed single-molecule assay to
observe the catalytic events by UvrD helicase using the flow-stretching method: one end of dsDNA is immobilized on the
surface of the flow chamber and the opposite end is attached to a micron-sized bead, and a hydrodynamic force stretches
dsDNA due to the dragging force on the bead. At a low force below 6 pN, dsDNA is longer than ssDNA with the same
amounts of nucleotides, which allows for the observation of the helicase activity. Furthermore, to prevent the rehybridization
of ssDNAs exposed by UvrD helicase activity we adopted RecJ exonuclease that cleaves nucleotides of ssDNA in the 5’ à 3’
direction. We will present a story of how the single-molecule technique visualizes the unwinding event of dsDNA by the
helicase enzyme.

P4-st.001

Phase Transition in Random Adaptive Walks on Correlated Fitness Landscapes

PARK Su-Chan, SZENDRO Ivan G.1, NEIDHART Johannes1, KRUG Joachim1
The Catholic University of Korea. 1University of Cologne.
We study biological evolution on a random fitness landscape where correlations are introduced through a linear fitness gradient
of strength $c$. When selection is strong and mutations rare the dynamics is a directed uphill walk that terminates at a local
fitness maximum. We analytically calculate the dependence of the walk length on the genome size $L$. When the distribution
of the random fitness component has an exponential tail we find a phase transition of the walk length $D$ between a phase at
small $c$ where walks are short $(D \sim \ln L)$ and a phase at large $c$ where walks are long $(D \sim L)$. For all other
distributions only a single phase exists for any $c > 0$. The considered process is equivalent to a zero temperature Metropolis
dynamics for the random energy model in an external magnetic field, thus also providing insight into the aging dynamics of
spin glasses.
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Inositol Pyrophosphates Inhibit Synaptotagmin-Dependent Exocytosis
1,

,
1

1,
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3

2KIST. 3

,
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,
.
.
Inositol pyrophosphates such as IP7 (5-diphosphoinositol pentakisphosphate) are highly energetic inositol metabolites
containing pyrophosphate bonds. While IP7 are known to control various biological events like metabolism, the molecular site
of IP7 action in vesicle trafficking remains covered. Here, we showed that IP7 potently inhibits synaptic vesicle exocytosis in
both in vitro reconstitution and cell culture settings. IP7 was identified as a high-affinity ligand for synaptotagmin 1 (Syt1), a
calcium sensor essential for membrane fusion. Intractions of IP7 with Syt1 reduced the binding between Syt1 and Ca2+ as well
as endowed Syt1 with its own negative effect, thereby suppressing Syt1 activation. These findings reveal a role of IP7 as an
inhibitor of the exocytotic pathway and expand our understanding of the signaling mechanisms of inositol pyrophosphates.

P4-st.003

Simple Double Well Model Explains Multi-modal Integration during Bistable Perception

PAIK Se-Bum, CHOI Woochul
Department of Bio and Brain Engineering, KAIST.
Perception, or the integration of sensory information, is one of the most
important functions of neural system. One interesting case in human
perception is the bistable perception, often observed as spontaneous
switchings between two different perceptual status when sensory system
receives an ambiguous signal. The interval between spontaneous
switchings, defined as reversal time τ, is a key factor of understanding
this mechanism, but the detail is yet elusive. Here, we built a simple
double well model that can explain the reversal time of bistable
perception. Two energy wells represent a perceptual state and switching
occurs stochastically. Using this, we studied the multi-modal feature of bistable perception by applying 1/f auditory noise with
the visual stimuli. Our hypothesis is that multi-modal noise would significantly change the reversal time of bistable perception
and a simple double well model can explain temporal dynamics in both conditions, with and without auditory noise. We first
measured the reversal time in psychophysical experiments, with visual stimulus only, using two types of bistable visual
movies: the racetrack [1] and the rotating 3D cylinder. We observed that subjects’ reversal times were log-normally distributed
and were widely diverse across the subjects. Interestingly, we also found that the reversal time for two different stimuli were
highly correlated (N=9, R2 = 0.84). This suggests that there is a universal mechanism for bistable perception. Then, we built a
double-well energy model with destabilization/ restabilization processes [2] that can fit the diverse reversal times across the
subjects. Next, we applied 1/f auditory noise while subjects view the visual stimuli, and then observed that the reversal times
are significantly altered. Importantly, when auditory noise was given, we found a systematic change such that subjects’ diverse
reversal times tend to converge to certain common value (~2 second). Lastly, we found that auditory noise systematically alters
parameters of double well model. By analyzing the altered parameters, we could see how multi-modal sensory information
influences the bistable perception. Our result shows that a simple double well model can explain the distribution of reversal
time in bistable perception and provides evidence of multi-modal integration process in the sensory perception for ambiguous
information. References [1] Jain S: Performance characterization of Watson Ahumada motion detector using random dot rotary
motion stimuli. PLoS One 2009, 4. [2] Kornmeier J, Bach M: Ambiguous figures - what happens in the brain when perception
changes but not the stimulus. Front Hum Neurosci 2012, 6(March):51.
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P4-st.004

Topological properties of complex networks in structural classification of proteins

,
,
.
We study the complex networks of interacting amino acids in protein structures, which have the four groups of proteins and
random controls for the four threshold distances between atoms. This case presents the status of numerical simulations and
analyses relevant to the topological properties of the complex networks in the structural classification of proteins. Our protein
networks are shown to have a small-world feature regardless of their structural class. From the resultant network, we mainly
estimate the network’s metrics, such as the average degree, the degree distribution, averaged shortest path length, averaged
clustering coeﬃcient, assortative coefficient, modularity, global efficiency, local efficiency, the small-worldness, and cost
efficiency, in a biological network. The present proteins are particularly found to have the positive assortative coefficients,
when the topological property is described as a tendency for connectivity of high-degree nodes. We also show that both the
modularity and the small-wordness is a significantly increasing function of N.

P4-st.005
,

Optimal Investment Conditions for Strategies of Future Prices in Korean Financial Markets
1,

1

,
. 1
,
.
A pricing model with each different type of the fundamentalist and the chartist is investigated. We mainly compare and analyze
the overlap values of returns from the prices obtained between the real closing price and the simulated one in the KOSPI and
KOSDAQ. Since the fractions of these trader types change over time according to evolutionary process, the fundamentalist and
the chartist obtain their forecasting rule upon determinations from optimal investment condition of strategies of future prices.
The fundamentalist and the chartist’s rules in the KOSPI and KOSDAQ may be made a rational investment decision by using
their investment strategies, different from other game strategies. We particularly expect to provide our economic game
intuition in these investment conditions that arise in each agent evolutionary systems.
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P4-st.006

Evolution of popularity of given names

LEE Mi Jin, JO Woo Seong, KIM Beom Jun, BAEK Seung Ki1
Sungkyunkwan University, Department of physics. 1Pukyong National University, Department of physics.
Identity of an individual in a human society is often specified by her/his name. Differently fromfamily names, which are
usually inherited from fathers to children, choice of a given name is oftenentirely at parents’ disposal. However, no one decides
the given name of a child that is completelyincompatible and incommensurate with the culture of the society (s)he belongs to.
Interestingly,commensurability of a name is not static, but changes in time: A new given name is invented andcan become
popular while some names become obsolete and extinct later in time. In this paper,we investigate how popularity of a given
name has evolved in time through the use of data setscollected in Korea, the province of Quebec in Canada, and United States,
over a hundred years.The average popularity of given names exhibits a typical pattern of the rise and the fall and itis revealed
that the time scale of such a behavior is about a generation. We also study how thediversity of given names in a society has
changed in time and discuss the relevance of historicalbackgrounds.

P4-st.007
,
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P4-st.008

Statistical properties of two interacting soft spheres in a hard spherical pore

KIM Soon-Chul
.

The structure and thermodynamics of two penetrable soft spheres, whose interactions include the soft
attraction, confined in a hard spherical pore have been considered. The exact partition function, one-body density, and equation
of state have been obtained using the Fourier transform method. The pore-size and potential dependence
of the structural and thermodynamic properties have been investigated.

P4-st.009

Simulation Study for Magnetic Colloids via Brownian Dynamics

KIM Hyeok, KIM Juin1, GIM Bopil2, YEO Joonhyun
Department of Physics, Konkuk University. 1Department of Physics, ROK Air Force Academy. 2Department of Bio and Brain
Engineering, Korea Advanced Institute for Science and Technology (KAIST).

,

(ferro-magnetic particle)
(long-range dipole-dipole interactions)
,
(solvent)
.
nose-to-tail
.
cancer detector
.
Lenard-Jones potential

,3

.
,

(diffusion coefficient)
(Response function) shear modulus

drug delivery

Brownian Dynamics
Ewald Summation
.
,
(Green-Kubo formula)
Auto-correlation function
.

537

P4-st.010

Field Theoretical Apporach using Collective Variables for Brownian Particles in Random

Media
LEE Wonsang, YEO Joonhyun
Department of Physics, Konkuk University.
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P4-st.011
PARK Sojung, KIM Jaeup, KIM Yeongyoon
Department of Physics, School of Natural Science, UNIST.
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P4-st.012

A Numerical Method for Homopolymer Brushes Grafted to a Sphere with Self-Consistent

Field Theory
YONG Dae-seong, KIM Jaeup
Department of Physics, School of Natural Science, UNIST.
We consider homopolymer brushes, where its one end is fixed on the sphere and the volume is solely occupied by those
brushes. In SCFT, the partial partition functions are expressed implicitly as modified diffusion equations, these are partial
differential equations. Then SCFT calculation is mainly focused on solving the modified diffusion equation for a given field.
The field has delta distribution to avoid overcrowding near the sphere. For this sharp discontinuity, the numerical method
should be chosen carefully, considering not only accuracy, but conservation of mass. We introduce finite volume method
(FVM) in spherical coordinate and alternative direction implicit method (ADI). The FVM has an advantage in conservation of
mass during successive calculation for each segment, since its discrete Laplacian operator is expressed as surface integral of
gradient, preserving flux. The ADI is an efficient numerical method than the traditional Crank-Nicolson method for solving
partial differential equation in two or more dimension.

P4-st.013

Realization of an information engine with a modulating optical trap

LEE Dong yun, PARK Jin Tae1, PAK Hyuk Kyu1
Pusan National University, Department of Physics. 1UNIST, Department of Physics.
After it was possible to deal micro scale system., information engines operated by feedback control is getting attention. We
realize an information engine by a modulating optical trap operated by a feedback control. This is suggested from D. Abreu
and U. Seifert. We measure extracted work depending on protocols and find out the maximum efficiency of the information.
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P4-st.014
,

Conformational Transition of a Square-Lattice Polymer in Low-Temperature Region
1,

. 1
.
We study the low-temperature transition of a polymer with attractive nearest-neighbor interactions on a square lattice.
Measuring the speci c heat obtained by the exact number of possible conformations for each energy value, we find a peak in
low-temperature region for the first time, distinct from the peak corresponding to the coil-globule transition. This lowtemperature peak appears remarkably for several polymer lengths, so-called magic lengths, for which ground state forms a
square or a rectangle. Low-temperature peaks for magic lengths are higher than those for other lengths, and appear at lower
temperature.

P4-st.015

First Order Phase Transition line in Spin-1 Blume-Capel Model

KIM Seung-Yeon, KWAK Wooseop1
School of Liberal Arts and Sciences, Korea National University of Transportation. 1School of Department of Physics, Chousn
University.
We perform simulations of the two dimensional spin-1 Blume-Capel (BC) model by using the Wang-Landau algorithm. The
first order phase transition line in the BC model at low temperature is obtained by three different methods: the partition
function zeros in complex temperature, the preferred order parameter, and the microcanonical entropy. We compare the
simulation results by three different methods to find an efficient method for locating first order line in the BC model at low
temperature.
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P4-st.016*

Quantification of Spatial and Temporal Features of Visual Working Memory

PAIK Se-Bum, AN Soyoung
KAIST, Department of BIo and Brain Engineering.
Human visual working memory degrades as memory load increases [1].
This memory load has been studied in terms of the number of items or
abstract visual complexity [2], but still it is not completely understood
how the memory load can be defined and estimated. Here we examined
how visual working memory load can be quantified, according to the
spatial and temporal features of given stimuli, with a model study and a
human psychophysics experiment.
First we started assuming that the memory load is a function of spatial frequency of
visual image and time delay. Considering the facts that (i) the number of salient feature in the image is approximately
proportional to the square of spatial frequency, and that (ii) human perceives time with logarithmic scale [3], we predicted
memory load is proportional to the square of spatial frequency times the logarithm of delayed time. To verify our model,
human psychophysics experiment is designed to test memory performance in the “same/different” task [Fig A], where the two
images appeared with time delay and subjects are asked to memorize the first image to answer whether the second image is
same or different to the first. Images are designed to have different average spatial frequencies, but no other visual components
differences. We examined the human memory performance by varying the spatial frequency and delay time. [Fig B] As a
result, we found that memory performance decreased with increasing memory load as we defined [Fig C]. However, we
observed a boundary within which this memory load estimation fits. We assumed the difference between the expected and the
actually perceived salient features induced the nonlinearity of memory load model. Considering this nonlinear feature together,
the revised model could successfully replicate human memory performance. Our result suggests that the memory load is not
a separable function of spatial and temporal parameters, but rather to be considered as a nonlinear spatio-temporal property.
This also gives a clue to the relation between visual perception and visual working memory.References1. Wilken P, Ma WJ:
(2004) A detection theory account of change detection. J Vis 4:1120–11352. Bays PM, Husain M, (2008) Dynamic shifts of
limited working memory resources in human vision. Science3. Yi L, (2009) Do rats represent time logarithmically or linearly?
Behav Processes 81:274 –279

P4-st.017* Modeling the Effects of Sleep Schedules and Medication on Sleep-Wake Dynamics
KIM Soon Ho, HAN Kyungreem, GOH Segun, KIM Jong Won1, CHOI MooYoung
Department of Physics and Astronomy and Center for Theoretical Physics, Seoul National University. 1School of Physics and
Brain Dynamics Center, The University of Sydney.
Understanding the dynamics of sleep drive is important in both theory and practice. In particular, it is useful for understanding
and predicting changes in the performance of shift workers, and in treating sleep-related disorders. Today, mathematical
models such as that of Phillips and Robinson are used to describe sleep-wake dynamics, where the mutually inhibiting
ascending-arousal system (AAS) and the ventrolateral preoptic area (VLPO) form a filp-flop switch between awake and
sleeping states. In this study, we modify the term representing the homeostatic sleep drive to better reflect the accumulation
and action of somnogens. We also explore how the part of the AAS that expresses acetylcholine can be modified to improve
the model. We find that these extensions allow us to better explain experimental results regarding both sleep deprivation from
shift work and changes in sleep patterns caused by medication.
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P4-st.018*

Comparing Robustness of Directed Functional Connectivity Measures on the Linearly
Mixed Time Series
LEE Heonsoo, WANG Jisung, KIM Seunghwan
,
.
The mixing problem of electroencephalography (EEG) in the presence
of common source could affect directed functional connectivity
measures, resulting in an incorrect directionality of information flow between two signals. Here we introduce directed
Weighted Phase Lag Index (dWPLI), a signed version of Weighted Phase Lag Index (WPLI) and compare this measure to
Granger Causality (GC), Symbolic Transfer Entropy (STE), Phase Slope Index (PSI), and directed Phase Lag Index (dPLI)
when the signals are linearly mixed. Robustness of the measures were tested in both analytic and simulating ways. For the
simulated time series, signals which were generated from unidirectionally coupled autoregressive model were linearly mixed to
achieve volume conduction and common noise effects.As expected from the analytic calculation, dPLI and dWPLI were
unaffected by the volume conduction while PSI, GC and STE were largely affected. (Figure 1A). The mean percentages of
false identification were 14.00±7.66, 22.35±4.78, 27.38±7.04, 1.99±1.36, and 1.63±1.28, for the GC, STE, PSI, dPLI, and
dWPLI, respectively.For the common noise case, the directionalities were preserved for only dPLI and dWPLI. (Figure 1B).
The mean percentages of false identification were 30.14±16.86, 49.74±16.63, 34.72±10.23, 2.68±1.90, and
2.34±1.55.Furthermore, the dWPLI outperformed dPLI for the common noise case (p<0.01, Wilcoxon signed-rank test) which
was also predicted from analytic calculation.Present study shows the common source effects might lead to spurious
directionalities of information flow. Among the five directed functional connectivity measures, dWPLI is much less affected.

P4-st.019*

Hierarchical trends of world commodities trade flow network

NOBI Ashadun, LEE Jae Woo
Department of Physics, Inha University.
We analyze the structural change of the trade flow network for different commodities from 1995 to 2013. The MST
(minimum spanning tree) is constructed from the trade flow data and investigates the hierarchical organization of the tree by
the method of hierarchical path. We find that the tree for man-made products such as machinery and transport equipment and
manufactured goods is more hierarchical than the natural products such as mineral fuels. We also find out that the hierarchy F
over time for almost all commodities is changed notably due to globalization and show sharp transitions due to crisis and also
change of hub node. The interesting finding is that when we remove China from trade flow network, the trend of F is changed
significantly-implies the role of China in world trade network. Finally, the network stability is identified by Jaccard index and
finds out that the MSTs for the products which are made by complex production process are more stable than those of natural
products.

542

P4-st.020* The Effects of Link Density on the Surface Relaxation in Heterogeneous Networks
YOU Hyung-ha, LEE Deok-Sun
Dept. Physics, Inha University.
Synchronizing the activities or balancing the loads of the elements in a networked system is important in biological
networks, parallel computation, internet traffic routing, electric power transmission, and so on. Adding links can contribute to
suppressing fluctuation, but the biological or economic cost is increased with the number of added links, which may be
responsible for the ubiquity of sparse networks in nature and society. To understand the effects of the link density on
fluctuation quantitatively, we investigate the interface roughness of the surface relaxation model on scale-free networks
varying the link density. We find that the interface becomes smooth if the mean connectivity is larger than a threshold in the
networks of the degree exponent larger than 3. The studied surface model is known to belong to the Edwards-Wilkinson (EW)
universality class, which allows us to understand the observed roughness scaling in terms of the spectral dimension of the
considered networks. On the contrary, for the strongly heterogeneous networks of the degree exponent smaller than 3, the
interface turns out to remain rough for a wide range of the mean connectivity, which is not the case for the models in the EW
class. The origin of such deviation is discussed.

P4-st.021* Robustness of the Metabolic Networks: The Impact of Enzymatic Gene Expression
HA Gyeong-Gyun, LEE Deok-Sun
Dept. Physics, Inha University.
Many of human disorders originate in the outbreak and spread of local abnormality at the cellular level, the likelihood of
which depends on the topology and dynamics of the cellular networks. Given that most of the medical and pharmaceutical
treatment are made locally to control the concentration and the activity of selected target ingredients, it will be of great
importance to evaluate the vulnerability of individual cellular ingredients and identify its determinants. Here we use
the medicare patient data to quantify the vulnerability of individual metabolic compounds in terms of the prevalence of the
associated diseases and show that it is correlated with the network features of the compounds as well as the expression pattern
of the associated enzymatic genes. In particular, we find that the more correlated the enzymatic genes are, the less vulnerable
the associated compound is, implying the crucial role of genetic regulation in buffering and preventing the spread of local
perturbations in metabolic networks. Classifying the topology of the subgraphs surrounding each metabolic compound, we find
that such impact of genetic regulation on vulnerability is differentiated depending on the topological features of the metabolic
compound in the metabolic network.
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P4-st.022* Portfolio selection using connection among companies
,
.
Portfolio management is an essential problem of financial investment literature. Since Markowitz's portfolio theory
introduced, the numerous methods for constructing portfolio set have been proposed in the traditional technology such as the
several clustering algorithm and the random matrix theory, while there has NYSE from 01.03 2000 to 12. 31. 2012. To make
diverse portfolio sets, we constructed the stock network with winner-takes-all approach. We consider Pearson correlation in
order to identify the performance of proposed method and calculated the correlation between the KOSPI and the networkbased-portfolio index using in-sample, and out-of-sample return. We find that the correlation value was high enough in overall
threshold value in in-sample that can be used as a secondary index. Moreover, we measured portfolio risk using out-of-sample
return. We could find that the portfolio’s risk much lower than Markowitz’s random selected portfolio risk with proposed
methodology, which leads to better performance of portfolio in terms of Sharpe ratio. This result implies that we can make
sound stock portfolio using complex network.

P4-st.023* Interplay of Memory and Activity on Time-Varying Networks
KIM Hyewon, HA Meesoon1, JEONG Hawoong
Department of Physics, KAIST. 1Department of Physics Education, Chosun University.
Memory and activity are both important features in most interpersonal relations, where people have some tendency to contact
with known ones over time, rather than unknown ones, and the number of contacts per individual represents the personality. In
order to investigate the interplay of the two features systematically, we propose a simple model of time-vary networks with the
modified epidemic process. The memory effect has been mostly studied in static networks, which ignore the time-varying
nature of links. In our model, activity-driven individuals with memory are selected and links are added with the controlled time
step, in the context of the so-called activity-driven modeling. As a result, the final network structure displays targeted static
features in time-aggregated representation. According to the temporal-pattern coarsening time scale in growing networks, we
discuss how epidemic spreading patterns are changed using various network analysis and finite-size scaling techniques.
Finally, our numerical results are compared to those obtained from empirical time-varying networks.
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P4-st.024* Symmetric distribution in the last digits of prime numbers
KIM Young Jin, KIM Yeseul1, WEON Byung Mook1, SON Seung-Woo
Hanyang University, Department of Applied Physics. 1Sungkyunkwan University,Soft Matter Physics Laboratory, School of
Advanced Materials Science and Engineering, SKKU Advanced Institute of Nanotechnology (SAINT),.
A well-known Benford’s law, so-called the first-digit law, describes the frequency distribution of digits in the first place of
many real data such as stock prices, populations of city, length of rivers, and physical constants. In the similar manner, we
explore the characteristic distribution for the last digit, whether there is a special tendency in the distribution. The distribution
pattern is compared to the random process. Even its uniformity is similar to the random process; the tendency decaying to the
uniform distribution is somewhat different from the random process. Considering the sequential last digits of the consecutive
prime number as a walk, we observe the interesting symmetric distribution in the transition probability matrix, which may be
related to the hidden rule of the prime numbers.

P4-st.025*

Heaps' Law and Zipf's Law in Translated Korean Texts

JEONG Seon-Young, KIM Young-Bin, PARK Young-Jae, KIM Young Jin, SON Seung-Woo
Department of Applied Physics, Hanyang University.
Usually it is very hard to automatically analyze morphemes in Korean texts due to its variety of changes. Utilizing recent
natural language process techniques and Korean morphological analysis model, we investigate the Zipf's law and Heaps' law
properties of Korean texts. Especially, we focus on the difference of the automatically translated texts by machine such as
Google Translate from those of translated by human experts. These results are also compared to the same texts written in
English. We believe that such understanding of statistical properties of Korean written texts may contribute to a development
of automatic translation algorithms.
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P4-st.026*
,

What is the source of systemic risk in international financial market?
,

,
,
.
We investigate the systemic risk based on the contagion effect of information flows among 37 international financial markets
by econometric methods such as Vector Autoregressive(VAR) model and variance decomposition(VDM). We consider the
source and sink of systemic risk estimated by an information flow according to the degree of net-flow in dynamic variance
decomposition network. In our study, we find that the mature markets such as United State, Europe and United Kingdom have
a role to play the systemic source, whereas the emerging market such as China and South America show the systemic sink. In
addition, we also find the source of systemic risk should change due to the financial market states.

P4-st.027*
,

Bank network and financial stability
,

1

,
. 1
.
In this study, we use methods from complex network analysis to assess the relative importance of central banks in South
Korea. We consider several questions related to the financial stability. For example: whether the larger bank is related to the
systemic risk from the concentration and the interconnection perspective and how to control the systemic risk? We explore
these questions using their banks loaned to industries. The loan structure of a banking system should contain valuable
information of the financial stability. Our results highlight that the banks with the larger concentration and well-connected are
able to contribute to the stability of finance and real economy.
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P4-st.028*

Investigation of Surface Charge Density on Solid–Liquid Interfaces by Modulating the
Electrical Double Layer
,

1,

,
. 1
,
.
A solid surface in contact with water or aqueous solution usually carries specific electric charges. These surface charges attract
counter ions from the liquid side. Since the geometry of opposite charge distribution parallel to the solid-liquid interface is
similar to that of a capacitor, it is called an electrical double layer capacitor (EDLC). Therefore, there is an electrical potential
difference across an EDLC in equilibrium. When a liquid bridge is formed between two conducting plates, the system behaves
as two serially connected EDLCs. In this work, we propose a new method for investigating the surface charge density on solid–
liquid interfaces. By mechanically modulating the electrical double layers and simultaneously applying a DC bias voltage
across the plates, an AC electric current can be generated. By measuring the voltage difference between the plates as a function
of bias voltage, we can study the surface charge density on solid–liquid interfaces. Our experimental results agree very well
with the simple equivalent electrical circuit model proposed here. Furthermore, using this method, one can determine the
polarity of the adsorbed state on the solid surface depending on the material used. We expect this method to aid in the study of
electrical phenomena on solid–liquid interfaces.

P4-st.029*
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P4-te.006

Actual Experiments about Connection of Light Bulbs in Primary School Science

KIM Taekyu
Jeonju National University of Education, Department of Science Education.
Connections of light bulbs are included in the unit of [Act of Electricity] of science subject (10) developed for 2009 national
curriculum. The target of this study is to be able to light the light bulbs connected with serial or parallel connections and to
compare the brightness of light bulbs according to various connection. The apparatus of electric circuit connected with banana
jack, light bulb socket, knife switch, and electric wires were made for this experiment. The single circuit connected with one
light bulb, serial or parallel circuits connected with two light bulbs, and the complex circuit connected three light bulbs are
produced in accordance with the opening or closing knife switch. Besides the observations of brightness of the various
connected light bulb, the voltages and currents of each light bulbs are measured from voltage and current meter, respectively.
The high powered cement resistances can be used in the devised apparatus by replacing the light bulbs. The observation of
brightness of light bulbs and the measurement of voltage and current of light bulbs and cement resistance had been carried out
using apparatus of electric circuit. The brightness of light bulbs had been analyzed with measured voltage and current. And the
voltage drop and current division of light bulbs depended on temperature had been compared with that of high powered cement
resistance.
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P5-ap.002 The Study of Ionic Channel Network Variation Of Nafion by using CSAFM
,

1,

1

,
. 1
,
.
Proton exchange membrane (PEM) works as proton conductor, gas separator, and insulator of anode and cathode. Thus, it is
one of the essential component of proton exchange membrane fuel cell. For an understanding of PEM function, the ionic
channel network variation, which is essential of proton transport in PEM by hydration has to be clarified. Ionic channel
network variation of Nafion, which is one type of PEM under relative humidity changing is characterized by using current
sensing atomic force microscopy (CSAFM) and spectroscopy. CSAFM can simultaneously detect the surface conductivity
distribution and morphology. Also, it can characterize local conductivity variation by sweeping bios voltage. In this study, we
measured local conductivity changes of Nafion under different relative humidity and bias voltage. The result is analyzed by
using ballistic transport model. From the analyzation, the local proton conductivity is non linearly increased by increasing
relative humidity. In addition, the proton mean free path in Nafion is continuously increased.

P5-ap.003
,

Developing Ultra Mini Proton Exchange Membrane Fuel Cell
1,

1,

1,

PARK Sam2

,
. 1
,
. 2Department of Mechanical Engineering,
University of Louisville.
Proton exchange membrane fuel cell (PEMFC) is one of promising renewable energy devices due to high energy density,
high energy conversion efficiency, and no environmental hazard residues. Recently, developing PEMFC is focused on the
power train and middle sized electrical generation applications. PEMFC has great potential for the power source of portable
devices because it has high energy density, mechanical stability, and chemical stability. In this study, we designed ultra mini
PEMFC for mobile devices. The PEMFC can produce 3 Watt electrical power for 48 hours. The ultra mini PEMFC has to
fulfill several requirements such as sufficient electrical power generation, easy to carry-on, ensuring safety, and reliable
performance during operation. For maximizing mobility of the PEMFC, the balance of plant must be minimized. So, we
designed the PEMFC as a passive air breathing type of PEMFC. To maximize energy density and ensure safety, solid type
(NaBH4) fuel is used. The most crucial issue for ensuring reliability of passive air breathing PEMFC maintains proper
humidification condition of MEA. For this, we used TiO2/Nafion hybrid membrane because TiO2 which has super
hydrophilicity can be maintained sufficient humidification under dried environmental condition.

553

P5-ap.004

A study on the interaction between time-varying electromagnetic field and droplet at high

frequencies
LEE Hee-Jo
Daegu University, Department of Physics Education.
In this work, we present that droplet with a micro-liter is how to interact with time-varying electromagnetic field produced by a
high-Q resonator in the microwave region. According to the experimental data, we find that resonant frequency and Q-factor of
the resonator with a droplet are remarkably changed. As a result, we demonstrate that the phenomenon is strongly correlated
with material constants, permittivity and conductivity, of droplet through a full-wave electromagnetic solver. In addition, we
show that the droplet can be characterized by the simple and compact resonator system.
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P5-ap.008

Integrated Energy Devices for Wearable Activity Monitors

LEE Minbaek, JUNG Sungmook1, KIM Dae-Hyeong1
Dept. of Physcis, Inha Unversity. 1School of Chemical and Biological Engineering, Seoul National Unversity.
A triboelectric generator (TEG) is one of the promising options for an energy harvesting device that can be used with
wearable electronics. Compared to other wearable power generators, TEGs are sensitive to humidity, exposed to mechanical
damage by friction, and discontinuous in power generation. Meanwhile, its fabrication is simple and cost-effective and thereby
suitable for large area wearable systems. Conventional type of TEG utilized contact/release type friction and also horizontal
movements and showed high performance to convert mechanical energy to electricity. However, a new type of TEG, which is
both not reliant on air gaps and flexible, is still needed to utilize horizontal friction as an energy source in wearable electronics.
We therefore herein present a wearable integrated energy device, consisting of TEGs combined with SCs, which can be
utilized either as an activity monitor or as power supply for other wearable sensors. A wearable fabric-based integrated power
supply system that generates the energy triboelectrically using human activities and stores the generated energy in the
integrated supercapacitor is developed. This system can be utilized as either a self-powered activity monitor or as a power
supply for external wearable sensors. These demonstrations give new insights for the research of wearable electronics.
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P5-ap.010 Fabrication of Si-nano Pillar Array through Pt Nano-droplet Mask using Inductively
Coupled Plasma Etching
,

,

,
.
In this work, we fabricated Si nano-pillar arrays by etching Si(111) substrate using inductively coupled plasma etching system
with Pt nano-droplet mask. Pt nano-droplet array was formed by rapid thermal treatment of Pt layer deposited on Si substrate.
Pt nano-droplet mask employed in this work is not only simple to control but also cheap in the fabrication of uniform nanostructure compared to the conventional lithography technique. For the formation of Pt nano-droplet mask, Pt layer was
deposited on Si(111) substrate using ion-sputtering system. Through rapid thermal annealing (RTA) of Pt layer at 980°C, Pt
nano-droplet array was formed on Si(111) substrate. Effects of etching parameters such as RF power and gas composition on
the morphologies of Si nano-pillar array were investigated. Optimum etching of Si(111) substrate with Pt nano-droplet mask
was obtained under the bias power of 70W and gas composition of CF4(70%) and SF6(30%). Si-nano pillar structure can
provide useful routes for electronic and optical devices with enhanced performance and function.

P5-ap.012

Local doping of graphene devices by selective hydrogen adsorption

PARK MIN, YUN Yong Ju1, LEE Minwoo2, JEONG Dae Hong2, JUN Yongseok1, PARK Yung Woo3, KIM Byung Hoon4
,
. 1
,
. 2
,
. 3
,
4
.
,
.
N-type graphene fabricated by exposure to hydrogen gas has been previously studied. Based on this property
of graphene, herein, we demonstrate local doping in single-layer grapheneusing selective adsorption of dissociative hydrogen
at 350 K. A graphene field effect transistor was produced covered with PMMA on half of the graphene region. The charge
neutrality point of the PMMA-window region shifted to a negative gate voltage (VG ) region prominently compared with that
of the PMMA-covered region. Consequently, a single graphene p-n junction was obtained by measuring the VG -dependent
resistance of the whole graphene region. This method presents opportunities for developing and controlling the electronic
structure ofgraphene and device applications.
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P5-ap.013

Methods to reduce image blurring towards the regions of the nonoverlapped
electrochromic layer
AH Chil Seong, SONG Juhee, CHO Seong M., KIM Tae-Youb, RYU Hojun
Smart I/O Platform Research Department, Electronics and Telecommunications Research Institute.
Unlike an emissive light-emitting diode (LCD) or organic LED (OLED), an electrochromic device (ECD) is a nonemissive
information display device. It has excellent visibility outdoors, and shows a high contrast ratio even in the presence of strong
light, even sunlight. In addition, ECDs provide many advantages, including easy control of light transmittance using a driving
voltage, low driving voltage, high coloration efficiency, memory effects under open-circuit status, and small viewing angle
dependence. For these reasons, many studies have been conducted to determine how to apply electrochromism to light shutters,
displays, smart windows, and electrochromic mirrors. However though such benefits, there are many problems to be solved for
practical applications. One of the problems removes image blurring. This phenomenon is that in electrochromic array device,
images can blur to chromic layers which are not overlapped between electrodes. Such blurring would be a cause which makes
information images unclear or severely, information cannot be identified. In this presentation, to reduce image blurring, cell
gaps between electrodes, electrolyte concentration, and coloration working time were controlled. So it could be identified that
the shorter distance between electrodes is, the lower electrolyte concentration is, and the shorter working time is,
electrochromic layer blurring reduced well.
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P5-ap.017 Atmospheric Synthesis Of ZnO Nanostructures In Domestic Microwave Oven
1,
2,
ABIDOV Amir, ALLABERGENOV Bunyod, XIAO Feiyi, CHU Cuili, JIN Xing,
,
1
2
,
.
. ( )
,
.
ZnO nanostructures have various applications such as filtering, photocatalysis, LED, artificial photosynthesis, sensing and
solar cells. In this research we discuss atmospheric synthesis of ZnO nanostructures in domestic microwave oven without any
modifications. Morphology of prepared films was characterized by Field Emission Scanning Electron Microscope (FESEM).
X-Ray Diffractometry (XRD) revealed well developed wurtzite structure. UV-visible measurements showed absorbance in UV
region with cut-off wavelength at 380 nm. Results were compared and discussed This study was supported by a grant (2014GUMI-001).

P5-ap.018

Infrared Microscope Study of Mechanically Exfoliated 2H-Phase MoTe2 Field-Effect

Transistor
YUN Yoojoo, KANG Haeyong1, LEE Young Hee, SUH Dongseok
Center for Integrated Nanostructure Physics, Sungkyunkwan University. 1Department of Energy Science, Sungkyunkwan
University.
Among many different phases of MoTe2 2H-phase gives the semiconducting behavior unlike other cases of 1T-or 1T' phases.
Recent interest in the strain induced structural phase transition between 2H- and 1T'- phases for few-layer MoTe2 attracted
much attention on this transition metal dichacogenide material due to its possibility of precise control for phase transformation.
Here, we fabricated a field-effect transistor consisting of 2H-phase few-layer MoTe2, mechanically exfoliated from a bulk and
transffered and transffered on the silicon oxide substrate. Not only the normal channel conductance variation by the back-gate
control but also th heat dissipation through electrodes and the substrate while Joule heating can be one of potential candidates
for the driving force of phase transistion between 2H- and 1T' phases of few-layer MoTe2.
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P5-ap.022 Anomalous Behavior In Magneto Transport Measurements In Liquid-gated Pt Thin Films
MIN Kil-joon, CHAE Dong-Hun, JOO Sung-jung, KIM Taeyueb1
. 1
,
.
We observed a superlinear behavior in the Hall resistance in liquid-gated Pt thin films. This effect is consistent with a previous
experimental result reported by Iwasa group in Japan [Phys. Rev. Lett. 111, 216803 (2013)]. They interpreted this phenomenon
with the anomalous Hall effect usually emerging in ferromagnetic materials even though Pt is considered to be a paramagnetic
material according to the Stoner criterion. Here, we present our experimental progress and preliminary results.

P5-ap.023
,

Edge functionalization of graphene mesh by Electrodeposition for hydrogen detection
,

,
,
.
Graphene, two dimensional material with one-atom-thick layered, has been considered as promising candidate for highly
sensitive gas sensor. Furthermore, the mechanical flexibility and transparency can be achieved by using graphene as a channel.
However, the transfer of charge carriers from sensing material to graphene has been significantly limited because of chemically
inert surface of graphene. In this study, we present single layer graphene meshes decorated with Palladium nanoparticles, in
which edges along the circular holes provide a direct path for charge carrier. The graphene meshes were prepared on slide glass
via simple chemical vapor deposition (CVD) with hexagonally aligned silica bead array and transferring method. Pd
nanoparticles were then deposited along the edge of graphene meshes by electroplating method. Graphene meshes decorated
with Pd were transferred again to Silicon dioxide (SiO2) substrate. The structure of graphene meshes and Pd were observed by
Scanning Electron Microscope(SEM) and X-ray Photoelectron Spectroscopy(XPS) analysis confirm that the metal on the edge
of graphene meshes is Palladium.
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P5-ap.026

The Effect of PVA Solution on the Room Temperature Ferromagnetism of LaMnO3

Nanoparticles
LIU chunli, TOLA Pardi
.
Lanthanum-based perovskite-type oxides (LaMO3) containing transition metals are well known as functional inorganic
materials having wide applications. LaMnO3 has been reported to show interesting magnetic properties and broad electric
properties induced by oxygen vacancies. In this work we investigated the effect of polyvinyl alcohol (PVA) on the magnetic
properties of LaMnO3 nanoparticles synthesized by the sol-gel method. The morphology and magnetic properties showed
noticeable dependence on the amount of PVA added during the sol-gel process. The LaMnO3 nanoparticles became more
porous when PVA solution was added, and the LaMnO3 nanoparticles prepared with 10 ml 6 wt% PVA showed much
improved room temperature ferromagnetism despite the fact that bulk LaMnO3 shows antiferromagnetism with a Neel
temperature of 140 K. X-ray photoelectron spectroscopy measurement revealed that the addition of PVA adjusted the amount
of cation vacancies in the LaMnO3 nanoparticles. The amount of O2- ions in LaMnO3 nanoparticles was increased with the
addition of PVA solution, which directly affected the magnetic properties. Our results provide a simple approach to prepare
LaMnO3 nanoparticles with enhanced room temperature ferromagnetism.
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P5-ap.028 Sintering temperature dependence of Eu3+ doped CaMoO4 phosphors by high-energy ball
milling
HONG WooTae, LEE JooHyun, JANG HyeongIl, PARK SungJun, YANG HyunKyoung, JEONG JungHyun1
Department of LED Convergence Engineering, Pukyong National University. 1Department of physics, Pukyong National
University.
Most white LEDs (WLEDs) are based on InGaN blue LED chip with cerium doped yttrium aluminum garnet (YAG:Ce3+)
yellow phosphor. However, there exist several flaws in the application, including poor color-rendering index and high color
temperature due to the lack of red emission. Therefore, in order to get warm white-light emission, several approaches have
been proposed: one is to add the red-emitting hosphors with the YAG:Ce3+-based WLEDs, another is to combine green and
red phosphors with blue LEDs. Therefore, red emitting phosphors can be pumped by blue or near-UV LEDs gain a lot of
attention. As sulfide red phosphors have poor chemical stability and efficiency, it is necessary to seek new red phosphors with
high luminance and chemical stability. Among the molybdate, CaMoO4 with scheelite structure has high density and desired
physical and chemical properties, thermal and chemical stability, and luminescence.In this study, CaMoO4:Eu3+ phosphors
were synthesized by a high energy ball milling method. The X-ray diffraction patterns, photoluminescence spectra, scanning
electron microscope image, decay time and the International Commission on Illumination (CIE) chromaticity coordinates of
CaMoO4:Eu3+ phosphors were characterized and analyzed for concentration of europium ion.

P5-ap.029 Nonlinear optical dynamics of TM and TE polarization in photonic crystals
JHE Wonho, PARK Julie, SONG TaeSun
Seoul National University.
We performed the FDTD simulation to demonstrate the correlation of TM and TE polarized light in two dimensional
nonlinear photonic crystal. We observed the non-linear Kerr effect of both TM and TE polarized light rays from a triangular
lattice system with a waveguide cavity coupled system on a triangular lattice. A point defect with non-linear material of a low
dielectric constant is implied to form the cavity. In order to control the resonance frequencies and quality factors, the various
parameters of the photonic crystal such as size of a point defect and radius of neighboring holes are tuned. We found the
conditions of TM and TE localized defect modes having similar resonance frequencies and quality factors in the designed
system. In addition, we observed the resonance frequency shifts from both even and odd cavity modes, depending on the
amplitudes and polarizations of the incident rays.
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P5-ap.030 Reconsider Relation Between Effective Medium Approximation And Diffraction On
Metamaterials.
YI Changhyun, RHEE Joo Yull
SungKyunKwan University, Department of Physics.
It is generally appeared that a deep-subwavelength condition is crucial for the performance of metamaterials (MMs). Due to
the deep-subwavelength condition the effective-medium approximation (EMA) is supposed to be an essential ingredient for
MMs. Recently, the deep-subwavelength condition is a subject to the debate. Furthermore, some MMs are operative in the
wavelength region in which the unit-cell size is comparable to the wavelength. If the Wavelength is comparable to the
operating wavelength, one cannot avoid the effects of diffraction. Diffraction, however, is incompatible with EMA, but the
performance of some MMs is closely related to the Wood’s Anomaly which can be observed in diffraction grating. We
investigated angle-of-incidence dependence of several MMs through FIT simulation without periodic boundary conditions to
examine the relationship between diffraction grating, Wood’s Anomaly and EMA.

P5-ap.031

Simultaneous Enhancement of Permittivity and Permeability Based on Deep
Subwavelength Coil-plate Array
SHIN Jonghwa, HEO Minsung
KAIST, Department of Materials Science and Engineering.
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P5-ap.032

Ge-alloyed CZTSe Thin Film Solar Cells Fabricated by Solution Process

DHRUBA Khadka,
,
.
Ge- alloyed CZTSe thin film solar cells have been fabricated by chemical spray pyrolysis technique. Here, we prepared
Cu2ZnGexSn1-xSe4 (CZGTSe) absorber layers by spraying CZGTS precursor solution on Mo/SLG and FTO substrates and
subsequently selenized at high temperature under selenium vapor ambient. The surface morphology and crystal quality of
absorber layers have been studied to understand the growth mechanism. The structure of solar cell has been completed with
sprayed deposited indium sulfide buffer layer. The electrical properties of fabricated CZGTSe solar cells were investigated by
measuring current–voltage characteristics and external quantum efficiency (EQE). This report presents band gap tuning of
CZGTSe absorber layer for photovoltaic application by adopting spray pyrolysis technique.

P5-ap.033

CZTSe Thin Film Solar Cells from Stacked Films and Post-Annealing Process

KIM SeongYeon, KIM JunHo
,
.
We fabricated CZTSe solar cells from Cu/SnS/ZnS stack layers made by RF sputtering and post-annealing process. In the
preliminary study, we made two types of CZTSe thin films by post-selenization as single time annealing and post-sulfurization
and post-selenization as double times annealing. As a result, the solar cell from double times annealing improved conversion
efficiency of 3.06% than single time annealing. For the fabrication of the stack layer, we applied reduced RF power for all
stack layers again. After then we made CZTSe thin films from the stacks by double times annealing and achieved conversion
efficiency of 5.6%. The formation of CZTSe films was characterized by Raman, FESEM & EDS. The further analysis of the
solar cells was investigated by J-V-T and c-f-T.
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P5-ap.034

Study of annealing effects on thermal evaporated tin sulfide thin film

RANA Tanka, KIM JunHo
,
.
Tin sulfide thin films as absorber layer were deposited by thermal evaporation. We performed two types of annealing such as
pure nitrogen annealing and sulfur vapor annealing. We studied these annealing effects on structural, phase-composition and
morphological change of the tin sulfide film. Fabricated films were characterized by XRD, Raman, FESEM and EDS to
investigate their structure, composition and morphology. The S vapor annealing showed improved crystallinity than pure N2
annealing that was reflected in solar cell efficiency. The SnS solar cells with In2S3 and CdS buffer were fabricated and its solar
cell properties were characterized.

P5-ap.035

Defect Identification of Cylindrical Shell Using Resonance Modal Analysis

LIM SA-HOE
CNUHH.
Application possibility for the defect detection of the cylindrical shell using the acoustic resonance phenomenon was
evaluated. Acoustic resonance modeling of a cylindrical shell insonified by obliquely incident ultrasonic waves in water has
been carried out. The theoretical backscattering spectra showed the resonances of helical waves such as stoneley,
circumferential and transversal guided waves. According to an increase of the incidence angle, the resonance frequency of the
stoneley wave slowly increases. The backscattering experiment was performed on the specimen with the axial slit, the
measured resonance spectrum shows disappearance of particular resonance mode. In this study, resonance modal analysis for
defect identification of the cylindrical shell was discussed.
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P5-co.001* Investigation of atomic structures of few-layer black phosphorous using TEM
LEE Yangjin, JEONG Hu Young1, KIM Kwanpyo
Department of Physics, Ulsan National Institute of Science and Technology (UNIST). 1UNIST Central Research Facilities
(UCRF), Ulsan National Institute of Science and Technology (UNIST).
Black phosphorus has recently emerged as an alternative 2D semiconductor material owing to its electronic properties such as
tunable bandgap (1.5eV for monolayer phosphorene and 0.3eV for bulk black phosphorus) and high charge carrier mobility.
The investigation of atomic-scale defects of few-layer black phosphorous will be an important issue to fully understand its
structural and electronic properties. In this study, we investigate atomic structures of few-layer black phosphorous using
aberration corrected transmission electron microscopy (TEM). TEM samples are prepared using conventional mechanical
exfoliation. The crystal lattice structures at the various crystal zone axes are observed and compared with simulation results.
The atomic-scale edge structures and its dynamic under the electron beam are also studied.
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P5-co.002* Degradation of black phosphorous investigated by AFM and Raman spectroscopy
YOON JunYeong, SEO JinHwi, KIM kwanpyo
Department of Physics, Ulsan National Institute of Science and Technology (UNIST).
Black phosphorus has emerged as one of interesting 2D materials with great potential for electronic applications. One of the
critical issues for this material is structural degradation under ambient environment and finding an efficient way to prevent
degradation is very important. In this research we study the degradation of exfoliated thin black phosphorous on different
substrates by optical microscopy, atomic force microscopy and Raman spectroscopy. We elucidate the effect of different
sample preparation conditions on the degree of degradation speed.

P5-co.003* Joule-heated infrared source based encapsulated graphenes
KIM Daehee, KIM Ho-jong1, LEE Tae-ho1, CHOI Seon Jae1, JUNG Suyong1, YUN Yoojoo2, KANG Haeyong2, SUH
Dongseok2, HA Dong Han1, YUN Wan Soo, BAE Myung-Ho1
Department of Chemistry, Sungkyunkwan University (SKKU), Suwon 440-746, Korea. 1Korea Research Institute of Standards
and Science, Daejeon 305-340, Republic of Korea. 2Department of Energy Science, Sungkyunkwan University (SKKU), Suwon
440-746, Korea.
We have studied Joule-heated graphene devices as a mid-infrared source (3-8 μm wavelength). Contrary to commercial
infrared sources such as incandescent lights and light emitting diodes, a graphene can provide a relatively broader wavelength
range and modulation speed. To make an energy-efficient graphene radiator, it is needed to understand the heat-dissipation role
along the graphene channel. In this study, for the first step, we take thermal images of the Joule-heated graphene devices by
using an infrared scope for 2-4 μm wavelength. Here, the samples are prepared by two different encapsulated environments:
PMMA/graphene/SiO2 (PGS) and h-boron nitride/graphene/h-boron nitride (BGB). The BGB device shows a 1000-fold better
efficiency than that of PGS, due to different heat dissipation roles between them. This indicates that the heat dissipation in
graphene devices is dominated by the direct interaction between hot electrons in graphene and optical phonons in substrates.
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P5-co.005* Observation of Supercurrent in Bi Se Topological Insulator
2 3
PARK Sang-Il, KIM Hong-Seok, KIM Bum-Kyu, YANG Yiming1, PENG Xingyue1, YU Dong1, DOH Yong-Joo
Korea University Sejong Campus, Department of Applied Physics. 1University of California, Davis, Department of Physics.
We report on the fabrication and electrical transport properties of Bi2Se3 topological insulator nanoplates. After single
crystalline Bi2Se3 nanoplate was transferred on the n-doped Silicon substrates with 290-nm-thick SiO2 overlayer by using
tungsten tip, conventional e-beam lithography was performed to define electrodes pattern. Normal (Au) and superconducting
(PbIn) electrodes were formed by e-beam evaporation, respectively. Using Au electrodes, magnetoresistance curve reveals the
weak antilocalization behavior depending on temperature. Below the superconducting transition temperature, TC = 6.6 K, of
PbIn film, the superconducting junction of Bi2Se3 exhibits conductance enhancement due to the superconducting proximity
effect, so-called Andreev reflection. At T = 2.3 K we observed the supercurrent up to the critical current of 340 nA. We also
observed periodic modulation of supercurrent depending on the external magnetic field, so-called Fraunhofer diffraction
pattern, which confirms the genuine Josephson effect occurring through the topological insulator. Our experimental study
would be useful to explore the exotic quasi-particles such as the Majorana fermions.

P5-co.007* Field Effect Transistor operation in LaAlO3/SrTiO3 heterostructure
,

,

1

. 1
.
We have investigated Field Effect Transistor (FET) operation of 2-Dimensional Electron Gas (2DEG) formed on
LaAlO3/SrTiO3 heterostructure by top gate modulation. The heterostructure was grown by pulsed laser deposition and hall-bar
geometry was fabricated by photo lithography. Hardly exposed Poly methyl methacrylate (PMMA) by Scanning electron
microscope was used as gate insulator and Au electrode was sputtered as top gate electrode. Conductivity of 2DEG channel
was modulated as a FET device. Carrier mobility was relatively enhanced by top gating rather than the normal state. Also,
depletion region of conducting channel was observed. Our result could contribute to fundamental investigation for oxide
electronics. <!--[if !supportEmptyParas]--> <!--[endif]-->
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P5-co.008* Cross-section Shape Modulation of ZnO Microwires by Arsenic Surfactants and Oxygen
Concentration During Thermal Chemical Vapor Deposition
,
Department of Physics and Department of Energy Science, Sungkyunkwan University.
We have developed a novel and facile technique based on thermal chemical vapor deposition method for tuning cross-sectional
shape of ZnO microwires. The hexagonal and rhombohedral cross-sectional shapes of ZnO microwires are controlled by
Arsenic (As) surfactant and the oxygen concentration. Specific As concentration in the reaction can be introduced by different
weight of GaAs. We found that two different cross-sectional shapes of ZnO microwires showed different growth directions,
which was confirmed by TEM. The crystalinity of ZnO MWs analyzed by raman spectra and XRD.

P5-co.009*

Controlled Synthesis of Tellurium Nanowires, Nanotubes and Nanoshperes Through a
Facile Hydrothermal and Solvothermal Method
HE Wen,
Department of Physics, Sungkyunkwan University, Korea.
We developed a novel one-pot hydrothermal and solvothermal method to synthesize various tellurium nanostructures. By
controlling the amount of ascorbic acid and Cetyltrimethylammonium bromide (CTAB) in hydrothermal method, different
morphology of tellurium can be easily obtained such as nanowire, nanotubes and nanospheres. Moreover, ultra-long tellurium
nanowires can be also synthesized by solvothermal methods. Their morphology, crystal structure, and composition are
characterized by SEM, TEM, XRD, and EDS. Further, the possible growth mechanism is also discussed based on our
experimental results. We believe that, our approach can be used to synthesize different material nanostructures and open a
great opportunity to applied tellurium in to high performance electronic devices.
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P5-co.010*

High Voltage Electrohydrodynamic Lithography and Micro-Nano heterostructure

fabrication
1,
, CHATTERJEE Aniruddha,
Department of Physics, Sungkyunkwan University, Korea. 1
, Korea.
Electrohydrodynamic lithography (EHL) is a non-conventional pattern transfer technique which enables a pattern creation by
inducing an instability over a liquid thin film under a strong electric field. A characteristic wavelength, which is determined by
an experiment condition, plays a critical role in EHL patterning. In this work, we investigated the patterning behavior of EHL
using hexagonal dot array master stamp. By controlling a characteristic wavelength, we could acquire not only nanoscale
pattern (hexagonal dot array) but also micro-nano hybrid structure (hexagonal pillar structure with nanoholes on top).
Especially for micro-nano hybrid structure, we find that the effect of in-plane direction pressure can be significantly large to
make a pattern deformed, and this phenomena has not been reported yet. We believe utilizing in-plane direction pressure will
pave the way for improving EHL technique.

P5-co.011* Template-assisted Synthesis of Vanadium Nitride Hollow Spheres for High-performance
Supercapacitors
YAN Yaping,
Department of Physics, Sungkyunkwan University, Korea.
Vanadium nitride (VN) holds a great promise for a high performance supercapacitor due to its large specific capacitance, high
electrical conductivity, and wide operation windows in negative potential. However, its poor electrochemical stability severely
limits its application for commercial uses. In this work, to improve the cyclic stability performance of VN, hollow sphere VNs
were synthesized using a template via a hydrothermal method, followed by calcination, The results indicate good
electrochemical performance with high specific capacitance, excellent rate capability, and also good cycling stability. This is
the first demonstration of using VN hollow sphere structure for supercapacitors, which could greatly improve the performance
of energy storage devices.
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P5-co.012*

.

2

Raman scattering studies of CVD graphene domains

, MAS'UD Felisita Annisanti1,
,
.

1,

1,

2

.

1

P5-co.013* Patterned Growth of Horizontally Oriented VO2 Nanowires Using h-BN Monolayer
Templates
,
Department of Physics and Department of Energy Science, Sungkyunkwan University, Korea.
Single-crystalline vanadium dioxide nanowires (VO2 NWs) have attracted a great interest recently because of their unique
single-domain metal-insulator phase transition properties (MIT). We report herein, a successful growth of horizontally oriented
single crystalline VO2 nanowires on x-cut quartz substrates by using a thermal chemical vapor deposition method. We show
that highly uniform and density-controlled VO2 NWs can be selectively grown on specific locations where desirable for
device fabrications using a h-BN monolayer pattern tempate. These VO2 NWs was carefully characterized by using Raman
spectroscopy, X-ray diffraction, Field emission scanning electron microscopy, Transmission electron microscopy and
temperature dependent-electrical transport measurement. This result may provide a great opportunity for the future
development of novel nano-devices based on VO2 nanowires over a large area.
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P5-co.014* Effects of Moistures on the Structures and Deformation Field Inside of Zeolite
Microcrystals
KANG Jinback, LEE Heeju, CARNIS Jerome, AN Gukil, KIM Dong-Jin, TUNG Cao Thanh Pham1, YOON Kyung Byung1,
KIM Hyunjung
Department of Physics, Sogang University. 1Department of Chemistry, Sogang University.
Ion-exchanged ZSM-5 zeolite microcrystals are aluminosilicates widely used in industry such as catalysts, adsorbants, and ion
exchangers, due to the well-ordered sub nanometer scale pores and aluminum sites in the crystals. Aluminum sites make the
crystals to act as solid phase solvents that store ions at the active sites interacting with reactive chemicals. However, the active
sites have strong affinity of moistures that is well enough to disturb the expected chemical reaction. Therefore, studying the
effects of moistures is most important problem in the application of zeolites.In this study, we investigate the water vapor
adsorption effects on the zeolite microcrystals by coherent X-ray scattering technique. Those results will be compared with IR
spectroscopy and gas analysis results. We found a change of the internal deformation field distribution of the ion-exchanged
ZSM-5 zeolites after dehydration treatment. The further structural interpretation of the analysis results will be discussed.This
research was supported by the National Research Foundation of Korea, ICT & Future Planning of Korea (Nos. NRF2014R1A2A1A10052454)
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P5-co.016*

Temperature Dependent Emission Spectra of Yellow-emitting CaSrSiO4:Eu2+ Phosphors
Concocted through Sol-gel Strategy
WOO Hyun-Joo, GANDHI Sakthivel1, KWON Bong-Joon1, CHO Kyungmi, SHIN Dong-Soo2, JANG Kiwan
Changwon National University, Department of Physics. 1Changwon National University, Research Institute of Basic
Sciences. 2Changwon National University, Department of Chemistry.
White light emitting diodes (w-LEDs) are the most important solid-state light source due to many advantages over traditional
light sources such as long lifetime, high luminance efficiency, high brightness, low power consumption and environmental
friendliness. White light is generally created by the combination of blue LED chips and a yellow phosphor, which has low
color rendering index and high color correlated temperature. Therefore, development of phosphor along with enough red
spectral components is required, to improve the performance of w-LEDs.
A yellow emitting phosphor, Eu2+-activated CaSrSiO4, was synthesized by sol-gel method based on water soluble silica
compound. In this research, a series of (Sr2-X-YCaX-YSiO4) :EuY(0.05) , (Ca2-X-Y SrX-YSiO4) :EuY(0.05)
(X=0.25,0.5,0.75,1) compounds were prepared by sol –gel, after which systematic emission variations were investigated. The
temperature dependence of luminescence intensity of the phosphor were investigated. The results showed that CaSrSiO4:Eu2+
could be efficiently excited by incident light of 370–480 nm, which matches well with the emission wavelengths of most of the
commercial near-UV and visible LED chips. The increase in the temperature, the emission bands of CaSrSiO4:Eu2+ show an
abnormal green-shift with broadening bandwidth and decreasing emission intensity. The reason has been explored using high
temperature x-ray diffractiometer.

P5-co.017

PMMA-Etching-Free Transferring of Large Area 2D Materials Synthesized by Chemical
Vapor Deposition Method
NGOC Huynh Van,
Department of Physics, Sungkyunkwan University, Korea.
We have developed a facile transfer technique for 2D materials by adding a water soluble layer in-between PMMA and 2D
materials grown on the rigid substrate. This technique allows not only effective transfer to a target substrate with a high degree
of freedom but also etching-free PMMA-assisted transfer while minimizing the effects of contamination. We applied this
method to transfer different type of 2D materials grown on different rigid substrates such as graphene on copper foil, h-BN on
platinum and MoS2 on sapphire substrates. This facile transfer technique presents a great potential for future research and
application of 2D materials for high performance mechanical, optical and electronic devices.
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P5-co.018

Interface states between Topological and Normal Insulators

SHIN Jiseon, JEON Gun Sang
Ewha Womans University.
We consider ribbon geometry of honeycomb lattice with zigzag edges. In the ribbon a topological insulator due to spin-orbit
coupling is in contact with a normal insulator. By the numerical diagonalization we compute the energy dispersion. We focus
on the edge states localized at the interface of the two insulators. In the absence of a normal insulator we confirm that our
numerical result is consistent with the analytic solution derived in the earlier work on the correlation length of the edge state of
the topological insulator. We discuss how the presence of the normal insulator has an effect on the properties of the edge states
of the topological insulator.

P5-co.019
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Photoresponsive Characteristics of MoS2 Grown by Chemical Vapor Deposition
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P5-co.021

Surface Enhanced Raman Scattering (SERS) and Raman Waveguiding Characteristics of
Organic Crystalline Microrod
,
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. 1
. 2Materials Science and Engineering, University of Michigan, USA.
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Quantized electron pump based on a quantum dot (QD) is a promising candidate for the quantum current standard [1]–[3].
Single electron pumped from a QD synchronized with a frequency produces quantized current plateau steps, satisfying the
relation of I=nef, where n is the number of electrons pumped per cycle of the modulating microwave (MW), here e is the
elementary charge and f is a frequency of the applied MW. Importantly, electron pump must operate at gigahertz frequencies
corresponding to pumped current level up to 1 nA in order to satisfy the requirements of the quantum current standard [1]. Also
quantized current accuracy requires 0.01 parts per million (p.p.m.) accuracy. We have investigated the relation between an
uppermost frequency of electron pump and D(EL+EU), where D(EL+EU) is the energy difference between the quasi-bound
states for loading and unloading during the pumping process. We find that the uppermost frequency can be enhanced by the
decreasing D(EL+EU), which is controlled by a plunger-gate voltage. However, we find that there is a trade-off between D
(EL+EU) and pump accuracy. We need further study on the frequency dependent pumping accuracy.[1] M. W. Keller, et al.,
Metrologia 45, 330 (2008).[2] M. Seo, Y-H Ahn, et al., Phys. Rev. B 90 085307 (2014).[3] Myung-Ho Bae et al., Metrologia
52,195–200 (2015).
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To sense the charge state of a quantum dot in real time, we have fabricated superconducting LC-tank circuits for high Q
resonators. As superconducting materials, we used Nb (
) and
films whose are above the
and GaAs wafers. We have investigated the material and substrate
liquid He temperature. For substrate, we tested
effects on the characteristics of the superconducting LC resonators. The LC resonators, regardless of superconducting material
and kinds of substrates, show Q of ~ 3000 whose resonant frequency is between 2 to 3 GHz depending on the length of the
circuit. The combination of a QD with a superconducting LC resonator is now under fabrication.
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P5-co.024

Electrical and Optical Characteristics ofZnxCu1-xO Nanoparticles Prepared by

Hydorthermal Method
KIM Jung-Ha, AHN Chang Won1, KIM Ill Won1, BAE Jong-Seong, HA Myoung Gyu, KIM Jong-Pil2
. 1
. 2
.
Manipulation of size, shape, morphology and composition of technologically important materials, within the dimension of
nanometers to micrometers, has been a great challenge for material scientists for the last few decades. The unique properties of
nano-materials can be harnessed for the design and fabrication of nanosensors, solar cells, field emitters, and transistors. Cubased nanomaterials have been extensively studied due to their many potential applications. In this study, semiconductor
ZnxCu1-xO was prepared by hydrothermal reaction method. The phase formation processes and micorstructures were
examined by high resolution X-ray diffraction (XRD) and transmission electron microscope (TEM). The electric properties and
optical behaviors of semiconductor ZnxCu1-xO are discussed. Acknowledgments;This work was supported by Korea Basic
Science Institute (KBSI) Grant C35220

P5-co.025

First-principles Study of Ni(111)-MoX2 (X = S, Se, Te) Interfaces

MIN Kyung-Ah, CHO Kyeongjae1, HONG Suklyun
Department of Physics and Graphene Research Institute, Sejong University. 1Department of Materials Science and
Engineering, The University of Texas at Dallas.
Two-dimensional transition metal dichalcogenides (TMDs) are semiconducting materials with direct band gap. Such
monolayer TMDs have drawn much attention for application in field effect transistors (FETs). For application of TMDs in
FETs, we need to understand Fermi level (FL) pinning effect which occurs at metal-semiconductor interface. In this
connection, the mechanism of FL pinning was very recently investigated at transition metal (TM)-MoS2 interfaces using
density functional theory (DFT) calculations [1].In this study, we investigate atomic and electronic structure of Ni(111)-TMDs
interface using first-principles calculations. Especially, we report the FL pinning effect which is induced by interaction
between nickel substrate and MoX2 (X = S, Se, Te). Details in electronic structure are analyzed in terms of work function,
partial density of states (PDOS) and charge density difference. [1] C. Gong, L. Colombo, R. M. Wallace and K. Cho, Nano
Lett., 14, 1714-1720 (2014)
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P5-co.026

Characterization of Single Crystal Graphene Grown on Copper Substrates using CVD

CHO Sangmo, NAM Jungtae, KIM Keun Soo, HWANG Chanyong1, HONG Suklyun
Department of Physics and Graphene Research Institute, Sejong University. 1Center for Nanometrology, Korea Research
Institute of Standard and Science.
Due to its superior electrical, optical and thermal properties, graphene has drawn much attention. So far, there have been many
synthesis methods of graphene such as mechanical exfoliation, thermal decomposition of SiC, and chemical vapor deposition
(CVD). Among them, the CVD method is widely used for large-scale production of high-quality graphene. In the CVD
process, it is important to control the domain or grain size of single crystal graphene for various applications. In this study,
graphene is grown on Cu foils using CVD synthesis by varying growth conditions determined by several factors such as
annealing time, growth time and the amount of injected gas. We use Raman spectroscopy and scanning electron microscopy
for characterization of grown graphene. Details of the experimental results will be presented.

P5-co.027

Enhanced Optical Interferometer For High Displacement Resolution

CHOI Heon Hwa, KIM Yun Won1, CHOI Jae-Hyuk
Division of Physical Metrology, Korea Research Institute of Standards and Science, Korea ; Department of Nano Science,
University of Science and Technology, Daejeon, Korea.. 1Division of Physical Metrology, Korea Research Institute of
Standards and Science, Korea..
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Very Large Supercurrent in PbS nanowire-based Josephson Junctions

KIM Bum-Kyu, KIM Hong-Seok, YANG Yiming1, PENG Xingyue1, YU Dong1, DOH Yong-Joo
Korea University Sejong Campus, Department of Applied Physics. 1University of California, Department of Physics.
We report on the fabrication and electrical transport of the nano-hybrid Josephson junctions of PbS nanowires contacted with
superconducting PbIn electrodes. The PbS nanowire-based Josephson junctions are fabricated by using conventional e-beam
lithography and e-beam evaporation processes. At low temperatures below 7 K, the PbIn electrode becomes superconducting,
which induces the superconducting proximity effect in the nanowire. We have observed the Josephson supercurrent up to a ten
micro-Ampere at Tbase = 300 mK, corresponding to the IcRn ~ 0.8 meV. From the subgap conductance structure,
superconductor gap △PbIn is estimated to be 0.8 meV. Under the irradiation of an external microwave frequency (fmw), the
current vs. voltage characteristic curves display quantized voltage steps (so-called Shapiro steps) occurring at Vn = nhfmw/2e.
Critical current modulation by an external magnetic field also confirms the existence of the genuine Josephson junction of PbS
nanowire. It is expected that the nano-hybrid Josephson junctions of PbS nanowires, exhibiting very strong Josephson coupling
strength even at high temperature near liquid helium temperature, can be a promising building block to develop nanowirebased superconducting information devices.
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P5-co.031

Ab initio Study of Phase Transition of Single Layer MoS2 from 2H to 1T Phases

SUNG Dongchul, HONG Suklyun
Graphene Research Institute, Sejong University.
The concern with 2-dimensional (2D) materials such as graphene, h-BN sheet, and molybdenum disulfide (MoS2) has been
increasing since the discovery of grapehen in 2004. Especially, the thin 2D film of MoS2 has peculiar characteristic that MoS2
exhibits semiconducting and metallic properties depending on its structural configurations: Single layer 2H and 1T MoS2
structures show semiconducting and metallic behaviors, respectively, and are chemically monolithic and single crystalline.
However, the transformation process from 2H to 1T phases of MoS2 is still not fully understood. The aim of this work is to
find the phase transition process from 2H to 1T phases of MoS2. For computation, we use Vienna ab initio simulation package
(VASP). The generalized gradient approximation (GGA) in the form of the PBE-type parameterization is employed. The ions
are described via the projector augmented wave potentials, and the cutoff energy for the plane-wave basis is set to 400 eV. To
include weak van der Waals (vdW) interactions, we adopt the Grimme's DFT-D2 vdW correction based on a semi-empirical
GGA-type theory.
The phase transition from 2H to 1T phases of MoS2 usually occurs with an aid of intercalated Li atoms. In this case, charge
transfer takes place from Li to MoS2. To investigate the effect of charge transfer on phase transition, we consider two cases:
(1) Additional electrons is inserted into MoS2 to effectively explain charge transfer from Li, and (2) to be more realistic, Li
atoms are adsorbed (or intercalated) on MoS2. For two MoS2 systems, we study the change in electronic structure of MoS2
and compare the differences each other. The bonding characteristics of intermediate states between 2H and 1T phases are also
investigated.

P5-co.032

Design and Construction of Ultra-high Vacuum Compatible He4 Cryostat for Versatile
Nano Measurements
JANG Won-Jun, YOON Yewon, LEE Min-Uk, LEE Soon-Hyung, JANG Yong Seok1, KAHNG Se-Jong
Korea Univ.. 1M&S Vacuum Corp..
Ultra-high vacuum (UHV) and low-temperature is a prerequisite for many condensed-matter physics experiments and nanomeasurements such as scanning tunneling microscopy, X-ray absorption spectroscopy, and angle-resolved photoemission
spectroscopy. Here we designed and constructed a UHV compatible helium (He4) cryostat that could be adopted to the
instrumentation of nano-measurement systems. The cryostat comprises of two cryogen vessels made of stainless steel tubes for
liquid nitrogen (N2) and He4, and multiple radiation shields made of aluminum tubes. Holding times for both cryogens were
estimated by considering conduction and radiation thermal loss, and will be compared with the measured ones in our
presentation. Our study shows that a reasonable UHV compatible He4 cryostat can be commercially available in a domestic
enterprise.
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P5-co.034

Construction of Cryogen-Free Nuclear Demagnetization Cryostat for Ultra Low
Temperature Research
CHOI H., BYUN HeeSu, KIM Kitak, IM Dong-gil, JEON Seong Hyeok, BLAAUWGEERS Rob1
Department of Physics, KAIST, Daejeon, South Korea. 1BlueFors Cryogenics Ltd., Helsink, Finland.
Research in low temperature physics has always been considered challenging. Recent instability in helium supply has made
the low temperature research especially difficult and demand for the so-called cryogen-free dilution refrigerator (CFDR) is
growing rapidly in the community. Large vibration in the CFDR remained a challenge in achieving sub-millikelvin
temperatures with them. Development in that direction has been a recent trend [1-3]. We have also developed a sub-millikelvin
cryostat with a CFDR in KAIST. Sub-millikelvin temperature in a condensed matter system is achieved for the first time in
Korea.
[1] A. C. Clark et al., Review of Scientific Instruments 81, 103904 (2010).
[2] G. Batey et al., New Journal of Physics 15, 113034 (2013).
[3] I. Todoshchenko et al., http://arxiv.org/abs/1407.8335 (2014).

582

P5-pl.001

Disintegration of Carbon dioxide Molecules in a Microwave Plasma Torch

KWAK Hyoung-Sin, KANG Min-Ho, NA Young H., UHM Han S.
Department of Electronic and Biological Physics, Kwangwoon University.
The microwave plasma torch of carbon dioxide was initiated by microwaves with frequency of 2.45 GHz. The microwave
torch system consists of a magnetron, WR-340 waveguide, a isolator, a directional coupler, a 3-stub tuner and field applicator.
The plasma torch was operated at atmospheric pressure with the carbon dioxide working gas of flow rate of 10 lpm. The
plasma torch volume is almost linearly proportional to the microwave power. The temperature of the plasma torch flame is
estimated by making use of optical spectroscopy and a thermocouple device, where the experimental data of the optical signals
were obtained through the optical fiber placed near a specified portion of 'z' in the plasma torch. Study of carbon dioxide
molecule disintegration and gas temperature effects on the molecular fraction characteristics in plasma of a microwave plasma
torch at the atmospheric pressure is carried out. An analytical investigation of carbon dioxide disintegration indicates that a
substantial fraction of carbon dioxide molecules disintegrate and form other compounds at high temperatures in the microwave
plasma torch. Emission profiles of the carbon monoxide confirm the theoretical predictions of carbon dioxide disintegration in
the torch.
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Study on the Reverse Vortex Plasma Reactor applied by Abatement of Fluorinated
Compounds Using Microwave Plasma Torch
KIM Ji Hun, CHO Chnag-Hyun, HONG Yong-Cheol
Plasma Technology Research Center, National Fusion Research Institute.
Abatement of fluorinated compounds (FCs) used in semiconductor and display industries has received an attention due to the
increasingly stricter regulation on their emission. The high density and temperatures associated with thermal plasmas and the
corresponding fast reaction times offer the potential of large throughputs in a small reactor [1, 2]. In order to meet this
circumstance, we have developed a 2.45 GHz microwave plasma torch with reverse vortex reactor (RVR). Abatement
experiment has been performed with respect to SF6 and NF3 by varying plasma power, N2 and O2 flow rates, and FCs
concentration. The influence of these variables on the PFCs abatement was analyzed and discussed in terms of the destruction
& removal efficiency (DRE), measured with a Fourier transform infrared (FTIR) spectrometer. The DRE of 99.9% for NF3
was achieved without an additive gas at the N2 flow rate of 150 liter per minute (L/min) by applying a microwave power of
6kW with RVR. Also, a DRE of SF6 was 99.99% at the N2 flow rate of 60 L/min using an applied microwave power of 6 kW.
The performance of reverse vortex reactor increased about 43 % of NF3 and 29 % of SF6 abatements results definition by
decomposition energy per liter more than conventional vortex reactor.

P5-pl.005

Investigation of x-ray photoelectron spectroscopy and x-ray diffraction

JEONG JIN, LEE BONG JU
CHOSUN UNIVERSITY.
The X-ray diffraction patterns (XRD) show that the (002)/(103) peak-intensity ratio decreased as the gas-flow rate increased,
which was related to the increase of AZO thin film disorder. X-ray photoelectron spectra (XPS) of the O1s were decomposed
into metal oxide component (peak A) and the adsorbed molecular oxygen on thin films (peak B).
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P5-pl.006

Studying of Al doped CdO thin films by the magnetron sputtering

JEONG JIN, LEE BONG JU
CHOSUN UNIVERSITY.
This report examines the structural and photoluminescence properties deposited on Si substrates by radio frequency magnetron
sputtering technique. X-ray diffraction showed that the crystallinity of the grown thin films increased with increasing
deposition time. The surface of the thin film was examined using a Scanning Electron Microscope (SEM). Al-doped CdO thin
films grain size distinctly increased with increasing deposition time.
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P5-pl.008

The Effect of DBD Plasma Treatment on Development of Mycelia and Basidiocarps in a

Mushroom
JEON seong sil, PENGKIT Anchalee, CHOI Eun Ha, UHM Han Sup, PARK Gyungsoon
,
.
Plasma emits free radicals. Free radicals can have either harmful or beneficial effects on biological processes depending on the
dose administered and the species of organism exposed as shown in the case of pathogen inactivation and activation of host
resistance by plasma. Activation effects of plasma have not been frequently studied. In this study, we have analyzed the effects
of micro DBD (dielectric barrier discharge) plasma on the development of a mushroom, Flammulina velutipes to understand
the nature of association between plasma treatment and mushroom development. Mycelial growth and formation of
basidiocarps were examined on chemically defined induction medium after plasma treatmentTo generate DBD plasma, air or
N2 gas were injected into the apparatus with 10 lpm flow rate and samples were exposed to plasma for 30s, 1m, and 2m, every
week (total 4 times). Mycelial growth of F. velutipes was slightly increased upon N2 plasma treatment. Formation of
basidiocarps was slightly higher in plasma treatment after 53 days. Our data suggest that DBD plasma can be efficiently used
to control mushroom development. *This work was supported by the National Research Foundation of Korea (NRF), No.
2010-0027963 and 2013R1A1A3011245, by Rural Development Administration (RDA), No. PJ009891 and by National
Fusion Research Institute (NFRI).

P5-pl.009

A study of the thermally induced transient oscillation in the huge cryogenic circuit

LEE Hyunjung, JOO J. J., KIM N. W., MOON K. M., PARK D. S., YANG H. L.
National Fusion Research Institute.
KSTAR Helium Refrigerator system (HRS) has been operated since 2008 and a transiently fluctuation of the cryogenic circuit
has been occurred continuously once or twice times per day during plasma experiment until 2013. This fluctuation makes the
TF and PF cryogenic circuits generate severe vibration for about 2 minutes and the supplying mass flow rate at a supercritical
helium circulator drop to half with change of supply and return pressures. The frequency of the fluctuation has been increasing
with heat load increment of the PF magnets. In 2013, vibration sensors were installed on the cryo-lines to trace the propagation
of the fluctuation. The source of the fluctuation was founded from an analysis of thermo-hydraulic behaviors of the helium
pass lines and vibration trends. That was the external heater which is welded directly to by-pass line of the PF and TF cryocircuits and is generated a temperature gradient from 300K to 4.5 K in 640 mm length. This is enough to condition for
occurring of thermoacoustic oscillation and the fluctuation could be mitigated by a cryogenic valve which is installed in the bypass line of the PF cryo-circuit. Hence, the external heaters were dismantled in early 2014, and subsequently the circulator
fluctuation has disappeared during 2014 operation.
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P5-pl.010* Vacuum Ultraviolet Absorption Spectroscopy to Measure Asolute Oxygen Atom Density
Employing He/O2 Micro Hollow Cathode Lamp
,

1,

1

,
. 1
.
A compact vacuum ultraviolet (VUV) lamp using helium and oxygen plasma has been developed to measure absolute density
of oxygen atoms (O) in low-pressure plasmas. The VUV lamp consists of a negatively biased micro-hollow cathode and
grounded hole-electrode. Typical factors of obstruct such as self-absorption and background absorption of oxygen molecule
were considered to measure the exact O atom density in a vacuum ultraviolet absorption spectroscopy technique. To minimize
self-absorption effect in the lamp, the gas mixing ratio between helium and oxygen was controlled and verified using 130.2 nm
of oxygen atom emission line. In addition, the measured O atom density depends on the various operating pressure and power
was compared to the results of actinometry using O emission lines of 777.4 nm and 844.6 nm in the inductively coupled
plasma.

P5-pl.011*

Storability Improvement of Agricultural Products using Dielectric Barrier Discharge
Plasmas Treatment at Atmospheric Pressure
,

1,

2

,

.

1

.

2

.

In recent years, atmospheric pressure plasmas have been attracted for agricultural field applications. Atmospheric pressure
plasmas have been widely used for microorganism sterilization because of its abundant active agents related to sterilization
such as atomic oxygen, ozone, radical, thermal energy, and UV radiation. In this work, we developed a dielectric barrier
discharge (DBD) typed plasma source to treat air gas which was used to fill the food storage pouch. For the comparison, fruits
were stored in the pouch filled with pure air gas and plasma treated air gas, respectively. Through electrical and optical
measurements, we investigated the I-V characteristics of the plasma at various voltage and frequency values and found an
optimal operational condition for storability improvement. The compositions of filling gases were analysed by Fouriertransform infrared spectroscopy (FT-IR). In order to examine the effect of ozone on microorganisms, agricultural products
were stored in the pouch filled with atmospheric pressure-air plasma using ozone filter. The non-treated and treated fruits were
characterized by microbiological analysis, brix, and PH measurement. Based on the investigation of plasma and fruit
properties, we also discussed the role of atmospheric pressure plasma for storage improvement of agricultural products.
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P5-pl.014

Removal Of Water Impurities And Co-deposited Layers Inside The Castellated Gaps By
Ion Cyclotron Wall Conditioning In KSTAR
BANG Eunnam, SON Suhyun, HONG Sukho
(NFRI).
For superconducting tokamak, conventional GDC cannot be used as inter-shot wall conditioning technique. During the plasma
experiments, the levels of impurities increases as a function of time, thus, an inter-shot wall conditioning technique such as Ion
Cyclotron or Electron Cyclotron Wall Conditioning (ICWC, ECWC) has to be developed and optimized. We report the
treatment of impurities, especially water, by helium (He) ICWC plasmas in KSTAR. It is shown that the inter-shot ICWC is an
effective approach to reduce water impurity quickly for robust plasma start-up, and might be useful for ITER. Divertor
components are exposed to high energy particle and heat flux, and radiation. The surface of those components will be eroded
and thus, the life time of the divertor depends on the plasma condition and flux of particles. Eroded atoms and molecules are
then transported and re-deposited on the other surface parts of PFCs. When PFCs have castellated structures, co-deposition of
fuel will be a serious problem. From DITS campaign in Tore Supra indicates that the fuel retention is high inside the gap of the
castellation. Therefore, the treatment of gaps by conditioning plasmas is essential in ITER. During the ICWC experiments, we
have exposed a-C/B:H samples at mid-plane and at divertor. The samples were treated for 120 sec of He ICWC and it is shown
that the co-deposited layers inside the gap of both castellation structure were removed, and found that He ICWC plasmas show
a sputtering yield of Yexp = 0.0013 (at mid-plane), which cannot be explained solely by chemical sputtering of the carbon codeposits by the low energy recycled flux at the room temperature.

P5-pl.015

Electrical Characteristic and Optical Diagnosis for Atmospheric FE-DBD Plasma

HONG Seong In, HONG Young Jun, CHOI Eun Ha, LEE Sang Hak1
Plasma Bioscience Research Center, Kwangwoon University. 1PDP
Center, Kwangwoon University.
Nowadays, FE-DBD (floating electrode-dielectric barrier discharge)
source of plasma have very simple and comfortable structure and this
device can safely treat the biomaterial without electrical shock. We made
the FE-DBD plasma source with dielectric glass layer over 2mm. This
consist of one electrode connected by DC-AC invertor power supply.
Another electrode was connected to ground and then biomaterial can be
in contact with the plasma, directly. FE-DBD plasma source can
generate the plasma of very wide area. We have observed the electrical
signal for calculating the power parameter, current and voltage, and
studied the optical emission spectroscopy according to gas flow rate and
input voltage in FE-DBD. As observing optical emission spectroscopy,
we can check the generated chemical species of ROS (Reactive oxygen
species) and RNS (Reactive nitrogen species) in plasma. These species
are very important elements for biological effect. And then, we also
observed ROS intensity depending on gas flow rate and using different
gas. By using OES(Optical Emission Spectroscopy), FE-DBD plasma
can generate OH radical band(307-310nm), N2 second positive system
band, N2 first positive system band.
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P5-pl.016

Decomposition and Solidification of Waste Dichlorodifluoromethane Using a Microwave

Plasma Torch
CHANG HYUN Cho, JI HUN Kim, YONG CHEOL Hong
Plasma Technology Research Center, National Fusion Research Institute.
The efforts on regulation and reduction of ozone-depleting substances (ODS) have been strengthened in the world. In this
study, we study a decomposition of refrigerant gas using a 2.45GHz microwave plasma torch that has several advantages of
electrodeless discharge, thermal and large volume plasma. In addition, the experiment was designed to reverse vortex reactor in
order to increase the processing capacity. The experiments of decomposition have been performed with respect to CCl2F2
(CFC-12) by varying plasma power and discharge gas of nitrogen and air, and CFC-12 flow rate. Detailed experiments were
conducted on the abatement of R-12 in terms of destruction and removal efficiency (DRE) using Fourier Transform Infrared
(FT-IR). To study a solidification of refrigerant by-product gas and stainless steel, we were analyzed synthetic materials in the
plasma reactor with the scanning electron microscopy coupled with energy dispersive X-ray (SEM/EDX) and X-ray diffraction
(XRD) spectroscopy.
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P5-pl.022*

Spectroscopic characterization and photon induced damage on photoresist in RF
Inductively Coupled O2/N2 Plasmas
,

1

,
. 1
.
RF Inductively Coupled O2/N2 Plasmas were investigated by optical emission spectroscopy (OES) and electrostatic Langmuir
probe measurements. The electron temperature (Te) and electron density (ne) were measured O2 and N2 plasmas in various
pressure ranges from 50 to 200 mTorr, respectively, and also proceeded with O2/N2 mixture plasmas for various mixing ratio.
However, there were no significant changes in Te and ne for various O2/N2 mixing ratio because pure O2 and N2 have similar
mass, ionization energy and ionization cross section, which did not influence on electron kinetics, seriously. In OES results of
O2/N2 plasma, on the other hand, oxygen atom intensity (O I: 777, 844 nm) increased as increasing O2 addition due to
Penning excitation process. In addition, we studied about photon induced damage on photoresist (AZ9260) in O2/N2 RF ICP.
In order to see the influential wavelength of photolysis of photoresist (diazo group), we studied the interactive relation
between plasma properties and material characteristics using VUV monochromator, OES, and FTIR.

P5-pl.023

Commissioning of x-ray streak camera for the ultrafast x-ray spectroscopy

KIM YoungHoon, CHO ByoungIck, KANG SeungWoo1, CHOI IlWoo2
Gwangju Institute of Science & Technology(GIST) , Center for Relativistic Laser Science (IBS). 1Gwangju Institute of Science
& Technology(GIST) , Advanced Photonics Research Institute(APRI). 2
,
,
/
.
An x-ray streak camera has the unique feature that it allows the simultaneous recording of short x-ray pulses on a subpicosecond time scale as well as spectral information using a two-dimensional detector. We present the commissioning result
of femtosecond x-ray streak camera at the Ultrashort Quantum Beam Facitlity at GIST. Combined with the 30 fs – 100 TW
laser and x-ray absorption spectroscopy technique, this noble detector could be used to investigate ultrafast dynamics in solids
and plasmas.This work is supported by IBS (IBS- R012-D1) and NRF (2013M1A7A1A02043864).
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P5-pl.028* Design and Commissioning of a Linear Plasma Device for Studying the Motion of Charged
Particle in Diverging Magnetic Field
CHUNG Kyoungsoo, KIM Seongcheol, KIM Yoosung, CHUNG Kyoung-Jae, HWANG Yongseok
Seoul National University, Department of Nuclear Engineering.
We have designed and constructed a new linear plasma device at SNU for studying the motion of charged particles in
diverging magnetic field. The device consists of two parts: One is a drive chamber including an ECR plasma source operating
at 2.45 GHz wave frequency for the production of high-density plasma at low pressure. The other is a cylindrical diffusion
chamber attached to the one end of the ECR plasma source with a nozzle coil. Magnetic field structure in the experimental
region is designed to be controlled by adjusting the direction and amplitude of solenoid coil currents flowing electromagnets
surrounding the chamber. In this paper, the design features and commissioning of the new device are described with a brief
illustration of the particle trajectory regimes depending on the vacuum field configuration. In addition, ongoing experiments
being carried out in this device is presented with diagnostics using Langmuir probe and optical emission spectroscopy for ECR
plasma in the drive and diffusion region.
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P5-pl.029

Full wave simulations of electron cyclotron wave absorption in a linear plasma device

CHUNG Kyoungjae, KIM Seongcheol1, CHUNG Kyoungsoo1, HWANG Yongseok1
SNU Division of graduate education for sustainablization of foundation energy, =. 1Department of nuclear engineering, seoul
national university.
Electron cyclotron wave has been used for generating plasmas in various applications due to its efficient characteristic
compared to other microwave sources. Using Comsol Multiphysics, full wave simulations for cold plasma is carried out on 2dimension plane in a linear plasma device. Since the electromagnetic wave in plasma depends on density and magnetic field
dielectric tensor is considered for exact wave simulations. The magnitude and direction of magnetic field that effects the
dielectric tensor is obtained by simulating electromagnet coils. The behavior of the wave was estimated from the plasma
parameters measured experimentally. It was found that the absorbed power is controlled with operation parameters, such as
operating pressure and injected power.

P5-pl.030

Effect of a transverse magnetic field strength and pressure on plasma parameters in a
negative hydrogen ion source
CHO Won Hwi, DANG Jeong Jeung, CHUNG Kyoung Jae1, KIM June Young, HWANG Yong Seok
Department of Nuclear Engineering, Seoul National University, Seoul 151-744, South Korea. 1SNU Division of Graduate
Education for Sustainablization of Foundation Energy, Seoul National University, Seoul, South Korea.
Various types of magnetic filters is used in negative ion sources to reduce electron temperature in the extraction region. The
transverse magnetic filter field strength significantly affects plasma parameters by changing an electron diffusion coefficient
[1]. Therefore, a study of the plasma parameter dependence on the transverse magnetic field and operating pressure, which are
related to electron diffusion coefficient, is performed in a H- ion source. Axial profile of plasma parameters are measured by
Langmuir probe. From the experiment, it is observed that as the transverse magnetic field strength increases, the electron
temperature decreases and electron density increases in the extraction region. In addition, it is shown that increase of pressure
lessens an effect of magnetic filter on plasma parameters. [1] I Djermanov, St Kolev, St Lishev, A Shivarova, and Ts Tsankov,
Plasma behavior affected by a magnetic filter”, Journal of Physics, Conference series 63 (2007) 012021
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P5-pl.031

Development of Hydrogen Collisional-Radiative Model with Dissociative Excitation Process

HWANG YongSeok, KIM YooSung, CHUNG Kyoungsoo, KIM Seongcheol, DANG jeong-jeung, CHUNG Kyoung-Jae
Department of Nuclear Engineering, Seoul National University, Seoul, Republic of Korea.
Collisional-Radiative (CR) modelling is a key part in the measurement of plasma parameters using optical emission
spectroscopy (OES). Conventional CR model have limited application ranges only for recombining plasma and ionizing
plasma considering excitation process mainly from recombination from H+ and electron impact excitation from H atom,
respectively. Modified CR model including dissociative excitation from H2 molecule is applied to various operating conditions
in ECR plasma. In this work, the conventional CR model and the modified CR model are used to analyze the measured Balmer
line intensity ratio and compared with the derived plasma parameters from Langmuir probe.

P5-pl.032* Schlieren and shadowgraph imaging for the visualization of electrical wire discharges in the
water
LEE Kern, CHUNG Kyoung-Jae, HWANG Y. S.
Department of Nuclear Engineering, Seoul National University.
Visualizing moving shock wave and discharging channel during the electrical wire discharge process in the water give us
invaluable clues on the characterizing thermodynamic state of metal plasmas. However, ordinary imaging techniques using
neutral density (ND) filters with fast-framing camera has pictured only limited period of discharge process because of the selfluminosity of discharging channel. Hence, we introduced the schlieren and shadowgraph imaging techniques with isolating
backlighting beam from the direct self-luminosity of the plasma channel. Two light sources, HeNe laser(632.8nm, 21mW) and
LED(600-650nm, 380mW), are tested as backlighting beam and narrow-band pass filter( 632.8nm, FWHM=3nm) has been
placed in front of fast-framing camera. Images from both techniques will be crosschecked for more quantitative analysis.
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Study on atmospheric needle plasma using laser Thomson, Rayleigh and Raman scattering

SEO Byong Hoon, KIM Dae Woong, KIM Jung Hyung, YOU Shin Jae1
Vacuum center, Korea Research Institute of Standard and
Science. 1Dep. Phys., Chungnam national university.
Thomson scattering is believed to be most accurate diagnostic method
for plasma parameters. It is the most appropriate candidate for the
measurement of plasma parameters under hard measurement conditions
such as high magnetic field, high electron density and even high neutral
density like atmospheric plasma because it is free from the elements. In
this study, atmospheric needle plasma working at 13.56 MHz RF power
is studied using laser scattering method, such as Thomson scattering,
Raman scattering, and Rayleigh scattering. Using the methods, electron
density, electron temperature, N2 rotational temperature, and neutral
temperature can be estimated. The detailed measurement procedures and
analysis are addressed. [Figure 1. Laser scattering spectra]
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P5-se.001

Control of a magneto-current through a multifunctional tunneling diode

KIM Nammee, KIM Heesang
Department of Physics, Soongsil University.
We study the magneto-current through multiferroic resonant tunneling quantum structure, which is hybridized of ferroelectric
and ferromagnetic quantum structures. Using the nonequilibrium Green’s function method, we calculate a magneto-current and
its spin polarization. The relative direction of applied magnetic field and the direction of dipole polarization in ferroelectric
quantum structures play important roles in manipulating physical properties of the hybrid quantum structure. With these
results, we propose a multiferroic spin device to control the current and its spin polarization through the device.

P5-se.003* Enhanced Hot Electron Flow on Plasmonic Nanodiode by Adsorption of PbS Quantum dots
LEE Changhwan, CHOI Hyekyoung1, LEE Young Keun, JEONG Sohee1, PARK Jeong Young
IBS, Center for Nanomaterials and Chemical Reactions & KAIST, Graduate School of EEWS. 1KIMM, Nanomechanical
Systems Research Division.
Hot electrons that are not at thermal equribrium with material can be genearated by illumination of photons. It has been known
that amplification of light absorption caused by localized surface plasmon resonance in nano structure leads to enhancement of
hot electron. Capturing such hot electrons is enabled by using Schottky barrier formed at the interface between metal and
semiconductor. Here we show that the vertical Schottky barrier formed through the deposition of PbS quantum dot on Au/TiO2
plasmonic nanostructure providing additional pathway for hot electron flow, which leads to enhancement of the photocurrent.
In addition generation of electron-hole pair of quantum dot also contributes to increasing of photocurrent. Vertical Schottky
barrier height and band gap of quantum dot can be controlled by changing the size of quantum dots. This structure can give
insight on the charge transport mechanism between the quantum dots and plasmonic nanostructures, with the possible
application of advanced plasmonic devices for solar energy harvesting.
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Post-annealing effect of ZnS thin film for CIGS solar cell.

AHN HEEJIN, UM YOUNGHO
.
Solar energy is considered as the most clean and sustainable renewable
energy source and its effective use has become an important research
topic. CIGS solar cells might be better choice because they have not only
the advantage of low-cost among the various solar cell types, but also
great light absorption coefficient (~105 cm-1). The CIGS solar cell
requires buffer layer to protect from damage during subsequent ZnO
layer deposition by sputtering and recombination of generated mobile
carriers in the junction region. The fabrication methods for the buffer
layer include evaporation, atomic layer deposition and chemical bath
deposition (CBD), etc. The CBD method is simple, convenient and costeffective. In CIGS solar cells, a chemically deposited CdS buffer layer
with high resistivity is generally used between the absorber layer and
transparent conducting oxide layer even though the CdS causes serious
environmental problems due to the large amount of toxic Cd-containing waste during deposition process. Other materials,
including zinc sulfide (ZnS), indium sulfide (In2S3), and indium hydroxide (In(OH)3), are actively under investigation [1].
Among them, ZnS exhibits a wider band gap of 3.8 eV than that of CdS and this implies that ZnS can decrease absorption loss
so that CIGS solar cell improves the short circuit current (Jsc) in the cells by replacing the current CdS buffer layer. While
fabricating CIGS thin film solar cells, annealing treatments of the chemically deposited ZnS buffer layer are carried out to
remove the Zn(OH)2 phase so that the crystallinity and adhesion to the absorber layer of the buffer layer can be improved. In
this work, the effects of post-annealing treatments of the deposited ZnS buffer layers by the CBD method at various growth
conditions were investigated. The chemical bath was composed of ZnSO4, Thiurea, and NH4OH to control the pH. Properties
of the deposited ZnS thin films are reported including surface morphology, crystalline structural, stoichiometric and optical
properties. Figure 1 shows the optical absorption spectrum showing the band gap energy value of the ZnS thin film. Band gap
energies of the deposited ZnS thin films are somewhat larger than the typical value of a bulk ZnS, which could be attributed to
quantum confinement effects due to the small grain sizes of the polycrystalline ZnS films. The results will be presented in
detail.Fig. 1. Plot of absorption coefficient squared (α2) against photon energy for the deposited ZnS thin filmReference[1] D.
Hariskos, S. Spiering, M. Powalla, Thin solid films, 480, 99, (2005).
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P5-se.006* Study on Effect of Distorted Structure Induced by Silver Doping in Ge Sb Te
2 2 5
CHO Mann-Ho, HAN Jeong Hwa, AHN Min, YANG Won Jun, CHOI Hye Jin, PARK Sung Jin
.
Ge2Sb2Te5(GST) and Ag3.4In3.7Sb76.4Te16.5(AIST) are famous chalcogenide materials for phase-change material (PCM)
applications, such as phase-change random access memory (PCRAM) device. IST shows growth dominant crystallization
mechanism and when Ag is doped into IST, Ag acts as catalyst to make crystallization speed faster in such system. It is also
known that Ag doping increases the crystallization speed of GST like in AIST, but since GST shows nucleation dominant
crystallization mechanism unlike IST, the role of Ag atoms needs to be investigated in GST system. In this work, we focused
on the role of Ag dopant as substitution of Ge atoms, which induces local structural distortion in amorphous phase. X-ray
diffraction, Raman spectroscopy, and X-ray absorption fine structure (EXAFS) analysis were used to determine the structural
characteristics of GST thin film with Ag doping concentration of 0%, 1%, and 10%. The information of the local structure
change with the Ag doping indicates that the structural instability according to the Peierls distortion critically affects the
crystallization process.

P5-se.007*

Dependence of resistive switching behaviors on amount of Nitrogen ratio in TaN bottom

electrode.
KIM Taeyoon, LEE Ah Rahm1, BAEK Gwang Ho1, HONG Jin Pyo
Department of Physics, Hanyang University. 1Division of Nano-Scale Semiconductor Engineering, Hanyang University.
We investigated the bipolar resistive switching features in Pt (top) / TaOx / TaNx (bottom) memory cells for RRAM
applications. Our designed cell shows typical bipolar switching behavior, which conclude better switching properties, such as
better on/off current ratio and improved low resistive state value compared with Ta bottom RS cell (Pt / TaOx / Ta). In this
work, TaNx thin films show different phases depend on amount of nitrogen flow during the sputtering. We observed clear
changes of phases in the films from basic bcc Ta to fcc TaN or an amorphous N-rich phases when the N2 partial pressure
increased from 0 % to 20 %. A possible switching mechanism was also discussed based on the filamentary model depends on
bottom TaNx films.
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Design and Simulation of the next generation photo sensor made from multi arrays of
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Novel Silicon Photomultiplier with High Fill Factor
,

,
.
We report the successful fabrication of a new silicon photomultiplier (SiPM) with the highest fill factor achieved to date. By
utilizing a novel trench structure, a SiPM of 0.5 × 0.5 mm2 was designed and fabricated. The device consists of 1024
micropixels, and a 70 % fill factor is achieved for each the of 15 × 15 μm2 micropixels. The fabricated SiPM shows measured
characteristics including a rise time of ~ 2 ns, a gain of 1 × 105 – 5 × 105, and a photon detection efficiency of ~ 10 % at the
470 nm wavelength. The details of the design, fabrication, and performance characteristics are presented together with the
device’s implications for the future development of SiPM-based imaging sensors.
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Studies on the Diamond Detector Consisted of single-crystalline Chemical Vapor
Deposition Diamond in Radiation Measurement
1,

,

1,

,

1,

1

1

,
.
.
Studies on the measurement of X-ray beam properties that are generated from radiation generators are necessary for specific
X-ray experiments. The diamond detectors have strong points such as long lifespan, low noise, without cooling, high charge
collection and high radiation hardness compared to the other semiconductor detectors. Especially, the radiation hardness of the
diamond sensor makes a good beam monitoring detector in harsh environment. The diamond detector is consist of sCVD
(single-crystalline Chemical Vapor Deposition) diamond and gold electrodes. The electron-hole pairs are generated by
radiation in diamond sensor. The generated electrons make the positive Gaussian signal though a shaping amplifier. The
characterizations of the diamond detector including measurement results using various radiation sources and MCNP (Monte
Carlo N-Particle transport) simulation studies are presented in this presentation.
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P5-se.019* Perpendicular Magnetic Anisotropy Features of [Co/Pd] Multilayer Matrix and Related
Synthetic Anti-Ferromagnet Structure
HONG JinPyo, LEE JaBin, AN GwangGuk, YANG SeungMo, KIM JaeHong1, PARK HaeSoo, CHUNG WooSeong2
Hanyang Univ., Dept. of Physics. 1Hanyang Univ., Division of Nano-Scale Semiconductor Engineering. 2Hanyang Univ.,
Dept. of Electronics and Computer Engineering.
Perpendicular spin torque transfer magnetic random access memories (p-STT MRAMs) are increasingly becoming one of the
most reliable candidates for use in practical devices.1 In past years, among various PMA materials including a L10 alloy,
multilayer (ML), and rare earth-transition metal (RE-TM) alloy, the artificial ML matrix consists of ferromagnetic metals and
noble metals, such as Co/Pd, Co/Pt, Fe/Pd, and Fe/Pt,2-4 and their alloy compositions5-7 have been widely explored due to its
large PMA features. In particular, the integration of Co-based PMA ML into the MgO based p-STT MRAM to construct
synthetic anti-ferromagnetic (SyAF) has been widely investigated in order to enhance the magnetic properties and thermal
stability of the CoFeB free layer.We report the PMA features of SyAF structure using [Co/Pd] MLs with Ta/Ru/Pd seed layers,
along with the magnetic stability with various annealing temperatures. Novel metal buffer layer was applied to prevent the Pd
diffusion into the CoFeB/MgO/CoFeB junction. M-H hysteresis loops were carried out by utilizing the vibrating sample
magnetometer (VSM). The atomic profiles were measured in order to clarify the annealing dependent diffusion in the junctions
by secondary ion mass spectroscopy (SIMS).
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P5-se.021* All-oxide semiconductor-based access devices for 3D stackable crossbar array memory
architecture
BAEK Gwangho, LEE Ahrahm, KIM Taeyoon1, HONG Jinpyo2
Hanyang University,Division of Nano-Scale Semiconductor Engineering. 1Hanyang Universit,Department of
Physics. 2Hanyang University,Division of Nano-Scale Semiconductor Engineering,Department of Physics.
Crossbar array structure has focused on the ideal format for high density 3D stackable nano-scale memory structure.
However, because of sneak path issues, the crossbar array needs a selection device. The oxide p-n junction diode and the
Schottky diode (one-way switch) have been proposed for unipolar resistive switching devices; however, bidirectional selection
devices (two-way switch) need to develop for bipolar resistive switching devices. In this study, a vertically integrated oxide
semiconductor based biristor switching devices are fabricated and their mechanisms are investigated. We demonstrate that
bidirectional nonlinear I-V characteristics varies with condition of oxide semiconductor like thickness and carrier
concentration.
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Electrical and Optical Properties of Silver/Indium Tin Oxide Multilayer Structure

OH Gyujin, JEON Jia, KIM Eun Kyu
Hanyang University, Department of Physics.
Indium tin oxide (ITO) is widely used for transparent conducting oxide because this material has over 80 % of optical
transmittance in visible light region and has resistivity less than 10-3 Ωcm. Also, recently, silver nanowire has been studied for
transparent conducting layer forming the network structure with various methods. In this study, indium tin oxide and silver thin
layer was alternately deposited with very many layers using sputtering method to make novel kind of transparent conducting
structure, and to see the possibility to be used as photo detector. The experiment was performed in various conditions so that
different thickness of repeated silver and ITO layers were fabricated. With this structure and material, optical properties such
as photo response, transmittance, reflectance and light absorption, and electrical properties such as resistivity and mobility was
measured. The optical transmittance and reflectance was measured using UV-Vis (ultraviolet and visible light)
spectrophotometer. The photo response was investigated using monochrometer and probe station. The structural analysis was
performed by spectroscopic ellipsometer. Finally, resistivity and mobility was measured by Hall measurement system using
Van der Pauw method.

P5-se.023* Control of Thermally Activated Ta Atom Diffusion Behavior Employing Ta Layer
Thicknesses and Diffusion Sponge Function of TaOx Layer.
HONG JINPYO, YANG SEUNGMO, LEE JABIN, GWANGGUK AN, KIM JAEHONG1, CHUNG WOOSEONG2, PARK
HAESOO
Hanyang Univiersity, Department of Physics. 1Hanyang Univiersity, Division of Nano-Scale Semiconductor
Engineering. 2Hanyang Univiersity, Department of Electronics and Computer Engineering.
Perpendicular magnetic anisotropy (PMA) in thin film structure has become one of the key feature in STT-MRAM device.
The PMA materials including (Co,Fe)/(Pd,Pt) multilayer and FM/RE alloys were widely studied due to their high
perpendicular magnetic anisotropy values. However, several studies reported that these materials with MgO tunneling barrier
provided a relatively low tunneling magnetoresistance (TMR) ratio which originates from a discrepancy in their structures with
MgO barrier. Ikeda et al. proposed the PMA features at the interfaces between CoFeB and MgO, resulting in a high TMR ratio
with MgO barrier. As the CoFeB thickness decreases under 1.4nm, perpendicular magnetic anisotropy feature occurs due to the
large interface anisotropy at the CoFeB/MgO interface. However, recent research reported that this anisotropy starts to
deteriorate after around 350 °C annealing process. Possible reason of this degradation is Tantalum atom diffusion into the
CoFeB/MgO interface during annealing process. Therefore, this work reports that Ta diffusion behavior with various Ta
thicknesses at different annealing temperature. In addition to, the act of oxygen doped Ta spacer as a diffusion sponge is
described by adapting anisotropic diffusion via vacancies or grain boundaries.
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Electrodeposited Rythenium Oxide (RUO2) on copper paper based supercapacitor with

high energy
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.
Electrodeposited ruthenuim oxide on copper paper for thin and flexible. Sample 1 is ruthenium oxide synthesis the film on Cu
paper and Sample 2 is deposited on Cu paper with graphene.
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Fabrication of Nanopyramidal Structures on Microtextured Surface of Crystalline Si

Solar Cells
PARIDA BHASKAR, CHOI JAEHO, PALEI SRIKANTA, KO
SEOKYONG1, KIM KEUNJOO
Dept. of Mechanical Engineering, Chounbuk National
University. 1Dept. of Mechanical Engineering, Chounbuk National
University, Division of R&D, Withlight.co.Ltd.
We investigated the fabrication of pseudo-nanopyramids on the
microtextured Si solar cell surface by metal assisted chemical etching.
For the fabrication of pseudo-nanopyramids, microtextured Si(111) solar
cell samples with size were used. The fabrication process was
performed by a two-step process. In the first process, microtextured Si
(111) solar cell samples were nanotextured by using a mixed solution of
HF:H2O2 for several etching times prior to the Ag nanoparticles
deposition from a solution of HF:AgNO3 for 30 sec. The Ag residuals
were removed by HNO3. In the second process, the nanotextured Si
solar cell samples were treated with NaOH (1 wt%) for 30 sec in order to
form pseudo-nanopyramids. The Na contaminants were removed by a
mixture solution of HCl:H2O for 10 min. The fabrication mechanism
and characterizations of the pseudo-nanopyramids on the microtextured
Si solar cell samples will be presented in the result and discussion in
details.
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P5-se.030* The influence of InZnO thickness on DC I-V, transient I-V and noise characteristics of
bilayer HfInZnO-InZnO TFTs
KIM Taeho, PARK Junghak, JUNG Minhyun1, JEON Sanghun
Korea University, Department of Applied Physics. 1Korea University, Department of Display and Semiconductor Physics.
Currently, amorphous oxide thin-film transistors have been attracting attention due to a variety of advantages such as, high
field effect mobility and low temperature process capability. In particular, amorphous HfInZnO (HIZO) and InZnO (IZO) are
known for N-type semiconductors. More importantly, it enables to fabricate high mobility transistor even at room temperature.
Bilayer TFTs with HIZO/IZO were fabricated with the most commonly used staggered bottom-gate structure. The gate
insulator, a 350nm thick SINX/50nm thick SIOX bilayer, was deposited. Then, we prepared various TFTs with HIZO/IZO
bilayer with varying IZO thickness and evaluated DC I-V, pulsed I-V, transient I-V, and low frequency noise characteristics
for HIZO/IZO TFTs. With increasing IZO thickness for HIZO-IZO TFT, the hysteresis characteristics are significant,
indicating charge trapping phenomena are significant for thick IZO device. While the normalized noise for the bilayer oxide
TFT is X times lower than that for the single-layer HIZO oxide TFT, mainly due to the higher mobility of the InZnO layer.
Thus the optimization of IZO thickness for HIZO-IZO bilyaer TFT will be required.

P5-se.031* The influence of gate insulator deposition temperature on DC I-V, transient I-V and noise
characteristics of amorphous IGZO TFTs
KIM Taeho, PARK Junghak, JUNG Minhyun1, JEON Sanghun
Korea University, Department of Applied Physics. 1Korea University, Department of Display and Semiconductor Physics.
Recently, oxide semiconductors have attracted much attention as an active layer for transparent thin-film transistors, due to
their superior electrical properties that include high field effect mobility and high on and off ratio. We have investigated highperformance oxide thin-film transistor with amorphous indium gallium zinc oxide (a-IGZO) channel and aluminum oxide
(Al2O3) gate insulator and passivation film. The TFT with low gate insulator deposition temperature(150oC) shows high
performance such as high field effect mobility of 10.7cm2/V-s, sub-threshold slope of 0.12V/dec and negligible hytstereis in
comparison to high temperature (300oC), which is attributed to the effect of hydrogen diffusion from the gate insulator of
alumina to the semiconductor at elevated temperature, which could not diffuse out due to the high barrier property of the
alumina passivation film. In the charge trapping model, the interface state properties are very important because it affects
reliability characteristics of device. In this presentation, we report the interfacial quality of a-IGZO/gate dielectric with
deposition temperature by time domain response of the hysteresis, pulsed I-V, low-frequency noise measurement and
wavelength dependent IV measurements. Especially, we were able to minimize fast trapping phenomena by adopting ultrashort pulse I-V measurement method, possibly probing the origin of hysteresis with varying gate insulator deposition
temperature.
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Electrical and visible light reliability characteristics of amorphous HfInZnO thin film
transistor with Hf content
KIM Teaho, PARK Junghak, JUNG Minhyun1, JEON Sanghun
Korea University, Department of Applied Physics. 1Korea University, Department of Display and Semiconductor Physics.
The superior stability of a-HIZO TFTs is known to the Hf ions acting as oxygen binders. In the charge trapping model, the
density of states (DOS) is very important because they determine reliability characteristics of device. Among various analysis
techniques, the most frequently used method is to extract the DOS from sub-threshold swing values. As another method, the
DOS from capacitance-voltage and conductance-voltage methods can provide more accurate information than sub-threshold
swing values. Also, in terms of practical device applications, the instability of oxide TFTs under visible light induced bias
stress is very important.
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Persistent photoconductivity in MoS2 field effect transistor with the number of layer

thickness and ambient condition
PARK junghak, KIM taeho, JUNG minhyun1, JEON sanghun
Department of Applied Physics, Korea University. 1Department of Display and Semiconductor Physics.
Molybdenum disulfide (MoS2) exhibits extraordinary properties such as high mobility, on /off ratio and photocurrent. Due to
high photocurrent, MoS2 field effect transistor (FET) has attracted attention in the optoelectronic device application. Here we
present high performance transistor characteristics as well as photo-responsive performances of MoS2 photo-transistor. We
found that MoS2 photo-transistor has very short photo-response time and large photocurrent but their photoconductivity
persists for long time after illumination. When we measure time-resolved photo-response under illumination, persistent
photoconductivity (PPC) phenomenon occurs differently as a function of ambient condition and layer thickness. In the charge
trapping model, the influence of ambient condition and layer thickness on photo-responsive behavior is very important because
these determine delay time and photo-responsive characteristics of device. The decay of the current after the illumination can
be modeled by a two trap model. We also carry out reset operation in order to solve PPC issue. Highly photo-responsive MoS2
device will be useful at optoelectronic application.

614

P5-se.034

The dependence of layer thickness for photo-responsive characteristics of MoS2 field effect

transistor
PARK junghak, KIM taeho, JUNG minhyun1, AHN minho1, PARK kunggeun1, YEON kyungmo1, JEON sanghun
Department of Applied Physics, Korea University. 1Department of Display and Semiconductor Physics.
Two-dimensional layered nanomaterials are great interest as promising materials because of their extraordinary electrical
property. These materials are linked by van der Waals forces for each layer so easily gain ultrathin crystals using mechanical
exfoliation. Among 2D materials, molybdenum disulfide (MoS2) exhibits unique physical, optical and electrical properties.
Also, a high absorption coefficient and excellent photo-response of MoS2 lead to enormous potential in optoelectronic devices.
In this presentation, we exhibit high performance photo-responsive characteristics of MoS2 transistor under light illumination.
Furthermore, we found that electrical and photo-responsive characteristics of MoS2 transistor are dependent on the number of
layer and ambient. Even a few-layer MoS2 which is transparent, photocurrent and photo-sensor performances are remarkable
when compared to other oxide TFT. Outstanding MoS2 photo device will be used for future photo and image sensor
applications
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The influence of Sol-gel passivation and post annealing on photo-responsive characteristics
of multilayer MoS2 photo-sensor
PARK junghak, KIM taeho, JUNG minhyun1, JEON sanghun
Department of Applied Physics, Korea University. 11Department of Display and Semiconductor Physics, Korea university.
Multilayer MoS2 material has attracted a great deal of attention as promising semiconductor channel material for field effect
transistor and photo-sensor applications because it present high mobility and direct band gap. Relatively large energy band gap
(1.3-1.8eV) of MoS2 material enables to obtain high on and off ratio in transistor characteristics. However, the stability, large
hysteresis and reliability characteristics of two-dimensional MoS2 thin film transistor still remain the most important and
critical issue. In order to solve this issue, the usage of optimum passivation process, the optimization of process temperature
and ambient gases should be verified as key process parameters. For practical flexible device applications, the passivation was
provided by sol-gel process at low temperature. In the charge trapping model, the interface state properties at front channel as
well as at back channel are very important because they determine large hysteresis and reliability characteristics of device.
Among various interface analysis techniques, electric field dependent hysteresis was characterized in order to extract the
number of defects. Also, in terms of photo-sensor device applications, we examined the photo-sensing capability of MoS2 thin
film transistors (TFTs) under long range visible light.
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Evaluation of interface trap density between MoS2 layer and dielectrics in suspended MoS2

transistor
QIU Dongri, KIM Eun Kyu
Hanyang University, Department of Physics.
Transition metal dichalcogenides (TMDs) have been received much attention due to novel physical and chemical phenomena.
In particular, TMDs families such as MoS2 and WS2 etc. have been widely explored, because of their potential possibility in
high-performance devices application, including photodetector, non-volatile memory, and biosensor.4 Unlike graphene, the
semiconducting MoS2 exhibit controllable indirect or direct band gap (depending on its layer numbers), the lake dangling
bonds, and the broken inversion symmetry in ultra-thin body of MoS2. Single-layer MoS2 field-effect transistor (FET) with
universal back-gated configuration (MoS2/SiO2) reveal poor carrier mobility (0.1-10 cm2/Vs). Alternatively, the devices under
top-gated geometry (HfO2/MoS2) with high-κ material suppression results as high as ~200 cm2/Vs of mobility. This suggests
that underlying substrate and its associated interface trap states play a crucial role in MoS2 based FETs. However, it is
important to understand semiconductor-insulator interface for realizing reliable devices. In this study, we demonstrated the
observation of localized electronic states by minimizing the effect of underlying SiO2/Si substrate via establishing suspended
few-layer MoS2 channel of FETs. The distribution of interface trap states can be obtained by temperature-dependent I-V
measurement. We find that suspended MoS2 provided U shape of trap state distribution in the band gap and as low as ~1010
states/eVcm2 was evaluated at the middle gap which is two orders of magnitude lower than conventional unsuspended devices
(~1012 states/eVcm2).

P5-se.038

Tapered-active

Quantum Cascade Laser

,
.
5 - 8 μm
,
,
1994
. QCL

.
bell lab.
Quantum cascade laser (QCL)
(CO2)
.
QCL intersubband
carrier leakage
wall-plug efficiency 5%
.
carrier leakage
wall-plug efficiency
Tapered-Active region (TA) QCL structures
.
TA-QCL
laser parameter ( i.e., T1, T0, tau 4, tau g) k*p program
,
QCL
.

616

,

P5-se.039
,

Transmission Line Model(TLM)
,
.
-

(MOSFETs)

-

(short-channel effects),
.
.

InAs
.

/
Transmission Line Model (TLM)

.

InAs
.InAs

(MOCVD)
InAs

P5-se.040

TLM

.

. TLM
passivation
.

SiO2
, thermal evaporator
passivation
.

Photo-responsive characteristics of MoSe2 photo-sensor with passivation

JUNG MINHYUN, LIM SOKJOO, PARK JUNGHAK1, JEON SANGHUN1, KIM TAEHO1
. 1
.
Multilayer MoSe2 material has attracted a great deal of attention as promising semiconductor channel material for field effect
transistor and photo-sensor applications because it present high mobility and tunable band gap. However, the difficulty in
producing MoSe2 multilayer and its device was not allowed to present its transistor performance and photo-sensor
characteristics. Here we present high performance transistor characteristics as well as photo-responsive performances of
MoSe2 photo-transistor. We found that MoSe2 is not stable upon exposure to the air. In order to solve this issue, MoSe2 was
passivated with optimum passivation process. For practical flexible device applications, the passivation was provided by solgel process at low temperature. We found that transistor and photo-sensor performances were strongly influenced by annealing
temperature, photon energy and photon intensity. In order to verify photo-sensor device applications, we examined the photosensing capability of MoSe2 photo-transistor under long range visible light.
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Photo-responsive characteristics of multilayer WS2 TFT with Sol-gel passivation

JUNG MINHYUN, LIM SOKJOO, PARK JUNGHAK1, KIM TAEHO1, JEON SANGHUN1
. 1
.
Multilayer WS2 material has attracted a great deal of attention as promising semiconductor channel material for thin film
transistor and photo-sensor applications because it presents high mobility and relatively large band gap. However, the difficulty
in producing WS2 multilayer makes its device performances less known. Here we present high sensitivity photo-responsive
characteristics of WS2 photo-sensor. In order to ensure reliable and stable device performances, semiconducting WS2 was
passivated with optimum passivation process. We found that transistor and photo-sensor performances were strongly
influenced by annealing temperature and photon-energy exposure. In order to verify photo-sensor device applications, we
examined the photo-sensing capability of WS2 photo-transistor under long range visible light (400-700nm).
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