BG-01

Lattice Calculation of BSM Kaon B-parameters using improved staggered fermions in N_f

= 2+1 QCD.
LEE Weonjong, LEEM Jaehoon, JANG Yong-Chull, KIM Jangho, PARK Sungwoo, PAK Jeonghwan, JEONG Hwancheol,
SHARPE Stephen1, YOON Boram2
Seoul National University. 1University of Washington. 2Los Alamos National Laboratory.
We present results of the Kaon BSM B-parameters calculated using the HYP-smeared staggered fermions on the N_f = 2+1
MILC asqtad lattices. We use one-loop perturbative matching. We extrapolate the data to physical pion mass using the SU(2)
staggered chiral perturbation theory (SChPT). After that, we extrapolate results to the continuum (a = 0) and physical sea quark
mass simultaneously. We define the `golden-combinations' which have no one-loop chiral logarithms in SU(2) SChPT in the
data analysis. We report our final results evaluated at 2GeV and 3GeV in the MS-bar scheme with naive dimensional
regularization. Our results have a total error of 5-10%.

BG-02

Landau Gauge Fixing with Fourier Acceleration on the Lattice

PARK Sungwoo, KIM Jangho, LEE Weonjong
Seoul National University.
Landau gauge fixing is required for the measurement of gauge dependent quantities. Usually, landau gauge fixing on the lattice
is a high-cost computation. It is well-known that the steepest descent method with Fourier acceleration (FASD) gives a
dramatically enhanced performance than the method from Cabbibo-Marinari. In this talk, I would like to introduce these
algorithms and the further improvement with conjugate gradient (CG) algorithm. I also provide the comparison of the speed of
various algorithms.

BG-03

Non-perturbative Renormalization for BK with Staggered Quarks

,

,
,
,
.
CP violation parameter epsilon_K is very well known from experiments. Hence, the calculation of epsilon_K on the lattice is
very important to test the standard model. Our current estimate of epsilon_K has 3.4 sigma tension with the experiment.In our
calculation, one of the dominant source of error comes from the matching factor for BK. One-loop perturbative matching has
4.4% systematic error for BK. The non-perturbative renormalization (NPR) method can reduce this error down to 2% level. We
present the first results of NPR for BK with staggered quarks in this talk.

BG-04

Conserved Chiral Currents in Lattice QCD

, CUNDY NIGEL
Physics and Astronomy, Seoul National University.
While Lattice Quantum Chromodynamics has proved successful at performing first principle calculations of many otherwise
inaccessible observables for the strong nuclear force, it is difficult to obtain a LQCD action which successfully describes a
local chiral symmetry. The approximate chiral symmetry is important in full QCD as it constrains the hadronic effective
action.
However, the Nielsen-Ninomiya theorem implies that it is impossible to have an exact chiral symmetry in lattice QCD. While
it
has been known for some time that it is possible, though expensive, to use a lattice action with a global symmetry which is
equivalent to chiral symmetry in the continuum limit, attempts to write down a local symmetry have led to various anolamies
and
difficulties. Here we present new thoughts about how to apply the local symmetry on the lattice, and construct the
corresponding conserved currents. This has important applications in constructing a chiral perturbation theory for chiral
lattice fermions, which is required to find the correct functional form for continuum extrapolations.

BG-05

Testing the Standard Model with lattice QCD and effective field theory

BAILEY Jon A.
Dept. of Physics, Seoul National Univ..
The hadron spectrum and the decays and mixing of K, D, and B mesons provide valuable tests of the Standard Model, but
precision is limited by lack of information about the strong force. Lattice QCD calculations promise this information, but
systematic effects such as discretization errors must be understood. With emphasis on the role of effective field theory in
understanding systematics, I discuss work on K mixing parameters, the form factors of D and B mesons, and the hadron
spectrum.

BG-06*

Energy calibration at RENO
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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. In this presentation, we describe the methods energy calibration and their
results.

BG-07

Precise measurement of reactor neutrino spectrum at RENO
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The RENO experiment has been taking data since Aug. 2011 and has
measured the smallest neutrino mixing angle theta_13 by observing the
disappearance of reactor electron antineutrinos based on comparison
between observed and expected fluxes of reactor anitneutrinos. The
expected flux is calculated from the reactor thermal power and the
fission rate of individual fuel isotope. Time-dependent fuel composition
changes not only neutrino fluxes but also it distort the antineutrino
spectrum. The precise prediction of the spectrum is critical to a shape
analysis. In this presentation, we describe how to derive the expected
reactor neutrino spectrum at near and far detectors and the comparison
with the observed spectrum at RENO.

BG-08*
,

New results from RENO
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The Reactor Experiment for Neutrino Oscillation(RENO) started data-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.

BG-09*

Status of SBL Experiment
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The existence of the sterile neutrino, which was first hypothesized with LSND anomaly, has become more and more
substantial recently in neutrino physics. In particular, short-baseline reactor antineutrino disappearance has been focused on
intensely since the reactor anomaly was suggested. The SBL experiment in Korea is one of short-baseline experiments near
reactors to find out the existence of the sterile neutrino. For the main detector, we are planning to build a segmented detector to
discriminate cosmic ray backgrounds, and have studied several one-cell-detector prototypes. The detector will be set up first
at 6m from HANARO research reactor, and then moved to be installed at 24m from HANBIT commercial reactor. In this talk,
we will present current status of this experiment and our plan for the experiment.

BG-10

Experimental Requirements to Determine the Neutrino Mass Hierarchy Using Reactor
Antielectron Neutrinos
PAC Myoung Youl, CHOI June Ho
Dongshin University.
We discuss experimental requirements to determine the neutrino mass hierarchy using reactor antielectron neutrinos. The
study is based on the Monte Carlo simulation. In this study, each Monte Carlo experiment generates 500,000 neutrino events
by sampling $L/E$ spectrum with input parametars, {L, $\sigma_E$}. To study the mass hierarchy effects at different detector
energy resloutions and baselines, a total of 500 experiments have been simulated for each of input parameters. An
analysis based on Fourier transformation untilizing both the amplitude and phase information of $L/E$ sprectrum is to enhance
the features distinguishing the mass hierarchy. The parameters $PV_{FST}$ and $PV_{FCT}$ are defined to extract features
of the Fourier sine and cosine spectra and the mass hierarchy can be determined from events collected in experiments. By
using these parameters, experimental requirements to design of the experiment to determine the neutrino mass hierarchy can be
obtained.
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Reactors are ample source of electron anti-neutrinos. RENO (Reactor Experiment for Neutrino Oscillation) experiment was
designed to detect these neutrinos to measure neutrino oscillation angle (theta_13), and has been taking data since August
2011 at the Hanbit nuclear reactor site. These neutrinos are detected in RENO through Inverse Beta Decay (IBD) process
where the positron produces prompt signal while the neutron is detected later until captured by either Gadolinium (n-Gd) or
Hydrogen (n-H) in the target. Both prompt and delayed signal pair is used to identify IBD events and strongly suppresses our
background. The n-Gd is the conventional channel to detect IBD events since it gives much more cleaner signal. However,
we have also developed cuts to select the n-H IBD events. In this talk we would like to announce our first measurement of
theta_13 using the n-H IBD events collected for about 800 live days.

BG-12*

Relativistic corrections to Higgs-boson decays to quarkonia

GEOFFREY Bodwin, CHUNG Hee Sok, EE June-Haak1, LEE Jungil1, PETRIELLO Frank2
Argonne National Laboratory. 1Korea University. 2Northwestern University.
We improve the theoretical predictions for the decays of the Higgs boson to an S-wave vector quarkonium plus a photon by
calculating the relativistic correction of order v2, where v is the heavy-quark velocity in the quarkonium rest frame. Our
numerical results also include a previously calculated correction of order αs and summations, to all orders in αs, of leading
logarithms of m2H/m2Q, where mH is the Higgs-boson mass and mQ is the heavy-quark mass. These QCD corrections apply
to the contribution of leading order in v and to part of the order-v2 correction. For the remainder of the order-v2 correction, we
sum leading logarithms of mH/mQ through order αs2. These refinements reduce the theoretical errors on the direct-production
amplitudes for H → J/ψ + γ and H → Υ + γ by approximately a factor of three and open the door to improved determinations
at the LHC of the Higgs-boson Yukawa couplings to the charm and bottom quarks.

BG-13

Fragmentation Contributions to J/ψ Production at the Tevatron and the LHC

KIM U-Rae, LEE Jungil, BODWIN Geoffrey1, CHUNG Hee Sok1
,
. 1Argonne national Laboartory.
We compute leading-power fragmentation corrections to J/ψ production
at the Tevatron and the LHC. We find that, when these corrections are
combined with perturbative corrections through next-to-leading order in
the strong coupling constant αs, we obtain a good fit to high-pT cross
section data from the CDF and CMS Collaborations. The fitted longdistance matrix elements lead to predictions of near-zero J/ψ
polarization in the helicity frame at large pT.

BG-14

A Systematic Halo-independent Analysis of Direct Detection Data within the Framework of
Inelastic Dark Matter
SCOPEL stefano,
Sogang Univ..
We present a systematic halo–independent analysis of availableWeakly Interacting Massive Particles (WIMP) direct detection
data within the framework of Inelastic Dark Matter (IDM). We show that, when the smallest number of assumptions is made
on the WIMP velocity distribution in the halo of our Galaxy, it is possible to find values of the WIMP mass and the IDM
mass splitting for which compatibility between present constraints and any of the three experiments claiming to see a WIMP
excess among DAMA, CDMS-Si and CRESST can be achieved.

BG-15

X-ray line at 3.55 keV from decaying, thermal dark matter

LEE Hyun Min
Chung-Ang University.
We consider a decaying magnetic dark matter explaining the X-ray line at 3.55 keV shown recently from XMM-Newton
observations. We introduce two singlet Majorana fermions that have almost degenerate masses and fermion-portal couplings
with a charged scalar of weak scale mass. In our model, an approximate Z_2 symmetry gives rise to a tiny transition magnetic
moment between the Majorana fermions at one loop. The heavier Majorana fermion becomes a thermal dark matter due to the
sizable fermion-portal coupling to the SM charged fermions. We find the parameter space for the masses of dark matter and
charged scalar and their couplings, being consistent with both the relic density and the X-ray line. Various phenomenological
constraints on the model are also discussed.

BG-16
,

Large tensor spectrum of BICEP2 and its implications
1

,
. 1
(KASI).
The large tensor spectrum recently observed by the BICEP2 Collaboration requires a super-Planckian field variation of the
inflaton in the single-field inflationary scenario. The required slow-roll parameter, epsilon = 0.01 would restrict the e-folding
number to around 7 in (sub-)Planckian inflationary models. To overcome such problems, we consider a two-field scenario
based on the natural assisted SUSY hybrid model (``natural SUSY hybrid inflation''), which combines the SUSY hybrid and
the natural inflation models. The axionic inflaton field from the natural inflation sector can admit the right values for the tensor
spectrum as well as a spectral index of 0.96 with a decay constant smaller than the Planck scale, f < M_P. On the other hand,
the vacuum energy of 2 x 10^{16} GeV with 50 e-folds is provided by the inflaton coming from the SUSY hybrid sector,
avoiding the eta problem. These are achieved by introducing both the U(1)_R and a shift symmetry, and employing the
minimal Kahler potential.

BG-17

Thermoelectric AC Conductivities in a Holographic Model of Momentum Relaxation

KIM Keun-Young, KIM Kyung Kiu, SEO Yunseok1, SIN Sang-Jin1
GIST. 1Hanyang U..
We study electric, thermoelectric, and thermal optical conductivities in a holographic model of momentum relaxation,
mimicking a strongly correlated finite density system with impurities. Our model is based on a charged AdS black hole
modified by massless scalar fields depending on spatial coordinate, which breaks translational symmetry, causing momentum
relaxation.

BG-18

Holographic Quantum Hall System with Impurity

SEO Yunseok, KIM Keun-Young1, KIM Kyung-Kiu1, SIN Sang-Jin
Hanyang University. 1GIST.
We study a quantum Hall system with impurity in strong coupling limit in the context of gauge/gravity duality. We calculate a
impurity effect of DC conductivity analytically and AC Hall conductivity numerically. We also calculate thermal conductivity
and thermoelectric conductivity.

BG-19
,

Holographic Superconductor with momentum relaxation
,

1

1

GIST.
.
We consider a model for holographic superconductors with momentum relaxation. This model has a parameter related to
impurities or doping. We show that this parameter controls the critical temperature and the phase diagram has reacher structure
than the case without relaxation.

BG-20*

Quasi-local conserved charges and holography

HYUN Seungjoon, JEONG Jaehoon, YI Sang-Heon, PARK Sang-A
Department of Phsics, Yonsei University.
We construct a quasi-local formalism for conserved charges in a theory of gravity in the presence of matter fields which may
have slow falloff behaviors at the asymptotic infinity. This construction depends only on equations of motion and so it is
irrespective of ambiguities in the total derivatives of the Lagrangian. By using identically conserved currents, we show that
this formalism leads to the same expressions of conserved charges as those in the covariant phase space approach. At the
boundary of the asymptotic AdS space, we also introduce an identically conserved boundary current which has the same
structure as the bulk current and then show that this boundary current gives us the holographic conserved charges identical
with those from the boundary stress tensor method. In our quasi-local formalism we present a general proof that conserved
charges from the bulk potential are identical with those from the boundary current. Our results can be regarded as the extension
of the existing results on the equivalence of conserved charges by the covariant phase space approach and by the boundary
stress tensor method.

BG-21

Status of KIMS-NaI experiment

IBS-Center for Underground Physics,
(KIMS collaboration).
Among the various dark matter search experiments, the DAMA/LIBRA has uniquely reported a positive signal for an annualmodulation of the WIMP interaction with their NaI crystals. However, this signal is not yet proved by other competitive
experiments. KIMS-NaI experiments started R&D work of NaI crystal measurements at the Yangyang Underground
Laboratory to prove the DAMA/LIBRA experiment. The results of recently growed low-background NaI crystal measurements
as well as future prospects of KIMS-NaI experiment will be discussed.

BG-22

Low temperature light detectors for AMoRE

, AMORE collaboration1
Institute for Baisc Science, Center for Underground Phsics. 1AMoRE
collaboration.
AMoRE is an international collaboration to searching the neutrinoless
double beta decay of 100Mo using 40Ca100MoO4 scintillation crystal at
low temperature. In order to measure heat and light at low temperature, a
Metallic Magnetic Calorimeter (MMC) based light detector was
developed and tested. The light detector has been installed with the
40Ca100MoO scintillation crystal and operated at mK temperature
4
effectively. It has been successfully used to separate surface and bulk
alpha events from electron induced events. We will also report further
improvement of the light detector for rare event search studies.

BG-23

Detector Simulation For AMoRE and KIMS-LT
, AMoRE collaboration1
,
. 1.
AMoRE and KIMS-LT use crystal detectors with Metallic Magnetic Calorimeters (MMCs) for the detection of radiative
particles at low temperature. In the crystals, the deposit energy from radiation is transferred to MMC sensors by
phonons. In order to figure out and optimize the detector performances, GEANT4 phonon simulation are
performed. Physical processes on phonon generation in a CaMoO4 crystal, propagation and down-conversation
procedures, and absorption in a phonon collector film are presented and compared with experimental
measurement.

BG-24

Status of AMoRE, a Search for Neutrinoless Double Beta Decay

YOON Young Soo, (on the behalf of AMoRE collaboration)
.
The AMoRE (Advanced Mo-based Rare Process Experiment) is an experimental search for neutrinoless double beta decay of
Mo-100 using calcium molybdate (CaMoO4) scintillating crystals. The AMoRE uses a cryogenic detection technique using
CaMoO4 crystals coupled with metallic magnetic calorimeters (MMC), which provide excellent energy resolution (<10
keV). In addition, measurements at the underground laboratory are expected to reach low backgrounds. The first phase
experiment, using 10 kg of CaMoO4 (AMoRE-10), is planned to operate at the YangYang underground laboratory in 2016. A
pilot experiment with approximately 1 kg of CaMoO4 (AMoRE-pilot) is aiming for operations early next year. Research and
development of CaMoO4 crystals, MMC, and the data acquisition system are on-going. Internal and external backgrounds and
the shielding design have studied using Monte Carlo simulation. Current status of the AMoRE experiment will be presented.

BG-25*

Recent results on AMoRE detectors

,
.
AMoRE is an international collaboration to search for a neutrinoless
double beta decay of 100Mo using low temperature detectors made of
40Ca100MoO4 scintillation crystals. The detectors have been tested at
an above-ground laboratory for their characterization measurement. The
detectors show excellent performances in energy resolution, energy
threshold, pulse shape discrimination (PSD), and rejection efficiency for
randomly coinciding events. In addition, activities of alpha-decaying
radionuclides in the crystal is accurately estimated where the energy
spectrum only for alpha events was obtained by PSD.

BG-26

The 4th Tau Neutrino Candidate Event in the OPERA Experiment

YOON Chun Sil, PARK In Gon, KIM Ji Hyun, KIM Sung Hyun1,
PARK Byung Do2
GNU. 1CUP, IBS. 2Changwon Samsung Hospital, SKKU.

BG-27

Search for doubly charged Higgs bosons at CMS at sqrt(s)=8TeV at CMS experiment

LEE Jongseok, CHOI Youngil, CHOI Suyong1
Sungkyunkwan University, Department of Physics. 1Korea University, Department of Physics.
A search for doubly charged Higgs bosons has been performed using Monte Carlo data samples corresponding to an
integrated luminosity of 19 /fb with the 8 TeV of centre-of-mass energy at CMS. An analysis of doubly charged Higgs bosons
at the CMS detector is presented.

BG-28

Phantom Generation For VBF Off-shell Higgs->WW->llnunu Production

NAM Soon-Kwon, KROPIVNITSKAYA Anna, KIM TaeHoon, KIM
JungMin, NAM YeonSeo
Kangwon National University.
Vector Boson Fusion off-shell Higgs production decays in WW ->
llnunu channel are studied. To predict yield of off-shell Higgs, Phantom
generator was used for CMS experiment at the LHC for proton-proton
collisions at centre-of-mass energies of 7 and 8 TeV. Cross-section and
control plots of off-shell Higgs production for different Higgs widths
hypothesizes are presented.

BG-29

Flavor Changing Neutral Currents in top production and decay at CMS

.
Searches for flavor changing neutral currents (FCNC) in top production and decay in CMS using data collected by the
Compact Muon Solenoid (CMS) experiment at 7 and 8 TeV corresponding to an integrated luminosity of around 5 fb-1 and 20
fb-1 are presented. FCNC searches are conducted to probe tqZ, tqgamma, tqH, and tgq interactions in various channels.There
is no excess of signal observed over the data.The upper limit of B(t -> ugamma) < 0.0161%, B(t -> ug) < 0.0355%, B(t -> Zq)
< 0.05% and B(t -> cH) < 0.56% at 95% confidence level are obtained. Future prospects of FCNC searches with the upgraded
detector at 14 TeV are also presented.

BG-30
Pseudotop Analysis for Measurement of the tt-bar Production Cross Section in the Dilepton Channel in pp
Collisions at sqrt(s)=8 TeV

ROH Youn Jung, CHOI Suyong, GOH Junghwan1
Korea University, Physics. 1Sungkyunkwan University, Physics.
In order to test theory model, common particle definition is required. However, there are various Monte Carlo samples
generated by own particle status definition through different simulation packages. Therefore, we perform measurement of the
tt-bar production cross section with respect to pseudotop particle which can be used any simulation generator. In this study, we
investigated simulation sample for the tt-bar production in the dilepton channel in pp collisions at sqrt(s)=8 at the CMS
detector.

BG-31

Measurement of the top quark mass with the BEST method in the muon + jets channel

KWON Eunhyang, KIM Min Suk1, GOH Junghwan, YU Intae, KIM donghee1, KAMON Teruki2
. 1
. 2
, Texas A&M University.
We measure the top quark mass using the Bi-Event Subtraction Technique (BEST) in the tt → μ + jets channel. A sample of
tt candidate events with one muon and at least four jets in the final state is collected by CMS in pp collisions at data sample
used corresponds to an integrated luminosity of 19.7 fb−1. The data is compared to the corresponding predictions obtained
from simulations. The analysis is based on the mass ratio (R) of the top quark and the W boson reconstructed from three jets
and two jets respectively. With BEST and R, we determine mt = 172.72 ± 0.56 (stat.) ± 0.77 (syst.) GeV.

BG-32*

Measurement of the fraction of top quark pair events produced via gluon-gluon fusion at
the Tevatron in lepton+jets final states
LIM jaehoon
Korea University.
We report the fraction of top quark pair events produced via gluon-gluon fusion in proton anti-proton collisions at a centerof
mass energy of 1.96 TeV in the lepton+jets final state. The data set corresponds to 9.7 fb-1 of integrated luminositycollected
by the D0 experiment. We utilize a boosted decision tree to distinguish top quark pair events produced by quarkantiquark
annihilation and gluon-gluon fusion. A template fit is employed to extract the top quark pair production fractionvia gluongluon fusion.

BG-33

Measurements of the differential Drell-Yan cross sections at sqrt(s) = 7 TeV and 8 TeV

YOO Hwidong
Seoul National University.
Measurements of the differential and double-differential Drell-Yan cross sections are presented using proton-proton collision
data collected by CMS detector. The differential cross section is measured in the mass range 15 to 2000 GeV and corrected to
the full phase space. Results are also presented for the measurement of the double-differential cross section over the
mass range 20 to 1500 GeV and absolute dilepton rapidity from 0 to 2.4.These measurements are compared to the predictions
of perturbativeQCD calculations at next-to-leading and next-to-next-to-leading orders using various sets of parton distribution
functions.

BG-34

Measurement of the transverse momentum of W bosons in pp collisions at sqrt(s) = 8 TeV

PARK SangIl, LEE SaneEun, SON DongChul, KIM GuiNyun, YUSUPOV Hammid, BUTANOV Khakimjan, NAM
SoonKwon1
The Center for High Energy Physics, Kyungpook National University. 1Kangwon National University.
A measurement of the W boson production differential cross section in proton-proton collisions as a function of the W boson
transverse momentum (WpT ) is reported. The W bosons are identified via their decay to leptons and neutrinos. The analysis is
based on a data sample collected by the CMS experiment at the LHC at sqrt(s) = 8 TeV corresponding to an integrated
luminosity of 18.4 ± 0.5 pb−1 . The measured cross section is compared to three theoretical predictions: (1) ResBos, a
NNLL/NLO QCD calculation with resummation, (2) POWHEG, a NLO QCD calculation, and (3) FEWZ, a NNLO QCD
calculation. The predictions of all three calculations are in reasonableagreement with the experimental measurement.

BG-35
,

Search for heavy neutrinos at sqrt(s)=8 TeV using the CMS detector

, ALMOND John,
.
LHC experiments have searched for heavy neutrinos driven by the quest of origin of neutrino mass. We present an updated
search result for heavy Majorana neutrinos using the CMS detector. Search for heavy neutrinos in the same-sign leptons and
two jets has been made using 19.7 /fb of data at sqrt(s)=8 TeV.

BG-36*

,

,

Search for a vector-like bottom quark partner in same sign di-lepton final states

,
,
Sungkyunkwan University.
The results of a search for pair-produced vector-like quarks with charge -1/3 are presented. The analysis was performed using
a dataset of pp collisions at 8 TeV. collected with the CMS detector and corresponding to an integrated luminosity of 19.6 fb1. Events with a same-sign lepton pair and hadronic activity are selected and no excess above expected Standard Model
backgrounds is observed. The results are used to set limits on the mass of the b' quark as a function of its branching ratio to
tW, bZ and bH. The data excludes a b' quark with mass less than 800 GeV if the decay is to a top and W exclusively.

BG-37*

Color coherence at 8 TeV

HYUNYONG Kim, JASON Lee, INKYU Parck
University of Seoul.
A study of color coherence effects in pp colisions at a center-of-mass energy of 8 TeV is presented. The data used in the
analysis were collected in 2012 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 implementaions of color coherence.

BG-38

Purely leptonic B meson decay at Belle

KWON Youngjoon, YOOK youngmin, PARK chanseok
.
We present at this talk a search for the purely leptonic decays B+->l^+ X using the 772x10^6 BBbar pairs collected with the
Belle detector at the KEKB asymmetric-energy e+e- collider. Here l stands for an electron or a muon and X stands for a
particle not interacting in the Belle detector such as a neutrino. The range of the mass of X is searched in a range of 0 - 1.8
GeV/c^2, in an interval of 0.1 GeV/c^2. We fully reconstruct a B meson in the Y(4S)->BBbar decay to analyze the signal
decay in the recoiling side.
For X is 0 GeV/c^2 cases, upper limit of branching fractions are determined as B(B^+->e^+ nu) < 3.4 X 10^-6 and B(B^+>mu^+ nu) < 2.7 X 10^-6 at 90% confidence level.

BG-39*
,

A study of initial state gluon radiation on the Drell-Yan events at the LHC

, ALMOND John,
.
We present a study of initial state gluon radiation (ISR) on the Drell-Yan process at the LHC. The effect of the ISR in the
Drell-Yan events has been studied using the transverse momentum (pt) of the dilepton in electron and muon channels. MonteCarlo studies show that the averaged dilepton pt shows a logarithmic dependence on the averaged dilepton invariant mass. We
plan to measure the logarithmic slope of the dilepton pt using the CMS data in both dimuons and dielectrons channels at sqrt(s)
=8 TeV.

BG-40

,

The Performance of Muon Spectrometer at CMS beyond Phase I and II upgrades

CHOI Suyong, LEE Sehwook, ROH Youn, KIM Taejeong1
Korea University. 1Chonbuk N. University.
The CMS detector system at CERN’s Large Hadron collider is the fundamental apparatus for measuring the properties of the
known-fundamental particles and the new physics research. However, particle detectors are exposed to the radiation damage,
and they are aging rapidly by the huge number of particles from the high energy proton-proton collisions. This radiation
damage deteriorates the efficient identification of high-quality physics objects, which are the final state particles from various
physics processes. To keep high-efficient detector performance beyond 2019 and 2023 , the CMS collaboration plans to
upgrade the CMS detector system for two periods, which are called Phase I and II upgrades. We have scrutinized the
performance of muon spectrometer by investigating Muon Identification efficiencies corresponding to the Phase I (2019) and
II (2023) upgrade scenarios. In this talk, we are going to show the result of this investigation conducted with the CMS Monte
Carlo simulation. The result will be related to mainly how efficiently we can obtain high quality muons.

BG-41

Muon Trigger Level 1 Upgrade in CMS

LEE Jason, PARK Inkyu, RYU Minsang1, KIM Jihyun, CHOI Minkyoo, RYU Geonmo, KIM Hyunyoung, JEON Dajeong,
CHOI Kijin, HEO Geonwoo
University of Seoul, Department of Physics. 1Chonbuk National University, Department of Physics.
The CMS detector will be upgraded for the high luminosity run of the LHC. For the Muon system, new detector layers and an
upgrade to the level 1 muon trigger has been proposed. Gas Electron Multiplier (GEM) is the proposed detector technology
that will cover the high pseudorapidity region. The level 1 trigger upgrade together with the integration of GEM is
summarised.

BG-42*

Level 1 E/gamma Trigger Algorithm based on Pixels for CMS detector at LHC

2
SAVOY-NAVARRO Aurore1,
1
,
. APC, University Paris-Diderot/CNRS & INFN-Pisa. 2
,
.
As luminosity and the beam energy go up at LHC, we need more powerful level 1 e/gamma triggering algorithm for CMS
detector. For this upcoming matter, we are studying new level 1 e/gamma triggering algorithm based on pixel tracker. We
present the overview of our triggering method and studies’ status.

,

,

1,

BG-43

GEM Production and R&D of GEM Detector by the Korea CMS

RYU Min Sang, PARK Inkyu, CHOI Minkyoo, KIM Hyunsoo1, JUNG Tae Sung2, KIM Hyoungmin2
University of Seoul. 1Chonbuk National University. 2Mecharonics.
The Korea CMS (KCMS) and Mecharonics have been developing the gas electron multiplier (GEM) for the muon system
upgrade project of CMS at CERN. The small size GEM (10x10 and 30x30 cm2) can be produced by the double-mask method
with new production facility and the prototype large GEM for the CMS GE1/1 has been developing. The prototype GEM
detector has been developing at LHC lab, detector lab located in University of Seoul. The production facility, quality check
system, and the R&D status of GEM detector by the Korea CMS will be present.

BG-44

Implementation of the No PileUp and MVA MET at the RECO level20'

SOONKWON NAM, JUNGMIN KIM, YEONSEO NAM, SANGEUN
LEE1, KHAKIMJAN BUTANOV1
,
. 1
,
.
The analysis objects of lepton, jet and photon are considered in the
calculation of No PileUp MET and MVA MET. The calculation of
MVA MET, pfMET, No PileUp MET are presented for the object of
lepton and are compared to the results of MVA MET, pfMET and No
PileUp MET with sources of lepton, jet and photon.

BG-45

Study of LAMBDA production in K0L+ Al interactions from the KOTO experiment at J-

PARC
NI Andrey, KIM Eun Joo, AHN Jung Keun1, LIM Gei Youb2, KO Jae Woo3, WOO Jong Kwan3
Institute of Fusion Science, Chonbuk National University, Jeonju 561-756, Korea. 1Department of Physics, Korea University,
Seoul, Korea. 2Institute of Particle and Nuclear Study (IPNS),KEK, Tsukuba, Ibaraki 305-0801, Japan. 3Department of
Physics, Jeju National University, Jeju 690-756, Korea.
The KOTO experiment has been performed to discover the rare KL decays K0L ->pi0 nu nubar (E14) at the J-PARC. The KL
beam-line extracted from the primary beam after T1 (Nickel) target has total length of 20 m. The KL beam is instrumented by
absorbers and collimator to provide well collimated neutral beam consisting of photon, neutrons and K0L. The definite study
of K0L n->LAMBDA pi0 reaction gives us a possibility to understand baryon-hyperon potential. The Lambda study provides
us with definite-momentum neutron events. We can study how different the neutron-associated hits look like from the gammahits. If we provide real neutron data from the LAMBDA reconstruction in combination with Geant4 simulation, it would be
very helpful to understand the response of the CsI detector, and hopefully adding a new strong constraint on the neutron
background estimation for the final K0L ->pi0 nu nubar plot. The data presented here were collected by putting 5mm-thick Al
plate in the beam to produce pi0 through neutron interaction for calibration of the CsI calorimeter in January 2013 (Run46). In
this contribution, the preliminary results to reconstruct the LAMBDA events will be reported.

BG-46

Silicon Vertex Detector Upgrade for Belle II Experiment

KANG Kookhyun, PARK Hwanbae
Kyungpook National University.
The Belle II experiment at KEK in Japan is under preparation in order to explore new physics beyond the Standard Model
through B meson decays. The Belle II detector is under construction to cope with the luminosity that is 40 times higher than
previous Belle experiment. For precise particle tracking and vertexing, the Silicon Vertex Detector (SVD) is designed as one
of main components of the Belle II detector. The SVD consists of four layers of double-sided silicon strip detectors (DSSDs).
The DSSDs, readout cables and support components are assembled to a “ladder” structure. Toward the mass production of the
SVD ladders starting from 2015, the SVD group is finalizing the detector assembly procedure. In this talk, we introduce the
overview of the Belle II SVD and current status of the assembly study.

P1-B001*

The first law of thermodynamics in Lifshitz black holes revisited

KIM Wontae, GIM Yongwan, YI Sang-Heon1
Department of Physics, Sogang University.. 1Department of Physics, College of Science, Yonsei University..
We obtain the mass expression of the three- and five-dimensional Lifshitz black holes by employing the recently proposed
quasilocal formulation of conserved charges, which is based on the off-shell extension of the ADT formalism. Our result is
consistent with the first law of black hole thermodynamics and resolves the reported discrepancy between the ADT formalism
and the other conventional methods. The same mass expression of Lifshitz black holes is obtained by using another quasilocal
method by Padmanabhan. We also discuss the reported discrepancy in the context of the extended first law of black hole
thermodynamics by allowing the pressure term.

P1-B002

Deriving some physical quantities from supersymmetry quantum mechanics

,
.
For arbitrary potential, we can derive its supersymmetric partner potential and superpotential. Then we can calculate some
physical quantities such as Witten index. In this text, I will introduce supersymmetry briefly and review some exact solutions
of supersymmetry potentials.Finally, I will derive some physical quantities by using them.

P1-B003

Physical properties of SUSY QM for special potential

,
.
Supersymmetry generated from string theory influence many area of physics. The one of the thing influenced is quantum
mechanics, called supersymmetric quantum mechanics. This paper will review supersymmetric quantum mechanics and some
tools for finding physical quantities in sypersymmetric quantum mechanics and then we discuss some example and more detail
for double well potential.

P1-B004

Search for sterile neutrinos at RENO
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The RENO experiment was designed to measure an unknown neutrino
mixing angle, theta13, by detecting anti-neutrinos emitted from the
Hanbit nuclear reactors in Korea, and succeeded to measure it from the
disappearance of reactor anti-neutrinos at km-order baselines in three-neutrino frame. Here, we present four-neutrino analysis
of the data collected by RENO, including the probability deficit curve .vs. distance and the excluded region in sin^2(2theta14)
– Delta(m41)^2 space using chi-square analysis.
.
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P1-B005

Cut Optimization Study in VBF Off-shell Higgs->WW->llnunu Production

NAM Soon-Kwon, KROPIVNITSKYAYA Anna, KIM JungMin, KIM TaeHoon, NAM YeonSeo
Kangwon National University.

P1-B006

⁄ Reconstruction And Analysis At 8 TeV

KONG Byungyun, BAEK Yongwook1, DUPIEUX Pascal2, OH Sun Kun
Konkuk University. 1Gangneung-Wonju National University, Konkuk University. 2Univ. Blaise Pascal Clermont-Fe. II.

P1-B007

Dark Matter Search associated with monotop production via leptonic decay of top quark in

pp collisions
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P1-B008

Dark Matter Search associated with monotop production via haronic decay of top quark in

pp collisions
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P1-B009
,

Study of Low-mass tail effect from PDF at heavy mass of Wprime
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P1-B010*

0.5 TeV
W'

7 TeV
low-

.

Inclusive $B\to X_s\gamma$ Study using Hadronic Tagging Method at Belle

KIM Hanjin, KWON Youngjoon
Dep. of Physics, Yonsei Univ..
We present an inclusive study on the measurement of the branching fraction of the radiative $B$ meson decay $B\to
X_s\gamma$, using the full data sample collected with the Belle detector at the KEKB asymmetric-energy $e^+ e^-$ collider,
corresponding to $772\times 10^6$ of $B\bar{B}$ pairs. One of the $B$ mesons in the $\Upsilon(4S)\to B\bar{B}$ decay is
fully reconstructed in hadronic modes, and the radiative photon is sought in the decay of the other $B$ meson. We plan to
obtain the CP asymmetry and the isospin asymmetry of $B\to X_s\gamma$ according to the measured photon energy
spectrum.

P1-B011*
,

A study of B0 to l+ tau- using Hadronic Tagging Method
,

,
.

P1-B012

Study of a Reconstruction Method for observation of 5-gamma event from K0->pi0+pi0+

gamma
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, LIU Dong,
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Chiral perturbation theory(ChPT) describes the low energy effective theory for quantum chromodynamics. K0->pi0+pi0+
gamma decay mode can be used to easily measure the 6th order value. Because the ChPT predicts that the order value of K0>pi0+pi0+ gamma decay mode is zero at 4th in Standard Model. So this mode can be testified by the 6th order value, 6th order
is not Lagrangian relate for Standard Model and 6th of loop order is over 2. This study purpose is to measure the 6th order term
in ChPT. This presentation I show fundamental analysis for observation of K0->pi0+pi0+ gamma decay mode. I will introduce
a Reconstruction Method for observation of 5-gamma event from K0->pi0+pi0+ gamma.

P1-B013

New Particle Search in B0 -> K+(pi+)pi-X0

HYUN H.J., KANG K.H.1, KIM H.J1, KIM M.J.1, PARK H.1, CHEON B.G.2, CHO K.H.3, CHOI S.K.4, CHOI Y.I.5, KIM
J.H.3, KIM S.K.6, KO B.R.7, KWON Y.J.8, MASAYA I.8, OLSEN S.9, PARK C.W.5, UNNO Y.2, WON E.I.7
Pohang Accelerator Laboratory. 1Kyungpook National University. 2Hanyang University. 3Korea Institute of Science and
Technology Information. 4Gyeongsang National University. 5Sungkyunkwan University. 6Seoul National University. 7Korea
University. 8Yonsei University. 9Institute of Basic Science.

P1-B014

Study on the background of SBL prototype detector

KIM Jinyu, JEON Eun Ju1, KIM Yeong Duk1, LEE Jaison1, LEE Jeong-Yeon1, PARK Hyang Kyu1, PARK Kang Soon1,
KHAN Nasir1, KIM Ba Ro2, JOO Kyung Kwang2, KIM Seung Chan2, YEO In Sung2, KIM Hong Joo3, LEE Joo Young3, MA
Kyung Ju, HAN Bo Young4, SUN Gwang Min4, KIM Siyeon5, KO Young Ju5, KIM Hyun Soo6, SEO Kyung Min6, YEO
Kang Mo6, KANG Jeong Su7, PARK Hyeon Seo7
Department of Physics, Sejong University. 1Center for Underground Physics, Institute for Basic Science. 2Department of
Physics, Chonnam National University. 3Department of Physics, Kyungpook National University. 4Neutron Science Division,
Korea Atomic Energy Research Institute. 5Department of Physics, Chung Ang University. 6Department of Physics, Chonbuk
National University. 7Korea Research Institute of Standards and Science.
SBL is a Short-BaseLine reactor neutrino experiment for searching sterile neutrinos using the research reactor HANARO as
neutrino source. Detector will be place at a distance of about 6m from reactor and we will measure the disappearance of antielectron neutrino for testing the existence of sterile neutrinos. Prototype detector which has 50L of Gd-loaded LS as target is
constructed and tested in several places with different overburden to understand background caused by cosmic muon and
neutron. We compare background data from prototype detector with those from monte carlo simulation with different
overburden, and study the effect of overburden on background.

P1-B015

Background Simulation for KIMS-NaI Experiment

OH Seung-Yoon
Sejong University, Dept. of Physics.
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P1-B016*

Study about top quark mass measurement using J/psi in-jet at LHC

,
.
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.
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Measurement of neutron capture time on hydrogen
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P2-B018

The CMS RPCs Condition Monitoring at Point5

,
.
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P2-B019
,

Feasibility study on liquid scintillators using water for a neutrino detector
,

,

P2-B020*

.

Study on Preproduction of Silicon Vertex Detector for Belle II experiment

PARK Hwanbae, JEON Hyebin, HARA Koji1, HIGUCHI Takeo2, HORIGUCHI Tomohiro3, IWASHITA Tomoko2, KANG
Kookhyun, KIM Hongjoo, NAKAMURA Katsuro1, ONUKI Yoshiyuki3, SASAKI Junya3, SATO Nobuhiko1, SEINO
Yoshiaki4, SHIMIZU Nobuhiro3, TSUBOYAMA Toru1, UOZUMI Satoru, YOSHINOBU Toshiki1
Kyungpook National University. 1KEK. 2Kavli Institute for the Physcs and Mathematics of the Universe. 3The University of
Tokyo. 4Niigata University.
Detector system is under development for Belle II experiment at Super KEKB in Tsukuba, Japan. Silicon vertex detector
(SVD) is an important component of the Belle II detector which consists of four layers of double-sided silicon sensor (DSSD)
assemblies, called “ladders”. For forthcoming mass production of the SVD ladders starting from 2015, preproduction of the
ladders is being performed. In this summer we have extensively tested quality of each component, especially wire bonding of
DSSDs and signal fan out cables (pitch adapters, PAs). The wire bonding rigidity has been checked in terms of “pull-force”
which presents amount of the force to break the wire bonding. We conclude that preassembled ladder satisfies our requirement.
Quality of the readout fan out is also confirmed by measuring its bonding pad width. In this poster we present results of those
studies toward the mass production of the SVD ladders.

P2-B021

Muon Detector Installation at ALICE

KONG Byungyun, BAEK Yongwook1, DUPIEUX Pascal2, OH Sun Kun
Konkuk University. 1Gangneung-Wonju National University, Konkuk University. 2Univ. Blaise Pascal Clermont-Fe. II.
Muon Detector Installation at ALICE

P2-B022*
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At RENO experiment, it’s necessary to reconstruct the vertex position to the detailed data analysis. We have been used a
weighting method which calculates a charge weighted mean of each hit PMT positions. However, some PMTs had been got
problem, so those are not used now. And that maybe affect to vertex reconstruction using weighting method, because not used
PMTs make a charge distribution of PMTs asymmetry. This problem happens because we have been used only charge
information. Here, we present the study about new vertex reconstruction method which uses also time information of hit
PMTs.

P2-B023

Fabrication method for multi-detector operation in AMoRE experiment

.
The AMoRE (Advanced Mo-based Rare process Experiment) experiment is search for neutrinoless double beta decay that
requires to run many metallic magnetic calorimeter (MMC) detectors. We report the current progress on the development of
fabrication method for superconducting persistent current switch for meander-shaped MMCs. For an AMoRE experiment with
10 kg CaMoO4 crystals, it is required to run at least 70 MMC devices. We tested an easy way to run a persistent current on
many MMC devices using a temperature switch. Details on fabrication methods and characteristic measurements will be
presented.

P2-B024

A Fitting Method to Separate Slow Signal from Fast Signal for Applying Pulse Shape
Discrimination (PSD)
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P2-B025*

Design of a Shielding Room against High Energy Solar Cosmic Rays for Manned Longterm Spaceflights
LIU DONG, KO Jewou, WOO Jong-Kwan, LEE Se Byeong1
Department of Physics, Jeju National University. 1Proton Therapy Center, National Cancer Center.
The great success of manned spaceflights and space probe projects manifested that one of the next major space missions will
be the manned space exploration missions of the Moon, Mars even to the whole solar interplanetary space. The solar cosmic
rays (SCRs) mainly contains high energy protons which are more likely to leading to future health problems. Moreover,
astronauts would face the exposure from space radiation without the protection of Earth’s atmosphere and magnetic field
during interplanetary spaceflights. Therefore, the shielding of SCRs should be carefully considered for manned interplanetary
flight missions. Considering the carrying capability of current vehicles, the employment of a relatively light and small
radiation shielding room of spacecraft is suitable and attainable in the near future. This study summarized the major current
astronautic structural materials, and then assessed the shielding capability of these structural materials and several other
materials which should be carried during manned long-term spaceflights through the calculations of the SRIM code. Based on
the shielding capability and mass properties of the various materials, a design plan of the shielding room is proposed and
described in this study.

P2-B026*

Dual phonon sensors for a crystal absorber
.

P2-B027

PSD in phonon and light sensors using CaMoO4 absorber

.
We measured heat signals and scintillation signals using a 40Ca100MoO4 scintillation crystal at low temperatures. A series
of measurements were performed using MMC-based phonon and light detectors in different temperatures. The both detectors
showed that alpha pulses had faster rise- and decay-times than beta/gamma pulses. Also, we checked that scintillation light
signals appear with slower rise-time as temperature decreases. In comparison with the signals caused by particles hitting the
light detector directly, we infer that the scintillation of the 40Ca100MoO4 crystal has long decay-time as temperature
decreases in 10-40 mK range.

P2-B028

AMoRE pilot detector and shields

.
The low temperature detector for the AMoRE experiment is composed of many crystals, MMC chips, SQUID sensors, and the
structures for installing each components. The detector operates at ultra-low temperature of mK level to achieve the high
energy resolution. Because the detector is significantly sensitive to environmental radioactive background including cosmic
muons, proper radiation and muon shields have to be included to minimize the interference with radioactive noise. The
AMoRE detector will be installed with 1 kg CaMoO4 in Y2L, named AMoRE pilot. We will report the detector structure and
shielding design for AMoRE pilot experiment constructed to run at 10 mK.

P2-B029

Belle II Metadata

KIM Jyunghyun, CHO Kihyeon
KISTI.
We introduce the Belle II data handling system for metadata based on grid farms. Belle II is the successor of the Belle
experiment. The Belle II data handling system has to handle an amount of data eventually corresponding to 50 times the Belle
level by the end of 2020. The goal of the Belle II data handling system is to make a reliable and efficient metadata system
based on grid farms. After doing Monte Carlo challenge, we explain the performance and issues for metadata operation.

P2-B030

A Study of the electron avalanche simulation using the Geant4 for a GEM Detector

CHOI Kijin, RYU Minsang1, KIM Jihyun, LEE Jason, CHOI Minkyoo, RYU Geonmo, KIM Hyunyoung, JEON Dajeong,
HEO Geonwoo, PARK Inkyu
University of Seoul, Department of Physics. 1Chonbuk National University, Department of Physics.
The electron avalanche is a fundamental phenomenon for a detecting process of gas detectors. To simulate Gas Electron
Multiplier(GEM), one of gas detectors, we studied about the electron avalanche through the Geant4 simulation.
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Development of metal-loaded liquid scintillators for a neutrino experiment
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SBL is a Short-BaseLine reactor neutrino experiment for searching sterile neutrino using the research reactor HANARO as
neutrino source. Detector will be place at a distance of about 6m from reactor and we will measure the disappearance of antielectron neutrino for testing the existence of sterile neutrino. Backgrounds caused by lots of fast neutrons when neutrino
detection is carried out very near nuclear reactors or even at overground can be reduced largely by applying pulse shape
discrimination (PSD) to separate neutrons from gamma-rays.For the purpose of utilizing PSD of organic liquid scintillators, we
compare discrimination powers of LAB and DIN-based liquid scintillators.

P2-B033*

Heavy Ion Simulation on Geant4

LEE ChanYoung, KIM KyungHo, CHO KiHyeon1, KWON YoungJoon
Yonsei Univ., Department of Physics. 1KISTI.
For the experiments at the RAON, the upcoming facility for heavy ion collision experiment in Korea, we plan to use Geant4 to
simulate the interaction of the particles and the detector matter of the Monte Carlo generated sample. As a preceding step, we
test Geant4's physical validity with a simple set up of colliding a proton into a fixed target. We report the status of the
comparison of the carbon's mean energy loss with the Bloch-Bethe equation and the secondary particles' isotope distribution
study. We vary various physics models built in Geant4 in order to select a model that describes the expected phenomena at the
RAON the best.

P2-B034

An Research and Development for Evolving Architecture for the Beyond Standard Model

CHO Kihyeon, KIM Jyunghyun, RYU Huiyoung
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 this.

CG-01

Electric form factor of the triton in pionless effective field theory re-examined

ANDO Shung-Ichi, BIRSE Michael1
Sunmoon University, Department of Information Diaplay. 1University of Manchester, School of Physics and Astronomy.
The electric form factor of the triton is re-examined up to next-to-leading order (NLO) in the pionless effective field theory. At
leading order we confirm that two calculational methods, covariant and time-ordered perturbation approaches, give the same
analytical result. We study the cutoff dependence of the charge radius of the form factor, and we compare our results with
those of previous calculations. At NLO, we find large corrections to the form factor, suggesting poor convergence of the
expansion. We discuss possible reasons for this.

CG-02

phi meson(1020) and \Lambda(1520) resonance contribution in \gamma p --> K^+ K^- p
scattering process.
,

1

. 1
.
We construct '\gamma p --> K^+ K^- p' 3-body scattering process via
background, phi meson(1020) resonance and \Labmda(1520)
resonance diagrams. From this process, we investigate the phi(1020)
and \Lambda(1520) resonance contribution in '\gamma p --> K^+ K^- p'.
We also study the interference effect between \phi meson and \Lambda
(1520) as a candidate to cause the bump-like structure in \phi meson
photoproduction.

CG-03

Additively separable NN potentials in effective field theory

PARK Tae-Sun
Department of Physics, Sungkyunkwan University.
We study an additively separable form of $NN$ potential of the form $V(p,k)= \frac12 v(p) + \frac12 v(k)$, and construct the
renormalization group equation that preserves the on-shell scattering data. By applying the separable form to $^1S_0$ $NN$
system, its relation to effective field theory that consists of $NN$ contact interactions is discussed, with explicit evaluation up
to next-to-leading order.

CG-04

A Model Study on the Production of Xi in the Kbar-N Reactions

, JACKSON B. C.1, NAKAYAMA K.1, HABERZETTL H.2
. 1Univ. of Georgia. 2George Washington Univ..
Previous studies on the Kbar N -> K Xi reaction are reviewed and a simple model is proposed. Problems with terms needed to
retain s-u crossing symmetry are treated with a generalized contact term. Comparison with the existing data is made and the
role of hyperon resonances is studied. Polarization observables and their model dependence are also discussed.

CG-05

Heavy-light Quark System from the Instanton Model of QCD

KIM HYUN-CHUL, TURIMOV BOBUR, MUSAKHANOV MIRZAYUSUF1
Inha University. 1National University of Uzbekistan.
We derive an effective action for the heavy-light quark system from the instanton vacuum, considering heavy quark and chiral
symmetries. By computing the Wilson loop based on the derived effective action, We show the results of the light-quark
contribution to the local heavy-quark potential. We discuss physical implications of these light-quark corrections.

CG-06
,

Transverse charge densities of the nucleon in nuclear matter
, YAKHSHIEV Ulugbek

.
We investigate the transverse charge densities in the nucleon in nuclear matter within the framework of the in-medium
modified π-ρ-ω soliton model. We explore not only electro-magnetic properties but also emergy momentum tensor form
factors of the nucleon in transverse plane, which are also fundamental ones that are related to the generalized EM form factors.
Thers energy-momentum tensor form factors reveal a tomographic picture of how the charge densities of quarks are distributed
transversely

CG-07

Nuclear Symmetry Energy in QCD degree of freedom

,
.
We studied iso-spin asymmetric nature of cold-dense QCD matter. First,
we calculated the thermodynamic potential with hard dense loop (HDL)
approximation in iso-spin asymmetric quark matter and extracted the
cold matter symmetry energy. In cold matter, gluon excitations mainly
have soft modes which have equivalent HDL corrections. In the region
of quark chemical potential above 300 MeV, the HDL resumed strong
interaction slightly reduces the symmetry energy and it seems to vanish
at extremely high density (Figure). Non-perturbative corrections from
general dense QCD Lagrangian do not drastically modify the symmetry
energy from the ideal quark gas case. Second, including the other nonperturbative contribution such as BCS pairing may provide more
genuine contributions from QCD to the symmetry energy. Updated
result which considering BCS gap parameter in the cold matter
symmetry energy in 2SC phase will be presented.

CG-08

Unpolarized Dihadron Fragmentation Functions in Nonlocal Chiral Quark Model

NAM Seung-il, YANG Dong-Jing1, JIANG Fu-jiun1, LI Chian-De1,
KAO Chung-Wen1
Pukyong National University, Korea. 1National Taiwan Normal
University, Taiwan.
We have calculated the unpolarized dihadron fragmentation functions
(uDiFFs) of pions and kaons using the nonlocal chiral-quark model
(NLChQM) and evolved our results to the transferred momentum scale
Q^2 = 4 GeV^2 by the QCD evolution equations. These uDiFFs have
also been computed in the Nambu--Jona-Lasinio-jet (NJL-jet) model for
the sake of comparison. We find that there is substantial difference
between the results of these two models. Furthermore, the DiFFs of u -->
pi+ pi- and g --> pi+ pi- at Q^2 = 109 GeV^2 in these two models are
presented in comparison with the parametrizations fitted by the Monte Carlo event generator JETSET.

CG-09

Photoproduction of the scalar mesons f0(980) and f0(500)

,

,

1,

2

1

.
. 2
.
We investigate f0(980) and f0(500) photoproduction within a
framework of the effective Lagrangian method. We consider a rho
meson Regge trajectory in the t-channel, N* resonances in the s-channel,
and a nucleon Regge trajectory in the u-channel. We show the numerical
results for the total and differential cross sections, and discuss them.

CG-10

Variational method for heavy tetraquarks

LEE SU HOUNG, PARK AARON, PARK WOOSUNG
.
Using the variational method, we calculate the mass of heavy tetraquark
states in a nonrelativistic potential model with color confinement and
spin hyperfine interaction. We investigate the stability of tetraquark
states containing a heavy quark and an antiquark. In particular, we
construct the trial spatial Gaussian function and the color-spin bases in
an attempt to describe the X(3872). Performing the variational analysis,
we find that the lowest energy states just corresponds to the sum of the
hadronic final states to which the X(3872) can decay.

CG-11

Effects of N*(2000), N*(2060), N*(2120), and N*(2190) on K*Λ photoproduction

KIM Sangho, HOSAKA Atsushi, KIM Hyun-Chul1
RCNP, Osaka University. 1Inha University.
We reinvestigate K*Λ(1116) photoproduction off the
nucleon target,based on an effective Lagrangian approach. We
include higher nucleon resonances such as N*(2000), N*(2060),
N*(2120), and N*(2190), of which the data are taken from the 2012
edition of Review of Particle Physics, in addition to the t-channel
diagrams (K, K*, and κ), the s-channel nucleon, and u-channel hyperon
(Λ, Σ, and Σ*) contributions. We find that the N*(2120) and N*(2190)
resonances are essential in describing the new CLAS Collaboration data
for charged K* photoproduction. On the other hand, they rarely
affect neutral K* photoproduction.

CG-12*
,

Transverse Transition Densities of the Kaon from the Instanton Vacuum
,

1

1

.
.
In this talk, we investigate the Kaon tensor transition form factor, employing the nonlocal chiral quark model from the
instanton vacuum. We take into account the explicit SU(3) flavor symmetry breaking. The transverse transition densities
related to the vector and tensor currents are also discussed.

CG-13

Lambda(1405) photoproduction with its two-pole structure

JO Hyun-kyu, NAM Seung-il
.

In this talk, we present recent results for the Lambda(1405)=Lambda* photoproduction,
considering its two-pole structure, based on the chiral dynamics and unitarity. We take
into account the higher (~1430 MeV) and lower (~1390 MeV) hypothetical Lambda* states,
and they are correlated to the physically measured Lambda* state. We construct an effective
Lagrangian for the baryon-baryon interaction, using the meson-baryon loop diagram. The energy
and angle dependences are calculated as functions of the pi-Sigma invariant mass. As a result,
it turns out that our new model is a simplified three-body final-state reactions.

CG-14

A new way of blast-wave model analysis of hadron data by ALICE.

CHOI Suk, LEE Kang Seog1
IBS. 1Chonnam National University.
Assuming uniform temperature distribution inside an expanding fireball, a new iteration method for analysing both the
hadron ratios and their transverse momentum spectra, together with the rapidity distribution has been proposed and applied to
the hadron data from ALICE collaboration at CERN. The result of our fitting is very good for all the observables above
mentioned.

CG-15*

VISKIN: a Visualized Kinematics Calculation Code for Transfer Reaction Studies

LEE Eunji, CHAE K.Y., BARDAYAN D.W.1, GRAVES S.2
SungKyunKwan University. 1University of Notre Dame. 2Tennessee Technological University.
Transfer reactions are often very useful to study properties of energy levels of certain nuclei. Since transfer reaction
measurements may populate many energy levels in a single run, internal calibrations are critical to analyze excitation energies
of populated levels. Relativistic kinematics calculations are needed to perform the internal calibrations. Existing codes are,
however, somewhat limited in that the calculations should be done for each energy level separately. To address this
inconvenience VISualized KINematics (VISKIN) has been developed by using Object-Oriented computer language Java.
Details of the program and the application to the 24Mg(p,a)21Na experimental data will be presented.

CG-16*

Simulation and design of the low-energy LAMPS system at RAON

1,
1,
2,
2
,
,
,
1
2
. IBS.
.
Understanding the characteristics, in particular the equation of state and its symmetry energy term, of the nuclear matter with
large isospin asymmetry is one of the prime interests in contemporary nuclear physics. The nuclear symmetry energy at subsaturation densities can be explored in details at RAON by using the low-energy beams at 18.5 MeV per nucleon.
Consequently, the basic version of the low-energy setup for the Large Acceptance Multi-Purpose Spectrometer (LAMPS) was
designed. Recently, an alternative configuration of the low-energy LAMPS setup was proposed, and simulated using GEANT4
toolkit. In the alternative design, the neutron detector modules encompass the whole Si-CsI array to enlarge the neutron
acceptance. In order to optimize the granularity and the detector size of each detector system, the low-energy event
generator AMD was employed for 132Sn + 124Sn collisions at 20 MeV. In this presentation, we summarize the new design of
the low-energy LAMPS setup and its expected performance.

,

CG-17

Production of Neutron-rich Beam using Quasi-Projectile Fragmentation for KOBRA

CHAE Hyunwoo, SOULIOTIS Georgios1, TSHOO Kyoungho2, KWON Youngkwan2, MOON Junyoung2, PARK Junesic2,
HASHIMOTO Takashi2, KOMATSUBARA Tetsuro2, LEE Kwangbok2, KIM Yong-kyun2
Department of Physics & Astronomy, Seoul National University. 1Department of Chemistry, National and Kapodistrian
University of Athens. 2Rare Isotope Science Project, Institute for Basic Science.
Recoil spectrometer, named as KOBRA (KOrea Broad acceptance Recoil spectrometer and Apparatus), is being developed for
RISP (Rare Isotope Science Project) in Korea. The spectrometer will be utilized not only to produce rare isotope(RI) beams
but also to study nuclear physics, using stable beams from superconducting Linac or RI beams from ISOL facility. The
neutron-rich RI beams will be produced by employing the quasi-projectile fragmentation at beam energy of 15~25
MeV/nucleon, from which high current of the RI beam can be obtained by larger production cross section than projectile-like
fragmentation in intermediate energy. The calculated production cross sections are compared with the experimental data, and
its reaction mechanism is briefly introduced.

CG-18
,

Pre-study for gamma ray tracking using segmented HPGe detector
,

,

,
,
,
.
The source distribution has been imaged by the gamma ray tracking
technique. This technique was for studying the nuclear physics at the
mid of 2000. The 24 segmented HPGe detector has the crystal
dimension, diameter-80 mm and length-90 mm. The signals are digitized
by the NI digitizer and FPGA. This real signals are compared with the
simulated signals using shockey-ramo theorem. The signal simulation
needs the Electric field, potential and weighting potential of the crystal.
These values are calculated by the Elmer-FEM(Finite Element Method).
The Geometry are built by the FreeCAD and imported to Elmer and
Geant4. The Geant4 is used for simulating of events where they are
happened and lose its energy, position and deposited energy. These data
are used for making the database of the simulated signals and compared
with the real signals. This pre-study aims the comparison of the real and
simulated signals. The comparison of the signals is not perfect because
of assuming the constant mobility of electron and hole, the low sampling
rate of the digitizer, the incomplete algorithm. This result is promising
even with this primitive trial and many assumptions.

CG-19*

Yukawa potential

,
.

.

CG-20*
,

Performance of the prototype neutron detector for low-energy LAMPS at RAON
,

,

,

,
.
Low-energy nuclear collision is a very useful tool to study the nuclear equation of state and its symmetry energy term at
densities below the saturation value (~0.16 per cubic fm). The nuclear symmetry energy is critical to determine the structure
and the characteristics of the core of neutron star. Therefore, the Large Acceptance Multi-purpose spectrometer (LAMPS) at
the low-energy experimental area at RAON is being designed to detect the neutral as well as the charged particles emitted in
isospin asymmetric nuclear collisions. Here, the neutron is particularly important to study the nuclear symmetry energy in the
ratios of mirror nuclei and the flow parameters. We have built the prototype neutron detector supermodule that consists of
seven scintillator blocks. In this talk, we present the response of the prototype detector to the 252Cf source.

CG-21

Status of the RAON Heavy Ion Accelerator Facility

JEON Dong-O
Institute for Basic Science.
Construction of the RAON heavy ion accelerator facility is under way in Korea to build the In-flight Fragment (IF) and Isotope
Separation On-Line (ISOL) facilities to support cutting-edge researches in various science fields. At present prototyping of
major components are proceeding including 28 GHz ECR ion source, RFQ, superconducting cavities, magnets and
cryomodules etc. Superconducting magnets of 28 GHz ECR ion source are fabricated and will be tested. First article of
prototype superconducting cavities were delivered that were fabricated through domestic vendors. These prototype cavities
will be tested at TRIUMF. For the IF system, prototype HTS quadrupole is under development. Progress report of the RAON
accelerator systems is presented.

CG-22

Injector system for the RAON superconducting linac

HONG In Seok
Institute for Basic Science, RISP.
RAON accelerator needs to two injector systems which deliver a high current stable ion beam and a low current radio isotope
beam for the two superconducting linacs. In order to deliver high current stable ion beam, LEBT system to combine 33+, 34+
of Uranium 238 has been considered and designed for the stable ion beam injector. ECR ion source including a
superconducting magnet, Gyrotron, and plasma chamber has been fabricated. Prototype of RFQ and MEBT buncher has been
designed and fabricated as well. Current R/D status of the elements will be presented.

CG-23

Superconducting Linac for the Rare Isotope Science Project

.
The RISP (Rare Isotope Science Project) has been proposed as a multi-purpose accelerator facility for providing beams of
exotic rare isotopes of various energies. It can deliver ions from proton to Uranium. Proton and Uranium beams are accelerated
upto 600 MeV and 200 MeV/u respectively. The facility consists of three superconducting linacs of which superconducting
cavities are independently phased. Requirement of the linac design is especially high for acceleration of multiple charge
beams. In this paper, we present the RISP linac design, the prototyping of superconducting cavity and cryomodule.

CG-24
,

Current Status of Cyclotrons for Nuclear Physics in Korea

,
.
Advanced techniques for the production of rare isotope beams make it possible to study nuclei and their properties, allowing
progresses in fundamental nuclear physics research and in many applications in various fields of science. Recently the rare
isotope science project (RISP) at IBS is proposed two complementary methods to make good quality beams of exotic nuclei:
the in-flight fragmentation (IF) and the isotope separation on-line (ISOL) technique. In ISOL a 70 MeV H- cyclotron system is
considered as a proton driver for producing rare isotopes from UCx targets. In this talk, a general review of the nuclear physics
research opportunities with cyclotrons and the progress of proton cyclotrons in Korea will be presented.

CG-25

Development of the delay-line PPAC as an Heavy Ion Beam Monitor for the KOBRA

Spectrometer
1
,
,
,
,
,
1
Institute for Basic Science. Institute for Basic Science/
.
To monitor the beam profile and track the particles from the nuclear collisions, we need a position sensitive beam tracking
system. For that purpose, a delay-line parallel-plate avalanche counter (PPAC) is being developed for KOBRA spectrometer at
RAON. We applied commercial delay-line chips to archive the 2 dimensional position resolution of 1 mm. Furthermore, we
expect good timing response of 500 ps for the counter as a gaseous detector. At this talk, current status on the production and
the test will be shown as well as the simulation study.

CG-26

Prototype of High-speed Counter System for beta-NMR Spectrometer

LEE Ju Hahn, CHOI Kwang Yong1, SUH Byoung Jin2, JANG Zeehoon3, KIM Gi Dong, KIM Yong Kyun
Institute for Basic Science. 1Department of Physics, Chung-Ang University. 2Department of Physics, The Catholic University
of Korea. 3Department of Physics, Kookmin Univeristy.
In contrast to conventional NMR, β-NMR is based on the pre-polarization of radioactive particles and the detection of beta
decay particles with sensitive nuclear technique. Its extreme sensitivity allows investigations of nanostructured samples as well
as of bulk samples. Recently launched RISP (Rare Isotope Science Project) includes β-NMR and μSR as major research
facilities for material science and the development of the instruments is underway. A large amount of radioactive particles are
initially implanted and subsequent beta decay events are recorded as a function of time. Thus the most important sub-system of
the β-NMR spectrometer is a fast counter system for beta particles. We have developed a custom designed fast counter subsystem and tested it with RF pulse generator. The counter sub-system is mainly composed of ECL counters and a CPLD and
the CPLD contains enough logic elements to accommodate control logic for the counter. Output ports of the counter are
connected to a microprocessor which is interfaced with a personal computer (PC) by using a USB cable. The microprocessor
plays a role in controlling the counter as well as in transferring output data to PC. From the tests, we found that the counting
rate of the counter is higher than 1.675 GHz (actually it was designed to have 2 GHz counting rate).

CG-27
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CG-28

Measurements of fast neutron-induced cross sections by using KIRAMS MC-50 Cyclotron

SHIN JaeWon, KIM DoYoon1, BAK SangIn1, IN EunJin1, HAM ChulMin1, MIN KyungJoo1, ZHOU YuJie1, PARK TaeSun,
BHORASKAR V.N.2, HONG SeungWoo
Department of Physics, Sungkyunkwan University. 1Department of Energy Science, Sungkyunkwan University. 2Department
of Physics, Pune University.
Neutrons over a wide range of energies are produced at the Korea Institute of Radiological Medical Sciences (KIRAMS) by
bombarding a 1.05 cm thick beryllium target with 30, 35, and 40 MeV proton beams. The neutron flux $\Phi$($E_n$) versus
neutron energy $E_n$ produced by protons of beam current of 20 $\mu A$ are calculated by using GEANT4. We first verify
the calculated neutron spectra by neutron activation analysis for the samples of aluminum foils and ferric oxide powder. The
induced gamma-ray activities of $^{24}$Na and $^{56}$Mn nuclei, produced mainly through $^{27}$Al(n,$\alpha$)$^{24}
$Na and $^{56}$Fe(n,p)$^{56}$Mn reactions, respectively, are measured by a HPGe detector coupled to a multichannel
analyzer. It is found that the measured activities agree with the simulation results. We extend this method to obtain the cross
sections for $^{89}$Y(n,2n)$^{88}$Y, $^{64}$Zn(n,2n)$^{63}$Zn reactions at $E_n$ ~ 32.5 and 37.5 MeV.

CG-29
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CG-30*

Development of Beam Trigger Counter and Forward Aerogel Cherenkov Detector

1, K. Imai1, H. Sako1, S.
,
,
,
,
Hasegawa1
. 1JAEA.
We report recent development of a K- beam trigger counter (BH2) and a
forward aerogel Cherenkov detector (FAC) for the H-dibaryon search
experiment (E42) at J-PARC. The BH2 counter is a thin and fast plastic
scintillator with two photomultipliers (PMT), which triggers K- beam
particles and also provides start timing, so characteristics about timing
information of the BH2 counter are important. We have studied intrinsic
timing properties of the BH2 counter using positron beams of several hundred MeV at ELPH, Tohoku University. The timing
resolution and its variation in beam positions and scintillator wrapping materials will be presented. The FAC detector
discriminates kaons from swift pions, placed at the exit window of the superconducting HypSpectrometer magnet. It is
designed to accommodate a large-area aerogel radiator of 80 x 40 x 3 cm^3. Cherenkov lights are propagated in a diffuse
reflection box, read by 10 PMTs. We optimize the light collection efficiency of the reflection box using Geant4 simulation.
The PMT should have high gain under strong magnetic field. To select the optimized PMT, we have tested 4 different type
PMTs using an LED light source. The gain measurement results will be presented and discussed.

CG-31*

Intrinsic Time Resolution of the Time-of-Flight System for the Double-Strangeness
Experiments at J-PARC
,

,

,

,

1,

IMAI K.1, SAKO H.1, HASEGAWA S.1

1JAEA.

.
We have built a large time-of-flight (ToF) counter array for triggering and the time measurement in a series of experiments for
studying doubly strange hadron and nuclear systems at K1.8 beam line of J-PARC. The ToF system consists of 24 slabs made
of long plastic scintillators and it will be placed approximately 4 m away from the target. Each plastic scintillator is 1.8 m long
and 8 cm wide, and the ToF slabs are alternatively positioned back and forth with some offset from the average z position,
overlapping by 1 cm with its neighbors. The current fine segmentation of the ToF system enables us to make an online
measurement of the bending angle of charged particles in the spectrometer magnet. At the same time, the ToF system provides
us timing information, thereby making online particle identification. At J-PARC the current ToF array will be combined with
either a forward dipole magnet (KURAMA) or a superconducting Helmholtz-type magnet (HypSpectrometer) or both. The
ToF system has been tested using cosmic rays at J-PARC. In this test three pairs of long trigger counters sandwiches the ToF
slabs. The trigger counter pairs are placed at different vertical positions to measure the position dependence of the time
resolution along the length direction. In this presentation we will summarize the preliminary results on the performance of the
ToF system.

CG-32

ALICE-ITS Pixel Chip Characteristics Measurement with PNU's test-system

KIM Jiyoung, LIM Bong-Hwi, EUM Jongsik, CHOI KyungEon, YOO In-Kwon
Pusan National University, Department of Physics.
for the ALICE collaboration The ALICE (A Large Ion Collider Experiment) is a general purpose experiment dedicated to the
study of heavy ion collisions at the 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 projected increasing 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. We construct a pixel chip test system at Pusan National University
to measure the characteristics of the pixel chips. We present the characteristics result of the prototype pixel chips, which are
measured in the test-system at Pusan National University.

CG-33

RHICf -- Measurements of Very Forward Particles at RHIC

TANIDA Kiyoshi, PARK Junsang
.
In this presentation, we will introduce a newly proposed experiment at Relativistic Heavy Ion Collider (RHIC), named as
RHICf (RHIC-forward). The proposal is to install a high-resolution electromagnetic calorimeter in front of a zero-degree
hadron calorimeter (ZDC) at the PHENIX interaction point, and to measure cross sections and single spin asymmetries of very
forward ($\eta > 6$) neutral particles in proton-proton collision at $\sqrt{s}=510$ GeV. Together with measurements at LHC,
these data are invaluable for calibrating ultra-high energy cosmic ray measurements. In addition, such information helps to
understand the production mechanism, which is beyond purturbative QCD.

CG-34*
,

Exclusive B meson Production in pPb collisions with CMS
,

,
,
,
,
.
The B-meson including the bottom quark is the good probe to investigate the hot and dense medium produced by the heavyion collisions at LHC. To extract the pure high-parton-density effect in heavy-ion collisions, it is essential to identify the cold
nuclear matter effect by the proton-lead (pPb) collisions. The CMS collaboration exclusively reconstructed the B+, B0 and Bs
mesons in pPb collisions at sqrt(sNN) = 5.02 TeV. We will present the measurement of the cross sections and the nuclear
modification factors, which must be indicators of the cold nuclear matter effect in pPb collisions. In addition we will also show
the rapidity dependence of B+ yield and the forward-to-backward asymmetry.

CG-35

Central productions at ALICE, LHC with sqrt(s) = 7 TeV energy
.

Indeed it is known that there is much more to systems of strongly interacting particles than the constituent-quark picture.
Consequently the investigation of the so-called exotic systems might yield insight into the structure of mesons beyond the
simple quark model. In this analysis a method for the amplitude analysis of the π+π−π+π− and π+π− systems in central
diffraction events is being developed. A partial wave decomposition of the 4-pion system in the central diffraction is presented
here which for the first time at ALICE allows to search for mesonic 4-body resonances.
The well known f0(980) and f2(1270) states are found in π+π−. However the present study is limited by statistics for
π+π−π+π− decay channels. Nevertheless, I found remarkable signals by using the partial-wave decomposition method. η2
(1645), η2(1870) and f2(1910) are found in π+π−π+π− in spite of the limited statistics.

CG-36*

PHENIX Local Polarimetry Analysis

.
In PHENIX experiment, one of the most important goals is to study proton spin structure through spin asymmetry
measurements of various production cross sections from polarized proton-proton collisions. In 2013, we had longitudinally
polarized proton-proton collisions. The gluon contribution to the proton ∆G measurement through longitudinal double spin
asymmetry A_LL measurement has been done. Since one of the main systematic uncertainty of A_LL comes from transverse
component of beam polarization, its measurement is very important. In order to measure transverse component of beam
polarization at the collision point in the PHENIX interaction area, a subsystem called local polarimeter is used by using
transverse single spin asymmetry A_N of forward neutron production. It turned out that, transverse component of
longitudinally polarized beam during the experiment does not significantly contribute systematic error in A_LL measurement.

CG-37*

Measurement of Electrons from Beauty-Hadron Decays in p-Pb Collision at $\sqrt{s_{\rm
NN}}$ = 5.02 TeV with ALICE at the LHC
KIM Minjung, YOON Jin-Hee, KWEON MinJung
Inha University.
Heavy-flavour hadrons, containing charm or beauty quarks, are valuable probes providing constraints on partonic energy-loss
mechanisms in the medium formed in heavy- ion collisions since they are produced at an early stage in the initial hard
scattering processes. In particular, the medium-induced parton energy loss is expected to depend on the parton mass and colour
charge. The theoretical prediction about mass dependency of the parton energy loss in medium can be tested by the flavourseparated measurement of charm and beauty. Measurements of medium modifications of heavy- flavour transverse
momentum distributions in p-Pb collisions allow us to quantify cold nuclear matter effects in the initial state and to deduce the
role of final-state effects in Pb-Pb collisions. With the ALICE central barrel detectors, electrons can be identified with high
purity down to low transverse momentum. The production of electrons from beauty-hadron decays can be measured using their
displacement from the primary vertex thanks to the long lifetime of the beauty hadrons. Using the impact parameter
distributions of the electrons to separate statistically the electrons from beauty hadron decays from the background electrons in
p-Pb and Pb-Pb collisions. The latest results on the nuclear modification factor of electrons from beauty decays in p-Pb
collisions at $\sqrt{s_{NN}}=2.76 \textrm{TeV}$ sNN = 5.02 TeV will be presented.

CG-38

Particle-yield modication in jet-like azimuthal di-hadron correlations in Pb-Pb collisions
at 2.76 TeV with ALICE
KIM MINWOO, KANG JU HWAN
.
The one of the main goals of the research in heavy-ion collisions is to study the properties of a deconfined quarks and gluons,
Quark-Gluon Plasma(QGP). Due to the gluon radiation and the multiple scattering inside hot and dense medium, propagating
partons lose their energy and it causes interesting phenomenon called jet quenching. However it is a challenge to reconstruct
full jets including low $p_{T}$ because of background fluctuations from underlying events like elliptic flow. At this point, the
powerful method, two-particle correlation provides convenient way to understand the medium effect on the jet fragmentation
without full reconstruction of jets. I will present the particle-yield modifiaction in jet-like azimuthal di-hadron correlations in
Pb-Pb collisions at $\sqrt{s_{NN}}$ = 2.76 TeV with ALICE. By subtracting long-range correlation with $\Delta\eta$ gap
condition, we could distinguish jet-like particles from large backgrounds coming from collective effects. The near-side peak
shapes have been studied for various $p_{T}$ bins of triggered and associated particles. Extracted parameters from the fits
allow to understand the properties of near-side peaks. The ratio of the yields, $I_{AA}$ and $I_{CP}$ with respect to $p_{T}
$ of associated particles are also measured. From this measurement for modification of the per-trigger yield of associated
particles we could find the hints about the quenching mechanism in the different systems, p-p and heavy ion collisions.

CG-39
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Polarized RI beams and polarized targets with RISP for nuclear structure, reaction and
astrophysics research
KIM Wooyoung
Kyungpook National University.
Polarized radioactive ion beams and polarized proton target with Rare Isotope Science Project have been designed for the
study of nuclear structure, reaction and astrophysics. A method has been adopted for the production of polarized beams via
projectile fragmentation. We have been performing R&D to develop polarized proton target to be used in room temperature.
Our collaborative work at both RIKEN and RISP will be presented.

CP-02(

)

Exotic structure in light neutron-rich nuclei

ITAGAKI Naoyuki
Yukawa Institute for Theoretical Physics, Kyoto University.
I discuss the appearance of exotic cluster structure in light nuclei. For instance, linear chain structure of three and four alpha
clusters has been widely discussed. Linear chain corresponds to highly excited state, and to stabilize this state, especially to
prevent the bending motion, quite strong mechanism must exist. Next I discuss unified description for the shell and cluster
aspects of light nuclei. Recently we found a simple transformation from the so-called Brink type cluster model wave function
to the jj-coupling shell model one by introducing only two parameters, which describe the distance among clusters and
breaking of clusters.

CP-03(

) Transfer Reaction Studies on 24Mg for Astrophysical Implications

CHAE Kyungyuk
SungKyunKwan University.
A series of transfer reaction measurements on stable 24Mg targets have been performed by using proton beams at the energies
of 31-, 41-, and 41.5-MeV. (p,d), (p,t), (p,3He), and (p,a) reaction channels were clearly identified and angular distributions of
recoiling light particles were obtained at 32 angles. By comparing experimental results with distorted wave Born
approximation calculations, spins and parities of populated energy levels could be constrained successfully. The newly found
spins affect astrophysically important reaction rates such as that of the 18Ne(a,p)21Na reaction, which plays a crucial role in
the (a,p) process. Details of the experiment and a report of the current stage of the analysis will be presented.

CP-04(

)

Nuclear physics experiments at RCNP

AOI Nori
RCNP, Osaka University.
Nuclear physics experiments at Research Center for Nuclear Physics (RCNP),Osaka University will be introduced.RCNP is a
Joint Usage / Research Center for Subatomic Science providingunique opportunity for wide field of nuclear science ranging
from low-energy nuclear physics to high energy hadron physics both in experimental and in theoretical approaches. The major
subject of RCNP is high precision studies of nuclear structure and nuclear reaction using an accelerator complex consisting of
a K140 AVFcyclotron and a K400 ring cyclotron equipped with various unique devices such as the Grand Raiden
spectrometer, exotic nuclear beam facility, ultra cold neutron source, etc.In this talk, selected topics from recent result at our
facility will be discussed.

CP-05(

)

Complete and incomplete fusion processes for reactions forming heavy and superheavy

nuclei
KIM Kyungil, KIM Youngman, NASIROV Avazbek1, MANDAGLIO Giuseppe2, GIARDINA Giorgio3
Rare Isotope Science Project, Institute for Basic Science, Daejeon 305-811, Republic of Korea. 1BLTP, Joint Institute for
Nuclear Research, Joliot-Curie 6, 141980 Dubna, Russia, Institute of Nuclear Physics, Ulugbek, 100214, Tashkent,
Uzbekistan. 2University of Messina, Italy, INFN, Italy, Centro Siciliano di Fisica Nucleare e Struttura della Materia 95125
Catania, Italy. 3University of Messina, Italy, INFN, Italy.
We study the complete and incomplete fusion processes with the di-nuclear system (DNS) model. We calculate fusion and
evaporation residue (ER) cross-sections of 58Fe+232Th and 64Ni+232Th reactions which synthesize superheavy nuclei with
atomic numbers Z=116 and Z=118, respectively [1]. Also, we reproduce ER cross-sections of Ca-induced reaction,
48Ca+248Cm and 48Ca+249Cf, which are experimentally observed. We compare these reactions to investigate the role of
entrance channel in the synthesis of superheavy elements. We also consider ER cross sections for fusion reactions leading to
the formation of the 220Th with various entrance channels such as 16O+204Pb and 82Se+138Ba. Experimental data shows
that the cross sections are typically increased by decreasing the mass symmetry between projectile and target nucleus. In our
approach, a fusion probability is understood as a competition between a complete fusion and a quasi-fission. Since heights of
the fusion and the quasi-fission barrier are dependent on the mass symmetry, the evolution of DNS on the potential energy
surface is different by entrance channels. We obtain the fusion and the quasi-fission cross sections using the DNS model and
discuss effects of entrance channels [2].[1] A. Nasirov, K. Kim, G. Mandaglio, G. Giardina, A. Muminov and Y. Kim, Eur.
Phys. J. A 49, 147 (2013) [arXiv:1308.1513 [nucl-th]].[2] K. Kim, A. Nasirov, G. Mandaglio, G. Giardina and Y. Kim, in
preparation.

CP-06(

)

Exotic Nuclei and Nuclear Astrophysics at RIBF

NISHIMURA Shunji
RIKEN Nishina Center.
A rapid-neutron capture process (r process), sequence of neutron-capture and $\beta$-decay processes, is known to be
responsible for the synthesis of approximately half of nuclides heavier than iron and all of the nuclear chronometers $^{232}
$Th, $^{235,238}$U utilized for dating the Galaxy. To understand the mechanism and site of the r-process, significant
amounts of nuclear physics inputs such as mass, neutron capture rate, $\beta$-decay properties are required in astrophysical
simulations of explosive environments.A new-generation radioactive isotope facility (RIBF) has started providing highest
intensity exotic nuclei using 345-MeV/nucleon $^{238}U and $^{124}$Xe beams. Bringing together with newly developed
detecion systems, harvest of decay properties has been started. Basis and recent progress made in beta-gamma spectroscopy
with high efficiency EURICA spectrometer will be presented.

CP-07(

)

Low energy nuclear physics at KOBRA

KWON Young Kwan
Rare Isotope Science Project (RISP), Institute for Basic Science (IBS).
The KOBRA is being designed as a versatile spectrometer for low-energy nuclear physics and nuclear astrophysics studies at
RAON accelerator complex. The KOBRA will allow nuclear physicists to explore so-far hard but interesting questions
relevant to low-energy nuclear physics with various kinds of measurements such as direct measurements of proton and alpha
capture reactions, transfer reactions, elastic/inelastic scattering, fusion-evaporation reactions, Coulomb excitations through the
combination of high quality heavy ion beams from RAON accelerator and high performance spectrometer KOBRA. In order to
maximize the potential of heavy ion beams available at RAON, two-stage configuration was adopted as the basic design
concept of the KOBRA. In this talk, science program at KOBRA and the current status of design work will be presented.

P3-C001

Analysis of thermoluminescence glow curve on quartz using computerized glow curve

deconvolution
,
.
The physical characteristics of the overlapping peaks in the thermoluminescence glow curves of a quartz sample are
investigated. The Tm-Tstop method is employed to identify the number of hidden glow peaks, and the kinetic parameters of
each separated glow peak, including thermal activation energy, kinetic order, and frequency factor, are evaluated using a
computerized glow curve deconvolution (CGCD) method. The Tm-Tstop method indicates that the glow curve of the quartz is
the superposition of at least seven components. In the bleaching experiment, it is found that the bleaching rates of each peak
show two or three exponential decays. Additionally, in the study of the radiation dose response of four thermally stable peaks,
all peaks have a similar pattern, which are well fitted by a single saturating exponential function.

P3-C002*

Studies of isomeric yield ratios for 133m,gCe and 137m,gCe with Bremsstrahlung

KIM HyoJin, NOH Sung Jin, LEE Man Woo, JEONG Dong-Hyeok, KIM Hyun, YANG Kwangmo, RO Tae-IK1, KIM
Guinyun2, KANG Yeong-Rok
Research center, Dongnam Inst. of Radiological &Medical Sciences. 1Dong-A University,Department of
Physics. 2Kyungpook National University,Department of Physics.
We measured the energy dependent isomeric yield ratios for the for the natCe(γ,xn)133m,gCe and the natCe(γ,xn)137m,gCe were
performed using the activation method at Pohang Accelerator Laboratory (PAL). The experiment was performed by using the
end-point bremsstrahlung energies of 55-, 60-, and 65-MeV at the electron linear accelerator (linac) which was designed for
100 MeV and can be operated from 40-, to 70-MeV. The yields are produced by photonuclear reactions that determined from
the activated foil through characteristics spectra using a HPGe detector. The measured isomeric yield ratios of 133m,gCe are
0.324±0.032, 0.331±0.034, and 0.403±0.041, respectively and 0.210±0.020, 0.221±0.022, and 0.262±0.026 for the 137m,gCe
isomeric pair. Experimental data are compared with theoretical predictions calculated with TALYS code.
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P3-C005

Measurement of Isomeric Yield Ratios of 197m,gPt, 190m2,g+m1Ir in 50-, 55-, and 60- MeV
bremsstrahlung induced reactions of natural platinum at Pohang Neutron Facility
KYE Yong Uk, SHIN Sung Gyun, CHO Moo Hyun, NAMKUNG Won1, KIM Gui Nyun2, KIM Kwang Soo2, ZAHMAN
Muhammad2, KANG Young Rok3, YANG Sung Chul4, NGUYEN Van Do5, NAIK Haladhara6
Department of Advanced Nuclear Engineering, POSTECH. 1Pohang Accelerator Laboratory. 2Kyungpook National
University. 3Dongnam Inst. Of Radiological & Medical Science. 4Korea Atomic Energy Research Institude. 5Institude of
Physics, P.O. Box 429 Boho, Hanoi 10000, Vietnam. 6Radiochemistry Division, Bhabha Atomic Research Centre, Mumbai
400085, India.
Studies on the independent isomeric-yield ratio of high-spin to low-spin state isomeric cross-sections ratio (IR=σhighspin/σlow-spin) of the reaction products in different type of nuclear reactions. The isomeric yield ratios for the 198Pt(γ,n)
197m,gPt and natPt(γ,xn1p)190m2,g+m1Ir could be determined by photo-nuclear reactions. These nucleus of generated isotopes
were created by irradiating bremsstrahlung photons to samples.
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P3-C009

Phenomenological features of unitarity in EFT descriptions of low-energy NN scattering

IN EunJin, PARK TaeSun1, HONG Seong-woo1
Sungkyunkawn university, Energy science department. 1Sungkyunkawn university, Physics department.
In effective field theory descriptions of low-energy two nucleon systems, a regulator is needed to remove divergence in loop
calculations or in solving the Lippmann-Schwinger equation. Typical momentum cutoff regulators, however, violates the
unitarity which is one of the most important properties of the $\mathcal{S}$ Matrix. At next-to-leading order, we study the
consequences of the unitarity by evaluting $^{1}S_{0}$ $np$ phase shift with five sets of regulators, some of which preserve
the unitarity and the others do not.

P3-C010

Crystal growing facility at the Center of Underground Physics

RA Se Jin, KIM Y.D., KIM H. J.1
Institute for Basic Science. 1Kyungpook National University.
The Center of Underground Physics (CUP) have researched about the particle dark matter (KIMS experiment) and the
neutrinoless double beta decay (AMoRE experiment). We mainly use NaI:Tl single crystals for KIMS experiment and
CaMoO4 single crystals for AMoRE experiment. We need those crystals of several hundred kilograms for the experiments. A
lack of technique in scintillation crystal growth cause importing those crystals from abroad. For this reason, we prepared the
crystal growing facility at KT-1 center to grow those crystals for RND. After we will successfully grow those crystals we will
transfer the crystal growth technique to domestic manufacturers.In this work, we inform about the crystal growing facility,
crystal grower (Kyropoulos, Czochralski, Bridgman), crystal growth, measurements of grown crystal, utilities, raw material
purification, etc.
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P3-C013*

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

MOON TAEBONG
for PHENIX collaboration.
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. As a result, we have achieved the DCA resolution less
than 70 microns in 1 GeV of the transverse momentum. In this talk, we report the current status of the VTX alignment using
the data set obtained in 2014.

P3-C014

Preparation of CLAS12 Central Time-of-Flight (CTOF) Counters

TAN Joshua Artem, ASRYAN Gegham1, BATURIN Vitaly1, KIM Wooyoung
Kyungpook National University, Department of Physics. 1Thomas Jefferson National Accelerator Facility.
CLAS12 CTOF system is designed for identification of charged particle emerging from the target via their time-of-flight for
the future 12 GeV experiments in Jefferson Laboratory’s Hall B. As the 12 GeV upgrade requires, this CTOF system is
intended to have high timing resolution of 60 ps, to be operated in high magnetic field reaching up to 5 T inside the solenoid
with 0.1 T fringe fields, and to count at the high rate of 1 MHz per counter for the luminosity of 1035 cm-2c-1. This barrel
scintillation detector consists of 48 counters with double sided readout employing Hamamatsu R2083 photomultiplier. Joining
the collaboration for CLAS12 CTOF system, Kyungpook National University’s Nuclear Physics Group has played a central
role in the development of CLAS12 COTF system including the first test of the prototype counter and currently participated in
two major steps needed in initial preparation of the counters: wrapping the counters, which is essential for minimizing the
background signal, and testing the modified photomultipliers, (PMT) which aims to test the stability of the gain for each PMT
sample.

P3-C015

New Design of Magnet of an Adiabatic Field Rotation System to Measure Spin Polarization
of Unstable Nuclei
SEON Yonggeun, OHTOMO Yuichi1, UENO Hideki2, KIM Wooyoung
Kyungpook National University, Department of physics. 1Tokyo Institute of Technology, Department of physics. 2RIKEN
Nishina Center.
The nuclear electromagnetic moments are very important in investigating the nuclear structure. The nuclear electromagnetic
moments are measured using spin polarized radioactive isotope beam at heavy ion accelerator facility. Spin polarized
radioactive isotope beams are produced via projectile fragmentation reaction. <!--[if !vml]--><!--[endif]--> nuclear magnetic
resonance( <!--[if !vml]--><!--[endif]--> -NMR) method has been conventionally used to measure the nuclear electromagnetic
moments. However, we have to find the resonance region of nuclei to use this method. Instead of <!--[if !vml]--><!--[endif]-->
-NMR, adiabatic field rotation(AFR) method is used at RIKEN. In AFR method, spin polarization is measured through a
change in <!--[if !vml]--><!--[endif]--> -ray asymmetry without finding the resonance of nuclei. In the lastest experiment, low
spin polarization is acquired using AFR method at RIKEN RIBF facility. Presently, we are designing new magnet of AFR
system to increase spin polarization.
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P3-C018*

Measurement of Relative Cross-Sections of Natural Pb Targets for the (p,xn) reactions by
using 100 MeV proton Accelerator of Korea Multi-Purpose Accelerator Complex
LEE Jieun, KIM Ranyoung1, KIM Seokhan, YOON Jungran, RO Tae-ik, LEE Samyol2
Dong-A University, Department of Physics. 1Dong-A University, Department of Physics. 2Dongseo University, Department of
Radiological Science.
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P3-C020

Study of the scalar meson $f0(980)$ as a bound state of two $\eta$ mesons with the
contributions from the instanton.
LEE HEE-JUNG
Chungbuk National University, Department of Physics Education.
We study whether the scalar meson $f0(980)$ can be described as a simple bound state of the two $\eta$ mesons within the
QCD sum rule including the contributions from the instanton. According to the analysis of the QCD sum rule, it looks difficult
to describe $f0(980)$ as a simple bound state of the two $\eta$ mesons.

P3-C021

Neutron capture and Resonance parameter Analysis of 155Gd

KIM Seok-Han, KIM HyoJin, RO Tae-Ik, KANG Yeong-Rok1, LEE ManWoo2, KIM Guinyun3, WILLIAMS D4, DANON Y4
Donga University, Department of physics. 1Dongnam Inst. of Radiological & Medical Sciences. 2Dongnam Inst, of
Radiological & Medical Sciences. 3Kyungpook Nat. University, Department of physics. 4RPI.
Neutron capture measurements were performed using the time-of-flight method at the Gaerttner LINAC Center at Rensselaer
Polytechnic Institute using isotopically enriched 155Gd samples. The neutron capture measurements were made at the 25-m
flight station with a 16-segment sodium iodide multiplicity detector. After the data were collected and reduced to capture
yields, resonance parameters were obtained by a combined fitting of the neutron capture data for enriched 155Gd isotopes and
one natural Gd sample using the multilevel R-matrix Bayesian code SAMMY. Resonance in the ENDF/B-VII.0 evaluation that
were not observed in the current experiment and could not be traced to a literature Reference were removed. The resulting
resonance parameter were used to calculate the capture resonance and were compared to calculations obtained when using the
resonance parameter from ENDF/B-VII.0 and the previous RPI results.

P3-C022

Current Status of RAON RFQs

CHOI Bong Hyuk, HAN Woo-Kyung, PARK Bum Sik
.
A RFQ (Radio Frequency Quadrupole) is a one of the modern linear accelerators (LINAC) used in the low energy section.
Two RFQs will be installed in the RAON accelerator: one will be used to accelerate two-charge state 238U(main LINAC RFQ)
and other will be to accelerate mainly low cuurent isotope beams from the ISOL system (post-accelerator RFQ). In this
presentation, we show current status of the main LINAC RFQ, design and manufacturing of prototype, and design of the post
accelerate RFQ.

P3-C023

Resonance Parameter Analysis of 157Gd (n, γ) 158Gd nuclear reaction

KIM Ranyoung, RO Tae-ik, KANG Yeong-Rok1, KIM Guinyun2, KIM Hyo-Jin
Dong-A University,Department of Physics. 1Research center,Dongnam Inst. of Radiological & Medical
sciences. 2Kyungpook Nat. University,Department of Physics.
Resonance parameters of gadolinium was measured at Linear accelerator (LINAC linear accelerator) of the Rensselaer
Polytechnic Institute (RPI). In the experiment, We used enriched 157Gd Samples(90% or greater 90.96%).The neutron capture
measurements were performed using a 16-segment NaI(Tl) multiplicity detector at a flight path length of 25m.The experiment
of neutron capture in the region from 10 eV to 300 eV energy of neutrons.The multilevel R-matrix Bayesian code SAMMY8.0
and Mathcad program was used to analysis of resonance parameters.The resonance parameters of 157Gd was compared with
evaluated data of ENDF/B-VII.0 and JENDL 4.0.

P3-C024

Analysis of Resonance Parameter of 157Gd from 10 to 300 eV

KIM Ranyoung, KIM Hyo-Jin, RO Tae-Ik, KANG Yeong-Rok1, LEE Manwoo1, KIM Guinyun2, WILLIAMS D3, DANON
Y3
Dong-A University,Department of Physics. 1Research center,Dongnam Inst. of Radiological & Medical
sciences. 2Kyungpook Nat. University,Department of Physics. 3RPI.
The electron linear accelerator facility at the Rensselaer Polytechnic Institute (RPI) was used to explore neutron interactions
with 157Gd in the energy region from 10 eV to 300 eV. The neutron capture measurements were performed by the time-offlight technique. The neutron capture measurement was made at a 25 m with a 16-segment sodium iodide multiplicity detector.
High pure isotopic sample of 157Gd was prepared for this measurement. Resonance parameters were extracted from the data
using the multilevel R-matrix Bayesian code SAMMY 8.0. In the epithermal region, the analysis provided here represents the
most extensive to data. Many new resonances are proposed, and other resonances previously identified in the literature have
been revised. The poor match of the ENDF/B-VII.0 parameters to the current data is significant, and substantial improvement
to the understanding of 157Gd cross sections is presented. The present results are in general good agreement with other
reported value and the evaluated values of ENDF/B-VII.1.

DF-01(

)

Introduction to quantum electron optics in mesoscopic system

.
Introduction to quantum electron optics as well as its history and application will be given in the talk. The quantum devices,
which are based on GaAs/AlGaAs based 2-dimensional electron gas system, will be discussed mainly. Electron interferometer,
electron entanglement and other important issues will be discussed. Finally, the current efforts in electron optics in mesoscopic
system will be discussed.

DF-02(

) Quantum Exchange Statistics Effects in Anyon Quantum Optics

KAIST,
.
Anyons are quasiparticles in two dimension, obeying fractional exchange statistics intermediate between bosons and fermions.
In this talk, we present two nontrivial fractional-statistics-induced effects in anyon interferometry. First, we show that, contrary
to the linked cluster theorem (a basic rule of quantum field theory for bosons and fermions), a certain type of vacuum bubbles
of anyons, involving anyon braiding, affects physical observables. These topological bubbles result in a temperature-dependent
phase shift of interference patterns in the fractional quantum Hall regime, providing a tool for directly observing fractional
statistics in experiments. Second, we predict a new type of electron dephasing, originated from electron fractionalization and
fractional statistics. This topological dephasing is dependent on topological sectors classified by winding numbers, and results
in h/(2e) Aharonov-Bohm oscillations of electron transport through a quantum dot in the fractional quantum Hall regime with
filling factor 2/3.

DF-03(

)

On the interference of a single charge from independent sources

.
It has been known that single particles “co-produced” from independent
sources may show interference. This phenomenon, namely, “PfleegorMandel interference”, was demonstrated with photons [1], and the
interference takes place because in certain circumstances we do not
know from which source the detected particle originated. Here I show
that a paradox is raised when the Pfleegor-Mandel interference is
applied to a charged particle in the presence of an external magnetic flux
(see the schematic figure). I discuss the origin of this paradox, and
attempt to resolve it.
[1] R.L. Pfleegor and L. Mandel, Phys. Rev. 159, 1034 (1967).

DF-04
,

Electron Transport and Dynamics in Nano-Electromechanical Shuttles
1

. 1
.
Nano-mechanical shuttling of spin-dependent single electron may
enable qualitatively new functionality due to the combined effects of
spin-dependent electron tunneling and Coulomb blockade of tunneling.
The first is a reentrant shuttle instability, by which we mean the
sequential appearance, disappearance and again the appearance of a
shuttle instability as the driving voltage is increased (or the mechanical
dissipation is diminished). The second effect is an enhanced spinpolarization of the nano-mechanically assisted current flow.
In ac-driven nano-mechanical shuttles, the symmetry-broken dc current
appears in coupled nano-mechanical shuttles due to parametric
instability. We investigate charge transport in nano-electromechanical
shuttles in the presence of elastic collision. We show that, in certain
regimes, the time-averaged charge current is not predictable and is not
an analytic function of applied voltage. The rectified electric current and
its non-analyticity result from symmetry breaking due to a nonMarkovian process in the presence of the elastic collision.

DF-05(

)

High magnetic field investigations of strongly correlated electronic systems: from
superconductors to multiferroics to spin frustrated magnets
KIM Kee Hoon
CeNSCMR, Dept. of Physics and Astronomy, Seoul National University, Republic of Korea.
Investigations of strongly correlated electronic materials under high magnetic fields have become one of key facets of
condensed matter researches. In this talk, I hope I can deliver strong emphasis on the usefulness of such investigations by
providing vibrant recent research outcomes in our research center. First, I’ll start with the key summary of what have been
understood in the upper critical fields of FeAs superconductors and a new chalcogenide superconductor, Nb2Pd1-xSe5.
Further, Further, I’ll briefly introduce a recent discovery of magnetic quantum fluctuation manifesting in the dielectric
properties in a prototypal multiferroic Ba2CoGe2O7. Main focus of this talk will be to discuss the thermal conductivity data as
well as magnetoelectric effects at static magnetic fields up to ~35 tesla in the S=1/2 frustrated two-leg spin ladder BiCu2PO6
[1]. First, electric polarization(P) of BiCu2PO6 single crystal is studied in the pulsed magnetic field up to 60 T. While applying
the magnetic field along the b axis, Pb starts to appear above the first critical magneticfield (Hc1~20T), and the P vector
rotates perpendicular to the b axis above the second critical magnetic field (Hc2~34T). Calculation of the electric polarization
was attempted based on the proposed spin structures at the high-field phases, and the orbital hybridization between metal and
ligand ions is considered as a possible microscopic origin of the electric polarization above Hc2.Second,thermalconductivity
(κ) of this material is investigated in the static field up to 30 T. While applying the magnetic field along the a axis, suppression
of the κ(T) and its strong magnetic field dependence are observed below 20 K. This can be interpreted as a resonant scattering
between phonon and magnetic excitations that suppresses the phonon heat transport. From the theoretical analysis based on the
Boltzmann transport theory and recent inelastic neutron scattering experiment [2], magnetic field dependence of three
excitation gaps can be extracted up to 25 T. In close collaboration with Byung-Gu Jeon, Seunghyun Khim, and Jae Wook Kim
[1] B. Koteswararao et al., Phys. Rev. B 76, 052402 (2007).[2] K. W. Plumb et al., arXiv:1408.2528.

DF-06(

)

Magnetic phase diagram of the metallic triangular lattice antiferromagnet PdCrO2

KIM Jun Sung, OK Jong Mok, DIETTERLE M.1
Department of Physics, Pohang University of Science and Technology, Pohang 790-784, Korea. 1Dresden High Magnetic
Field Laboratory, Helmholtz-Zentrum Dresden-Rossendorf, Dresden, D-01314, Germany.
We report the magnetic phase diagram of a triangular antiferromagnet PdCrO2 in magnetic fields up to 68 T using torque
magnetometry. Below the 120o-type antiferromagnetic ordering temperature (TN), two meta-magnetic transitions near H = 55
T and H = 60 T are observed, in good agreement with theoretical prediction. Above TN, an unusual field-dependence of the
torque signal is observed, where the unconventional anomalous Hall effect is also found. These results suggest that the
unconventional anomalous Hall effects near TN can be attributed to the field-induced spin chirality due to the short-range
ordering of localized Cr spins.

DF-07(

)

Large anisotropic magnetoresistance in a strongly-correlated system

.
Recent exploration of 5d transition-metal oxides have provided great potential for the development of novel electronic states
arising from the collective effects of strong spin-orbit interaction and electron correlation as well as for the utilization of
advanced functionalities. Anisotropic magnetoresistance (AMR) is an outstanding example of spin-orbit driven magnetotransport behavior, offering fascinating prospects in magnetic recording technologies with correlated electron materials. In this
talk, I will present recent discoveries of field and angle sensitive AMR in a strong spin-orbit coupled Iridate, Sr2IrO4.

DF-08(

)

Rotation experiments in a very high magnetic field

KANG W.
Dept. of Physics, Ewha Womans University.
Rotation of samples in a strong magnetic field and at low temperature provides additional degree of freedom for investigating
electronic properties of a variety of materials. The simplest and most convenient way to achieve this goal is using a vector
magnet, but its high price and low maximum field however prevent it from being widely used. Therefore, it needs to develop a
way to rotate samples in a solenoid magnet. We introduce some methods to mimic the rotation of magnetic field. Also
presented are some results obtained from low-dimensional electron systems.
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) In situ X-ray scattering of ferroelectric heterostructures

JO Ji Young, LEE Hyun Jun, LEE Sung Su, CHEN Pice1, SICHEL Rebecca1, NAKHMANSON Serge2, LEE HoNyung3,
DAWBER Matthew4, DUFRESNE Eric2
Gwangju Institute of Science and Technology. 1University of Wisconsin-Madison. 2Argonne NationalLab.. 3Oak Ridge
National Lab.. 4Stony Brook University..
Ferroelectric heterostructures exhibit novel properties, including induced remnant polarization of dielectric layers in
ferroelectric-dielectric superlattice, enhanced piezoelectricity of in comparison with bulk ferroelectrics, and switching of nanosized regions in thin films. An important question is how the ions displace under an applied electric field. We report our recent
development of techniques probing the ferroelectric response of individual components of ferroelectric thin films. Timeresolved X-ray scattering was used to measure the diffraction patterns of CaTiO3-BaTiO3andPbTiO3-SrTiO3 superlattices
while an electric field is applied. We found that the piezoelectric strain of CaTiO3 component is equal to that of BaTiO3 and
that stripe domains of PbTiO3-SrTiO3 superlattice can switch to the opposite direction within nanoseconds.
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Ultrafast time-resolved imaging using femtosecond X-ray pulses of XFEL

SONG Changyong
RIKEN SPring-8 Center, 1-1-1 Kouto, Sayo, Hyogo 679-5148 Japan.
Single-shot diffraction using intense, femtosecond X-ray laser pulses has opened new avenue in nanoscale structural
investigations of functional nano-materials, biological macromolecular complexes, proteins, etc. Structural information in
intact states can be obtained by collecting diffraction signals formed earlier than X-ray radiation destroys specimens:
diffraction-before-destruction”. Various structural investigations by taking advantage of this unique opportunity with the Xray free-electron laser (XFEL) have been carried out to demonstrate single-pulse(s) 3D imaging, live cell imaging, multimodal
3D investigation of RNAi microsponges, etc. We have taken the challenge further to push the limit beyond the current spatial
and temporal resolution by establishing ultrafast time-resolved imaging at SACLA. By combining the XFEL single-shot
diffraction with femtosecond IR laser pulses, we have investigated ultrafast structural deformation in metallic nanoparticles at
several nm spatial and a few ps temporal resolution. This provides new insight into transient, nonequilibrium phenomena
involved in structure deformations. In this talk, I will also share the perspective of this ultrafast time-resolved X-ray imaging to
understand femtosecond dynamics phenomena in various materials and biological systems at near atomic detail.
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Laser plasma x-ray generation and applications

JANULEWICZ K. A., IQBAL M., IJAZ M., NOH D. Y.
Department of Physics and Photon Science, Gwangju Institute of Science and Technology, 123 Cheomdan-gwagiro, Buk-gu,
Gwangju, 500-712 Rep. of Korea.
Laser plasma is one of the prominent compact and table-top laboratory scale x-ray sources for a range of applications in
research, and industry. Now days these sources are available spanning over a wide spectral range from EUV to multi-keV
based on gas or solid targets. Their unique spatial (point like source), and temporal (sub-picosecond pulse) features realize
them as a candidate for a variety of applications in the research field of material science, diffraction imaging, and ultrafast xray absorption spectroscopy, etc. More specifically we present a Cu target based keV x-ray source for ultrafast x-ray
diffraction and spectroscopy as a contribution to research done on large facilities like synchrotrons and x-ray free electron
lasers. The source is capable of delivering 3.4× 103ph/s on detector and showed 1.4×107ph/s/mm2/mrad2 brightness, derived
from the measured parameters of Cu-Kα line (8.05 keV). A further enhancement in Cu-Kα line flux using glass poly capillary
optics resulted in 4.7 × 106ph/s on the sample. Additionally the integration of source with large acceptance-angle and a high
resolution (E/ΔE ~ 1800) graphite crystal spectrometer (HAPG) enabled the registration of Ni XANES spectrum in 15 min [1].
One of the challenging tasks in hard x-rays is the temporal characterization of emitted radiation. Generally the temporal
measurement data available for stronger characteristic line radiations spans about 500 fs. Such measurements resulted in x-ray
probe signal of IR induced non-thermal melting using well-known pump-probe scheme. We demonstrated bremsstrahlung
temporal characterization utilizing recently revealed [2] extremely fast laser excited electron dynamics in Ni as an ultrafast
shutter. This method allowed us for measuring x-ray as a cross correlation signal as short as 110 fs at a wavelength of 9 keV
however our measurement spanned for background radiation in the spectral range exceeding 1 keV. This is the shortest ever
measured pulse from laser plasma x-ray source. Such a measurement was hardly done due to relatively low bremsstrahlung
flux from laser plasma sources. The measured pulse in our experiment is comparable with those reported for synchrotron
(BESSY II) [2]. These parameters of the source enabled us accomplishing the time-resolved XAS experiments with nickel foil
as a sample. [1] M. Iqbal, Z. Urrehman, H. Im, J. G. Son, O. Seo, H. Stiel, P. V. Nickles, D. Y. Noh, K. A. Janulewicz, Appl.
Phys. B (2014) 116:305–311. [2] C. Stamm et al., Nature Mat. 6, (2007) 740.
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Watching atoms move with time-resolved x-ray scattering at synchrotrons

.
The availability of a “pulsed” x-ray source enables time-resolved measurements on versatile choices of materials via a
repetitive pump-probe approach and speckle visibility analysis. In this talk, I first would like to demonstrate various uses of a
pump-probe based x-ray scattering method, better known as time-resolved x-ray diffraction (TRXD), for studying impulsive
responses of bulk and heterostructure semiconductors upon femtosecond laser excitation. At 3rd generation light sources such
as Pohang Light Source where the tunability over large x-ray energy range and delivery of high photon flux are possible, the
TRXD allows accessing sub-angtrom spatial and sub-nanosecond temporal dynamics. At a hard x-ray free electron laser
(XFEL), the time-resolution of the method can be improved down to tens of femtoseconds. On the other hand, we need to
employ a speckle visibility correlation method to probe more subtle dynamics such as diffusion or Brownian motion of
particles: However, this method requires coherent x-ray radiation. In latter part of the talk, I will present novel capabilities of
XFEL whose underlying emission principle is quite different from tabletop optical lasers. In particular, the XFEL sources such
as the Linac Coherent Light Source at SLAC deliver femtosecond hard x-ray pulses that are transversely fully coherent. Using
this 4th generation Iight source, I will elaborate on feasibilities of studying structures and dynamics in an amorphous system at
atomic length and time-scales.
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Non-volatile Functionalization of 2DEG Conductivity at Oxide Interfaces

.
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 reviewed 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.
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Growth of Semiconducting Oxide Thin Film and its Electronic Structure Study
,
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Thin film heterostructures, such as oxides, topological insulator, and
transition metal dichalcogenide, display very intriguing properties,
which are not shown in their bulk form. This is mainly due to the
significantly altered electronic structures upon external parameters, such
as film thickness, interface/surface, strain, and polarity. One of the
promising ways to probe the electronic structures is photoemission
spectroscopy (XPS or ARPES), which has unambiguously revealed
many interesting phenomena in bulk samples. We discuss study of band structures in epitaxially grown samples (SrTiO3,[1,2]
and BaSnO3[3]) and investigation of stoichiometric changes in sol-gel films (Zn/In-Sn-O). [Acknowledgement : NRF2014R1A1A1002868, NRF-2012R1A1A2043619][1] Y. J. Chang, et al, Phys. Rev. Lett. 111, 126401 (2013), Phys. Rev. B 87,
115212 (2014)[2] D. Seo, et al, Appl. Phys. Lett. 104, 022102 (2014)
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) Strain-mediated metal-insulator transition in oxide heterostructures

SON Junwoo
POSTECH.
Correlated oxide thin films have attracted significant attention due to a wealth ofphysical phenomena, such as Mott transitions
arising from strong interactions in d-bands.Moreover, the physical phenomena observed in these materials exhibit sensitivities,
whichare not found in conventional semiconductors and give rise to abrupt changes in theirelectrical properties depending on
the means of control. In this aspect, ultra thin Mottmaterials, close to the metal insulator transition, are expected to be very
sensitive to localbonding, coordination, polarization, distortion and, dimensionality. In particular,heterostructures with strongly
correlated “Mott” materials have generated significantinterest for designing novel ground states not present in either of the
bulk constituents.In this talk, electrical transport phenomena and their electrical control will be discussedin nanoscale
correlated oxides, such as RNiO3 (R = rare-earth) thin films andheterostructures. The electrical transport in low-dimensional,
strongly correlated RNiO3, isexplored in terms of band-width control by strain and dimensionality. In particular, we showthat
octahedral tilts mediated by strain are closely related to electrical conductivity ofultrathin RNiO3 by combining electrical
transport measurement with nanoscalecharacterization technique with scanning transmission electron microscopy (STEM).
Finally,we will briefly mention the application of the strain-mediated mediated metal-insulatortransition to other correlated
oxide systems, such as VO2.
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Spectroscopic ellipsometry study on doped SrTiO3 superlattice films

LEE Yunsang, SEO Yunkyoung, CHOI E.1, SEO J. W.1, LEE Jaichan1
Soongsil University, Department of Physics. 1Sungkyunkwan University, School of Advanced Materials Science and
Engineering.
We report on the spectroscopic ellipsometry study on the low-dimensional confinement of chemical doping in SrTiO3. We
fabricated superlattice films composed of the stacking of insulating SrTiO3 (STO) and metallic La-doped SrTiO3 (LSTO)
layers. As the dimensionality is varied from three to two dimensions by increasing the thickness of the SrTiO3 layers, phase
transition from metal to insulator occurred through interplay of charge, spin, orbital, and lattice degrees of freedom. The
optical conductivity spectra show a significant change below the charge transfer gap near 3 eV through the metal-insulator
transition. We detail our spectroscopic finding on the STO/LSTO superlattice, and compare them with the transport and
structural properties of the films.
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Magnetic anisotropy of impurity doped FeCo alloy

HONG jisang, IMRAN Khan
.
Using the first principles method, we have explored the magnetic properties of impurity doped FeCo alloy. It has been found
that the trtragonal lattice distortion is induced by impurity doping. Due to this tegragonal distional, a large magnetic anisotropy
is obtained. Furthermore, we have explored energy product and coercive field. Our results may suggest that the impurity doped
FeCo alloy can be utilized as a potential candidate for rare earth free permanet magnet material. (This research was supported
by Basic Science Research Programthrough the National Research Foundation of Korea(NRF) funded bythe Ministry of
Education, Science and Technology(No.2013R1A1A2006071)
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) Giant Rashba-Type Spin Splitting in Bilayer Bi-MoS2 Heterostructure

,
, DGIST.
Two-dimensional (2D) transition metal dichalcogenides are layered semiconducting materials. Recently, there has been a
growing interest in their heterostructures with other 2D systems. In this work, we investigate the electronic structures of
bilayer (BL) Bi-MoS2 heterostructure using first principles methods. Owing to the lattice mismatch between two materials, we
carry out supercell (SC) calculation. The zone folding of the bands due to SC calculation is a well-known problem which leads
to convoluted band structures. Here, we have solved this problem using the unfolding band structure method which is very
useful technique to understand the influence of the substitutional and vacancy defects.
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) First-principles approach for materials with strong magnetic fluctuations

CHOI Hyoung Joon
Department of Physics, Yonsei University.

It is known that the density functional theory (DFT) with the local density approximation or the
generalized gradient approximation significantly overestimates the magnetic interaction in materials with
strong magnetic fluctuations. One of the methods that address this issue is the self-consistent
renormalization theory, which is based on estimating the size of the fluctuating magnetic moment from
the magnetic susceptibility and then renormalizing the magnetic interaction in DFT by considering the
fluctuating magnetic moment in the magnetic-moment expansion of the total energy. We apply this
method to magnetic properties of iron-based superconductors and compare our theoretical results with
reported experiments. This work was supported by NRF of KOREA (Grant No. 2011-0018306) and
KISTI supercomputing center (Project No. KSC-2013-C3-062).
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Large-area CVD Growth of Multilayer/Bilayer Graphene

,
/
.
Electronic structure of graphene is affected by number of graphene layers and stacking order. Control of layer number as well
as scalability has been the main issues for device applications based on graphene. A new and unique CVD method is proposed
to synthesize epitaxial multilayer graphene on copper by a iterative process of graphene growth and h-BN etching in chemical
vapor deposition (CVD). A h-BN thin film is utilized to provide a gap of well-defined thickness for introducing the precursors
and to play the role of the epitaxial growth of multilayer graphene. A thin h-BN film, initially-CVD grown on copper, is
locally etched out by hydrogen atoms decomposed from CH4 during the sequential graphene growth, which generates
additional growth channels of graphene adlayers again under the first graphene layer. The crystallinity with AB stacking was
confirmed by Raman analysis and selected-area electron diffraction measurements as well as statistical studies of optical
microscope images. Graphene growth with a h-BN template suggests a potential way for controlling the specific layer number
of large-area graphene in CVD for the device applications of graphene.
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) Aharonov-Bohm Oscillations in a Quasi-Ballistic 3D Topological-Insulator Nanowire

CHO Sungjae, DELLABETTA Brian1, YANG Alina2, GU Genda2, GILBERT Matthew1, NADYA Mason3
KAIST, Physics. 1UIUC, EE. 2BNL, CMPMSD. 3UIUC, Physics.
In three-dimensional topological insulators (3D TI) nanowires, transport occurs via gapless surface states where the spin is
fixed perpendicular to the momentum. Carriers encircling the surface thus acquire a π Berry phase, which is predicted to open
up a gap in the lowest-energy 1D surface subband. Inserting a magnetic flux (Φ) of h/2e through the nanowire should cancel
the Berry phase and restore the gapless 1D mode. However, this signature has been missing in transport experiments reported
to date. In this talk, I will discuss our measurements of mechanically-exfoliated 3D TI nanowires which exhibit AharonovBohm oscillations consistent with topological surface transport. The use of low-doped, quasi-ballistic devices allows us to
observe a minimum conductance at Φ = 0 and a maximum conductance reaching e2/h at Φ = h/2e near the lowest subband (i.e.
the Dirac point), as well as the carrier density dependence of the transport.
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) Investigation of Defects in Graphene with Transmission Electron Microscopy

KIM Kwanpyo
Ulsan National Institute of Science and Technology (UNIST).
Chemical vapor deposited (CVD) graphene has been advanced as a promising route to synthesize large-scale high-quality
graphene. However, synthesis-related structural defects still exist in CVD graphene, which limits graphene’s various
performances. Understanding defect-formation mechanisms and implications to graphene’s properties are of critical issues. In
this talk, I will present transmission electron microscopy (TEM) imaging of CVD graphene. Various one-dimensional
structural defects, including grain boundaries, folding, and cracks, are investigated with atomic-resolution TEM imaging and
other TEM techniques. Moreover, combined with other characterization techniques such as electrical measurement and Raman
spectroscopy, TEM can be a very powerful tool allowing various measurements of structure-specific properties of graphene.
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Direct Determination of the 2D Band Topology via the Zak Shift of the Wannier-Stark

Ladder
,
.
A two-dimensional topological insulator is characterized by the bulk gap
and the helical edge state, which are protected by time-reversal
symmetry. In a conventional study, its band topology, which is
characterized by the Chern number, is indirectly identified by measuring
the Hall conductance of edge excitation. In this work, we develop a
novel scheme to directly determine the Chern number by measuring the
Zak shift of the Wannier-Stark ladder for the electric-field-driven lattice.
We find that the non-trivial Chern number is connected to a jump of the
Zak phase across the 2π boundary, which corresponds to a winding of
the Zak phase across the Brillouin zone. Such a connection between the
Chern
number
and
the
Zak
shift
is
confirmed
by specifically investigating the local spectrum of a spin-orbit coupled
hexagonal lattice as well as a HgTe/CdTe quantum well. Finally, we
emphasize that the experimental verification of our scheme is feasible in
the regime that the Wannier-Stark ladder is clearly resolved against the
effect of electron-impurity scattering.
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Edge Transport of the Two Dimensional Topological Insulator with Cornered Boundaries

and Defects.
DOH Hyeonjin, CHOI Hyoung Joon
Center for Computational Studies of Advanced Electronic Material Properties, Yonsei University.
We study the edge current in a two dimensional topological insulator by using Kane-Mele model. The surface or the edge
state of the topological insulator shows weak anti-localization due to its chirality protected by the time-reversal symmetry.
However, it is not clear whether the transport along the edge is hardly affected when the edge is cornered or composed of two
different types of boundaries such as zigzag and armchair types of boundary. Here, we consider various shapes of finite size
honeycomb-lattice islands which have corners along the edge. We investigate the effects of the edge-shape and a defect on the
boundary transport by applying an artificial gauge field along the edge. The gauge field derives a persistent current along the
edge. The transport properties depending on the edge-shape are analyzed by comparing the induced currents. This work was
supported by NRF of KOREA (Grant No. 2011-0018306) and KISTI supercomputing center (Project No. KSC-2013-C3-062).
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Spin-filtering and Rectifying Behaviors in Quantum spin-Hall Bi bilayer Nanoribbons

,
,
.
Structural and chemical edge engineering of two dimensional (2D) materials, especially, manipulation of helical edge states in
quantum spin Hall phase, is of great scientific and technological interest. We investigate the edge states of quantum spin-Hall
phase Bi (111) bilayer nano-ribbons (BNRs) and their spin-rectifying effect using first-principles calculations and nonequilibrium transport method. BNRs have tunable electronic properties, which are not only dependent on edge shape, chemical
passivation or external electric fields but also governed by geometrical deformation. Depending on the passivation types, the
interaction of the helical edge states in BNRs exhibits various patterns, enabling the valley engineering of the Dirac cones. In
addition, the spin texture of the Dirac state is significantly changed by the edge passivation, external electric fields and
geometric deformation. We demonstrate that BNRs with various deformations can be used as the spin valves to rectify the
electric currents via the edge states. Our results provide a practical way of utilizing two-dimensional topological insulator Bi
bilayer for spintronic devices.
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Terahertz spectroscopy of ultrathin films of topological insulator Bi2Se3 : Single

conductance quantum and topological phase transitions
PARK Byung Cheol, KIM Tae-Hyeon, KANG Boyoun1, KIM Jeong Won2, CHO Beongki1, JEONG Kwang-Ho, CHO MannHo, KIM Jae Hoon
Department of Physics, Yonsei University, Seoul 120-749, Republic of Korea. 1School of Materials Science and Engineering,
Gwangju Institute of Science and. 2Division of Industrial Metrology, Korea Research Institute of Standards and Science.
Strong spin-orbit interaction and time-reversal symmetry in topological insulators (TIs) generate a novel quantum state called
topological surface states (TSSs). Their study provides unique opportunities to explore exotic phenomena such as spin Hall
effects and topological phase transitions, relevant to the development of quantum devices for spintronics and quantum
computation. Although ultrahigh-vacuum surface probes can identify individual TSSs, standard electrical and optical
experiments have so far been hampered by the interference of bulk and quantum-well states. With terahertz time-domain
spectroscopy of ultrathin Bi2Se3 films, we present evidence for topological phase transitions, a single conductance quantum of
e2/h (e electronic charge and h planck’s constant) per TSS, and a quantized terahertz absorbance of ( the fine structure
constant). Our experiment demonstrates the feasibility to isolate, detect, and manipulate TSSs in the ambient for future
fundamental research on the novel physics of TIs and their practical applications.
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Elastic Properties of Layered Two-dimensional Materials, Graphene, h-BN and MoS_2

,
.
Experimental realization of atomically thin material, graphene, has initiated the investigation of further 2-d materials such as hBN and MoS 2 . The elastic properties of such 2-d materials including layered structures with several layers are quite different
from typical bulk materials. The knowledge of mechanical properties is scientifically interesting as well as practically
important when being used in industrial applications. We have thoroughly investigated the basic elastic properties of graphene
as well as h-BN and MoS_2 theoretically.
In our presentation, the elastic properties of such 2-d materials will be reported that peculiarly reflect the geometrical
dimensionality and the layered structure. The results will be compared among the three materials emphasizing the common
points and differences. Our researh is carried out using first-principle calculations based on density functional theory. In order
to deal with the inter-layer interaction, rVV10 exchange-correlation energy functional is used which is known to predict the
inter-layer distance of graphene very well.
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First-principles Study of Magnetic Phase Transition in Fe-doped Bi2Se3

,
Pohang University of Science and Technology.
Spin helical states at surfaces and interfaces of topological insulators are robust to defects as they are protected by the timereversal symmetry. Magnetic impurities are thought to perturb them. Recently, phase transition from ferromagnetic (FM) to
antiferromagnetic (AFM) state was observed in Fe-doped topological insulating Bi2Te3 [1]. Interestingly, the energy gap of the
surface states, supposedly due to magnetic impurities, decreases as Fe concentration is increased. This is somehow counterintuitive. We study the magnetic phase transition and the surface states in Fe-doped Bi2Se3 using first-principles calculations.
We find that Fe spin is aligned via the hybridization with conduction electrons at dilute doping regime but AFM spin ordering
is preferred for dense magnetic impurities via the super-exchange interaction. We show that adjacent Fe impurity atoms in
antiferromagnetic spin ordering behave like spin-singlet scattering centers that barely perturb the linear band dispersion and
the helical nature of the surface states. This finding explains the odd behavior of the surface-states band gap at the presence of
magnetic impurities. We also introduce a model Hamiltonian to discuss the interaction of Fe atoms and surface states.
[1]
H.-J. Kim et al., Phys. Rev. Lett. 110, 136601 (2013).
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Emergence of toxicity-prone protofilaments of Ab17-42 peptides along the kinetic pathway
from disordered oligomers to amyloid fibril
Department of New Biology Daegu Gyeongbuk Institute of Science and Technology.
Understanding the mechanism of protein aggregation into amyloid fibril is an essential step toward treating the
neurodegenerative diseases, such as Alzheimer's and Parkinson's diseases. Capturing the molecular-level insight how proteins
or peptides evolve through the kinetic pathway from initially random disordered chains into toxicity-prone protofilaments into
amyloid fibril is a formidable task and nevertheless still elusive. We developed the four-beads per a residue model, so-called
PRIME20 model which captures well both the chemical and physical characters of protein aggregation, and applied it to trace
out the entire kinetic pathway of the aggregation process of Ab17-42 peptides by the discrete molecular dynamics simulation.
We uncovered that two fibrillization mechanisms may govern the structural conversion of Ab17-42 peptides from disordered
oligomers into protofilaments.
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Physical and Biological Applications of Self-assembled DNA Nanostructures

Department of Physics and Sungkyunkwan Advanced Institute of Nanotechnology (SAINT), Sungkyunkwan University.
Nanotechnology has evolved into a unique interdisciplinary field involving physics, materials science, chemistry, biology,
computer science, and multiple engineering fields. Likewise, DNA nanotechnology is a quickly developing field with
essentially no overwhelming technical difficulties inhibiting progress toward designing and fabricating new shapes of DNA
nanostructures in all dimensions. In this field, researchers create artificial DNA sequences to self-assemble into target
molecular nanostructures. The well understood Watson–Crick base-pairing rules are used to encode assembly instructions
directly into the DNA molecules which provide basic building blocks for constructing functionalized nanostructures with two
major features: self-assembly and self-align. In this talk, we present on self-assembled various DNA nanostructures. 1D and
2D periodically patterned nanostructures utilizing several distinct DNA motifs such as cross tiles, double crossover tiles as
well as single-stranded tiles will be discussed with unique design schemes and characteristics.
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Real-time Three-dimensional Nanometer-Accuracy Tracking of Single Synaptic Vesicles in
Live Hippocampal Neurons
Department of Physics and Division of Life Science Hong Kong University of Science and Technology.
The position and movement of synaptic vesicles in presynaptic terminals are important for synaptic transmission. However,
accurate three-dimensional tracking of single synaptic vesicles in presynaptic terminals has remained a challenge. Using dual
focus imaging optics, we have been able to track quantum dot-labeled single vesicles in three-dimensions, with an accuracy of
20 nm in x-y and 30 nm in z in 10 Hz imaging. We observed three typical patterns of movement of single vesicles up to the
moment of exocytosis – minimal (almost stationary), intraboutonic, and intersynaptic movement. Intersynaptic movement
sometimes appeared as largely unidirectional motion. Using different loading protocols, we tracked the dynamics of synaptic
vesicles derived from either readily releasable pool (RRP) or total recycling pool (TRP). The vesicles from RRP were located
much closer to fusion sites than those from TRP. This spatial disparity determines the identity of the synaptic vesicles pool.
Also two different modes of exocytosis - full-collapse-fusion and kiss-and-run - were distinguished using the degree of
quenching of photoluminescence by trypan blue.
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Optical measurements of biomechanical properties of human red blood cells

Department of Physics, KAIST.
The dynamic membrane fluctuation in red blood cells (RBCs), consisting of submicron displacements, can be altered by
changing the pathophysiological conditions of the cells. Since the fluctuations in RBC membranes are strongly correlated with
the structures of the cell membrane, we analyzed the membrane fluctuations using a composite membrane model to
simultaneously retrieve the complete mechanical properties of RBCs. The key mechanical properties of RBCs (bending
modulus, shear modulus, area expansion modulus, and cytoplasmic viscosity) were simultaneously measured with minimum
perturbation. We have systemically dynamic membrane fluctuations in the cell membrane, which can be altered by various
pathophysiological conditions: morphological transition of red blood cell

DF-33(

)

Imaging Single Endogenous mRNA in Live Neurons and Brain Tissues

.
I will present how we could begin to understand single molecule biophysics of gene expression during brain activities. The
dynamics of mRNA - the synthesis, transport, and degradation – plays significant roles in a variety of neuronal processes.
Abnormal mRNA processing and transport are implicated in neurological disorders such as autism and Alzheimer’s disease.
However, understanding the mechanistic roles of RNA dynamics has been hampered by the lack of techniques to observe the
endogenous molecules in the native tissue environment. Here I will describe a novel systems approach, combining singleparticle tracking, genetic engineering, and intravital microscopy.
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Biophysical Details in Chromosome Maintenance Revealed by Single-Molecule DNA
Curtain Technique
Columbia University.
In both eukaryotic and prokaryotic cells, chromosomal DNA molecules must be well-preserved because it contains genetic
information. Inside a cell, chromosomal DNA molecules can be damaged under the attack of ionizing radiation and radicals, or
DNA duplicates cannot be segregated at the end stage of cell division. These problems cause not simply cell death but also
malignant diseases. But the threats to DNA are prevented by diverse cellular mechanisms. We investigated the mechanisms of
chromosomal DNA maintenance using single-molecule DNA curtain technique, which is a hybrid system combining nanofabrication, lipid fluidity, total internal reflection fluorescence microscopy, and micro-fluidics. With the help of the DNA
curtain technique, we revealed the molecular details of the mechanism.
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Application of single-molecule FRET to the understanding of membrane proteins in
neurotransmission
Advanced Photonics Research Institute, Gwangju Institute of Science and Technology.
Single-molecule FRET studies of membrane proteins are still hindered by difficulties in maintaining membrane protein
structure and function outside the cell membrane. To investigate membrane proteins with single-molecule FRET in the
membrane environment, we employed a novel membrane-mimicking system, called phospholipid nanodisc, and reconstituted
dye-labeled membrane proteins into the nanodisc. Combining the novel membrane-mimicking system and single-molecule
FRET technique, we studied membrane proteins in neurotransmitter release by synaptic vesicle fusion. Synaptic vesicle fusion
critically depends on N-ethylmaleimide-sensitive factor attachment protein receptors (SNAREs) and Munc18 proteins. Here,
we monitored the conformational changes of the presynaptic SNARE syntaxin-1 induced by Munc18 to investigate the
regulation mechanism of SNARE assembly by Munc18.
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) Single-molecule Drug Delivery Control through Lipid Membranes Using Protein-nanopore

Needles Self-assembled on a Tip
HYUN CHANGBAE, YUN JEONGHUN1, YOUN ILSEUNG1, LI JIALI2, KIM KWANG S.3
Ulsan National Institute of Science and Technology, School of Natural Science. 1POSTECH, Department of
Chemistry. 2University of Arkansas, Department of Physics. 3Ulsan National Institute of Science and Technology,School of
Natural Science.
Drug and gene delivery using nano-scale devices have gained increasing attention in the past decade. Such devices have
generally been based on solid nanotubes or nanowires. However, single-molecule level high precision drug delivery has not
been accomplished yet. Here we show a controllable nanopore-needle constructed by immobilizing nanopore-forming proteins
on a position-controlled tip, which is capable of single-molecule drug and gene delivery into a single-cell. The bound proteins
assemble a nanopore-needle when the proteins contact an artificial lipid membrane. We confirmed the drug delivery through
the nanopore-needle by monitoring the reduction of conductance caused by the translocating drug’s current blockage. This
drug delivery was also demonstrated using molecular dynamic simulations. The nanopore-needle of ~1 nm size made of
natural proteins offers high precision without disturbing the cell membrane’s integrity. Single-molecule drug and gene delivery
into a single-cell using protein-nanopore needles would impact future cellular engineering
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Development of Superresolution Fluorescence Microscopes Working at the Tissue-Level

KWON Yeong-Dae, PARK Sangjun, HOHNG 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. STORM, like other
optical imaging techniques, have the ability to penetrate deep into thick biological samples and image multiple types of
specific molecules with high contrast via fluorescence labeling. However, STORM has been most successful when imaging
monolayer cultures so far, and has been rarely applied to areas deep inside tissues. Technical issues such as high intrinsic
background noise from the thick sample and photobleaching that occurs during the long STORM 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 temporally-focused pulsed laser to develop a new STORM
technique that image 100-microns thick samples with high signal to noise ratio. Confocal microscopy technique rejects
background noises that come from out-of-focus planes, and the temporally-focused beam activates only the fluorophores in the
focal plane, saving the fluorophores outside the imaging volume from being unnecessarily photobleached. This setup will
enable us to observe various structures throughout a tissue sample in super-resolution and study the related biological
phenomena not just at the cultured cell level, but at the whole tissue level where cells behave in the most natural way. As an
example research topic, we will briefly talk about the changes of C. elegans neuron network via learning, which can be directly
imaged by our new STORM setup.
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Manipulation of ferroelectric vortex domain in REMnO3

CHAE Seung Chul
Gachon University, Dept. of Nano-Physics.
Recently, the ferroelectric domain pattern of h-REMnO3 has attracted attention due to the emergence of non-trivial topological
defects, i.e., vortices. The investigations on the presence and evolution of the topological vortex in h-REMnO3 revealed that it
can be exactly corresponded to the Kibble-Zurek Mechanism which governs ubiquitously the presence of topological defect
observed from astrophysics to the liquid crystal. In this presentation, the effect of external stimulus on the ferroelectric vortex
domain will be presented. The electric field effect on vortex-antivortex pair and The deep chemical etching on the ferroelectric
vortex domain will be discussed.
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Understanding Defects in Ferroelectrics and Their Application

.
Ferroelectric ABO3 has been systematically investigated in regard to the solubility region around stoichiometric ABO3 with a
combination of techniques regarding the thermodynamics, defect chemical reactions, and Landau-Devonshire theory. This
work can determine the defect chemistry of ABO3, obtain reliable enthalpies of defect formation for the partial Schottky
reactions, and determine the relationship between ferroelectric properties and defect concentration. This paper also
demonstrates ferroelectric oxides in the unusual condition where the concentration of electronic carriers is close to a metalinsulator transition; in certain structures and compositions these materials have properties of interest for ferroelectric based
thermoelectric applications. In the heavily reduced perovskite, tungsten bronze structured, and perovskite layer structured
materials, themopower and electrical conductivity anomalies are observed depending on the carrier concentration. With this
work, the complex nature of the oxygen defect engineered ferroelectrics is discussed in terms of the thermoelectric properties
and coupling of ferroelectrics and thermoelectrics. Acknowledgements: Clive A. Randall, Steve Perini, Gaiying Yang, Rudger
H. T. Wilke, Susan Trolier-McKinstry, Shujun Zhang, Sinan Dursun, Cihangir Duran, Takashi Teranishi, Daniel J.
Magagnosc, Jonathan A. Bock, Paul Moses, Jeff Long, Amanda Baker, Weiguo Qu, Petro Maksymovych, Arthur P. Baddorf
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) Frequency and temperature dependence of incipient piezoelectricity

JO Wook
Sustainable Functional Materials Lab, School of Materials Science and Engineering, Ulsan National Institute of Science and
Technology, 689-798 Ulsan, Korea.
In response to the world-wide environmental issues, (Bi1/2Na1/2)TiO3 (BNT)-based piezoceramics have been extensively
studied over the last two decades. Though the overall piezoelectric performance of the BNT-based piezoceramics has turned
out to be too low to compete the market dominating PZT-based piezoceramics, the strain properties, i.e., actuating
performance, have been shown to exceed any known piezoceramics, when the composition of materials are appropriately
tuned. A number of compositional studies have shown that the appearance of this large strain is not confined to certain material
classes but a rather universal phenomenon when the A-site of perovskite structure is co-occupied with heterovalent ions. In
addition, the observed large strains are featured by a relatively large hysteresis and poor small signal piezoelectric properties.
To unveil the underlying mechanism for the unconventionally large strains, we have performed a systematic investigation of
the effect of measurement frequency and temperature on the strain behavior. In comparison to the conventional piezoceramics
such as PZT, it was observed that this large strains are more susceptible both to the measurement frequency and to
measurement temperature. In this contribution, we would like to present the detailed experimental results for proposing a new
concept, incipient piezoelectricity, as an origin for the unconventionally large strain behaviors in BNT-based piezoceramics.
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Role of impurities and hydrogen in high-k dielectrics

CHOI Minseok, LYONS John. L.1, JANOTTI Anderson1, VAN DE WALLE Chris G.1
Korea Institute of Materials Science. 1UC Santa Barbara.

We have performed hybrid functional calculations to understand the role of impurities and hydrogen in MOS
devices. Although higher-k oxides have attracted considerable attentions for applications as alternative gate
dielectrics in III-V MOS devices, the presence of interfacial imperfection (e.g., carrier traps and fixed charges) near
the oxide/III-V interface still poses serious limitations in device performance. We therefore study carbon and
nitrogen impurities, which may reside in Al2O3 and HfO2 through the ALD process. By analyzing the position of
the impurity levels with respect to the band edges of III-N and III-As, it is identified that carbon can act as carrier
trap and/or lead to leakage current through the gate dielectric, whereas nitrogen is a likely source of fixed charge.
Whether these impurities can be passivated using hydrogen is then examined by considering associated complexes.
Our results show that hydrogen could be an effective passivating agent.
[1] M. Choi, J. L. Lyons, A. Janotti, and C. G. Van de Walle, Appl. Phys. Lett. 102, 142902 (2013); [2] M. Choi,
A. Janotti, and C. G. Van de Walle, ACS Appl. Mater. Interfaces 6, 4149 (2014).
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Spin-polarized Scanning Tunneling Spectroscopy of a Collinear-noncollinear Spin
Interface at Co-Fe Nanoscale Contact
PHARK Soo-hyon, OUAZI Safia1, FISCHER Jeison1, SANDER Dirk1,
KIRSCHNER Jürgen1
CCES, IBS, Seoul National University; Max-Planck-Institute of
Microstructure Physics, Germany. 1Max-Planck-Institute of
Microstructure Physics, Germany.
Contacts of magnetic materials have drawn much attention due to
intriguing phenomena at the interfaces, such as exchange bias, tuning of
magnetic anisotropy, and spin information transfer. Here we report a
spin-polarized scanning tunneling microscopy and spectroscopy
(STM/S), with an atomic scale resolution, of ferromagnetic-helical spin
interface in a biatomic-layer-high Co nanoisland in circumferential
contact with Fe (Fe|Co island [1]). Position-resolved STS identifies an
atomically sharp one-dimensional interface across Co-Fe border. Spinpolarized STS of a Fe|Co island reveals bound phases of Fe helical spin order [2] by Co magnetization, in company with a
nanometer scale monotone spin polarization induced in the Fe side at the Co-Fe interface (Fig. 1). This finding demonstrates
that phase of a helical spin order, in contact with ferromagnetic (FM) order, can be utilized as an information storage, as well
as a way of information transfer between two FM nanostructures. Our novel characterization of the interface spin structure
reveals how the exchange coupling comes into play in proximity of a collinear-noncollinear spin interface between
prototypical 3d magnetic components. [1] S. Phark et al., Appl. Phys. Lett. 103, 032407 (2013). [2] S. Phark et al., Nat.
Commun. (accepted).
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Chiral Solitons in One-Dimensional Charge-Density Waves

KIM Tae-Hwan
POSTECH.
Macroscopic and non-topological solitons are easily and ubiquitously
found, from tsunami to blood pressure pulses, but topological ones in
nanoscale are hard to observe. While the existence of such nanoscopic
solitons were predicted theoretically and evidenced indirectly by the
transport and infrared spectroscopy measurements, the direct
observation has been hampered by their high mobility and small
dimension. Recently, we clearly imaged nanoscale topological solitons
in the quasi-one-dimensional charge-density wave (CDW) ground state of indium atomic wires grown on a silicon surface [1].
Such topological solitons exhibit a characteristic spatial variation of the CDW amplitudes with a coherence length of about 3.5
nm, as estimated from the electronic structure of CDW. While most of the observed solitons are trapped statically by the
defects, moving solitons are also identified when they are trapped transiently because of the interaction with the defects.
Furthermore, these solitons show an exotic chirality originated by thier topology. Detailed scanning tunneling microscopy and
spectroscopy measurements reveal their chiral nature, especially various electronic properties depending on their chirality [2].
This work paves the avenue toward the microscopic exploitation of the peculiar properties of chiral solitons.[1] T.-H. Kim and
H. W. Yeom, Phys. Rev. Lett. 109, 246802 (2012). [2] T.-H. Kim et al., in preparation.
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) Light at the Nanotip - Optical Imaging of Single Molecules and Nanometric Chemical

Identification
CHEN Chi
Academia Sinica, Research Center for Applied Physics.
Two topics about nanometric optical imaging based on the plasmonic enhancement of a STM tip will be presented in this talk.
First, submolecular resolution electroluminesce imaging of intramolecular transition probability will be discussed. Photon
imaging of ring-like pattern with 4-fold symmetry is achieved by integrating a STM and optical detection systems. The 4-fold
symmetric distribution is further resolved as two orthogonal vibronic transitions after incorporating spectral selectivity. This
photon emission is through an intramolecular transition from two orthogonal LUMOs to a HOMO state, which is coupled and
enhanced by the localized surface plasmon in the STM junction. This novel imaging technique opens an innovative approach
to probe the electron-molecule-photon coupled system such as dye sensitized solar cell or organic light emitting diode.
Second, tip-enhanced Raman spectroscopic (TERS) imaging of the individual Raman modes of carbon nanotubes (CNT) is
presented with 1.7 nm lateral resolution. This is so far the best resolution for optical spectroscopy and chemical analysis in the
ambient. We obtained spectrally resolved TERS images simultaneously with STM scanning. Different Raman modes show
characteristic distributions in the length scale of a few nanometers. With superior resolution, we observed underlying physical
chemistry of CNTs, including diameter effect, local defect, and bundling effect in real space and further distinguish one of the
CNTs as a multiwall CNT. Comparing to TEM-EELS or STM-IETS, we do not require UHV and low temperature
environment to reach 1 nm scale chemical analysis. This makes STM-TERS a unique analytical tool for “as-made” materials,
soft materials, and biological sample with ultrahigh spatial resolution.
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Observation of unbalanced standing wave patterns at a graphene p-n junction caused by
chiral electron reflection
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Exotic behaviors such as lensing and perfect transmission have been expected in graphene p-n junctions
due to lattice-induced chirality of charge carrier, and experimentally studied using charge transport
devices of several tens nano-meter scale. However, there has been no study to assure such behaviors at
the atomic scale. Here, we report the experimental evidences of the chiral electron reflections at an
atomically sharp graphene p-n junction on hexagonal BN/Cu. We performed scanning tunneling
microscopy and spectroscopy to observe unbalanced electron standing wave patterns, appeared only in
the p-doped (n-doped) region at the energy lower (higher) than 100 (250) meV. Such energy-dependent
crossover of regions of standing wave patterns is explained by solving the Dirac equation with a simple
potential step model. Our study shows that chirality of charge carrier is a key component to understand
their reflections in graphene junctions at the atomic scale.

DG-01

Effects of Structural Distortion Induced by Sc-Substitution in LuFe2O4

JEONG Jinwon, NOH Han-Jin, KIM Sung-Baek1
Department of Physics, Chonnam National University. 1Advancement for College Education Center, Konyang University.
We have studied the correlation between the structural distortion and the electronic/magneticproperties in single crystalline
(Lu,Sc)Fe2O4 (Sc=0.05 and 0.3) by using x-ray diffraction (XRD), magnetic susceptibility, and x-ray absorption spectroscopy
(XAS)/x-ray magnetic circular dichroism (XMCD). The Rietveld structure analysis of the XRD patterns revealed that the Sc
substitution induces an elongation of the FeO5 bipyramidal cages in LuFe2O4 together with the increase of the Fe2O4 bilayer
thickness. A non-negligible decrease of the ferrimagnetic transition temperature TC is observed in the magnetic susceptibility
curve of the Sc=0.3 sample, but the XAS/XMCD spectra does not show any difference except for a small reduction of
dichroism signals at Fe3+ absorption edge. We interpret this suppression of TC as a result of the decreased spin-orbit coupling
effect in the Fe2+ e1g doublet under D3h symmetry, induced by the weakened structural asymmetry of theFeO5 bipyramides.
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Observation of Excitonic Mode in Ta2NiSe5

SEO Yu-Seong, EOM Man Jin1, KIM Jun Sung1, KANG Chang-Jong1, MIN B. I.1, HWANG Jungseek
Department of Physics, Sungkyunkwan University, Suwon, Gyeonggi-do 440-746, Republic of Korea. 1Department of Physics,
Pohang University of Science and Technology, Pohang 790-784, Republic of Korea.
We measured ab-plane reflectance spectra of a layered chalcogenide single crystal, Ta2NiSe5 using a Fourier Transform
Infrared (FTIR) spectrometer at various temperatures from 30 to 345 K. We analyzed the measured reflectance data using a
Kramers-Kronig relation and extracted the optical conductivity and the absorption coefficient. The optical conductivity spectra
of Ta2NiSe5 show a metallic behavior above 300 K and an insulating behavior below 200 K. Intriguingly, two new modes
appear at ~ 1750 and ~ 8650 cm-1 in the insulating phase with an onset temperature around 200 K, and their oscillation
strengths become stronger with reducing temperature. Our ab-initio calculations of monoclinic phase (low temperature phase)
of Ta2NiSe5 do not show these two modes. The 1750 cm-1 mode is located inside the band-gap and the two modes show
similar temperature dependence properties. Therefore, we conclude that the two modes seem to be related to the reported
Bose-Einstein (BE) condensation of excitonic electron-hole pairs in Ta2NiSe5 [1] and this is a direct observation of the
excitonic insulator state in the material. We also observed a phonon mode which appears with the same onset temperature of
the two modes. This might be related to the predicted instability of the phonon mode induced by the BE condensation
[1].
[1] T. Kaneko, T.
Toriyama, T. Konishi, and Y. Ohta, cond-mat.: arXiv: 1210787v1 (2012).
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Angle-Resolved Photoemission Spectra in a Magnetic Polaron System

KIM Hyeong-Do
Institute for Basic Science, Center for Correlated Electron System.
EuB6 is a well-known semimetal that has a ferromagnetic (FM) ground state with Tc = 15.5 K. It has attracted much attention
because of a resistivity upturn just before the FM transition, which was ascribed to magnetic-polaron formation. Angleresolved photoemission (ARPES) spectra in the FM phase show two clear exchange-split B 2p bands. At high-enough
temperature, where there is no resistivity anomaly, two bands completely merge together. But, at slightly higher temperature
than Tc, there is a vestige of exchange-split band near the Fermi level (EF), while well below the EF, the two bands has
already merged. In order to clarify this behavior, we simulated ARPES spectra with a Kondo lattice model. By treating a local
moment as an Ising spin, the model was solved for a 40 x 40 lattice by the Monte Carlo method with the Metropolis
algorithm. Calculated ARPES spectra can simulate quite well the observed ARPES spectra.

DG-04

Dynamical Mean-Field Theory for a Doped Mott Insulator

LEE Hyun-Jung, PARK Kwon
KIAS, School of Physics.
We perform the DMFT calculations using the numerical renormalization
group (NRG) in order to look into the local spectral density across the
metal-insulator transition. We observe the appearance of in-gap states
near the Mott transition, consistent with R. Zitcko et al.[1]. On the
contrary to the precedent work by Zitcko et al., however, we can see that
the in-gap states are split into two peaks, of which one is identified as
Kondo resonance and the other is attributed to charge fluctuation. We
also find that, as the coulomb interaction U goes to infinity, the width of
the Kondo peak approaches zero and the incoherent part of the local
spectral function shows quasi-linear frequency dependence as in a
marginal Fermi liquid, which is phenomenology fot the high Tc
materials. [1] R. Zitko et al., Phys. Rev. B 88, 235132 (2013)
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Epitaxial thin film growth of Ruddlesden-Popper Lan+1NinO3n+1 series using reactive

molecular-beam epitaxy
LEE June Hyuk, TUNG I-Cheng1, CHANG Seo hyoung1, HONG Hawoong1, JOHN Freeland1
Korea Atomic Energy Research Institute. 1Argonne National Laboratory.
We report the growth of single crystalline Lan+1NinO3n+1 epitaxial thin films using reactive molecular-beam epitaxy.
Ruddlesden-Popper Lan+1NinO3n+1 homologous compounds, consisting of LaO+ and NiO2− layers, have been considered a
potential candidate for solid-oxide fuel cell cathodes and thermoelectrics. However, the growth of higher order
Lan+1NinO3n+1 single crystals has been almost impossible so far. We utilize synchrotron x-ray diffraction at the Advanced
Photon Source during layer-by-layer deposition together with density functional theory calculations to understand how LaO+
and NiO2− oxide layers re-arrange dynamically during growth. Using this layer re-arrangement, epitaxial La2NiO4, La3Ni2O7,
and La4Ni3O10 films on (001)-oriented SrTiO3 have been synthesized with the proper nickel valance state and structure. In this
talk, we will discuss the connection between structure and electrical transport properties.
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Optical and spin-orbital excitations in the edge-shared iridate: Na2IrO3

KIM Beom Hyun, KHALIULLIN G.1, MIN B. I.
Department of physics, POSTECH. 1Max Planck Institute for Solid State Research.
In this study, we have investigated the excitation spectra of Na2IrO3. Taking into account a relativistic multiplet structure of Ir
ions, we have calculated the optical conductivity (OC) and resonant inelastic x-ray scattering (RIXS) spectra, which manifest
different features from those of Sr2IrO4. Distinctly from the two-peak structure in Sr2IrO4, OC in Na2IrO3 has a broad single
peak dominated by interband transitions from jeff=3/2 to 1/2. RIXS spectra exhibit the spin-orbit exciton that has a two-peak
structure arising from the crystal-field, and the magnon peak at energies much lower than those in Sr2IrO4. In addition, a small
peak near the optical-absorption edge is found in RIXS spectra, originating from the coupling between the electron-hole
excitation and the spin-orbit exciton. Our findings corroborate the validity of the relativistic electronic structure and
importance of both itinerant and local features in Na2IrO3.

DG-07

Fermi level tuning and weak localization/weak antilocalization competition of bulk single
crystalline Bi2-xSbxSe2Te
,
.
Three-dimensional topological Insulators (TI) exhibit exotic electronic transport properties such as the weak antilocalization
(WAL) in magnetoconductance measurement. In most cases, the WAL effect is observed in the materials with nano-scale or
thin-film structures. Here we observed a weak antilocalization effect in Bi2-xSbxSe2Te (x= 0.8 and 1.0) bulk crystalline Ingots.
From the angle-resolved photoemission spectroscopy measurements, it has been confirmed that the Dirac points of well known
3-D topological insulators, such as Bi2Te3, Bi2Se3, Sb2Te3, etc., located near the dip of bulk valence band. On the other hand,
the Dirac points of Bi2-xSbxSe2Te system separated well from the bulk conduction band and bulk valence band. In addition, the
Fermi level can be tuned by the Sb-substitution at Bi-site of Bi2-xSbxSe2Te. The temperature-dependent electrical resistivity of
Bi2-xSbxSe2Te (x= 0.0 and 1.2) show the metallic behavior whereas those of intermediate doping regime (x= 0.8 and 1.0)
exhibit semiconducting behavior. We believe that the exotic properties of electrical resistivity and high magnetic field
magneto-resistance are mainly from the Fermi level tuning by Sb-doping and emergence of topological insulating state in the
intermediate doping range, respectively, which TI state is confirmed by the Hikami-Larkin-Nagaoke formula.

DG-09

Development of a fully self-consistent DFT+DMFT method in nonorthogonal pseudoatomic 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 a widely used and very
successful approach for first-principles calculations of materials.
However, it is not precise enough to describe some strongly correlated
materials. On the other hand, the dynamical mean field theory (DMFT),
which approximates an interacting lattice system as an interacting
impurity site in a non-interacting bath, describes temporal correlation effects quite correctly. Combination of above two
methods, so called DFT+DMFT, is a popular approach for first-principles calculations of correlated materials. We have
developed a fully self-consistent DFT+DMFT method based on a pseudo-atomic orbital basis. We use an exact
diagonalization method as an impurity solver. We test and compare our method with a non self-consistent DFT+DMFT
method by calculating the electronic structure of LaFeAsO. This work is supported by the NRF of Korea (Grant No.20110018306). Computational resources have been provided by KISTI Supercomputing Center (Project No. KSC-2013-C3-062).
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Bond alternation-tuned magnetic phases in the breathing pyrochlore lattice LiACr4O8

(A=Ga,In)
CHOI K.-Y., DO S.-H., LEE W.-J., CHOI Y. S., JI S.1, PARK S.-Y.1, KIM S.J.2, REYES A. P.3, KUHNS P. L.3,
OZAROWSKI A3
Chung-Ang Univ., Dept. of Physics. 1Max Planck POSTECH. 2Neutron Science Division, KAERI. 3NHMFL, FSU.
We present neutron powder diffraction, dielectric constant, ac magnetic susceptibility, high-frequency ESR, and 7Li NMR
measurements of LiACr4O8 (A=Ga, In), which undergoes a cubic-to-tetragonal transition at TGa,InS∼16 K. In a cubic phase
where T > TGa,InS, these compounds realize a breathing pyrochlore lattice[1]. The ESR and 7Li NMR data reveal that the Ga
compound with moderate bond alternation (J’~0.6J) exhibits AFM ordering at TGaN~14 K with moderate structural change.
For the In compound with strong bond alternation (J’~0.1J), a spin dimer occurs at TD~20K, a few Kelvin above TInS and,
subsequently, an AFM order is stabilized at TInS. This demonstrates that the magnetic phases of LiACr4O8 are tuned by the
degree of bond alternations. The different magnetic behavior between the two compounds indicates a distinct hierarchical
structure of energies involved in broken symmetry. In the cubic phase, its magnetic state is either a cooperative paramagnet or
a spin dimer, depending on the degree of bond alternation. In the tetragonal phase where T < TGa,InS, spin-lattice coupling
drives the systems commonly to a long-range ordered state, relieving frustration.
[1 ] Y. Okamoto et al., Phys. Rev. Lett.
110, 097203 (2013)
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Oxygen-Vacancy-Migration-Induced Coulomb Gap Opening in Ca-doped BiFeO3 Thin

Films
LIM JI SOO, ATSUSHI Ikeda-Ohno1, TAKUO OHKOCHI2, MASATO Kotsugi3, TETSUYA Nakamura2, JAN Seidel4,
YANG Chan-Ho
Department of Physics, KAIST. 1School of Civil and Environmental Engineering, The University of New South Wales. 2Japan
Synchrotron Radiation Research Institute, SPring-8. 3CREST-JST, Kawaguchi, Saitama 332-0012, Japan. 4School of
Materials Science and Engineering, The University of New South Wales.
Coulomb gap is referred to as a dip in the density of state near the Fermi level. Such phenomena is a hallmark of Coulomb
glass materials arising from strong electron correlation and randomness. For example, insulating regions of doped correlated
oxides such as YBa2Cu3O7-δ(YBCO)[1] and Nd2-xCexCuO4-δ(NCCO)[2] demonstrate Coulomb glass properties at finite
temperatures. A calcium doped bismuth ferrite (Ca-doped BiFeO3) is expected to build hole carriers and to show novel
electronic properties. However, as-grown Ca-doped BiFeO3 produces oxygen vacancies due to the stable oxidation number of
Fe3+ ions. In order to explore hole-carrier behaviors in the doped BiFeO3, we migrate oxygen vacancies at high temperature by
applying an external electric field between two coplanar electrodes. We create a relatively oxygen-deficient region where hole
doping is realized. X-ray absorption spectroscopy (XAS) and photoelectron emission microscopy (PEEM) experiments were
carried out at a synchrotron SPring-8 to get a hint on their electronic structures. In the spatially-resolved oxygen K-edge
spectra, an unknown peak positioned approximately 2 eV below the t2g level peak was detected on the formed regions. In
addition, we characterized temperature-dependent electronic transport measurements using a Hall bar pattern fabricated inside
the electrically formed area. From these studies, we argue that the hole doped BiFeO3 shows the Coulomb-glass behavior even
at
room
temperature,
in
contrast
to
other
well-known
Coulomb-glass
phenomena
at
low
temperatures.
[1]
Milliken, F. P., and Koch, R. H., 2001, Phys. Rev. B, 64, 014505.
[2] Woods, S. I., et al. , 2002, Phys. Rev. B, 66, 014538.
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Spin-orbit coupling tuned spin liquid in the 2D triangular antiferromagnets Ba3(Ru1-xIrx)

Ti2O9
CHOI K.-Y., LEE W.-J., LEE S.-H., DO S.-H., CHOI Y.-S., YOON S.-W.1, LEE M.-S.2, CHOI E.-S.2, LEE J.-H.3, JANG Z.H.4, SUH B.-J.1
Chung-Ang University, Dept. of Physics. 1Catholic University of Korea, Dept. of Physics. 2FSU, NHMFL. 3RISP,
IBS. 4Kookmin Univ., Dept. of Nano and Electronic Physics.
We report dc and ac magnetic susceptibility and muon spin relaxation (μSR) measurements of the two-dimensional stacked
triangular antiferromagnets Ba3Ru1-xIrxTi2O9, which are considered a candidate for spin liquid. The emerging issue is whether
the ground state can be tuned by controlling the strength of spin-orbit coupling. The magnetic susceptibility of Ba3Ru1xIrxTi2O9

shows that a Curie-Weiss temperature increases systematically from ΘCW= -161 K to - 86 K with increasing x, while

the effect magnetic moment decreases from μeff ≈ 2.5 μB for x=0 (Ru4+;S=1) to μeff ≈ 1.0 μB for x=1 (Ir4+;Jeff=1/2). ac
magnetic susceptibility exhibits a spin freezing-like transition at T=100 mK for x=0. This is ascribed due to 10% Ti4+/ Ru4+
disorders. ZF- and LF-μSR measurements at x=0 reveal that static and dynamic spin fluctuations coexist down to 20 mK. With
increasing x, a dynamic fraction wins over a freezing fraction and ac susceptibility becomes flat. All these results suggest that
strong spin-orbit coupling melts spin freezing, thereby stabilizing spin liquid. This demonstrates a significant role of extended
Ir4+ 5d orbitals in enhancing spin-orbital exchanges.
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Investigation on Charge Transfer Effects in Rh-doped Sr2IrO4 using X-ray Absorption

Spectroscopy
SOHN CHANG HEE
Center for Correlated Electrson System, Institute for Basic Science.

We investigated the charge transfer (CT) effect in Sr2Ir1xRhxO4

with various doping rates (x=0, 0.04, 0.10, 0.15, 0.23,

0.41 and 0.71) using x-ray absorption spectroscopy. O K-edge xray absorption spectra exclusively showed that the Ir Jeff=1/2
states hybridized with in-plane O 2p orbitals, have lower energies
with increasing x. This indicates a preferential decrease of
electron number at the in-plane oxygen ion, implying a substantial
OP → Rh charge CT effect. We propose that such unexpected CT
effect

obstruct

the

formation

of

metallic

states

and

superconducting states in iridates.
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The Role of Volatile IrO2 in the fine Phase Control of PrxIryOz Epitaxial Films

KIM Woojin, KORNETA O. B., KIM Minu1, CHAE Seung Chul2, KANG Sung Jin3, SOHN Woonbae3, KIM Miyoung3,
NOH Tae Won
Center for Correlated Electron Systems, Institute for Basic Science, Republic of Korea. 1Department of Physics and
Astronomy, Seoul National University, Republic of Korea. 2Department of Physics, Gachon University, Republic of
Korea. 3Department of Materials Science and Engineering, Seoul National University, Republic of Korea.
Pyrochlore iridates R2Ir2O7 (with R=rare earth element) have been predicted to exhibit a variety of exotic physical phenomena,
such as the Weyl semimetallic state, topologically insulating behavior, and novel superconducting states [1]. In the compound
praseodymium iridate (Pr2Ir2O7), the appearance of an anomalous Hall effect has been observed experimentally [2], which
points to the possibility that topological phases can be realized in the pyrochlore iridates. Moreover, theoretical work has
predicted the appearance of a topological insulator phase in Pr2Ir2O7 if this material is prepared as a thin film such that the
cubic symmetry is broken [3].On the experimental side, while the pyrochlore iridate compounds have been studied extensively
in the form of single- and polycrystalline bulk crystals, no studies on thin films have been reported to date. The volatility of
iridium and its oxides presents a key difficulty in the growth of such thin film samples. Here, we report a study of the
stoichiometry of praseodymium iridate films (PrxIryOz) grown on YSZ substrates by pulsed laser deposition, using a
polycrystalline Pr2Ir2O7 target, over a wide range of deposition conditions.We find that the Pr:Ir ratio is a strong function of
growth temperature and oxygen pressure. We observe a dramatic increase of the Pr:Ir ratio as the substrate temperature is
increased from 650 C to 1050 C. At the high-temperature end of this range, the film samples are essentially praseodymium
oxides, with the oxygen pressure controlling whether PrO or Pr2O3 films are formed. Surprisingly, in the absence of oxygen,
iridium is retained and single-crystalline films with a ratio Pr:Ir ~ 2.5:1 are formed even at high growth
temperature.Having explored the phase diagram of PrxIryOz thin films over a wide range of growth temperature and redox
state, our results indicate that the formation and sublimation of IrO2 during the growth process are the crucial processes that
determine the concentration of iridium in the film samples. We expect that these findings pave the way towards the growth of
high-quality pyrochlore iridate films, and more generally of oxide thin films with volatile constituents. [Reference] [1] William
Witczak-Krempa et al., Annu. Rev. Condens. Matter Phys. (2014). [2] Y. Machida et al., Nature 463, 210 (2010). [3] B.-J.
Yang et al., Phys. Rev. Lett. 112, 246402 (2014).
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Temperature Dependent Interplay of Dzyaloshinskii-Moriya Interaction and Single-Ion
Anisotropy in Multiferroic BiFe
JEONG Jaehong, BOURGES Philippe1, PETIT Sylvain1, FURUKAWA
Shunsuke2, LE Manh Duc3, KIM Shin-Ae4, LEE Seongsu4, CHEONG
Sang-Wook5, PARK Je-Geun
IBS-CCES & Dept. of Physics and Astronomy, Seoul National
University. 1Laboratoire Leon Brillouin, CEA-CNRS. 2Dept. of
Physics, The University of Tokyo. 3IBS-CCES, Seoul National
University. 4Neutron Science Division, KAERI. 5Dept. of Physics and
Astronomy, Rutgers University.
Low-energy magnon excitations in multiferroic BiFeO3 were measured
in detail as a function of temperature around the Brillouin zone center by
inelastic neutron scattering experiments on single crystals. Unique
features around 1 meV are directly associated with the interplay of the
Dzyaloshinskii-Moriya interaction and a small single-ion anisotropy.
The temperature dependence of these was determined by fitting the measured magnon dispersion with spin-wave calculations.
The spectra fits an easy-axis type magnetic anisotropy and the deduced parameters determine the anharmonicity of the
magnetic cycloid. We then draw a direct connection between the changes in the parameters of spin Hamiltonian with
temperature and the physical properties and structural deformations of BiFeO3.

DG-16*

Lattice and Electronic Structure of BaBiO3 Epitaxial Thin Films Approaching the Two-

Dimensional Limit
KIM Gideok, NEUMANN Michael, KIM Minu, CHAE Seung Chul1, NOH Tae Won
Center for Correlated Electron Systems, Institute for Basic Science, Seoul National University, Seoul 151-747,
Korea. 1Department of Physics, Gachon University, Republic of Korea.
Th perovskite material BaBiO3 is the mother compound of the oxide superconductors BaPb1-xBixO3 and Ba1-xKxBiO3 [1-4].
The stoichiometric compound BaBiO3 could be naively expected to be metallic due to the nominal Bi4+ valence state
(6s1 configuration). Instead, the material exhibits charge disproportionation into the Bi3+ and Bi5+ valence states and is an
insulator [2].Bulk BaBiO3 exhibits two types of structural distortions from the ideal cubic perovskite: a tilting of the perovskite
octahedra that lowers the symmetry to monoclinic, and a breathing distortion associated with the charge disproportionation
phenomenon [5]. 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 [6].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, the presence of Bi3+/Bi5+ charge
disproportionation in stoichiometric BaBiO3 is known to cause a characteristic XPS 4-peak structure of the Bi 4f7/2 and
4f5/2 spectra [7, 8]. In the XPS spectra of our film samples, Bi 4f peaks exhibit the spectral 4-peak signature, providing clear
evidence for the high quality of the sample surface. We explore the fate of the structural distortions in our epitaxial
BaBiO3 with decreasing film thickness. We observe that the lattice structure of these films is cubic, in agreement with previous
work [6], but our findings regarding the presence of the breathing distortion are more complex that those reported earlier. We
discuss extensive structural and optical response measurements that track the evolution of the lattice and electronic structure of
BaBiO3 with decreasing film thickness, approaching the two-dimensional limit. [1] S. Uchida, K. Kitazawa, S. Tanaka. Phase
Transitions 8, 95 (1987)[2] L.F. Mattheiss, D.R. Hamann. Phys. Rev. B 28, 4227 (1987)[3] B.A. Baumert. J. Supercond. 8, 175
(1995)[4] L.F. Mattheiss, E.M. Gyorgy, D.W. Johnson Jr. Phys. Rev. B 37, 3745 (1988)[5] S. Pei et al. Phys. Rev. B 41, 4126
(1990)[6] K. Inumaru, H. Miyata, S. Yamanaka. Phys. Rev. B 78, 132507 (2008)[7] G. Kulkani et al. Appl. Phys. Lett. 57,
1823 (1990)[8] Nagoshi et al. J. Phys. Cond. Mat. 4, 5769 (1992)
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) Probing Energy Band Alignment at Buried Interfaces with Ballistic Carrier Transport

Spectroscopy
JUNG Sungchul, YOON Hoon Hahn, CHOI Gahyun, PARK Kibog1
Department of Physics, Ulsan National Institute of Science and Technology (UNIST). 1Department of Physics and School of
Electrical and Computer Engineering, Ulsan National Institute of Science and Technology (UNIST).
Ballistic carrier transport spectroscopy is a unique experimental technique to probe the energy barrier and energy-dependent
carrier transport at buried metal/semiconductor, metal/insulator, or semiconductor/semiconductor interfaces. In particular,
Ballistic Electron/Hole Emission Microscopy (BEEM/BHEM) which is an extension of Scanning Tunneling Microscopy
(STM) has high spatial resolution (less than 5nm) and energy resolution (less than 20meV). In this talk, two experimental
works that have been uniquely done with BEEM/BHEM will be presented, in addition to their working principles. First, the
quantum well nature of the thin planar inclusions (3C), which form spontaneously in hexagonal SiC (4H, 6H) during hightemperature processing or device operation, will be presented. Next, the lateral variations of Schottky barrier height and the
influence of side-wall trap charges on hot-electron transport at end-on metal contacts on vertical Si nanowires will be
presented. Also, another experimental technique utilizing ballistic carrier transport, Internal Photo-Emission (IPE) will be
introduced together with the experimental work comparing Schottky barrier heights at Ni/Si and Ni/Graphene/Si interfaces
based on it.

DG-18

Defect Structures of Hexagonal Boron Nitride Sheet: Density Functional Theory
Calculations and Molecular Dynamic Simulations
RYOU Junga, PARK Jinwoo, HONG Suklyun
Graphene Research Institute and Department of Physics, Sejong University.
Hexagonal boron nitride (h-BN) sheet is layered structure similar to graphene, consisting of equal numbers of boron and nitrogen atoms
and it has attractive physical properties in relation to the application of nanodevices. However, a single layer of h-BN is electrical insulator
with wide band gap (~5.2 eV) unlike graphene. Recently, researchers observed atomic defect structures with triangle shape in a free-standing
h-BN sheet, where triangle defect structures maintain their shapes when the defect structures grow in the sheet. To study the defect structures
of h-BN sheet, we have performed density functional theory calculations and molecular dynamics simulations.
We consider several defect structures with triangular shape in single h-BN sheet. We find that the defect structure with nitrogenterminated zigzag-type edges is the most favorable. The electronic properties of possible defect structures in h-BN sheet are investigated in
detail. Then, by removing a boron/nitrogen atom or boron-nitrogen pair at edges of defect structures in h-BN sheet, we investigate the
growth behaviors of these defect structures.
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Exchange-correlations, Plasmon-phonon Coupling, and Dominant Source of Scattering in
Multilayer Graphene
.
Multilayer graphene has chiral electronic structure which strongly depends on the stacking sequence. A fundamental issue is to
understand the interplay between the chiral electronic structure and interactions, such as electron-electron, electron-phonon
and electron-impurity interactions. In the first part, we calculate the bare polarization function and exchange-correlation
energies, and discuss the chirality dependence of the exchange and correlations. In the second part, we calculate the
quasiparticle self-energy and inelastic scattering rates for monolayer and bilayer graphene on a polar substrate. We show that
the strong coupling between the surface optical phonon and plasmon leads to a new decay channel through the emission of the
coupled mode and gives rise to an abrupt increase in the scattering rate. In the third part, we calculate the conductivity of
multilayer graphene using the Boltzmann transport theory, and investigate the dominant source of scattering in different carrier
density regimes. We show that at high densities the short-range scattering is dominant while as density is lowered, either the
short-range or long-range scattering becomes dominant depending on the stacking sequence. *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(2012013963).
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A novel exfoliated Van-der-Waals crystal: Raman spectroscopic characterization of
monolayer and few-layer NiPS
NEUMANN Michael, KUO Cheng Tai, BALAMURUGAN Karuppannan, PARK Je-Geun, NOH Tae Won
Center for Correlated Electron Systems, Institute for Basic Science, Seoul National University, Seoul 151-747, Korea.
Over the previous decade, exfoliation of layered materials bonded out-of-plane by Van-der-Waals forces has provided a wealth
of 2D materials such as graphene, hexagonal boron nitride, or metal dichalcogenide materials, such as MoS2. So far, the Vander-Waals-stacked transition metal phosphorous trichalcogenide (MPX3) materials have been missing from this list. These
compounds have been studied extensively as bulk materials, with particular focus on the appearance of complex
antiferromagnetic order at low temperature [1,2]. We report the first successful isolation of monolayer and few-layer MPX3
samples, by micromechanical exfoliation of the compound nickel phosphorous trisulfide (NiPS3). In doing so, we add a new
class of 2D materials to the group of Van-der-Waals crystals that can be mechanically exfoliated to thicknesses on the atomic
scale. In these NiPS3 samples, we use optical brightfield microscopy and atomic force microscopy to identify monolayer and
few-layer flakes and to establish a thickness scale. Following that, we characterize monolayer and multilayer NiPS3 flakes by
Raman spectroscopic imaging. We assign Raman spectral features to in-plane and out-of plane phonon modes, and we study
the evolution of the phonon spectrum as a function of layer number. We explore the influence of the interlayer Van-der-Waals
interaction on the dominant spectral features, and correlate the observed variations in intensity and wavenumbers with
individual phonon modes. In the process, we identify a spectral fingerprint for distinct layer numbers, establishing a sensitive
and convenient means for optical layer number determination in this novel 2D material.[1] Kurosawa et al. J. Phys. Soc. Jap.
52, 3919 (1983) [2] Scagliotti et al. Phys. Rev. B 35, 7097 (1987)
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Observation of Nuclear Spin-Lattice Relaxation Time T1 of Thin Films by Magnetic

Resonance Force Microscopy
,

1,

,
KAIST.
We obtained the nuclear spin-lattice relaxation time (T1) for thin film samples by magnetic resonance force microscopy. The
1KIMS.

samples were CaF2 thin films with the thickness of 50nm and 150nm. The experiments were performed at 13K. T1 from the
thin films were compared with that of the bulk. The data showed that the T1 becomes shorter as the thickness of the samples
becomes thinner. To make the comparison as accurate as possible, all samples were loaded onto each beams of a multi-array
cantilever and measured the data at the same experimental environment.
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Band Gap Modulation of MoS2 by Local Strain

SHIN Bong Gyu, HAN Kanghee, BOO Dae Hwan1, SONG Young Jae1, LEE Young Hee
Center for Integrated Nanostructure Physics, Institute for Basic Science (IBS), Sungkyunkwan University. 1SKKU Advanced
Institute of Nanotechnology (SAINT), Sungkyunkwan University (SKKU).
CVD-grown MoS2 on a Si substrate was investigated using STM and STS. Correlation between band gap and morphology was
found. Local strain at narrow valleys on the surface decreases the band gap size significantly. Existence of strain was con
firmed by FFT image of the atomic resolution image which shows distortion of peaks toward the center, which means variation
of lattice parameter. To clarify the correlation between band gap and morphology, line spectroscopy was carried out across the
wrinkle geometry. The wrinkle structure is simpler than two-dimensional corrugation. The line spectroscopy shows the
correlation again without ambiguity. Many kinds of defects exist and dark defects are relatively dense. Dark defects show ntype doping states near the conduction band edge in a band gap region. Another defects show defect states near the valence
band edge as a p-type doping. Fermi level position is compatible with the doping type; Fermi level is shifted toward the
conduction band edge for n-type doping and relatively toward the valence band edge for p-type doping, respectively.
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Herringbone Twin Structure of Epitaxial Tungsten Trioxide Thin Films

YUN Shin Hee, WOO Chang-Su, LEE Jin Hong, KIM Kwang Eun, CHOI Si-Young1, YANG Chan-Ho
KAIST, Department of Physics. 1KIMS.
The bulk tungsten trioxide has been consistently studied since 1900 for the applications of electrochromic windows, photocatalysts, and gas sensors, owing to its peculiar tunability of tungsten valence state [1-6]. Despite this tremendous efforts of
research, high quality epitaxial growth of the tungsten trioxide films had not been achieved so far. Here, we report that
tungsten trioxide epitaxial layers can be grown on yttrium aluminate substrates by pulsed laser deposition (PLD), which shows
atomically smooth step terrace structure. Then we present its crystalline structure studied at room temperature through
scanning probe microscope (SPM), transmission electron microscope (TEM), and x-ray reciprocal space mapping (RSM). The
crystal structure was identified to a monoclinic pseudocubic cell. The monoclinic distortion results in a herringbone twin
domain structure including super-macro (fractal-like), macro (stripe elongated along <110>), and fine (stripe elongated along
<100> and <010>) domains. In addition, we observed that the stripe (macro) domain size follows the Landau-Lifschitz-Kittel’s
(LLK) law depending on film thickness with an exponent of ~0.6, which may be involved in the fractal-like domain structures.
Based on our high quality samples and doping studies, we may expand our researches into the emerging fields of research, i.e.
domain wall conductivity, superconductivity, and 5d-orbital physics [7-9]. * [1] B. W. Kim, et al., Active and Passive
Electronic Components 22(2), 133-146 (1900). [2] L. Xiao-Lin et al., Inorg. Chem. 43(17), 5442–5449 (2004). [3] S.-H. Lee et
al., Adv. Mater. 18, 763–766 (2006). [4] T. Yamase, Chem. Rev. 98, 307-325 (1998). [5] R. J. Colto et al., Acc. Chem. Res. 11
(4), 170–176 (1978). [6] S.-H. Baek et al., Adv. Mater. 15, 1269-1273 (2003). [7] D. Pesin et al., Nat. Phys. 6, 376 - 381
(2010). [8] R. J. Cava, Oxide Superconductors. J. Am. Ceram. Soc. 83, 5–28 (2000). [9] L. Balents, Nature 464, 199-208
(2010).
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Lattice elongation induced by mechanical strain and vacancies of perovskite PbVO3 (001)

epitaxial thin films
OH Seol Hee, JIN Hye-Jin, SHIN Hae-Young, KANG Sung Jin1, YOON Seokhyun, KIM Miyoung1, AHN Jai-Seok2, CHA
Janghwan3, HONG Suklyun3, JO William
Department of Physics, Ewha Womans University, Seoul, Korea. 1Department of Materials Science and Engineering, Seoul
National University, Seoul, Korea. 2Department of Physics, Pusan National University, Busan, Korea. 3Department of
Physics and Graphene Research Institute, Sejong University, Seoul, Korea.
The layered perovskite PbVO3 (PVO) is an intriguing polar magnetic material because its strong tetragonal distortion (c/a=
1.23) allows VO5 square-pyramidal structure rather than VO6 octahedron. Its unique feature exhibits the 2-dimensional
antiferromagnetic ordering and large pyroelectric polarization [1]. The epitaxial growth of PVO thin films on LaAlO3 (001)
substrates was performed by pulsed laser deposition under Ar gas partial pressure [2]. It is notable that the c-axis of the PVO
films is abnormally elongated more than 5% on the well-lattice matched LaAlO3 substrates. By applying mechanical and
chemical strain using lattice mismatch with substrates and Pb-deficiency, structural properties of the PVO thin films were
investigated. X-ray diffraction patterns and Raman spectra of the PVO thin films show the elongated tetragonal structure along
c-axis. The results were supported by transmission electronic microscopy and first-principle studies.

DG-25*

(K, Na)NbO3

,
.
,
.

,

(Pb)
.
SrRuO3/SrTiO3

,
101 μW/cm^3, 100 oC
16
, BaTiO3 (TC~135 oC)

(K,Na)NbO3
(~180 pm/V)
29μW/cm^3

.
.
.

, (K,Na)NbO3

( 10Hz)

BaTiO3
TC (~420 oC)
.

DG-26*

Tensile-Strain-Driven Phase Separation and Electrical Controllability between the
Rhombohedral-Like and Orthorhombic Bismuth Ferrite Phases
LEE Jin Hong, CHU Kanghyun, UNAL Ahmet A.1, VALENCIA Sergio1, KRONAST Florian1, KOWARIK Stefan2, SEIDEL
Jan3, YANG Chan-Ho
Department of Physics, KAIST, Yuseong-gu, Daejeon 305-701, Republic of Korea. 1Helmholtz Zentrum Berlin,
Elektronenspeicherring BESSY II, Albert-Einstein-Strasse 15, D-12489 Berlin, Germany. 2Institut fur Physik, HumboldtUniversitat zu Berlin, Newtonstrasse 15, D-12489 Berlin, Germany. 3School of Materials Science and Engineering, University
of New South Wales, Sydney, New South Wales 2052, Australia.
Bismuth ferrite, BiFeO3 (BFO), is a well-known multiferroic material which has both ferroelectric and antiferromagnetic order
at room temperature. Recently, a compressive-strain-driven morphotropic phase boundary between the tetragonal-like BFO
and rhombohedral-like BFO has been observed, and its interesting phenomena have been intensively studied. On the contrary,
as another counterpart, a tensile-strain-driven morphotropic phase boundary between the rhombohedral-like BFO (R-BFO) and
orthorhombic BFO (O-BFO) has not been found yet. Here, we present our first observation regarding the phase separation of
R-BFO and O-BFO in tensile strained BFO thin films. In addition, we will demonstrate that electrical writing can switch
between the two competing phases in a non-volatile and reversible way. The strain states, ferroelectric domain structures, and
magnetic easy axes of the two phases are investigated through x-ray reciprocal space mapping, piezoresponse force
microscopy, and Fe L-edge x-ray absorption spectromicroscopy, respectively [1]. [1] J. H. Lee et al., Phys. Rev. B 89, 140101
(R) (2014).
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Phase Field Simulation of the Dipole Charged Phase Boundaries in BiFeO3 Thin Films

CHU Kanghyun, LEE Eui-Sup1, SHIN Yoon Ah2, JANG Byung-Kweon, SONG Kyung2, KIM Yong-Hyun1, OH Sang-Ho2,
YANG Chan-Ho
KAIST, Department of Physics. 1KAIST, Graduate School of Nanoscience and Technology. 2POSTECH, Department of
Materials Science Engineering.
The epitaxial bismuth ferrite (BiFeO3) thin film has been received attention because of its rich functionalities. The BiFeO3
thin films deposited on lanthanum aluminate substrates have susceptible nature because of the phase competition between two
metastable phases namely T-BFO and S-BFO. These two phases are spatially mixed forming coherent interfaces bearing a
large strain gradient up to ~10^7 1/m. We have studied these interfacial regions using phase field simulation in conjunction
with ab initio calculation of material properties. It is also suggested that the nonlinear flexoelectric effect arising from giant
strain gradient and broken inversion symmetry plays an important role in generating dipole-charged domain walls that have
been confirmed by piezoresponse force microscopy and inline electron holography.
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Electric Properties of Transition metal-doped BiFeO3-BaTiO3 Bulk Ceramics System
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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.
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SILICATE SOURCE, FOR AN EXOTIC PHOSPHOR MORPHOLOGY – A NEW
PARADIGM TOWARDS LED DISPLAY SEGMENT
GANDHI Sakthivel, KWON Bong-Joon, WOO Hyun-Joo1, JANG Kiwan1
Changwon National University, Research Institute of Basic Sciences. 1Changwon National University, Department of Physics.
The luminous efficiency of phosphor-converted white light-emitting diodes (WLEDs), which are used as a next-generation
lighting materials, is continuously developed and improved by the researchers. The development of a single phased–single
dopant activated yellow emitting phosphors along with, the requisite red spectral components, is an ideal choice for the
creation of warm WLEDs along with the desired color gamut area. In this regard, a striking characteristic material namely the
mesoporous silica and their series, that are quite distinct to each other in their physical properties, have been synthesized by
adopting a co-operative self-assemble strategy. Systematic investigations were carried out on the morphological, structural and
few other physical properties. The derived results are intriguing with a clear alteration in the phosphor morphology when,
mesoporous silica has been used as a silicate source. Subsequent luminescent studies displayed its efficient yellow emitting
property covering the red spectral components along with good thermal luminescence stability and quantum yield > 80.
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Magnetic and optical properties of g-C4N3 nanotubes: A first-principles study

HU Tao, HASHMI Arqum, HONG jisang
.
Magnetism arising from system constructed with carbon and nitrogen has drawn considerable attention. The g-C3N4 was
proved to be non-magnetic after many efforts devoted to its synthesis, characterization, and magnetism discovering. Recently,
the half-metallic g-C4N3 possesses ferromagnetic ground state that has been revealed theoretically. Its planar structure is
similar to graphene if we ignore its periodic vacancy, which rises our interests on its nanotubular structure. Indeed, C3N4
nanotube was synthesized successfully. It is worthwhile exploring g-C4N3 nanotube for fundamental physics aspect. And from
perspective of materials science, the magnetic g-C4N3 sheet with half-metallicity may form one type of extraordinary one
dimensional materials.Thus, in this study, a newly designed 1D nanotube based on g-C4N3 is predicted theoretically. The
thermal stability at room temperature of this tube structure is proved by ab initio molecular dynamics. The armchair tubes
exhibit ferromagnetic ground state and half-metallicity, while the zigzag tubes properties are dependent on the size of tubes,
thereupon, a hypothetical rule for chirality-dependent magnetism is proposed. Additionally, optical property is investigated by
presenting the frequency dependent dielectric functions and absorption coefficients. Our works introduce a unique member
with interesting properties to the nanotube family. (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))
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Origin of Poor Cyclability in Li2MnSiO4 from First-Principles Calculations: Layer

Exfoliation and Unstable Cycled Structure
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Good cyclability is essential for the potential application of cathode materials. Here, we investigate the structural stability of
two-dimensional (2D) Li-layered and three-dimensional (3D) structured polymorphs of Li2FeSiO4 and Li2MnSiO4 using the
density functional theory calculations. We find that all 2D Li-layered polymorphs of both materials are unstable upon full
delithiation owing to layer exfoliation, which can lead to an amorphous structure. However, in contrast to the fact that the
amorphization of Li2FeSiO4 can be prevented by the formation of the 3D cycled structure that is energetically stable, the 3D
cycled structure of Li2MnSiO4 is found to be unstable during delithiationlithiation cycling. As a result, Li2MnSiO4 easily
undergoes amorphization and shows a poor cyclability.
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Metal-Gate Screening Effects on the Electron-Phonon Interactions in High-Mobility
Nanosheet Semiconductor MoS2
BAIK Seung Su, LEE Hee Sung1, IM Seongil1, CHOI Hyoung Joon
Center for Computational Studies of Advanced Electronic Material Properties, Department of Physics and IPAP, Yonsei
University, Seoul 120-749, Korea. 1Department of Physics and IPAP, Yonsei University, Seoul 120-749, Korea.
Since its inception as a base material for Field Effect Transistors (FETs) in 2012, molybdenum disulfide (MoS2) has been at
the forefront of new nanoelectronic device developments. One notable observation with such latest developments is the
outstanding carrier mobility in Metal Semiconductor Field Effect Transistors (MESFETs). In contrast to insulating-gate
environments, a metallic top-gate enhances the electron mobility over ~7000 cm2/Vs as cooperated with a single-layered
MoS2 channel in MESFETs. To understand such gate-material-sensitive high-mobility, we have studied metal-gate screening
effects on the electron-phonon interactions by using the first-principles density-functional method as implemented in the
SIESTA code. Through frozen-phonon methods, we directly compare the electronic band structures of monolayer MoS2 with
and without a metallic top-gate. Then, we quantitatively provide phonon frequency variations at special k-points. This work
was supported by NRF of Korea (Grant No. 2011-0018306) and KISTI supercomputing center (Project No. KSC-2013-C3062).
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Strain-controllable magnetism in single-layer MoS2 with vacancy defect

YUN Won Seok, LEE J. D.
Dept. of Emerging Materials Science, DGIST.
Intriguingly, the electronic band structure of molybdenum disulfide (MoS2) shows a strong dependence on the layer thickness
and lattice strain. In single-layer (1L) MoS2, for example, there exists a change of semiconducting to metallic phases under
tensile strain. On the other hand, enormous research efforts recently have been focused on the magnetic properties of this
material for the potential applications in nanoscale spintronics. Both numerous theoretical and experimental studies have
shown that not only the bulk MoS2 but also a few-layer MoS2 (including 1L-MoS2) exhibits diamagnetism. However, this
material becomes ferromagnetic in the several cases of vacancy defect formation, nanoribbon with zigzag edges, and
adsorption or substitution of nonmetal or transition metal elements. In this work, we perform a first-principles study of the
effect of strain on the electronic band structure and magnetic properties for the 1L-MoS2 with several types of atomic vacancy
defect.

DG-35

Strain-induced Giant second-harmonic generation of molybdenum dichalcogenides, 2HMX2 (X=S,Se,Te)
RHIM Sonny H, FREEMAN A. J.1
University of Ulsan and Northwestern University. 1Northwestern University.
Dynamic second-order nonlinear susceptiblities, $\chi^{(2)}(2\omega,\omega,\omega)\equiv \chi^{(2)}(\omega)$, are
calculated within fully first-principles scheme for monolayered molybdenum dichalcogenides, $2H$-MoX$_2$
(X=S,Se,Te). The absolute values of $\chi^{(2)}(\omega)$ across the three chalcogens critically depend on the band gap
energies tunable by in-plane stress, yielding the highest $\chi^{(2)}(0)\sim$ 140 pm/V for MoTe$_2$ in the static limit. Under
in-plane stress, $2H$-MoX$_2$ can undergo direct-to-indirect transition of band gaps, which in turn substantially affects
$\chi^{(2)}(\omega)$. The tunability of $\chi^{(2)}(\omega)$ by either positive or negative strain is demonstrated especially
for two important experimental wavelengths, 1064 nm and 800 nm, where resonantly enhanced non-linear effects can be
exploited: $\chi^{(2)}$ of MoSe$_2$ reaches $\sim$800 pm/V with -2\% strain at 1064 nm.
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Two-Dimensional MoS2-Based Field-Effect-Transistors (FETs) with Graphene and Ohmic
Metal Source-Drain Contacts
BAIK Seung Su, IM Seongil1, CHOI Hyoung Joon
Center for Computational Studies of Advanced Electronic Material Properties, Department of Physics and IPAP, Yonsei
University, Seoul 120-749, Korea. 1Department of Physics and IPAP, Yonsei University, Seoul 120-749, Korea.

Molybdenum disulfide (MoS2) and graphene are rapidly emerging or already successfully emerged
nanoelectronic materials. Both similarly exhibit outstanding carrier mobility, but unlikely with gapless
semiconductor graphene, exfoliated MoS2 shows a large bandgap of ~1.9 eV. For this reason, various
efforts have been made to take advantages from each material and combine them into a single device.
One prominent example is the Field Effect Transistors (FETs) in which monolayer MoS2 and graphene
are used as a channel and source-drain electrodes, respectively. Graphene-contacted MoS2 shows higher
on-current and lower off-state behaviors compared with other ohmic metal contact FETs. To understand
such superior features, we have studied electronic band structures of graphene/MoS2 and Ti/MoS2
heterojunctions by using the first-principles density-functional method as implemented in the SIESTA
code. By controlling the external electric fields, and electron or hole doping concentrations, we directly
compare the band offsets of graphene/MoS2 and Ti/MoS2 heterojunctions, providing quantitative
information on the gate-voltage-induced work function variations. This work was supported by NRF of
Korea (Grant No. 2011-0018306) and KISTI supercomputing center (Project No. KSC-2013-C3-062).
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The Effects of C and F Impurities on the Schottky Barrier Height at TiN/HfO2 Interface

KIM Geun-myeong, OH Young Jun, CHANG Kee Joo
KAIST,
.
With the replacement of poly-Si electrodes by metal electrodes in metal-oxide-semiconductor field-effect transistors
(MOSFETs), many problems can be solved, such as gate leakage, poly-Si depletion, and threshold voltage instability. In
conventional MOSFETs, poly-Si gates are doped to retain the Fermi level near the conduction and valence band edges of Si,
which correspond to the work functions of about 4.05 and 5.15 eV, respectively. In high-k/metal gate stacks, it is one of the
most important issues to tune the metal work function which usually varies with deposition condition. Although the intrinsic
metal-induced gap states play a role in the Fermi level pinning, the work function is more significantly affected by the extrinsic
effect of defects and interface bonding. In this work, we investigate the effects of carbon (C) and fluorine (F) impurities on the
Schottky barrier height at TiN/HfO2 interface through first-principles density functional calculations. We consider two
interface structures between TiN and monoclinic HfO2, which consist of either Ti-O or N-Hf bonds at the interface. For
various configurations of C and F impurities near the interface, we calculate the p-type Schottky barrier height (p-SBH). When
C substitutes for the interface N atom or F exists as an interstitial defect, p-SBH tends to decrease, leading to the p-type work
function. On the other hand, interstitial C atoms or substitutional F atoms at the O sites increase the p-SHB and thereby result
in the n-type shift of work function.
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Vacancy Point defects in Black Phosphorene and its impact on the electronic structure and
transport properties
FAROOQ Muhammad Umar, HONG Jisang
.
We have studied the electronic and transport characteristics of single layer phosphorus (phosphorene) induced by vacancies by
using first principles (DFT) incorporated with non-equilibrium green function method. Three different kinds of single and
three di-vacancies are explored. Very low vacancy formation energies proved the existence of high number of defects in
phosphorene. Vacancy defects induce some states within the gap. However, the quantum transport calculations revealed that
these defects induced gap states are not contributing to the carrier transport across the channel. This is clarified further from
the wave function analysis which proves the spatial localization of those states around the defect regions. The impact of these
point defects on the transmission varies depending on their type and orientation. (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))
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Density Functional Theory and Tight-binding Study of Hydrogen Adsorbed on Graphynes

LEE hunpyo, KOO Jahyun1, CAPONE Massimo2, KWON Youngkyung3, LEE Hoonkyung3
Kangwon Univ. Education. 1Konkuk Univ.. 2CNR-IOM-Democritos National Simulation Centre and International
School. 3Konkuk Univ. School of Physics..
Using density-functional theory and a tight-binding approach we investigate the physical origin of distinct favourable
geometries of adsorbed hydrogen atoms in various graphyne structures, and the relation with electronic properties. In
particular, H atoms are adsorbed in-plane for α -graphyne, and they assume an oblique configuration in all other graphynes,
including 6,6,12-graphyne. The origin of different configurations is identified by means of a simple tight-binding model and it
is controlled by the tuning of the hopping between sp 2 -bonded C atoms and sp-bonded C atoms hybridized with the H
atoms. We discuss in details how the geometry change of the attached H atom tunes the electronic properties like energy gap.
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Hybrid functional calculations for the capture process of electrons by oxygen interstitial
defects in amorphous In-Ga-Zn-O semiconductors
HAN WooHyun, OH YoungJun, CHANG KeeJoo
Korea Advanced Institute of Science and Technology, Department of Physics.
Amorphous indium-gallium-zinc oxide (a-IGZO) semiconductors have attracted much attention because they are
used as an active channel material in transparent thin film transistors (TFTs). Although a-IGZO is considered as the
replacement of amorphous Si in high performance TFTs, numerous experiments have shown that oxide TFTs suffer from a
high density of defects, such as O-vacancy, O interstitial, and hydrogen, which cause device instability. According to our
previous work, it was proposed that O-vacancy defects are responsible for the negative bias illumination stress (NBIS)
instability and unintentionally incorporated hydrogen can mitigate the NBIS instability. However, the mechanism for the PBS
instability is still not well understood yet. In this work, we investigate the electronic properties of Oi defects in a-IGZO
through hybrid density functional calculations within the density functional theory framework. The defect configuration of Oi
depends on its charge state: an O-O dimer is formed in the neutral state, whereas this dimer is broken upon electron capture.
We provide the capture process of electrons by Oi defects under positive bias stress in oxide TFTs. With the hybrid functional
for the exchange-correlation potential, the energy barrier for electron capture is in good agreement with experiments. Based on
the defect levels of Oi in various charge states, we discuss the role of Oi in the PBS instability.
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Thermal and Thermoelectric Properties of Molybdenum Disulfide : Ab Initio Electronic
Structures and Boltzmann Transports
KIM Yong-Sung, PARK Minkyu
UST-KRISS,
.
As an atomically thin 2D material, Molybdenum Disulfide (MoS2) has drawn considerable interest due to its unique electronic
structures. The room temperature electron mobility has been measured as high as 200cm2/V/s with dielectric environments [1]
and the thermal conductivity has been calculated to be as low as 23.2 W/mK by using density functional perturbation theory
combined with the non-equilibrium Green’s function calculations [2]. In this study, we investi-gate thermal and thermoelectric
properties of MoS2 based on fully ab initio calculations. For lattice thermal conductivities, the second- and third-order
interatomic force constants are calculated, and the full iterative solutions of the Boltzmann transport equation are obtained,
which is beyond relaxation time approximation (RTA). They are compared with the previous RTA solutions and our classical
non-equilibrium molecular dynamics simulations. For thermoelectric properties, the Seebeck coefficients of MoS2 are
calculated, and are found to show strong dependence on the number of layers.

[1] B. Radisavljevic et al. Nature Nanotechnology, 6, 147 (2011)
[2] Yongqing Cai et al. Phys. Rev. B, 89, 035438 (2014)
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First-Principle Study on Interplay between Structural and Electronic Properties of CNTs

LEE Yongju, LEE Hayoung, KIM Cheol-woon, PARK Je-june, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University.
Carbon nanotubes (CNTs) have been intensively investigated since they have been considered as building blocks of
nanotechnology. Theoretical and computational studies on CNTs have revealed their physical and chemical properties and
helped researchers build various experimental devices to study them in depth. However, there have been few systematic
studies on detailed changes in electronic structures of various CNTs due to geometrical structure modifications. In this regard,
we use the first-principles density functional theory to perform systematic investigations of the modifications in the electronic
structures of various CNTs, while varying all the parameters related to their geometrical configurations. Our investigations
allow us to determine the exact equilibrium structures of any kinds of CNTs, such as zigzag, armchair, chiral, and their
corresponding electronic structures. Our results suggest that there is a significant coupling between electronic and geometric
structures in CNTs; and care is required to select CNT geometry for modeling calculations.
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Ab initio Study and Molecular Dynamics Simulations for Hybridization of Carbon
nanotubes with bacterial cellulose
SUNG Dongchul, MIN Kyung-Ah, PARK Subeom1, HONG Byung Hee1, HONG Suklyun
Sejong University, Graphene Research Institute. 1Seoul National University, Department of Chemistry.
Recently, the application of three-dimensional (3D) biomedical scaffolds has been widely explored. However, further
improvement has been hampered by unstable integration and inhomogeneous distribution of supporting nanomaterials. We
design a new way for in situ hybridization of carbon nanotubes (CNTs) with bacterial cellulose (BC) by utilizing amphiphilic
comb-like polymer (APCLP). The use of APCLP not only improved the colloidal stability of CNTs but also facilitated the
hybridization of CNTs and BC. To understand the detailed mechanism for hybridization among them, we have performed the
density functional theory (DFT) calculations and molecular dynamics (MD) simulations. For DFT calculations, we use the
Vienna ab initio simulation package (VASP) within generalized gradient approximation (GGA) with projector augmented
wave (PAW) potentials, while for MD simulations we use the Large-scale Atomic/Molecular Massively Parallel Simulator
(LAMMPS) with reactive force field (ReaxFF) potentials. Using these methods, the binding behaviors among CNT, APCLP,
and BC are investigated. As a result, we find that APCLPs are well wrapped around the CNTs with BC. Our theoretical results
are in good agreement with the experimental data. We suggest that the resulting CNT-BC hybrid lead to high bone
regeneration efficacy. This strategy will provide a new insight for biofunctional hybrid scaffold development in regenerative
medicine area.
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Halide Anions Adsorption on Cationic Lipid Monolayer Investigated by X-ray and
Nonlinear Optical Spectroscopy
SUNG Woongmo, WANG Wenjie1, LEE Jonggwan, VAKNIN David2, KIM Doseok
Sogang University, Department of Physics. 1Iowa State University, Department of Physics. 2Iowa state University,
Department of Physics.
We studied halide anion (Cl-, I-) adsorption to a cationic Langmuir monolayer consisting of 1,2-dipalmitoyl-3
trimethylammonium-propane (DPTAP) molecules at the air/water interface. From surface-sensitive sum-frequency spectra
corresponding to responses from ordered interfacial water dipoles, we found that I- adsorption affinity on DPTAP lipid
membrane is at least 3 orders of magnitude higher than that of Cl-. On the other hand, the X-ray fluorescence measurement
performed at grazing incidence angle (Qz < 0.022Å-1) shows that the amount of Cl- and I- anions within probing depth (6~8
nm) are almost the same. Since SF spectra of interfacial water is more sensitive to net charge density at the headgroup region
of DPTAP monolayer, we concluded that I- ions are more tightly bound to the interface than Cl- anions, whereas the total
amount of the counterions over the diffusion double layer are similar between these two anions.
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Ionic liquid Mixtures Having Different Anions Studied by IR and NMR Spectroscopy

SEONCHEOL Cha, KIM Doseok
Department of Physics, Sogang University.

Ionic liquids (ILs) are salts that exist at liquid state below 100 °C. We investigated the mixtures of two ILs
having different anions ([BMIM]Cl and [BMIM]I) by using IR absorption and NMR spectroscopy. The
vibrational frequency of the specific C-H stretching mode in the imidazolium ring of the cation and NMR
chemical shift for that proton were both clearly distinct between ILs having different anions. The IR absorption
spectra of IL mixtures at different concentrations were well-matched to weighted sum of the two spectra of pure
ILs, 2D-correlation analysis also suggested that each mixture spectrum is the linear combination of two spectra
of pure ILs. In contrast, the two peaks in the NMR spectra of pure ILs coalesced into a single peak, and this
coalescence peak shifted continuously following the relative portion of two different ILs in the mixture. IR
spectroscopy in the optical frequency range seems to take the snapshot of the cation-anion interaction almost
instantaneously, while NMR spectroscopy in the RF (~ 500 MHz) range averages over longer timescale enough
for the cation to interact with different species of anion.
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Particle interaction of weak homeotropic anchoring to the external electric field in the
nematic liquid crystal colloid
KIM Sung-Jo, KIM Jong-Hyun
The department of physics, Chungnam national university..
We had studied interactions of spherical colloidal particles of weak
homeotropic anchoring energy in homogeneous nematic colloidal
system using the method of mirror image and effective radius. The two
types of interactions, particle-wall and particle-particle, has been
explained considering as dipole-dipole-like or quadrupole-quadrupolelike interactions.
We have been investing the interactions of colloidal particles in external
electric field based on preceding research. We considered both antiparallel dipole configuration pair and parallel quadrupole configuration
pair. The distance between the two particles for each pair increases
gradually due to repulsive elastic forces mediated by deformation of
nematics. In applying electric field, an electric dipole moment is induced
in each particle and the directions of the dipole are parallel with the field. Therefore, the electric force between two particles by
electric dipole is attractive. The equilibrium distance is determined by competition between the elastic force and the electric
force. The distance was dependent on the electric field. Using a relation between distance and electric field, we estimated the
elastic interaction in electric field. We also explained the effect of screening due to the finite cell thickness.
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Static/dynamic wetting on soft substrates studied by x-ray imaging

,
.
When a droplet sits on a soft gel surface, its surface tension deforms the
underlying material, creating a wetting ridge. Wetting ridge formation
affects static/dynamic wetting behaviors. However, the underlying
mechanisms are still largely unexplored mostly due to limitations in
observation. Here, we directly visualize wetting ridges in real-time using
x-ray microscopy. We clearly show that ridge-growth dynamics is
closely linked to the spreading regimes. We discuss spreading
mechanisms on soft surfaces based on ridge-growth dynamics that
determines ridge-geometry.
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Two-dimensional Correlation Analysis on the Sum-frequency Vibrational Spectra of
Langmuir Monolayer
LEE Jonggwan, SUNG Woongmo, KIM Doseok
Sogang University, Department of Physics.
Sum-frequency spectra of fatty acid Langmuir monolayer at five different temperatures were investigated by two-dimensional
correlation analysis. Alkyl chains in higher temperature are likely to have a conformation with more gauche defects rather than
all-trans conformation, and these conformation changes can be readily probed by sum-frequency spectroscopy. Twodimensional correlation analysis was applied to show subtle spectral changes that are hardly visible in the conventional sumfrequency spectra. First, closely spaced spectral components which are difficult to be discriminated in the raw spectrum were
clearly resolved in two-dimensional correlation maps. Second, the sequential order of the spectral changes under temperature
change can be recognized in the asynchronous correlation map. However some spectral components in the correlation maps
were found out to be shifted from its originally assigned positions in the spectrum, which is considered to come from the
interference due to the coherent nature of the sum-frequency spectroscopy.
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Single molecule study of Z-DNA binding proteins

HONG Seok-Cheol, LEE Joon-Hwa1, LEE Nam-Kyung2, LEE Ae-Ree1, KIM Sook Ho
Department of Physics, Korea University. 1Department of Chemistry and RINS, Gyeongsang National
University. 2Department of Physics, Sejong University.
The left-handed form of DNA, Z-DNA, was discovered forty years ago, and several biological roles for this extraordinary form
of DNA have been studied. Z-DNA binding proteins (ZBPs) were also discovered more than twenty years ago, implying and
supporting biological functions of Z-DNA. ADAR1 (Double-stranded RNA-specific adenosine deaminase), E3L (the vaccinia
virus protein), and DAI (DNA-dependent activator of interferon(IFN) regulatory factor, DLM-1/ZBP1) are several examples
of ZBPs among others. Interestingly, some of these proteins are also implicated in immune responses. Here we present singlemolecule studies on ZBP binding to two Z-DNA forming sequences, GC and TG repeats. hZaADAR1 binds to GC repeats
more stably than TG repeats. We found that the dissociation constants (Kd) of hZaADAR1to TG and GC repeats are 15 uM
and 100 nM, respectively. In addition, TG repeats clearly exhibit intermediate states in binding to hZaADAR1. Furthermore,
we show that binding affinity of the ZBP depends on the length of DNA repeats. Quantitative characterization of ZBPs hereby
would enable us to gain physical understanding of their interactions and elucidate their biological roles.<!--[if !
supportEmptyParas]--> <!--[endif]-->
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Folding of a Single Membrane Protein under Native Membrane

MIN Duyoung, JEFFERSON Robert1, BOWIE James1, YOON Tae-Young
Department of Physics, KAIST. 1Department of Chemistry and Biochemistry, UCLA.
The main theme of the talk is about solving the “folding problem of membrane protein” with force spectroscopy tool. Using
single-molecule magnetic tweezers, we look at the folding process of an integral membrane protein GlpG with six α-helices
under lipid bilayer environment. One of hurdles to be surmounted to study membrane proteins in single-molecule level is to
make adequate membrane environment approaching their biological reality. To this end, the membrane protein is reconstituted
in a nanostructure called bicelle, i.e. lipid bilayer patch wrapped with short amphiphiles. Repeating the unfolding and refolding
of the single membrane protein, we find the lipid bilayer itself is critical to the folding stability of the membrane protein. We
also find the membrane protein unfolds and refolds as a one cooperative unit, not in helix-wise manner. This cooperativity
among the helices indicates a one big energy barrier in folding energy landscape which can prevent possible misfolding events.
Together, the structurally close proximity of folding intermediate positions implies that there occurs a folding nucleation
around the intermediates during the cooperative folding, which seems to exploit its strong interaction to overcome the huge
energy barrier.
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Single-molecule Study on Proofreading of DNA Polymerase III

PARK Jonghyun, JERGIC Slobodan1, CHO Wonki, DIXON Nicholas E.1, LEE Jong-Bong2
POSTECH, Department of Physics. 1University of Wollongong, School of Chemistry. 2POSTECH, Department of Physics,
School of Interdisciplinary Bioscience and Bioengineering.
DNA Polymerase III core (Pol III) in the complex with β-clamp processively synthesizes DNA and also has proofreading
function that enhances its fidelity up to 1000 fold by excising mismatched nucleotides (error rate after the proofreading ~ 10-7
per base pair). The α and ε subunits of Pol III, which physically interact with β clamp, are known as the catalytic cores of DNA
synthesis and proofreading excision in the 3’ to 5’ direction, respectively. The DNA synthesis by Pol III in DNA replication
has been extensively studied, but the dynamic features of its exonucleolytic activity have not yet characterized well. Using a
flow-stretching technique that allows monitoring the transition of dsDNA to ssDNA or ssDNA to dsDNA, we successfully
measured the excision rate (~ 2 nt/s) and the processivity (~ 600 nt) of Pol III in the proofreading mode. The kinetic
parameters of ε-subunit mutants that affect the interaction between the β clamp and the exonuclease domain (ε) of Pol III show
that the stronger β-ε interaction enhances the proofreading activity of the β clamp/Pol III complex. The results suggest that the
physical contacts of the α and ε domains of Pol III to β clamp are required during the polymerase and proofreading activity.
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Single-molecule co-IP for Ras-Raf interaction

,
,
.
Cell signaling . To allow the cell to rapidly adapt to changing environments, the cell signaling circuit takes active advantage of
weak, transient protein-proteininteractions. Because of its dynamic nature, kinetic characterization of such weak proteinprotein interactions is important because it governs how differentsignaling proteins compete with each other and reinforce with
each other. However, the conventional co-IP method uses electrophoresis and western blotting forits detection method, which
are not optimized for detection of weak protein-protein interactionsWe represent that single-molecule co-IP can be extended to
studyweak transient interaction by simple change of analysis scheme. Single-molecule co-IP can be advanced to study weak
and transient protein-protein interactionsby analyzing protein-protein interaction with increased surface density of bait. With
advanced single-molecule co-IP, we will prove RAS-RAF interaction at differentcell environment, and Raf dimerization
kinetics and the effect of Ras binding and RAF inhibitors.
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Elasticity driven single stranded gap creation mechanism by exonuclease III

LEE Gwangrog, JEE Sangmi
.
DNA damage occurs as many as 1 million individual molecular lesions per cell per day. One of the most frequently occurring
DNA lesions is base damage. The damaged bases are quickly processed into AP (apurinic/apyrimidinic) sites, resulting in
missing tooth” in DNA. AP endonuclease catalyzes them for the Base excision repair (BER) process. Exonuclease III (exoIII)
in E.coli functions as not only an AP endonuclease but also a 3’→5’ exonuclease. We used single molecule FRET to examine
how the multifunctional enzyme plays a physiological role during the BER process. When the substrate is a blunt-ended DNA,
the enzyme works as a distributive exonuclease, performing multiple binding and dissociation events during the cleavage
reaction. However, in the presence of an AP site, exoIII cuts the AP site as an AP endonuclease and then acts as a processive
exonuclease, as anchoring to the AP site and digesting a series of nucleotides without dissociation from the substrate. This
finding reveals an elasticity-based gap creation mechanism in which exoIII becomes a processive enzyme due to the strong
affinity onto the AP site so that it creates a single stranded gap of DNA during the BER process. We hypothesize that the size
of gap may rely on the physiological salt concentration.
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Development of ultrastable host-guest binding FRET pair for single vesicle content mixing

assay
BOKYOUNG Gong, BONG-KYU Choi1, JAE-YEOL Kim2, YOUNG HO Ko3, NARAYANAN Selvapalam3, NAM KI Lee4,
KIMOON Kim5
Center for Self-assembly and Complexity (CSC), Institute for Basic Science (IBS), Pohang, 790–784, Korea, Department of
Chemistry, Pohang University of Science and Technology, Pohang, 790–784, Korea. 1School of Interdisciplinary Bioscience
and Bioengineering, Pohang University of Science and Technology (POSTECH), Pohang, 790-784, Korea. 2Department of
Physics, Pohang University of Science and Technology, Pohang, 790–784, Korea. 3Center for Self-assembly and Complexity
(CSC), Institute for Basic Science (IBS), Pohang, 790–784, Korea. 4School of Interdisciplinary Bioscience and
Bioengineering, Pohang University of Science and Technology (POSTECH), Pohang, 790-784, Korea, Department of Physics,
Pohang University of Science and Technology, Pohang, 790–784, Korea. 5Center for Self-assembly and Complexity (CSC),
Institute for Basic Science (IBS), Pohang, 790–784, Korea,Division of Advanced Materials Science, Pohang University of
Science and Technology, Pohang, 790-784, Korea.
Regulated exocytosis, mediated by SNARE proteins and its regulatory proteins, is the crucial process for maintaining
biological activity including neurotransmission. Previous many research revealed that there are mainly two exocytosis mode,
(1) Full-collapse fusion, completely (irreversible) collapse into plasma membrane, (2) Kiss-and-run, transient pore open and
close (reversible). Especially, Transient fusion pore formation is importantly considered because it is possibly responsible for
efficient and regulated neurotransmission such as saving energy of vesicle spent endocytosis, modulating the strength of
synapse. But, detailed mechanism of transient fusion pore is still elusive. Here, we develop a new host-guest cucurbit[7]uril–
adamantane derivative (CB[7]-Ad) labeled with fluorophore (Cy3, Cy5) as fluorescence resonance energy transfer (FRET) pair
for in vitro single-vesicle content mixing assay. Through this assay, we confirm that our system sensitively detect single
vesicle-vesicle content mixing and it enable us to detect fusion pore flickering (reversible open and close). Furthermore, we
discover that Ca2+ modulate fusion pore opening dynamics. In summary, our results demonstrate that host-guest FRET pair
based content mixing assay should be a powerful tool to clarify the more detailed vesicle fusion process.
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Real-time Observation of the Propagation of RNA polymerase Noise to Protein Expression
Level in Living Cells
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Cell-to-cell variation in gene expression, or noise, is a general phenomenon observed within cell populations. Transcription is
known to be the key stage of gene expression where noise is generated, however, how variation in RNA polymerase (RNAP)
concentration contributes to gene expression noise is unclear. Here, we quantitatively investigate how variations in absolute
amounts of RNAP molecules affect noise in the expression of two fluorescent protein reporters driven by identical promoters.
We find that intrinsic noise is independent of variation in RNAP concentrations, whereas extrinsic noise, which is variation in
gene expression due to varying cellular environments, scales linearly with variation in RNAP abundance. Furthermore, by
measuring the concentrations of the downstream proteins together with RNAP concentration in real-time at the single-cell
level, we confirmed that the fluctuation history of RNAP concentration presented a minimal effect on downstream protein
noises. Specifically, the propagation of RNAP abundance variation to expressed protein noise is inversely proportional to the
concentration of RNAP, which suggests that the change in noise that results from RNAP fluctuations is determined by the
fraction of promoters that is not occupied by RNAP.
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Cooperative activity of SARS coronavirus nsP13 helicase characterized by single molecule

FRET
IM hyeryeon, LEE gwangrog
,
.
SARS was epidemic in 2003 worldwide. SARS-CoV helicase plays critical roles in viral replication, and has been proposed to
be a potential candidate for anti-SARS therapy. We use single molecule fluorescence resonance energy transfer to characterize
the behavior of nsP13 helicase on partial DNA duplexes as a function of protein, ATP concentration, and tail length. Our
results reveal that the total amount of DNA unwound is strongly determined by its tail length and that the unwinding rate
increases as a function of the protein and ATP concentration. Even if the step size increases by DNA tail length, which
determines the number of proteins loaded, it does not show a protein-concentration dependence on a short tail (30 nts long).
However, the step size monotonically increases in a protein concentration manner for a long tail (45 nts long). This data
suggests that the 30nt tail might be a minimal loading length for the functional helicase unit, capable of unwinding the duplex
DNA. We also observed multiple rounds of re-unwinding and re-zipping events where re-unwinding becomes favorable at
higher protein concentrations. In general, our results identify the important cellular parameters, governing the cooperative
unwinding behavior of helicase. This is a new attempt to understand the complicate behavior of unwinding motor cohorts at
the single molecule resolution.
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Control of multiferroic properties in MnWO4 by Co and Ni doping

SONG Y.-S., CHUNG J.-H., CHUN S.-H.1, SHIN K. W.1, KIM K. H.1,
JÜRG Scheffer2, OH I. H.3
Korea Univ., Dep. of Physics. 1Seoul National Univ., Dep. of Physics &
Astronomy. 2Laboratory for Neutron Scattering, Paul Scherrer Institut
(PSI), Switzerland. 3Neutron Science Division, KAERI, HANARO,
Daejeon.
MnWO4 is one of the best known magnetoelectric multiferroics, in
which ferroelectricity and magnetic ordering are strongly coupled to
each other. In this material, ferroelectric polarization (Pe || b) is observed only in the incommensurate antiferromagnetic phase
with elliptical spiral spin ordering (AF2, 8.0 K < T < 12.3 K, Pe || b). Its multiferroic properties are best explained by the spin
current model, i.e. Pe = Aeij×(Si×Sj).
Using neutron diffraction and ferroelectric measurements, we investigated the ion doping effect on the spin structures and
multiferroic properties of Mn1-xMxWO4 (M = Co, Ni). The spiral AF2 phase was stabilized down to the base temperatures
when Mn2+ ions were replaced by a small amount of Co2+ or Ni2+ ions. When the amount of Co2+ was in the range of 0.08 ≤
x ≤ 0.15, the ferroelectric polarization flopped to a-axis. The polarization flopped back to the original b axis for x > 0.15,
which was accompanied by the heliconical ordering. In contrast, doping by Ni2+ ions did not cause similar flops in the
polarization directions. When the amount of Ni2+ was close to x ~ 0.16, however, the polarization exhibited spontaneous sign
reversal within the AF2 phase. We will discuss the implications of these doping-dependent changes in terms of magnetic
structures and spin-current mechanism.
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Structural, Magnetic and Electric Properties of Li2+xRuO3+x

TAN Teck-Yee, PARK Jung-Hwa, K Balamurugan, K Ramesh Kumar, CHOI Seongil, LEE Sang-Hyun, PEETS Darren C,
PARK Je-Geun
Center for Correlated Electron Systems, Institute for Basic Science (IBS), Seoul 151-747, Republic of Korea..
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The Orbital Fluctuation and Orbital Ordering in a Spin-Orbital-Lattice Coupled 2p
Electron Mott System KO2 : A Dynamical Mean-Field Theory Study
,
,

.

We have investigated the temperature (T)-dependent orbital physics in a typical spin-orbital-lattice
coupled 2p electron Mott system KO2, based on the electronic structures obtained by the dynamical
mean-field theory as well as the density functional theory. KO2 consists of K+ cations and O2- molecule
anions, and there are three electrons in the fourfold degenerate pi anti-bonding orbital of O2- anions.
Hence, the orbital fluctuation phenomenon at high T due to the degenerate pi anti-bonding orbital. Upon
cooling, this orbital fluctuation is suppressed by the Jahn-Teller (JT) type crystal field with lowering of
the crystal structure symmetry, and then the ferro-orbital (FO) ordering emerges at low T. This FO
ordering is compatible with the experimental antiferromagnetic spin order at low T in KO2. We propose
that the suppression of the orbital fluctuation in KO2 can be observed by thermal-conductivity
measurement, as observed in spin-orbital-lattice-coupled 3d transition-metal oxides such as LaVO3.
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Spin Liquid In The Hyperkagome Compounds Na4-δIr3O8 Investigated By 23Na NMR And

μSR
YOON Sungwon, BAEK Seungho1, LEE Wonjun2, LORD James3, WATANABE Isao4, SINGH Yogesh5, CHOI
KwangYong2, SUH Byoung Jin
Department of Physics, The Catholic University of Korea, Bucheon, Korea. 1IFW-Dresden, Institute for Solid State Research,
PF 270116, 01171 Dresden, Germany. 2Department of Physics, Chung-Ang University, Seoul, Korea. 3ISIS Facility, STFC
Rutherford Appleton Laboratory, Chilton, Oxfordshire OX11 0QX, United Kingdom. 4Advanced Meson Science Laboratory,
RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan. 5Indian Institute of Science Education and Research (IISER) Mohali,
Knowledge city, Sector 81, Mohali 140306, India.
We present 23Na nuclear magnetic resonance (NMR) and muon spin relaxation (μSR) measurements of the hyperkagome
compounds Na4-δIr3O8 [1,2]. Both 23Na NMR and μSR results provide no signature of static magnetic ordering down to 1.4 K,
which is consistent with quantum spin liquid. The zero field μSR spectra are well described by an exponential function, and
electronic spin fluctuations exhibit the weak temperature dependence for all δ. The dynamic relaxation rates extracted from the
longitudinal field μSR spectra are described by a power law. For T > 120 K, the temperature dependence of the 23Na spinlattice relaxation rates follows a T3 power law for δ = 0, suggesting a gapless spin excitation. With increasing δ, the power
decreases, indicating a change of spin excitation. [1] Yoshihiko Okamoto et al., Phys. Rev. Lett., 99, 137207 (2007), [2]
Yogesh Singh et al., Phys Rev. B, 88, 220413(R) (2013)
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High-resolution Structure Studies and Magnetoelectric Coupling of Relaxor Multiferroic
Pb(Fe0.5Nb0.5)O3
SIM Hasung, PEETS Darren C.1, LEE Sanghyun1, LEE Seongsu2, KAMIYAMA T.3, IKEDA K.3, OTOMO T.3, CHEONG SW4, PARK Je-Geun
Department of Physics & Astronomy, Seoul National University, Seoul 151-747, Korea. 1Center for Correlated Electron
Systems, Institute for Basic Science (IBS), Seoul 151-747, Korea. 2Neutron Science Division, Korea Atomic Energy Research
Institute, Daejeon 305-353, Korea. 3Institute of Materials Structure Science & J-PARC Center, KEK, Tsukuba 305-0801,
Japan. 4Rutgers Center for Emergent Materials and Department of Physics and Astronomy,.
Pb(Fe0.5Nb0.5)O3 (PFN), one of the few relaxor multiferroic systems, has a G-type antiferromagnetic transition at TN = 143
K and a ferroelectric transition at TC = 385 K. By using high-resolution neutron diffraction experiments and a total scattering
technique, we paint a comprehensive picture of the long- and short-range structure of PFN: (i) a clear sign of short-range
structural correlation above TC, (ii) no sign of the negative thermal expansion behavior reported in a previous study, and (iii)
clearest evidence thus far of magnetoelectric coupling below TN. We conclude that at the heart of the unusual relaxor
multiferroic behavior lies the disorder between Fe3+ and Nb5+ atoms. We argue that this disorder gives rise to short-range
structural correlations arising from O disorder in addition to Pb displacement.

DG-63*

Magnetic and electrical properties in magnetic multiferriocs, TbMn1.7 Fe0.3O5

CHO K., SEONG K., HUR N.1, LEE S.2, SCHEFER J.3, PARK S.
Department of Physics, Chung-Ang University, Seoul,
Korea. 1Department of Physics, Inha University, Incheon,
Korea. 2Neutron Science Division, Korea Atomic Energy Research
Institute, HANARO, Daejeon, Korea. 3Laboratory for Neutron
Scattering, Paul Scherrer Institute, Villigen PSI, Switzerland.
TbMn2O5 is well-known magnetic multiferroics and has rich magnetic
phases which are strongly coupled with electrical ones. As lowering
temperature below ~ 40 K, a commensurate magnetic phase develops
along with a ferroelectric phase which appears to be due to Mn3+-Mn4+
exchange-striction in origin [1]. Below ~ 25 K, the commensurate
magnetic phase changes to a low temperature incommensurate magnetic
phase, and the electric polarization decreases abruptly [2]. In order to
investigate the role of Mn ions and the origin of the polarization in
detail, we studied the magnetic and the electrical properties of Fe-doped
TbMn2O5 single-crystalline samples. The dielectric step anomaly and
the reversed polarization in undoped samples, which are coupled with
the onset of the incommensurate magnetic phase transition, are absent in
TbMn1.7Fe0.3O5. Surprisingly, upon turning on the external magnetic field above 3 T, the dielectric step anomaly and the
reversed polarization reappear in the Fe-doped samples. Our study of the magnetic and the electrical properties as well as the
recent single crystalline neutron diffraction data will be discussed.
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Investigation of the Stripe-Bubble Phase in La2-2xSr1+2xMn2O7(x=0.32) by Magnetic
Force Microscopy
JEONG Juyoung, YANG Jinho, KIM Yunwon1, YANG Ilkyu2, ZHOU J. S.3, GOODENOUGH John B.3, YEOM H. W., KIM
Jeehoon
CALDES, Institute of Basic Science, Pohang, Korea, Department of Physics, POSTECH, Pohang, Korea. 1CALDES, Institute
of Basic Science, Pohang, Korea. 2Department of Physics, POSTECH, Pohang, Korea. 3Material Science & Engineering,
University of Texas at Austin, Texas, USA.
We constructed a home-built low temperature magnetic force microscope (LTMFM): The base temperature and magnetic field
range are 4 K and up to 7 T respectively. We observed skyrmion-like bubble domains in bilayer La2-2xSr1+2xMn2O7
(x=0.32) single crystals by MFM. The observed bubble domains grow or shrink in a wide span of temperature and field,
indicating a reversible magnetization property. This signals the system maybe a possible cetrosymmetric skyrmion system. We
will show a nature of these skyrmion domains with our recently built LTMFM with a vector magnet, H(x,y,z)=2 T-2 T-9 T.

DG-66*

Interlayer exchange coupling between GaMnAs ferromagnetic layers

LEE HAKJOON, LEE SANGYEOP, CHOI SEONGHOON, BAC
SEUL-KI, LEE SANGHOON, LIU X.1, FURDYNA J. K.1
Korea University. 1Notredame university.
We have studied interlayer exchange coupling (IEC) between
ferromagnetic semiconductor GaMnAs layers. For this investigation, we
have prepared a superlattice (SL) system consisting of 6 alternating
layers of GaMnAs and GaAs:Be. The magnetotransport measurement
showed giant magnetoresistance (GMR) effect indicating the presence of
antiferromagnetic IEC in the system. The GMR data further showed multiple transition steps corresponding the magnetization
reversal of individual GaMnAs layer in the SL. Such multiple steps are known to be the evidence of the next nearest neighbor
(NNN) interaction between GaMnAs layers. To identify the presence of NNN IEC in our system, we systematically varied the
number of GaMnAs layers in SL structure by selective etching process, which leads to the SL systems with 1, 2, 3, and 5
GaMnAs layers. By carful investigation of magnetization transition behaviors of such SL systems (see figure bellow) we are
able to identify the presence of NNN IEC and its relative strength to the NN IEC coupling.

DG-67

Fitting of Diverging Effective Mass Obtained by Quantum-Oscillation Measurements in
Underdoped YBCO6+x Systems
(KIM)
(Hyun-tak)
ETRI, MIT Center.
The diverging-effective mass (DEM) in a metallic system is regarded as
evidence of strong correlation between fermions in strongly correlated
systems. The identity of the DEM still remains to be revealed. The
effective mass derived from the Brinkman-Rice picture, m*=mo/(1-r4)
[1] where r is band filling, helps clarify the DEM, m*/me, analyzed by
measurements of quantum oscillation in inhomogeneous underdoped
YBCO6+x systems [2]. As x decreases, m*/me increases rapidly like the
DEM [2]. When it is assumed as the fact that the metal-insulator
transition occurs near a critical xc=0.45, the data of the DEM [2] is
closely well fitted in condition that r=xc/x increases as x decreases. Its physical meaning is a percolation phenomenon that the
extent of the metallic regime is constant and the magnitude of the measurement region, x, increases. It’s fitting is performed
with m*=me/(1-r4) where r=xc/x. From the fitting result, we deduce that a correlation strength is greater than 0.95, and
conclude that the metal phase of the normal state in YBCO systems is a strongly correlated. [1] Physica C 341-348(2000)259;
e-print arXiv:cond-mat/0110112; Physica C 460–462, 1076 (2007). [2] PNAS 107 (2010) 6179.
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Electronic structures of CaC6 and inter-layer state deriven superconductivity
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We performed angle-resolved photoemission (ARPES) experiments on CaC6 and measured three-dimensional (3D) electronic
structures to investigate the interlayer (IL) states. Our experimentalresults reveal a spherical IL Fermi surface at the point.
We also nd the graphene driven bandpossesses a weak kz dispersion. The overall electronic structure shows a peculiar single
graphenelayer periodicity in the kz direction although CaC6 unit cell is supposed to contain 3 graphenelayers. This suggests
that Ca atoms are poorly ordered in the z-direction. In addition to CaC6,we also studied BaC6. The result shows the Dirac
energy of the graphene band smaller than thatof CaC6 case. Based on data from CaC6 and BaC6, we count out Cxy phonon as
the origin of thesuperconductivity in CaC6 .
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Upper Critical Field of the Noncentrosymmetric Superconductor BiPd

PEETS Darren, JO Hyein1
IBS-CCES, SNU and MPI-FKF, Stuttgart. 1IBS-CCES, SNU.
In noncentrosymmetric superconductors, materials which lack an
inversion centre in their crystal structure, parity is no longer a useful
concept and singlet and triplet pairing states are no longer
eigenfunctions.
Since
our
conventional
understanding
of
superconductors relies on parity, this can lead to a remarkable variety of
new physics. However, additional ingredients, such as strong splitting of
the Fermi surface due to spin-orbit coupling, are additionally required if
such physics is to be observed. BiPd, probably the first reported
noncentrosymmetric superconductor, has been recently reported to have
multiple gaps and possibly nodes. This would indicate a strong triplet
component, but not all work is consistent with this picture, and there exist significant contradictions in the literature. Reports
of the upper critical field, in particular, vary by more than an order of magnitude. I will discuss our growth and
characterization of single crystals of BiPd, and the picture that develops about the upper critical field.
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Vortex states in Extended - s-wave superconductor by Simulated Annealing Method.

CHUNG Hyunhee, KIM Nammee1, KIM Heesang1
Soongsil University. 1Department Physics, Soongsil University..
Simulated Annealing
Ginzburg-Landau free energy
extended s wave
vortex
. Extended s wave
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s+g wave
weighting factor
s-wave
g-wave
vortex
.

DG-71*

Scanning Josephson Tunneling Microscopy on Zinc Dopants on Bi2Sr2CaCu2O8+δ

JOO Sang Hyun, LEE Inhee1, KIM Chung Ku1, YOO Jung Hoon, PARK Min-Seok, LEE Gyoung Seok, KIM Jae-Joon, GU
Genda1, DAVIS J. C.2, LEE Jinho
Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea. 1CMPMS Department, Brookhaven
National Laboratory, Upton, New York 11973, USA. 2LASSP, Department of Physics, Cornell University, Ithaca, New York
14853, USA.

δ

DG-72*

Sr2VO3FeAs as a Natural Heterostructure of Magnetic SrVO3 and Superconducting FeAs

Layers
OK Jong Mok, EOM M. J., NA S. W., F. WOLFF-FABRIS1, E. KAMPERT1, JO Y. J.2, CHOI E.S.3, O. Ayala-Valenzvela4,
ROSS D. McDonald,3, KIM J. H.4, SHIM J. H.5, C. Hoch6, R. K. Kremer6, KIM J. S.
Department of Physics, POSTECH. 1Dresden High Magnetic Field Laboratory, Germany. 2Department of Physics,
Kyungpook National University. 3National High Magnetic Field Laboratory, USA. 4IBS Center for Arti cial Low Dimensional
Electronic systems, POSTECH. 5Department of Chemistry, POSTECH. 6Max-Planck-Institut fur Festkorperforschung,
Germany.
We investigate the magnetic phase diagram of Sr2VO3FeAs single crystals using magnetotransportmeasurements in magnetic
fields up to 65 T. The temperature dependence of the upper criticalfield Hc2 shows a much larger anisotropy than other Fepnictide superconductors, indicating theinsulating nature of the SrVO3 layer. In the normal state, an anomalous negative
magnetoresistanceat high magnetic fields is observed below TN ∼ 150 K, which is attributed to the antiferromagneticordering
in the SrVO3 layer. The magnetic ordering in SrVO3 layer can be further tuned by internalstrain due to the lattice mismatch
between the layers. Our findings suggest that Sr2VO3FeAsprovides a rare example of a natural heterostructure consisting of the
high-Tc superconducting Fepnictides and the magnetic Mott-insulating V oxides.

DG-73*

Thermal and Transport properties of U2Pt1-xIrxC2

KANG Min Gu, RONNING Filip1, BAUER Eric1, KIM Jeehoon
CALDES, Institute of Basic Science, Pohang, Korea, Department of Physics, POSTECH, Pohang, Korea. 1Los Alamos
National Laboratory, Materials Physics and Applications Division, Los Alamos, New Mexico 87545, USA.
In this research, effect of interatomic spacing of U2PtC2 is investigated by modulating lattice constant with Ir doping. Thermal
and transport property of this U2Pt1-xIrxC2 system is measured, and phase diagram is drawn. At the Ir rich side,
antiferromagnetism is observed, whose maximum Neel temperature of 13.2 K appears at x = 0.8 and suppressed to zero
temperature with further doping. Heat capacity graphs show upturn tails at low temperature which is highly emphasized near
quantum critical point, and considered as non-Fermi liquid behavior. Entropy without phonon contribution has value of 0.18 in
scale of Rln2, revealing itinerant nature of 5f electron in this compound. At the Pt side of phase diagram, rapid suppression of
superconductivity is observed as inter-uranium spacing is decreased, which does not match with conventional Hill limit points
of view. This can support unconventional nature of U2PtC2 superconductivity. In contrast, quantum critical fluctuation does
not seem to enhance superconductivity, which suggests that pairing mechanism might be conventional.
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Identifying Kondo Cloud by Macroscopic Entanglement: Thermal Suppression and Spatial

Extension
,
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Entanglement is a useful tool for studying the quantum nature of manybody ground states. Generalizing the study of entanglement in pure
ground states to mixed states is desirable, to study how the entanglement
thermally decays or spatially extends. However, the generalization has
been obstructed by the cost of computing entanglement in mixed states,
which increases exponentially with system size. We propose a
variational approach for the computation, based on entanglement
witness operators, and compute the entanglement of formation (EoF), a
mixed-state generalization of the entanglement entropy, in single- (1CK) and two-channel Kondo (2CK) systems at finite
temperature. The thermal suppression of the EoF shows crossover around the Kondo temperature, and obeys power-law
scaling at low temperature. (See Figure for example of 1CK) The scaling exponent is halved from 1CK to 2CK, which is
attributed, using a bosonization method, to the non-Fermi liquid behavior by a Majorana fermion, a "half" of a complex
fermion, emerging in 2CK. Moreover, the EoF characterizes the size and power-law tail of Kondo screening cloud of 1CK.

DG-75

Dynamic polarization function and Exchange-correlation energy of Multilayer Graphene

,
.
Multilayer graphene has drawn much attention due to its complex electronic structures that differ according to the stacking
sequence. Its low energy electronic structure is described by chiral electron gases. To understand the interplay between the
chiral electronic structure and electron-electron interactions, it is important to calculate the dynamic polarization function
through which many physical quantities can be obtained such as collective modes, thermodynamic quantities and screening.
Here, we calculate the dynamic polarization function and the exchange-correlation energies within the random phase
approximation, and discuss the relation between the chirality and the exchange-correlations in multilayer graphene.

DG-76

Zero-bias conductance peak in InAs nanowire contacted with superconducting electrodes

KIM Nam-Hee, KIM Hong-Seok, SHIN Yun-Sok, DOH Yong-Joo, SONG Jin-Dong1
Korea University Sejong Campus, Department of Applied Physics. 1Korea Institute of Sceince and Technology.
Semiconductor nanowires with a strong spin-orbit coupling such as InAs and InSb are fascinating materials for
superconductivity-coupled quantum transport. Andreev reflection is a microscopic particle conversion process between an
electron and a hole at a normal metal/superconductor (N/S) interface which carries a Cooper pair into the superconductor and
induces the resulting conductance change inside the normal metal. Disorder-induced multiple Andreev reflection at a N/S
interface can induce anomalous conductance behaviors below the superconducting gap where the conductance is suppressed or
reentrant to normal-state conductance at proper conditions. In this study we report superconductivity-induced zero-bias
conductance peak in an S/N/S junction where an InAs nanowire and Pb0.9In0.1 electrodes are adopted as N and S, respectively.
An InAs nanowire is transferred onto a SiO2/Si substrate, while a pair of Pb0.9In0.1 electrodes are deposited in the middle of the
InAs nanowire using electron-beam lithography and electron-beam deposition techniques. Below the transition temperature of
the superconducting Pb0.9In0.1 electrodes, the resistance in the S/N/S junction increases with decreasing temperature and starts
to decrease at a temperature T*. These reentrant behaviors also occur at a bias current/voltage or a magnetic field
corresponding to T*. The reentrant zero-bias conductance peak in the S/N/S junction is discussed in terms of the disorderinduced reflectionless tunneling.
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Detecting Fractional Statistics in Anyon Interferometry Employing Thermal Excitation

HAN Cheolhee, SIM Heung-sun
Department of Physics, Korea Advanced Institute of Science and Technology.
There have been lots of theoretical proposals that suggest how to detect fractional statistics of anyons. However, the
proposals require the employment of experimental fit parameters or rely on random anyon number fluctuations, hence the
experiments cannot provide a direct evidence of fractional statistics, even if such proposals are experimentally realized. We
propose an interferometry setup of Abelian anyons. In this interferometry, there appears anyon braiding between thermally
excited anyons and an anyon injected from a source of the setup. This braiding, which has never been noticed before, results in
a temperature dependent phase shift of the interference patterns of the setup. Experimental observation of the phase shift will
provide a direct evidence of fractional statistics.
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Manifestation of axion electrodynamics through magnetic ordering on edges of topological

insulator
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. 1Korea Institute for Advanced Study.
A topological insulator (TI) hosts the topologically protected metallic surface states on its boundaries between inner insulating
bulk and outer vacuum, and manipulations of its exotic states lead to various interesting phenomena such as quantum
anomalous Hall effectsand topological magneto-electric couplings. Most studies hitherto have been limited to a specific facet
of three-dimensional TI crystals without considering the existence of other surface states on adjacent facets. However,
topological surface states of a single TI crystal can exist on all the surfaces with different crystal orientations enclosing the
crystal, and mutual interactions among those contiguous to each other through edges have not yet been examined well. Here
we show, based on first-principles electronic structure calculations as well as the theory of the axion electrodynamics, that a
net magnetic ordering should be induced on edges between different facetsof the three-dimensional TI crystal. In a prototypical
TI such as Bi2Se3, the difference in the work function between different crystal-face orientations generates a built-in electric
field around facet edges so that the lines of effective magnetic dipoles accumulate at those edgesfor a given broken timereversal symmetry. The predicted magnetic ordering depending onlyon the work function differences between facets would be
a unique manifestation of the axion electrodynamics in real solids and suggests a route to reveal novel electric and magnetic
properties of macroscopic topological edge states of a TI.
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Deep-Ultraviolet-Light-Driven Reversible Characteristics Tuning of WS2 Field-Effect

Transistor
1
IQBAL M Waqas, IQBAL M Zahir, KHAN M Farooq,
1
Sejong University, Department of Physics.
,
.
Improvement of the electrical and photoelectric characteristics is essential to get advanced performance of field effect
transistors and optoelectronic devices. Here we have developed a tuning technique to drastically improve electrical and
photoelectric characteristics of single-layer, bi-layer and multi-layer WS2 field effect transistor (FET). After illuminated by

deep ultraviolet (DUV) light under nitrogen environment, WS2 FET shows enhanced charge carrier density, mobility and
photocurrent response. Threshold voltage of WS2 FET shifted toward negative gate voltage, and the positions of E12g and A1g
peaks in Raman spectra shifted toward lower wave numbers, indicating the n-type doping effect of the WS2 FET. The doping
effect is reversible. The pristine characteristics of WS2 FET can be restored by DUV light illumination under oxygen
environment. The DUV-driven tuning technique under gas environment provides a very stable, effective, easily-applicable way
to enhance the performance of WS2 FET.
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Modulation of tunneling characteristics in graphene-hexagonal boron nitride

heterostructures
1
IQBAL M Zahir, KHAN M Farooq, IQBAL M Waqas,
Sejong University, Department of Phyiscs. 1
,
.
Combining with layered thin crystalline films, graphene has expanded its application scopes beyond the regime where a
gapless semimetal cannot serve. We report vertical field-effect transistor with atomically thin boron nitride (BN) films acting
as a tunneling barrier. The Fermi level of bottom graphene layer is adjusted by changing the back-gate voltage, which
obviously helps to tune the tunneling current through ultrathin BN film. The results showed that the threshold voltages change
depending on the Fermi level of the bottom graphene layer. The symmetric current-voltage characteristic curves for forward
and reverse bias voltages indicate that direct tunneling current is dominant through the h-BN interlayer. The threshold voltages
of Au/hBN/graphene is tuned by adjusting the carrier density of graphene through back-gate voltage. The current density is
found to be monotically decreases by changing the gate-voltage from negative to positive value. Fowler–Nordheim (F-N) plot
exhibits the transition from direct to F–N tunneling and the tunneling initiates from about 4.2V. F–N plots that corresponding
to the I-V curves at different gate voltages, exhibiting the transition from direct to Fowler–Nordheim tunneling with a clear
gate dependence. The architecture in this experiment offers great potential for applications in tunnel devices as well as fieldeffect transistors for high-frequency operation and logic device integration.

DG-81*

Motion of Electron Wavepackets 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 pump is a single-electron source formed in a semiconductor heterostructure operated with time-dependent gate
voltages of frequency 100MHz - 1GHz. The pump operation consists of (1) capturing one electron from a reservoir into a
quantum dot and (2) ejecting it to another reservoir. The dynamics of the captured electron during the ejection process has not
been studied theoretically. We investigate the dynamics and the resulting pump current, focusing on the case that a high
magnetic field is applied to the pump. When the magnetic confinement by the field dominates the electrostatic potential of the
dot, the dynamics shows the novel feature that the electron forms a wavepacket of almost constant width (which is determined
by the strength of the magnetic field), while moving along the circumference of the dot. The dynamics results in characteristic
oscillations of electron-pump current.
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Nonlocal Exchange of Charge and Photon in Circuit Quantum Electrodynamics
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Enhanced Deep-Ultraviolet-Light-Driven Photocurrent Response of MoS2 Field-effect

Transistor in N2 Gas Environment
1
KHAN M Farooq, IQBAL M Waqas, IQBAL M Zahir,
1
Sejong University, Department of Physics.
,
.
Molybdenum disulfide, which is one of representative transition metal dichalcogenides, can be made as an atomically thin
layer while preserving its semiconducting characteristics. We fabricated single-, bi-, and multi-layer MoS2 field-effect
transistor (FET) via the mechanical exfoliation method and studied the effect of deep ultraviolet (DUV) light illumination. The
thickness of the MoS2 layers was determined using an optical microscope and further confirmed via Raman spectroscopy and

atomic force microscopy. The MoS2 FETs with different numbers of layers were assessed for DUV-sensitive performances in
various environments. The photocurrent response by DUV light becomes larger with increasing number of MoS2 layers. The
photocurrent response by DUV light is significantly enhanced in N2 gas environment compared with that in atmospheric
environment.
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Inelastic carrier lifetime in a coupled graphene electron-phonon system: Role of plasmonphonon coupling
AHN Seongjin, HWANG Euyheon1, MIN Hongki
Department of Physics and Astronomy and Center for Theoretical Physics, Seoul National University. 1SKKU Advanced
Institute of Nanotechnology and Department of Physics.
We calculate the inelastic scattering rates and the hot electron inelastic mean free paths for both monolayer and bilayer
graphene on a polar substrate. We study the quasiparticle self-energy by taking into account both electron-electron and
electron-surface optical (SO) phonon interactions. In this calculation the leading order dynamically screening approximation
(GW approximation) is used to obtain the self energy by treating electrons and phonons on an equal footing. We find that the
strong coupling between the SO phonon and plasmon leads to a new decay channel for the quasiparticles through the emission
of the coupled mode and gives rise to an abrupt increase in the scattering rate, which is absent in the uncoupled system. In
monolayer graphene a single jump in the scattering rate occurs, arising from the emission of the low energy branch of the
coupled modes. In bilayer graphene the emission of both low and high energy branches of the coupled modes contributes to
scattering rate and give rise to two abrupt changes in the scattering rate. The jumps in the scattering rate can be potentially
used in the hot electron device such as switching devices and oscillators.
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Computational Study on Structural Stability and Phase Transitions of Phase Change

Materials
PARK Hanjin, KIM Cheol-Woon, KWON Young-Kyun
Department of Physics and Research Institude for Basic Sciences, Kyung Hee University, Seoul, Korea.
Based on ab initio density functional calculations, we investigate the structural and electronic properties of ordered crystalline
and disordered amorphous phases of GeTe and Ge2Sb2Te5 materials expected to be used for phase change random access
memory. With suitable pseudopotentials selected for respective elements after careful and intense searches, we first study the
equilibrium configurations and electronic properties of their crystalline phases. Then, we perform molecular dynamics (MD)
simulations to find their corresponding amorphous phases. Our MD simulations are composed of various stages including premelting process with low gravimetric density at extremely high temperature, quenching process returning back to room
temperature, thermal equilibration process at room temperature, and so on. Based on the data from our simulations performed
at various temperatures, we calculate the radial distribution functions (RDFs) and angle distribution functions (ADFs). We also
found other amorphous phases which are metastable, exhibiting significantly distinguishable RDFs and ADFs one another. Our
RDF and ADF analysis for these different amorphous structures are compared to EXAFS data available from our experimental
collaborators and used to identify short range characteristics present in the structures. Finally, we estimate energy barriers not
only between crystalline and one of amorphous phases, but also between different amorphous phases to explore their structural
stability using nudged elastic band calculations.
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Freestanding Double-Sided Heterostructures of ZnO Nanorods/Graphene/ZnO Nanorods
and Its Energy Harvesting Performance
SHIN Dong-Myeong, TSEGE Ermias Libnedengel, KANG Seok Hee, SEUNG Wanchul, KIM Sang-Woo, KIM Hyung-Kook,
HONG Suck Won, HWANG Yoon-Hwae
Pusan National University.
It has been intensively studied that vertically aligned ZnO nanorods over the last decade due to their remarkable piezoelectric
properties and a potential for various applications. Here, we present a simple strategy for fabricating the ZnO
nanorods/graphene/ZnO nanorods double sided heterostructures. 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
heterstructure. The mechanism is discussed in detail in term of the decomposed seed layer and the vacancy defect of graphene.
The resulting improvement in the number density of nanorods has a direct beneficial effect on the double side heterstructured
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, such as touch pad, pressure sensor, biosensor and dye-sensitized solar cells.
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Frist-principles study of two-dimensional arsenic materials

,
Department of Physics, POSTECH.
Recently, experimental discovery of phosphorene (single-layer of black phosphorus) has initiated the study of two-dimensional
materials suitable for future electronics application. Based on first-principles calculations, we investigated the electronic
property of two-dimensional arsenic with two kinds of structures named as H-arsenene and R-arsenene similar to black and
blue phosphorene, respectively. To check the dynamical stability of these unknown 2D materials, we calculated the phonon
spectra. We obtained the band structures and found that they are semiconductors with a moderate band gap good for
applications to electronic devices. We also studied the effect of biaxial strains on H-arsenene and R-arsenene as an efficient
way to tune the band gap.
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Band gap opening and giant magnetoresistance by interband spin-orbit coupling in

monoclinic MoTe2
YANG Heejun
Department of Energy Science, Sungkyunkwan University.
The role of interband spin-orbit coupling (SOC) in group 6 transition metal dichalcogenides (TMDs) such as MX2 with M=
(Mo, W) and X=(S, Se, Te) has been underexploited for their electronic structures or topological phases. Here we report a
single crystal growth of distorted octahedral (1T') MoTe2 and the critical role of the interband SOC for band gap opening (60
meV) in the 1T'-MoTe2. Along with the Peierls distortion from metallic octahedral (1T) phase to distorted octahedral phase,
the first principle calculation reveals that such band gap opening by SOC is a general feature for all group 6 TMDs. Originated
from the strongly spin-orbit coupled electric band structure in 1T'-MoTe2, non-saturating giant magnetoresistance (16,000 % at
1.8 K) and Shubnikov-de Hass (SdH) oscillation are observed, demonstrating the high quality single crystal and twodimensional carrier transport in the 1T'-MoTe2. Besides the physical properties of 1T'-MoTe2, the symmetry-controlled single
crystal growth of 2H-MoTe2 produces the highest field effect mobility ever reported in hexagonal MoTe2, 40 cm2V-1S-1 in its
field effect transistor characterization. Reversible structure phase transition between 2H and 1T' structures in our MoTe2 is
realized and this indicates the presence of stable 1T'-MoTe2 at room temperature. This finding of new narrow band gap
semiconductor, 1T'-MoTe2 also enables topological quantum devices based on nontrivial Z2 band topology quantum spin Hall
insulators in group 6 TMDs.
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Charge Density Wave driven Multiple-Gap Structure in the Mott Insulator 1T-TaS2

CHO Doohee, JANG Bo-Gyu1, SHIM Ji Hoon1, CHEONG SangWook2, YEOM HanWoong
Center for Artificial Low Dimensional Electronic Systems, Institute for
Basic Science (IBS), 77 Cheongam-Ro, Pohang 790-784,
Korea. 1Department of Chemistry, Pohang University of Science and
Technology, 77 Cheongam-Ro, Pohang 790-784, Korea. 2Rutgers
Center for Emergent Materials and Department of Physics and Astronomy, Rutgers University, Piscataway, New Jersey
08854, USA.
Exotic ground states can be generated by competition or interplay between the various interactions, such as electron-phonon,
spin-orbit and electron-electron coupling. 1T-TaS2 is a good candidate to study such an interplay since the long-range chargedensity-waves (CDW) with a periodic lattice distortion and a Mott gap coexist at low temperatures in this material. However,
the effect of the different interactions on its electronic structure has yet to be thoroughly understood. Here, we present highresolution scanning tunneling microscopy and spectroscopy data for the CDW-Mott phase of 1T-TaS2 at 78 K. The CDW gap
and the Mott gap (ΔCDW and ΔMott) in the multiple-gap structure are determined by analyzing the spectroscopy data and the
phase difference of the real space electron densities. The novel impurity induced modification of the gap structure will also be
discussed.
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Complex stacking-dependent bandgap in symmetry-broken bilayer graphene

KIM Gunn, RYOU Junga, HONG Suklyun, PARK Changwon1, YOON Mina1, SUMPTER Bobby1
Department of Physics, Sejong University. 1Oak Ridge National Laboratory.
Recent observations of complex stacking structures of bilayer graphene are expected to explain discrepancies for minimal
conductance between experiments and theories based on the ideal Bernal stacking structure. Especially in the design of
switching devices exploiting the energy gap generated by external electric field, the coexistence of various stacking region can
considerably alter their overall response. We systematically investigated the stacking-dependent evolution of band structure
and response to electric field. Especially, we focus on the stacking-dependent gap-opening properties around AA-, AA′-, and
AB-stacking points in the phase diagram for symmetry-broken bilayer graphene. Though the crossing in band structure
remains for any stacking, characteristics of wavefunctions around the Fermi level can be different for different stacking and
this is conveyed to gap-opening properties in the presence of external electric field. Near the Fermi level, small translation and
external electric field can be treated as a perturbation to the high symmetric stacking configuration and analytic expression for
the evolution of band structure and the energy gap are provided.
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Observations of superlattice Dirac points in one-dimensionally-rippled graphene on BN
using scanning tunneling spectroscopy
LEE Min-Uk, JANG Won-Jun, KIM Howon, WANG Min1, JANG Sung Kyu1, KIM Minwoo1, SUNGJOO Lee1, KIM SangWoo1, SONG Young Jae1, KAHNG Se-Jong
Department of Physics, Korea University. 1SKKU Advanced Institute of Nanotechnology (SAINT), Sungkyunkwan University
(SKKU).
Theories predicted that both one and two-dimensional superlattice potentials in graphene would induce new Dirac points due
to lattice-induced chirality of charge carriers. In experiments, only the latter cases were studied, and the study of the former is
rare. Here, we report the observations of new Dirac points in one-dimensionally-rippled graphene on BN using scanning
tunneling microscopy and spectroscopy. The ripples, formed by thermal cycles, showed two new Dirac points of which energy
levels were proportional to 1/L, where L was the period of a ripple, in agreement with theoretical predictions. Our study shows
that one-dimensional periodic potential is an accessible component for controlling electronic properties of graphene.
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Strain-Induced Manipulation of the Ground State in One-Dimensional Atomic Wires

,
,
(CALDES).
It has been reported that strain can be used to manipulate electrical,
optical, and magnetic properties of host materials in a non-destructive
way. The recent discovery of atomic scale one- (1D) and two-dimensional (2D) materials, for example carbon nanotube and
graphene, generated considerable scientific interest in strain effects on atomic scale materials. In spite of intensive theoretical
investigations, however, homogeneous manipulation by strain is rarely achieved in these system experimentally since the strain
control is more difficult when the structure is approaching atomic scale. Here, we report a uniform manipulation of the ground
state in 1D atomic wires through internal strain. The atomic wires are fabricated by self-assembled Au atoms on a stepped Si
(553) surface, and provide characteristic charge and spin channels (metallic and antiferromagnetic wires, respectively). The
reduced Au coverage from the optimum exposes 1D Si-based nano stripes that introduce a structural deformation, the periodic
strain field, on adjacent charge and spin channels. Under this strain, three metallic bands confined within the charge channel
are moderately modulated in binding energies maintaining metallicity, while the spin channel loses its intrinsic
antiferromagnetism completely.

DG-93

Thermoelectric properties of Cl-doped In4Pb0.01Sn0.03Se2.9Clx polycrystalline compounds

KIM Jin hee, KIM Min Jae, OH Suekung, RHYEE Jong-Soo
Department of Applied Physics, Kyung Hee University,.
We investigated thermoelectric properties of Cl-doped polycrystalline compounds of In4Pb0.01Sn0.03Se2.9Clx (x = 0.02, 0.04
and 0.06). The x-ray diffraction measurement shows gradual change of lattice volume for x ≤ 0.04 without any impurity phases
indicating systemic change of Cl-doping. The Cl-doping in the compounds has an effect of increasing carrier concentration and
effective mass of carrier resulting in the increase of power factor near 700 K than In4Pb0.01Sn0.03Se2.9. Because of the
increased electrical conductivity neat 700 K, the thermoelectric figure-of-merit ZT is 1.25 at 723 K for x = 0.04 Cl-doped
compound which is relatively high value as n-type polycrystalline materials.

DG-94

STM/STS Studies on Electronic Structures of Ultrathin Sb Films on Bi2Te2Se

KIM Sung Hwan, JIN Kyung-Hwan1, PARK Joonbum1, KIM Jun Sung1, JHI Seung-Hoon1, KIM Tae-Hwan, YEOM Han
Woong
Center for Artificial Low Dimensional Electronic Systems, Institute for Basic Science (IBS), 77 Cheongam-Ro, Pohang 790784, Korea. 1Department of Physic, Pohang University of Science and Technology, 77 Cheongam-Ro, Pohang 790-784,
Korea.
Several materials are proposed and experimentally confirmed as two dimensional (2D) topological insulators (TI) such as
HgTe/CdTe quantum well states and Bi(111) single bilayer (BL) [1-4]. According to a recent theoretical work [5], ultrathin Sb
film undergoes band inversion at 4 BL to become 2D TI. We successfully grow small islands Sb ultrathin films of 1-5 BLs on
the cleaved clean surface of Bi2Te2Se. The scanning tunneling microscopy (STM) and spectroscopy (STS) experiment are
performed on their surfaces and edges in order to clarify their atomic structures and electronic properties. Their edge structure
is investigated as zigzag chains by high-resolved STM images. In our first principle calculations, their edge state over 3 BL
shows topological natures. The edge-localized electronic states of Sb films are clearly resolved for the films of 4-5 BLs in the
STS local density of states (LDOS) maps. These results will be discussed in comparison to first principle calculations.[1] B. A.
Bernevig, T. L. Hughes, and S.-C. Zhang, Science 314, 1757 (2006).[2] M. Wada, S. Murakami, F. Freimuth, and G.
Bihlmayer, Phys. Rev. B 83, 121310 (2011).[3] M. Konig et al., Science 318, 766 (2007).[4] S. H. Kim, K.-H. Jin, J. Park, J.
S. Kim, S.-H. Jhi, T.-H. Kim, and H. W. Yeom, Phys. Rev. B 89, 155436 (2014).[5] P. Zhang, Z. Liu, W. Duan, F. Liu, and J.
Wu, Phys. Rev. B 85, 201410(R) (2012).
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Low dimensionality-induced orbital and lattice coupling in electron-doped SrTiO3

SEO Jiwon, CHOI EUIYOUNG1, LEE Jaichan2
. 1
,
. 2Department of
,
.
Extensive studies on 3d transition metal oxides have been conducted for decades as these materials are known to exhibit
intriguing properties due to strong electron correlation and interaction among the internal charge, spin, lattice, and orbital
degrees of freedom. As a result, chemical substitution or external stimuli such as pressure, magnetic or electric fields, and light
irradiation, gives rise to substantial changes in the physical properties. Here, we report a new approach using low
dimensionality to drastically enhance the correlation between the internal orbital and lattice degrees of freedom in electrondoped SrTiO3 transition metal oxides. Our findings highlight the importance of dimensionality effects on device performance
as the size of the devices approaches the nano- or angstrom-regime.
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Coexistence of Topological Surface State and Two-dimensional Electron Gas on Bi2Se3

Thin Film
JEON Jeong Heum, KAHNG Se-Jong
Department of Physics, Korea University.
Three dimensional topological insulators (TIs) have an insulating bulk, whereas their metallic gapless surface states are
protected by time-reversal symmetry which provides surface robustness against external perturbations. Bi2Se3 is a strong 3dimensional TI which has a Dirac node within a bulk band gap(~0.3 eV) and its surface state is described by a linear dispersion
relation with a spin texture locked on momentum. This spin-splitted surface state may play a crucial role for spintronics and
quantum information applications with dissipationless spin-polarized current. In addition to the topological surface state,
Rashba like spin-splitted surface states have been reported from thin film and heavily doped 3D TIs. In this presentation, we
report the quasiparticle interference of MBE grown Bi2Se3 thin films on Au(111) substrate using scanning tunneling
microscopy (STM). The standing wave with rapid attenuation behavior depicted by the electron backscattering between
warped surface states, while the metallic surface including Rashba-type spin-splitting by strong Spin-Orbit coupling exhibits
slow decay. The coexistence of the linear massless Dirac state and metallic surface state is observed by indicating power
decays along wave modulation. The origin of extraordinary behavior on our thin Bi2Se3 film is well examined by scattering of
spin-splitted surface states. We additionally obtained the Rashba-like splitting Parameters based on Energy-Momentum
dispersion relation.
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Control of the Structural Phase Transition in Monatomic Indium Wires on a Silicon

Surface
KIM Sun-Woo, KIM Hyun-Jung, JIA Yu1, ZENG Changgan2, ZHANG Zhenyu2, CHO Jun-Hyung
Department of Physics and Research Institute for Natural Sciences, Hanyang University. 1Center for Clear Energy and
Quantum Structures, and School of Physics and Engineering, Zhengzhou University. 2Hefei National Laboratory for Physical
Sciences at the Microscale and Department of Physics.
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Decoupled Structural and Electronic Distortions of Charge Ordered IrTe2

KIM Hyo Sung, KIM Tae-Hwan, JUNJIE Yang1, CHEONG SangWook2, YEOM Han Woong
Center for Artificial Low Dimensional Electronic Systems, IBS and
Department of Physics, POSTECH. 1Laboratory for Pohang Emergent
Materials, POSTECH. 2Rutgers Center for Emergent Materials and
Department of Physics and Astronomy and Laboratory for Pohang
Emergent Materials, POSTECH.
We investigate the atomic and electronic structures of IrTe2 showing
intriguing phase transition at low temperature, using high-resolution
scanning tunneling microscopy (STM) and spectroscopy (STS). We
found stripe phases of various periods such as ×3, ×5, and ×8. In
agreement with recent calculations, we observed strong lattice
distortions for the stripe structure. We carefully separate and identify the
spatially modulated electronic density of states from the structural
distortions. The proposed charge-density wave (CDW) and soliton
domain wall model [1] is shown to be not consistent with the present
structural and spectroscopic results. Instead, we suggest the charge
ordering and the Ir dimerization play the key role for the stripe phase formation in IrTe2 reported in recent calculations. [1] P.J. Hsu et al., Phys. Rev. Lett. 111, 266401 (2013)
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Superconductivity of metal-doped hydrocarbons

KAMBE Takashi
Department of Physics, Okayama University.
Organic hydrocarbon superconductors have been developed by an intercalation of alkaline and alkaline-earth metal atoms into
solids of hydrocarbon system [1-6]. The superconducting transition temperature, TC, reaches 18 K in K3picene and the
Tc increased up to 33 K in K3.45-dibenzopentacene. For the solid K3picene, two TC s of 7 K and 18 K were observed. We
proposed two metastable structures for two superconducting phases [5], where the location of K atom was different.
Furthermore, we have demonstrated the resistivity measurement for Kxpicene pellet samples, and observed the zero-resistivity
[6]. Unfortunately, because of low superconducting fraction of K-doped picene, the physical properties remain as an open
question. On the contrary, the superconductivity and the pressure effects for two superconducting phases of K3picene [5] are
completely reproduced by several groups. In this presentation, we will report the present situation and discuss the physical and
chemical properties of metal intercalated hydrocarbon superconductor.Reference[1] R. Mitsuhashi et al., Nature 464, 76
(2010). [2] X. F. Wang et al., Phys. Rev. B 84, 214523 (2011). [3] M. Xue et al., Scientific Reports 2, 389 (2012).[4] Y.
Kubozono et al., Phys. Chem. Chem. Phys. 13, 16476 (2011).[5] T. Kambe et al., Phys. Rev. B 86, 214507 (2012). [6] K.
Teranishi et al., Phys. Rev. B 87, 060505(R) (2013).

DP-02(

) Correlated electronic structures of polycyclic aromatic hydrocarbon superconductors

JI HOON Shim
POSTECH, Chemistry & Division of Advanced Nuclear Engineering.
New p-electron superconductors have been recently discovered in polycyclic aromatic hydrocarbon (PAH)-based molecular
solids: K3picene (Tc=18 K), K3coronene (Tc=15 K), K3phenanthrene (Tc=5 K), and K31,2;8,9-dibenzopentacene (Tc=33 K).[14] These superconductors were also reported to have strong correlation.[5-8] On the other hand, a similar PAH-based
molecular solid, K-doped pentacene, does not have superconductivity, but exhibits only the metal-insulator transition (MIT)
behavior.[9] In this work, we have investigated correlated electronic structures and the phase diagram of electron-doped PAH
solids, based on the dynamical mean-field theory.[10] We have found that the ground state of PAH-based superconductors
such as electron-doped picene and coronene is a multi-band Fermi liquid, while that of non-superconducting electron-doped
pentacene is a single band Fermi liquid in the proximity of the metal-insulator transition. The size of the molecular orbital
energy level splitting plays a key role in producing the superconductivity of electron-doped hydrocarbon solids. The multiband nature of hydrocarbon solids would boost the superconductivity through the enhanced density of states at the Fermi level.
[1] R. Mitsuhashi et al., Nature 464, 76 (2010).[2] Y. Kubozono et al., Phys. Chem. Chem. Phys., 13, 16476 (2011).[3] X. F.
Wang et al., Nature Comm. 2, 507 (2011).[4] M. Xue et al., Sci. Rep. 2, 389 (2012).[5] M. Kim et al., Phys. Rev. B 83, 214510
(2011).[6] G. Giovannetti and M. Capone, Phys. Rev. B 83, 134508 (2011).[7] A. Ruff et al., Phys. Rev. Lett. 110, 216403
(2013).[8] Y. Nomura, K. Nakamura, and R. Arita, Phys. Rev. B 85, 155452 (2012).[9] M. F. Craciun et al., Phys. Rev. B 79,
125116 (2009).[10] M. Kim et al., New J. Phys. 15, 123018 (2013).
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) Iron based superconductor thin films and artificial superlattices

.
The synthesis of high quality single crystal thin films and multilayers of pnictide superconductors is critical to explore their
intrinsic properties and evaluate novel device applications. In this study, we have grown genuine epitaxial thin films of Codoped BaFe2As2 (Ba-122) by employing template engineering on single-crystal (001) SrTiO3 (STO) template on (001)
(La,Sr)(Al,Ta)O3 substrates with strong c-axis flux pinning. Beyond the single layer Ba-122 thin films, artificial layered
pnictide superlattices offer unique opportunity towards tailoring superconducting properties and understanding the
mechanisms of superconductivity by creating model structures which do not exist in nature. The synthesis of artificial layered
superlattices of pnictide superconductors opens many avenues for superconducting electronic device applications and for
model experiment in superconductivity.
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How to enhance magnetoelectric coupling in spin-driven ferroelectrics

KIMURA Tsuyoshi
Osaka University, Division of Materials Physics.
Among several types of magnetoelectric multiferroics, “spin-driven ferroelectrics” in which ferroelectricity is induced by
complex spin orders, such as spiral orders, exhibit giant direct magnetoelectric effects, i.e., remarkable changes in electric
polarization in response to a magnetic field. Not a few spin-driven ferroelectrics showing the magnetoelectric effects have
been found in the past decade. However, their induced ferroelectric polarization is much smaller than that in conventional
ferroelectrics and mostly develops only at temperatures much lower than room temperature. Thus, the quest for spin-driven
ferroelectrics with room temperature operation and/or robust ferroelectric polarization is still a major challenge in
magnetoelectric multiferroics research.
Recently, some hexaferrites (ferrites with hexagonal structures) have been found to show direct magnetoelectric effects at
room temperature and relatively low magnetic fields. Furthermore these hexferrites show inverse magnetoelectric effects,
that is, induction of magnetization by applying electric fields, at room temperature. The results represented an important step
toward practical applications using the magnetoelectric effect in spin-driven ferroelectrics. This presentation introduces
magnetism and magnetoelectricity of several types of hexaferrites which show magnetoelectric effect at temperatures above
room temperature.
In addition, I will also introduce our recent work on magnetoelectric perovskite manganites with large spin-driven
ferroelectric polarization which is comparable to that in conventional ferroelectrics. Unlike conventional displacive
ferroelectrics such as BaTiO3, spin-driven ferroelectrics exhibit remarkable magnetoelectric effects, i.e., remarkable changes
in ferroelectric polarization in response to a magnetic field, because the origin of their ferroelectricity is driven by magnetism.
By using a home-made high-pressure measurement system with a diamond anvil cell, we investigated high-pressure effects on
thermal, ferroelectric, and magnetoelectric properties of the best-known spin-driven ferroelectric, TbMnO3. Our study has
revealed that TbMnO3 exhibits a pressure-induced magnetoelectric phase transition and that the high-pressure phase shows the
largest ferroelectric polarization among spin-driven ferroelectrics ever reported.
This work has been done in collaboration with T. Aoyama, K. Haruki, K. Okumura, A. Miyake, K. Shimizu, and S. Hirose.
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Spin-orbital Entangled jeff States in 4d and 5d Lacunar Spinel Compounds

JIN Hosub, KIM Heung-Sik1, IM Jino2, HAN Myung Joon1
Seoul National University, Department of Physics and Astronomy, CCES-IBS. 1KAIST, Department of
Physics. 2Northwestern University, Department of Physics and Astronomy.
The discovery of the so-called jeff =1/2 state in the layered 5d transition metal oxide Sr2IrO4 has provided a new viewpoint in
understanding the electronic and magnetic properties of the system containing large spin-orbit coupling(SOC). The spin-orbital
entangled nature of the jeff state can host various exotic phases with the help of electron correlations. In this talk, we suggest
that a series of 4d and 5d transition metal compounds, AM4X8, host the molecular form of the jeff state in their low energy
electronic structures. Wide range of electron correlations are accessible by means of tuning the bandwidth under the external
and/or chemical pressure, enabling us to investigate the interesting cooperation between SOC and electron correlations. On the
way to search the possibility of the various emergent phases with respect to the competing electron correlation strength, we
briefly elucidate the topological insulating phase and the complicated spin model in the weak and strong coupling limit,
respectively.
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) Exotic phases and phase transitions in spin-orbit coupled correlated electron systems

MOON Eun-Gook
Kadanoff Center for Theoretical Physics, University of Chicago.
Fathoming correlated electron systems with strong spin-orbit coupling is one of the cutting edge areas in modern condensed
matter physics. Interplay between spin-orbit coupling and Coulomb interaction provides a new route to access novel phases
and their phase transitions, which generates active research in recent theory and experiment. In this talk, we discuss attainable
exotic phases and their phase transitions. We show that quantum critical phases and topological phases may be realized in
systems with proper symmetries. One of the important implications of our finding is to provide a concrete counter example to
the common belief that electron correlation effects are relatively weak in three spatial dimensions. Application to pyrochlore
iridates and other spin-orbit coupled materials are also discussed in a relation with recent experiments.
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) Giant Magnetic Fluctuations at the Critical Endpoint in Insulating HoMnO3

CHOI Young Jai
Yonsei University.
The giant critical fluctuations at a critical endpoint (CEP) where the boundary of two phases with the identical symmetry
terminates can lead extraordinary phenomena such as critical opalescence and exotic superconductivity. In condensed matter
systems, abundant research has focused recently on the quantum criticality of itinerant magnets, while CEP phenomena of
insulating magnets have rarely been revealed. Here we observe an emergent CEP at 2.05 T and 2.2 K and concomitant critical
fluctuations evident via a divergent magnetic susceptibility (e.g., χc´´(2.05 T, 2.2 K)/χc´´(3 T, 2.2 K)»23,500 %) in the
hexagonal insulating antiferromagnet HoMnO3. In addition, thermal conduction is significantly suppressed at the CEP. These
dissipation effects resemble critical opalescence in liquids that, for example, induces water to become complexly dark.
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) Manifestation of magnetic quantum fluctuations in the dielectric properties of a

multiferroic
KIM Kee Hoon
CeNSCMR, Department of Physics & Astronomy, Seoul National University.
Insulating magnets can display novel signatures of quantum fluctuations as similar to the case of metallic magnets. However,
their weak spin-lattice coupling has made such observations challenging. Here we find that antiferromagnetic (AF) quantum
fluctuations manifest in the dielectric properties of multiferroic Ba2CoGe2O7, where a ferroelectric polarization develops
concomitant to an AF ordering. Upon application of a magnetic field (H), dielectric constant shows a characteristic power-law
dependence near absolute zero temperature and close to the critical field Hc=37.1 T due to enhanced AF quantum fluctuations.
When H>Hc, the dielectric constant shows the temperature-dependent anomalies that reflect a crossover from a field-tuned
quantum critical to a gapped spin-polarized state. We uncover theoretically that a linear relation between AF susceptibility and
dielectric constant stems from the generic magnetoelectric coupling and directly explains the experimental findings, opening a
new pathway for studying quantum criticality in condensed matter.
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Topological Fermi-liquid theory: What's new beyond Landau's Fermi-liquid theory?

,
POSTECH, Department of Physics.
Quantum anomalies have been playing an essential role not only in
particle physics but also in modern condensed matter physics, in
particular, for topological states of matter. They are responsible for
quantum number fractionalization in solitonic objects (GoldstoneWilczek currents), deconfined quantum criticality (emergent non-abelian
chiral anomaly), gapless boundary states and anomalous (quantized)
electrical & thermal (Hall) transport phenomena, and etc, driving one
branch of condensed matter physics. Furthermore, recent advances on
topological states of matter have blurring out the boundary between high
energy physics and condensed matter physics besides the string-theory
application of the AdS/CFT conjecture. In this study, we generalize
physics of insulating topological states of matter into a metallic phase,
where effects of electron correlations can be incorporated to cause exotica. We propose a novel metallic state identified with a
topological Fermi-liquid 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 Fermi-liquid theory. We speculate that the topological Fermi-liquid theory lays
the foundation stone of a topological Landau-Ginzburg theory for phase transitions from the topological Fermi-liquid state,
which generalizes the Landau-Ginzburg theory for phase transitions from the Landau's Fermi-liquid state.
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) Non-empirical study of unconventional superconductivity in A3C60: role of electron-phonon

coupling and electronic correlations
ARITA Ryotaro
RIKEN Center for Emergent Materials & ERATO Isobe Degenerate pi-Integration Project, Tohoku University.
Doped fulleride superconductors A3C60 (A=alkali metal), which exhibit a maximum transition temperature (Tc) of 40K, have
attracted increasing attention. For A3C60, the energy scale of the band width, the Coulomb correlations, and the phonon
frequencies are comparable, so that the validity of the Migdal Eliashberg theory has been questioned [1,2]. In fact, the
superconducting phase resides next to the Mott insulating phase.In 2002, a new mechanism of phonon-driven
superconductivity close to the Mott transition [strongly correlated superconductivity (SCS)] was proposed [3]. The key of this
scenario is the presence of a weak phonon-driven attraction in the form of an inverted Hund’s rule coupling, which is not
renormalized by the strong short-range repulsion. We recently developed an ab initio downfolding scheme, which we call
constrained density-functional perturbation theory (cDFPT)” [4], and examined the SCS mechanism. We show that the
magnitude of the phonon-mediated exchange interaction is ~0.05 eV[5] and that of the Coulomb exchange interaction is
~0.035 eV. Our result indicates that SCS is indeed realized in doped fulleride superconductors. We then analyzed the resulting
low-energy model (which is free from any adjustable parameters) by means of the dynamical mean field theory. We calculated
Tc and succeeded in reproducing high Tc observed in experiments.This work has been done in collaboration with Y. Nomura
(University of Tokyo), S. Sakai (RIKEN), K. Nakamura (Kyushu Institute of Technology) and M. Capone (International
School for Advanced Studies, Italy).[1] M. Capone, M. Fabrizio, C. Castellani and E. Tosatti, Rev. Mod. Phys., 81 943 (2009)
[2] Recent study based on the superconducting density functional theory [R. Akashi and R. Arita, Phys. Rev. B, 88 054510
(2013)] shows that the Migdal Eliashberg theory significantly underestimates Tc of doped fullerides.[3] M. Capone, M.
Fabrizio, C. Castellani and E. Tosatti, Science 2962364 (2002)[4] Y. Nomura, K. Nakamura and R. Arita, Phys. Rev. Lett.,
112 027002 (2014)[5] Y. Nomura, K. Nakamura and R. Arita, Phys. Rev. B 85, 155452 (2012)
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Role of bonding angle and orbital mixing in iron pnictide superconductivity:comparative
electronic structure studies of LiFeAs and Sr2VO3FeAs
KIM Changyoung, KYOUNG Wonsik, HAN Garam, SEO Jeongjin, KHO Yoonyoung, CHO Soohyun, KIM Bumseo, KWON
Junyoung, JUNG Jongkeun
Yonsei University, Physics department.
A well-known universal feature among iron pnictide superconductors is the correlation betweenAs-Fe-As bonding angle and
superconducting transition temperature. However, the origin of suchcorrelation has not been clearly understood despite its
potential importance in understanding mecha-nisms of superconductivity. Here, we present comparative electronic structure
studies of LiFeAs andSr2VO3FeAs, two representative systems without any dopant that can show bonding angle depen-dence
of the electronic structure. Captured distinct features of higher Tc compound Sr2VO3FeAs,unusually large kz variation and
anomalous polarization dependence, suggest that the di erence be-tween the two systems is in the inter-orbital coupling
strength. This could be the essential elementof the bonding angle dependence that allows enhanced the pairing instability and
Tc.
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Fe-based superconductors and CDW materials investigated with medium magnetic field
variable temperature scanning tunneling microscopy
LEE Jhinhwan, CHOI Seokhwan, CHOI Hyunwoo, JUNG Jin Oh, SON
Donghyun
KAIST, Department of Physics.
In this presentation, I will discuss our recent development in medium
field (7T) variable temperature (4-150K) scanning tunneling microscopy
aimed at spectroscopic imaging of layered Fe-based superconductors,
such as Sr2VO3FeAs, doped BaFe2As2 and CaFe2As2, and layered CDW
materials such as 2H-TaSe2 and 2H-NbSe2 for systematic nano-scale
analysis of lattice and electronic phase transitions in various field and temperature conditions.
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The study on Fe ionic state of perovskite-type Ba2Ca0.67Fe0.33NbO6-δ using In-situ x-ray

photoelectron spectroscopy (XPS) as a function of temperature.
BAE Jong-Seong, KIM Jong Pil, JEONG Euh Duck, KAN Wang Hay1, CHEN Min1, THANGADURAI Venkataraman1
Division of High Technology Materials Research, Korea Basic Science Institute. 1Department of Chemistry, University of
Calgary.
We analyzed the surface and bulk valences of double perovskite-type Ba2Ca0.67Fe0.33NbO6-δ by combination of in-situ XPS
and TGA as a function of temperature. The concentration of Fe2+ on-surface was found to be as much as 14 times higher than
that in the bulk samle. The concentration of Fe2+ in surface and bulk increased linearly with temperature. Among the
investigated samples, Ba2Ca0.67Fe0.33NbO6-α gives the smallest total polarization resistances of 6.5 Ωcm2 in wet H2. The
reduction of polarization resistances of the samples with increasing temperature could be related to the increase in population
of the reduced species on-surface.
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P1-D003

Study of London dispersion forces using DFT 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, Korea. 1Department of Physics, University
of Seoul, Seoul 130-743, Korea.
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Fabrication of high-quality single-crystal Cu thin films using radio-frequency sputtering
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Copper thin films have been considered and widely used as an important
candidate for metallization materials of integrated circuit. Many
researchers are also recently reported the significantly improved quality
of graphene by growing it on single-crystal Cu surfaces and also
suggested Cu thin films as an ideal platform for synthesizing graphene
whose quality depends on the crystallinity of thin film.[Reddy, K. M. et
al. Appl. Phys. Lett. 98, 113117 (2011)] In this study, we reports that crystal quality and conductivity of copper thin film
grown on a sapphire substrate are eminently improved by using single crystal Cu target. It is noted that the high quality thin
film equivalent to the bulk single crystal is obtained by the conventional sputtering technique. We optimized the sputtering
condition for sample fabrication, to achieve that the grown copper thin films have much higher crystallinity, lower resistivity
and lower oxidation compared to those grown using the conventional copper target. XRD, XPS, AFM topography, EBSD, and
TEM were used to show that the single crystal target is sole reason for the enhancement in structural quality and electrical
properties of these thin films. Consequently, the growth of high-quality single-crystal copper thin films by conventional RF
sputtering method will be highly expected in research and industrial application.[S Lee et al, Sci. Rep. 4, 6230;
doi:10.1038/srep06230 (2014)]
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Ca-induced quantum well states of graphene
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We report the presence of two-dimensional(2D) quantum well state formed by Ca atoms adsorbed on
the Ca-intercalated graphene. We have formed a single layer graphene on a Ni(111) surface using CVD
method, and then deposited Ca atoms on graphene while maintaining the substrate at 500K. We find
that the Ca adatoms are intercalated to lift up graphene layer from the substrate showing a well-defined
Dirac band. We have obtained our band data by using angle-resolved photoemission spectroscopy
(ARPES) with synchrotron photons at the Pohang Accelerator Laboratory(PAL). We have then added
more Ca atoms on the Ca-intercalated graphene, and found the formation of a parabolic band near
Fermi level at the center of the Brillouin zone. As we continue to increase the Ca coverage, we observe
more parabolic bands to appear accordingly, an indicative of the formation of multilayer 2D electron gas.
We discuss a possible physical significance of these quantum well states.

P1-D006

Orbital Angular Momentum Study In Pt-based Catalyst Using ARPES

3
MASASHI Arita2, KENYA Shimada2,
.
.
.
It is well known that catalytic activity of Pt can be enhanced significantly by adding transition metals. The d-band model
is 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.
Orbital angular momentum(OAM) plays important role in inversion symmetry breaking systems such as surface states. Surface
states are imporatant in catalytic reaction and OAM can be the key aspect to understand mechanism. In an effort to unveil the
details of d-band model, circular-dichroism angle-resolved photoemission spectroscopy is measured.
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Theory of Optical-Second-Harmonic Generation from Al Metal Surfaces

LEE Kyungmee
Sunmoon University, Kyungpook National University.
The properties of nonlinear optical responses such as polarization and the nonlinear surface polarizability component in the
metal surfaces were investigated. The nonlinear response of stepped Al metal surfaces were calculated by stepped jellium
model and TDLDA (Time -Dependent Local -Density Approxmation) . Band Structure, lattice constant and bulk modulus of
the Al metal were investigated. Surface Plasmon(SP) were also explained in the nonlinear optical phenomena. Electronic
structure properties of ground staes were explained selfconsistently using local density functional theorem and Kohn-Sham
equation. Effective potential and electron density were compared by changing different.
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Controlling of the Graphene Electrical properties by doping K+ ions

,
,
,
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,
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We have investigated K+ ion-induced electrical properties of single-layer graphene (SLG) formed on 6H-SiC(0001) surface
using angle-resolved photoemission spectroscopy(ARPES), and high-resolution core level spectroscopy(HRCLS) data
obtained with synchrotron photons at the Pohang Accelerator Laboratory. The doping of K+ ions on graphene is found to open
a band gap of which the size depends critically on the coverage of the K+ ions. As the kinetic energy of the incoming K+ ions
varies from 5 eV to 50 eV, we observe different modifications on the Dirac band of graphene. We discuss a possible driving
mechanism of the band gap opening by combining our band data together with the changes in several core levels including C
1s, Si 2p, K 2p.

P1-D011

Enhancement of Spin-Orbit Interaction by Au-adatoms on Graphene

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 arising from relativistic spin-orbit interaction. The spin current is typically obtained by injecting
electrons from the ferromagnetic electrodes but can be also induced by the spin Hall effect. Spin Hall effect can generate
transverse spin current from charge current passing through nonmagnetic conductor. This phenomenon arises from relativistic
spin-orbit interaction in which the magnetic moment of electron couples to an effective magnetic field. Recently, the SHE has
been extensively studied as an alternative method for generally spincurrent.The spin-orbit interaction in graphene is extremely
weak (~µeV) because of high symmetry structure and light carbon atoms. However, it was theoretically predicted the
adsorption of heavy element, such as Pt and Au, allows increasing the fundamental spin-orbit band gap in graphene. In this
study, we aimed to implement spin-orbit coupling in graphene by thermal deposition of heavy atoms and to study dynamics of
spincurrent therein. we have fabricated graphene hall bar devices, which have width of 500 nm and length of 1.5 µm, to
investigate SHE via non-local resistance signal and Hanle curve. Then, we introduced doping of Au atoms in pristine graphene
via thermal deposition in order to implement extrinsic spin-orbit coupling. Detailed study or non-local signal in Hall bar
geometry with/without doping will be discussed further.

P1-D012

Impurity-induced band-bending on Ge(001) surfaces

LYO In-Whan, KIM Min-Seong, KIM Ji-Ho
Physics Dept., Yonsei Univ..
Using low temperature scanning tunneling microscopy (STM), we investigate the band bending effect induced by atomic-scale
impurities and meso-scale contacts on clean Ge(001) surface. We find that at 78 K, Ge(001) surface exhibits strong tip-induced
band bending (TIBB) effects similar to GaAs possessing no surface state. On the other hand, whereas TIBB from atomic-scale
defects on Ge(001) are similar to those observed on GaAs surfaces, the TIBB effects from meso-scale structures are much
more wide-ranging, and pins the Fermi level of a large area surrounding the structure. In addition to our STM observation on
this unique phenemona, we will also discuss about possible mechanisms.

P1-D013

The Experimental Evidence of Orbital Angular Momentum via Photoemission
Spectroscopy on Al(111) Surface.
KIM ChangYoung, YOO HanYoung, KIM BeomYoung, HAN GaRam, JUNG Jonkeun, ARITA Masashi1, SHIMADA
Kenya1
Yonsei University, Physics department. 1Hiroshima Synchrotron Radiation Center.
From our microscopic understanding of Rashba effect, a momentum dependent splitting of spin bands induced by inversion
symmetry breaking at the surface, we have obtained an orbital angular momentum (OAM) based effective Hamiltonian. In our
view, the Rashba effect does not come from relativistic effect of spin current but spin-orbit interaction (SOI) coupled non-zero
OAM. Jin-Hong Park et al. (PRB 85, 195401(2012)) suggest ‘orbital Rashba effect’, the momentum dependent lifting of the
orbital degeneracy, can arise without SOI. Because of feature of Aluminum that weak spin orbit coupling and three p bands on
outer shell, Aluminum is one of the proper candidates for probing this effect. We performed Circular dichroism angle-resolved
photoemission spectroscopy, an effective way to investigate this new order, on Al(111) surface.
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P1-D015*

Ultrafast carrier dynamics in the topological insulators Bi2Te3 and Sb2Te3 thin film

CHOI Hyejin, JUNG Seonghoon1, KIM Taehyeon, PARK Jaehun1, CHAE jimin, JEONG Kwang-Ho, CHO Mann-Ho
Yonsei univeristy, Department of Physics. 1fs-THz, Pohang Accelerator Laboratory, POSTECH.
Bi2Te3 and related compounds has attracted considerable attention recently as a three-dimensional topological insulator, a
property arising when the metallic surface states persist in the bulk insulating gap. Optical pump THz probe (OPTP)
spectroscopy is the only apparatus for directly probing the collective resonance of low-energy electronic transitions. Here, by
utilizing ultrafast OPTP spectroscopy, we discovered anomalous characteristics of the surface-scattering dynamics.In this
study, the {Bi(3)Te(9)}n and {Sb(3)Te(9)}n multilayered thin films composed of alternately layers of Bi(Sb) and Te were
fabricated by controlling the layered thickness within atomic scale using thermal evaporation techniques. From the X-ray
diffraction (XRD), Transmission electron microscopy (TEM) and Raman spectroscopy analysis, as-grown sample indicated
amorphous phase. Then the amorphous phase was converted in to Bi2Te3 and Sb2Te3 single crystal phase during in-situ
annealing treatment at 250℃ and 200℃, respectively. With phase change from amorphous to crystal, carrier and phonon
dynamics in Bi2Te3 and Sb2Te3crystals are studied by terahertz-time domain spectroscopy (THz-TDS) and ultrafast pumpprobe technique.The rising time of the signal indicates that the thermalization and energy relaxation of hot carriers are both
sub-ps in Bi2Te3 and Sb2Te3 topological insulator. We found that the thermalization and relaxation time decreases with the
carrier density. Moreover, OPTP spectroscopy was closely dependent on phase of the {Bi(3)Te(9)}n and {Sb(3)Te(9)}n film,
indicating that decay time is a crucial carrier dynamics mechanism to the surface-scattering dynamics.In summary, we show
that fabrication of Bi2Te3and Sb2Te3 single crystal thin film through the thermal evaporator on Si substrate. We observed
ultrafast carrier dynamics in Bi2Te3 and Sb2Te3topological insulator, the fast decay time within 5ps is a function of intraband
carrier relaxation and the carrier trapping, the slow decay time is recombination process of trapped carriers at later delay time.

P1-D016*

In-situ oxidation kinetics of silver by intense hard x-ray induced active oxygen and ozone

NOH Do Young, KIM Jae Myung1, SEO Okkyun1
Department of Physics and Photon Science, Gwangju Institute of
Science and Technology. 1School of Materials Science and
Engineering, Gwangju Institute of Science and Technology.
We present the in-situ x-ray induced oxidation kinetics of Ag nanoparticles (AgNPs) and films. Ag nano-particles are oxidized by intense
x-rays under oxygen ambient monitored by small angle x-ray scattering
(SAXS). The average particle size become larger in lateral direction and
its distribution become broader as x-ray irradiation time increases
although the inter-particle distance remains almost same. Additionally,
we find radius of gyration increased as a function of time with a power
law. In case of Ag films, x-ray diffraction (XRD) and x-ray reflectivity
(XRR) were monitored in oxygen ambient as a function of x-ray
exposure. We found Ag become Ag2O then its oxidation number increased which forms AgO. At the initial stage, the
oxidation rate is linear to irradiation time which shows reaction limited growth. At second stage, it follows the power law of
exponent of 1/6 which comes from the localized diffusion limited growth. The electron density of Ag was decreased even
though its thickness maintained constantly due to the localized oxidation by x-ray beam profile. The overall oxidation
processes was almost same as active oxygen and ozone induced oxidation processes.

P1-D017*

A study on thin film growth mechanism by sputtering using single-crystal target

PARK Ho-Yeol, LEE Seunghun1, KIM Won-Kyung, PARK Ji-Hun, RYU Hui-Je2, PARK Jun Han3, LEE Tae-Woo4, PARK
Sang Eon5, LEE You-Sil6, CHO Yong Chan6, JEONG Se-Young
Department of Cogno-Mechatronics Engineering, Pusan National University. 1The Institute of Basic Science, Korea
University. 2Department of Nanomaterials Engineering, Pusan National University. 3Department of Nanofusion Engineering,
Pusan National University. 4KAIST Analysis center for Research Advancement. 5MCLAB company Ltd., Pusan National
University. 6Crystal Bank Research Institute, Pusan National University.

In this study, we investigated the growth process in sputtering with single crystal Ag target, by
observing a change in crystallinity and morphology of thin films according to growth time. The
thin films grown for 30 sec and 60 sec exhibited a crystalline orientation along the (111)
direction in spite of initial island growth with random nucleation, but it is to be noted that the thin
film grown for above 5 min already showed strong (111) plane diffraction peak and smooth
surface in the results of x-ray diffraction and atomic force microscope, respectively; especially,
electron backscatter diffraction inverse pole figure images visualized their high orientation along
(111) direction well, indicating the absence of large-angle grain boundaries. The results suggest
that sputtering growth with single-crystal target follows Volmer-Weber growth mechanism
initially and it subsequently follows Frank-Vander Merwe mechanism, resulting in a formation of
high-quality Ag thin film. We discussed the possible reasons for understanding the
aforementioned mechanism with comparing to thin films grown by commercial Ag target.

P1-D018*

Antiferromagnetic Order in α-phase Si/SiC(0001)

YI Seho, CHO Jun-Hyung
Department of Physics, Hanyang University.
Two-dimensional (2D) triangular lattice has attracted much attention both theoretically and experimentally due to its
exhibition of many exotic phenomena. To realize such a 2D electron system, epitaxial atom adsorption on semiconductor
surfaces has been employed. The insulating phase of Si/SiC(0001) are examined by experimentally, and theoretically predicted
Mott-Hubbard type insulator. Recently, Lee et al. have shown that the magnetic ordering plays a crucial role in correctly
describing the observed magnetically driven Slater-type insulating phases on Sn/Ge(111), and Sn/Si(111) surface using hybrid
functional. The resonance between the adatoms and substrate facilitates antiferromagnetic order through superexchange
interactions, forming an insulating gap. In this study, we observe insulating phase of Si/SiC(0001) using GGA functional, and
the dangling bonds of Si/SiC(0001) are more localized than Sn/Ge(111), and Sn/Ge(111).
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Roughening and Deroughening of a Plasma-Etched Polymer Interface

BAE Junwan
.
Dynamic scaling analysis of the topographic images of plasma-etched polymer surfaces revealed the presence of dual fractal
interfaces composed of a fairly regular reticular pattern and an underlying structure. The dual interfaces evolve independently
following super-roughening for the former and intrinsic anomalous scaling for the latter. For the underlying structure, the
independently determined scaling exponents, α ≈ −1, β = −0.47, and 1/z = 0.54, are consistent with the Edwards-Wilkinson
universality class with conservative noise in (2+1)-dimensions.

P1-D021*

Electronic Properties of Ferromagnetic Doping on Topological Insulator Cr0.08(Bi0.1Sb0.9)

1.92Te3

JUNG HOON Yoo, MIN-SEOK Park, GYOUNGSEOK Lee, SANG HYUN Joo, JAE-JOON Kim, JINHO Lee
Department of Physics and Astron., Seoul National University, Seoul.
We conducted spectroscopic imaging scanning tunneling microscopy (SI-STM) on Cr doped topological insulator Cr0.08
(Bi0.1Sb0.9)1.92Te3. We found two types of impurities, one from the first Bi-Sb layer and the other from second Bi-Sb layer.
We present correlation between the Dirac gap size and the location of those magnetic impurities. And discussion is implicated.
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P1-D023*

Optical Investigation of Bulk and Surface States of Topological Insulators
Bi1.5Sb0.5Te1.7Se1.3
PARK Soon-Hee, HAMH Sun Young, PARK Joonbum1, KIM Jun Sung1, LEE Jong Seok
Department of Physics and Photon Science, Gwangju Institute of Science and Technology (GIST), Gwangju 500-712,
Korea. 12Department of Physics, Pohang University of Science and Technology, Pohang 790-784, Korea.
Topological insulator (TI) is a material with time-reversal symmetry so that composed of metallic surface state and bulk band
gap state. In our study, bulk and surface of TI Bi1.5Sb0.5Te1.7Se1.3 is analyzed by using linear and nonlinear optical
experiments that are sensitive to surface condition. As the result of optical response, we discuss how symmetry near the
surface of TI is different and is changed through the comparison with samples and time evolution after cleavage in air.

P1-D024*

Surface and Interface States of Bi2Se3 Thin Films Investigated by Second Harmonic

Generation Techniques
HAMH Sun Young, PARK Soon-Hee, PARK Joonbum1, KIM Jun Sung1, CHOI Eunjip2, KIM Sung2, CHOI Suk-Ho3, OH
Seongshik4, JEON Jeong Heum5, LEE Jong Seok
Department of Physics and Photon Science, Gwangju Institute of Science and Technology (GIST), Gwangju 500-712,
Korea. 1Department of Physics, Pohang University of Science and Technology, Pohang 790-784, Korea. 2Department of
Physics, University of Seoul, Korea. 3Department of Applied Physics, College of Applied Science, Kyung Hee University,
Yongin 446-701, Korea. 4Department of Physics & Astronomy, Rutgers, The State University of New Jersey, 136
Frelinghuysen Road, Piscataway, New Jersey 08854, USA. 5Department of Physics, Korea University, Seoul, 136-713, Korea.
Topological insulators (TIs) endow a topologically protected surface state with a spin polarized Dirac band located inside of
the bulk energy gap. To exploit such a topological nature of the surface state, the contribution of the bulk state should be
diminished, for example, by tuning the Fermi level to be located between the conduction band minimum and the valence band
maximum, or by reducing a sample thickness in a form of thin films. In this presentation, we discuss surface and/or interface
states for thin film Bi2Se3 by exploiting a second harmonic generation technique. As it can probe the surface or the interface
state selectively provided that the film thickness is larger than the penetration depth of light employed, we can discuss the
details of the surface and interface states separately, such as the symmetry and band bending. Furthermore, we will discuss an
evolution of these properties of Bi2Se3 thin films as a function of their thickness.

P1-D025

Nano-mechanical Interplay of Cancer Cells with Nano-scaffolds

PARK Soyeun
College of Pharmacy, Keimyung University.
During metastasis, cancer cells undergo reciprocal interactions with the surrounding environment in physical and mechanical
ways. Not only epigenetic factors but also mechano-reciprocal interactions with the environment are considered to be critical
for the progression of cancer. In this study, we investigated the mechanical properties of cancer cells modulated by geomtric
stimuli from the controlled nanoscale environmental features. We utilized atomic force microscopy (AFM) for the nanomechanical measurements of cancer cells grown on the nano-scaffolds fabricated by nanosphere lithography (NSL). As a
model, we used prostate and breast cancer cells with varying metastatic potential. We observed that prostate cancer cells grown
on nano-scaffolds display a significant decrease in the mechanical stiffness as well as in the proliferation rate. Furthermore,
this signature was exacerbated for less metastatic prostate cancer cells, indicating a mechanical breakdown and eventual
apoptotic event caused by the nano-scaffolds. However, the stimuli generated by nano-scaffolds failed to produce any
mechanical or proliferational changes for breast cancer cells. From these results, we conclude that the nano-scaffolds can
reveal a unique nanoscale environmental susceptibility for cancer metastasis. This study showed our holistic approach utilizing
AFM-based biomechanics and nano-fabrication techniques to investigate mechano-reciprocal interactions between cancer cells
and their surrounding environment.
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Extension of observation time in diffusing single-molecule and measurement of its FRET
dynamics by liposome tethering
1
,
,
. 1
,
&
.
Single-molecule fluorescence resonance energy transfer (smFRET) has been one of the most powerful techniques to study the
dynamics of biomolecules in an unsynchronized condition. However, smFRET has a limitation in its temporal resolution for
observing the real-time dynamics in a single-molecule. Here we applied liposome tethering method on diffusion-based
smFRET, ALEX-FRET, for observing the real-time FRET dynamics in sub-millisecond resolution without a surfaceimmobilization. By tethering FRET molecules to 100 nm-sized liposomes, the diffusion of single-molecule was increased from
~1 ms to ~20 ms and the observation time was extended up to 100 ms. Using this method, we measured the transition rates
between two conformers of Holliday junction up to 1500 s-1 (0.75 ms dwell time). The fast diffusion of dimeric SSB from
Deinococcus radiodurans on single-stranded DNA was clearly distinguished in FRET time-traces at room temperature, which
is nearly 10 times faster than the tetrameric E. coli SSB. These results clearly demonstrate that our approach is a powerful
method to study the conformational dynamics and movements of biomolecules in millisecond time scales.

,
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Co-transcriptional effect on intrinsic dynamics of TPP riboswitch and its transitions
induced by ligand binding
UHM Heesoo, HOHNG Sungchul
Department of Physics and Astronomy, Seoul National University.
A riboswitch is a non-coding region of an mRNA which recognizes a specific metabolite and regulates the expression of the
mRNA itself. They are composed of two domains: an aptamer domain which recognizes a metabolite, and downstream
expression platform. It is believed that metabolite binding to the aptamer domain induces a structural change of the riboswitch,
signaling “on” or “off” for the transcription or translation of the mRNA.
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 co-transcriptional 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 before and after elongation of the full length of it. 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 T7 RNA polymerase elongation complex system, we will show that these dynamics are
strongly affected by the co-transcriptional RNA folding.

P1-D028

Optical Spectroscopy of DNA and DNA-CTMA Films

KIM Jong Hyeon, KONG Byungjoo, PAUSON B., HA Taewoo, SIM Kyung Ik, JO young Chan, LEE Ho Won, OH K., KIM
Jae Hoon
Department of Physics, Yonsei University, Seoul 120-749, Republic of Korea.
We have measured the free-standing DNA solid (~57μm) and DNA-CTMA (~3.6 μm)/silicon using Terahertz Spectroscopy,
Spectroscopic Ellipsometry (SE) and Fourier Transform Infrared Spectroscopy (FTIR). The complex reflective index (η) of
DNA film and DNA-CTMA are extracted without a Kramers-Kronig analysis in the terahertz region. The optical constants and
film thickness of DNA-CTMA in the visible-UV region were obtained simultaneously with SE. We demonstrated that
optically useful DNA and DNA-CTMA films can be well made using drop casting techniques.

P1-D029

Single Molecule Studies on Nucleosome Sliding by CHD1

HOHNG Sungchul, KIRK Jaewon, LEE Juyeon
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, which indicates nucleosome sliding by CHD1 includes conformation change of
histone octamer.

P1-D030

Single Molecule Studies on T-phi terminator

HOHNG Sungchul, KANG Wooyoung, UHM Heesoo
Department of Physics and Astronomy, Seoul National University.

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.

P1-D031

Single Molecule Study on Oligomeric State of Werner Syndrome Protein

SHIN Soochul, LEE Jinwoo, HYUN Kwang-Beom1, KIM Jaehoon1, HOHNG Sungchul
Department of Physics and Astronomy, Seoul National University.. 1Department of Biological Sciences, KAIST.
Werner syndrome protein (WRN) is a member of RecQ helicase family that is highly conserved from bacteria to human. Its
mutation causes Werner syndrome, which is characterized by premature aging and predisposition to cancer. WRN has several
distinct activities such as unwinding of duplex DNA, fork regression, and DNA annealing. Biochemical studies on WRN have
been studies extensively, but it is still controversial that how many WRN monomer acts cooperatively to various substrates. To
be specific, EM study argues that WRN binds to DNA Holliday junction as a tetramer. AFM study, on the other hand, showed
exonuclease fragment of WRN formed hexamer with DNA. However, these studies could not distinguish which bound state
was active. To address this issue, we use single molecule FRET combined with photo-bleaching step counting method to
observe oligomeric state of WRN and distinguish the active an inactive states of WRN simultaneously.

P1-D032

Removal Process of Mismatched Nucleotides during DNA Mismatch Repair

JEON Yongmoon, MARTIN-LOPEZ JUANA1, HANNE Jeungphill1, FISHEL Richard1, LEE Jong-Bong2
POSTECH, Department of Physics. 1The Ohio State University, Department of Molecular Virology Immunology and Medical
Genetics. 2POSTECH, Department of Physics, Interdisciplinary Bioscience and Bioengineering.
Recently, we have visualized individual MutS on mismatched DNA using novel fluorescence imaging. After mismatch
recognition by 1D thermal fluctuation-driven motion, MutS binds ATP and forms a very stable clamp that slides away from
the mismatch independent of ATP-hydrolysis. The stability (~600 s) of ATP-bound MutS can lead to multiple MutS sliding
clamps loaded from a single mismatch. This direct observation has provided critical understanding of the transaction
mechanism to downstream events during DNA mismatch repair (MMR). Remarkably, the detailed mechanics of strand
excision in both prokaryotes and eukaryotes is poorly understood. Free sliding MutS homolog (MSH) clamps may explain
their role in strand excision. The 5'-3´ exonuclease, ExoI, is the only exonuclease that has been shown to be required for
eukaryotic MMR. Interestingly, the 5´-3´ strand excision reaction does not require a MutL homolog (MLH/PMS). In contrast,
the 3´-5´ excision reaction requires MLH/PMS. To explore the mechanism of the strand excision in the 3´-5´ direction on
mismatched DNA, we have developed a novel single-molecule technique for monitoring DNA strand excision by hExoI and
hMSH2-hMSH6 in real time. We will present the dynamic features of ExoI and hMSH2-hMSH6 alone and in the presence of
single-stranded binding proteins on the mismatched DNA.

P1-D033

Super-resolution Imaging of Neuron in Caenorhabditis Elegans

PARK Sangjun, KWON Yeongdae, CHOI Myunggyu1, 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 microscopy such as stochastic optical
reconstruction microscopy(STORM).

P1-D034

Single-Molecule Studies on Helicase Activity of Werner Syndrome Protein

LEE Mina, LEE Jinwoo, BAE Sangsu, KULIKOWICZ Tomasz1,
HONG Heesun, JEONG Hyunseok2, KIM Byeang Hyean2, BOHR
Vilhelm A.1, AHN Byungchan3, HOHNG Sungchul
Department of Physics and Astronomy, Seoul National University. 1National Institute on Aging, National Institutes of
Health. 2Department of Chemistry, Pohang University of Science and Technology. 3Department of Life Sciences, University
of Ulsan.
Werner Syndrome Protein (WRN) is a member of RecQ helicases which maintains the integrity of a genome. The defects in
WRN increase the risk of cancer and cause premature aging. In spite of its important, the function and mechanism of WRN in
various repair processes has not been understood well. To address this, we studied unwinding dynamics of WRN using singlemolecule FRET. Similarly to other RecQ, WRN unwound limited number of bases and regressed back, resulting in multiple
unwinding bursts. However, multiple binding of RPA to WRN significantly increased the processivity of WRN. By using
DNA/RNA hybrid forks, we revealed that WRN switched its enzymatic activities between unwinding and annealing modes
during the repetitive unwinding.
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Observation of director fluctuation in nematic liquid crystal droplets.
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Phase Transition in Block Copolymer-Homopolymer Mixture

KIM hyunjung, AN gukil, KIM ajeong, JEROME carnis, KANG jinback
.
Block copolymers have a variety of application prospects in nano industry because of its microdomain structures. A phase of a
microdomain structure is determined by a molecular weight ratio of the blocks and interaction parameters of them. The phase
can be controled with a homopolymer (HP) to the blockcopolymer (BCP) for desired physical and chemical properties. In this
study, we investigated the phase of the microdomain structure of the BCP-HP mixtures in thin film with changing temperature
and weight ratio of the HP to the BCP. We observed unusual 3D ordering in the mixture of 30%~40% HP and 70% BCP. The
ordering and crystallization in thin films will be compared with those in bulk. This research was supported by the National
Research Foundation of Korea, ICT & Future Planning of Korea (Nos. 2011-0012251 and R15-2008-006-01001-0)

P1-D037*
Cisplatin effect on nucleosome DNA

HONG Seok-Cheol, MOON Hyeon-Min, PARK Jin-Sung1, LEE Ilbuem, LEE Nam-Kyung2, SONG Ji-Joon3, LEE kyoung J.
Department of Physics, Korea Univ.. 1Department of Mechanical Engineering, KAIST. 2Department of Physics, Sejong
Univ.. 3Department of Biological Sciences, KAIST.
The hallmark of cancerous cells is their perpetual cell division, and they thus push and replace intact normal cells.
Chemotherapeutic agents help to cure cancers by inducing apoptosis in the affected cells. Cisplatin, one of the most effective
cytotoxic agents and the first-generation platinum-based anti-cancer drugs, has been widely used in cancer chemotherapy for
decades. The well-known mechanism of cisplatin is that the drug binds and kinks DNA via crosslinking and the bound DNA
cannot be repaired by normal DNA repair pathways. As a result, cells undergo apoptosis.
DNA exists in the form of nucleosome inside cells. Therefore, the interaction between cisplatin and nucleosomes is crucial for
understanding the anti-cancer effect of cisplatin. To study this at single-molecule level, we reconstitute nucleosomes on a
single DNA tether molecule under physiological ionic condition by using a histone chaperon called NAP1. With the
reconstituted chromatin, we observe that cisplatin fastens chromatin, which can interfere with normal DNA metabolism. This
observation shed new light on the molecular mechanism of the anti-cancer effect of cisplatin.

P1-D038*

Dynamic Allosteric control during DNA degradation by lambda exo-nuclease

LEE GWANGROG, PARK SUYEON, YOO JUNGMIN
School of Life Science, Gwangju Institute of Science and Technology.
DNA exo-nucleases catalyze numerous essential biological processes such as DNA replication, recombination, and repair. λ
exo-nuclease (λ exo) is composed of three active sites and forms a ring structure for processive degradation. The detail
molecular basis governing the allostery of trimer has not been well understood yet. Here we used single molecule fluorescence
resonance energy transfer (FRET) to examine how the three enzymatic sites of λ exo are coordinated. We find that only one of
three active sites is utilized and the ring of λ exo is rotated along DNA helix during degradation, which is measurement by
polarization. We further examine how the previous motion of λ exo influences on the following enzymatic activity, and found
that the continuous cleavage activity guides the enzyme to competently position, making it tilted around 45° to the DNA
helical axis. This coordinated comprehensive motion is required for efficient and processive degradation, suggesting a
hierarchy nature for processivity. We also find that the tendency of backtracking on ssDNA increases when the degradation
rate slows down

P1-D039*

Dynamics of Saccharomyces cerevisiae Mph1 Helicase on DNA Fork Structure via FRET

YONGJE Junge
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.

P1-D040*

NSF disassembles a single SNARE complex in one round of ATP turnover

RYU Je-Kyung, MIN Duyoung, RAH Sang-Hyun, KIM Soo Jin1, PARK Yongsoo2, KIM Ho Min1, JAHN Reinhard2, YOON
Tae-Young
Dept. of Physics, KAIST. 1Graduate School of Medical Science & Engineering, KAIST. 2Department of Neurobiology, MaxPlanck-Institute for Biophysical Chemistry.
N-ethylmaleimide-sensitive factor (NSF) and soluble NSF attachment protein (α-SNAP) disassemble the soluble NSF
attachment protein receptor (SNARE) complex using ATP hydrolysis (the 20S particle) for recycling of the SNARE proteins.
Despite its fundamental importance for sustained membrane traffic, the molecular mechanism by which NSF disassembles the
SNARE complex is largely unknown. Using two orthogonal techniques of single-molecule fluorescence resonance energy
transfer (FRET) and magnetic tweezers, we here show that NSF disassembles a single SNARE complex in only one round of
ATP turnover. To realize such a high energy efficiency, α-SNAP destabilizes the C-terminal part of the SNARE motif and
tightly connects the SNARE complex and NSF. Like a spring-loaded machine, the NSF hexamer releases its built up tension in
a burst within 20 ms to disassemble the SNARE complex essentially in one step. The disassembled SNARE proteins are
immediately released from the 20S particle. Our results show how an AAA+ ATPase induces global unwinding of the
substrate protein complex, which turns out to be a much more efficient mechanism than processive unwinding.

P1-D041*

Single-molecule studies on TPP riboswitch with optical tweezer combined with confocal

microscope
LEE Jongjin, HOHNG Sungchul1
Department of Physics and Astronomy, National Center of Creative Research Initiatives, Seoul National
University. 1Department of Physics and Astronomy, Department of Biophysics and Chemical Biology, National Center of
Creative Research Initiatives, Seoul National University.
Riboswitches are motifs in the untranslated regions of messenger RNA which regulate gene expression through structural
changes in ligand-binding RNA aptamers. In the previous study, we observed conformational dynamics of thiamine
pyrophosphate (TPP) riboswitch aptamer with single molecule fluorescence resonance energy transfer (FRET). However only
a small portion of the sample showed such dynamics. We thought that it came from misfolding of TPP riboswitch aptamer
during in vitro annealing process with full-length RNA strands. In contrast, growing RNA single strands fold
cotranscriptionally as they are synthesized by RNA polymerase in cellular environment.
To study this cotranscriptional effect on TPP riboswitch aptamer folding, we used optical tweezer combined with single
molecule FRET. We unfolded/refolded TPP riboswitch aptamer with optical tweezer and measured FRET signal
simultaneously with confocal microscope. FRET signal indicates that TPP riboswitch aptamer structure can be changed by
unfolding/refolding process. And the effect of TPP ligand on the structure was also studied.

P1-D042*

Single-Molecule Study on Gene Regulation Mechanism of Human Argonaute 2

SUNGCHUL hohng, MYUNG HYUN Jo, SOOCHUL Shin, SEUNG-RYOUNG Jung, EUNJI Kim1, JI-JOON Song1
Seoul National University, Department of Physics and Astronomy. 1KAIST, Department of Biological Sciences.
How to control the expression of gene opportunely would be more sophisticated procedure than the way that gene information
is encoded as DNA. RNA induced silencing complex (RISC) regulate the gene expression at various levels. RISC recognizes
its target RNAs based on the sequence of guide RNA which is loaded in RISC. Intensive studies on listing those target and
guide pairs have been done, but traditional biological approaches were limited to figure out the complex kinetic mechanism of
RISC. By using single-molecule immobilization and fluorescence imaging techniques, we observed the detailed kinetics of
human Argonaute 2 (hAgo2) RISC in real-time. In addition to observe cleavage activity for gene silencing, unexpected ultrastable binding mode of RISC, which is assumed to be related to miRNA’s gene regulation pathway, was observed. Kinetic
parameters and populations of the pathways were measured with various sequences or mismatched substrates, and it offered
the insight into the role of each RNA guide domain in RISC’s gene regulation activity.

P1-D043*

Solvent Additive Effect on the Morphology of Active Layer in Organic Solar Cell

KIM Ajeong, NGOR SECK Mbaye, AHN Gukil, KANG Jinback, CARNIS Jerome, SHIN Taejoo1, KIM Jinwoo1, KIM
Hyunjung1
,
. 1
.
Bulk hetero junction (BHJ) structure, mixture of donor and acceptor, is used intensively as an active layer in organic solar cell
device. In BHJ, it is crucial to find an optimized condition of domain sizes for increasing donor-acceptor interaction and for
improving power conversion efficiency. In particular, it has been reported that BHJ with PTB7:PC71BM shows a dramatic
improvement of power conversion efficiency by adding solvent additive DIO to decrease domain size of polymers. In addition,
the morphologies between the layers are important for diffusion of excitons and charge transfer.
We study the structure and the interface morphologies of a solar cell device based on PTB7:PC71BM layer depending on the
presence of solvent additive DIO by grazing incidence x-ray diffraction (GIXD) and x-ray reflectivity. Single PTB7 and BHJ
layers on PEDOT:PSS were measured to observe the DIO effect on the surface and interfaces. The results show that with
adding DIO the surface roughness of PTB7 layer is increased, whereas the surface roughness of BHJ layer is decreased. There
is no significant change in the crystal peak position of BHJ layer in the range of 3Å~30Å corresponding to a packing size or
atomic structure region of polymers. This research was supported by the National Research Foundation of Korea, ICT &
Future Planning of Korea (Nos. 2011-0012251 and R15-2008-006-01001-0)

P2-D044

Quantum forces in free molecular magnets

KIM Gwang-Hee
Sejong University, Dept. of Physics.
We have shown that there are quantum beats of the mechanical forces in rotating molecular magnets with ac magnetic field as
they are placed in a static magnetic field gradient. Such phenomena can be observed in small total angular momentum ( J ) and
small parameter(a ) which depends on the moment of inertia and the tunnel splitting. As J and a increase, the beat structures
vanish due to the large contribution of the terms which are the combination of ac magnetic field and the parameter a . The
results are expected to be tested in existing experimental techniques.

P2-D045

2-D Solid State Hydrogen Molecules in Layered Structure Potassium Intercalated

Graphene Oxide
TAEHYUNG KIM, TAEHOON LEE1, YOUNGHEE LEE2
IBS Center for Integrated Nanostructure Physics, Institute for Basic Science, Sungkyunkwan University, Suwon 440-746.
Korea. Department of Physics, Sungkyunkwan University, Suwon 440-746. Korea.. 1IBS Center for Integrated Nanostructure
Physics, Institute for Basic Science, Sungkyunkwan University, Suwon 440-746. Korea. Department of Energy Science
Sungkyunkwan University, Suwon 440-746. Korea.. 2IBS Center for Integrated Nanostructure Physics, Institute for Basic
Science, Sungkyunkwan University, Suwon 440-746. Korea. Department of Energy sicence, Sungkyunkwan University, Suwon
440-746. Korea..
Graphite oxide(GO) is well known materials with abundant functional groups at the edge and basal plane.[1] Such as, OOH,
OH and COC attached on the graphite that makes interlayer distance increased around 6~7 A. many researchers thinks that
increased interlayer distance can make easy to hydrogen in and out. Therefore, many experiments was done by adjust the
interlayer distance of GO.[2-3] However, hydrogen storage amount of these experiments does not exceed the 1.5 wt% at 77K,
1 bar. We can realize not only interlayer distance but also hydrogen and host materials interaction increases are key factor for
hydrogen storage materials design.

P2-D046

Optical and Structural characterization of Semiconductor ZnxCu1-xO nanoparticles

KIM Jong Pil, JUNG-HA Kim, JONG-SEONG Bae, MYOUNG GYU Ha, KYONG-SOO Hong, TAE EUN Hong
.
Prospective applications in the fields of optoelectronics and solar technology raise interest in the p-type semiconductor copper
oxide and its three binary phases cuprous oxide(Cu2O), cupric oxide(CuO), and paramelaconite(Cu4O3). Cu2O is naturally a ptype semiconductor and has a direct band gap of 2.17 eV and an optical gap of 2.62 eV. And, CuO and Cu4O3 are
semiconductors with energy gaps roughly in the range of 1-2 eV. The optical and electronic properties of CuO and Cu4O3 with
respect to possible applications in the field of solar cell technology come into focus as well. CuO has a monoclinic crystal
structure where Cu2+ ions are fourflod coordinated by oxygen.

In this study, Semiconductor ZnxCu1-xO were prepared by hydrothermal reaction method. The phase formation processes
and micorstructures were examined by high resolution X-ray diffraction(XRD), electron backscatter diffraction(EBSD) and
transmission electron microscope(TEM). The chemical bonding states of nanofibers is measured by X-ary photoelectron
spectroscopy(XPS).

P2-D047

Impedance spectroscopy study of the superprotonic conduction in NaH2PO4

JEON Gi Wan, LEE Kyu Won, LEE Cheol Eui, LEE Kwang-Sei1
Department of Physics, Korea University, Seoul 136-713. 1Department of Nano Systems Engineering, Center for Nano
Manufacturing, Inje University, Gimhae 621-749.
NaH2PO4 (SDP) is an inorganic compound of sodium with dihydrogen phosphate (H2PO4-) anion and it is well known as a
superprotonic conductor. In this work, our impedance spectroscopic analysis yielded the basic electric properties of SDP
including conductivity, activation energy, relative permittivity, and time constant. A dielectric dispersion was manifested
indicating activated ionic motions. Moreover, SDP’s AC conductivities and permittivity exhibited extraordinary temperature
dependencies. This work was supported by the National Research Foundation of Korea (Nos. 2013057555, 2014028954)

P2-D048
,

Effect of pore size on SiNW deformation during lithium insertion
,

,
.
Porous silicon nanowires have been well studied for various applications. However, there are only very limited reports on
porous silicon nanowires for energy storage. Here, we report the effect of pore size on silicon nanowires synthesized by the
direct etching of boron-doped silicon wafers. To fabricate porous silicon nanowire, boron-doped Si wafers (resistivity
<5mΩ∙cm) were immersed in an etchant solution containing 5M hydrofluoric acid (HF) and 0.02M, 0.04M silver nitrite
(AgNO3). And then, Porous nanowires were washed by deionized water (DI-H2O), concentrated nitric acid (HNO3), and DIH2O again, sequentially. The simulation results indicate that porous SiNW structure can be well maintained with the porous
structure having high porosity and a large pore size during lithuim ion intercalation. The porous structure of porous SiNW
structure showed high porosity and a large pore size form. Battery with porous SiNW structure has the good cyclability.

P2-D049

Theoretical investigations of CO capture in graphene-TM complex

KANG Yura, PARK Jinwoo, JANG Byungryul1, LEE Hoonkyung1, HONG Suklyun
Department of Physics and Graphene Research Institute, Sejong University, Seoul 143-747, Korea. 1Department of Physics,
Konkuk University, Seoul, 143-701, Korea.

P2-D050

Angle-dependent magnetoresistance of LaAlO3/SrTiO3 heterostructure

2
, THACH D.N. Ngo1,
. 1
. 2
.
Angle-dependent magnetoresistance of an oxide heterostructure, LaAlO3/SrTiO3, was studied. The heterostructure was grown
by using pulsed laser deposition and the sample in a Hall-bar geometry were patterned by electron-beam lithography. The
resistance was measured with the in-plane rotation of the sample in the presence of a magnetic field.Noticeable variation of the
resistance in angle was observed, attributed to the strong spin-orbit coupling in this system.For a high magnetic field,
additional peak in the angle-dependent magnetoresistance was observed.
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,

P2-D051

Cs encapsulation and interacting noise sources in carbon nanotubes

KIM Sung Won, UHM Tae Woo, YOU Young Gyu, JEONG Goo-Hwan1, PARK Yung Woo2, JHANG Sung Ho
Division of Quantum Phases and Devices, School of Physics, Konkuk University. 1Department of Advanced Materials Science
and Engineering, Kangwon National University. 2Department of Physics and Astronomy, Seoul National University.
We study the effect of Cs encapsulation on the transport and noise properties of carbon nanotubes, and report very large twolevel current fluctuations observed in the time-traces of the current at low temperatures. When several two-level fluctuations
are active at the same time, we find they are interacting each other. Observed noise behaviors are attributed to the movable
cluster of Cs ions encapsulated in the carbon nanotube.

P2-D052

CVD synthesis of graphene with controlled domain sizes on copper substrates

CHO Sangmo, NAM Jungtae, KIM Keun Soo, HONG Suklyun
Department of Physics and Graphene Research Institute, Sejong University.
Chemical vapor deposition (CVD) method is usually used to grow high-quality and large-area graphene. For the CVD process,
it is important to control the domain or grain size of graphene single crystals for various applications. In this study, we grow
graphene on Cu foils using CVD synthesis by varying growth conditions determined by several factors such as temperature,
annealing time, growth time and the amount of injected gas. We use Raman spectroscopy and scanning electron microscopy
(SEM) for characterization of grown graphene. Details of the experimental results will be presented.

P2-D053

Density functional study of MoS2-WSe2 layered structure

OH Sehoon, BAIK Seung Su1, CHOI Hyoung Joon
Department of Physics and IPAP, Yonsei University Center for Computational Studies of Advanced Electronic Material
Properties, Yonsei University. 1Department of Physics and IPAP, Center for Computational Studies of Advanced Electronic
Material Properties, Yonsei University.
We perform first-principles density-functional calculations to study the spin-orbit-induced spin splitting in MoS2-WSe2
layered structures. We determine the lattice constants of the structures and distance between the MoS2 and WSe2 layers by
minimizing the total energy. We calculate the band structures near Fermi level and analyze effects of the spin-orbit interaction
on the electronic structures quantitatively as well as qualitatively. We obtain doping effects on the electronic structures in the
MoS2-WSe2 layered structures and discuss their transport properties and device prospects. This work was supported by NRF
of KOREA (Grant No. 2011-0018306) and KISTI supercomputing center (Project No. KSC-2013-C3-062).

P2-D054

Electrical Transport and Thermopower of Iron Telluride(FeTe)

KIM Jung Ho, BAE Jung Jun, LEE Young Hee, LIM Seong Chu
1IBS Center for Integrated Nanostructure Physics, Institute of Basic Science (IBS), Sungkyunkwan University.
After discovery of the extraordinary physical properties of graphene, other two-dimensional layered materials are also
highlighted as candidates for future nanotechnology. Iron Telluride (FeTe) is one of layered materials and shows
superconductivity when it is under strain. However, despite great interests in various thin film materials, not much material
properties of FeTe are known up to date. In this presentation, electrical transport and thermopower under magnetic field will be
discussed.

P2-D055

Investigation of Ni(111)-MoS2 interface using first-principles calculations

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.
Recently, two-dimensional transition metal dichalcogenides (TMDs) are attracting much attention for the application of
electric devices such as field effect transistors (FETs). Especially, there have been many experimental and theoretical
researches in monolayer molybdenum disulfide (MoS2) as a 2-dimensional semiconducting material with direct band gap of
1.7 eV. Very recently, the mechanism of Fermi level (FL) pinning was investigated at TM-MoS2 interfaces using density
functional theory (DFT) calculations [1].
In this study, we investigate the modification in electronic structure of Ni(111)-MoS2 interface using first-principles
calculations. Here, we observe FL pinning behavior which is induced by interaction between nickel substrate and MoS2.
Details in electronic structure are analyzed in terms of work function, partial density of states (PDOS) and charge density
difference.

P2-D056

Photo-Thermoelectric Effect In Single-Layer MoS2

LIM Seong Chu, LEE Jinhee, LEE Young Hee
Department of energy sciene,Sungkyunkwan University.
In this work, we study the optoelectronic response of a single-layer molybdenum disulfide (MoS2) using scanning
photocurrent microscopy. The single-layer MoS2 is grown by chemical vapor deposition (CVD) method and transferred onto
SiO2 substrates for further device fabrication. The different metals are deposited for electrodes to study the effect of MoS2metal junction on photovoltaic and photothermoelectric. Photoelectric and photothermal behaviors of MoS2 will be further
addressed in this presentation.

P2-D057

Study on the quality of graphene depend on hydrogen pre-treatment in chemical vapor
deposition proces
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Effect of non-uniform hybridization in topological Kondo insulator.

LEE KI HOON, TAKIMOTO TETSUYA1
POSTECH/APCTP. 1Hanyang University.

Topological Kondo insulator (TKI) is a novel topological insulator with strong correlation and insulating
bulk. The energy scale of TKI is determined by bulk gap due to hybridization between conduction
electrons and localized electrons at low temperature. But the size of the hybridization should be
different between at the surface and at the bulk. The difference will make energy scale difference the
bulk and the surface. We study the size of the difference and its effect on surface state using mean
field slave boson theory in slab geometry with effective model Hamiltonian for SmB6.

P2-D059

Core-shell Silica-coated Iron Oxide Nanoparticles for Magnetic Hyperthermia

RHEE Ilsu, IQBAL Yousaf, BAE Hongsub, AHMAD Ashfaq, HONG Sungwook1, SOHN Derac2
. 1
. 2
.
The silica-coated iron oxide nanoparticles with core-shell structure have been synthesized by using reverse micelle method.
Silica was coated for the functionalization and biocompatibility of iron oxide nanoparticles by using Stöber process. The XRay diffraction patterns (XRD) showed that the iron oxide nanoparticles have the crystallinity of cubic spinel structure.
Spherical core-shell structure with uniform size distribution of an average diameter of 17 nm was confirmed by transmission
electron microscopy (TEM). The binding of silica to the iron oxide nanoparticles was revealed by the measurements of Fourier
transform infrared spectrometer (FTIR). The inductive heating ability for the suspension of silica-coated iron oxide
nanoparticles in water with iron concentration of 15 mg/ml was investigated in an oscillating radio frequency magnetic field.
The heating effect for this concentration showed that the silica-coated iron oxide nanoparticles have great potential in magnetic
hyperthermia.

P2-D060*

Andreev reflection in Pb-Bi2Se3-Pb junction

PARK Sang-Il, KIM Hong-Seok, LEE Joon Sung, DOH Yong-Joo
Korea University Sejong Campus, Department of Applied Physics.
It has been theoretically predicted that a novel quasiparticle called the Majorana fermion is created when one-dimensional
semiconductor nanowires or topological insulators form proximity contacts with conventional superconductors. Recently, the
Majorana state has been experimentally observed in studies of superconducting junctions using InAs and InSb nanowires. In
this work, we report the observation of superconducting proximity effect at the junction between a nanoribbon of the
topological insulator Bi2Se3 and a thin film of superconducting Pb0.9In0.1. The increase in the electrical conductance of the
nanoribbon device observed below the superconducting transition temperature is attributed to the Andreev reflection at the
interface between the topological insulator nanoribbon and the superconducting electrodes. Our result suggests that topological
insulator nanoribbons can be a new platform for studies of the Majorana state.

P2-D061*

Transport Theory and the Dominant Source of Scattering in Multilayer Graphene

MIN hongki, WOO Seungchan
Seoul National University, Department of Physics and Astronomy.
Transport properties of multilayer graphene strongly depend on the stacking sequence due to the stacking dependent electronic
structure. We calculate the conductivity using the Boltzmann transport theory, and study the dominant source of scattering (the
long range charged impurity scattering or the short range defect scattering) at different carrier densities. At high carrier
densities, the short range defect is the dominant scattering source in any stacking, while at low carrier densities, either the
short-range or the long-range impurity becomes dominant depending on the low energy structure determined by the stacking
arrangement. Finally we discuss the electron-hole puddle effect around the charge neutrality point due to inhomogeneous local
density fluctuations, the effect of high energy subband scattering, and the temperature dependence of the conductivity in
multilayer graphene.

P2-D062*

Observation of Low Energy Raman Modes in Rolled Graphene

UHM Tae Woo, KIM Sung Won, YOU Yonng Gyu, KIM Hakseong, YUN Hoyeol, YOOU Ho Ang, LEE Sang Wook,
JHANG Sung Ho
Division of Quantum Phases and Devices, School of Physics, KonKuk University.
We study the rolled graphene by using Raman spectroscopy. When checking many positions of the rolled graphene by Raman
spectroscopy, we could observe low energy Raman peaks around ~100 <!--[if !vml]--><!--[endif]--> . We also investigated the
ratio of G band to 2D band’s intensity for many positions in the rolled graphene. In this poster, we compare the results from
Raman spectroscopy with the structural information, obtained from atomic force microscopy and optical microscopy.

P2-D063*

Temperature dependence of Graphene’s electrical resistance on various substrates

YOU Young Gyu, KIM Sung Won1, UHM Tae Woo1, KIM Jin Hyeong1, KIM Hak Seong1, YUN Ho Yeol1, YOON Ho Ang1,
LEE Sang Wook1, JHANG Sung Ho1
. 1Division of Quantum Phase and Devices, School of Physics, Konkuk
University.
The in-plain resistance of graphene has been expected to be linearly dependent to the variation of temperature [1]. However, a
recent study shows that the resistance of graphene has non-linear temperature dependence above 150K for graphene exfoliated
on SiO2 substrate. Reference [2] suggests this could be due to the scattering by surface polar phonon of SiO2. As hexagonal
boron nitride has higher surface polar phonon energy compared to that of SiO2, the graphene on hBN may show linear
temperature dependence well above 150K. In this presentation, we show the temperature dependence of graphene’s electrical
resistance, studied on various substrates such as hBN, sapphire and quartz.[1] Eros Mariani and Felix von Oppen, Phys. Rev. B
82, 195403 (2010)[2] I-Tan Lin and Jia-Ming Liu, Appl. Phys. Lett. 103, 081606 (2013)

P2-D064*

A Comparison Of Graphene By Methane And Methanol Precursor In Chemical Vapor
Deposition Grown Method
KIM Keunsoo, LEE Imbok, PARK Sangjun, NAM Jungtae, BAE dongjae, HONG Suklyun
,
,
.
We have studied a role of alcohol in graphene growth using a chemical vapor deposition method. As precursors for a graphene
growth, methane(CH4) and methanol(CH3OH) have been chosen. Growth conditions for each precursors have optimized using
statistical analysis method and quality of graphene has been evaluated using Raman spectra and optical microscopy image. In
the result, we found a growth time in methanol precursor is 10 times faster than in methane precursor. We will discuss a fast
growth rate of graphene in methanol precursor by X-ray photoelectron spectra and electrical graphene channel response.

P2-D065*

Aharonov-Bohm interferometry in high-mobility graphene

KIM Minsoo, LEE Hu-Jong
POSTECH.
Graphene, mono-atomic layer of graphite, has been one of the most attractive systems to be investigated in condensed mater
physics for several years. Among the various exciting properties of graphene, it opened the ways of exploring the relativistic
Dirac nature of carriers in the layer. Up to date, however, observation of the properties has been hindered by the low carrier
mobility and the disorder-induced symmetry breaking in graphene in its diffusive state. Here, we report the signature of
conservation of the Berry’s phase in an Aharonov-Bohm (AB) interferometer fabricated on a graphene layer with high carrier
mobility, where the graphene is sandwiched between two thin hexagonal boron nitride (hBN) layers. The AB interference
effect is a fundamental quantum phenomenon which is closely related with the relativistic properties of graphene. In
measurements, ballistic charge carriers are confined in an AB ring-shaped potential well formed by the bottom and top gate
operation and their four-terminal magneto-conductance was measured with varying charge carrier density and temperature.
Conductance quantization near the charge neutral point and the phase information of AB interference strongly suggest that our
system is in the ballistic transport regime with preserving the intrinsic Dirac nature of graphene, which would contribute to
developing valleytronics in graphene.

P2-D066*

Development of a pulsed magnet system of a capacitor-discharge type

YOO Kyongjun, KIM Sunghyun1, JANG Zeehoon1, KIM Keehoon
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.
High magnetic field is one of indispensable tools to investigate e.g. quantum phenomena including quantum oscillations and
quantum Hall effect as well as the upper critical fields in high Tc superconductors. For this, we have developed a capacitordischarge-type high field pulse magnet system at Seoul National University. The capacitor bank is composed of ten units of
high voltage pulse capacitors (total capacitance 8.3 mF) with a maximum tolerable voltage of 9 kV. A silicon-controlledrectifier (SCR) for a high voltage (Vmax = 8.5 kV) high current (Imax,pulse = 65 kA) operation is used for the voltage and current
switching. A solenoid for generating high magnetic field is wound up with a copper wire with a rectangular cross-section and
mechanically reinforced with aramid fiber and epoxy composite to endure strong magnetic pressure. We report preliminary test
results of the developed system including charging voltage - magnetic field characteristics. In future, various physical
properties such as transport, magnetization, electric polarization will be investigated by use of the pulsed magnet system.
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We performed the electrical characterization of carbon nanotube (CNT) field-effect-transistors. Tunnel barriers formed by the
Fermi level pinning and band bending effects between the CNT and metal electrodes allow investigating the electronic
structures of CNTs, i.e., tunneling spectroscopy. We consistently observed multiple conductance peaks for source-drain
voltage, VSD = (0.1 ~ 1) V in dI/dVSD vs. VSD curves, from a couple of CNTs. We interpret the conductance peaks as a
signature of van Hove singularities existing in one-dimensional conductors, with analysis of energy scales of the peaks
compared to the sub-band energies in the CNTs estimated by their diameters. Our finding is consistent with previous results
investigated by the scanning tunneling microscopy, while our measurement is based on a bulk fashion, not sensitive to the
local electronic structure.

P2-D068*

Exciton Resonance Effects in Raman Scattering of Few-layer MoS2

LEE Jae-Ung, PARK Jaesung, CHEONG Hyeonsik
Department of Physics, Sogang University.
From recent calculations, strong excitonic effects are predicted in few-layer MoS2 due to reduced Coulomb screening in 2D
crystals.[1] Even at room temperature, strong photoluminescence peaks from A and B excitons are observed at 1.9 and 2.0 eV,
respectively.[2] In Raman measurements, if the excitation energy (1.96 eV) matches with exciton states (1.96 eV), anomalous
resonant behaviors are observed. Several new peaks are observed, and some peaks are strongly enhanced while the main peaks
remain small. Several groups observed these anomalous behaviors, but the exact mechanism are not understood yet. To
understand the exact mechanisms of this anomalous resonant effect we carried out detailed Raman measurements with the
excitation energy of 1.96 eV in the spectral range from 5 to 900 cm-1. We also propose possible models for the resonant
process, including exciton-polariton states. This study will shed light on the understanding of strong many body effects in 2D
semiconducting materials. References[1] D. Y. Qiu et al., Phys. Rev. Lett., 111, 216805 (2013)[2] K. F. Mak et al., Phys. Rev.
Lett. 105, 136805 (2010)

P2-D069*

Polarization Dependence of Raman Spectra in ABA- and ABC-Stacked Tri-layer Graphene

KIM Minjung, CHEONG Hyeonsik
Department of Physics, Sogang University.
Polarization dependence of Raman spectra in single layer graphene has been studied for investigating its crystallographic
orientation [1], but the orientation of tri-layer graphene has not yet been studied. Tri-layer graphene can have either ABA
(Bernal) or ABC (Rhombohedral) stacking. We investigated the orientation of ABA and ABC stacked tri-layer graphene by
measuring the polarization dependence of the Raman spectra. Tri-layer graphene flakes with both ABA and ABC stackings are
found among mechanically exfoliated tri-layer graphene samples. In the exfoliated tri-layer graphene with both stackings, we
compared the orientations near the junction between ABA and ABC stacking in tri-layer graphene. In addition, we measured
the polarization dependence of the Raman spectra near a junction between single- and bi-layer graphene for
comparison.Reference[1] T. M. G. Mohiuddin et al., Phys. Rev. B 79, 205433 (2009).

P2-D070*

Quantum electrical transport properties of topological insulator Bi2Te3 nanowires

KIM Hong-Seok, LEE Joon Sung, DOH Yong-Joo, SHIN Ho Sun1, SONG Jae LYong1
Korea University Sejong Campus, Department of Applied Physics. 1Korea Research Institute of Standards and Science.
Nanowires with large surface-to-volume ratios enable us to study the electrical transport properties of surface states in
topological insulators. Single crystalline Bi2Te3 nanowires were grown by electrochemical deposition method using porous
anodic aluminum oxide (AAO) membranes. Three-terminal devices of Bi2Te3 nanowires were fabricated using e-beam
lithography, followed by e-beam evaporation of Pt for the metallic contacts. At T = 2.5 K, we observed negative
magnetocoductance behavior due to a weak anti-localization effect in topological insulator. When the magnetic field is applied
along the nanowire axis, peculiar feature of the magnetoconductance oscillations with the period h/e is observed as a result of
the Aharonov-Bohm effect between partial waves encircling the surface state in opposite directions.

P2-D071*

The 2-Dimensional Hall Effect Measurement on ZnO Microwire

YOON Ho Ang, KIM Hakseong, KIM Yeon Soo, PARK Bae Ho, LEE Sang Wook
Division of Quantum Phases & Devices, School of Physics, Konkuk University.
We studied 2-dimensional Hall effect on ZnO microwire. The 2-D Hall bar structure was realized through contact electrodes
with only the upper facet of the hexagonal surfaces by a suspended PMMA ribbon. The Hall voltage was measured with the
magnetic field up to 9T. The 2-dimensional carrier density could be evaluated from the result of Hall measurement.

P2-D072*

Structural, Electronic and Vibrational Properties of Two-Dimensional Phosphorene
Oxides: Ab Initio Study
PARK Jejune, KANG Seoung-Hun, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University.
Since its recent synthesis, a new two-dimensional layered material called phosphorene has attracted much attention due to its
potential usage for electronic or optoelectronic devices. Because of a lone pair of electrons on each phosphorous
atom, however, pristine phosphorene may be extremely reactive with air, especially with oxygen, and thus the oxidation of
phosphorene would be unavoidable during synthesis and/or fabrication processes unless they were done in a vacuum
environment. To investigate various properties of phosphorene oxides (POx), we perform ab initio density functional
calculations with POx, where a few values are selected between 0 and 1 for x. For every given x of POx, diverse configurations
are considered and optimized to find its equilibrium structure to know whether such a phosphorene oxide can be formed or not,
and its electronic property. It is found that the band gap tends to increase with the oxygen composition of x<0.5, and then
decrease with x>0.5. We also investigate the strain effects on the electronic structures revealing intriguing metal-semicondutor
transition occurs at a particular strain. We further use the finite displacement method to calculate the phonon dispersions of
partially and fully oxidized phosphorene, and extract infrared (IR) spectra of the phosphorene oxides as an indicator to
distinguish these phosphorene oxides. The IR modes of phosphorene oxides are activated at high frequency compared with
those of pristine phosphorene, which are only at low frequency.

P2-D073*

Origin of Negative Thermal Expansion in sp-sp2 Hybridized Carbon Systems

KIM Cheol-Woon, KANG Seoung-Hun, LEE Hyeonsu, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung Hee University.
Using first-principles density functional theory, we investigate the thermal expansion behaviors of various types (α, β and γ) of
graphyne, which is a two-dimensional carbon allotrope with sp and sp2 hybridization in hexagonal lattice. Quasi-harmonic
approximation is applied to calculate Helmholtz free energy of each type as a function of temperature, which allows us to
obtain its temperature-dependent area variation. We found that α, β and γ-graphyne sheets shrink with temperature up to T>500
K similar to other two-dimensional layered systems. Their thermal contraction can be explained by the ripple effect like that of
graphene. It turns out, however, that the ripple effect is insufficient to explain huge thermal contraction found in
graphyne compared with in graphene. We scrutinize the phonon modes of three types of graphyne to identify the major cause
of their anomalously large thermal contraction. It is found that there are particular phonon modes with frequencies around a
few hundreds of cm-1 that may contribute to the area reduction. These modes correspond to libration of "rigid units" composed
of three sp2-bonds. Such modes are named by "rigid unit modes" (RUMs) the same as RUMs known to be responsible for
thermal contraction in a few metal oxides composed of rigid polyhedra such as MO6, where M is metal cation.
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Formation of Fe3Si thin films on Si substrates by reactive deposition epitaxy

PHAM Thi Kim Hang, BAE Yu Jeong, LEE Nyun Jong, KIM Tae Hee, ZHANG Hui1, MIAO Guoxing1
Department of Physics, Ewha Womans University. 1Institute for Quantum Computing (IQC), Department of Electrical and
Computer Engineering, University of Waterloo, Waterloo, ON, Canada..
The binary Heusler alloy Fe3Si has attracted increasing interest as a promising candidate for spintronic applications, since
the D03 structure of Fe3Si can be regarded as a quasi Heusler compound (FeA)2(FeB)Si with A- and B- sites of Fe carrying
different magnetic moments and high Curie Temperature of 840 K. It is also quite noteworthy that half-metallic behavior was
theoretically predicted for the Fe-terminated surface, unlike the bulk behavior [1,2]. However, the full spin polarization of the
Fe-terminated surface has not yet been proven experimentally. Here, we report the experimental results on the structural,
magnetic and spin transport properties of ~ 6 nm Fe3Si/Si(111) structure grown by reactive deposition epitaxy. Considering
that control of structural and magnetic properties at the interface /surface is the most important parameter for spin injection
efficiency, in order to optimize the growth condition, a more careful investigation of the interface/surface properties has been
carried out by using in-situ RHEED, AFM, and high resolution x-ray diffraction. At high coverage of Fe (> 3nm), the nearstochiometric Fe3Si layers show ferrogmagnetic behavior. Our results emphasize a strong correlation between surface
morphology and its magnetic properties. [1] E. M. Kneedler, B. T. Jonker, P. M. Thibado, R. J. Wagner, B. V. Shanabrook
and L. J. Whitman, Phys. Rev. B 56, 8163 (1997). [2] S. Ishida, T. Masaki, S. Fujii, and S. Asano, Physica B 239, 163
(1997).**corresponding author : taehee@ewha.ac.kr

P2-D076*

Magnetic anisotropy of C and N doped bulk FeCo: First principles study

KHAN Imran, SON Jicheol, HONG Jisang
.
Using the full potential linearized augmented plane wave (FLAPW) method, we investigated the magnetocrystalline
anisotropy of carbon and nitrogen doped FeCo in the interstitial site. The impurity doping induces a tetragonal distortion in the
FeCo lattice and both carbon and nitrogen impurities play a similar role for lattice distortion. The local magnetic moment of Fe
atom around the impurity site was greatly reduced, whereas the Co had rather robust magnetic moment. We found a
magnetocrystalline anisotropy constant of 0.65 and 0.58 MJ/m3 for C and N doped bulk FeCo and this was mainly due to the
tetragonal distortion induced by C and N impurity, not from the hybridization effect with Fe or Co because no essential change
in the magnetocrystalline anisotropy constant was found even without C and N impurity in lattice distorted systems.
Additionally, the estimated maximum energy product and coercive field were 81.4, 72.5 MGOe and 600, 530 kA/m for C and
N doped bulk FeCo, respectively. These results may imply that the interstitial C or N doped FeCo can be used for potential
rare earth free permanent magnet although those values are likely to be suppressed in real samples due to micromagnetic
factors. (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))

P2-D077

The Study of Perpendicular Magnetic Anisotropy in Ta(Pt)/CoFeB/AlOx Layered
Structure Using Brillouin Light Scattering.
CHO Jaehun, JUNG Jin-Yong, KIM Nam-Hui, KIM June-Seo1, VAN
HOOF Niels J. J.1, J. M. SWAGTEN Henk1, YOU Chun-Yeol
Department of Physics, Inha University. 1Department of Applied
Physics, Center for NanoMaterials, Eindhoven University of
Technology.
The heavy metal/ferromangnet/Oxide layer structures have been studied
widely because of the key materials of spin-orbit interaction phenomena
[1][2]. There are many studied about spin-orbit phenomena however,
more it needs to understand the basic magnetic properties such kind of
saturated magnetization and anisotropy energies. In this study, we
studied the magnetic properties of Ta(Pt)/CoFeB/AlOx using Brillouin
light scattering(BLS). In order to investigate the magnetic properties, we
prepared wedge shape of the CoFeB sandwiched Ta(Pt) 4 nm and AlOx (2nm). The CoFeB thickness is varied from 1.0 to 3.0
nm and they are fabricated by DC magnetron sputtering. Figure (1) is the Keff×tCoFeB vs tCoFeB plot with linear fit. We extract
Ks and Ms from the slope and y-cross section. The effective anisotropy of a whole thickness becomes negative, and the easy
axis of the sample is in-plane. But it still exist with perpendicular magnetic anisotropy (PMA) both samples. The value of
surface anisotropy is 0.51 ± 0.02 (0.73 ± 0.02) mJ/m2 for Pt (Ta) buffer layer samples. The samples have inverse thickness
proportionality of the PMA. [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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Dzyaloshinskii-Moriya type orbital angular momentum based Hamiltonian

KIM Changyoung, KWON Junyoung, JUNG Wonsig
Yonsei University Institute of Physics and Applied Physics.
Basic condensed matter physics told that in crystal structure, Orbital Angular Momentum (OAM) states are usually quenched
because of the crystal field. However, previous research in Rashba effect suggested that in inversion symmetry broken (ISB)
system, OAM state can survive. From this idea, ISB system with spiral magnetic moment, which can be created from DM
interaction by spin magnetic moment, can be a possible candidate for considering another new OAM based Hamiltonian. Our
works showed that interference of OAM’s phase terms on each sites of crystal can generate electric polarization when OAMs
form spiral structure. It concludes that OAM state with spiral structure is more stable than quenched state in ISB system.

P2-D080*

Optical properties of FeGe thin films

CHO Min hyun, TUAN Duong Anh1, CHO Sung Lae1, LEE Yun Sang
,
. 1
,
.
The bulk cubic FeGe is known to be a good metal at low temperature, which undergoes a transition to helimagnetic order at Tc
= 280 K, interestingly, in possible relation to the extended skyrmion phase. Motivated by this, we investigated optical
properties of FeGe thin films by using the spectroscopic ellipsometry in a photon energy range of 0.7 – 5 eV. The
polycrystalline films were fabricated on various substrates (Al2O3, GaAs, Si) in the molecular-beam-epitaxy method. We
found that the optical spectra in the visible region changes drastically according to the substrate. This optical feature is closely
related to the unusual magneto-transport property of the films. We discuss the possible relation of our finding to the skyrmion
phase.
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Thickness and surface-termination dependent magnetism of FeRh(001) thin films: A first

principle study
JEKAL Soyoung, HONG Sooncheol, SHICK Alexander B.1
University of Ulsan, department of Physics. 1ASCR, Institute of Physics.
FeRh, which is one of the promising magnetocaloric effect (MCE) materials[1], shows G-type antiferromagnetic (G-AFM)
ordering [2] in bulk. In this study, we report magnetic properties of FeRh (001) thin films with different thickness from 3monolayers (ML) to 15-ML. Two type of surface of FeRh film are considered: (i) Fe-terminated and (ii) Rh-terminated. The
Fe-terminated films show a G-AFM like bulk regardless of thickness. But, the Rh-terminated case exhibits ferromagnetic (FM)
ordering for films thinner than 15-ML. We also report calculated magnetocrystalline anisotropies and Curie temperatures as
functions of film thickness. From this study, we expect that more efficeint MCE properties of FeRh can be obtained by
tailoring its thickness and surface. [1] M. P. Annaorazov, S. A. Nikitin, A. L. Tyurin, K. A. Asatryan, and A. K. Dovletov, J.
Appl. Phys. 79, 1689 (1996).[2] J. A. Ricodeau and D. Melville, J. Phys. F: Met. Phys. 2, 337 (1972).
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Oxygen dependent structural and physical properties in epitaxial SrRuO3 films

LEE Sang A, HWANG Jae-Yeol1, JEONG Hoi-Dong2, WOO Seong-Min2, CHOI Woo-Seok2
Institute of Basic Science, Sungkyunkwan University. 1Center for Integrated Nanostructure Physics, Institute for Basic Science
(IBS). 2Department of Physics, Sungkyunkwan University.
Perovskite SrRuO3 (SRO) has a ferromagnetic metallic ground state and is therefore widely used as electrodes for transition
metal oxides with various physical properties, including ferroelectricity and memristive behavior. The structure of bulk SRO is
orthorhombic with the space group of Pbnm, which can be considered as pseudocubic with the lattice constant of a = 0.392
nm. The paramagnetic to ferromagnetic transition occurs at ~160 K, which accompanies a cusp in the dc-transport. The
ferromagnetic and metallic properties of SRO thin films are known to change with the application of epitaxial strain, as well as
the oxygen or cation vacancies. In this study, we investigated the electronic, magnetic, and optical properties of epitaxial SRO
thin films, depending on the oxygen partial pressure during the pulsed laser epitaxy growth. We confirmed atomically flat
surface of epitaxial SRO/STO using atomic force microscopy (AFM). X-ray diffraction analysis shows that the c-axis lattice
constant systematically expands with the decrease of oxygen partial pressure during growth. X-ray reciprocal space mapping
showed that the films were coherently strained without any relaxation. The magnetic properties were measured with MPMS.
In-plane compressive strain imposed in SRO suppressed the TC to about 150 K, evidenced from the temperature dependent
magnetization result for the film grown at 100 mTorr of oxygen. For the films grown at lower and higher pressures, the TC
decreased further, suggesting additional contribution from the elemental vacancies or epitaxial strain. Finally, we investigated
optical properties of the films which elucidate the electronic structure of the films grown at different oxygen partial pressure.

P2-D086*

Magnetic ordering and excitations of frustrated tetragonal spinel AMn2O4 studied by

neutron scattering
CHANG Hun, HWANG In-Yong, STEWART Ross1, CHUNG Jae-Ho*
Department of Physics, Korea University. 1ISIS Facility, Rutherford
Appleton Laboratory.
Antiferromagnetic interactions in AB2O4 spinel oxides have been one
of the central subjects of the geometrical frustration, in which lattice
symmetries suppress long-range magnetic ordering at low temperatures. The geometrical frustration is particularly strong
under cubic symmetry, and long-range magnetic ordering often establish via symmetry-breaking lattice distortions. In AMn2O4
spinel with Mn3+ (3d4, S=2) ions in the B site, the lattice shows tetragonal (c > a) symmetry due to the Jahn-teller effect [1].
Long range ordering in this case appears by forming antiferromagnetic chains perpendicular to the c axis as shown in Mn3O4
[2]. ZnMn2O4 is expected to show even simpler antiferromagnetic ordering because the A sites are occupied by non-magnetic
ion. Nevertheless, the presence of long range magnetic ordering has been elusive in experiments [3,4].In this work, we
investigated the magnetic ordering and excitations of ZnMn2O4 and MgMn2O4 using magnetization and neutron scattering
measurements. Magnetization measurements showed that neither of the two spinels exhibited clear signatures of typical
antiferromagnetic phase transitions. Neutron powder diffraction showed, however, that ZnMn2O4 possesses long-range
magnetic ordering below 60 K while only short-range ordering was observed for MgMn2O4 due to site disorder. While the
long-range ordering of ZnMn2O4 seems to deviate from typical antiferromagnetic ordering, its dynamics still suggest that the
antiferromagnetic chains are the major component. We will also present their magnetic excitations spectra, and discuss the
nature of their magnetic ordering based on nearest-neighbor antiferromagnetic exchange interactions. References [1] K. S.
Irani et al., J.phys. Chem.Solids 23, 711 (1961) [2] J-.H. Chung, JPSJ 82, 034707 (2013) [3] S. Åsbrink et al., Phys. Rev B. 60,
12651 (1999) [4] Y. Aiyama et al., JPSJ 21, 1684 (1966)

P2-D087*

Doping-induced Structural Distortion In Tetragonal Spinel Mn3O4

LEE Kee-Hwan, CHUNG Jae-Ho *, LEE S. S.1, KIM S. J.1
Department of Physics, Korea University. 1Neutron Science Division,
Korea Atomic Energy Research Institute.
Mn3O4 is a tetragonal spinel (AB2O4) with two different magnetic
Mn2+ (A : 3d5 = eg2t2g3) and Mn3+ (B : 3d4 = eg1t2g3) ions. Strong
Jahn-Teller ordering of Mn3+ ions distorts the lattice along the c axis (c
> a = b), which lifts the geometrical frustration of the cubic spinel. As a
result, Yafet-Kittel-type ferrimagnetic ordering is stabilized with Yshaped arrangement of spins accommodating competitions between Mn3+-Mn3+ and Mn2+-Mn3+ exchanges. Recently,
additional orthorhombic structural distortion was observed when external magnetic field was applied perpendicular to the c
axis. [1] Such field dependence has been interpreted as a signature of spin-orbital coupling.In this work, we report zero-field
tetragonal-to-orthorhombic structural distortions in Mn3-xCuxO4 using neutron powder diffraction. When Cu doping was
introduced, the well-known cell-doubled magnetic ordering of Mn3O4 was gradually suppressed. When the doping
concentration exceeded x = 0.1, orthorhombic distortion was observed in place of the cell-doubled ordering. The observed
lattice distortion is nearly identical to the field-induced behavior of undoped Mn3O4, and is also reminiscent of NiCr2O4 and
CuCr2O4. [2] The apparent competitions between the magnetic ordering and the structural distortion suggests an intimate
interplay between the geometrical frustration and the spin-lattice coupling.References[1] Takhito Suzuki et al., Phys. Rev. B
77, 220402 (2008)Y. Nii et al., Phys. Rev. B 87, 195115 (2013)[2] Matthew R. Suchomel et al., Phys. Rev. B 86, 054406
(2012)
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2D Raman correlation analysis of the magnetic excitations in hexagonal RMnO3 (R=Lu,

Ho, Er)
NGUYEN Thi Minh Hien, CHEN Xiang Bai1, PARK Yeonju2, JUNG Young Mee2, CHEONG S. W3, LEE D4, NOH T.W4,
YANG In-Sang
Department of Physics, EwhaWomans University, Seoul, Korea. 1Department of Applied Physics, Konkuk University,
Chungju, Korea. 2Department of Chemistry, Kangwon National University, Chunchon 200-701, Korea. 3Rutgers Center for
Emergent Materials and Department of Physics & Astronomy, Rutgers University, New Jersey, USA. 4ReCFI, Department of
Physics and Astronomy, Seoul National University, Seoul, Korea.
2D correlation analysis and Principle Component Analysis are performed on the temperature-dependent Raman spectra of
hexagonal RMnO3 (R=Ho, Er and Lu) thin films and single crystal. From the Raman spectra, we observed much stronger
intensity and more asymmetrical magnon peak in LuMnO3 than in HoMnO3 and ErMnO3. Our Principle component analysis
showed that there are 6 overlap magnon peaks in LuMnO3 single crystal, while only three and two overlap magnon peaks are
found in HoMnO3 and ErMnO3 thin films, respectively. The synchronous and asynchronous spectra of 2D correlation
spectroscopy also support these PCA results. Comparing with the reference [Th. Lottermoser et al, Journal of Magnetism and
Magnetic Materials 226-239 (2001) 1131-1133], we suggest that the difference in the magnon scattering of hexagonal RMnO3
(R=Lu, Ho, Er) is correlated with the magnetic symmetries of these materials.

P2-D090*

A study on the formation of oxygen vacancy in Co-doped ZnO using maximum entropy

LEE Yeong Ju, PARK Ji-Hun1, LEE Seunghun2, KIM Bum-Su3, BAE Jong-Seong4, KUROIWA Yoshihiro5, JEONG SeYoung
Department of Nanofusion Engineering, Pusan National University. 1Department of Cogno-Mechatronics Engineering, Pusan
National University. 2Department of The Institute of Basic Science, Korea University. 3Department of Cogno-Mechatronics
Engineering, Pusan National Univarsity. 4Korea Basic Science Institute, Busan Center. 5Department of Physical Science,
Hiroshima University.

In this study, we investigated the formation of oxygen vacancy using maximum entropy method
(MEM) and attempted to demonstrate its feasibility for defect analysis. We fabricated Co-doped
ZnO with different Co concentration using sol-gel method and subsequent annealing process.
X-ray diffraction patterns were taken by conventional X-ray diffractometer (Empyrean series2,
PANalytical) for analyzing crystal structure and MEM electron density. The formation of oxygen
vacancy and its concentration were estimated from oxygen occupancy with electron density at
environs of oxygen atoms. Despite using relatively inaccurate diffraction patterns, MEM electron
density successfully illustrated the formation of oxygen vacancy with its quantitative information.
It is worthy noting that the concentration of oxygen vacancy strongly depended upon that of Co
concentration; it decreased with increasing Co doping concentration, which indicates that Co
dopant may suppress the formation of oxygen vacancy. It suggests that MEM analysis can be
used as a method to characterize crystalline defects and provides new direction to many
researchers dealing with defect engineering.
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Patterning Magnetic Alloy By Laser-Irradiated Micro-Powders

MINYOUNG Lee, HANYEOL Jo, BOWHA Lee, JIHYUN Sung1, SANGYOON Park2
Hankuk University of Foreign Studies, Physics. 1Korea Institute of Industrial Technology, Application Division Ultimate
Manufacturing Technology Center. 2Advanced Institutes of Convergence Technology, Nano-Bio Convergence Research
Center.
Magnetic alloy are of great interest because of various applications such as electric devices and medical devices. The alloys
have been mostly fabricated with the powder metallurgy method which is carried out through a series of common processes
including sintering, vacuum melting and machining. Among the, vacuum melting is a critical step to obtain high quality alloys
not only because it prevents the alloy from contamination due to oxidation during alloying but also it makes uniformly
alloying. However, this method has limitation in fabricating the patterned and the micro-sized alloys. Herein, we present a
rapid method to make high quality magnetic alloys with sub-millimeter pattern scale using laser cladding method. We could
also fabricate alloys that can be used directly in everyday life through simple surface treatment process. Therefore in terms of
easy molding, the technique of laser cladding can be utilized in various related industrial applications.

P2-D093

Temperature-dependent Structural Properties of Diamagnetic HgI2

SON Jae Kuan, PARK Chang In, HWANG In Hui, JIN Zhenlan, YEO Soon Mok1, HAN Sang Wook
Department of Physics Education and Institute of Fusion Science, Chonbuk National University, Jeonju 561-756,
Korea. 1KAERI (Korea Atomic Energy Research Institute), P. O. Box 105, Yuseong, Daejeon 305-600, Korea.
We examined the temperature-dependent structural properties of HgI2 in the temperature range of 300 ~ 400 K. HgI2 is a
diamagnetic material and can be used for X-ray or γ-ray detectors. DC-magnetization measurements on HgI2 showed that there
is a distinguishable change in its diamagnetic properties near 375 K. The magnetic property change is not expected because Hg
and I are known as nonmagnetic elements. X-ray diffraction (XRD) measurements with Rietveld refinement revealed that
HgI2 has a P42/nmc symmetry with lattice constants of 4.374 and 12.451 Å.XRD showed more than one site of iodine.
Temperature-dependent x-ray absorption fine structure (XAFS) demonstrated that the chemical valence states of both Hg and I
did not changed in the temperature range of 300 ~ 400 K. However, XAFS revealed that the bond-length disorder of Hg-I pairs
wasdecreased above the transition temperature. The structural changes of HgI2 are likely related to its diamagnetic property
change. We will discuss the relation between the diamagnetic properties and local structural properties of HgI2 in detail.

P3-D094

Anisotropic Magnetic Properties and Effects of Different Annealing Atmospheres in
La2CoMnO6 Single Crystals
LEE Nara, KIM M. K., MOON J. Y., CHOI H. Y., OH S. H., CHOI Y. J.
Department of Physics and IPAP, Yonsei University, Seoul 120-749, Korea.
We have successfully synthesized the high-quality single crystals of double perovskite La2CoMnO6 by flux method and
investigated the magnetic properties. The as-grown single crystals of La2CoMnO6 exhibit the ferromagnetic order along the c
axis below ~220 K, consistent with the polycrystalline specimens. Upon annealing in different atmospheres, the temperature
dependence of magnetic susceptibility changes significantly. Especially, the annealing in Ar gas leads to a new metamagnetic
transition in the isothermal magnetization. Our findings provide essential clues for understanding precise mechanism for the
alteration of mixed magnetic states and metamagnetism in the double-perovskite compound, and also present a simple means
to manipulate metamagnetic transitions for the enhanced functional properties.

P3-D095

Study on the optical response of the magnetoelectric excitation from the thin film interface

KANG Tae Dong
Center for Correlated Electron Systems (CCES), Institute for Basic
Science, Seoul National University.
In order to study the optical response of the magnetoelectric effect from
the interfaces, Berreman’s 4x4 matrix formalism which has been applied
to bi-isotropic and bi-anisotropic media such as metamaterials and
magnetoelectric materials can be applied. Comparion of the
magnetoelectric optical responses between the bulk and film
interfaces is performed. As for the film structures, superlattice structures
composed of two or three dielectric or/and magnetic films, and
magnetoelectric interfaces between them are assumed to be stacked alternately. According to calculations, the magnetic and
magnetoelectric excitations from the bulk material can give enough response despite their weakness. However, in the thin film
structures, the angle of incidence and the polarization of light are found to play important roles for high sensitivity of the
magnetoelectric excitation from the interface which is assumed to be as thick as several monolayers. It is found that
the magnetoelectric effect is expected to cause significant cross-polarization in the intensity as well as the phase of the
reflected light, and even make the non-magnetoelectric excitations (magnon and phonon) contribute to the cross-polarization
although they are isotropic.

P3-D096

Angle Resolved Photoemission Spectroscopy Study of 2DEG at the Surface of Electron

Doped SrTiO3
SHORESH Soltani, GARAM Han, CHENG-MAW Cheng1, BYEONG-GYU Park2, CHANGYOUNG Kim
Institute of Physics and Applied Physics, Yonsei University, Seoul, 120-749, Korea. 1National Synchrotron Radiation
Research Center(NSRRC), Taiwan. 2Pohang Accelarator Laboratory, POSTECH.
We have performed angle resolved photoemission spectroscopy (ARPES) studies of surface states of lightly electron doped
SrTiO3. ARPES data show that 3d t2g electrons of Ti are confined at the surface. Energy band and Fermi map data reveal the
existence of surface band splitting for dxy, dxz and dyz orbitals. The induced band splitting shows a cubic behavior for dxy
and dyz orbitals whereas the band splitting for dxy is linear. While some authors believe this cubic term is a non-Rashba type
splitting, others consider it as a Rashba type and try to explain that using Rashba Hamiltonian. We believe that local orbital
angular momentum (OAM) has a key role in this kind of band splitting and consider this role as a new OAM based
Hamiltonian. The nature of cubic term could be well understood through this model.

P3-D097

Characterization of Epitaxial SrIrO3 Thin Films Grown by Pulsed Laser Deposition

Technique
KIM Eunju, KUO Cheng-tai1, SOHN Woonbae, KIM Minu1, KIM
Miyoung, NOH Tae Won1
Department of Materials Engineering, Seoul National University, Seoul
151-747, Republic of Korea. 1IBS-CCES, Seoul National University,
Seoul 151-747, Republic of Korea.
Iridates have attracted much attention due to their intriguing electronic
properties. Recent research on the Ruddlesden-Popper series of
Srn+1IrnO3n+1 (n=1,2, and ∞) shows that Jeff = ½ Mott states appear
due to strong spin-orbit interactions [1]. Among the Srn+1IrnO3n+1 series, the SrIrO3 (SIO) is of particular interest because
SrIrO3/SrTiO3 (SIO/STO) heterostructures are predicted to be potential candidates for two-dimensional topological insulators
[2]. However, the difficulty of preparing high quality SIO/STO heterostructures prohibits the experimental study on their
interfacial electronic structure.
In this study, we report the characterization of epitaxial SIO thin films by x-ray diffraction (XRD), atomic force microscope
(AFM), and transmission electron microscope (TEM). The SIO thin films are grown on STO substrates by pulsed laser
deposition. The XRD spectra show that the SIO thin films were stabilized with pseudo-cubic perovskite structure. The SIO
thin films are confirmed to be atomically flat by AFM. From the HRTEM images (Fig. 1), we observe that the presence of
misfit dislocation near the interface releases the strain between SIO and STO. We demonstrate that high quality SIO thin films
are grown with optimal growth conditions, showing the possibility to investigate the non-trivial topological states.

[1] S. J. Moon et al., Phys. Rev. Lett. 101, 226502 (2008).
[2] D. Xiao et al., Nat. Commun. 2, 596 (2011).

P3-D098

Doping-Dependent Study of Conduction Electrons in Ba1-xLaxSnO3

HA TAEWOO, KIM Useong1, SIM Kyung Ik, CHAR Kookrin1, KIM Jae Hoon
Department of Physics, Yonsei University 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Republic of Korea. 1Center for
Strongly Correlated Materials Research, Department of Physics and Astronomy, Seoul National University, Seoul 151-747,
Republic of Korea.
We have investigated the dependence of mobility on doping concentration in Ba1-xLaxSnO3 (BLSO) grown on SrTiO3
substrates by pulsed laser deposition, which are promising perovskite transparent conducting oxides(TCOs). FourierTransform infrared spectroscopic ellipsometry (FTIR-SE) was employed to optically measure the electron mobility (μ) and the
scattering rate(γ) from a Drude model analysis. The optical result is consistent with Hall measurements. The electron mobility
(μ) of 4% La-doped BSO has the largest value of 59.4 cm2/Vs. The scattering rate enormously influences the electron mobility
whereas it is less affected by the effective mass variation with doping.

P3-D099

Growth of Large Single Crystals of ErFeO3 by Flux Method

CHOI Y. J., CHOI H. Y., LEE N., OH D. G.
.
Orthoferrite RFeO3 (R=rare earth elements) crystallizes in distorted perovskite structure with Pbmn space group. Fe3+ spins
order antiferromagnetically along the a axis with weak ferromagnetism along the c axis originated from the spin canting. We
have synthesized the large orthoferrite single crystals of ErFeO3 with about 1cm x 1cm of cross section by utilizing the
conventional Pb-flux method. In our crystals, we found that the strong dielectric anomaly below the Er ordering temperature.

P3-D100

Lead-free piezoelectric properties of 0.67BiFeO3-0.33BaTiO3 thin films prepared by pulsed

laser deposition
PARK Jinsu, LEE Myang Hwan, KIM Sang Wook1, KIM Myong-Ho, KIM Won–Jeong1, KUMAR Shalendra2, 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.. 2Institute of Basic Sciences, Changwon Nat’l Univ., Gyeongnam 641773, 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 540 OC by pulsed laser deposition at various oxygen partial pressure, such as 10, 30, 50 and 100 mTorr,
respectively. X-ray diffraction analysis shows that BF-BT films deposited at various oxygen partial pressure exhibited singlephase Perovskite structure. The BF-BT films grown at 30 mTorr showed the excellent ferroelectric, piezoelectric and leakage
current properties with a remnant polarization 2Pr of about 40 mC/cm2 and coercive field 2Ec of 380 kV/cm in comparison
with other BF-BT thin films. The leakage current at high applied fields was also effectively reduced and leading to improved
ferroelectric properties. Piezoelectric coefficient d33,f of the BF-BT films fabricated at 30 mTorr was found 80 pm/V by
piezoelectric force microscope and transverse piezoelectric coefficient e31,f was -2.73 C/m2.

P3-D101

Magnetodielectric Effects in the Double-Perovskite Gd2NiMnO6

S. H. Oh, H. Y. Choi, N. Lee, Y. H. Jo1, Y. J Choi
Department of Physics and IPAP, Yonsei University, Seoul 120-749, Korea. 1Division of Materials Science, Korea Basic
Science Institute, Daejeon 305-806, Korea.
Recently, ferromagnetic insulator La2NiMnO6 has gathered large attention because of the new near-room temperature
multiferroic properties which can provide an alternative opportunity to enhance multi-functionality. We have studied the
detailed magnetic and dielectric properties of polycrystalline Gd2NiMnO6 (monoclinic, space group P21/n) prepared by
conventional solid-state reaction method. The ferromagnetic order appears below 128 K and the saturated moment is smaller
than the theoretically predicted value due to the disorder of Ni-Mn anti-sites. We have observed that the dielectric constant
displays significant variation under the external magnetic fields.

P3-D102

Near-room Temperature Magnetic Transition and Magnetodielectric Effects in
PbFe0.5Ti0.25W0.25O3
CHOI Y.J, JO Y.H1, OH S.H, N Lee, CHOI H.Y, KIM M.K, MOON J.Y
,
. 1
.
We studied the detailed magnetic and dielectric properties of polycrystalline PbFe0.5Ti0.25W0.25O3 prepared by conventional
solid-state reaction method. In our investigation, we have discovered a new magnetic transition with strong thermal hysteretic
behavior around 260 K in addition to the known magnetic transitions at 60 and 137 K. The dielectric constant exhibits the
broad peak at 290 K, indicating the ferroelectric transition. We also found that the dielectric constant can be controlled by the
external magnetic fields at fixed temperatures. In some temperature regime, the dielectric constant accompanies strong time
relaxation behavior.

P3-D103

Optical Properties of Transparent Perovskite Tin Oxides

SIM Kyung Ik, HA Taewoo, KIM Useong1, CHAR Kookrin1, KIM Jae Hoon
Department of Physics, Yonsei University 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Republic of Korea. 1Center for
Strongly Correlated Materials Research, Department of Physics and Astronomy, Seoul National University, Seoul 151-747,
Republic of Korea.
We have investigated the free electron behavior of transparent conducting oxide (TCO) thin films of Ba1-xLaxSnO3 (BLSO)
(x=0.01-0.06) and BaSbxSn1-xO3 (BSSO) (x=0.05) grown on SrTiO3 and LaAlO3 substrates, respectively, by pulsed laser
deposition, using terahertz spectroscopy. The real part of the conductivity of BLSO exhibits more pronounced metallic
behavior than BSSO in terahertz region. Threading dislocations are generated in the material by lattice mismatch between the
film and the substrate. The density of threading dislocations in BSSO is higher than that in BLSO, which causes the electron
scattering rate of BSSO to become higher and its optical conductivity lower compared to the case of BLSO.

P3-D104

Optical Study of mono and bilayer graphene

JO youngchan, PARK Byung Cheol, SON Jangyup1, HONG Jongill1, KIM Sangjin2, HONG Byunghee2, KIM Jae Hoon
Department of Physics and Institute of Physics and Applied Physics, Yonsei University, Seoul 120-749, Republic of
Korea. 1Materials Science and Engineering, Yonsei University, Seoul 120-749, Republic of Korea. 2Department of
Chemistry, College of Natural Sciences, Seoul National University, Seoul 151-747, Republic of Korea.
We studied mono and bilayer graphene on sapphire substrate via terahertz time-domain spectroscopy (THz-TDS) and grating
spectrophotometry. We extracted both the real and imaginary parts of the optical conductance from the measured complex
transmittance in the THz regime and obtained absorbance from the transmission in the visible-ultraviolet (VUV) region. The
conductivity of mono and bilayer graphene exhibits the weak Drude behavior.We observed that the DC limit of the optical
conductivity of mono and bilayer graphene is the order of 104 Ω-1cm-1 and their scattering rates fall in the spectral range of
0.1-3 THz.

P3-D105

Two type of carrier dynamics in the Dirac meterial SrMnBi2

PARK H. J., JEONG D. W., PARK Joonbum1, KIM Jun Sung1, JI Hyo Seok2, SHIM J. H.3, KIM K. W.4, MOON S. J.5, KIM
Hyeong-Do, CHO Deok-Yong6, NOH T. W.
Center for Correlated Electron Systems, Institute for Basic Science (IBS), Seoul 151-747, Korea / Department of Physics and
Astronomy, Seoul National University, Seoul 151-747, Korea. 1Department of Physics, Pohang University of Science and
Technology, Pohang 790-784, Korea. 2Department of Chemistry, Pohang University of Science and Technology, Pohang 790784, Korea. 3Department of Chemistry, Pohang University of Science and Technology, Pohang 790-784, Korea/ Division of
Advanced Nuclear Engineering, Pohang University of Science and Technology, Pohang 790-784, Korea. 4Department of
Phyisics, Chungbuk National University, Cheongju 361-763, Korea. 5Department of Physics, Hanyang University, Seoul 133791, Korea. 6CCES, IBS, Seoul 151-747, Korea / Dep. of Physics and Astronomy, SNU, Seoul 151-747, Korea / Dep. of
Physics, Chonbuk National University, Jeonju 561-756, Korea.
The electrodynamics of an anisotropic Dirac material SrMnBi2 was investigated by optical spectroscopy and first-principle
calculations. We can resolve the Drude carrier response into two types: a narrow high-mobility one from Dirac fermions and a
broad one from semimetallic bands. At low temperatures, the scattering rate of the Dirac fermions is much smaller than that of
the broad Drude carriers, suggesting that Dirac fermions is important in its transport properties. Optical spectra also show
a gap-like dip near 120 meV, similar to those due to spin-density wave formation. However, we found that this feature should
be attributed to the direct optical transitions between the Dirac or the semimetallic bands, not to the magnetic origin. As the
temperature increases, the scattering rates of both charge carriers rapidly increase and become comparable, and the seemingly
gap-like feature is gradually filled, possibly due to the indirect optical transition assisted by phonon absorption.

P3-D106*

Controllability of local magnetismin Co-based type double perovskites: La2CoIrO6 and

La2CoPtO6
LEE Min-Cheol, SOHN Chang Hee, LEE Kyungdong, WON Choongjae, HUR Namjung, CHO Deok-yong1, NOH Tae Won
Center for Correlated Electron Systems (CCES), Institute for Basic Science, Seoul National University. 1Department of
Physics, Chonbuk National University, Jeonju.
We synthesize and study polycrystals of Co-based A2BB’O6-type double perovskite La2CoIrO6 and La2CoPtO6. We reported
a controllability of B-site magnetic moment of Co2+ by injecting different B’-site ions Ir4+ and Pt4+ in this systems. To check
macroscopic magnetism, we have measured macroscopic magnetization of the samples. We also confirm Co2+ and Ir4+ (Pt4+)
valence states in La2CoIrO6 (La2CoPtO6) through soft X-ray absorption spectroscopy at Co L-edge and O K-edge. We provide
an experimental evidence of X-ray magnetic circular dichroism result at Co L-edge that the local magnetic moment of Co2+
changes depending on the B’-sites ions, Ir4+ and Pt4+. By using sum-rule, we verify that the magnetic moment of Co2+ in
La2CoIrO6 (morb = 0.389) is larger than La2CoPtO6 (morb = 0.062). We suggest that superexchange interaction between B-site
Co2+ and B’-site Ir4+ enhances the co-linearity of ferromagnetic ordering of Co2+ in the La2CoIrO6 system, while there is no
increase of co-linearity in the La2CoPtO6 case due to the absence of superexchange interaction. From our study, we expect that
this kind of researches for B,B’-sites correlation in double perovskites system will bring a great advance of understanding the
magnetism in the system, and seeking new materials for spintronics applications.

P3-D107*

Role of Local Orbital Angular Momentum in Rashba and Dresselhaus effect with zinc
blende crystal structure.
,

,
,
,
,
,
.
We have performed preliminary circular dichroism angle-resolved photoemission spectroscopy (ARPES) experiments on Au
(111) with Rahba effect. Au (111) have the surface state which is governed Rashba effect. Our results show very strong
circular dichroism (CD) signal, indicating probable existence of orbital angular momentum (OAM) on the surface state. In the
semiconductor with zinc blende crystal structure, net OAM in the bulk should be normally zero because of the symmetric
electric potential. However, non-zero OAM can appear when there is an inversion symmetry breaking (IBS) like surface.
Therefore we measure ARPES using circularly polarized light on InSb, CdTe and GaAs. In our data, we are confirmed that the
Rashba and Dresselhaus effect coexist in the Jeff=3/2 state (heavy and light hole band). In our view, the CD modulations of the
three bands (HH, LH SO) come from strong spin orbit coupling (SOC).

P3-D108*
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cluster dynamical mean-field study of the bilayer Hubbard model
1,

,
. 1
,
.
We present numerical results for the bilayer Hubbard model, obtained via the cluster dynamical mean-field theory combined
with the continuous-time quantum Monte Carlo method. Compared with the single-layer model, doubling of a unit cell raises
additional difficulty in the numerical investigation of the bilayer system, and the results from earlier studies still remain
controversial, depending on the approximation taken. In this study, by varying the cluster size, we check how reliable the
employed approximation is. Magnetic properties and associated metal-insulator transitions are then discussed, with particular
attention to the existence of an antiferromagnetic metal.

P3-D109*

Dilute Magnetic Topological Semiconductors: What's New Beyond The Physics Of Dilute
Magnetic Semiconductors?
,
,
POSTECH, Physics.
Role of localized magnetic moments in metal-insulator transitions lies at the heart of modern condensed matter physics, for
example, the mechanism of high Tc superconductivity, the nature of non-Fermi liquid physics near heavy fermion quantum
criticality, the problem of metal insulator transitions in doped semiconductors, and etc. Dilute magnetic semiconductors have
been studied for more than twenty years, achieving spin polarized electric currents in spite of low Curie temperatures.
Replacing semiconductors with topological insulators, we propose the problem of dilute magnetic topological semiconductors.
Increasing disorder strength which corresponds to the size distribution of ferromagnetic clusters, we suggest a novel disordered
metallic state, where Weyl metallic islands appear to form inhomogeneous mixtures with topological insulating phases.
Performing the renormalization group analysis combined with experimental results, we propose a phase diagram in (λ ; Γ;
T), where the spin-orbit coupling λso controls a topological phase transition from a topological semiconductor to a
semiconductor with temperature T and the distribution for ferromagnetic clusters Φ gives rise to a novel insulator-metal
transition from either a topological insulating or band insulating phase to an inhomogeneously distributed Weyl metallic state
with such insulating islands. Since electromagnetic properties in 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. We also discuss how to verify such inhomogeneous mixtures based
on atomic force microscopy.

P3-D110*

Optical study of superlattice SLTO/STO

ROH Seulki, CHOI Minsu1, LEE Seokbae, CHOI E.1, LEE jaichan1, HWANG jungseek
Department of physics, Sungkyunkwan University. 1School of advanced materials science and engineering, Sungkyunkwan
University.
We studied three SLTO/STO superlattice samples with different repeating units. Each unit consists of one SLTO (25%
Lanthanum(La) doped STO) layer and STO layers. The number of STO layers of the three samples are 1, 3 and 5. We named
those samples 1/1,1/3 and 1/5 respectively. Each SLTO/STO superlattice sample is prepared on an STO substrate using a
plasma laser deposition technique. We used a FTIR spectrometer and a monochromatic spectrometer to obtain reflectance
spectra in a wide range at various temperature from 30K to 300K.References for reflectance spectra are Au and Al films coated
on the samples using an in-situ metal evaporation method.With a Kramer-Kronig relation, we get phase of reflectance, and
using relation between optical constants, we also derived the optical conductivity spectra, which show spectral weight shifts
from mid-IR to near-IR tange as the number of STO layers increase. We also performes an FEM simulation to achieve a better
understanding of the spectral weight redistridution behavior.

P3-D111*

Phonon instability and the Mott-Peierls transition in K2Cr8O16

,
,
POSTECH,
.
In order to explore the driving mechanism of the concomitant metal-insulator and structural transitions in quasi-onedimensional hollandite K2Cr8O16, electronic structures and phonon properties are investigated by employing the ab initio
density functional theory (DFT) calculations. We have found that the imaginary phonon frequency reflecting the structural
instability appears only in the DFT + U (U: Coulomb correlation) calculation, which indicates that the Coulomb correlation
plays an essential role in the structural transition. The lattice displacements of the softened phonon at X explain the observed
lattice distortions in K2Cr8O16 perfectly well, suggesting the Peierls distortion vector Q of X (0, 0, 1/2). The combined study of
electronic and phonon properties reveals that half-metallic K2Cr8O16, upon cooling, undergoes the correlation-assisted Peierls
transition to become a Mott-Peierls ferromagnetic insulator at low temperature.

P3-D112*

Reversible Electrical Writing of Spin Order Near a Multiferroic Triple Point

JANG Byung-Kweon, LEE Jin Hong, KIM Kwang-Eun, JANG Hoyoung1, KO Kyung-Tae2, JUNG Min Hwa3, KOO Tae
Yeong4, JEONG Yoon Hee3, OHLDAG Hendrik1, LEE Jun-Sik1, YANG Chan-Ho
Department of Physics, KAIST, Korea. 1Stanford Synchrotron Radiation Lightsource, SLAC National Accelerator Laboratory,
USA. 2Max Planck Institute for Chemical Physics of Solids, Germany. 3Department of Physics, POSTECH, Korea. 4Pohang
Accelerator Laboratory, POSTECH, Korea.
A phase boundary of competing phases has addressed us to emergent phenomena such as colossal magnetoresistance (1),
morphotropic phase boundary (2), and metal-insulator transition (3). Bismuth ferrite (BiFeO3, BFO) has multiple order
parameters of magnetic, electric, and elastic states at room temperature, simultaneously. A highly-elongated tetragonal phase
of BFO shows a concurrent phase transition of multiple order parameters near room temperature (4). By introducing chemical
substitution into the highly-elongated tetragonal BFO, the concurrent transition temperature decreases in low doping regime,
and then bifurcates, thereby producing a multiferroic triple point. Near the triple point, we found that the as-grown spin
disordered state can be switched into a spin ordered state by applying an electric field. Phenomenological theory explains how
phase competition in multiferroic system results in non-volatile electric-field-induced spin disorder to order transition in a
reversible way. Our findings through chemical substitution offer a promising route toward enhancing inter-coupled phenomena
in multiferroic systems.
1. S. Jin et al., Science 264, 413-415 (1994).
2. M. Ahart et al., Nature 451, 545-548 (2008).
3. J. H. Park et al., Nature 500, 431-434 (2013).
4. K.-T. Ko et al., Nature Commun. 2, 567 (2011).
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Anisotropic thermoelectric properties of mixed-layer compounds of (GeTe)m(Bi2Te3)n
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GeTe and Bi2Te3 are well known thermoelectric materials. Recent theoretical band structure calculation reveals that the
misfit-layered [GeTe]m[Bi2Te3]n can have high thermoelectric figure-of-merit. We synthesized the misfit-layered [GeTe]m
[Bi2Te3]n alloy by hot press sintering under uniaxial pressure of 50Mpa at 350℃ and 480℃ respectively. In spite of
polycrystalline materials, the compounds show anisotropic properties of thermoelectric properties implying preferred grain
growth of layered structure misfit-layer compounds during hot press sintering. The thermoelectric properties along the vertical
direction (parallel to the pressure direction) show much higher power factor(S2σ) due to high seebeck coefficient and lower
thermal conductivity than those of vertical direction, resulting in high ZT along the vertical direction. We investigated
potential routes for enhance the ZT values on the compound.
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ARPES study on MoS2 exposed to hydrogen gas
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We present the electronic structure studies on MoS2 and MoS2+H2(6h,10h) using angle-resolved photoemission spectroscopy
(ARPES) to investigate the evolution of the band structure from MoS2 to MoS2+H2(6h,10h). We performed the photon energy
dependence, fine Γ-K cut, fine mapping, and potassium dosing experiment of three samples. . In MoS2+H2(10h) sample case,
there is interesting result in Γ band which seems to be quantum confinement effect. These facts suggest that hydrogen exposed
MoS2 has weak coupling than pristine MoS2. Photon energy dependence case, there is no significant difference about three
samples. From our potassium dosing experiment, there is tendency that hydrogen exposed time is increasing then indirect band
gap size is decreasing. We need further works to reveal how hydrogen works in MoS2 and exact mechanism to control the gap
size.

P3-D115*

Helium Adsorption on C40 Molecular Surfaces: Path-integral Monte Carlo Study

KWON Yongkyung, PARK Sungjin
.
We have performed the path-integral Monte Carlo calculations to study the adsorption of helium on C40 fullerene molecules:
C2, D2, and D5d. In order to account for corrugations of 4He 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 C40. 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. We have also calculated superfluid fractions for helium layers on a C40 fullerene as N changes.

P3-D116*

Infrared Probe of Spin-Lattice Coupling in Li2MnO3 with a Two-Dimensional Honeycomb

Lattice
SONG Seungjae, JEON S. Y.1, LEE S.1, PARK J.-G.1, MOON S. J.
Hanyang University, Department of Physics. 1Institute of Basic Science, Center for Correlated Electron Systems & Seoul
National University, Department of Physics & Astronomy.
Magnetic materials with a honeycomb lattice are interesting platform in the search for unusual magnetic ground states.
Honeycomb lattice can be magnetically frustrated if the next-nearest neighbor interaction is antiferromagnetic. Li2MnO3 is
composed of the layers of two-dimensional honeycomb lattice and shows antiferromagnetic transition at TN=36 K. We
investigated temperature-dependent phonon dynamics of Li2MnO3 by using infrared spectroscopy. We found the frequencies
of some phonon modes show anomalous temperature dependence which cannot be explained by phonon-phonon anharmonic
interactions. As temperature decreases, the phonon modes soften below about 75 K, which is close to the Weiss temperature
(~60 K) of this compound. At TN, additional anomaly of the phonon mode frequencies appears. We discuss anomalous
behavior of the phonon modes in terms of spin frustration and spin-lattice coupling.

P3-D117*

Interlayer correlation between two 4He monolayers adsorbed on both sides of α graphyne

KWON Yongkyung, AHN Jeonghwan
,
.
Using path-integral Monte Carlo method, we have studied the 4He adsorption on both sides of a single α-graphyne sheet. To
investigate the correlation between the upper and the lower monolayer of 4He, we employed both isotropic and anisotropic
Lennard-Jones (LJ) 6-12 4He-C potentials along with Yukawa-6 pair potentials. It is found that the anisotropy in the
interatomic potentials leads to helium atoms being closer to substrate, which results in increasing the 4He-4He correlations
between two adlayers. In the presence of the lower layer of a C4/3 commensurate solid, the upper-layer 4He atoms are found
to form a Kagome lattice structure at a Mott insulating density of 0.0706 -2, and a commensurate solid at an areal density of
0.0941 -2, when anisotropic potentials are used. With anisotropic Yukawa-6 potentials, Ising pseudo-spins in both 4He layers
are found to be anti-parallel to each other. On the other hand, the parallel and anti-parallel pseudo-spin alignments between the
two 4He layers are nearly degenerate with anisotropic LJ potentials. This is attributed to the difference in the interlayer
distance: ~ 4 for Yukawa-6, ~ 4.8 for LJ. The vacancy effects in these 4He solids are now under study.
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Synthesis of Epitaxial LaMnO3 Thin Films

KIM Yong Jin, LEE Jin Hong, SONG Jong Hyeon, YANG Chang-Ho
Department of physics, KAIST, Daejeon 305-701, Korea.
Perovskite LaMnO3 (LMO) has attracted considerable attention due to strong coupling among lattice, spin and orbital degrees
of freedom. [1,2] Although stoichiometric LMO films are known to be A-type antiferromagnetic Mott insulator, it is not
simple to obtain high quality LMO thin films because of oxygen excess as well as different relative ratio of La and Mn. These
non-stoichiometric LMO films would exhibit ferromagnetism and electronic conduction. [3] To grow a high quality LMO film
on SrTiO3 substrates, we employed pulsed laser deposition and post-annealing in Ar environment. These efforts will be a base
for future studies of orbital ordering and related physics.
[1] H. Khanduri, et al., J. Phys. D 46, 175003 (2013).
[2] Y. Murakami, et al., Phys. Rev. Lett. 81, 582 (1998).
[3] P. Orgiani, et al., Appl. Phys. Lett. 95, 013510 (2009).
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XAS and PES Study on Metal Insulator Transition in NiS2-xSex
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,
.
. 2Lawrence Berkeley National Laboratory.
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. [1] R. C. Morris, Phys. Rev. Lett. 34, 1164 (1975)[2] A. Sacchetti at al., Phys. Rev. B 74, 125115 (2006)
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Effect of PMMA Doping on MgB2 Bulk Superconductor

JANG Sehoon, SINHA Bhavesh Bharat1, CHUNG Kookchae
KIMS. 1Mumbai University.
Enhancement in critical current density in MgB2 superconductors is pursued by doping polymethyl-methacrylate (PMMA) by
solid state technique. PMMA was used to introduce a uniform distribution of fresh carbon throughout the sample in an in-situ
process instead of direct addition of carbon. To avoid disintegration of PMMA during the synthesis of MgB2, it was first
treated with boron by a pyrolysis process of PMMA. This was achieved by dissolving PMMA into N,N-dimethyl formamide
(DMF). Boron powder was then thoroughly mixed with this solution. It was then drop casted on Si wafer and heat treated at
about 150°C to evaporate DMF leaving behind PMMA coated uniformly over the boron particles. Since PMMA gets
disintegrated at a relatively higher temperature above ~310°C and decomposes into amorphous carbon at around 400°C, the
obtained mixture was later pyrolyzed at temperatures of 500°C and 800°C respectively to achieve carbon coated boron
particles. To systematically investigate the role of PMMA we studied the effect of different molecular weights (~120000,
350000 and 996000) and pyrolysis temperatures (500°C and 800°C). The as-treated PMMA-boron particle was uniformly
mixed with appropriate amount of magnesium powder. The pellets of the treated boron and Mg powder were then heat treated
at 700°C for 30 min under the influence of flowing Ar atmosphere to obtain MgB2 superconductor. The obtained samples were
then measured for its phase formation by X-ray diffraction technique. The morphology at surface and fractured surface was
observed by scanning electron microscopy. The superconducting properties like critical transition temperature, critical current
density, etc were studied.

P3-D122

Effects of Pressure-induced Magnetism on Critical Current Density of FeSe Single Crystals

JUNG Soon-Gil, KANG Ji-Hoon, PARK Eunsung, LEE Sangyun, LIU Jiunn-Yuan1, CHAREEV Dmitriy A.2, PARK Tuson
Department of Physics, Sungkyunkwan University, Suwon 440-746, Republic of Korea. 1Institute of Physics, National Chiao
Tung University, Hsinchu 30010, Taiwan. 2Institute of Experimental Mineralogy, Chernogolovka, Moscow Region, 142432,
Russia.
The binary Fe-based superconductor FeSe has drawn significant interest due to its greatly controllable superconducting
transition temperature (Tc): pressure-induced high Tc of 37 K in bulk FeSe and 65 K in FeSe monolayer [1,2]. For
technological application of superconductors, it is important to understand critical current density (Jc), especially to investigate
the relationship between Jc and Tc. Here, we present pressure evolution of Jc behaviour of FeSe single crystals up to 2.43 GPa.
The critical current density Jc was obtained from the criterion of 1 μV, corresponding to the flux depinning current density,
while Jf was determined as the point where magnetic fluxes flow freely. Jf gradually increases with enhanced Tc as a function
of pressure. In contrast, Jc does not show a direct correspondence with Tc: it shows a sudden increase at 1.22 GPa even though
Tc increase was negligible. In addition, the spatial variation of dTc (dTc-pinning) plays a main role to determine Jc at low
pressures (P < 1.22 GPa), while the spatial variation of mean free path (l) fluctuations (dl-pinning) becomes important at
higher pressures (P >1.22 GPa). In this presentation, we will show that the origin of the anomalous enhancement in Jc is
closely tied to the pressure-induced antiferromagnetism.[1] Medvedev, S. et al. Electronic and magnetic phase diagram of bFe1.01Se with superconductivity at 36.7 K under pressure. Nature Mater. 8, 630-633, (2009). [2] He, S. et al. Phase diagram
and electronic indication of high-temperature superconductivity at 65 K in single-layer FeSe films. Nature Mater. 12, 605-610
(2013).
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Ferro-orbital fluctuation of Mn doped LiFeAs

1,
1,
,
,
Yonsei University, Physics department. 1Seoul National University, Department of Physics and Astronomy.
Orbital fluctuation is primary mechanism candidate of Fe based superconductor. Many studies have shown evidence of
existence of orbital fluctuation and possibility as primary mediating glue. Angle resolved photoemission spectroscopy have
been used to investigate the existence of orbital ordering and fluctuation. In this studies, we performed ARPES experiment
with LiFe1-xMnxAs x=4% to reveal existence and amount of orbital fluctuation. Our results show that 4% Mn doping doesn’t
affect size and strength of Ferro-orbital fluctuation. Besides electronic structure is almost same with mother compound. But
noticible thing is that Tc becomes 10K, which is smaller than mother 17K, even though band dispersion and size of Fermi
surface do not change. In addition, We found dxy band become more broader than dxz, dyz band. In combination with theses
fact, we conclude that dxy band broadening is main reason for Tc suppression and there is orbital dependent impurity effect
which may be important for superconductivity mechanism.
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Analysis of The Local Property in YBCO Coated Conductor with Striation Using Low
Temperature Scanning Laser and Hall Probe Microscopy
RI Hyeong-Cheol, KIM Muyong, PARK Sangkook, PARK Heeyeon
Kyungpook National Universitiy, Department of Physics.

It is important to understand local superconducting properties of YBCO coated conductor for its application. There
are several methods to measure critical temperature or current densities of coated conductor those way give global
properties of whole sample, however, they cannot give information of the local properties. In this study, we
prepared to observe of YBCO coated conductor with striation by using Low Temperature Scanning Laser and Hall
Probe Microscopy (LTSLHPM). The distribution of local critical temperature of samples was analyzed from
experimental results of Scanning Laser Microscopy (SLM) near the superconducting transition temperature. The
local current density in the sample was investigated from measuring local magnetic field by using Scanning Hall
Probe Microscopy (SHPM). By these experimental results, we investigated inhomogeneity of the sample.

P3-D127*

Growths of Epitaxial Superconducting La1.85Sr0.15CuO4 Thin Films

JANG Han-byul, YANG Chan-ho
Department of Physics, KAIST.
For many years, copper-oxides-based superconductors have been extensively studied to obtain high critical superconducting
temperature. La2-xSrxCuO4 is a well-known cuprate superconducting system which has a layered perovskite structure and
various electronic properties as a function of Sr content. Epitaxial thin layers of the compound show different physical
properties from the bulk phase. It has been reported that the superconducting critical temperature can be controlled by misfit
strain1, thickness2, and oxygen annealing3. In particular, systematic studies of heteroepitaxial misfit strain effect, through
growths on various substrates with a wide range of lattice parameters, have not been made. In this work, we present how to
grow high quality La1.85Sr0.15CuO4 thin films on LaAlO3 and NdAlO3 substrates by using pulsed laser deposition. Films
thinner than ~15 nm are fully strained to substrates while films thicker than ~15 nm are relaxed, according to x-ray reciprocal
space maps. We will report how this strain relaxation affects the superconducting critical temperature and introduce our future
plan for tunneling devices combining the quality conducting channels and a ferroelectric/dielectric layer. [1] J.-P. Locquet, J.
Perret, J. Fompeyrine, E. Mächler, J. W. Seo, and G. Van Tendeloo, Nature 394, 453 (1998) [2], X. H. Zeng, W. Si, Z. M.
Stum, and X. X. Xi, IEEE T. Appl. Supercon.11, 3213 (2001)[3] M. Z. Cieplak, M. Berkowski, S. Guha, E. Chung, A. S.
Vagelos, D. J. Rabinowitz, B. Wu, I. E. Trofimov, and P. Lindenfeld, Appl Phys. Lett. 59, 2748 (1991)
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Local lattice and time-reversal symmetry breaking in FexBi2Te3 (0 ≤ x ≤ 0.1) studied by

µSR and Raman spectroscopy
CHOI K.-Y., LEE S.-H., YOON S.-W.1, LEE W.-J.1, GLAMAZDA A, LEMMENS P.2, KIM H.-J.3, JANG Z.-H.4, SUH B.J.1
Chung-Ang University, Dept. of Physics. 1Catholic University of Korea, Dept. of Physics. 2TU Braunschweig, IPKM. 3Daegu
University, Dept. of Physics. 4Kookmin University, Dept. of Nano and Electronic Physics.
We present muon spin relaxation (µSR) and Raman scattering measurements of the Fe-doped topological insulators
FexBi2Te3 (0 ≤ x ≤ 0.1). These compounds exhibit two topological phase transitions as a function of x: (i) from a paramagnetic
topological insulator to a band one with ferromagnetic-cluster glassy behavior at about x=0.025, and (ii) from a ferromagnetic
band insulator to a topological insulator with valence-bond-glass state at x=0.03. The muon relaxation rate λ (T) of x=0.025
exhibits a broad maximum at about Tc=170 K and increases steeply upon further cooling from 50 K. Raman scattering spectra
exhibit a softening and broadening of optical phonons at x=0.025. These results indicates that an inhomogeneous
ferromagnetic cluster state induces the breaking of local lattice symmetry. Except for x=0.025, we find no hint for lattice
anomaly. For x>0.03, the muon relaxation rate becomes temperature-independent over a wide temperature range of T=20-300
K and then starts to increase and finally persists down to 20 mK. This indicates that an antiferromagnetic state does not form
an inhomogeneous cluster and develop no static moment as well. Our results suggest a nontrivial interplay between magnetism
and lattice/band structure of the Fe-doped topological material.

P3-D129*

Quasiparticle self-consistent GW study of high-Tc cuprate superconductors

JANG Seung Woo, KOTANI Takao1, KUROKI Kazuhiko2, HAN Myung Joon
Department of Physics, KAIST, Korea. 1Department of Applied Mathematics and Physics, Tottori University,
Japan. 2Department of Physics, Osaka University, Japan.
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Development of Upper Critical Fields in FeSe Single Crystals under Pressure

KANG Ji-Hoon, JUNG Soon-Gil, LEE Sangyun, PARK Eunsung, LIU Jiunn-Yuan1, PARK Tuson
Center for Quantum Materials and Superconductivity, Departement of Physics, Sungyunkwan University, Suwon. 1Institute of
Physics, National Chiao Tung University, Hsinchu 30010, Taiwan.
Investigation of the pressure effects on the upper critical fields (Hc2) in FeSe single crystals with magnetic fields up to 9 T
applied perpendicular and parallel to the ab-plane of the tetragonal FeSe lattice was done with pressure up to 2.43 GPa. The
superconducting transition temperature (Tc) of 9 K at ambient pressure gradually increases with pressure and reaches 23 K at
2.57 GPa. For H//ab, the orbital upper critical field Habc2(0), which is estimated from the initial slope at Tc, increases from 42.4
Telsa at ambinet pressure to 88.1 Tesla at 2.57 GPa. For H//c, Hcc2(0) is similarily enhanced with pressure from 17.6 Tesla at
0.00 GPa to 52.5 Tesla at 2.57 GPa. Here we wish to present the upper critical fields, anisotropy ratio (γ) and the phase
diagram of FeSe as a function of pressure.

P3-D133*

Optical analysis of BaFe2-xNixAs2 (x=0.05 and 0.10)

HWANG Jungseek, RHO Seulki, JUNG Eilho, CHOI Kiyoung1, LEE Seokbae
Department of Physics, Sungkyunkwan University. 1Department of Physics, Seoul National University.
We studied two Ni-doped BaFe_(2-x)Ni_(x)As_(2) samples at two different doping levels x=0.05 and 0.10. One (x=0.05) is
underdoped and the other (x=0.10) is optimally doped. The underdoped sample shows a magnetic and structure phase
transition near 80 K. We fitted the optical conductivity spectrum using a Drude-Lorentz model with two Drude components
originated from hole and electron pockets in the Fermi surface. We also applied an extended Drude model to obtain the optical
self-energy. We extracted the electron-boson spectral function from the optical scattering rate using a generalized Allen's
formula. We found that the temperature and doping dependent behaviors of the electron-boson spectral function are similar to
those of cuprates. Two material systems may have the same superconducting mechanism.

P3-D134*

Strong Flux Pinning caused by Topographic Characteristics in (Ba,K)Fe2As2 Thin Films

OH Myeong Jun, LIM Hyeong Jun1, SEO M.S.2, PARK S.Y.2, KIM Ji Hye, HONG Y.J., KANG W.N.1, JO Youn Jung
Kyungpook National University. 1Sungkyunkwan University. 2Korea Basic Science Institute.
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Superconducting property of Sn1-xInxTe compounds
,

,

.
SnTe has been known as a topological crystalline insulator (TCI). TCI is
produced by the inversion symmetry of crystal, instead of time-reversal
symmetry and Z2 invariance. Recently, the superconducting properties
were discovered in In-doped Sn1-xInxTe compounds, which are believed
to be the first superconductor with TCI parent compound. We
synthesized Sn1-xInxTe (x = 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 and 0.7) single
crystals by the flux method. From the electrical resistivity,
magnetization, and heat capacity measurements, we obtained
superconducting properties such as the critical temperature, uppercritical magnetic fields, coherence length, and Ginzburg-Landau
parameters with respect to In-doping concentrations of Sn1-xInxTe in terms of Ginzburg-Landau and Bardeen-Cooper-Shrieffer
(BCS) theory.

P4-D136*

Deterministic Control and Enhanced Electronic Properties of Long-range Stripe Phase
Boundaries in La-doped BiFeO3
KIM Kwang-Eun, JANG Byung-Kweon, HEO Yooun1, JEONG Myoungho2, LEE Jin Hong, LEE Jeong Yong, JAN Seidel1,
YANG Chan-Ho
Department of Physics, KAIST. 1School of Materials Science and Engineering, University of New South Wales. 2Center for
Nanomaterials and Chemical Reactions, Institute for Basic Science.
Interfaces in complex oxide materials are currently receiving considerable attention due to interesting physical properties
including enhanced electronic conduction, and abnormally large piezoelectric susceptibilities. As a prominent example, BFO
films grown on LaAlO3 substrates show mixed phase areas of which the surface areal fraction depends on the film thickness.
Needle-shaped rhombohedral-like phase (R’) domains are embedded into tetragonal-like phase (T) matrix. There have been
many efforts to control the T-R’ phase boundary (T-R’ PB) of BFO thin films but the density of T-R’ PB region has not been
uniform and relatively hard to align the T-R’ PBs. In this study, we report that La 5% substitution into BFO thin films
improves the formation of well-aligned straight stripes with excellent spatial continuity at least up to ~16 µm. Moreover, we
observed large enhancement of electric conduction at the phase boundary. The deterministic control of the mixed-phase
nanostructures provides a useful pathway into formation of various exotic domain structures such as charged domain walls and
vortex structure for future studies.
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BiFeO3

CHOI GIPPEUM, YANG SUNA, KIM BYUNGHOON, BU SANGDON
1Department of Physics, Chonbuk National University, Jeonju 561-756, Korea.
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Structural and Electrical Properties of Pulsed Laser DepositedBiFeO3 and

BiFe0.95Mn0.05O3 Thin Films with Ge-doped ZnO Electrodes
,

, RAGHAVAN Chinnambedu Murugesan,
,
,
.
It is well known that bismuth ferrite BiFeO3 (BFO) is the only single-phase room temperature multiferroic material. BFO thin
film with platinum electrodes often shows high leakage current density due to poor interfacial quality. And it is well known
that the Ge-doped ZnO shows good conductivity with high carrier concentration and carrier mobility. In this study, a Ge-doped
ZnO (Ge:ZnO) was used as an electrode material instead of Pt electrode to improve the electrical and ferroelectric properties.
Initially, the Ge:ZnO was coated on Si(100) substrate, and then BFO was deposited using pulsed laser deposition (PLD)
technique. The structural, electrical and ferroelectric properties of the Ge:ZnO/BFO thin film was investigated by means of Xray diffraction, Raman, leakage current density and P-E hysteresis loops measurements. For the comparison, these studies
were extended for the Mn-doped BiFeO3 (BFMnO) with Ge:ZnO electrodes deposited by PLD technique. The results on the
Ge:ZnO/BFO and the Ge:ZnO/BFMnO thin films are discussed in detail.

P4-D139

Effects of W-doping on Structural and Electrical Properties of Bi7Fe3Ti3O21 Thin Films

Prepared by Chemical Solution Deposition
, RAGHAVAN Chinnambedu Murugesan,
,
,
.
The combination of two potential ferroelectric materials, such as BiFeO3 and Bi4Ti3O12, results the formation of novel
Aurivillus bismuth layer-structured ferroelectrics (BLSFs) with general formula Bin+1Fen-3Ti3O3n+3 (where, n≥4). These
materials are considered as technologically important because of their high dielectric transition temperature, room temperature
magneto-electric coupling and piezoelectric behavior. However, these materials show poor electrical resistivity and hence
exhibit poor ferroelectric polarization. There are many research investigations focused on the increase of electrical resistivity
and improving ferroelectric properties of the BLSF thin films. However, studies on Bi7Fe3Ti3O21 thin film are very rarely
found in the literature. In this study, pure Bi7Fe3Ti3O21 (BFTO21) and W-doped Bi7Fe3Ti2.94W0.06O21+δ (BFTWO21) thin
films were prepared on Pt(111)/Ti/SiO2/Si(100) substrates by a chemical solution deposition method. The improved electrical
properties were observed in the BFTWO21 thin film as compared to the pure BFTO21 thin film.

P4-D140

Annealing Temperature Dependence on Structural and Electrical Properties of Nd-doped
Bi7Fe3Ti3O21 Thin Films
,

, RAGHAVAN Chinnambedu Murugesan,
,
.
Recently, bismuth layer-structured ferroelectric (BLSF) thin films are considered as promising materials for the nonvolatile
ferroelectric random access memories due to their fatigue-free performance with Pt electrode. A Bi7Fe3Ti3O21 (BFTO21) is
one of the BLSFs. However, there were a few reports on the optimized conditions of un-doped and doped BFTO21 in thin film
forms. In the present work, the optimized conditions for the formation of single phase Bi6.4Nd0.6Fe3Ti3O21 (BNFTO21) thin
film using a chemical solution deposition on platinum electrode has been investigated by varying the annealing temperatures
from 550 to 750 ºC. The micro-structures of the thin films were characterized by means of X-ray diffraction, Raman scattering
spectra and scanning electron microscope. From the X-ray diffraction results, it was found that the formation of the single
phase BNFTO21 at 650 and 700 ◦C under an oxygen atmosphere. Among the thin films, the BNFTO21 thin film annealed at
700 ◦C exhibited better ferroelectric properties and leakage current compared to the other thin films.
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Fabrication and Piezoelectric property of Vertically Oriented and Highly ordered Pb
(Zr0.52Ti0.48)O3 Nanotube Arrays
KIM BYUNGHOON, YANG SUNA, CHOI GIPPEUM, BU SANGDON
Department of Physics, Chonbuk National University, Jeonju 561-756, Korea.
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Effect of Pr doping on electrical and piezoelectric properties of Bi4-xPrxTi3O12 ceramics

KANG SINWOOK, JEON DOHYUN, CHO SAMYEON, YANG SUNA, BU SANGDON
1Department of Physics, Chonbuk National University, Jeonju 561-756, Korea.
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Effect of Nd Doping on Eectrical Properties of Bi4-xNdxTi3O12 Ceramics

JEON DOHYUN, CHO SAMYEON, KANG SHINWOOK, YANG SUNA, BU SANGDON
Department of Physics, Chonbuk National University, Jeonju 561-756, Korea.
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Fabrication and Thermal stability Characterization of Bi4Ti3O12 Ceramics for High

Temperature applications
CHO SAMYEON, JEON DOHYUN, KANG SHINWOOK, YANG SUNA, BU SANGDON
Department of Physics, Chonbuk National University, Jeonju 561-756, Korea.
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Anisotropic thermoelectric property of polycrystalline (Bi0.2Sb0.8)2Te3+x compounds
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Epitaxial Sodium Doped WO3 Thin Films

WOO Chang-Su, YUN Shin Hee, YANG Chan-Ho
KAIST, Department of Physics.
Recently, 5d transition metal oxides have been extensively studied due to its unconventional physical properties such as high
Tc superconductor and topological insulator induced by strong spin-orbit coupling. [1-2] As a prominent example of 5d
transition metal oxides, tungsten trioxide (WO3), which has A-site vacant 5d0 perovskite structure, is one of the promising
materials for 5d orbital studies since 5d electrons can be easily introduced by A-site chemical doping. In the previous studies,
by inserting alkali metals such as Li, Na, K, Rb and Cs into A-site of WO3, superconductivity, metal-insulator transition, and
electrochromic properties have been observed. However, most research of the pure and alkali metal doped WO3 have been
carried out in bulk crystals and nanostructures. [3-6] In this work, we grew epitaxial 5% sodium doped WO3 (Na0.05WO3)
thin films using pulsed laser deposition (PLD). Here we characterized its crystal structure through the reciprocal space maps
(RSM) and topography using atomic force microscopy (AFM). In addition, temperature dependent electrical measurements
give a hint of ferroelectric transition. *[1] Pesin, D. et al., Nature Physics 6, 376 - 381 (2010). [2] Cava, R. J. et al., Oxide
Superconductors. J. Am. Ceram. Soc. 83, 5-28 (2000). [3] Skokan, M. R. et al., Phys. Rev. B 20, 9 (1979). [4] Cadwell, L. H.
et al., Phys. Rev. B 23, 5 (1981). [5] Raj, S. et al., Mor. Phys. lett. 23, 24 (2009). [6] Rashid, A. A. et al., Mater. Sci. Eng. 58,
012018 (2014).

P4-D147

2D correlation analysis of the Raman spectra of SmB6

NGUYEN Thi Huyen, NGUYEN Thi Minh Hien, KANG Boyoun1, CHO Beongki2, YANG In-Sang
Department of Physics, Ewha Womans University, Seoul 120-750, Korea. 1School of Materials Science and Engineering,
Gwangju Institute of Science and Technology (GIST), Gwangju 500-712, Korea. 2Department of Photonics and Applied
Physics, Gwangju Institute of Science and Technology (GIST), Gwangju 500-712, Korea.
2D correlation analysis is performed on the temperature-dependent Raman spectra of SmB6 single crystals grown from boron
with a purity of 99.9% (3N) or 99.9999% (6N). We found the significant differences in the Raman spectra of 3N and 6N purity
samples. While the Raman spectra of SmB6 (6N) shows sharp peaks at 713cm-1 (T2g), 1137cm-1 (Eg) and 1259cm-1 (A1g), the
Eg and T2g peaks show the doublet spectra for the SmB6 (3N) sample. The result of our 2D correlation analysis on
temperature-dependent Raman spectra of SmB6 (3N and 6N) support well these observation. From the synchronous and
asynchronous spectra of SmB6 (3N and 6N), we found that all of three peaks of SmB6 (6N) are single mode, while both T2g
and Eg peaks of 3N samples consist of two overlap peaks. A1g peak of 3N sample is also slightly doublet at low temperature
(T<150K). Our results confirm that, even small amount of presence impurity of Boron can change the local structure of SmB6
to lower symmetry.

P4-D148

Nondestructive Analysis Of Cultural Heritage By Raman Spectroscopy - Estimation Of
Pigment Grain Size
YANG In-Sang, KANG Dai-Ill1, LEE Han-Hyoung1, JI Jeong-Eun, HAN Ki-Ok
Department of Physics, Ewha womans University. 1Department of Heritage conservation & Restoration, Korea National
University of Cultural Heritage.
The application of scientific methods to traditional paintings is now demanded worldwide. Traditional pigments have been
analyzed by Raman spectroscopy as a project supported by National Research Institute of Cultural Heritage. The chroma of
pigments changes according to the grain size. Thus nondestructively determining grain size of the pigments in cultural
heritages such as traditional paintings is crucially important both in preserving and restoring the cultural heritages. Azurite, a
natural pigment of deep blue color, has long been used through the history both in the west and east including Korea. We
measured Raman spectra of azurite pigments of six different grain sizes. As the grain size of the azurite gets smaller, the
Raman peaks at 330~420 cm-1 show red-shift and the line widths get wider. We suggest here a scientific method to estimate
the grain size of a pigment and show a way how to restore the original color of an old art pieces using Raman spectroscopy.

P4-D149

Terahertz Spectroscopy of Traditional Korean Pigments

LEE Howon, KIM Jong Hyeon, JO Young Chan, HA Taewoo, SIM Kyung Ik, KIM Jae Hoon
Department of Physics, Yonsei University 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Korea.
We investigated traditional Korean pigments (red lead [yeondan] of varying density on a paper substrate with two type of
glues) using terahertz time-domain spectroscopy (THz-TDS) over the spectral region of 0.1 – 3.0 THz. We extracted both the
refractive index and the extinction coefficient k independently and simultaneously, without a Kramers-Kronig analysis. All
pigments exhibited a set of absorption peaks unique to the pigment species in addition to a background that increased with
increasing frequency. Our study demonstrates that terahertz analysis can be useful identification and diagnostic tools for the
traditional Korean pigments used in heritage building and artworks.

P4-D150
2CuCl4

Polymorphic phase transitions in an organic-inorganic layered hybrid (C6H5CH2CH2NH3)

(Cu-PEA) using an optical microscope and thermal

analysis
PARK Garam, KIM Min-Tae1, OH In-Hwan, PARK J. M. Sungil, LEE
Kwang-Sei2
. 1
. 2
.
We investigated the thermal properties and domain formation in an
organic-inorganic layered perovskite-type hybrid belonging to type
AMX4, where A = organic cation, M = divalent metal, and X = halides.
Using Differential Scanning Calorimetry (DSC), two phase transitions at
68oC and 136.6oC are detected, and the phase transitions were also
investigated using a polarizing microscope employing crossed
polarizers. Upon heating, no domain formation was observed at the first
phase transition temperature of around 68oC, but the color of the crystal changes from yellow to red. With a further increase in
temperature, the domain formation starts above the second phase transition temperature. The transition is completely
reversible. Between 141oC and 145oC, the domains move very fast from center to outside. Based on our findings, the
polymorphic phase transitions of Cu-PEA are presented in the form of group-subgroup relations between the different possible
space groups.

P4-D151
,

Superionic Phase Transitions in CsHSO4 by Static NMR and MAS NMR
1

,

. 1
,
.
To better elucidate the nature of the phase transitions and to obtain a better understanding of their structural geometry, we
discussed the NMR spectra, the spin-lattice relaxation time in laboratory frame T1, and spin-lattice relaxation time in rotating
frame T1ρ of 1H and 133Cs in CsHSO4 by static NMR and MAS NMR. In phase III, 1H T1 and T1ρ are not driven by the same
mechanism, and the 1H T1 and T1ρ in phase II undergoes the same mechanism as fast motion. In phase I, T1 increases with
temperature, and the T1 for 1H and

133Cs

nuclei undergoes the fast motions. The drastic increase in the spin-lattice relaxation

time upon transitioning to the superionic phase I was due to the contribution of H+ nuclei, as well as to the Cs+ contribution.

P4-D152

Tumbling Motions of NH2(CH3)2 Ions in [NH2(CH3)2]2ZnCl4 Studied using 1H MAS

NMR and 13C CP/MAS NMR
,

,

1

. 1
,
.
The structure and the phase transition temperatures of [NH2(CH3)2]2ZnCl4 were determined using x-ray diffraction and DSC,
respectively. The temperature dependence of chemical shifts and the spin-lattice relaxation time T1ρ in the rotating frame were
measured for the 1H and

13C

nuclei in [NH2(CH3)2]2ZnCl4. From these results, it was observed that the structural change by

chemical shifts does not occur with temperature. However, T1ρ for 1H and 13C in [NH2(CH3)2]2ZnCl4 showed a minimum, and
it is apparent that both T1ρ values are governed by the same tumbling motions. The activation energies of tumbling motions for
1H

and 13C are nearly the same owing to the connection between CH3 and NH2 ions in the [NH2(CH3)2]+ group.

P4-D153

Non-Debye relaxation behavior of BLTN ferroelectric ceramics

,
.
The complex impedance in Bi3.25-y/3La0.75Ti3-yNbyO12(BLTN-y,y=0.0, 0.03, 0.09, 0.15, 0.21) ceramic was measured over the
temperature range 30-600 oC at several frequencies. The capacitance anomaly by the phase transitions are observed near
Tc=399oC. The non-debye relaxation of BLT was observed clearly around the temperature pf the dielectric permittivity
maximum(Tc). The frequency dependence of Tcwas analyzed using generalized Arrhenius relationship w=w0exp[-(T0/Tc)p].
For relaxors with different compositions, a clear change in dynamic behavior can be indicated by the power parameter p,
which is related to the growth of interactions between polar microregions.

P4-D154

The AC conductivity of Pb-Free Glasses (13-x)(Li2O-B2O3-BaO)・xTb(x=0.3, 0.4, 0.5)

,
.
The Frequency-dependent complex impedance of Pb-free glasses(13-x)(Li2O-B2O3-BaO)・xTb (x=0.3, 0.4, 0.5) was
measured from 1Hz to 1MHz above room temperature. The frequency dependence of the conductivity and the electric modulus
observed here cannot be expressed by a single relaxation equation, but it is well described by an equivalent circuit involving a
contribution due to Jonscher's universal law σ(ω)∼ωn(0<ω<1). A linear relation between the DC conductivity and the
relaxation time was observed irrespective of sample compositions. These results are explained on the basis of the generalized
Langevin equation associated with a non-exponential memory function. The physical basis of this approach is discussed in
terms of the distribution of transition times arising from non-perodic potentials formed by immobile anions and many-body
interaction among mobile cations at high temperature.

P4-D155
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P4-D156*

ASnO3(A=Ba, Sr, Ca)

,
.

Hybrid functional

,

P4-D157*

Angle-Resolved Photoemission Spectroscopy Study of the BaSnO3 Thin Films on SrTiO3

Substrates Grown by Pulsed Laser Deposition
JOO Beom Soo, CHANG Young Jun, SEO Dongmin, CHOI E. J., HAN Moonsup
Department of Physics, University of Seoul.
BaSnO3 (BSO) has been proposed as an alternative transparent semiconductor instead of indium tin oxide (ITO) and Al-doped
zinc oxide (ZnO). Consequently, it is necessary to understand its microscopic behavior and structure. To investigate the band
structure of BSO transparent thin films, we fabricated BSO structure on SrTiO3 (STO) with (001) substrates by pulsed laser
deposition (PLD) with in situ reflection high-energy electron diffraction (RHEED). By using synchrotron-based highresolution x-ray photoemission spectroscopy (HRXPS) and angle-resolved photoemission spectroscopy (ARPES), we
investigated band structure of BSO thin films. From these experiments, we will discuss the band gap size and the indirect
nature of band gap. And also, we compare our experimental band structure with the several reported band structure
calculations. The author would like to thank L. Moreschini, A. L. Walter, A. Bostwick, and E. Rotenberg for the experimental
supports in Advanced Light Source. [Acknowledgements: NRF-2012R1A1A2043619, NRF-2014R1A1A1002868]

P4-D158

Temperature-dependent local structural properties of Ti2O3

HWANG In hui, JIN Zhenlan, PARK Chang In, JIANG Bingzhi1, HAN Sang Wook
Department of Physics Education and Institute of Fusion Science, Chonbuk National University, Jeonju 561-756,
Korea. 1Department of Physics, Yanbian University, Yanji 133002, China.
Ti2O3 is known as a typical Mott insulator with a transition temperature of near 470K. Unlike VO2, Ti2O3 does not have a
structural phase transition near the metal-insulator-transition (MIT) temperature. We investigated the temperature-dependent
thermal vibration change using temperature-dependent x-ray absorption fine structure (XAFS) at Ti K-edge in the temperature
range of 300 – 600 K. Ti2O3 powder and films were synthesized using thermal chemical vapor deposition (CVD) at 1000K –
1300K. X-ray diffraction measurements show a single phased Ti2O3 at room temperature. XAFS confirmed no structural
phase transition in the temperature of 300 – 600 K. However, XAFS demonstrated that a small but distinguishable structural
disorder change was observed near the transition temperature. We will discuss the MIT behavior with the change of structural
disorder.

P4-D159*

Unstable Nature Of Reset Parameters in Unipolar Resistance Switching Since Width
Distribution of Singly Connected Conducting Filaments
NA Sang-Chul, LEE Keundong1, CHUN Min Chul, IM Ji Seok, KIM Jae-Jun, LEE Sangik, PARK Bae Ho1, KANG Bo Soo
Hanyang University. 1Konkuk University.
Through extensive studies over recent years, the mechanism of the unipolar resistance switching (URS) has been established as
formation/rupture of the conducting filaments (CFs). However, there still remain unclear parts. Most of all, the most important
unsolved problem is the origin of the unstable nature of switching parameters. Thus, in this work, the parameters of URS
depending on the compliance current (CC) were investigated in a Pt/NiO/Pt sandwiched structure. We found that adjusting CC
is a good way to control the connectivity of the CFs into singly and multiply connected CFs. The reset voltage and current
obeyed the power laws in log-log plot with different slopes depending on connections between CFs. In addition, the instability
of the reset parameters in the singly connected CFs was observed. According to a simple simulation for singly connected CFs,
we found that its origin is an intrinsic effect which comes from broad distribution of CF’s width.

P4-D160*

Correlation between luminescence properties and formation
of nanocrystalline silicon with substrate temperature variation
JEONG Jiwoon, GU Minseon, AHN Hanyeol, JOO Beom Soo, HAN Moonsup
Department of physics, University of seoul.
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. [Acknowledgements: NRF-2012R1A1A2043619, NRF-2012M2B2A4029470, NRF-2014M2B2A4031923] [1] Q.
Cheng, et al., Physica E 53, 36(2013).

P4-D161*

SiO2/SiOx

PL

GU Minseon, AHN Hanyeol, JEONG Jiwoon, JOO Beom Soo, HAN Moonsup
Department of Physics, University of Seoul.
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. [Acknowledgements: NRF-2012M2B2A4029470, NRF-2014M2B2A4031923] [1] J.Y. Jeong, et al., Journal
of Luminescence 80 (1999) 285. [2] H.Z. Song and X. M. Bao, Phys. Rev. B 55 6988. [3] D. Hiller et al., Phys. Rev. B 82
195401.

P4-D162

Optical Properties of Eu2+-activated Silicate Phosphors on Blue LED Chips

KWON Bong-Joon, GANDHI Sakthivel, WOO Hyun-Joo1, 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. These can be achived by WLED
using blue, green, yellow, or red phosphors including various host materials, employing the blue InGaN or ultraviolet (UV)
LED. For the pure white emission with a specific color rendering and temperature, the combination of LED and phosphor
(phosphor converted WLED) is important because the combination of red, green, and blue LEDs for white light has some
disadvantage, such as spectral shift by temperature and differential ageing of each LEDs. Therefore, 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, silicate phosphors were
synthesized by solid state reaction method with various Eu concentration and sintering temperature. The prepared phosphors
were studied by means of x-ray diffraction, photoluminescence (PL), and PL-excitation (PLE). Quantum yield was measured
by using a fluorescence spectrophotometer (FP-8500, JASCO). White luminescence conversion LEDs were fabricated and the
relative emission spectra under a forward bias of 20 mA were measured using a fiber detector.

P4-D163

Development of an Efficient Yellow Emitting Silicate Phosphor Through Sol‐gel Strategy
Using a Water Friendly Silicate Source
WOO Hyun-Joo, GANDHI Sakthivel1, KWON Bong-Joon1, SHIN Dong-Soo2
Changwon National University, Department of Physics. 1Changwon National University, Research Institute of Basic
Sciences. 2Changwon National University, Department of Chemistry.
The developments of white light emitting diodes (WLEDs) have gained more attention in the current century as it serves as
more efficient solid‐state light source. Currently, the major challenges in developing WLEDs are to achieve the single‐phased
phosphor preparation that fulfills the criteria such as, high color rendering index (CRI > 80), low color correlated temperature
(CCT < 4000 K), good color coordination, high luminous efficiency, etc. To meet these above mentioned challenges, a sol‐gel
approach is adopted wherein a water friendly silicon compound is used as a silicate source. The sol‐gel synthesized phosphors
were subjected to detailed structural, morphological and luminescent studies. The luminescence results show a broad yellow
emission along with a shift in the emission spectrum towards longer wavelength with an increase in Eu2+ concentrations. This
confirms that the yellow emission along with the requisite red spectral components from the phosphor can easily make the
warm WLEDs.

P4-D164
,

Pressure induced new metalic crystaline structure of GeTe
,

.
In this study, we predict new pressure induced crystalline structure of GeTen by density fictional theory calculation. Possible
crystal structure of GeTe is kown as Rhombohedra and Fcc. but only with this two structure, it is hard to explain crystalline
structure during crystalline process of Phase change random access memory. In this study, by breaking symmetry of GeTe
atomic potion which is (0 0 0) , (0.52 0.52 052) in rhbohedral and (0 0 0) ,(0.5 0.5 0.5) in FCC, we found new stable Cm
structure. With this Cm structure we could explain change of XRD peak and Raman spectra during GeTe crystallization.

P4-D165

Electric field effect on magnetocrystalline anisotropy of Fe/MgO and Pt/Fe/MgO:A first

principles study
TAIVANSAIKHAN Purev, RHIM S. H.1, ODKHUU Dorj, KWON Oryong, HONG Soon Cheol
University of Ulsan, Department of Physics. 1University of Ulsan, Energy Harvest Storage Research Center.
The effect of external electric field (E) on magnetization and magnetocrystalline anisotropy (MCA) of Fe/MgO(001) with and
without Pt capping layers have been investigated using first-principles calculations. Under E applied perpendicularly to the
surface, the magnetic moment of the surface Fe atom in Fe/MgO(001) increases monotonically from 2.43µB (E=-1 eV/Å) to
2.64µB (E=+1 eV/Å). Moreover, MCA at the interface is also modified; 0.49, 0.98, and 1.01 meV/cell for the external E of -1,
0, and +1 eV/Å, respectively. The effect of thickness on MCA is investigated up to Pt 5MLs. It is found that the E effect on the
MCA energy is most prominent for 1 ML Pt capping, which indicates that the careful controlling of the thickness of the Pt
capping is crucial to maximize the EF effect.The role of E on MCA is further analyzed by the electrostatic potential and charge
densities of Fe/MgO(001) with and without Pt capping layers. The charge density at Pt atoms does not apparently change, but
appreciable charge density modification at the Fe and MgO layers is observed.

P4-D166

Atomic and Electronic Properties for Bulk and Stacked Structures 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. While the lattice parameter ratio c/a of PbVO3 is 1.23, PbVO3 is a half-metal showing magnetic ordering.
These properties are confirmed by density functional theory (DFT) calculations. By varying the number of PbVO3 layers, we
study atomic and electronic properties for stacked structures of PbVO3 using DFT calculations. Details in electronic structure
are analyzed in terms of band structure and partial density of states (PDOS). The variations of lattice parameters are also
investigated, depending on the Pb vacancy concentration. These theoretical results are compared with available experiment.

P4-D167

Band symmetries of mixed-valence topological insulator: SmB6

KANG Chang-Jong, KIM Junwon, KIM Kyoo, KANG J.-S.1, DENLINGER J. D.2, MIN B. I.
POSTECH, Dept. of Physics. 1The Catholic University of Korea, Dept. of Physics. 2Advanced Light Source, Lawrence
Berkeley Laboratory.
We have investigated the band structure and the band symmetry of mixed-valence insulator SmB6 systematically within the density functional theory (DFT). To describe the strong correlation effect of 4f-electrons
in SmB6 effectively within the DFT level, we have devised a scheme to adjust the spin-orbit coupling (SOC)
strength of Sm 4f electron artificially, which is verified to be a valid approximation by comparison with
the band structure from the dynamical mean-field theory (DMFT). We have analyzed the symmetries and
characters of Sm 4f and 5d bands near the Fermi level (EF ) in terms of the non-relativistic real cubic bases
as well as the relativistic complex bases incorporating the SOC and the cubic crystal field. Based on the full
band symmetry analysis, the ground state of SmB6 is found to be in the Gamma_7 multiplet state, and Sm 5d band
that hybridizes with Sm 4f band near EF has the eg symmetry. Further, we have found that the semi-core
band located at ∼ 15 eV below EF has the mixed parity and thereby affects the parity eigenvalues of the
special k-points considerably. We have discussed the possible surface states and topological class of SmB6,
based on the bulk parity tables.

P4-D168

Electronic structures of silicon and germanium nanowires in the GW approximation

KIM Han-Gyu, CHOI Hyoung Joon
Department of Physics and IPAP, Yonsei University.
Si an Ge nanowires are important candidates for nanoscale electronic devices, and their electronic structures are affeted by the
quantum confinement effect and the strain effect. To caculate the band gaps of Si and Ge nanowires more accurately, we
employ the GW method, which uses quasi-particle equations with the self-energy for the interacting electron system. Using the
GW method, we obtain the electronic structures of Si and Ge nanowires and compare them with the results of the density
functional theory. This work is supported by the NRF of Korea (Grant No.2011-0018306). Computational resources have been
proveded by KISTI supercomputing Center (Project No. KSC-2013-C3-062)

P4-D169
,

Synthesis of Double Perovskite Single Crystals of R2CoMnO6 Family (R=rare earths)

,
,
.
The double perovskite R2CoMnO6 attracts large interests due to the strong interplay among lattice, spin, charge and orbital
degrees of freedom. Recently, interesting features such as phase transitions induced by the metamagnetism and multiferroicity
have been observed in these systems. However, all the samples studied so far have been synthesized only in the polycrystalline
form, preventing characterization of many of their intrinsic properties. Here, we report the growth of double perovskite single
crystals of R2CoMnO6 (R: La - Lu) by the flux method and studied the detailed magnetic and structural properties.

P4-D170*

,

Enhancement of ZT by Mixing two Thermoelectric Materials: Bi2Te3 & GeTe

KIM Jae Nyeong, SHIM Ji-Hoon
Department of Chemistry, Pohang University of Science and Technology.
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.
Compared to Bi2Te3, GBT shows strong peak in density of states near +0.4eV and -0.3eV. Also, Bi2Te3 band becomes 2D
like with increasing GeTe ratio. This flat band along z-direction abnormally shifts origin of Seebeck coefficient along zdirection to positive energy direction and increases Seebeck coefficients values. While broad Seebeck coefficients curve
becomes sharper and sharper, GBT with m=3~4 shows largest Seebeck coefficients at +0.4eV. Therefore, large power factor
could be obtained for the electron doped GBT with m=3~4 along z-direction.

P4-D171*
,

The electronic structure of RE2O2Sb for the charge density wave instability
1,

,
.

1

.

To explore the underlying mechanism of insulating behaviors in RE2O2Sb (RE= rare-earth
elements), we have investigated electronic band structure and phonon dispersion of La2O2Sb,
within the density functional theory (DFT). We have found the Fermi surface nesting at the
specific k=Q vector, which suggests the charge-density-wave (CDW) instability. Indeed, we
have obtained the phonon softening instability in the phonon dispersions at the same Q,
corresponding to weak lattice instability in square net of Sb atoms. Our results demonstrate that
the underlying mechanism of insulating behaviors in RE2O2Sb is not the Mott transition but the
charge-density-wave transition.

P4-D172*

Ab initio study of the heterostructures composed of graphene and porous graphene

LEE Junsu, KIM Gunn
Department of Physics, Sejong University.
Recently, two-dimensional van der Waals materials such as graphene and hexagonal boron nitride have been very fascinating
research topics. As one of two-dimensional materials, polyphenylene superhoneycomb network (PSN) is also interesting since
it is a type of porous graphene. In this presentation, we report a first-principles investigation on the atomic and electronic
properties of the graphene/PSN heterostructure. We employed a plane-wave basis set with a kinetic energy of 400 eV, and the
projector augmented wave method implemented in the Vienna ab initio Simulation Package (VASP). The generalized gradient
approximation was used to describe the exchange-correlation energy functional. To obtain the more accurate results compared
with the experimental studies, we considered the van der Waals interaction, using the Tkatchenko-Scheffler (TS) method. For
various stacking configurations, the external electric field was applied to the graphene/PSN heterostructure. We will
present the effects of the applied electric field on the electronic structure changes such as the Fermi level shift, bandgap
opening, and so on.

P4-D173*

Carbyne Bundles and Carbon Allotropes for a Lithium-ion-battery Anode

,
.
Carbyne, an infinite chain of sp-bonded carbon atoms, may be an
effective material for energystorage applications, such as lithium-ion
batteries, owing to its extremely large surface area (∼11000m2 g−1).
Using first principles density functional calculations, we explored the
possibilities of carbyne bundles for use in lithium-ion-battery anodes. A
composite of a stable Li-intercalated carbyne bundle has the formula
C6Li13. The open circuit voltage of the battery made with acarbyne
bundle ranges from ∼0.3 to ∼0.9 V with changing concentration x
(C6Lix), meeting thevoltage requirement for anodes. The Li-intercalated
carbyne bundle (C6Li13) possesses specificand volumetric capacities of
∼4840 mAh g−1 and ∼2038 mAh cm−3, respectively, which are
muchgreater than the corresponding values for graphite of ∼370 mAh g−1 and ∼820 mAh cm−3. We propose that carbyne
bundles can serve as high-capacity lithium-ion- battery anodes. Also, we compare carbyne with other carbon allotropes like
graphyne.

P4-D174*

Many body effects on optical spectra of armchair MoS2 nanoribbon: GW+BSE study

KIM Jongmin, YUN Won Seok, LEE J.D.
Dept. of Emerging Materials Science, DGIST.
Two-dimensional (2D) transition metal dichalcogenides have been attractive to many researchers because of their unique
properties. Especially, quasi one-dimensional (1D) nanoribbons can lead to not only lots of interests due to promising
applications in future electronics and optoelectronics, but also abundant physical insight due to enhanced many body effects.
MoS2 nanoribbon can be classified into two types, i.e., armchair and zigzag ones. Armchair nanoribbon is semiconducting,
whereas zigzag one is metallic accompanied with localized edge states. In this study, we have investigated the optical
absorption spectra of armchair MoS2 nanoribbon in terms of first-principles calculation. For the calculation, we have
considered Green’s function perturbation theory (GW) and Bethe-Salpeter equation (BSE) which contain both electronelectron and electron-hole interactions.

EF-01

Quantum Back-action Evading Measurement of Mechanical Motion

SUH Junho
.
The measurement sensitivity of nano-mechanical motion reached the regime of significant back-action forces from detectors.
The fundamental back-action of a cavity detector comes from the quantum fluctuations of light field and it ultimately limits the
total sensitivity. We report three observations regarding quantum limits in a microwave cavity detection of mechanical motion:
presence of quantum back-action of a microwave cavity detector (i.e. radiation pressure noise of microwave photons),
reduction of quantum back-action noise by 8.5dB via two-tone back-action evading technique, and the measurement
imprecision 2.4dB under mechanical zero-point fluctuation level. In addition to understanding fundamental limits in
mechanical detection, our work could provide a route toward generation of quantum squeezed states of motion.

EF-02

Measuring the Quantum in the Mechanics

SHIM Seung-Bo, CHO Sungwan, KIM Sang Goon, SUH Junho
.
We investigate the quantum behavior of the nanomechanical system and related physical phenomena. Nanomechanical system
is consisted of relatively larger number of atoms (~10^10) than other systems such as BEC. Typically, this mechanical
structure behaves classically. In certain conditions, however, nanomechanical system can be considered as a quantum
harmonic oscillator. In order to explore the quantum mechanical signature of mechanical system, we need more sensitive
detection system. Thus, in KRISS, we are focusing on the superconducting qubit-coupled nanomechanical system.
Superconducting qubit can serve as a sensitive detector to investigate the quantum behavior of mechanical structure. By
observing and controlling the responses of qubit, we can address and manipulate the quantum state of mechanical system. In
this talk, I will introduce the current status and future plan of nanomechanics research at KRISS to approach the quantum
mechanical state of mechanical system.

EF-03

Mechanical Characterization of Graphene and Development of Its Roll-to-roll Transfer
Machine for Flexible Transparent Electrode
1,
,
,
,
,
,
,
1
,
.
,
.
Graphene is one of the most promising candidates for flexible transparent electrode which is a key component for flexible
display and wearable electronics products. Chemical vapor deposition of graphene has been proven to be readily scaled up to a
30 inch sheet foil or a 100 m rolled foil of a metal catalyst. To be utilized in flexible electrode, graphene should be transferred
onto a flexible polymeric film and its roll-to-roll transfer machine is under development for the commercialization of graphene
electrode. Roll-based transfer relies on mechanical contact and competition of adhesive forces among contacted materials.
Graphene experiences mechanical deformation which leads to macroscopic fracture of graphene during the transfer process
and consequently an increased sheet resistance. Understanding the mechanical behavior of graphene is a basic step for
realization of the graphene transfer machine. In this talk, overview of roll-to-roll transfer machine of graphene is presented and
some mechanics problems are described, which are related to deteriorated and uneven electrical resistance of the transferred
graphene electrode. Some useful techniques for mechanical characterization of graphene are introduced and their measurement
results are discussed from the viewpoint of transfer process and flexible graphene electrode.

,

EF-04

Emergence of Chaos in nano-electromechanical shuttles with hard-wall collson:
Nonanalytic charge transport
.
We develop a theory for charge transport in nano-electromechanical shuttles in the presence of hard-wall collision. We show
that, in certain regimes, the time-averaged charge current is not predictable and is not an analytic function of applied voltage.
The rectified electric current and its non-analyticity emerge from a non-Markovian process in the presence of the hard-wall
collision, which causes chaotic motion of the shuttle.
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Improved quantum efficiency in thermally activated delayed fluorescent organic light-

emitting diodes
LEE Jun Yeob
Department of Polymer Science and Engineering, Dankook University.
Thermally activated delayed fluorescent organic light-emitting diodes are drawing great attention as a next generation high
efficiency fluorescent emitter because of theoretical internal quantum efficiency of 100% by harvesting both singlet and triplet
excitons. However, current quantum efficiency of the thermally activated delayed fluorescent emitter is still inferior to that of
traditional phosphorescent emitter because of incomplete exciton harvesting. The problem of the relatively low quantum
efficiency of the thermally activated delayed fluorescent device can be overcome by engineering the host material for the
delayed fluorescent emitter. For this purpose, we developed several host materials and emitting layer structure which can
optimize light emission of the thermally activated delayed fluorescent emitter. It was found that strong hole transport type host
material is not suitable as the host material for the delayed fluorescent emitter and mixed host structure with carbazole and
electron transport type host material is good as the host material for the thermally activated delayed fluorescent emitter.
Optimization of the host material for the delayed fluorescent emitter gave high external quantum efficiency above 20% in the
thermally activated delayed fluorescent device.
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Outcoupling of light in OLEDs: from a cavity-resonance-induced enhancement to
scattering-based extraction
YOO Seunghyup, CHO Hyunsu, KIM Eunhye, SONG Jinouk
KAIST,
.
Achieving high luminous efficiency is always desired in any lighting devices as it can lead to longer battery runtime in
portable electronic devices and lower cost per lumen in lighting and large-size displays. To this end, various outcoupling
enhancing techniques involving microlens arrays, scattering layers, internal nano/microstructuring, or high-index substrates
have been proposed for organic light-emitting diodes (OLEDs), in which a significant portion of internally generated photons
are prevented from being outcoupled into air due to total internal reflection occurring at interfaces of OLEDs. Here we present
our efforts on improving the outcoupling efficiency of OLEDs. Methods based on conductive low index layers are introduced
as an effective tool to extract waveguide modes and/or to reduce surface plasmon polariton modes. Then we present our study
of trans-scale optical simulation that takes into account both incoherent and coherent domains. In particular, we describe our
case study in which high-efficiency OLEDs are achieved by combining scattering effects and high-index substrates. MonteCarlo simulation method is used to describe stochastic processes within the scattering media, while it is coupled with a
classical dipole oscillator model so that one can properly account for the effect of rich optical modes that can be generated
within active layers of OLEDs.

EF-08

Co-solvents Effects on the morphology of a P3HT:PCBM bulk heterojunction layer and its
interface with an aluminum electrode
LEE Hyun Hwi, SHIN Tae Joo, KIM Hyo Jung1
Pohang Accelerator Lab., POSTECH. 1ept. of Organic Materials Science and Engineering, Pusan National Universit.
Poly(3-hexylthiophene):phenyl-C61-butyric acid methyl ester (P3HT:PCBM) films were fabricated using a chlorobenzene
and dichlorobenzene co-solvent. The co-solvent films had better crystallinity of P3HT domains and an initial tensile strain
exceeding that of the pure CB solvent films due to the large π- π distances. Thermal annealing relieved the tensile strain by
condensing the thiophene ring distances and increasing the domain crystallinity. Co-solvent films were prevented from Al
atom diffusion into the P3HT:PCBM layer during thermal annealing. The presence of an Al layer enhanced the grazing
incidence small angle X-ray scattering contrast between the P3HT and PCBM domains at the Al layer interface.
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Dzyaloshinskii-Moriya Interaction and Spin-Orbit Torque

CHEON Su-Ik, KIM Kyoung-Whan, LEE Kyung-Jin1, STILES Mark2, LEE Hyun-Woo
Department of Physics, POSTECH. 1Department of Materials Science and Engineering, Korea University. 2National Institute
of Standards and Technology, Gaithersburg, Maryland, USA.
Recent experiments demonstrated that the Dzyaloshinskii-Moriya interaction emerges near the interface between a heavy
metal and a ferromagnet and plays important roles for the magnetic domain wall motion in the ferromagnetic layer, combined
with the spin-orbit torque. This talk aims to discuss the connection between the Dzyaloshinskii-Moriya interaction and the
spin-orbit torque, both of which arise from atomic spin-orbit coupling and symmetry breaking.
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Magnetization dynamics in the presence of Dzyaloshinskii-Moriya interaction

KYUNG-JIN Lee
Korea University, Dept. of Mater. Sci. & Eng..
The Dzyaloshinskii-Moriya interaction (DMI) is an antisymmetric exchange interaction that is caused by the combined effect
of the exchange and spin-orbit couplings. As the DMI favors a twisted magnetic texture, it also affects magnetization dynamics
in a way different from those of all other magnetic energies. In this talk, we will show theoretical and numerical results of
spin-wave dynamics and skyrmion dynamics in the presence of DMI. We find that the DMI with different symmetry is
correlated to the spin-orbit torque of which exact form is determined by the symmetry. As a result, electrical or magnon
current-induced dynamics of spin-waves and skyrmions is understood by the symmetry.

EF-11(

) Probe of magnetic states in unconventional bubble domains by magnetic force microscopy

Physics, POSTECH.
Recently, skyrmions have drawn much attention for physics and applied science since they provide a venue for domain
manipulation with an ultra low current density. Skyrmions, originally, were found at the non-centrosymmetric crystals, such as
MnSi and FeGe, originating from competition between ferromagnetic exchange and Dzyaloshinskii-Moriya interactions.
However, a couple of recent results show skyrmion behavior in highly anisotropic magnetic materials with inversion
symmetry, which opens a wide span of practical applications. In this talk we will show skyrmion-like domains in
centrosymmetric crystals, probed by magnetic force microscopy. In particular the evolution of tree-like domains into
skyrmion-like bubbles is discussed with a variety of fields and temperature in the bilayer LSMO single crystals.
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The chirality of magnetic domain walls in the perpendicularly magentized system

, WU Yizheng1, GONG Chen2
. 1Fudan University, Department of Physics. 2Lawrence Berkeley National Laboratory, National
Center for Electron Microscopy.
In a system with broken inversion symmetry, Dzyaloshinskii–Moriya interaction(DMI) can be involved, resulting in a helical
or cycloidal magnetic structure with a determined chirality. In the magnetic system made of transition metallic layers, the DMI
produced at the interface is not strong enough to make such magnetic structures. However, DMI plays an important role on the
magnetic structure of the magentic domain wall around spin reorientation transition in the perpendiculary magnetized system,
because the anisotropy is effectively reduced by the competition of crystalline anisotropy and shape anisotropy.
We show that the Dzyaloshinskii–Moriya interaction can be adjusted to stabilize either left handed or right-handed Ne´el
walls, or non-chiral Bloch walls by adjusting an interfacial spacer layer between the multilayers and the substrate.
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) Determination of the Dzyaloshinskii-Moriya interaction in the inversion symmetry broken

system
KOOPMANS Bert1, SWAGTEN Henk J. M.1
.
of Applied Physics, Center for NanoMaterials, Eindhoven University of Technology.
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Quantitative Measurement of Interfacial Dzyaloshinskii-Moriya Interaction by
Nonreciprocal Spin-wave Propagation
LEE Jong Min, JANG Chaun, LEE Kyung-Jin1, MIN Byoung-Chul, CHANG Joonyeon
Spin Convergence Research Center, Korea Institute of Science and Technology, Seoul 136-791, Korea. 1Department of
Materials Science and Engineering and KU-KIST Graduate School of Converging Science and Technology, Korea University,
Seoul 136-701, Korea.
The antisymmetric component of exchange interaction, known as Dzyaloshinskii-Moriya interaction (DMI), arises from
broken inversion symmetry and spin-orbit coupling. The interfacial DMI has attracted intense interest in the field of
spintronics owing to its important role in magnetic dynamics such as, for instance, in magnetic domain wall motion in
ferromagnetic thin films. In order to understand the physics of interfacial DMI, it is crucial to measure the magnitude of DMI
energy. In this work, the interfacial DMI energy is determined from spin-wave propagation in ferromagnetic thin films. The
ferromagnetic films consisting of Pt/Co/MgO are patterned into 8-μm-wide strips, and coplanar waveguides for the spin-wave
measurement are prepared by e-beam lithography. The spin-wave propagation in the sample via magnetostatic surface mode is
measured by a vector network analyzer. The presence of interfacial DMI leads to a nonreciprocity in the spin-wave
propagation [1], and spin-wave frequency (f) depends on the propagation direction or the sign of wave vector (k), i.e., f(+k) ≠ f
(-k). The frequency shift (Δf = f(+k) – f(-k)) of spin wave provides an access to a quantitative measurement of interfacial DMI
energy [1]. A substantial frequency shift, linearly proportional to the wave vector (k), is indeed observed from the spin-wave
measurements. This approach using nonreciprocal spin-wave propagation can be extended to quantify the interfacial DMI
energy in various ferromagnetic systems.
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We demonstrate here that ultrathin ferromagnetic Pt/Co/Pt films with perpendicular magnetic anisotropy exhibit a sizeable
Dzyaloshinskii-Moriya interaction (DMI) effect. Such a DMI effect modifies the domain-wall (DW) energy density and
consequently, results in an asymmetric DW expansion driven by an out-of-plane magnetic field under an in-plane magnetic
field bias. From an analysis of the asymmetry, the DMI effect is estimated to be strong enough for the DW to remain in the
Néel-type configuration in contrast to the general expectations of these materials. Our findings emphasize the critical role of
the DMI effect on the DW dynamics as the underlying physics of the asymmetries that are often observed in spin-transferrelated phenomena.
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3D FDTD study of nanomaterials addressed GaN LEDs

.
Analysis of light behavior in GaN LED by addressing an array of nanomaterials is investigated by means of three
dimensional finite-difference time-domain (FDTD) simulation experiment. The array of nanomaterials is placed on top of the
GaN LED, and is used as a light extraction layer. Depending on its empirically capable features, the refractive index of
nanomaterials with perfectly spherical (particle) and hemispherical (plano-convex lens) shapes were decided as Polyethylene
glycol (PEG) and Zirconia (ZrO2). As a control experiment, a 3-D FDTD simulation experiment of GaN LED with PEG film
deposited on top of the LED is also carried out. Different light behavior profiles between subwavelength- and overwavelength-scaled nanomaterials addressed GaN LEDs is observed in distributions of Poynting vector intensity of the light
extraction layer–applied GaN LEDs. In the result, dielectric effect on light extraction is more effective in the light extraction
layer with over-wavelength scaled features.

EG-02*

Structural and electrical properties of proton-bombarded ZnO Nanorods

PARK C.-I, JIN Zhenlan, HWANG I.-H., SON J.-K., HAN S.-W.
Department of Physics Education and Institute of Fusion Science, Chonbuk National University, Jeonju 561-756, Korea.
We investigated the structural and the electrical properties of proton-beam-bombarded ZnO nanorods. Vertically-aligned ZnO
nanorods were synthesized on Al2O3 substrates by using a catalyst-free metal organic chemical vapor deposition (MOCVD).
ZnO nanorods were bombarded by proton beam at energies of 10 ~ 40 MeV and fluxes of 1×1011 - 1×1012 particles/cm2.
Field-emission scanning electron microscopy (FE-SEM measurements showed no visible distortion on the ZnO nanorods after
proton-beam bombardment. High-resolution X-ray diffraction measurements (HR-XRD) demonstrated a small but substantial
amount of lattice constant distortion in ZnO nanorods, compared with untouched ZnO nanorods. Polarization-dependent
extended X-ray absorption fine structure (EXAFS) revealed that the bond length of Zn-O pairs along the c-axis of ZnO
nanorods were more distorted than other atomic pairs. From I-V measurements, we found that the electrical properties of
proton-bombarded ZnO nanorods were enhanced by at least 5 time than that of untouched ZnO nanorods. Also, we will discuss
annealing effect of the electrical property change of proton-bombarded ZnO nanorods.

EG-03*

Structural and electrical property of metal-insulator-transition VO2 thin films

ZHENLAN Jin, I.-H. Hwang, C.-I. Park, J.-G. Son, S.-W. Han
Department of Physics Education and Institute of Fusion Science, Chonbuk National University.
We investigated the structural and electrical properties of metal-insulator-transition (MIT) VO2 films using in-sit X-ray
absorption fine structure (XAFS) at the V K edge from 20 – 100oC. VO2 films were fabricated on Al2O3 substrates using a DC
magnetron sputtering deposition. X-ray diffraction (XRD) showed only (0l0) reflection peaks at room temperature, indicating
the b-axis oriented VO2 films epitaxially grown along the c-axis of Al2O3 (0001) surfaces. XAFS revealed a structural
transition from a monoclinic phase to a rutile phase near 70oC. Resistance measurements as a function of temperature (R-T)
demonstrated that the resistance of VO2 thin films was changed by a factor of 4 near 75 oC. The MIT transition temperature of
75oC is slightly higher than previous reports of ~68oC from a single crystal. It is known that a disordered VO2 has a lower
transition temperature. We will discuss the R-T results, comparing with the structural properties

EG-04*
,

ZrO2
,

,
.
Polydimethylsiloxane (PDMS)
Au

ZrO2

.

Au

PDMS

,
ZrO2

4

2

ZrO2
ZrO2

ZrO2

.

3-aminopropyltriethoxysilane (APTES)

(+)

Au

ZrO2
.

EG-05*

Structural and Photocatalytic Property of ZnFe2O4/ZnS Core-Shell Nanoparticle
Prepared by Hydrothermal Method
YOO Pil Sun, LEE Bo Wha, LIU Chunli
.
To develop photocatalyst utilizing the near-visible emission, we
synthesized ZnFe2O/ZnS core-shell composite by hydrothermal method
and co-precipitation method. ZnFe2O4 single crystal nanoparticles were
synthesized with hydrothermal method. The average particle size was
about 50 nm. The ZnS nanoparticles was then coated on the as-prepared ZnFe2O4 nanoparticles by co-precipitation method in
water to form the core-shell composite. The size of the ZnS nanoparticles was about 5 nm. Even though ZnS shell is not one
layer, shell nanoparticles maintain a stable state in photocatalysis with surface interaction between the interface of the core and
shell materials. The simultaneous existence of ZnFe2O4 and ZnS has been confirmed by the x-ray diffraction pattern and the
transmission electron microscopy. The saturation magnetization of the ZnFe2O4 core prepared by hydrothermal method was
high enough to retrieve these nanoparticles with a magnet. Therefore, the ZnFe2O4/ZnS core-shell composite can be used as
magnetically collectable photocatalyst. The photoluminescence spectra of the ZnFe2O4/ZnS composite showed blue emission.
In the core-shell composite the band gap difference of two material induces the electron and hole separation [1], and the
photocatalytic property was improved by core-shell morphology as compared to that of ZnFe2O4 or ZnS nanoparticles.Figure
1 (a) ; XRD data of ZnFe2O4/ZnS composite and (b); ZnFe2O4 SEM data before coating of ZnS[1] X. Pan, Z. Junwu and W.
Xin, Ind. End. Chem. Res., 52(48), 17126-17133, (2013)
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Determination of thermal conductivity of SiO2 doped Ge4SbTe5 films and their thermal

boundary resistance with the Si3N4 interface by the 3ω method
KIM Tai Hoon, KIM Hyung Joon, KIM Kee Hoon
CeNSCMR, Dept. of Physics and Astronomy, Seoul Nat’l Univ., Seoul 151-747, Republic of Korea.
<!--[endif]--> The phase change memory (PCM) is emerging as a future nonvolatile data storage device for its inherent
scalability, reduced read/write times and improved cycle endurance. In the PCM devices, phase change materials reversibly
switch between amorphous and crystalline phases by thermally activated processes. Increasing demands for optimizing the
performance of the PCM motivate thorough understanding of the thermal properties, especially thermal conductivity and
thermal boundary resistance (Rbd) at the interface.[1] We employed the "3ω method" to determine thermal conductivity (κ) of
crystalline SiO2 doped Ge4SbTe5 (Ge4SbTe5-SiO2) films with varying thicknesses of 49, 105 and 148 nm as function of
temperatures between 30 and 270°C. We have co-sputtered Ge4SbTe5-SiO2 films on Si wafer covered with Si3N4 at room
temperature and sequentially deposit Si3N4 dielectric layers by using the chemical vapor deposition technique at 300°C. From
the thickness-dependent variation of κ, we extracted the intrinsic thermal conductivity (κi) of Ge4SbTe5-SiO2 films and the
Rbd at the Ge4SbTe5-SiO2 /Si3N4 interface, of which values (κi and Rbd) at room temperature were around 0.77 Wm-1K-1
and around 4.7×10-8 m2KW-1, respectively. It was also found that both κi(T) and Rbd(T) showed almost temperatureindependent nature up to 270°C, implying that the crystalline phase of the Ge4SbTe5-SiO2 films are stable. The extracted
temperature-dependent values of κi of the Ge4SbTe5-SiO2 film and Rbd at the Si3N4/Ge4SbTe5-SiO2 interface are expected
to be useful for optimizing the critical parameters of the PCM devices. [1] J. P. Reifenberg et al., IEEE electron device letters
29, 1112 (2008).
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Optical properties and photocatalysis performance of different size ZnO Quantum dots

THUAN Doan Van, KHOA Nguyen Tri, KIM SoonWook, SEO DuckMin, YOO Dae-Hwang, HAHN Sung Hong
,
.
We investigated the size-dependent optical properties and catalysis performance of ZnO quantum dots which particles size
are smaller than 10 nm. The UV-Visible spectra shows a blue-shifted absorption edge when the particle size decreased,
indicates the band-gap increased. The ZnO QDs exhibits a stable, broad and strong photoluminescence (PL) emission in the
visible regions which is attributed to the high defect density of large surface particle. Consequently, the degree of methylene
blue (MB) photodegradation by smaller ZnO quantum dot is much higher than bigger size, which implied that the high
mobility and defect relocation of large surface particle provides enhanced photocatalytic activity.
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Fabrication of Plasmonic Au Nanopore Sensor

CHOI Seong Soo, PARK Myoung Jin1, HAN Cheol Hee2, YAMGUCHI
Tokutaro3, PARK Namkyou4, KIM Sung In5, YOO Jung Ho5, PARK
Kyoung Jin5, LEE Luke6
SunMoon University, Dept of Nanobio science and Physics. 1SunMoon
University, Research center for NanoBio Science. 2SunMoon
University, Department of Chemistry. 3SunMoon University, University
Instrumentation center. 4Seoul National University, School of Electrical Engineering. 5NNFC, Team for Measurement and
Analysis. 6Univ. of California at Berkeley, Department of Bioengineering.
We have fabricated the Au pores on pyramidal membrane using focused ion beam technique and energy electron beams
irradiations. The focused ion beam milling with 30 keV Ga ion Beam was carried out on the Au deposited membrane. Electron
beam irradiations using scanning FESEM or TEM were followed in order to reduce the pore size down to ~ 5nm.. Focused
electron beam drilling on the freestanding 40 nm Au membrane was also carried out by using 200 keV scanning transmission
electron microscope (STEM) [Fig.1]. Even though drilling Al or other insulating materials such as MgO were reported before,
however, drilling of Au nanombrane with 200 keV or 300 keV has not yet to be reported due to higher thermal diffusivity and
higher electrical conductivity of Au than other materials. The fabricated Au nanopore can utilized as an optical nanobio sensor
for ultrafast single molecule detection. Physical mechanism of drilling Au membrane such as Coulomb explosion and thermal
spike modeling will be investigated.
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Morphology of protruded filopodia of CD4+ T-lymphocytes on feature-size modified
nanopillar arrays and their separation yield
LEE Won-Yong, KIM Dong-Joo, CHOI Mun-Ki, JEONG Jin-Tak, LEE
Sang-Kwon
Department of Physics, Chung-Ang University, Seoul, 156-756,
Republic of Korea.
Improvement in capture and separation of rare cell populations,
including circulating tumor cells (CTCs) and primary immune cells is
incurred by nanostructure-based platforms. However, the mechanism
underlying the high efficiency of rare cell capture remains elusive. In this work, we controlled substrate topography by
depositing monodisperse polystyrene (PS) nanospheres with the range of 200 to 750 nm onto quartz substrate. These surfaces
were applied to investigate cell surface nano-morphology to better understand the cellular response of CD4+ T-lymphocytes in
contact with nanostructured surfaces and to elucidate key mechanisms for enhancing separation efficiency. Our results clearly
showed that actin-rich filopodia protruded from T-cells in the early stage of cell capture (<20 min) demonstrated the different
morphologies in response to various quartz nanopillar (QNP) arrays functionalized with streptavidin and the generation of
sufficient adhesion sites. This systematic study of T-cells on nanotopographic templates provides new insights to understand
the enhanced cell-capture efficiency and specificity from the primary cell suspension on nanostructured substrates.
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Photocurrent Enhancement in Metamaterial-Integrated Infrared Detectors

.
We demonstrate photocurrent enhancement in metamaterial-integrated quantum dots-in-a-well infrared detectors. Gold splitring resonators are patterned in the detector aperture. Our polarization-dependent photocurrent measurements clearly show that
the detector spectral response is strongly affected by metamaterial patterning on the detector aperture surface. When the
metamaterial resonance matches the quantum dot absorption peak, a strong enhancement of generated photocurrent is
obtained. These observations are well supported by numerical simulations too. Various detector functionalities can be
implemented by proper metamaterial patterning on the detector surface. This can lead to highly compact, fully integrated
infrared detector systems.
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Space-time path discontinuities of wavepackets propagating across a meta-atom
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The realization of phase discontinuities across metasurfaces has led to a
new class of reflection and refraction of waves. Here we present that a
subwavelength-thickness meta-atom(or a metasurface) that produces
phase discontinuities also produces space-time path discontinuities for
the passing wavepackets by measuring a full spatiotemporal pressure
field along a tube where the acoustic meta-atom is attached in the
middle. We construct a tunable meta-atom from two subwavelengthsized coupled resonators operating at ~500 Hz, and reveal
discontinuities at the meta-atom where the pulses exit at a time ~50 ms
ahead or behind their arrivals. Applications include thin acoustic
metasurface lenses.

EG-15*

Electro-optic Control of Refraction in Metasurface Twisted Nematic Cell

,
,
.
Electro-optic switching of refraction is experimentally demonstrated in a
phase-discontinuity complementary metasurface twisted nematic cell.
The phase-discontinuity complementary metasurface is fabricated by
focused-ion-beam milling, and a twisted nematic cell is constructed with
complementary V-shape slot antenna metasurface. By application of an
external voltage, switching is achieved between ordinary refraction and
extraordinary refraction satisfying the generalized Snell’s law. It has a
strong implication for applications in spatial light modulation and
wavelength division multiplexer/demultiplexer in a near-IR spectral range.

EG-16*

Enhanced electrical mobility of (Ba,La)SnO3 film on insulating BaSnO3 substrate

LEE Woong-Jhae, KIM Hyung Joon, SOHN Egon, KIM Tai Hoon, JEONG Hyunhak1, PARK Ju-Young, LEE Takhee1, KIYOUNG Choi, KIM Kee Hoon
CeNSCMR, Department of Physics and Astronomy, Seoul National University. 1Department of Physics and Astronomy, Seoul
National University.
Doped BaSnO3 (BSO) system with a perovskite structure draws increasing interest because of the high electrical mobility
(~300 cm2V-1s-1), wide optical band gap (over 3.1 eV) and oxygen stability [1,2]. In order to realize a high speed device
based on the doped BSO films, an insulating substrate based on the BSO single crystal is indispensable to the realization of
epitaxial films without grain boundaries and dislocation defects. In this study, we report the successful growth of an insulating
BSO single crystal as a good substrate by using the flux growth method, particularly with an oxidizer. After polishing BSO
crystals to have a flat surface along the c-plane, we deposited epitaxial BLSO films on the BSO substrate (BLSO/BSO (001))
by using the pulsed laser deposition. The Hall effects measurement revealed that the electrical mobility (μ) of BLSO/BSO(001)
films were ~70 – 100 cm2V-1s-1 in a carrier density (n) regime from 1.0 × 1019 to 6.0 × 1020 cm-3, showing slightly
increasing behavior when n was decreased. These results are qualitatively similar to those observed in single crystal specimens
though the mobility value is smaller by about a factor of three. The μ values on BSO were clearly higher than those on SrTiO3
(STO) substrate (~15 – 60 cm2V-1s-1), indicating that the crystallinity of the BLSO/BSO(001) films is superior to the films on
STO (001). We’ll also show some of our recent efforts to realize the field effect transistor based on the BSO single crystal
substrate. The present results show that the single crystal BSO substrate can offer various opportunities to realize practical
electronic devices based on the doped BSO films.
References
1. H. J. Kim et al., Appl. Phys. Express 5, 061102 (2012).
2. H. J. Kim et al., Phys. Rev. B 86, 165205 (2012).
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Temperature-dependent Thermal Conductivity of The Nanoporous Bismuth (Bi) Thin

Films
PARK No-Won, LEE Won-Yong, LEE Sang-Kwon, PARK Tae-Hyun1
Department of Physics, Chung-Ang University. 1Department of Physics, Chung-Ang University, Seoul, 156-756, Republic of
Korea.
We demonstrated the effective thermal conductivities of nanoporous bismuth (Bi) thin films with highly ordered nanoscale
pores of 135-490 nm and film porosities of 38.6%-45.0% by using 3-Z method. Together with this experimental studies,
theoretical calculation based on Callaway model were also presented. To fabricate the high-density nanoscopic pores on Bi
film, we used polystyrene (PS) beads ranging from 200 to 750 nm in diameter as an etch mask. Temperature-dependent
thermal conductivity was measured in the temperature range of 20 to 300 K using 3-omega method. The thermal conductivity
of nanoporous Bi thin film with a porosity of 45.0% (i.e., pore size of 135 nm) was determined to be 0.42 W/m∙K at 300 K,
which is 26.2 times lower than that of corresponding bulk value (11 W/mK) at 298 K. From this study, we suggest that this
behavior can be quantitatively explained by enhancing the phonon scattering due to the increase the porosity up to ~45% on
reduction in thermal conductivity in nanoporous Bi thin films with respect to the planar thin films. For analyzing the
contribution of thermal transport in the nanoporous Bi thin films, we estimated the effective total thermal conductivity using
modified Callwaway phonon transport model that accounts for the porosity effect based on the full distribution of mean free
path. From this estimation, we clearly confirm that the reduction in thermal conductivity of the nanoporous films can be
mainly attributed to the porosity effect rather than pore size effect.

EG-19*

Optoelectric properties of gate-tunable MoS2/WSe2 heterojunction

YI Sum-Gyun, PARK Min ji, KIM Joo Hyung, KIM Sang jeong, YOO Kyung-Hwa
.
Two dimensional transition-metal dichalcogenides (TMDs) semiconductors are attractive materials for optoelectric devices
because of direct energy bandgap and transparency.To investigate the feasibility of transparent p-n junctions, we have
fabricated heterojunctions consisting of WSe2 and MoS2 since WSe2 and MoS2 with proper electrode metals exhibit p-type and
n-type behaviors, respectively. These heterojunctions showed rectifying behaviors, indicating that p-n junctions were formed.
In addition, photocurrent and photovoltaic effects were observed under light illumination, which were dependent on the gate
voltage. Possible origins of gate-tunability are discussed.

EG-20*

Systematic Investigation of the Channel Properties and Contact Resistance of MoS2 FET by

a Rapid Thermal Annealing method
PARK Minji, MIN Jungki, YOO Kyung-Hwa
.
We have investigated contacts between MoS2 and metal electrodes to improve the characteristics of MoS2 field effect
transistor (FET) devices. To estimate the contact resistance, we fabricated four probe devices and measured the temperature
dependence of their electrical transport properties. After rapid thermal annealing at 300°C for 3 min, all devices showed lowresistance ohmic contacts. We confirmed that the mobility of MoS2 FETs was also enhanced by rapid thermal annealing and
then, we estimated the Schottky barrier height using 2D thermionic emission analysis. In addition, a possible origin of the
carrier transport along multilayer MoS2 interface by rapid thermal annealing is discussed.

EG-21*

Optical Properties of CVD Grown MoS2 Layers

SIM Yumin, KIM Jinbae, SEONG Maeng-Je
Chung-Ang University.
We have synthesized molybdenum disulfide (MoS2) layers using chemical vapor deposition (CVD) method with sulfur (S) and
molybdenum trioxide (MoO3) as the precursors. The synthesized MoS2 layers were characterized using Raman spectroscopy
and photoluminescence (PL). Raman spectra exhibited typical E2g and A1g Raman signatures of MoS2 at ~387 cm-1 and ~407
cm-1, respectively. PL results show that, with decreasing number of MoS2 layers, the MoS2 exciton PL peak intensity became
stronger. Raman and PL results on the as-grown films of MoS2 indicate that the number of layers ranges from one to four. We
checked the quality and uniformity of the synthesized MoS2 layers using micro-Raman imaging,

EG-22*

Raman Spectra of MoS2 Thin Films under Uniaxial Strain

PARK Jaesung, LEE Jae-Ung, CHEONG Hyeonsik
Department of Physics, Sogang University.
We performed polarized Raman measurements on MoS2 thin films under uniaxial strain. The samples are prepared on flexible
acrylic substrates by mechanical exfoliation. The thickness is confirmed by photoluminescence and Raman measurements. By
bending the substrate we can control the strain on the sample systematically. We investigated the changes of the peak position
and the polarization dependence of the four Raman modes; shear, breathing, E12g, and A1g, which correspond to inter-layer inplane, inter-layer out-of-plane, intra-layer in-plane, intra-layer out-of-plane vibrational modes, respectively [1, 2]. When the
strain is applied, the in-plane modes (E12g and shear modes) split into two peaks and the each split-peak intensity depends on
the scattered photon polarization [3]. From the polarization dependence of the two split peaks, we can determine the
crystallographic orientations with respect to the strain axis. The out-of-plane modes (A1g and breathing modes) shows
relatively small strain responses. This study will help understand the mechanical properties of MoS2 thin films for the
applications in future flexible electronic devices.[1] Changgu Lee et al, ACS nano. 4, 2695 (2010).[2] Yanyuan Zhao et al,
Nano Lett. 13(3), 1007 (2013).[3] Yanlong Wang et al, Small. 9, 2857 (2013).

EG-23*

Synthesis of large-area, patternable single-layer MoS2 films by chemical vapor deposition
1,
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.
Molybdenum disulfide (MoS2) has gained a significant amount of
attention due to a great potential [1]. Recently chemical vapor deposition
(CVD) method has been utilized to synthesize MoS2 films [2],
however, it still remains an outstanding challenge for practical device
development. Despite the recent progress, existing synthetic approaches that can be used to fabricate large-area MoS2 films
require additional patterning processes. These processes may introduce unintentional contamination from other chemicals.
Therefore, it is required to directly synthesize patterned, atomic-layer MoS2 films by CVD on silicon substrates.
In this presentation, we report a simple method for the synthesis of large-area, high-quality, single-layer MoS2 films that can
be directly patterned during the synthesis[3]. We demonstrated a direct-patterning of MoS2 single-layer by using a shadow
mask during the MoS2 synthesis process in CVD. The results of this study indicate that large-area, high-quality single-layer
MoS2 films can be synthesized by CVD and directly patterned for atomic-film electronic devices.
References
[1] B. Radisavljevic, Nat. Nanotechnol. 6, 147 (2011).
[2] A. M. van der Zande, Nat. Mater. 12, 554 (2013).
[3] W. Park, ACS Nano 8, 4961 (2014).

EG-24*

Phase Changes and Metal-Insulator Transitions in Single-Layers of Transition Metal
Dichalcogenides: A Computational Study
KANG Seoung-Hun, KWON Young-Kyun
Department of Physics and Research Institute for Basic Sciences, Kyung
Hee University.
Using ab-initio calculations based on the density functional theory
(DFT), we investigate the structural and electronic properties of MX2
(M=Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, and W; X=S and Se). Since there are
two geometrically possible phases, octahedral T and trigonal 2H phases,
we evaluate their relative stabilities for each compound. It is discovered
that the equilibrium configurations of MX2 with M in the III-group (Ti,
Zr, Hf) and in theV-group (Mo, Zr, Hf) are T and 2H phases,
respectively. On the other hand, the compounds with M in the IV-group
(V, Nb, Ta) can be in either phase with almost the same total energy.
Using the nudged elastic band method, we calculate the activation energy barrier between two phases for every
compound at various lattice constants. Based on these results, we find that the phase transition can be activated by applying
compressive or tensile strain. Our electronic structure calculations under applied strain also reveal that metal-insulator
trasitions can be induced in tandem with structural phase transitions in several compounds.

EG-25*

Electronic Structure of Single-Crystal Monolayer Graphene on Hydrogen-Terminated
Germanium Surface
,
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,
.
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) Single Molecule Circuits for Organic Electronics

KIM Taekyeong
.
An exponential increase in the performance of integrated circuits has been a reliable feature of the semiconductor industry.
However, in order to continue this trend, the size of nanoelectronics circuit components will soon need to reach the scale of
atoms or molecules. Single molecule devices offer an ideal test bed for understanding charge transfer across molecular
junctions and metal/organic interfaces which has implications in the field of organic electronics and photovoltaics. In such
junctions, the contact interface between the molecule and the electrodes greatly affects the electronic characteristics. In this
presentation, I will introduce the scanning tunneling microscope break-junction technique that we use to measure electronic
transport through single molecule junctions [1, 2]. I will then present experimental and theoretical results of charge transport
measurements and binding mechanisms of single molecule junctions formed with new electrode materials such as silver and
graphite [3-5]. These junctions formed with graphite rectify and have among the highest rectification ratios reported for a
molecular junction. Furthermore, I will show how the molecular energy level alignment can be directly measured in a single
molecule junction. This work opens a new path for molecular electronic devices.[1] L. Venkataraman et al., Nature, 442
(2006) 904-907.[2] S.Y. Quek et al., Nat Nano, 4 (2009) 230-234.[3] T. Kim et al., Nano letters, 14 (2014) 794-798.[4] T. Kim
et al., Nano letters, 13 (2013) 3358-3364.[5] T. Kim et al., PNAS, 111 (2014) 10928-10932.

EG-27(

) Electronic and Magnetic Properties of 2-Dimensional Electron Gas at Amorphous

Oxide/SrTiO3 Heterostructures using Atomic Layer Deposition
LEE Sang Woon
Department of Physics and Division of Energy Systems Research, Ajou University.
Oxide heterostructures have been extensively studied for materials and physics research since 2-dimensional electron gas (2DEG) was observed at the epitaxial interface of LaAlO3 (LAO) and SrTiO3 (STO). So far, most of the LAO films were grown
epitaxially by pulsed laser deposition (PLD) on single crystalline STO substrates, in which the creation mechanism of 2-DEG
is related with an electronic reconstruction. Recently, we demonstrated the 2-DEG could be created using amorphous LAO (aLAO) layer instead of epitaxial-LAO layer, by means of atomic layer deposition technique. More remarkably, we could create
the 2-DEG using amorphous Al2O3 (a-Al2O3) on STO substrate. The creation mechanism of the 2-DEG at the a-LAO/STO (or
a-Al2O3/STO) heterostructures will be discussed in terms of oxygen vacancy generation. In addition, recent advances in the
research of magnetic properties at the interface of these oxide heterostructures will be introduced based on the magnetic torque
measurement.

EG-28*

Influence of surface potential bending on current transport in chalcopyrite thin-films for
solar cell applications
,

,

,
.
Ga/(Ga+In) value (x) in chalcopyrite (CIGS) solar cell is one of main
issues to improving efficiency, but the origin of optimum 30% of x still
remain unsolved. Effects of x on grain growth and band gap of CIGS
have been studied extensively. With scanning probe microscopy, local
electrical properties of GBs were investigated to understand GB
behavior and electron-hole carrier. The high efficiency of CIGS thinfilm indicate dominant positive potential and downward band bending of
around the GBs. It results in enhancing minority carriers collection at
GBs. In addition, high efficiency of CIGS thin-film shows relatively
small current values on the film surface. Therefore, GBs in high
efficiency of CIGS could affect to carrier transport,it will improve the efficiency of CIGS solar cells.

EG-29*

Parallel Polymer Tandem Solar Cells containing Comb-shaped Common Electrodes

YOON Choon Sup, HAN Hee Yoon, YOON Hongkee
KAIST, Department of Physics..
Polymer solar cells are promising candidates for future photovoltaic
applications due to various advantages such as low cost and ease of
fabrication. To enhance the power conversion efficiency (PCE) of
polymer solar cells, parallel- and serial-connected tandem cells have
been studied to utilize the complementary absorption bands. Most of the
tandem cells studied thus far are limited to series tandem architectures.
For parallel connection to obtain high PCE, the interlayer electrodes
should possess both high optical transmittance and high electrical
conductivity, which are difficult to attain at the same time. We report a
parallel polymer tandem solar cell that contains interlayer electrodes
with high optical transmittance and low electrical resistance using combshaped electrodes (CSEs) based on Au and a conductivity-enhanced hole
transport layer, leading to 20% higher PCEs than those obtained using
conventional Au thin-film electrodes. We also analyzed the resistance of the combined electrodes theoretically, which enabled
us to predict the optimum number of teeth required for the Au CSEs to give the maximum PCE in three-terminal parallel
tandem structures, and showed excellent agreement with the experimental results.

EG-30*

Resistive Switching Properties of Cobalt Ferrite Thin Films

LIU Chunli, MUSTAQIMA MILLATY, LEE Bo Wha
.
The resistive switching (RS) phenomenon refers to the reproducible switching between a high resistance state (HRS) and a
low resistance state (LRS) observed in a metal/oxide/metal (MOM) configuration. The RS effects in binary oxide materials
such as NiO, TiO2, and TaOx has been studied intensively for their potential applications in nonvolatile resistive random
access memory (RRAM).
More recently, ferrite materials have been discovered as potential RRAM materials showing excellent RS behaviors. In this
work we report the preparation of textured cobalt ferrite (CoFe2O4, CFO) thin films by spin-coating and the study on the RS
properties of Pt/ CoFe2O4/Pt structures. The (111)-oriented polycrystalline CoFe2O4 thin films were prepared on
Pt/TiO2/SiO2/Si substrate by spin-coating. Scanning electron spectroscopy revealed that the average layer thickness of one
coating is about 50 nm. The thickness of the CFO thin film was adjusted by the number of coating varied as 1, 2, and 3. Pt top
electrodes were then deposited using e-beam evaporation to fabricate the Pt/CFO/Pt structures. All Pt/1-layered CFO/Pt
structures showed quite a low resistance of a few ohms and no switching was observed. Most of the MOM structures based on
2-layered CFO thin films showed increased resistance around 10 Ω in the initial states, and forming-free unipolar resistive
switching (URS) was observed. The initial states of the Pt/3-layered CFO/Pt structures were of high resistance around 50 kΩ,
and stable and repeatable URS with a HRS/LRS ratio about 100 can be induced with a forming process. Based on the thickness
dependence of the URS behavior observed, the RS mechanism of the textured CFO thin films will be discussed in detail.

EG-31(

) Specific CTC capture using patterned silicon nanowire platform and its drug response of

captured cells within breast cancer patient blood
LEE Sang-Kwon, KIM Dong-Joo, HAN Wonshik1
Department of Physics, Chung-Ang University, Seoul 156-756, Republic of Korea. 1Department of Surgery, Seoul National
University College of Medicine, Seoul 110-744, Republic of Korea.
Research on specific drug responses of circulating tumor cells (CTCs) provides very important information for treatment of
cancer patients at a patient-specific level. For this reason, platforms for high capture efficiency of CTCs are essential for
clinical evaluation of patient-specific drug responses of CTCs. Recently, nanostructure based platforms have been developed
with a high capture efficiency of more than 93% due to high-affinity binding and the 3D nanotopographic features of the
nanostructure substrate. In this study, the breast carcinoma cell-line (BT20) cells with an ultra-low abundance range were
captured by streptavidin (STR)-functionalized silicon nanowire (SiNW) platforms for evaluation of capture efficiency. Prior to
drug treatment, the quantification of manually loaded BT20 cells with ultra-low abundance (5–2,000 cells/chamber) was
conducted using the LSC method for evaluation of capture efficiency. A capture efficiency of more than 90% was achieved.
Specific drug responses of BT20 cells captured on STR-SiNW platforms 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 addition, CTCs were successfully captured and evaluated their
size distribution from the blood of breast cancer patients using fluorescence imaging. Finally, we evaluated the CTCs from the
two different breast cancer patient’s blood using STR-SiNW platforms. As a result, we evaluated 85 and 43 CTCs from 2 ml of
blood from each cancer patients, and suggested that STR-SiNW platforms are adaptable for clinical use in evaluation of CTCs
and drug response tests. Additionally, the STR-SiNW platform can evaluate drug susceptibility test for the captured CTCs with
high separation yield and high sensitivity on drug response. It was also noted that drug sensitivity testing of CTC lines with
multiple mutations revealed potential new therapeutic targets. Thus, with development and optimization of culture condition of
CTCs captured from human patient’s whole bloods, the cultured CTCs may strongly helpful identify the best therapies for
individual cancer patients in future.

EG-32*

Microfluidic channel with femto-liter liquid periodic structure in a hollow optical fiber.

HWANG Jihyun, KIM Jongki, PARK Jiyoung, OH Kyunghwan
Yonsei university,Physics.
Microfluidic channel has possibility of synthesizing of compounds or new materials in a form of multi-phase fluid flow. We
made two phases which not mixed each other. Gas-liquid alternatively existed in the capillary tubes. Creating the form of
liquid and gas in the micro range bring to not only difference of refractive index but also ability to transport larger heat and
mass. We used HOF as micro channel and just in one channel made two phase, which of size of one droplet is femtoliter size.
Repetitive experiment was possible. I observed that they maintain the slug flow to the direction of progress.

EG-33*

The detection of the mass sensitivity for SiN surrounded doubly-clamped Si microbeam

resonators
BAEK In-Bok, LEE Byeong-Jun1, KWON Yi-Seul1, LEE Bong Kuk1,
KIM Yarkyeon1, YOON Yong Sun1, JANG Won Ik1, LEE Seongjae,
YU Han Young
Department of Physics, Hanyang University. 1Electronics and
Telecommunications Research Institute (ETRI).
The silicon based resonator fabricated by micro electromechanical
systems (MEMS) technologies have been emerging as strong candidates for a wide range of mass sensing applications because
of their high resonance frequency, high quality factors, and a ultra-low mass. In particular, a high resonance frequency and a
high Q-factor are required to fabrication of the resonator for more precisely and highly sensitive. High Q-factor directly
indicates a lower rate of energy loss relative to the stored energy of oscillators. In addition, silicon (Si) is one of the most
attractive materials for the applications of gravimetric mass sensors because it’s low spring constants, high mechanical
stiffness, and low coefficient of thermal expansion. In spite of these advantages, most of resonators shows the decreasing of
sensitivity due to the lowering of Q-factor affected by an energy loss and a non-linear oscillating.In this paper, we present the
detection of mass sensitivity using doubly-clamped Si microbeam resonators associated by silicon nitride (SiN) anchors. In
order to elucidate the ability of mass detection, we measured the sensitivity at the different position of the center and the edge
of the beam, and the mass loading of metals onto the Si microbeam was carried out by using electron beam evaporator. Finally,
we obtained the limit of detection (LOD) is 1.05 ag/Hz, and found that the sensitivity of measured device is related to the
length and the effective mass of Si microbeam. The sensitivity of mass detection increases with the decreasing of the length,
such that. In the case of shorter and lighter Si microbeams was shown a wider dynamic range regarding to the mass ratio(mass
of the load / the mass of the beam).

EG-34*

DNA Translocation Through DNA Probe Modified Glass Nanopore

YOUN Yeoan, KIM Joo Hyoung, LEE Sun-Mi1, KIM Hyung Joon1, YOO Kyung-Hwa
Yonsei University, Department of Physics. 1Yonsei University, Graduate Program for Nanomedical Technology and Science.
We describe a rapid and low-cost method to detect DNA translocation through a glass nanopore modified with probe DNA
molecules. Compared to DNA molecules with sequence non-complementary to those of probe DNA, DNA molecules with the
complementary sequence yielded larger blockade current and more frequent translocation. These results suggest that
complementary and non-complementary DNA molecules may be discriminated using surface modified glass nanopores.
Possible origins of different blockade currents for complementary and non-complementary DNA molecules are discussed.

EG-36(

) Nondispersive optical activity of meshed helical metamaterials

MIN Bumki, PARK Hyun Sung, KIM Teun-Teun, KIM Hyeon-Don, KIM Kyungjin
Department of Mechanical Engineering, Korea Advanced Institute of Science and Technology (KAIST), Daejeon 305-751,
Republic of Korea.
Extreme optical properties can be realised by the strong resonant response of metamaterials that consist of sub-wavelengthscale metallic resonators. However, highly-dispersive optical properties due to strong resonance have impeded broadband
operation required for frequency-independent optical components or devices. Here we demonstrate that strong and flat
broadband optical activity with high transparency can be obtained with meshed helical metamaterials in which metallic helical
structures are networked and arranged to have four-fold rotational symmetry around the propagation axis. This nondispersive
optical activity originates from the Drude-like response as well as the four-fold rotational symmetry of the meshed helical
metamaterials. The theoretical concept is validated in a microwave experiment, and the flat broadband optical activity with a
designed magnitude of 45° per layer of metamaterial is measured. The broadband capabilities of chiral metamaterials would
allow dramatic opportunities in the design of various broadband optical systems and applications.

EG-37(

) Fractional Tunneling Resonance

.
Metals can transmit light by tunnelling when they possess skin-depth thickness. Tunnelling can be resonantly enhanced if
resonators are added to each side of a metal film, such as additional dielectric layers or periodic structures on a metal surface.
Here we show that, even with no additional resonators, tunnelling resonance can arise if the metal film is confined and
fractionally thin. In a slit waveguide filled with a negative permittivity, metallic slab of thickness L, resonance is shown to
arise at fractional thicknesses by the excitation of ‘vortex plasmons’. We experimentally demonstrate fractional tunnelling
resonance and vortex plasmons using microwave and negative permittivity metamaterials. The measured spectral peaks of the
fractional tunnelling resonance and modes of the vortex plasmons agree with theoretical predictions. Fractional tunnelling
resonance and vortex plasmons open new perspectives in resonance physics and promise potential applications in
nanotechnology..

EG-38(

) Meta-wire, meta-surface, and meta-volume: dimensional considerations of metamaterials

,

,
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,
.

Metamaterials can be categorized according to their dimensions. When considering the dimensions, it is necessary to examine
the natural dimensionality of the constituent materials as well as the arrangement of those materials within a unit cell.
Moreover, the periodicity of the unit cells also affects the dimensions of the resulting effective medium. Based on this
consideration, a categorization scheme for metamaterials is proposed, which can potentially reduce the often encountered
confusions when researchers in the metamaterial community discuss dimensionalities.
The applications of metamaterials strongly depend on their dimensionalities. For example, some optical functions can be
efficiently achieved by meta-surfaces, while other optical phenomena require three-dimensional entities. This aspect of
metamaterial dimensionality is also discussed.

EG-39(

)

Wave Parameters Conforming, Top-down Design of the Acoustic Meta-atom

PARK Namkyoo, KOO Sukmo, CHO Choonlae, JEONG Jun-ho1
Seoul National University, School of EECS. 1Korea Institute of
Machinery & Materials. Department of Nano Manufacturing
Technology.
The common behavior of the wave is determined by the medium’s
material properties where the wave travels through, as represented by its
key wave parameters; e.g., density ρ and modulus B for acoustic wave, and permittivity ε and permeability μ for
electromagnetic wave. To mould the propagation of wave without any restriction, thus the extreme and as wish control of its
wave parameter is indispensable. Meanwhile numerous approaches for metamaterial design has been demonstrated to cover
the unexplored, unnatural parameters space of electromagnetic or acoustic wave [1-5], yet the ideal platform achieving the
decoupling of the wave parameters still remains as a conceivable problem, to be realized to pave the ideal pathway toward top
down and reconfigurable design of meta-atom. Here taking an acoustic wave as an implementation example, we demonstrate
the decoupling of ρ and B, by separating paths of acoustic particle momentum to conform to the basis vectors of each canonical
coordinates of momentum (π) and displacement (▽∙q) respectively. Based on macroscopic analytical expressions for π and
▽∙q derived from the first principle homogenization theory [4], an inherent implementation design for the independent control
of ρ and B will be proposed (Fig. 1a). Confirmation for our proposal with conjugate pair of macroscopic field distributions
corresponding to density (π) and modulus (▽∙q) modes (Fig. 1b,c), and the procedure for top-down meta-atom design will be
presented along with the experimental demonstration of an reconfigurable meta-surface [5]. * Reference [1] Nature 470, 369
(2011). [2] Science 314, 977 (2006). [3] New J. of Phys. 9, 45 (2007). [4] Phys. Rev. B 84, 075153 (2011). [5] Science 334,
333 (2011).

EG-40(

) Acoustic Superlensing

LEE Sam Hyeon, PARK Jong Jin, PARK Choon Mahn, LEE K. J. B.1
Yonsei University, Department of physics. 1Ewha Womans University, Department of physics.
We present acoustic superlensing using a two dimensional membrane-basednegative-density metamaterial slab. Using two
point sources separated by a distance of 1/17 of the wavelength placed near to a surface of the metamaterial slab, we obtained
clearly separated images on the opposite surface across the slab. The mechanism for much higher resolution than 1/3 of the
wavelength, the smallest possible resolution allowed by the diffraction limit, is the surface waves stemming from negative
density. Our superlensing system, with its remarkably small dissipation, may find many important applications.

EG-41(

) Hyperbolic metamaterials for super-resolution imaging and deep sub-wavelength cavities

RHO Junsuk
Department of Mechanical Engineering and Department of Chemical Engineering, Pohang University of Science and
Technology (POSTECH).
Metamaterials, artificially structured nanomaterials, have enabled unprecedented phenomena such as invisibility cloaking and
negative refraction. Especially, hyperbolic metamaterials also known as indefinite metamaterials have unique dispersion
relation where the principal components of its permittivity tensors are not all with the same signs and magnitudes. Such
extraordinary dispersion relation results in hyperbolic dispersion relations which lead to a number of interesting phenomena,
such as super-resolution effect which transfers evanescent waves to propagating waves at its interface with normal materials
and, the propagation of electromagnetic waves with very large wavevectors comparing they are evanescent waves and thus
decay quickly in natural materials. In this abstract, I will focus discussing our efforts in achieving the unique optical property
overcoming diffraction limit to achieve several extraordinary metamaterials and metadevices demonstration. First, I will
present super-resolution imaging device called “hyperlens”, which is the first experimental demonstration of near- to far-field
imaging at visible light with resolution beyond the diffraction limit in two lateral dimensions. Second, I will show another
unique application of metamaterials for miniaturizing optical cavity, a key component to make lasers, into the nanoscale for
the first time. It shows the cavity array which successfully captured light in 20nm dimension and show very high figure of
merit experimentally. I believe our efforts in sub-wavelength metamaterials having such extraordinary optical properties will
lead to further advanced nanophotonics and nanooptics research.

EG-42

Acoustic Luneburg Lens
,

.

Luneburg lens is a gradient index lens that focuses the incoming wave to the opposite side of the lens without aberration. We
developed a two-dimensional acoustic Luneburg lens by controlling the refractive index of the medium inside the lens. It is a
direct application of the electromagnetic Luneburg lens. The diameter is 60cm and composed of concentric multi-layers. Pure
tones of plane sound waves from 1,000Hz to 3,600Hz were applied to the lens and the output voltages corresponding to the
acoustic pressures were measured. It focuses the incoming sound wave on the edge of the opposite side of the lens as well. It
increases the amplitude of the incoming sound wave about 3 ~ 5 times. Acoustic Luneburg lens could be a strong candidate of
a next generation of sonar.

EG-43

Development of Synchrotron-based White beam X-ray Topography System for an
investigation of crystallographic defects in SiC
,

,

.
It is well known that wide band gap crystal materials such as SiC, AlN
have enormous potentials for applications in a certain extreme
environment. In the utilization of such materials for electronic devices
with best performance, however, there are still obstacles to be overcome
due to crystal defects in material growth . Therefore, an investigation of
structural defects for such crystalline materials is important because
these defects can influence on physical properties and cause significant
problems. When X-rays are irradiated to crystal samples such as SiC, the crystallographic defects could be investigated by
analyzing diffracted images of X-rays. Especially synchrotron radiation is proper for this X-ray topography experiment thanks
to its high brightness and extremely low divergence. In this study, experimental station for this synchrotron based white beam
topography in PLS was developed. The grazing incidence based Bragg mode topography using large size X-ray beam is used
for defects investigation in wafer-scale. In the present study, this prototype synchrotron white beam topography system and
preliminary result are introduced.

EG-44
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High-Durable Metallic Nanomesh Film for a Transparent Conducting Electrode
,
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,
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Uniform metallic nanomesh structures are promising candidates that
may replace of indium-tin oxide (ITO) in commercial transparent
conducting electrodes (TCEs). However, the durability of the uniform
metallic nanomesh has not yet been studied. For this reason, a
comparative analysis of the durability of TCEs based on pure Ag (or Cu)
and AgNi (or CuNi) nanomesh, which are fabricated by using simple
transfer printing, is performed. The AgNi (or CuNi) nanomesh shows
high long-term stability to oxidation, heat, and chemicals compared with
that of pure Ag (or Cu) nanomesh. This is because of nickel in the
nanomesh thin film. Furthermore, the metallic nanomesh shows strong
adhesion to a transparent substrate and good stability after repeated
bending.
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EP-01

Photoemission with XFEL

SHIN Shik
Univ. of Tokyo, Japan.
In this presentation, the development of new detection system for time-resolved x-ray photoelectron spectroscopy at x-ray
free electron laser facility will be discussed.

EP-02

Resonant inelastic X-ray scattering spectroscopy (RIXS) at the Advanced Light Source –
past, progress and prospective
CHUANG Yi-De
LBNL, U.S.A..
Resonant inelastic x-ray scattering spectroscopy, a photon-in/photon-out technique used extensively to study the electronic
excitations in correlated materials, has received resurgent interest due to recent advances in instrumentation. In addition, the
availability of high brightness, ultrafast x-ray pulses from free electron lasers leads to the proposals to extend this technique
into time domain. In this talk, I will give an overview of RIXS research on strongly correlated transition metal oxides, with
special emphasis on the activities at the Advanced Light Source. I will discuss the high resolution RIXS spectroscopy at
MERLIN beamline, with which the intricate temporal dynamics in the RIXS process can be revealed. In addition, through the
resonance intensity behavior, the interference between quantum phases can be derived and be used as a gauge on the nature of
excitations. I will outline our proposal to develop momentum-resolved RIXS facility with multiplexing mode of detection that
will change the ways RIXS measurements are performed. In the end of the talk, I will show the design of instrumentation for
time- and momentum-resolved RIXS at the LCLS.

EP-03

Designing a high resolution soft x-ray scattering beamline for the Max IV storage ring

AGÅKER Marcus
Uppsala University, Max IV laboratory, Lund University.
The development of soft x-ray spectrometers used for soft x-ray scattering experiments has in recent years moved from small
portable instruments that could be bolted onto any beamline to large full beamline, or at least end-station sized projects. The
continued hunt for higher resolving power has led to a larger integration of the instrument into the beamline infrastructure. The
reason is that there are very limited options if you want to build a high-resolution soft-x ray instrument. To increase the
resolving power of any given soft x-ray spectrometer you can either make it larger to increase the spatial separation between
the diffracted energies or you can increase the ruling density of the grating to achieve the same effect. Alternatively, you can
decrease the source size and match this with the detector resolution. Both options have their benefits and drawbacks but in both
cases you will eventually run into some other limiting factors such as the slope error of the grating, total transmission and the
spatial resolution of your detector system. In this presentation, the design of newly constructed the Veritas beamline at
Maxlab-IV and soft x-ray spectrometer will be discussed.

EP-04

Diagnosing Extreme States of Matter using X-ray Free Electron Laser Pulses

CHO Byoung-ick
Department of Physics and Photon Science, GIST.
In recent years, the ultrafast and ultraintense laser pulses generated by x-ray free electron laser have opened new
opportunities to create and probe new states of matters. In this contribution, I introduce a series of experiments performed at
the Linac Coherent Light Source (LCLS) for diagnosing extreme states of matter, which are hot, dense, and transitory. The
interaction of an ultraintense x-ray pulse with solid sample yields a creation of super hot solid-density matter (> 100 eV, ~ 1023
cm-3). Some fundamental phenomena, such as the continuum lowering and the resonant x-ray absorption below the absorption
edge, were investigated by means of the emission spectroscopy. With a use of femtosecond optical laser synchronized to the
FEL and a bent crystal spectrometer, the ultrafast X-ray Absorption Near Edge Structure (XANES) technique was also
demonstrated. It could allow us to investigate the electronic structure of transient warm dense states excited by femtosecond
laser pulses.

EP-05

Soft x-ray science in PAL-XFEL

KWON Soonnam, KIM S. S., RAH S., KIM S. N., KIM Bongsoo
PAL-XFEL, POSTECH.
We report on the design of soft x-ray beamline and aimed scientific instruments at the Pohang x-ray free electron laser (PALXFEL) with the photon energy ranging from 275 eV to 1240 eV. The beamline optics consist of the offset mirrors, a varied
line spaced grating monochromator, and the Kirkpatrick-Baez (KB) refocusing optics. Small groove density of 100 lines /mm,
and 200 lines/mm are used to minimize the time stretching due to grating. To obtain high resolving power despite the small
groove density, a grazing incidence of photon beam relative to both of spherical pre-mirror and plane grating is necessary,
which inevitably require large exit arm length to circumvent the disastrous coma. As a result of these efforts, a fundamental
resolving power of 10000 is expected over the whole photon energy range, maintaining time stretching less than 100 fs. The
final beam size of 2 µm and small divergence of less than 1 mrad are expected in the end-stations using KB refocusing optics.
The expected intensity of 60 Hz XFEL is 1 1012 photons/pulse, and 5 1010 photons/pulse for pink beam and
monochromatic beam, respectively. The soft X-ray instrument aims to provide two major experimental endstations, a coherent
X-ray diffraction imaging (CXDI) and a X-ray emission spectroscopy, respectively. The detailed design of the experimental
setups and sample environment will be discussed.

ET-01

Tip Enhanced Nano Raman Spectroscopy
.

.

P1-E001*

Angle-Resolved Photoemission Spectroscopy on the Embedded Two-Dimensional Free
Electron Gas in a Layered Electride Ca2N
OH Ji Seop, KIM Ye Ji1, KUO Cheng-Tai, KIM Sung Wng1, NOH Tae Won, KIM Hyeong-Do
Center for Correlated Electron Systems, Institute for Basic Science, Seoul 151-747, Republic of Korea. 1Department of
Energy Science, Sungkyunkwan University, Suwon 440-746, Republic of Korea.

Electrides are ionic crystals where excess electrons are captured in spatially confined regions such as
cavities and empty space between atomically composited layers. Some of the intriguing features of
electrides are related with the way how to preserve their stoichiometry. To maintain their
stoichiometry, the compounds should possess electrons as anions. Mentioning Ca2N considered as the
first realization of a twodimensional electride which has the excess electrons confined in the [Ca2N]+
layer units, the excess electrons behave like free electron gas in 2D quantum confinement.
Angleresolved photoemission spectroscopy (ARPES) is an efficient investigation tool. Especially, ARPES
can observe the electronic structure in solids by observing the kinetic energy and momenta of
photoelectrons emitted from the target material. We have adapted ARPES to observe the electronic
structure of Ca2N in which the excess electrons were thought to be existed, and found the signatures
from the free electron gas in twodimension. Near the high symmetric * point in kspace, we observed
that the parabolic band dispersion that strongly suggested the valence band character came from the
free electron gas with renormalized electron mass.
As well as angleresolved measurement, angleintegrated Xray photoemission spectroscopic
measurements were conducted for studying core levels of Ca2N. Among the observed core level spectra
of Ca2N, the valence splitting phenomena was found in the Ca 2p core level spectrum. Although we still
need to find critical supporting observations in photoemission spectra to directly probe the existence of
the twodimensionally confined anionic electron layers, our the first ARPES observation from electrides
figured out that not only hardtoprepare experiments like ARPES can be conducted through carefully
progressed experimental preparation, but also provided the spectroscopic insight for the brandnew
materials, electrides.

P1-E002*

Study on Electrical Properties of Thermal-Wetted Reduced Graphene Oxide

KIM Hyuk Joon, CHO Jang Yean, SHIN Min Kyoon, LIM Jaekwan1,
PARK Sang Yoon
Advanced Institutes of Convergence Technology, Seoul National
University, Suwon. 1Korea Artificial Organ Center, College of
Medicine, Korea University.
In this work, we investigated electrical and electrochemical properties of
graphene oxide (GO) paper and reduced graphene oxide (RGO) paper.
The prepared GO and RGO papers are fabricated by conventional dropcasting technique and thermal reduction. After that, we soaked them in
ionic liquid such as sulfuric acid for 60 min at various temperature range
from room temperature to 95C. We found that the thermal wetting
process is vastly contributed to the change in micro-structure and
electrical properties of them, which provide a possible method to
manipulate the electrochemical properties of graphene-based device.

P1-E003*

Carbonization of Graphene Oxide-Polymer Nanocomposite Film

CHO Jang Yean, KIM Hyuk Joon, YEO Chang Su, SHIN Min Kyoon, PARK Sang Yoon
Advanced Institutes of Convergence Technology, Seoul National University, Suwon.

As electronic device is developing, advanced power supply is also being necessary. Graphene is
promising material for electrode with its great conductivity and specific surface area. To maximize its
electrical properties, we studied electrical and electrochemical properties of highly porous graphene film.
The prepared films were fabricated from single layered graphene oxide (GO) and PVA nanocomposite
film, which were subsequently pyrolized in various temperature from 550oC and 900oC under flowing
10% H2-Ar gas. To elucidate mechanical and microstructural properties, TMA, electron microscope, and
Raman microscope were carried out. As a result, pyrolysis of polymer in the film play a crucial role in
controlling its porosity and elastic strength.
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P1-E008*

Surface Effect Characterization of Highly Dispersive Three Dimensional Metamaterials

CHANG Tae Yong, SHIN Jonghwa
KAIST.
Metamaterial with extraordinary optical property gives novel application such as microwave cloak and super-resolution lens.
The exact characterization of optical property of metamaterial is critical for practical usage of metamaterials. However,
different from natural material, surface effect become significant because of larger unit cell of metamaterials. For exact
characterization of optical property via retrieve constitutive parameters, surface layer of metamaterials should be separated
with inner unit cells. The resonance based metamaterial generally have highly dispersive constitutive parameters, and their
characterization is more challenging. In this study, the surface effect is numerically analized with FDTD simulation with
various number of metamaterial layers. First, the metamaterials are treated as several layers of effective media. Next, the
particle swarm optimization is used to find effective constitutive parameters of surface and bulk layer. The bulk constitutive
parameters independent of number of metamaterial layers can be retrieved by this method. This novel procedure to find exact
metamaterial can lead finer disign and application of metamaterials.

P1-E009*

Analysis of Wire-Grid Structures for the High Extraction Efficiency of Light Emitters
Using Numerical Simulation
,
,

.

It is well known that the transition rate of an emitter inside a cavity
can become higher because of the Purcell effect. Nano cavities such as bowtie nano-antennas and plasmonic ring
structurewere examined for the Purcell effect, but a wire-grid(WG) structure has not received such degree of attention
for its emission control properties.
Here, the Purcell factor and the extraction efficiency of an emitter inside WG structure are investigated. With these
results, analysis of emission property can be done because non-radiative decay at the metal may become the dominant
loss mechanism especially in a high-Purcell factor structures.
This study examined how structural parameters and material selection affect on the Purcell factor and the extraction
efficiency and optimized parameters for highest extracted power with groups of numerical simulations.
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P1-E011*

Nucleation Characteristics of (103)-oriented GaN Twins Grown on Patterned m-plane
Sapphire Substrates
,

,
,
,
,
.
c-oriented is known to experience degraded quantum efficiency due to quantum confined Stark effect. Unlike c-oriented
GaN, however, semipolar (103)-oriented GaN shows less quantum confined Stark effect. In this work, nucleation
characteristics of (103)-oriented GaN twins were investigated by using our proposed model based on an energetic
consideration.
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P1-E013*

Morphological Evolution of Silicon Surface by Laser Irradiation Underwater

SON Joon-Gon, CHOI Jungwon1, SEO Okkyun1, KANG HyonChol2, NOH Do Young
Gwangju Institute of Science & Technology, Department of Physics and Photon Science. 1Gwangju Institute of Science &
Technology, School of Material Science & Engineering. 2Chosun University, Department of Advanced Materials Engineering.
We have investigated the morphology evolution of silicon surface by irradiating the laser beam. Low radiant power was
applied for the photo-induced convective thermodynamic effect on silicon without any plasma, sudden thermal changes, and
recoil pressure. Cone-shaped porous structures of 10~20μm diameter have been attained with laser exposure under aqueous
media. We highlighted the physical and chemical role of the water between photon and silicon.
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P1-E016*

Change of Morphology and Electrical Properties of (K0.5Na0.5)(Mn0.005Nb0.995)O3 Thin

Films Induced by Gamma-ray Irradiation
YANG SUNA, BU SANGDON
1Department of Physics and Research Institute of Physics and Chemistry, Chonbuk National University, Jeonju 561-756,
Republic of Korea.
The radiation effects on the electrical properties of the ferroelectric materials have been widely studied for use of them in
devices operated under irradiation environment conditions. Recently lead-free ferroelectric materials have been received
considerable attentions from an environmental perspective due to toxicity of lead. (K0.5Na0.5)(Mn0.005Nb0.995)O3 (KNMN) is a
highly promising candidate for replacing the lead-based ferroelectric materials because it has a high Curie temperature,
relatively high piezoelectric properties, and low coercive fields. In this work, we prepared KNMN thin films and observed the
variations of their morphological and electrical properties under gamma-ray (γ-ray) irradiation. We will discuss investigation
of γ-ray irradiation effects on a variation behavior of their electrical properties of the KNMN films.

P1-E017*

Experimental Realization of a Negative-Density Acoustic Superlens

LEE Sam Hyeon, PARK Jong Jin, LEE K. J. B.1, PARK Choon Mahn, BOK Eun, LEE Sang Min
Department of Physics, Yonsei University. 1Department of Physics, Ewha Womans University.
We experimentally demonstrate the acoustic superlensing firstly using two dimensional slab of membrane-based negative
density acoustic metamaterial with resolution up to 1/17 of the wavelength. When the point sources are placed near to a surface
of the metamaterial slab, the images of the point sources are formed on the opposite surface across the slab. Surface acoustic
waves stemming from negative density are responsible for the much higher resolution than 1/3 of the wavelength, the smallest
possible resolution allowed by the diffraction limit.

P1-E018*

Relation between conductivity of individual reduced graphene oxide sheets and local
electrical properties using electrostatic force microscopy
JEONG Huiseong, LEE Kyung Moon1, AHN Yeonghwan, LEE Soonil, PARK Ji-Yong
. 1
.

Graphene oxide (GO) is a graphene-like insulator due to sp3 bonds caused by oxygencontaining groups. Its conductivity can be recovered by removing these functional groups with
thermal and chemical methods. Most researches about GO and its reduction have been carried
out employing bulk measurement tools, such as XPS, Raman spectroscopy, and electrical
transport measurements of GO- and reduced GO (rGO)-based devices. However, microscopic
processes in insulator (GO) to metal (rGO) transition are still not very well understood. In this
study, we utilize electrostatic force microscopy (EFM) to monitor changes in conductivity of local
areas inside individual GO and rGO nanosheets during thermal and hydrazine reduction. By
comparing EFM measurements with IV characteristics of a GO device, we could also find
correlations between the conductivity of the device and changes in local electrical properties of
rGO.

P1-E019*

Synthesis of large scale of ZnTe nanowire Through a novel one-pot hydrothermal Method
and Its Photocatalytic property
KANG Dae Joon, HE Wen
Department of Physics, Sungkyunkwan University, Suwon 440-746, Korea.
Large scale ZnTe nanowires have been synthesized through a novel one-pot hydrothermal method where Na2TeO3 was use as
Te source and N2H4 was used both as reducing agent and complexing agent. The crystal structure, morphology and elemental
composition were characterized by XRD, SEM and EDX. Further, based on our experiment data, the possible growth
mechanism was also discussed. The effects of the amount of N2H4 and reaction time on the crystal growth and photocatalytic
properties were also carefully investigated.

P1-E020*

Tuning the transition temperature and hysteresis loop of VO2 thin film

ABBAS Kaleem, KANG Dae Joon1
Department of Energy Science, Sungkyunkwan University, Suwon 440-746, Korea. 1Department of Physics, Sungkyunkwan
University, Suwon 440-746, Korea.
This work is focused on the tuning of the transition temperature(Tc) and hysteresis loop of the vanadium dioxide(VO2) thin
films prepared by sol gel method. The conditions are optimized for undoped and doped samples to get good quality. By
employing thermal annealing process the vanadium oxide thin film transforms into nanocrystalline VO2 thin film that show a
sharp, reversible metal insulator phase transition(IMT). By adding transition metal as dopant with precise atomic concentration
enable tuning the phase transition of the VO2 thin films to lower temperatures as the doping level increases. By adding
Molybdenum (Mo) as dopant Tc tuned from ~680C to ~400C. Results of X-ray diffraction together with Raman spectra
characterize the phase and quality of nanocrystalline VO2 film. SEM results show the particle size and surface morphology.
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P1-E023

Diffusion Mechanics of the MutS and β clamp complex on Mismatched DNA

KIM Daehyung, OH jungsic, LIU Jiaquan1, SLOBODAN Jergic2, DIXON Nicholas1, RICHARD Fishel1, JONG-BONG Lee
POSTECH. 1The Ohio State University. 2University of Wollongong.
We have reported that MutS, a mismatch repair initiation protein, undergoes at least two distinct conformational changes
during DNA mismatch repair. MutS forms a transient clamp to search for mismatched nucleotides by rotational-coupled
translational diffusion while in continuous but nonspecific contact with the helical duplex DNA. When MutS encounters a
mismatch, ATP binding by MutS results in an extremely stable sliding clamp that slides off the mismatch and moves along the
adjacent duplex DNA driven simply by 1D thermal diffusion. The ATP-bound sliding clamps rotate freely while in
discontinuous contact with the DNA. The β clamp, a processive factor of DNA polymerase III, encircles duplex DNA, which
results in the extremely stable conformation, and diffuses along the DNA in the similar diffusion mechanism to ATP-bound
MutS. The long dwell time of the sliding β clamp on DNA results in its accumulation on the lagging strand, which may
obstruct the way of the translocation of MutS to find a mismatch and to transmit its finding to a downstream site. We will
present recent single-molecule data to address how the sliding β clamp interacts with MutS on mismatched DNA.

P1-E024
,

Inertial Microfluidics in Non-rectangular Channels
,

.
Inertial microfluidic system can provide high-throughput particle manipulation methods for various applications. Current
studies of inertial microfluidics are based on inertial effects in capillary tubes and rectangular cross-section channels. We
investigate the inertial focusing and ordering behavior in non-rectangular cross-section (half-circular, triangular) channels to
understand mechanism of inertial focusing better. These results show that half-circular channels lead to 2 focusing positions
and triangular channels lead to 3 focusing positions. Single-stream particle focusing can be usefule for flow cytometry. We
connected a rectangular channel and the non-rectangular channels (54.7 degrees equilateral triangle, half-circle) to control the
accessible equilibrium positions. The channel length is about 4cm and focusing position is fixed over large range of Reynolds
number. In our experiment, > 99% of the total particles are focused in a single line.

P1-E025

The Effect Of Tilted Posts Of Coordinate Frame In Dose Calculation for GKRS

LIM SA HOE, KIM IN YOUNG, JUNG SHIN, MOON KYUNG SUB, JUNG TAE YOUNG, JANG WOO YOUL
Chonnam National University Hwasun Hospital, Department of Neurosurgery.
Gamma Knife Perfexion provides a non-invasive alternative to conventional open surgery for brain lesions. This system
contains cobalt-60 sources placed in a circular array in a shielded assembly and delivers highly accurate gamma beam to the
target of which dose can be optimized with narrow radiation beams and multiple irradiation points. By the skull and coordinate
frame measurements protocol of treatment planning for Gamma Knife Radiosurgery (GKRS), the height of each of the four
posts and the length of the fixating screw in each post should be measured if the frame cap does not fit. The height of posts is
defined as the perpendicular distance along the Z-axis, but actually posts are tilted to exterior of stereotactic space. Therefore,
the evaluation of geometrical accuracy and the difference in treatment times caused by tilted angle of posts has been required.
In this study, the effect of tilted posts of Leksell coordinate frame was evaluated experimentally.

P1-E026

Study of the charge behavior and trapping mechanism in TIPS-pentacene organic device by
optical second harmonic generation measurement
BOK Moonjeong, TAGUCHI Dai1, IWAMOTO Mitsumasa1, LIM Eunju
Dankook University, Dept. of Applied Physics. 1Tokyo Institute of Technology, Dept. of Physical Electronics.
We studied the carrier behaviors due to changes induced in ITO/PI/TIPS-pentacene/Au diodes by carrier injection. Upon
application of a step voltage to the diodes, the electric field change across the TIPS-pentacene layer was measured. Significant
electric field distribution change was suggested due to the carrier injection, and a simple model that accounts for the I-V
characteristics of the diodes was proposed, on the basis of the Maxwell-Wagner model analysis. By using time-resolved
electric field induced optical second harmonic generation (TR-EFISHG) measurements, we studied the carrier trapping
mechanism in ITO/PI/TIPS-pentacene/Au diodes. By measuring nonlinear polarization induced active layer of organic
semiconductor device using TR‐EFISHG, we can prove the charge with electric field directly. After stress-biased TIPSpentacene diodes electrode, trapping condition is observed by accumulated interfacial charge. It is allowed to study the device
performance in terms of carrier injection and behavior.

P1-E028
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Flexible metamaterial absorber for low frequency utilizing small-size unit cell based on the
snake-shape structure
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Metamaterial (MM) absorber has been firstly proposed by Landy et al., which had advantages in size and thickness as
compared to 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 cell, sensor and so on. The optimizations for multi-band, broad-band,
polarization-insensitive, and tunable-band characteristics have been demonstrated. In general, MM absorbers consist 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 indent
electromagnetic wave, which hinders the low-frequency applications of MM absorbers. In this work, we realized the lowfrequency 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 by increasing the inductance. The unit-cell
size for the perfect-absorption can be down to 1/12 (in GHz range) and 1/30 (at in MHz range) with respect to the resonance
wavelength. The absorbers are specially designed for absorption peaks which can be used for suppressing the electromagnetic
noise from everyday electronic devices and mobile phones.

P2-E030*

Back Contact Interface of Cu2ZnSnS4 Solar Cells Depending on Sulfurization Temperature

NAM Dahyun, YANG Kee-Jeong1, KANG Jin-Kyu1, PARK Sang-Wook2, JEON Chan-Wook2, CHEONG Hyeonsik
Sogang University, Department of Physics. 1DGIST, Green Energy Research Division. 2Yeungnam University, School of
Chemical Engineering.
Cu2ZnSnS4 (CZTS) solar cells are gathering special attention among thin film solar cells not only for its potential of high
efficiency but also for the abundance of its constituent material. However, the record efficiency is only 12.6%. One of the
reasons of this low efficiency is considered to be the existence of secondary phases such as ZnS. It has been reported that the
ZnS phases tend to be located near the back contact of the cell when the sulfurization temperature is high. Yet, systematic
study on the location of the ZnS phases depending on the sulfurization temperature has not been done.We have investigated
CZTS cells with five different sulfurization temperatures. In order to locate the ZnS by Raman spectroscopy in different
depths, the samples were dimpled down with a dimpler. From the Raman results, we identified all layers; the ZnO-window
layer, the CdS-buffer layer, the CZTS-absorber layer, and the Mo-back contact layer. ZnS is found in the absorber layer even
though it is not probed at the surface. The distribution of the ZnS varies among different samples, especially near the back
contact. ZnS and MoS2 were found together in the lower and higher sulfurization temperature samples, and the phases existed
separately in the medium sulfurization temperature sample, which gave the best cell efficiency of 7.5%.

P2-E031*

The Effects of Silicon Nitride Anchors in the Silicon Microbeam Resonator

LEE Byeong-Jun, BAEK In-Bok1, KWON Yi-Seul1, LEE Bong-Kuk1, KIM Yarkyeon1, AHN Chang-Geun1, YOON YongSun1, JANG Won-Ik1, KIM Jwa-Yeon, YU Han-Young1
Hoseo University, Materials Science & Engineering. 1Electronics and Telecommunications Research Institute (ETRI).
Recently, the applications of mass sensors based on microelectromechanical systems technologies have received attention in a
variety of sensor fields. We fabricated doubly-clamped silicon (Si) microbeam resonators having a high mass sensitivity
originated from silicon nitride (SiN) anchors fixing the ends of Si microbeam. The fabrication of Si microbeams was done with
the bridge types through physical and chemical etching processes. The deposited SiN anchors by low pressure chemical vapor
deposition surround around the ends of Si microbeams. The resonance properties of Si microbeam were measured by using
optical systems, composed of a light source and a photodetector. In order to generate oscillatory motion, we applied alternating
electric field between a Si microbeam and a bottom substrate, which motion was measured by using a lock-in amplifier. The
measured resonance frequency and the quality factor (Q-factor) with SiN anchors show higher values relative to the case of
non-anchored devices such that the increased resonance frequency (f0) and Q-factor (Q) show approximately
△f0=0.5~1.0MHz, and Q=~104, respectively. The improvements of resonance frequency and Q-factor are related to the mode
locking and the reduction of damping loss by SiN anchors. The single oscillatory motion and the high Q-factor could be the
key factors for applications of Si microbeam resonators as gravimetric mass sensors.
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Polarization independent dual broadband metamaterial absorber
1,

,

2,

1

.
. 2
.
Artificially-designed metamaterials (MMs), which are able to control the electric permittivity ε(ω) and magnetic permeability
μ(ω) with respect to the incident electromagnetic waves, have attracted great attention due to their unique properties that are
not be found in nature. Among many applications of MMs, we have studied absorbers where transmission and reflection can
be minimized by adjusting the real and the imaginary parts of ε(ω) and μ(ω). We designed and experimentally investigated a
dual broadband absorber based on a truncated cone structure which was fabricated by heatpressing and milling. The absorption
at normal incidence is above 90% in the frequency range of 4–6 GHz and another absorption band was observed in higher
frequency regime. It is found further that the dual broadband absorption is independent of the polarization angle. This work
was supported by the ICT R&D program of MSIP/IITP, Korea (KCA-2013-005-038-001)..
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Field-Emission Barristors : Gate-Controlled Switching between Direct Tunneling and
Fowler-Nordheim Tunneling
LEE Jun-Ho, LEE Han-Byeol, CHOI Doo-Hua, KIM Hyun-Cheol, YOON Ho-Ang, YUN Ho-Yeol, KIM Hack-Sung, LEE
Sang-Wook, CHUNG Hyun- Jong
Division of Quantum Phases and Devices, Konkuk University.
A new type of graphene device, switching Fowler-Nordhein tunneling current through vertically-stacked graphene/hBN/metal
working at high voltage, will be presented in this poster. Graphene is a 2-dimensional plane of carbon with one-atom thick of
graphite. Because of its low density of states near the Dirac point, its Fermi level can be modulated with the accumulated
charge. For example, when 50 V of gate voltage is applied to monolayer graphene on 300 nm SiO2 substrate, the Fermi level
increases by around 0.2 eV. Hexagonal boron nitride, the tunneling barrier, is composed of boron and nitrogen, and has the
same structure with graphene. However, it is an insulator and breakdown voltage and dielectric constant are similar to those of
SiO2: ~ 0.8 V/nm and 4 respectively. The current is modulated by tuning the barrier height between h-BN and Graphene
similar to the barristor. Interestingly, two types of tunneling have been switched between direct tunneling and FowlerNordheim tunneling depending on gate voltage. While the former depends on the density of states, the latter depends on the
barrier height. Therefore, the Fowler-Nordheim Tunneling current can be switched by the barrier-height modulation. In this
work, metal/h-BN/graphene/h-BN/metal vertical structure was fabricated using monolayer graphene, 83.8-nm-thick hBN as a
tunneling insulator and 21.5-nm-thick hBN as a gate insulator. When the gate voltage is chaged from 2V to 8V, the barrier
height is modulated from 2.0 eV to 1.7 eV. While direct tunneling is changed to Fowler-Nordhiem tunneling, Ion/Ioff ratio was
achieved to 103 with 45 V of drain voltage.
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The fabrication techniques of silicon microbeam resonators surrounded by silicon nitride

anchors
KWON Yi-Seul, BAEK In-Bok, LEE Byeong-Jun1, LEE Bong Kuk, KIM Yarkyeon, YOON Yong-Sun, JANG Won-Ik, YU
Han-Young
Electronics and Telecommunications Research Institute (ETRI). 1Hoseo University, Advanced Material Engineering.
Recently, silicon (Si) microbeam resonators have extensively studied in the range of various sensors which detect the mass
changes with high sensitivity and precision. To fabricate high sensitivity resonators, it needs a high quality factors (Q) and
single mode resonance. Thus we designed the fabrication methods of resonator such as doubly clamped Si microbeams having
silicon nitride (SiN) anchors at both ends. In order to fabricate Si microbeam resonators based on silicon-on-insulator wafer,
we adopted photolithography and reactive ion etcher (RIE) techniques. The Si microbeams were achieved by using two steps
etchings (physical and chemical) such that the bar shaped structure of the Si was etched by the physical etching of RIE and the
chemical etching of buried oxide was done by using buffered oxide etchant (6:1). For the SiN anchor structure, SiN and low
temperature oxide (LTO) were deposited using low-pressure chemical vapor deposition. After the selective etching of LTO by
RIE, we fabricated beam structures surrounded by SiN anchors by the elimination of SiN apart from anchor region using
heated phosphoric acid. In order to low contact resistance between metal and Si pads, the doping of phosphoric ion (dose of 5
x 1015cm2) only on the contact area was done. Top electrodes were formed by the evaporation of Ti/Au (2 nm/4 nm) and the
thermal annealing was followed for good ohmic contact. The suspended resonator structures were fabricated by the removing
of buried oxide using the mixed etchant of HF (49%) and DI water (1:5). In the electrical and optical measurements, the
fabricated device (a length of 12
and a thickness of 2 ) shows that the resonant frequency is f0=6.5MHz and Q is nearly
30000.
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A wide-angle metamaterial perfect absorber at low frequencies

BUI XUAN KHUYEN, BUI SON TUNG, NGUYEN VAN DUNG, YOO Youngjoon, KIM Youngju, LEE Youngpak, VU
DINH LAM1
Department of Physics, Quantum Photonic Science Research Center and RINS, Hanyang University, Seoul, South
Korea. 1Institute of Materials Science, Vietnam Academy of Science and Technology, Hanoi, Vietnam.
In this work, we propose a metamaterial perfect absorber (MPA) exhibiting a strong absorption at low frequencies (in the MHz
region). Based on a sandwiched structure (patterned metal layer - dielectric layer - continuous metal layer), the MPA consists
of four halfs of disk linked by thin wires, which is separated from the ground continuous metal plane by the dielectric layer.
The key of our proposed MPA is that the thickness of MPA is very thin (approximately about λ/150, where λ is the operation
wavelength). The simulation results clearly show that the perfect absorption is achieved at 400 MHz. Due to the symmetry of
unit cell, the absorption is well maintained for a wide range of incident angles in both transverse-electric and transversemagnetic polarizations. In addition, the mechanism of MPA at low frequencies is also clarified. Our results are useful to many
practical applications, such as the metamaterial antennas, filters and, especially, suppressing the noise of radiation from mobile
devices.This work was supported by the ICT R&D program of MSIP/IITP, Korea (KCA-2013-005-038-001).
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Dual-band metamaterial perfect absorber in infrared region based on the analogy of
electromagnetically-induced-transparency effect
BUI SON TUNG, BUI XUAN KHUYEN, NGUYEN VAN DUNG, LEE YOUNGPAK, JIN XING RI1, VU DINH LAM2
,
. 1Department of Physics, College of Science, Yanbian University, Yanji, Jilin, China. 2Institute of
Materials Science, Vietnam Academy of Science and Technology, Hanoi, Vietnam.
Recently, perfect absorbers based on metamaterials draw a wide interest due to their advantages in size and thickness. In this
study, a dual-band metamaterial perfect absorber (MPA) based on the electromagnetically-induced-transparency (EIT) effect
was numerically investigated in the infrared frequency range. The MPA is composed of three layers, namely, patterned
metallic layer - dielectric layer - metallic ground plane. Initially, the MPA exhibits an absorption peak at about 249 THz. By
breaking the geometrical symmetry, the dual-band perfect absorption emerges at 243 and 266 THz, which can be explained by
the analogy of EIT effect. Finally, the energy dissipation of the MPA was investigated. It is found that the electromagnetic
energy is mainly distributed in the metals, which proves the dominance of metal instead of dielectric for the absorption in the
infrared region.This work was supported by the ICT R&D program of MSIP/IITP, Korea (KCA-2013-005-038-001).
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Electrohydrodynamic lithography using AC voltage with resonating frequency for sub100nm regime pattern replication
MOON Choongman, KANG Dae Joon
Department of Physics, Sungkyunkwan University, Suwon 440-746, Korea.
Electrohydrodynamic lithography (EHL) is a non-conventional pattern transfer technique which makes use of the behavior of
liquid film under strong electric field, placed between two electrodes to form laterally ordered structures. The size of laterally
ordered structure generated by EHL has a tendency to be similar with the characteristic wavelength, so there have been many
studies to reduce the characteristic wavelength. Here, simple method is suggested to shorten the characteristic wavelength by
using RLC circuit. We added an inductor in series with a capacitor-like structure and applied alternating voltage with
resonating frequency. It could apply high voltage over capacitor-like structure that the characteristic wavelength could be
decreased to sub-micron scale. According to the previous works, the smallest feature size attainable was around 10% of the
characteristic wavelength that we expect sub-100nm scale patterning technique to be much cheaper and easier than the
conventional lithography.
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Synthesis of Layer-controlled Large scale Transition Metal Dichalcogenide Atomic Layer

by Sulfurization
HWANG Jaeseok, KANG Dae Joon
Department of Physics, Sungkyunkwan University, Suwon 440-746, Korea.
Many researchers tried to explore the unique electrical and optical properties of transition metal dichalcogenides (TMDs).
Especially, molybdenum disulfide (MoS2) has attracted a great attention as it is considered to be a promising alternative to
replace graphene for many viable electronic applications. We designed a novel growth method for obtaining high quality
MoS2 atomic layers based on thermodynamics and simple sulfurization method. We uniformly synthesized a few-layer of
ultra-large area MoS2 thin films a up to 2 inch by a sulfurization route. We showed that the number of layer can be easily
tuned by controlling the growth temperature and the growth time. Moreover, we developed a facile transfer technique for the
transfer of as-synthesized MoS2 layers to other substrates including SiO2/Si substrates. We investigated their structural and
optical properties by using photoluminescence and Raman spectroscopy. Our results suggested that a simple sulfurization
process can be exploited to obtain a few-layer of ultra-large area TDMs thin films. This may open up a great opportunity for
the exploration of novel TMDs to many viable applications.
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ZnO Microwires Shape Modulation based on Growth Rate Control

OH Simgeon, KANG Dae Joon1
Department of Energy Science, Sungkyunkwan University, Suwon 440-746, Korea. 1Department of Physics, Sungkyunkwan
University, Suwon 440-746, Korea.
We demonstrate that the cross-sectional shapes of ZnO microwires is dependent on growth rate. The cross-sectional shapes of
ZnO microwires are succesfully synthesized to hexagonal or rhombus in controllable way by using CVD method. Two
different shapes of ZnO microwires show different growth direction and it was confirmed by piezoelectric polarization. Raman
and XRD result indicate that two different shapes of ZnO MWs has good crystalinity. And the growth rate of ZnO microwire
and PL spectra shows defect concentration has positive correlated and this result indicates defect concentration affect growth
direction of ZnO microwires. As ZnO microwires with different shapes have different optical, electrical properties. We expect
these results will pave the way for ZnO application devices.
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Internal Deformation Field Distribution of Zeolite Microcrystals in Gas Environments

KANG Jinback, KIM Hyunjung, CHA Wonsuk, CARNIS Jerome, AHN Gukil, YOON Kyung Byung1, PHAM Tung Cao
Thanh1, ROBINSON Ian K.2, HARDER Ross3
Sogang University, Department of Physics. 1Sogang University, Department of Chemistry. 2University College, London,
London Centre for Nanotechnology. 3Argonne National Laboratory, Advanced Photon Source.
Ion-exchanged ZSM-5 zeolite microcrystals are widely used in industry such as catalysts, adsorbants, and so on, due to the
well-ordered sub nanometer scale pores and aluminum sites inside of the crystals. Nano-pores inside of the crystals make a
large surface area to volume ratio. Aluminum sites make the crystals to act as solid phase solvents, i.e., ions stored at the active
sites interacting with reactive chemicals. In the interaction with reactive chemicals, especially gas phase chemicals, adsorption
factor and chemical affinity of the zeolite microcrystals are most important. In this study, we investigated the adsorption effect
of gases on ion-exchanged zeolite microcrystals in various environmental conditions by coherent X-ray diffraction imaging
(CXDI) technique. CXDI restores to the real space image of the sample and internal deformation field distribution from the
oversampled CXD patterns by applying phase-retrieval algorithm. We found a change of the internal deformation field
distribution of the ion-exchanged ZSM-5 zeolites when it is exposed to particular reactive gases in active temperature. The
possible mechanism of adsorption process of the gases at the active sites will be discussed. This research was supported by the
National Research Foundation of Korea, ICT & Future Planning of Korea (Nos. 2011-0012251 and R15-2008-006-01001-0)
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A metamaterial with high scalability

NGUYEN Van Dung, BUI Son Tung, BUI Xuan Khuyen, YOO Youngjoon, LEE Youngpak, VU Dinh Lam1
Department of Physics, Quantum Photonic Science Research Center and RINS, Hanyang University, Seoul, 133-791,
Korea. 1Institute of Material Science, Vietnam Academy of Science and Technology, Hanoi, Vietnam.
With the advent of negative-index materials, metamaterial has received much attention in past few years. Among many
applications of metamaterial, the metamaterial perfect absorber has gained interest because it can achieve perfect absorption of
electromagnetic waves even with relatively-small unit-cell size and thickness. In this work, a simple metamaterial structure
with high scalability was studied in 3 ranges of frequency from MHz to THz. The evolution of the transmission spectra was
calculated by utilizing the finite integration method. The effect of dimensional parameters on the absorption characteristics was
investigated. It is found that perfect absorption can be achieved at 3 separate frequencies (250 MHz, 4 GHz and 0.9 THz) by
using only one structure with different size of geometry, which corresponds to the operational wavelength. Furthermore, the
thickness of dielectric layer of our perfect-absorption sample is lower in comparison with the previous researches.This work
was supported by the ICT R&D program of MSIP/IITP, Korea (KCA-2013-005-308-001).
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Polarized Raman measurements of Few-layer Black Phosphorus

KIM jungcheol, LEE Jae-Ung, CHEONG Hyeonsik
.
Few-layer black phosphorus is attracting interest recently as a promising candidate for field effect transistor devices with a
high carrier mobility (~300 V cm2/s) and high on/off ratio (~105) which are important for logic circuits [1]. It has been known
that the mobility depends on the crystallographic orientation of the sample due to anisotropy.
We performed polarized Raman measurements on few-layer black phosphorus in vacuum. We prepared the samples on the
SiO2/Si substrates by mechanical exfoliation method. The thickness was confirmed by atomic force microscopy (AFM)
compared with Raman spectra. In backscattering geometry there are three Raman vibration modes: the out-of-plane (A1g)
mode at around 361cm-1 and the in-plane (B2g, A2g) modes at around 440cm-1 and 468cm-1 [2]. We also investigated the
polarization dependence of each Raman mode. Recent report shows that the intensity ratio of Raman modes depends on the
crystallographic orientation of the sample [3]. We performed detailed analysis of the polarization dependence of each Raman
modes by comparing with the calculation based on group theory. This results might be useful in determine the crystallographic
orientation of the sample, which is important to achieve a high mobility device.
[1] S. P. Koenig et al, Appl. Phys. Lett. 104, 103106 (2014)
[2] A. Castellanos-Gomez et al, 2D Mat. 1, 025001 (2014)
[3] J. Qiao et al, Nat. Comm. 5, 4458 (2014)
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Memory Characteristics controlled by Silicon and Cobalt Hybrid Nanostructures

AHN Hanyeol, JOO Beom Soo, GU Minseon, JEONG Jiwoon, HAN Moonsup
.
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.[Acknowledgements: NRF-2012R1A1A2043619, NRF2012M2B2A4029470, NRF-2014M2B2A4031923]
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X-ray fluorescence imaging and x-ray absorption spectroscopy study of the Chrysochroa
Fulgidissima wing.
SUNG Nark-Eon, LEE Ik-Jae, LEE Kuk-Sung, JUNG Sung-hoon, SHIN Yong-Bi1
Beamline division, Pohang Accelerator Laboratory, POSTECH. 1Gyeongju National Museum.
Synchrotron-based micro-probe technique, for nondestructive analysis of elements in complex matrices through
combinations of x-ray fluorescence (m-SXRF) and x-ray absorption spectroscopy, is feasible at the 8C nano-probe/XAFS
beamline. m-XRF technique provides elemental concentrations of single-spot as well as elemental distributions of a specified
area, while XAFS gives chemical and structural information. m-SXRF image can be obtained by raster scanning a sample
using sub-micron resolution stages. For high spatial resolution micro-probe experiments, x-ray was refocused a micrometersized beam using a K-B mirror system. We achieved 3 x 3 mm2 x-ray beam at focal point of the K-B mirrors, and got raster
scanned m-SXRF and m-transmission images of a Cu-TEM grid and a cross-section of a Chrysochroa Fulgidissima wing.
Micro-XAS spectra for the Ni, Fe, and Cu K-edges were obtained at several points of the wing to observe the structural and
chemical states of the metal.
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New method to overcome the hysteresis phenomenon of transmittance with applied

voltages
,

,

,
,
,
.
This presentation introduces a method to overcome the hysteresis phenomenon of transmittance with voltages. The term
hysteresis phenomenon’ means a certain value cannot go back to the starting point and then drops to another value when it
moves periodically or in a certain range. An electrochromic device consists of a nanostructured electrochromic layer electrode,
a nanostructured ion storage layer electrode and an electrolyte layer. The transmittance of the devices can be affected in the
next voltage depending on which voltage they were driven in the past. It means that the transmittance is measured at different
values when the same voltage is applied again. Moreover, when a voltage is continuously applied to electrochromic materials,
transmittance continually increases or decreases. In this state, it becomes impossible to ensure the performance characteristics
of reproducible devices. It is possible to ensure reproducible performance characteristics only if the transmittance at the same
voltage is always measured at the same value regardless of the measurement times. These problems can be overcome by mixed
immobilization of reduction and oxidation electrochromic materials in single electrochromic layer at the same time.
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Investigation of the Preparation Methods for Graphene Oxides as a Transparent Electrode

Material
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Graphene oxide (GO) is suitable for mass production and is expected to be next generation flexible transparent electrodes.
There are several synthesis methods reported [1-4] and currently several commercial products are available. Although the
properties of GOs are expected to be different according to their preparation methods, the properties of the GOs synthesized by
various methods or the ones of commercial origins are rarely compared. Here, we report the comparison of the pristine and
after-reduction properties of the GOs synthesized by the Staudenmaier’s method [2], the Improved method [3], the modified
Hummer’s method [4], and also two commercial GOs purchased from different companies. The properties were investigated in
the form of thin films deposited on substrates by using Hall probe measurements, atomic force microscopy, Raman, UVvisible, and X-ray photoelectron spectroscopy. Our comparison results will be presented. 1. B.C. Brodie, Phil. Trans. R. Soc.
Lond. 149, 249 (1859); W.S. Hummers, R.E. Offeman, J. Am. Chem. Soc. 80, 1339 (1958).2. L. Staudenmaier, Berichte der
deutschen chemischen Gesellschaft 31, 1481 (1898).3. D.C. Marcano et al., ACS Nano, 4, 4806 (2010).4. J. Luo et al., J. Am.
Chem. Soc. 132, 17667 (2010).
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Switchable Schottky diode induced by dominant interface in Pt/Mn-doped ZnO/Pt
sandwiched structure
,
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,
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We investigated the asymmetric current-voltage (I-V) characteristics and accompanying unipolar resistive switching of pure
ZnO and Mn(1%)-doped ZnO (Mn:ZnO) films sandwiched between Pt electrodes. After electroforming, a high resistance state
of the Mn:ZnO capacitor revealed switchable diode characteristics whose forward direction was determined by the polarity of
the electroforming voltage. Linear fitting of the I-V curves highlighted that the rectifying behavior was influenced by a
Schottky barrier at the Pt/Mn:ZnO interface. Our results suggest that formation of conducting filaments from the cathode
during the electroforming process resulted in a collapse of the Schottky barrier (near the cathode), and rectifying behaviors
dominated by a remnant Schottky barrier near the anode.
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Electric field dependence of magnetotransport properties in molybdenum disulfide

BAEK SEUNGJAE, PARK MIN, HONG SUNG JU, KIM KYUNG HO, KANG HOJIN, PARK YUNG WOO
Seoul National University.
Studies of molybdenum disulfide (MoS2) have been increasingly demanded to understand their fundamental properties. there
is a lot of studies of electrical transport properties of MoS2 layers. However the magneto transport properties of MoS2 have
not been intensively studied. Here, we have measured magneto Resistance (MR) of MoS2 in low temperature and high
magnetic field up to 35 T or 7 T as a function of electric field. Interestingly the MR is diminished as increase electric field.
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The role of oxygen vacancies of two-dimensional electron gases at LaAlO3/SrTiO3
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High-mobility two-dimensional metallic states at two insulating oxides, especially LaAlO3 (LAO)/SrTiO3 (STO) interface,
have provided great opportunities for novel oxide electronics. Its mechanism was explained with electronic reconstruction due
to polar discontinuity or formation of oxygen vacancies at the interface, both of them have been still considered as major
origins for this phenomenon.We deposit LAO layer with various thickness on STO substrate at 600℃ and 800℃ with pulsed
laser deposition method. Both of thin films show good crystallinity and step terraced-surface morphology by x-ray diffraction
and atomic force microscopy, respectively. Thickness of these films was confirmed by reflection high-energy electron
diffraction. Transport properties measurement was performed by Physical Property Measurement System, however, only thin
films grown at higher temperature shows high mobility properties independent on LAO thickness. Interestingly, STO
substrate changed to opaque after staying for only several minutes at 800℃ in vacuum. Obviously this change was caused
from oxygen vacancies, we have observed that the substrate was recovered after annealing at 900℃ in oxygen environment.
We believe that oxygen vacancies have played important role for two-dimensional metallic state.
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Schottky Junction Engineering of 2-Dimensional Semiconductor with its thickness

KIM Hyun-Cheol, LEE Han-Byeol, LEE Jun-Ho, CHOI Doo-Hua, JEUNG Nae-Bong, KIM Hakseong, YOON Ho Ang, LEE
Jae Ung1, CHUNG Hyeonsick1, LEE Sang Wook, CHUNG Hyun-Jong
Division of Quantum Phases & Devices, Department of Physics, Konkuk University. 1Department of Physics, Sogang
University.
The bandgap of tungsten disulfide (WS2), like other transition metal dichalcogenides(TMDs), decreases with the number of
layer. While bulk WS2 has indirect bandgap of ~ 1.4 eV, monolayer WS2 has direct bandgap of ~ 1.9 eV. The fact suggests
that the Schottky-barrier height between WS2 and a metal could vary with the thickness of WS2. For studying the Schottky
barrier with various layer of WS2, we started with identifying their number of layers. Optical contrast of WS2 with various
thickness have been measured depending on the thickness of SiO2 on Si by direclty transfering the same-WS2 flakes to the
various substrates. Then the contrast is compared to the calculation based on Fresnel’s law, the optical contrast map. While the
maximized contrast can be obtained on 90-nm-SiO2/Si wafer with 620-nm light, negative optical contrast has been measured
on 180-nm SiO2/Si substrate. Raman spectroscopy, and photoluminescence (PL) were measured and atomic force microscopy
(AFM) confirmed the thickness of WS2. After fabricating field-effect transistors (FETs), the Schottky barrier height have
been extracted depenging on the thickness. The height decreases with the thickness by 0.3 eV. Device characteristics also
investigated with the FETs depending on the barrier height. The result suggests that the possibility of unpinned junction, and
therefore, barrier eigneering between 2D semiconductor and metal.
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Characterization of X-ray Streak camera

KIM Young Hoon, CHO Byoung Ick1
Institute for Basic Science (IBS), Gwangju Institute of Science &Technology(GIST). 1Institute for Basic Science (IBS) ,
Gwangju Institute of Science and Technology (GIST).
An x-ray streak camera has the unique feature to record temporal information on a subpicosecond time scale as well as spatial
information. Here we will present the characterization of x-ray streak camera from the AXIS Photonique. The camera was
designed for about 40μm of spatial resolution and as fast as 800 fs temporal resolution with 2 keV photons. We test this
equipment using the pattered photocathode illuminated by a UV lamp and the third harmonics pulses of femtosecond
Ti:sapphire laser. The high spatial and temporal resolutions of this diagnostic could provide capability to investigate ultrafast
dynamics in solids and in plasmas via time-resolved x-ray spectroscopic techniques.
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Angular dependence of spin-orbit spin transfer torques

LEE Ki-Seung, GO Dongwook1, LEE Hyun-Woo1, MANCHON Aurelien2, HANEY Paul. M3, STILES Mark D.3, LEE
Kyung-Jin
Department of Materials Science and Engineering, Korea University. 1Department of Physics, POSTECH. 2Physical Science
and Engineering Division, King Abdullah University of Science and Technology (KAUST), Thuwal, Saudi Arabia. 3Center for
Nanoscale Science and Technology, National Institute of Standards and Technology, Gaithersburg, Maryland, USA.
In ferromagnet/heavy metal bilayers, an in-plane current gives rise to spin-orbit spin transfer torque which is usually
decomposed into field-like and damping-like torques. For two-dimensional free-electron and tight-binding models with Rashba
spin-orbit coupling, the field-like torque acquires nontrivial dependence on the magnetization direction when the Rashba spinorbit coupling becomes comparable to the exchange interaction. This nontrivial angular dependence of the field-like torque is
related to the Fermi surface distortion, determined by the ratio of the Rashba spin-orbit coupling to the exchange interaction.
On the other hand, the damping-like torque acquires nontrivial angular dependence when the Rashba spin-orbit coupling is
comparable to or stronger than the exchange interaction. It is related to the combined effects of the Fermi surface distortion
and the Fermi sea distortion. The angular dependence is consistent with experimental observations and can be important to
understand magnetization dynamics induced by spin-orbit spin transfer torques.
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Spin-Orbit Coupling Induced Non-Local Signal in Qusi-2DEG of LAO/STO

YOO Jung-Woo, JIN Mi-Jin, MOON Seon Young1, JO Jun-Hyun, MODEPALLI Vijayakumar, PARK Jungmin, BAEK
Seung-Hyub1
Ulsan National Institute of Science and Technology(UNIST). 1Korea Institute of Science Technology (KIST).
Oxide hetero interface have received growing attention due to unique electronic behaviors, such as coexistence of
superconductivity and ferromagnetism, strong Rashba-type spin-orbit coupling, etc. Here, we studied non-local spin signal of
gate-controlled Rashba field in quasi-2DEG of LaAlO3/SrTiO3 (LAO/STO) interface. We fabricated simple hall-bar (H-bar)
like geometry to measure non-local signal depends on different channel lengths (2~10um). Cleaned 5mm x 5mm size of
LAO/STO sample was patterned using e-beam lithography & Reactive ion etching process. Fabricated sample was putted in a
Physical Property Measurement System. And all electrical measurement was performed in a vacuum condition using Keithely
source meter (K2636) and nanovoltameter (K2182). When an electric current flows one of the lines of the H-bar structures, a
transverse spin current due to the spin orbit coupling is induced in the connecting part. Consequently, this spin current
produces a non-local voltage difference in the opposite line of the H-bar structures via inverse spin hall effect. The non-local
signals were studied under different angle of magnetic field and variation of applied gate voltage. This work was supported
by a grant from (Future Challenge Project or Creativity and Innovation Project) funded by the Ulsan National Institute of
Science and Technology and Basic Science Research Program through the National Research Foundation of Korea (No. 20110014651)
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XPS and electron transport study of paramagnetic dusting effect on MgO based magnetic
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The magnetic tunnel junction (MTJ) has been a focus of interest for last
two decades. The high tunneling magnetoresistance (TMR) of the MTJ
has a great potential for applications to magnetic sensors and memory
devices. Growth of the crystalline MgO barrier made it possible to
fabricate MTJs with higher TMR and lower resistance. Control of the
tunnel-barrier quality is crucial for the device applications, and it is
important to understand the physical properties of MgO. In this paper,
the effect of dusted FeZr layer on the TMR in the MTJ with the MgO
barrier was investigated. FeZr is an amorphous paramagnetic metal, and
the MTJ property can be improved when a FeZr layer is inserted in the
MTJ. Here, we investigate how the tunneling is affected when the FeZr is dusted next to the MgO barrier. The sample
structures were Ta/Ru/Ta/Py/IrMn/CoFeB(4)/FeZr(t)/MgO(2.5)/CoFeB(3)/Ta (thickness in nm, t=0, 0.5, 1.0). The samples
were grown on a thermally oxidized Si wafer in a sputtering chamber. Ta, Ru, Py, IrMn, CoFe, and FeZr layers were deposited
by DC sputtering method, and the MgO tunnel barrier was grown by using an RF-magnetron sputtering method with a single
crystal target. The MTJ was patterned by using photo-lithography and the junction size was μm2.
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Perpendicular Magnetization of very long ferromagnetically coupled FM/paramagnet/FM
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Spin-transfer-torque magnetoresistive random accessmemory (STTMRAM) has been widely proposedas a next-generation memory device.
An essential element of STT-MRAM is the magnetictunnel junction
(MTJ) made of perpendicular magneticanisotropy (PMA). In order to
achieve thermal stability required for the PMA STT-MRAM, it is
necessary to find a PMA free layer thicker than 2 nm. In this study, we
inserted a thin paramagnetic FeZr buffer layer (0 to 2 nm) between
MgO/CoFeB and CoFeB/MgO double barrier structure and investigated
the effect on magnetic anisotropy. Multi layers of SiO2/Ta(2)/MgO
(2)/CoFeB(1.3)/FeZr(tFeZr)/CoFeB(1.3)/MgO(2)/Ta(5) samples (t in nm)
are fabricated by using a magnetron sputter. In Fig. 1, the two CoFeB layers were ferromagnetically coupled up to t=1.0 nm,
and the absolute value of IMA decreases with t. Magnetizations of the two magnetic layers were separated at t =2.0 nm
eventually. Strikingly, the magnetization of double CoFeB layer separatedby an amorphous paramagnetic FeZr layer
increasesup to t =0.4 nm, and then decreases gradually with t. Furthermore, the ferromagnetic coupling of the two CoFeB
layers was maintained up to t=1.0 nm. As a result, we observed the ferromagneticmoment increase in a paramagnetic layer at
the vicinity of a ferromagnet.
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Ferroelectric and magnetic properties of PVA/bismuth-ferrite nano-composite film
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Multiferroic materials attract considerable interest because of the potential applications in multifunctional devices which
combine magnetic, electronic and optical functionalities. In view of magnetic- and ferroelectric-ordering temperatures, BiFeO3
(BFO) is a quite attractive material because it exhibits room-temperature magnetoelectric coupling. However, BFO is well
known to have large leakage current and small spontaneous magnetization due to the existence of crystalline defects such as
oxygen vacancies. Furthermore the magnetic moment of pure BFO is very weak owing to its antiferromagnetic nature.
Recently, it was found that the antiferromagnetic ordering can be broken if the size of the BFO particles is less than the spiral
period order (62 nm). In this work, we fabricated multiferroic nano-composite film composed of BFO nanoparticles (NPs) and
polymer matrix. BFO NPs used in this work were synthesized by the conventional sol-gel method, which exhibit tens of nm in
diameter with good crystallinity. The polyvinyl alcohol (PVA) powders were melted in hot-water bath, and then BFO NPs
were dispersed into the PVA solution at 90 °C, followed by sonication and centrifuge. 1 ml of the nano-composite solution was
evenly dropped onto a slide glass, and then dried in vacuum oven (70°C, 9 h). Complete-dried BFO nano-composite film was
gently pilled off. The characteristics of nano-sized BFO in polymer matrix were experimentally studied. The XRD, SEM,
VSM and P-E loop measurements were performed to understand the crystalline structure, morphology, magnetic and
ferroelectric properties of PVA/BFO composites with various concentrations of filler. The magnetic and the ferroelectric
properties of PVA/BFO composites were analyzed in connection with the crystalline structure and the morphology of films.
AcknowledgementsThis work was supported by the ICT R&D program of MSIP/IITP, Korea (KCA-2013-005-038-001).
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Electromechanical Resonators Toward Highly Sensitive Mass Detection

KIM Hakseong, MCALLISTER Kirstie, CHEUNG Christina, LEE Sang Wook
Division of Quantum Phases & Devices, School of Physics, Konkuk University, Seoul 143-701, Korea.
In this presentation, we will suggest highly sensitive mass sensors using suspended graphene ribbon and silicon nitride beam.
Both devices can be electromechanically actuate and show high sensitivity with mass resolution below atto gram level owing
to their specific material properties such as low effective mass for graphene and high Q-factor for silicon nitride. To estimate
minimal detectable mass change of our devices, we investigated resonance frequency deviation through repetitive
measurements to consider frequency fluctuation without additional mass. We also observed the resonance frequency variation
and its deviation with continuous measurements after loading gold with thickness of 0.1 angstrom on the resonators. In this
presentation, we will show the experimental results including theoretical estimation and suggest an approach for realizing ultra
sensitive mass detector.
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Junction properties of MoS2 between 1T and 2H phases

KIM Junsuk, KIM Jeasu, KIM Jungho, VU Quoc An, LEE Young Hee, LIM Seong Chu
Center for Integrated Nanostructure Physics, Institute for Basic Science, Sungkyunkwan University, Department of Energy
Science, Sungkyunkwan University, Suwon 440-746, Korea.
The Molybdenum disulfide (MoS2) with band gap of 1.8eV shows strong Fermi level pinning that hinders the modulation of
Schottky barrier height using metals of different work function. In this reason, only n-type behaviors have been exhibited from
MoS2 FET. However, different from 2H phase MoS2, exhibiting semiconducting characteristics, 1T phase MoS2 is metallic.
Thus, the junction of semiconducting and metallic MoS2 is possible if 2H phase MoS2 is locally transformed into 1T phase. In
this study, we prepare MoS2 in-plane junction of 1T and 2H phase by locally intercalating Li ions into MoS2 multilayer that is
confirmed using Raman and PL spectroscopes and will discuss the electrical properties of the junction of two different phases
of MoS2.
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Piezoelectric Nanogenerator based on the PZT particles interconnected with multi-walled
carbon nanotubes for mechanical energy harvesting from tapping motion
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We first report a successful growth of PZT particles interconnected with CNT (PZT-CNT) through
PZT sol-gel solution mixing method with CNT and annealing for crystallizing them. High resolution
transmission electron microscope analysis of PZT-CNT reveals that the PZT particles are polycrystalline
with a tetragonal structure which atomically connected with the CNTs. In order to form the flexible thin
film, the PZT-CNT was mixed with polydimethylsiloxane as a matrix and spin-coated on the flexible
substrate. The thin films were then attached to the Au/Cr coated polyimide film. By periodic tapping
movements, the open-circuit voltage and short-circuit current of the PZT-CNT reaches about 1.2 V and
400 nA, respectively. In order to explain the effect of the PZT connection with CNT in the nanogenerator,
we synthesized the physically mixed composite-type nanogenerators and compared the output powder.

P3-E078*

Photocurrent Generation by Illuminating Whole Photodevice with Both Single-and Bi-

layer Graphene
HAN Songhee, KIM Minjung, CHEONG Hyeonsik
Department of Physics, Sogang University.
We measured the photocurrent of a graphene photodevice with a junction between single- and bi-layer graphene. We also
investigated the photocurrent of a single layer graphene photodevice for comparison. Near each of the metal contacts, electrons
move in opposite directions and so the net current is zero when the whole device is illuminated. To overcome this problem, we
made a photodevice with a junction between single- and bi-layer graphene. Graphene has different optical absorption
depending on the number of layers [1]. Due to the different charge density a net photocurrent can be generated even when the
whole device is illuminated. References [1] Li Yang, Jack Deslippe, Cheol-Hwan Park, Marvin L. Cohen, and Steven G.
Louie, Physics Review Letters 103, 186802(2009)

P3-E079
,

BaO-B2O3-TeO2
,

,

1,

,
.

TeO2
Nb2O5-TeO2

,

1

.

,

.
.
second harmonic generatioin

NbTeO6
c
.

TeO2

BaO-B2O3-TeO2
15BaO-15B2O3-70TeO2

.
,

.
.

.

K2O-

BaO-B2O3-TeO2

P3-E080
,

BaO-B2O3-TeO2
,

B-BaB2O4

SHG

1,

,

.

1

.

TeO2
,
15B2O3-70TeO2
second harmonic generation

.
,
.

15BaO-

B-BaB2O4
15BaO-15B2O3-70TeO2

.

.
BaO-B2O3-TeO2
B-BaB2O4
SHG
,
SHG

P3-E081
,
ZnO

,
.

1,

,

1(

)

,

.
,

,

ZnO

,
.

1
,
ZnO nanorods

.

60 meV

ZnO

,
.

,
B-BaB2O4

.
(3.37 eV)

UV
,

30BaO-30B2O3-40TeO2

Effects of Graphene Oxide coating on the ZnO nanorods
,

,
II-VI

B-BaB2O4
.
.

Graphene Oxide
GO/ZnO NRs
,
.
(SEM)
, Graphene Oxide
(Raman Spectroscopy)
2
Graphene Oxide
peak
quenching
Graphene Oxdie

.
spray coating

PL spectra
ZnO

PL
GO/ZnO NRs
.

P3-E082

The effect of sodium citrate concentration on the growth of ZnO nanostructure
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Photoluminescence properties of the experimental methods in CaMoO4:Eu3+, Bi3+

phosphor
KIM Eun Ock, MOON Byung Kee, CHOI Byung Chun, JEONG Jung Hyun, KIM Jung Hwan1
Department of Physics, Pukyong National University. 1Department of Physics, Dong-eui University.
The crystal structure of CaMoO4 has good thermal stability and chemical stability, and it is also good host for luminescent
metals under UV and X-ray excitation due to its luminescent center-MoO4 tetrahedron unit. 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. It has been discussed that different trivalent ion co-doped with Tb3+ in
molybdate phosphors can improve the luminescence property. Almost all of phosphors are synthesized by the solid state
reaction method, which is simple and economical method for preparing high quality phosphors. The sol-gel method is an
effective method, because of higher purity, lower annealing temperature and shorter heating time. In this study, Eu3+, Bi3+ codoped 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).

P3-E084
NaYF4:Yb3+,

Effect of synthesis conditions of morphology and upconversion luminescence properties of
prepared by hydrothermal method

Er3+

OH Ju Hyun, MOON Byung Kee, JEONG Jung Hyun, 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 NaYF4 nanomaterials have
been synthesized by using ethylenediaminetetraacetic acid disodium salt (EDTA-2Na) as surfactant through a facile
hydrothermal method at 200 oC. The shape and size of the products are varied by control of condition, including hydrothermal
time, reactants and the kinds of solvent. Tuning the hydrothermal time, and the amount of NaF can cause the transformation
from cubic phase α-NaYF4 to hexagonal phase β-NaYF4.

P3-E085

Polarization Pinning Assists Bipolar Resistive Switching In BiFeO3 Nano-Island

Sandwiched Between Pt Electrode And Nb-doped SrTiO3 Substrate.
1,
1,
,
,
Division of Quantum Phases & Devices, Department of Physics, Konkuk University. 1Department of Nano Science &
Technology, Sejong University.
The cross-point memory is one of the most promising applications of ReRAM for achieving high memory density. However,
leakage current through unselection cells within a cross-point array is the biggest obstruction to the realization of high-density
memory cell arrays. We fabricate BiFeO3 nano-islands on Nb doped SrTiO3. They exhibit both bipolar ReRAM and diode

characteristics. Also, they have a high ON/OFF ratio (>3400) at Vread (@3.1V) as well as low on/off ratio (~3) at +1/2Vread (@1.55V). We confirmed that the readout margin was sufficiently improved using the ferroelectric material as
resistor.
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Observation of Quantum Hall Effect in Dual-gate Graphene Device

PARK Jeongmin, KANG Haeyong1, KIM JoongGyu, YOON Yoojoo, PARK Nahee, KIM Jeong-gyun, LEE YouRack,
CHUNG Dongsub2, KIM Donggyun3, YUN Hoyeol4, LEE SangWook4, SUH Dongseok
CINAP ,
. 1
,
. 2
CINAP ,
. 3
CINAP ,
. 4
,
.
We have fabricated a dual-gate graphene thin-film-transistor for the study of integer QHE (Quantum Hall Effect) in terms of
its edge-state transport. After the dry-transfer of few-layer h-BN (hexagonal Boron-Nitride) on top of the monolayer graphene
on the silicon oxide substrate where both ends of graphene were open, the electrodes for source/grain/gate(top) contact were
formed to make the device structure of transistor where h-BN layer were employed as a gate dielectric. The effect of different
filling-factors in adjoining graphene regions were investigated using the two-terminal QHE measurement. The simple
explanation for the modeling of edge-state transport will be provided.

P3-E087

The Robustness of Quantum Hall Effect in Graphene Field-Effect Transistor

YOON Yoojoo, KANG Haeyong1, PARK Nahee, PARK Jeongmin, LEE YouRack, KIM Jeong-Gyun, KIM JoongGyu, KIM
Donggyun2, YUN Hoyeol3, LEE Sang Wook3, SUH Dongseok
CINAP ,
. 1
,
. 2
CINAP ,
. 3
,
.
In this presentation, we report the Quantum Hall Effect (QHE) observed in the Graphene-on-hBN field-effect transistor having
low mobility (~7000 cm2V-1s-1), large gate-voltage hysteresis (up to 100 V), and Dirac point at around -40 V. These results
showed the robustness of QHE in the Graphene system, and the charge traps in the silicon oxide layer seemed to be the origin
of the low mobility and the large hysteresis in the measured device. Furthermore, quantum oscillations reflecting Quantum
Hall states survived even in the region of very high filling factor (more than 80) at 2 K and 4 Tesla. These results may lead to
new applications in quantum electronic devices.
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Photocatalytic Activity of Au/TiO2 nanorod prepared by Hydrothermal Method
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Photocatalytic Activity of Au Sputtered TiO

Nanorod by Annealing Temperature
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Upconversion properties of Sr2CeO4:Er3+ phosphors prepared by high-energy ball milling

method
SEO Yeon Woo, MOON Byung Kee, CHOI Byung Chun, JEONG Jung Hyun, KIM Jung Hwan1
Department of Physics, Pukyong National University. 1Department of Physics, Dong-eui University.
In recent years, there has been an intense interest in the investigation of up-conversion luminescence for a wide range of
applications, such as biological fluorescence labeling, three-dimensional color displays, temperature sensor, solar cells, white
light emitting diodes (WLEDs), fiber optic communication, anti-counterfeiting, and so on. Among the rare-earth ions, Er3+ ion
is an excellent candidate for upconversion as its metastable levels 4I9/2 and 4I11/2can be conveniently populated by commercial
low-cost high-power near-infrared laser diodes.In this study, Er3+ doped Sr2CeO4 phosphors were prepared by a high-energy
ball milling method. The structural properties of the phosphors were characterizedwith X-ray diffraction (XRD) and fieldemission scanning electron microscopy (FE-SEM).The up-conversion emission spectrum was measured at room temperature
by exciting the erbium ions using a 975 nm laser diode (LD) and a photomultiplier tube to detect the signal, which was
amplified by a standard lock-in technique.

P4-E094

Electronic Structure and luminescence properties of Sm3+ doped Ba2CaMoO6 phosphors

WANG Lili, NOH Hyeon Mi, MOON Byung Kee, JEONG Jung Hyun, KIM Jung Hwan1
Department of Physics, Pukyong National University. 1Department of Physics, Dong-eui University.
Sm3+ activated Ba2CaMoO6 phosphors have been prepared by the high temperature solid state reaction. The crystal struture,
photoluminescence spectra, luminescence decay and UV-visible diffuse reflectance spectra of these compounds were studied
by X-ray diffraction, photoluminescence spectroscopy, and diffuse relectance spectroscopy, respectively. Band structures and
density functional theory calculations of Ba2CaMoO6 have been performed using Cambrige Serial Total Energy Package
(CASTEP) code. The phosphor Ba2CaMoO6 doped with Sm3+ shows strong absorption in the near-UV and UV region, which
was ascribed to the interband transitions from O 2p orbitals to the Mo 4d orbitals within the MoO6 groups. The band gap
energies of the two compounds have been determined from the diffuse reflectance spectra. Under near-UV excitation,
Ba2CaMoO6 show intense red luminescence because of the energy transfer from the MoO6 groups to Sm3+ ions. The
compound will be of great potential for use in the red color-conversion phosphors for WLED devices due to their strong
absorption in near-UV region.

P4-E095

Synthesis and luminescent properties of Ca9LiGd2(1-x)/3(PO4)7 : 2x/3Sm3+ phosphor

GUO Yue, WANG LiLi, MOON Byung Kee, JEONG Jung Hyun, KIM
Jung Hwan1
Department of Physics, Pukyong National University. 1Department of
Physics, Dong-eui University.
White light-emitting diodes (w-LEDs) have been applied in displays
and lighting sources because they have many advantages, including a
long lifetime, high luminescence efficiency, high brightness, low power
consumption and environmentally friendliness. Rare-earth ions(RE) are
characterized by a partially filled 4fshell, which is well shielded by 5s2
and 5p6 orbitals in a host. Therefore, emission transitions yield sharp
lines in the spectra. RE-doped inorganic compounds have attracted great
research interest in the past years because of the excellent luminescence
properties.In this study, a series of Sm3+-doped phosphors of Ca9LiGd2/3
(PO4)7 were synthesized by a conventional high temperature solid-state reaction. The X-ray powder diffraction (XRD)
photoluminescence excitation, emission spectra, concentration quenching, and luminescence decay curves and lifetime were
applied to characterize the samples. The CIE chromaticity coordinates of the phosphors were located in the orange region. So
the phosphors may be potentially used for white light-emitting diodes.

P4-E096

Effective catalytic performance from hybrid graphene oxide and controllable gold
nanoparticle size
KHOA Nguyen Tri, THUAN Doan Van, KIM Soon Wook, YOO Dae-Hwang, HAHN Sung Hong
Ulsan university.
We prepared AuNPs with various sizes of 5, 20, 40 nm and fabricated GO sheets decorated with AuNPs to study their sizedependent catalytic properties. The catalytic performance of GO:AuNP hybrids was evaluated from the reduction of onitroaniline to 1,2-benzenediamine using sodium borohydride as a reducing agent. The reduction process of o-nitroaniline can
take place in three steps: the hydrogen generation from NaBH4, the absorption of hydrogen on AuNP surface by van der Waals
attractive forces and by the chemisorption (Lennard-Jones potential energy diagram), the reduction of o-nitroaniline to 1,2benzenediamine by the chemisorbed hydrogen atoms. The reaction rate constant for o-nitroaniline reduction increased with
decreasing the AuNP size. GO:AuNP hybrids exhibited excellent catalytic performance compared with individual GO and
AuNPs. The AuNP size-dependent catalytic property of GO:AuNPs was explained by the surface area of AuNPs, the
adsorption ability of GO, and the electron transfer at the interface between GO and AuNPs.

P4-E097

Radio-frequency characteristics of graphene monolayer via nitric acid doping

LEE Hee-Jo, KIM Eunho1, PARK Jaehyun1, SONG Wooseok2, AN Ki-Seok2, KIM Yong Seung3, YOOK Jong-Gwan4, JUNG
Jongwan5
Daegu University, Physics Education. 1Sejong University, Institute of Nano and Advanced Materials Engineering. 2Korea
Research Institute of Chemical Technology, Thin Film Materials Research Group. 3Sejong University, Graphene Research
Institute. 4Yonsei University, School of Electrical and Electronic Engineering. 5Sejong University, Graphene Research
Institute & Institute of Nano and Advanced Materials Engineering.
The radio-frequency, i.e. 0.5–40 GHz, characteristics of chemical vapor deposition-grown graphene monolayer via HNO3
doping is experimentally investigated. According to the obtained results, the sheet resistance of HNO3-treated graphene
decreases about half compared to bare graphene. In the case of radio-frequency characteristics, the transmission coefficient and
effective conductivity of the HNO3-treated graphene are more enhanced than those of the bare graphene. Moreover, the
intrinsic resistance and inductance of the HNO3-treated graphene itself show diminishing tendency with frequency increase. As
a result, it is verified that the direct current as well as high frequency characteristics of graphene are improved by using the
chemical doping method.

P4-E098

Fabrication of Wet-Spun Graphene and Graphene-CNT Nanocomposite Fiber

YEO Chang Su, CHO Jang Yean, SHIN Min Kyoon, HAN June Beom1,
JU Sang Hyun1, PARK Sang Yoon
Advanced Institutes of Convergence Technology, Seoul National
University, Suwon. 1Department of Physics, Kyonggi University,
Suwon, Gyeonggi-Do 443-760, South Korea.
We present that graphene oxide (GO) and GO-CNT nanocomposite
microfibers are prepared by wet-spinning method. The samples prepared
in this study are mostly composed of GO and CNT. The GO-CNT
solution was prepared from GO-CNT powder into distilled water at room temperature through sonication. After taking the
fiber, it was reduced by using NaBH4 solution. We investigated the effects of reduction condition on electrical conductivity as
well as microstructural properties by Scanning Electron Microscope (SEM), Optical Microscope(OM), ThermoMechanical
Analyzer(TMA), hall measurement and X-Ray Diffraction(XRD). We also found that the incorporation of CNT leads to
improvement of electrical and mechanical properties.

P4-E099

Analysis on the Quantum Hall effect in two-terminal Graphene device

KIM Joong Gyu, KANG Haeyong1, PARK Jeongmin, YOON Yoojoo, PARK Nahee, LEE Yourack, KIM Jeong-gyun, KIM
Donggyun2, YUN Hoyeol3, LEE Sang Wook3, SUH Dongseok
CINAP,
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,
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.
Quantum Hall effect (QHE) is the unique property of two-dimensional electronic system giving the universal standard of
electrical resistance. In the conventional QHE experiment, multi-terminal configuration such as Hall bar structure are usually
employed. Here we report the two-terminal QHE in monolayer Graphene on hexagonal Boron Nitride substrate. Quantized
conductance G = 2(e2/h) was clearly identified independent of the sample shape. In addition, the splitting of degeneracy
resulting in G = 1(e2/h) was found under the high magnetic field up to 14 Tesla at 2K. A simple model to explain the
difference and the similarity between two-terminal configuration and multi-terminal one will be discussed in terms of
equipotential-line argument.
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P4-E101

Graphene field-effect transistor with ferroelectric substrate

PARK Nahee, KANG Haeyong1, YOON Yoojoo, LEE YouRack, PARK Jeongmin, KIM Jeong-gyun, KIM Joong Gyu, YUN
Hoyeol2, LEE Sang Wook2, SUH Dongseok
CINAP ,
. 1
,
. 2
,
.
In the analysis of Graphene field-effect transistor, the substrate material which has the direct contact with Graphene layer plays
an important in the device performance. In this presentation, we have tested PMN-PT (i.e. (1-x)Pb(Mg1/3Nb2/3)O3-xPbTiO3)
substrate as a gate dielectric of Graphene field-effect transistor. Unlike the case of previously used substrates such as silicon
oxide or hexagonal Boron-Nitride (h-BN), the PMN-PT substrate can induce giant amount of surface charge that is directly
injected to the attached Graphene layer due to its ferroelectric property. And the hysteresis of polarization versus electric field
of PMN-PT can cause the device to show the ferroelectric nonvolatile memory operation. We had successfully fabricated
Graphene field-effect transistor using the mechanically exfoliated Graphene layer transferred on the PMN-PT (001) substrate.
The fabrication process which is different from the case of silicon oxide substrate and the device performance will be
discussed.

P4-E102

Si nanowires on graphene for improving interface in lithium ion battery

XIA Fan, KIM Su Han, LEE Won Woo, PAIK Ungyu, PARK Won Il
.
One of major issues that still challenges the commercial application of silicon (Si)-based anode materials for next generation
lithium-ion batteries (LIBs) is pulverization during Li ion cycling, which leads to fast performance degradation. The anode
based on Si nanowires (SiNWs) directly grown on current collector has been proven to allow lateral relaxation and thereby
reduce pulverization. However, even with the improved designs, SiNWs based structures still exhibit limited cycling stability
for extended numbers of cycles, because of underlying thin Si films formed simultaneously during the NW growth which
delaminated and were disconnected from current collector even in the early stages of cycling. Here we propose a facile method
to sharply reduce the formation of Si thin film by introducing graphene interfacial layer between SiNWs and current collector.
In this situation, formation of the parasitic Si thin film has been almost avoided except some isolated Si islands formed around
the defects and grain boundary of graphene. Consequently, we demonstrate significantly enhanced cycling stability for SiNWbased LIB anodes, with retentions of more than 70% and discharge capacity over 100 cycles. We believe this approach can be
used in other anode materials and expedite its commercial application of Si in the near future.

P4-E103

Thermal conductivity measurement of CVD grown mono- and bilayer MoS2 by Raman

spectroscopy
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The temperature-dependent Raman spectra of in-plane E2g and out-of-plane A1g Raman modes in monoand bilayer MoS2 synthesized by chemical vapor deposition (CVD) in the range of 300~420 K were
measured and analyzed. The linear temperature coefficients for E2g and A1g modes for both suspended
and substrate-supported MoS2 are measured. The temperature at the laser spot was monitored by the
Raman shift change of in-plane E2g and out-of-plane A1g Raman modes, and the thermal conductivity
was obtained by analyzing heat diffusion equations.

P4-E104

Exceptionally High Power Output Nanogenerators Originated From Surface
Piezoelectricity Effects of Ultrathin ZnO Nanoflakes
NGOC Huynh Van, KANG Dae Joon
Department of Physics, Sungkyunkwan University, Suwon 440-746, Korea.
We report a novel and simple synthetic route to obtain ultrathin ZnO nanoflakes (NFs) of less than 10 nm in thickness, which
can be grown on arbitrary substrates using an aqueous precipitation method at room temperature. Based on a rational design, a
facile route to achieve a high output power nanogenerators (NGs) that composed of ZnO NFs is demonstrated. This NG
exhibits a short-circuit current density of 57 μA/cm2, a peak open-circuit voltage of 110 V, which are the best values recorded
among all NGs based ZnO nanostructures reported in the literature. These results are further verified using different vibration
sources, such as a periodic pounding of a heavy object and a sound wave. Nanogenerators based ZnO nanowires are also
fabricated for comparison. Moreover, different interface mechanisms are experimentally compared to maximize the
piezoelectric output power (such as thin insulating layers, a p-n junction, and hybridization of two piezoelectric materials). The
output power of our NG, with area of 1 x 1 cm2, can be directly used to instantly turn on 20 commercial light-emitting diodes
(LEDs) without any use of an energy storage system. We believe that, the high surface area, and especially the strong
domination in surface piezoelectricity effects originated from unique morphology of ultrathin nanoflakes, which contributed to
this exceptional performance.

P4-E105

Engineering of domain dynamics in strained VO2 nanowires

YANG Hyoung Woo, KANG Dae Joon1
Department of Physics, Sungkyunkwan University, Suwon 400-746, Korea. 1Department of Physics, Sungkyunkwan
University, Suwon 440-746, Korea.

Here, we demonstrate that the strain in bent VO2 nanowires may have a strong effect on the appearance and
thermal stability of metastable M2 phase as well as on the spatial distribution of insulating and metallic domains
during the phase transitions. We found that the strain induced in bent VO2 nanowires during the growth affects
greatly the thermal stability of M2 phase at room temperature, which is an evident up-shift of phonon modes from
615cm-1 (M1) to 640cm-1 (M2) and visualized by confocal Raman spectroscopy. Furthermore, we employed the
electrical transport studies to understand the electrical properties by scanning out the resistivity difference
originated in M1 and M2 phase distribution associated with strain. The result indicated clearly that the phase
distribution is consistent with the strain distribution showing that the metal-insulator transition in VO2 nanowires
can be strongly affected by subtle interplay between the strain and domain dynamics. The capability to engineer
phase distribution with strain lends insight into correlated electron materials in general, and opens opportunities for
designing and controlling the insulating phases of VO2 for practical device applications.

P4-E106

Quantum Hall Effect in Hexagonal Boron Nitride – Graphene – h-BN Sandwich Structure
with Edge Contacts
TRUONG Thuy-Kieu, KANG haeyong1, PARK Jeongmin2, KIM Joong Gyu2, YOON Yoojoo2, PARK Nahee2, KIM JeongGyun2, LEE Yourack2, YUN hoyeol3, LEE Sang Wook3, SUH Dongseok
CINAP ,
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,
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Graphene (Gr) and hexagonal boron nitride (h-BN) based hetero-structure has a great potential for the next generation of the
electronics devices. In this work, the h-BN/Gr/h-BN sandwich structure was prepared. The h-BN flake mechanically exfoliated
on SiO2/Si wafer has a role of a substrate for graphene. Then, the active channel(, i.e. the exfoliated Gr flake) and the top
dielectrics layer(, i.e. the exfoliated h-BN flake) were transferred on top of that, successively. AFM and Raman measurements
were carried out to characterize the quality of the Gr flakes. After the reactive-ion-etching process, the exposed edges of hBN/Gr/h-BN sandwich structure were covered by Cr/Au electrodes. The edge-contact device was measured by physical
property measurement system (PPMS). The device showed the quantized conductance under the magnetic field. The results
showed the sandwich structure with the edge contacts has a promise for the future electronics devices.

P4-E107

Effect of rapid thermal anneal on the magnetic tunnel juntions with MgO barrier

.
To achieve a high tunneling magnetoresistance (TMR) of sputtered magnetic tunnel junctions (MTJs) with an MgO barrier, the
annealing process is indispensable. The structural and compositional changes as consequences of the annealing greatly affect
the spin-dependent transport properties of MTJs. Higher TMR could be obtained for MTJs annealed at higher annealing
temperature, however, diffusion of Ru, Mn and/or Ta in the MTJs may occur during annealing process is known to be
detrimental to spin-dependent tunneling effect. The rapid thermal annealing (RTA) process was used for annealing the MTJs
with synthetic antiferromagnets. To determine whether the diffusion of Mn, Ru and/or Ta in the MTJs can be suppressed the
systematic investigation of RTA effects on the properties of MTJs by minute controlling the process time and temperature is
addressed. A significant change in TMR value and barrier parameters occurs within 10 sec during RTA. The dependence of
TMR on annealing time and temperature provides the information about crystallization of electrodes and diffusion processes
occurred in MTJs. The structural and compositional analyses were also performed to clarify the effect of annealing on the
properties of MTJs.

P4-E108

Tungsten Doping Effect On Electrical, Structural Properties Of V1-xWxO2(0≤x≤4.0) Thin

Films By Sol-gel Method
,

,

1
1ETRI

UST
.
MIT
.
VO2 is well known as a first-order phase transition material, which have abrupt electron and atomic transition nearby 340
K.In this work, we have grown V1-xWxV2 (0≤x≤4.0 at.%) thin films on Al2O3(0001) substrate with varying tungsten (W)
concentration by sol-gel method using W-doped vanadium trioxyproxide (VO(OC3H7)3) as a precursor.In order to investigate
electrical characteristics of V1-xWxO2(0≤x≤0.4 at.%) thin films W doping concentration, we measured temperature dependence
of electrical resistance by using conventional four-probe measurement and current-voltage measurement of two-terminal
device based on V1-xWxV2 (0≤x≤0.4 at.%) thin film.VO2 Al2O3AuAu In addition, we carried out x-ray diffraction (XRD) and
scanning electron microscopy (SEM) measurement to investigate out-of-plane lattice structure and surface morphology of thin
film by XRD 2θ-ω scan and SEM.

P4-E109

Modification Of Metal-Insulator Transition In VO2 Films Grown On TiO2 Substrates

KIM Hyun-Tak, SLUSAR Tetiana, CHO Jin-cheol1
ETRI, MIT Creative Research Center. 1UST, Advanced Device
Technology.
Vanadium dioxide (VO2) is technologically attractive material due to
its reversible first-order metal-insulator transition (MIT) accompanied
by changing in the resistivity up to five orders of magnitude. At normal
conditions critical temperature of the MIT (TMIT) in VO2 samples is
~340 K, which is quit high for applications. For this reason, many
researches directed their forces on decreasing of the TMIT in order to
broaden the application spectrum of this material. As a result, several
methods of lowering transition temperature were developed: doping by
metal ions (Cr, W, Mo, Nb, Ta etc.), hydrogen atoms and oxygen
vacancies, as well as interface strain engineering. The latter is especially important in case of VO2 thin films grown on
different substrates, as strain (stress) is inherent effect that appears on film-substrate boundary because of their lattice
mismatch. Among all of the variety of substrates material, TiO2 crystals are, probably, the most applicable for VO2 films
growth, because of their similar lattice constants in rutile phase. It was shown that it is possible to shift MIT temperature in
VO2/TiO2 to room temperature and lower, by changing technological parameters of films deposition and value of interfacial
strain (stress). Particularly, in this work we have studied the properties of VO2 films grown on TiO2 (001) and (110) substrates
by pulsed-laser deposition technique and influence of different conditions (like, oxygen partial pressure P(O2), substrate
temperature (Ts), film thickness) on metal-insulator transition in vanadium dioxide thin films (see Fig.). General tendency of
VO2 MIT properties is revealed.

P4-E110

Influence of Patterned-Hole size on Preferred Orientation of GaN Grown on m-plane
Sapphire Substrates
,

,
,
,
,
,
.
Preferred orientation of GaN grown on m-plane sapphire substrates are known to depend on the substrate-treatment
conditions, but additional dependence of patterned-hole size is expereimentally observed. In this work, we investigated the
origin of preferred orientation dependence on patterned-hole size.

P4-E111

Control of Spontaneous Polarity Inversion of m-oriented GaN Twins Grown on Patterned
m-plane Sapphire Substrates
,

,
,
,
,
,
.
c-oriented GaN was widely used as optoelectronic devices. Quantum confined stark effect(QCSE) is, however, known to
suppress the radiation efficiency. In contrast with c-oriented GaN, nonpolar m-oriented GaN has no QCSE and attracts much
attention. Previously it was reported that in-plane polarity spontaneously inverted during the growth of m-GaN on patterned mplane sapphire. In this work, we investigated the mechanism of spontaneous in-plane polarity inversion to search for the
method to control the polarity inversion of m-oriented GaN.
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A novel acoustic lens built with a low dispersive metamaterial
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FG-01

Heat transistor behavior of harmonic chain

.
Temperature profile and heat transfer in one-dimensional harmonic chain with three heat reservoirs are exactly solved. Heat
dissipation and Fourier's law of heat conduction are discussed. This thermal system can be equivalently tranformed into an
electrical system with active elements and shows the behaviors of heat transistor.

FG-02

Total Cost of Operating an Information Engine

UM Jaegon, HINRICHSEN Haye1, KWON Chulan2, PARK Hyunggyu
KIAS. 1University of Wuerzburg. 2Myongji University.
We study a two-level system controlled in a discrete feedback loop, modeling both the system and the controller in terms of
stochastic Markov processes. We find that the extracted work, which is known to be bounded from above by the mutual
information acquired during measurement, has to be compensated by an additional energy supply during the measurement
process itself, which is bounded by the mutual information from below. Our results confirm that the total cost to operate an
information engine is in full agreement with the conventional second law of thermodynamics. We also consider the efficiency
of the information engine in the finite-time case.

FG-03*

Optimal Tuning of Information Engine via Harmonic Potential

PARK Jong-Min, LEE Jae Sung1, NOH Jae Dong
Department of Physics, University of Seoul. 1School of Physics, Korea Institute for Advanced Study.
We consider a Brownian particle under a harmonic potential in contact with a single heat bath. By applying a measurement
and feedback control, it is possible to extract mechanical work given by the change of the potential energy. If we repeat the
processes with a time interval, the system approaches to its steady state. We show that the amount of extracted work at the
steady state is maximized under the optimal tuning of measurement process and feedback control process. We obtain the time
evolution of the position distribution and self-consistent equation for the steady state. For the large time interval limit and the
small time interval limit, the steady state distribution, the optimal tuning of measurement and feedback control processes and
the maximum amount of produced work are derived.

FG-04

Voter model on a coevolving network

YI Su Do, BAEK Seung Ki, KIM Beom Jun1
Department of Physics, Pukyong National University. 1Department of Physics, Sungkyunkwan University.

FG-05

Bursty dynamics and its effect on spreading

POSTECH
.
Temporal inhomogeneities have been described by bursts that
are rapidly occurring events in short periods alternating with long
periods of low activity, and characterized by heavy-tailed interevent
time distributions. (i) We devise a deseasoning method to see how much
intrinsic cyclic patterns account for the bursty dynamics. By applying
our method we find that the heavy tails in interevent time distributions
of mobile phone calls remain robust with respect to deseasoning of
weekly patterns of humans. (ii) Since events are associated to the context, a temporal process can be decomposed into
subprocesses of different contexts. Then bursts in each subprocess are related to bursts in the original process by considering
the orders of events of different contexts in terms of ordinal timeframe. We analyzed a simple model to obtain the criterion for
relevance of context and timeframe. (iii) In order to characterize the effect of bursts on the spreading we devise an analytically
solvable model of Susceptible-Infected spreading dynamics in infinite systems for arbitrary interevent time distributions and
for the whole time range. The exact solution shows that at early stage the bursts accelerate the spreading as compared to a
Poisson-like process with the same mean and same lower bound of interevent times.

FG-06*
,

Various transition natures in heterogeneous core contact process
,

.
We study heterogeneous core contact process (HCCP) with a general mixture of the infection threshold $k$ on complex
networks. Based on the mean-field rate equation, the interesting results including various phase transitions and dynamical
properties depending on initial density of infected nodes. Furthermore, the analytical calculations predict that the HCCP is
described by the series of continuous transitions with order parameter exponents $\beta_n = 1/n$, discontinuous hybrid
transitions with $\beta_H = 1/2$ or $\beta_H = 1$, and various multiple transitions. Simulations of the HCCP are carried out to
confirm analytically predicted transition natures.

FG-07(

)

Anomalous Diffusion of Single-molecules in Living Cells: at the Interface of Biology and
Statistical Physics
School of Physics, Korea Institute for Advanced Science.
In 1905 Einstein established the laws of diffusion, and in 1908 Perrin
determined Avogadro’s number from diffusion measurements.
Nowadays advanced experimental technique enable us to track real-time
motion of single molecules inside a living cell with high precision.
These experiments have shown that intracellular diffusions often deviate
from Einstein’s diffusion laws. In this talk, we explore recent statistical
physics studies initiated by the single-particle tracking experiments and
how they help us towards the understanding of anomalous diffusion
inside cell. In particular we discuss how the introduction of singleparticle tracking tools challenges our conventional ergodic hypothesis
underlying statistical physics, leading us to establish new theories to correctly interpret the experimental observations. It is
shown that the individual trajectories obtained by experiment contain unique stochastic characters identifying the underlying
physical mechanisms for anomalous diffusion. In particular, it turns out that the stochastic characters of biological anomalous
diffusion are highly time-scale dependent as well as system-specific.

FG-08

Chemotaxing and haptotaxing random walkers having directional persistence

,
.
Biological cell crawling is a rather complex process involving variousbio-chemical and bio-mechanical processes, many of
which are still notwell understood. The difficulties in understanding the crawling areoriginating not just from cell-intrinsic
factors but from theircomplex social interactions, cell-to-substrate interactions andnonlinear responses toward extrinsic factors
as well. Here, in this report weinvestigate chemotaxing behavior of mathematical model cells thatnaturally have an intrinsic
tendency of directional persistence. Aconstant gradient of chemo-attractant is imposed globally andchemotatic flux and cell
density is measured as a function of time andspace, then the resulting steady state is compared with that of thewell-known
Keller-Segal model, which describes a population ofchemotaxing random walker. Then, we add a cell-to-cell
interaction,mimicking a "haptotaxis" mediated interaction, to the model and accessits role as for altering the steady-state cell
density profile. Thismathematical model system, which we have developed and considered inthis work, can be quite relevant
to the chemotatic responses of interacting immunecells, like microglia, moving toward and around a site of wound, asfor an
example. We conclude by discussing some relevant recentexperimental findings.

FG-09

Matchmaker, Matchmaker, Make Me a Match: Migration of Populations via Marriages in

the Past
LEE Sang Hoon, FFRANCON Robyn1, ABRAMS Daniel2, KIM Beom
Jun3, PORTER Mason4
Department of Energy Science, Sungkyunkwan University. 1Department
of Physics, University of Gothenburg. 2Department of Engineering
Sciences and Applied Mathematics, Northwestern
University. 3Department of Physics, Sungkyunkwan
University. 4Mathematical Institute, University of Oxford.

FG-10

Traveling-wave solution of evolutionary dynamics in a one-dimensional trait space

LEE Mi Jin, KIM Beom Jun, BAEK Seung Ki1
Department of physics, Sungkyunkwan University. 1Department of physics, Pukyong National University.
We consider an infinite-sized population where an infinite number of traits compete simultaneously. The replicator equation
with a diffusive term describes time evolution of the probability distribution over the traitsdue to selection and mutation on the
mean-field level. We argue that this dynamics can be expressed as a variant of the Fisher equation with high-order correction
terms. The equation may have a traveling-wave solution, and the phase-space method shows how the wave shape depends on
the correction. We compare this solution with empirical time-series data of given names in Quebec and Korea, treating it as a
descriptive model for the observed patterns.

FG-11
,

Preferential game engagement based on the reputation in prisoners' dilemma game
1,

. 1
.
We investigate prisoners’ dilemma game with a reputation. The reputation of each person is
determined by how much the person cooperated in the past. When players meet, one can refuse to
play the game based on the reputation of the opponent. We introduce a type of cooperators called
Goodie who engage in the game proportionally to the opponent’s reputation, and study their roles
in forming a cooperative society.

FG-12

Transformation of microtubules into inverted tubulin tubules triggered by a tubulin
conformation switch
KAIST.
Microtubules (MTs) are hollow tubules comprised of assembled alpha beta-tubulin heterodimers and involved in a range of
cellular functions including cell division, the establishment of cell shape and axonal transport in neurons. We find that cationic
molecules (eg. Sp4+ and polycation) trigger a straight-to-curved transition of MTs and the outwardly peeling of protofilaments
(PFs), concurrently leading to assembly of curved PFs into a tubular structure. Using transmission electron microscopy and
synchrotron small-angle X-ray scattering, we quantitatively determined the nature of the BMTs-to-BITT, MTs-to-SMTs,
DWMTs, and BDWMTs transformation pathways, which results from cationic molecule triggered conformation switch. (Nature
Materials, 13, 195, 2014) MT bundles (BMTs), Inverted tubulin tubule (BITT), MT sheets (SMTS), Double-walled-MTs
(DWMTs), DWMT bundles (BDWMTs)

FG-13

Global and Modular Sparse Synchronization in Small-World Clustered Networks of
Inhibitory Fast Spiking Izhikevich Interneurons
LIM Woochang, KIM Sang-Yoon
Daegu National University of Education, Department of Science Education, Computational Neuroscience Lab..
We study the effect of inter-connection on emergence of fast sparsely synchronized rhythms in a clustered network with M
(=3) small-world sub-networks of inhibitory fast spiking Izhikevich interneurons. For our study, we consider three cases for
the intra-dynamics in sub-networks: (1) synchronized in all identical sub-networks, (2) unsynchronized in all identical subnetworks, and (3) synchronized/unsynchronized in non-identical sub-networks. For each case, we investigate the population
states by varying the inter-connection coupling strength Jinter and the inter-connection probability pinter between the subnetworks. Thus, three kinds of population states such as global synchronization, modular synchronization, and
unsynchronization are found. For the case of global synchronization, the population behavior is globally identical,
independently of the cluster structure, because intra-dynamics of sub-networks make perfect matching. On the other hand, in
the case of modular synchronization the population behavior reveals the clustering structure, and hence the degree of
synchronization in the whole population becomes less than that in the sub-networks, because the intra-dynamics of subnetworks make some mismatching. To characterize the synchronization-unsynchronization transitions in the whole- and the
sub-populations, we employ the realistic whole- and the sub-population order parameters, based on the instantaneous wholeand sub-population spike rates. Furthermore, we introduce a new cross-correlation modularity measure, representing the
matching-degree between the sub-population potentials of the sub-networks, and differentiate whether the synchronization is
global or modular. The degrees of the global and the modular synchronizations are also measured in terms of the realistic
statistical-mechanical whole- and sub-population spiking measures defined by considering both the occupation and the pacing
degrees of the spikes. It is expected that our results have important implications for the role of the brain plasticity which refers
to the brain’s ability to change its structure and function by modifying the strength or efficacy of synaptic transmission.

FG-14

Segmentation and classification of N-terminal secreted proteins in Burkholderia gladioli
and B. glumae using hidden Markov model
NGUYEN Thao Thi, NGUYEN Tuyen Van1, CHON Tae-Soo2, HEO Muyoung3, SEO Young-Su
,
. 1
,
. 2
,
. 3
,
.
Segmentation of DNA and protein sequences is an essential step for sequence annotation and detection of functional domains.
Here we proposed simple hidden Markov models (HMMs) to partition protein sequences based on the variability of amino acid
composition. The model enables to detect compositionally similar regions (CSRs), which are defined as amino acid segments
with high similarity in the profiles and their conservation among protein sequences within a group. HMMs were established
separately for three datasets of 50N-terminal secreted protein sequences in Burkholderia glumae BGR1, B. gladioli BSR3, and
Gram-negative bacteria. Optimal numbers of states in HMMs, which referred the number of CSR types, were chosen by using
Bayesian information criteria. We show the relationships between states and positioning of CSR types. The CSR types with
high hydrophobic scale strongly reflects potential hydrophobic regions. In addition, these potential hydrophobic regions can be
used to distinguish classically secreted proteins (CSPs) and non-classically secreted proteins (NCSPs) from a group of known
secreted proteins. The confidence rates of this classification are comparable with other existing methods including SignalP and
TatP. Finally, we provide a list of potential CSPs and NCSPs in BGR1 and BSR3, in which the number of potential NCSPs
predicted in BGR1 is approximately 2.0 times to that in BSR3.
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Optical trapping of nanometer-sized lipid vesicles has been challenging due to the low refractive index contrast of the thin lipid
bilayer to the aqueous medium. Using an “optical bottle”, a recently developed technique to measure interactions of
nanoparticles trapped by an infrared laser, we report, for the first time, quantitative measurements of the trapping energy of
charged lipid vesicles. We found that the trapping energy increases with the relative amount of anionic lipids (DOPG) to neutral
lipids (DOPC) in vesicles. Moreover, as monovalent salt is added into the exterior solution of vesicles, the trapping energy
rapidly approaches zero, and this decrease in trapping energy strongly depends on the amount of anionic lipids in vesicles. A
simple model with our experimental observations explains that the trapping energy of charged lipid vesicles is highly correlated
with the surface charge density and electric double layer. In addition, we demonstrated selective trapping of a binary mixture of
vesicles in different mole fractions of charged lipids, a strategy that has potential implications on charge selective vesicle sorting
for engineering applications.
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Neural noise, stochastic resonance of bursting neural oscillators: experiments and model

study
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Left-handed DNA: Structural Transitions in DNA Driven by Force and Torque
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Sadron.
In many biological processes, DNA experiences force in the pN range
and torque that underwinds it. Torsional stresses on DNA can be relaxed
by the formation of plectoneme at low tension or by converting into lefthanded helical forms: Z-DNA or L-DNA at higher tension. While ZDNA has well defined structure and is localized in a specific sequence
(GC or GT repeats), L-DNA, which is from strand-separated DNA, may
form from any sequence and its structure is also elusive. The interconversion among several co-existing structures is a central feature in
the process of DNA replication and RNA transcription. We first discuss
the elastic properties of DNA responding to torsion and tension during magnetic tweezers experiments. We further model
DNA as a helical worm-like chain and provide a theory for the torsional responses during the B-Z transition occurring in short
Z-DNA forming sequences imbedded in the random sequence.
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Temperature-induced Phase-resetting In The Biological Master Clock, SCN
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Global Metabolic Interaction Network of the Human Gut Microbiota

1,
3,
4
CHIA Nicholas2,
1
2
.
,
. Mayo Clinic, Department of Surgery. 3University of
Illinois at Urbana-Champaign, Food Science and Human Nutrition. 4
&
,
.
Despite recent advances in knowledge of the microbial diversity inside the human gastrointestinal tract, the global interaction
dynamics between the myriad microbial species, and its influence on host health and disease remains poorly understood. To
better understand the emergent properties arising from the interactions between human gut microbes, we constructed a global
network model based on interspecies cross-feeding relationships. We used transport reaction information from public
databases (e.g. KEGG, CAZy, TransportDB), from published genome-scale metabolic models, and from literature annotations
to identify small-molecule metabolic compounds that are imported and/or exported by microbes found to reside in the human
gut. Next, we defined an interaction between two microbes when one class of species can uptake a metabolic compound that is
excreted by another (i.e. interspecies cross-feeding). Following this approach, we linked all interacting microbes into a global
Microbe-Microbe Network. Using microbiome samples collected from patients across four clinical phenotypes, we
superimposed each sample’s microbial abundance information upon our Microbe-Microbe Network, thereby removing lowquantity species (i.e. nodes), along with their interactions (i.e. edges). This led to interaction networks specific to individuals,
and, in turn, networks specific to phenotype. Interestingly, we identified network-based topological features, as well as
enrichment of biologically meaningful interspecies interactions, unique to each clinical phenotype.

,

1,
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Efficient Algorithm to Compute Mutually Connected Components in Multiplex Networks
1,

,
,
. 1University of Cologne, Institute for Theoretical Physics.
Mutually connected components play an important role as a measure of resilience in the study of interconnected networks.
Despite their importance, an efficient algorithm to obtain physical properties of all MCCs during the removals of links is not
available. Here, using a well-known fully dynamic graph algorithm, we propose an efficient algorithm to accomplish this. We
show that the time complexity of this algorithm is approximately O(N^1.2), which is more efficient than the conventional
algorithm with complexity O(N^2). We anticipate this algorithm to allow simulations with complex dynamic rules to research
a size regime that was not permitted before.

FG-21*
,

Viability of multiplex networks with link overlap
,

,
,
.
Many real-world complex systems are best modeled by multiplex networks. The multiplexity has proved to have broad impact
on the system’s structure and function. Most theoretical studies on multiplex networks to date, however, have largely ignored
the effect of link overlap across layers despite strong empirical evidences for its significance. In this article, we investigate the
effect of link overlap in the viability of multiplex networks, both analytically and numerically. Distinctive role of overlapping
links in viability and mutual connectivity is emphasized and exploited for setting up proper analytic framework. A rich phase
diagram for viability is obtained and greatly diversified patterns of hysteretic behavior in viability are observed in the presence
of link overlap. Mutual percolation with link overlap is revisited as a limit of multiplex viability problem, and controversy
between existing results is clarified. The distinctive role of overlapping links is further demonstrated by the different responses
of networks under random removals of overlapping and non-overlapping links, respectively, as well as under several removal
strategies. Our results show that the link overlap strongly facilitates viability and mutual percolation; at the same time, the
presence of link overlap poses challenge in analytical approach to the problem.
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Evolutionary Graph Theory in Structurally Correlated Populations

1
,
Department of Physics, UNIST. 1Department of Physics, School of Life Sciences, UNIST.
We study the structural determinants of evolutionary dynamics in the framework of the game theory and the diffusion process
on complex networks. Starting from the paradigmatic model of Moran process, we try to generalize the concept of network
reciprocity, which imposes a maximum average degree for the emergence of cooperation, to various network motifs. In
particular, to address the question of structure-dynamics duality in a scalable manner, we investigate the fixation dynamics of a
mutant population in various combined motifs. We have found that, for a given degree distribution, the degree-degree
correlation strongly impacts the emergence of altruism. We also discuss the the effects of higher-order correlation measures on
the fixation of cooperators.

FG-24*

Uncovering the nutritional landscape of food

KIM Seunghyeon, SUNG Jaeyun, FOO Mathias, JIN Yong-Su1, KIM
Pan-Jun
APCTP, Emergent Dynamics of Complex Living Systems. 1UIUC,
Department of Food Science and Human Nutrition.
Recent data-driven/network-based analysis methods are revolutionizing
many classical disciplines. Herein, we apply these techniques to foods
and nutrients. Nutritionally-precious foods, as well as the factors
underlying their nutritional balance, were systematically identified from
a global network of foods. The balance of nutrients in a food, indicating
its nutritional quality, is critically affected by not only individual nutrients, such as choline and α-linolenic acid, but also
multiple nutrients synergistically, despite the tendency of nutrient inter-correlations against the latter effect. A diverse
repertoire of such nutrient-nutrient correlations was integrated under a common network framework, which yields unexpected
yet coherent associations between nutrients. Our approach provides an unprecedented global view of relationships between
foods and nutrients, with implications for formulating optimal diets.
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Finite-Size Scaling in the KPZ-related Sign Phase Transition

HA Meesoon, BAEK Yongjoo1, JEONG Hawoong1, PARK Hyunggyu2, DEN NIJS Marcel3
Department of Physics Education, Chosun University. 1Department of Physics, KAIST. 2School of Physics,
KIAS. 3Department of Physics, University of Washington.
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Diverse types of phase transitions in multiplex networks: Ashikin-Teller Model

LEE Jaesung, JANG Siho1, SUNGMIN Hwang2, KAHNG Byungnam2
Korea Institute for Advanced Study. 1Korea Military Academy. 2Seoul
National University.
Recently, diverse types of phase transitions (PTs) such as discontinuous,
continuous, or hybrid PT have been observed on multiplex networks.
However, theory for understanding such diverse PTs in a single
framework is absent thus far. Here, aiming to understand the origin of
such diverse types of PTs, we study a spin model called the AshikinTeller model on a mono-layer scale-free (SF) network, which may be regarded as a model of two types of Ising spins placed on
each layer of a double-layer multiplex network, respectively. The coupling between the two layers is represented in form of the
four-spin interaction in the AT model. We nd that depending on the ratio between the two-spin interaction and the four-spin
interaction in the AT model and the degree exponent, those diverse types of PTs emerge. Their origins are understood in a
single framework using the Landau-Ginzburg theory.
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Physical ageing in the Arcetri model

DURANG Xavier, HENKEL Malte1
KIAS, School of Physics. 1Universite de Lorraine, Departement de Physique de la matiere et des materiaux, France.
We studied a surface growth model obtained by replacing the non-linear term in the KPZ equation by a mean spherical
condition. We want to explore the consequences of such a constraint on the Edwards-Wilkinson (EW) interface. In this exactly
solvable model, we can derive the critical temperature expression and the two-time quantities (the correlation and response
functions) in the different regimes : below and above the critical dimension as well as below, at and above the critical
temperature. Therefore, we have access to the non-equilibrium exponents and can compare them to the EW ones or the KPZ
ones. Indeed, the Arcetri model captures some qualitative properties of KPZ as, for instance, a smoother interface near the
critical temperature.

FG-28

Scaling behaviors in hybrid phase transition in cluster merging process

CHO Young Sul, KAHNG Byungnam
Seoul National University.
Hybrid phase transition (PT) where the features of both discontinuous and continuous PTs appear at a critical point has
received considerable attention recently. This type of phase transition has been observed in many problems such as the k-core
percolation, the jamming phenomena of granular particles, and one dimensional Ising model with long-range interaction. In
these systems, the order parameter increases discontinuously up to a finite value less than unity, and exhibits a continuous PT
immediately after a discontinuous PT. However, such kind of PT was not observed yet in cluster merging processes. Here, we
study the feature of the hybrid PT (or mixed-order PT) for the so-called half-restricted model, in which a giant cluster is
formed through aggregation processes, an opposite way to the one of the k-core percolation. We find that the correlation length
diverges in a power-law manner as the percolation threshold is approached

FG-29*

Percolation Transition and Non-Universal Behavior in Spatial Prisoner’s Dilemma Game

CHOI Woosik, YOOK Soon-Hyung, KIM Yup
Department of Physics, Kyung Hee University, Korea.
To understand how the selfish individuals cooperate, we study the spatial prisoner’s dilemma game on 2-dimensional lattices.
The geometric structures of the cooperator cluster (CC) and the defector cluster (DC) on a hexagonal lattice, a square lattice,
and a triangular lattice are analyzed. From the numerical simulations, we find a non-universal behavior, i.e, the nature of the
percolation transition of CC (DC) depends on the underlying lattice structure and the temptation to defect payoff, $b$.
Depending on $b$, the formation of CC (DC) on the hexagonal lattice and the square lattice undergoes percolation transitions.
However, there is no percolation transition on triangular lattice.

P2-F001
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Dynamical behavior of multifractal strengths in games
1

,
. 1
,
.
In this paper, we study the multifractal properties of the number of ended stones in the Baduk game. We mainly estimate the
generalized Hurst exponent, Renyi exponent, and singularity spectrum for time series data of the Baduk from multifractal
detrended fluctuation analysis. For the three segments, we mainly simulate the multifractal strength of the four top-players in
Baduk game. The results for the four players are analyzed in detail and are compared to each other.
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Statistical track prediction of typhoon using regression analysis
1

,
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,
.
We investigate the regression equations for the statistical prediction of typhoon over the East China Sea. Testing prediction
equations on independent data of the years 2007-2012 indicates the forecast accuracy closely by applying a similar system of
prediction equations in operating use in typhoon. To treat the track of typhoon, we estimate the absolute mean errors of
displacement in the meridional and zondal motions when we have a performance on independent data.
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Dynamical analyses in structures of group correlations
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We investigate the prediction of the future prices from the company’s structure and its network theory in the financial groups.
After the financial group network is constructed from the value of the high cross-correlation, each company is analyzed how to
buy or sell the stock and forecasted how to make a rational investment. In the short-time behavior rather than the long-time
behavior, each company among an arbitrary group is made a rational investment decision by using a stochastic evolution rule
in the financial network. In particular, we find a relation of the investment situation between the empirical data and the
simulated data.
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Specific Heat of the Self-Avoiding Polymer with Repulsive Interactions
,

1
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The Schottky anomaly is one of the most universal phenomena in statistical and condensed matter physics. Usually, it is a
finite peak in the specific heat of matter at low temperatures. In experimental studies, the Schottky anomaly has been the most
important concept in understanding the low-energy structure of a given material. We study the specific heat of the selfavoiding polymer on a square lattice with repulsive next nearest-neighbor (NNN) interactions, which exhibits the Schottky
anomaly, a peak in the low temperature region without a divergence in the thermodynamic limit. The low-temperature tail of
the specific heat can be explained by the bending energy due to NNN interactions that play a role of local interactions along
the chain. For comparison, we also consider the specific heat of a polymer without nonlocal self-exclusion where only bending
energy is present, which is analytically solvable and has the same ground states and the first-excited states as the self-avoiding
lattice polymer with repulsive NNN interactions. The fit of the specific heat of the self-avoiding repulsive NNN polymer with
that of the polymer only with the bending energy suggests that the effective number of orthogonal directions is about 1.42 in
the presence of the self-avoiding effect. It is also shown that the specific heat of the self-avoiding repulsive NNN polymer is
robust with respect to an addition of repulsive nearest-neighbor interactions, which only act as nonlocal perturbations that
slightly change the specific heat in the high temperature region.
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All-Atom Simulations of Small Proteins by Using Wang-Landau Algorithm
1

. 1
.
We apply Wang-Landau algorithm to the continuous energy model of a small protein, Met-enkephalin and PTH(1-34), using
Simple Molecular Mechanics for Protein (SMMP) and obtain the partition functions Z(T) for them as a continuous function of
T. From Z(T), the partition function zeros both of Met-enkephalin and PTH(1-34) are evaluated for the first time by using
Wang-Landau algorithm. We find one transition temperature of Met-enkephalin and two characteristic transition temperatures
of PTH(1-34) from both the partition function zeros and the specific heats.

P2-F006
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Phase Diagram and Critical Exponents of Blume-Capel Model
1

. 1
.
We perform simulations of the two dimensional spin-1 Blume-Capel (BC) model by using the Wang-Landau algorithm and
obtain the joint density of states. The critical temperature and the thermal scaling exponent of it are obtained as functions of
fugacity by calculating the partition function zeros in the complex temperature plane by using the joint density of states. The
phase diagram of BC model is obtained including the tricritical points.

P2-F007
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Fractal Dimensions of Bridge Bonds in Directed Percolation Models
,

,
.
Bond percolation is a mathematical model studying the emergence of a spanning cluster as bonds are occupied in Euclidean
space without any preferred direction. Bonds are classified into two types: bridge bonds and non-bridge bonds. Bridge bonds
are ones that once occupied, a spanning cluster is created in one direction of the system. When the occupation of bridge bonds
is prohibited and only non-bridge bonds are occupied, the system is divided into two parts; the boundary composed of bridge
bonds forms a fractal object. It has been revealed that the fractal dimension of that object is related to the continuity of the socalled explosive percolation transition. In the problem of directed percolation, however, where the bonds possess a preferred
direction of flow, not much is known about these bridges. We obtain the fractal dimensions of the bridges in various
dimensions and compare them to those of ordinary percolation. We further show that these bridges relate to the continuity of
the phase transition in the same way those of ordinary percolation do, and outline the implications of these results.
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Hydrophobic-Polar Protein Model on a Square Lattice
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We enumerate exactly the partition functions of a hydrophobic-polar protein model on a square lattice for three different
Fibonacci protein sequences. From the partition functions of three different Fibonacci protein sequences, various
thermodynamic quantities such as specific heat, fraction of native contacts, and partition function zeros are exactly obtained.
We study the properties of the collapse transition and the folding transition for three different Fibonacci protein sequences by
using various thermodynamic quantities.

P2-F009*

Election With Spreading Political Opinions Based On Human Migration

JO Woo Seong, KIM Beom Jun
Sungkyunkwan University.
The voter model has been studied in various systems to understand how opinions spread. Recently, several studies showed that
election results can be addressed by applying the voter model with commuter flow. However, political opinions of individuals
can be strongly affected by their birthplaces as well as where they are. We apply the voter model to presidential election in
South Korea from 1971 to 2012, considering the annual inter-province flow of migration. Keeping information of birthplace,
agents change their political opinions with given probability which is assigned by birthplace. We compute the probability of
changing opinions, comparing the outcome from real elections with simulation results. We expect that the long-term evolution
of the probability may show the changes in province-wise political opinions.
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Evolutionary public goods game on the complete graph and dense complex networks

KIM Jinho, CHAE Huiseing, YOOK Soon-Hyung, KIM Yup
Kyung Hee University.
Public goods game (PGG) on the complete graph (CG) is considered analytically and numerically. It is first analytically
proved from the exact rate equation on the CG that there exist three stationary states on CG. The first state is that all the agents
become Loner (L-state). The second is that only defectors exist (D-state). The final state is the virtual state which is not
tractable really. For the graph size $N$ and the multiplication factor , the L-state is tractable when $r \gg \frac{\sigma}{c}
N^tanh(\beta/2)$, whereas the D-state is tractable when $r \ll \frac{\sigma}{c}N^tanh(\beta/2)$. Especially the densities of
defector or loner are shown to depends on the scaling factor $\frac{rc}{\sigma N^tanh(\beta/2)}$. Based on the stationary
states on CG, the mechanisms for crossover behavior between different states are also studied while the links of network are
removed. Moreover, other scaling relations for crossover behaviors between different dominant strategies are also found. Also
the range of $\left< k \right>$ for D-state for $r \ll \frac{\sigma}{c} N^{tanh(\beta/2)}$ increases as $N$ increases. From
these results, we also discuss about the mechanisms for crossover behaviors between different strategies.
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Three different patterns of jamming transition with heterogeneous node capacity
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Centrality analysis in street networks of Korea: from classification to model

JUNG Woo-Sung, LEE Byoung-Hwa
POSTECH.
Centrality has played a crucial role of what a significant node is within a social network in the past few decades. We use
betweenness centrality and closeness centrality as the key measures for identification of importance of intersections and streets
in dozens of street networks in Korea. Betweenness centrality in each street network exhibits a slight inequality between
intersections and streets respectively, thus we calculate the Gini coefficient of centrality. Due to the wide spectrum of Gini
coefficients, cities are classified into several groups, and each group possesses its own topological properties in the networks.
Planned and unplanned cities are distinguished by the degree distributions, and whether urban-rural integrated cities or not also
can be determined through closeness centrality. In order to obtain size dependence of the Gini coefficient for betweenness
centrality, we employ a square lattice as an idealized form of the street network and find an increasing log function with the
size.
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Scaling Properties of Phase Transitions in Generalized Epidemics Process

CHUNG Kihong, BAEK Yongjoo, HA Meesoon1, JEONG Hawoong
Department of Physics, KAIST. 1Department of Physics Education, Chosun University.
The generalized epidemic process (GEP) is a variant of the susceptible-infected-recovered (SIR) model which features a
modified spreading rate for multiple exposures to the infected. The model exhibits both continuous and discontinuous phase
transitions, whose conditions can be analytically obtained by the generating function technique. In this study, we focus on the
critical and tricritical exponents of the model, some of which cannot be predicted by the same analytical method. By finite-size
scaling, we numerically estimate those unknown exponents and discuss whether they are different from the mean-field bond
percolation universality class.

P2-F014

Meanfield Model For EEG Rhythms And Its Dynamical Response To Time Varying
Propofol Concentration
,
POSTECH,

.

In this study, we examined the anesthetic effect on EEG signatures: power spectrum, cortical synchronization in alpha rhythm,
Phase amplitude coupling. The basis of our model is Robinson's thalamocortical meanfield model. We extended the model by
segregating the system with spatially distributed modules and modeling intermodular interaction in the cortex, which includes
only the excitatory interactions. The propofol effect is modeled as same as Hindrick's model. With this model, we examined
the power spectrum and phase locking in the all-to-all network. The calculated power spectrums have similar pattern with
single module case, but have smaller delta peaks. As propofol effect and interconnectivity increases, the phase locking
behavior, measured by phase locking value, are strengthened at alpha rhythm. Phase amplitude coupling in single module
system also observed for high propofol effect. These results suggest that the signatures shown here may originate from large
scale dynamics only. Additionally abrupt increase of propofol concentration results in abrupt increase of delta rhythm and
postponed increase of alpha rhythm. This result was also seen in human data with bolus injection of propofol.
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Impact of a Slow Bond on the Scaling Properties of Activity in 1D TASEP

SOH Hyungjoon, BAEK Yongjoo, HA Meesoon1, JEONG Hawoong
Department of Physics, KAIST. 1Department of Physics Education, Chosun University.
While one-dimensional (1D) driven systems have usually been studied in terms of current, a recent study [1] introduced
current activity, or the instantaneous number of active bonds, as a convenient indicator of dynamical phases. We revisit the
effects of a slow bond on the 1D totally asymmetric simple exclusion process (TASEP) [2] from the perspective of current
activity statistics. Different scaling regimes of the cumulants of current activity are numerically checked. We discuss the
implications of our observations on the phase diagram of TASEP with a slow bond.
[1] R.B. Stinchcombe and S.L.A. de Queiroz, Phys. Rev. E 85, 041111 (2012).
[2] M. Ha, J. Timonen, and M. den Nijs, Phys. Rev. E 68, 056122 (2003).
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Particles in a box with a delta potential

PARK Minho, YI Su Do, BAEK Seung Ki
Department of Physics, Pukyong National University.
To understand a heat engine working in microscopic scales, it is often necessaryto estimate the amount of work extracted by
isothermal expansion of quantum gas as its working substance. We consider an engine with a movable wall, modeled as an
infinite square well with a delta peak inside. By solving the resulting one-dimensional Schrodinger equation, we obtain the
energy levels and thermodynamic potentials.Our result shows how the quantum tunneling degrades the engine by decreasing
the amount of reversible work during the isothermal expansion.
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Prediction of the performance of the similarity index with leave-one-out method: Model
study and empirical application
JUNG Woo-Sung, AHN Min-Woo
POSTECH.
Similarity index, measuring structural proximity of node pairs, is used to find similar nodes in networks. The performance of
similarity index depends on the topological property of a given network, so it is important to find which similarity shows best
performance in a given network. However, performance of index cannot be measured without additional information of nodes.
In this presentation, we employ leave-one-out method to predict the performance of the index without additional information.
We applied similarity index to stratified model network, and AUC value is employed to quantify the performance. We
observed the linear correlation between AUC value from the node age information and AUC value from leave-one-out method.

P2-F018*

Network Modeling of the Korean Bus System

JUNG Woo-Sung, HONG Inho
Dept. of Physics, POSTECH.
A variety of transportation systems have been studied as complex system for understanding the human behaviors and
optimizing the system. The studies were mainly focused on the interurban or intercountry transportations such as airlines,
railways and cargo ships, however, the urban scale transportations are less investigated than these large-scale transportations.
In this study, we analyzed the urban bus system for understanding the formation of transportations in an urban scale. Two
types of networks are constructed for studying the network properties and relation with social factors: bus stop network and
town network. In the bus stop network, a 2-D network model which contains merging of nodes with intrinsic capacity is
studied for understanding the statistical characteristics represented by a curved exponential distribution of strength. In the town
network, the relation between the network and social factors is understood by the gravity model. The results from two models
show that the rule of demand and cost is working under strong spatiality in an urban scale.

P2-F019*

Generalized Epidemic Process on Empirical Time-varying Networks

KIM Hyewon, BAEK Yongjoo, CHUNG Kihong, HA Meesoon1, JEONG Hawoong
Department of Physics, KAIST. 1Department of Physics Education, Chosun University.
The Generalized Epidemic Process (GEP) [1] is a basic model of behavior diffusion, in which the chances of spreading
depend on the number of previous exposures to the behavior. The model has mostly been studied in static representations of
social networks [2], which do not take into account the time-varying nature of real social links. In this study, we investigate the
effects of temporal link structure on the spread of behavior by simulating the GEP on various empirically obtained timevarying networks. By comparing the results with those obtained from null models [3], we discuss the role played by different
kinds of spatiotemporal correlations present in the networks.
[1] H.-K. Janssen, M. Muller, and O. Stenull, Phys. Rev. E 70, 026114 (2004).
[2] K. Chung, Y. Baek, D. Kim, M. Ha, and H. Jeong, Phys. Rev. E 89, 052811 (2014).
[3] L. E. C. Rocha, F. Liljeros, and P. Holme, PLoS Comp. Biol. 7, e1001109 (2011).
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Insight into the selectivity of α Conotoxin BuIA on the nAChR α6 subunit studied by
molecular dynamics simulations
PHAN Thi Hong Tham, JO Jiyun, PHAN Thi Tuong Vy, VO Trung Au, TRUONG Gia Khuong, YI Myunggi1
Interdisciplinary program of Biomedical engineering, Department of Biomedical engineering, Pukyong National
University. 1Assistant professor, Interdisciplinary program of Biomedical engineering, Department of Biomedical
engineering, Center for Marine-Integrated Biomedical Technology (BK21+), College of Engineering, Pukyong National
University.
Nicotinic acetylcholine receptors (nAChRs) are members of the ligand-gated ion channel superfamily and essential in
neurotransmission. A recent experimental study has identified 3 residues (Lys185, Asp187, Ile188) of α6 subunit as
determinant of the selectivity on the α-conotoxin BuIA. However, the atomic detail of the structure-function relationship is still
elucidated. In this research, we have carried out molecular dynamic simulations with two toxin bound α4β2 systems: wild type
and mutant that we mutated 3 residues of α4 subunit by α6 residues (Tyr185Lys, Thr187Asp, Arg188Ile). The result gave
information that after mutation, the α4β2 receptor has lost salt-bridge between Asp199-Arg188, and that hydrogen bond pair
was replaced by new one between Lys185-Asp187. The average appearance ratio was 74.82% for Asp199-Arg188 (wild type)
and 32.86% for Lys185-Asp187 (mutant) through the whole simulation time. Thus, loop C of mutant α4β2 lost rigid form,
became more flexible than the wild type. In the mutant simulation, we also recognized the increasing of toxin interaction with
both subunits in binding site. After mutation, the distance between the center of the toxin and the principal subunit decreased
from 26.44Å to 24.89Å, and distance between the center of toxin and complementary subunits decreased from 14.64Å to
12.96Å. These conformational changes have conferred the toxin selectivity of the α6 subunit.

P2-F021*

Spontaneous conformational change of human angiotensin-I converting enzyme (ACE)
studied by molecular dynamics simulation
THI TUONG VY PHAN, THI HONG THAM PHAN, TRUNG AU VO, GIA KHUONG TRUONG, JIYUN JO, MYUNGGI
YI1
Interdisciplinary Program of Biomedical Engineering, Pukyong National University,Busan 608-737. 1Assistant Professor,
Department of Biomedical Engineering Interdisciplinary Program of Biomedical Engineering, Center for Marine-Integrated
Biomedical Technology (BK21+), College of Engineering Pukyong National University, Busan 608-737.
Hypertension, or high blood pressure, is a serious condition that can lead to coronary heart disease, heart failure, stroke,
kidney failure, and other health problems. Angiotensin-I converting enzyme (ACE) plays an important role in regulating blood
pressure. Understanding of structure and its conformational change and dynamics of ACE will provide information for design
of more effective hypertension treatments. We carried out molecular dynamics (MD) simulations of ACE with and without
ligands. In the ligand bound forms, we used two kinds of inhibitors. One is angiotensin II (AngII) , the product of the enzyme
function, and the other is bradykinin potentiating peptide b (Bppb). We have observed that spontaneous conformational
changes of ACE: open, semi-open and closed states of conformations. The unbound ACE fluctuates between semi-open and
open conformations required to accept angiotensin-I (AngI), the substrate, and to release AngII, the product. In the presence of
inhibitors, the conformations of ACE were influenced, and ACE mainly stayed in the closed and semi-open conformations.
The conformational change between the open and closed states are required for the enzyme function of ACE to accept and to
release substrates and products, respectively. This study indicates the importance of the conformational states as well as their
changes in order to understand complete functions and mechanism of a enzyme.
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Torque Landscapes of a Johnson Electric Motor

HONG Seok-In, HONG Seok-Cheol1
Department of Science Education, Gyeongin National University of Education. 1Department of Physics, Korea University.
In a simple (Johnson-type) electric motor, one arm of the rotor is partially stripped of its electrical insulation around its
circumference while the other arm is stripped completely so that current flowing through the rotor is controlled by the partially
stripped arm. Rotor arms also serve as an axle allowing the motor to rotate. We define the initial state of the motor by the
configuration of two independent orientations: (1) The initial orientation of the rotor loop with respect to the magnetic field
established between two permanent magnets (stator) and (2) The initial orientation of the stripped (or unstripped) section of the
partially stripped rotor arm mounted on a conducting cradle. To facilitate self-starting of the motor (or the maximum initial
torque), the plane of the rotor loop is initially aligned to be parallel to the direction of the stator magnetic field. In this article,
we describe the torque applied to the rotor during one cycle of rotation for various configurations (orientation and extent of
stripping) of the partially stripped arm, thereby evaluating the effect of motor configuration on its performance. <!--[if !
supportEmptyParas]--> <!--[endif]-->

GG-05

:

,

.
.
.

.

.
.
,

.
.

GG-06*
,
,

.
.
(Peer Instruction)

,

,

,
.
,

.
.
.
,
.

,
,

.

GG-07

R&E program

?

,
.
R&E
.

R&E

.
,
.

GG-08

3D

,

,

,
.

3D
.
20

.

180
,

.

,
.

GG-09
,
.

,

3D
,

GG-10

ICT
1,

,
.

1

.

.
,

,
.
ICT

.

.
.

(IDE)

.

.

GG-11
,
.

α

IDE

GG-12
,
.

GG-13

-2009

,

,
.

,

,

2009
,
.
.
.

,
,
.
,

2009
,
, (4)

,
3

,

,
.

(1)
, (5)

.
,

-

,

5

.

, (2)
2009
.

, (3)

GG-14

[T2P]
.
,
.

1
.

'

'

,
.
2

,
.
.
.

GG-15

[T2P]
.
.

.

GG-16

[T2P]
.
,
.
.

GG-17
,
.

[T2P]

(Algodoo)

P2-G001

(storm surge)
,

.

1

2

.

(

)
.

2

,
,
.

P2-G002
YUN Eunjeong, PARK Yunebae
,
.
,
(

,

, 2010;

,

, 2009; Duffy et al., 1993).

,
(

,

, 2009).
.
(

,

,
(1998)
.
, 1997).

,

(

,
,
, 2003),

(

, 2013),
(

1997;

, 2009).

,

,

,

,

,

.
,
.
7

5
.

22

,

100

,

1,000

P2-G003

Experimental Consideration in Primary School Science

KIM Taekyu
Jeonju National University of Education, Department of Science Education.

Some theoretical equation used in primary school science do not involve all of the experimental parameters due to
mathematical difficult in primary school curriculum. The mathematical approximation of equation causes the
difference between measured values and theoretical value. Experimental tool and methods are prepared based on
the theory to reduce the gap. The theoretical equations are induced in experiments of shadow size depended on the
shape of object, light size and divergence, of leverage considered with lever mass and position of mass center, of
focal length of concave and convex of spherical mirror in this study. For the light source of L size, the umbra size
is calculated to be D C/A - (C/A-1)L, where D, A and C are the object size, the distance between light source and
object, and the distance between the light source and screen, respectively. In leverage experiment, force at effort
position is induced to be m g x /x +(x /x - 1) Mg/2. The focal length of convex and concave mirror is led to be
1 1 2
1 2
R -(R2-c2)1/2 + c/(tan2tan-1(c/(R2-c2)1/2)).
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Optical gain properties of CdSe/ZnS nanocrystal
1,

2

,

,

.

1

.

2

.
Optical gain has been measured to study lasing of nanocrystal quantum dots (NQDs) by using a variable stripe length method
(VSLM) [1]. The sample is optically excited by a stripe-shaped beam of variable length at constant intensity, and the intensity
of the edge-emitted Amplified Spontaneous Emission (ASE) is measured as a function of the excitation stripe length. To
confirm uniform beam shape interval, we measured integrated beam intensity and beam distribution through knife-edge
method. ASE is description for optical gain as function of the stripe length. Supposing gain coefficient is independent function
of stripe length, we obtained gain coefficient, nearly 100/cm, through well-known x-2x analysis which is gain coefficient
calculation by comparing ASE intensity of stripe length x with that of 2x. We discuss gain spectrum comparison for different
size quantum dots. The gain of ZnO which has wurtzite structure depends on polarization[2]. But there is no polarization
dependence.
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Laser Thomson scattering for low temperature plasmas

SEO Byong Hoon, YOU Shin Jae1, KIM Jung Hyung, YOU Kwang Ho, KIM Dae Woong
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 because it is free from the elements. In this work, absolute electron density and temperature measured in
inductively coupled plasmas and Helicon plasma, and practical standard uncertainty of that are addressed.

HF-03

VUV absorption spectroscopy for absolute atomic density measurement

MOON Se Youn
Department of Quantum System Engineering, Chonbuk National University.
Oxygen based gas is widely used as a component of mixed gas plasmas employed for photoresist ashing in semiconductor
processes. O2 plasmas in low pressure were studied by Langmuir probe and optical spectroscopic methods. To avoid plasma
induced damages, remote plasmas were favored in processes. At 180 mm and 60 mm from the antenna, the electron
temperature and electron density were measured for various input powers and operationa pressures. By increasing pressure up
to 200 mTorr, the electron temperature decreased to below 1 eV while the electron density dropped because the plasma was
then localized near the antenna. Low electron temperature is advantageous for reducing some forms of device damage. In
addition, the gas temperature, obtained from the rovibrational spectra of O2 molecules, was around 450 K. The atomic oxygen
density, derived using argon actinometry which results waer compared with the density obtained from vacuum ultra-violet
(VUV) absorption spectroscopy. The VUV absorption spectroscopy using oxygen atom emission lines were also discussed
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Dissertation, Department of Physics, Korea Advanced Institute of Science and Technology, 2010
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Development of cut-off probes and their applications

YOU ShinJae, KIM J. H., KIM D. W., NA B. K.1, YOU K. H.1,
CHANG H. Y.1
Vacuum Center, Korea Research Institute of Standards and Science,
Republic of Korea. 1Dept. Physics, Korea Advanced Institute of Science
and Tech., Republic of Korea.
In this paper, we present the recent progress of the cutoff probe
research which has been performed for last decade. This paper shows
the whole progress for the cutoff probe including how to start to develop
the cutoff probe in the initial period, what idea has been included during
the development, how to evolve the probe during ten years. The cutoff
probe was made by simple intuition for the cutoff phenomenon of the
plasma wave. However, the unexpected complicated S21 spectrum gave
big confusion for the cutoff frequency. At that time, just compared the cutoff probe result with the other probe result such as
Langmuir probe and oscillation probe, the cutoff frequency could be determined. Later, EM waver simulation supported the
validation for the cutoff frequency determination. Recently, by supposing the circuit modeling, the physics behind for the cut
off probe spectrum (S21) was revealed and the accuracy and the application window of the probe were established. In addition
to them, By cooperating with the accuracy measurement of the cutoff probe reactance, the e-n collision frequency as well as
the electron density were calculated with good precision. The fast measurement cutoff probe “named fourier cutoff probe”
which can applied to the rapid change environment of plasma has been also developed. Based on recent developments we also
introduce a novel methodology to interpret the probe spectrum that eliminates the sheath and collisional effects and enables the
use of this precise diagnostic technique in a broad range of practical processing conditions.( Fig. 1: Transmission spectrum of
the original cutoff probe (blue line), Oscillation probe spectrum (red line), Absorption spectrum (green line) ) References[1]
J.-H. Kim, et al. Metrologia 48, pp. 306, 2011.[2] D. W. Kim, et al. Appl. Phys. Lett. 99, pp. 131502, 2011.[3] J. H. Kwon et
al. J. Appl. Phys. 110, p. 023304, 2011.[4] J. H. Kwon et al. Appl. Phys. Lett. 96, p. 081502, 2010.
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Current Status of High Power RF System for PAL-XFEL
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,
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,
,
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,
,
MATSUMOTO HIROSHI1
. 1KEK.
There are 57 klystrons and modulators for supplying high RF power in the PAL-XFEL linac. And 175 accelerating structures
are required for getting the electron beam energy of 10 GeV. For the linac, we developed a modulator which has the beam
voltage stability of less than 50 ppm and the main modulators are under fabrication in the two companies in Korea. And 120
accelerating structures are imported from Japan and 55 structures and the almost of all waveguide components are under
fabrication in a domestic company. And a low level rf RF system (LLRF) also developed and the main LLRF systems are also
under fabrication in a domestic company. We will report the current status of the high power RF system in this paper.
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Introduction to X-ray Pump and Probe end-station at PAL-XFEL

KIM Sunam, EOM Intae, NAM Ki Hyun, KIM Kyung Sook, HYUN HyoJung, SHIN Hocheol, KANG Tai-Hee, KIM
Bongsoo
Pohang Accelerator Laboratory.
The PAL-XFEL construction project was launched in 2011, and the new facility is under construction. One hard x-ray
beamline with two end-stations, and one soft x-ray beamline will be opened to users until 2017. One of the end-station called
as HXPP in the hard x-ray beamline for x-ray pump & probe technique coupled research will be introduced in this talk. Since
the HXPP end-station is a user facility, careful listening to future user’s demand is critical. Via this presentation, PAL-XFEL
staff would like to actively communicate with many researchers in various field.
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Stabilized 2-GeV electron beam produced using a coherently controlled LWFA process
1,

,
PATHAK V. B.2,
,
,
,
2
3
, NAKAJIMA K. ,
,
,
. 1
,
. 2
,
. 3
,
,
.
Laser-wakefield acceleration (LWFA) used for generating high-energy
electron beams is a promissing way to overcome conventional linear
accelerators due to its huge acceleration field. For practical applications,
the quality and stability of these electron beams are critical. Here we
present a coherent control of LWFA processes realized by applying a
fully optical, programmable technique. The experimental results show
the dramatic enhancement of energy and stability of 2-GeV electron
beams achieved by controlling the spectral phase componenets of PW laser pulses. A quasi-three-dimensional (3D) particle-incell (PIC) simulation supports this effect of frequency chirp, confirming that the LWFA process can be coherently controlled
by applying chirped laser pulses.
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Effect of chirp on laser propagation and controlled self-injection in laser wakefield

acceleration
2, NAKAJIMA K.3, FONSECA
PATHAK V. B., VIEIRA J.1,
4
R. A.1, SILVA L. O.1,
,
. 1GoLP/IPFN,
Instituto Superior Técnico, Lisboa, Portugal. 2
,
,
. 3
,
. 4
,
,
.
One of the most promising applications of ultra high intensity laser
systems is laser wakefield acceleration, with very exciting prospects to
achieve the energy frontier. The effect of frequency chirp (longitudinal)
on the laser propagation, and as a consequence, on the wakefield
accelerator is examined. The longitudinal frequency chirp can be used to
fine tune the localized etching rates at the front of the laser. In our
simulations, chirped laser pulses can lead to 15 % higher self-trapped
electrons, and 10 % higher peak energies as compare to the transformlimited pulse. Chirps may be used to control the phase velocity of the
wake, and to relax the self-guiding conditions at the front of the laser.
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Collimated Plasma Jets and Hole Boring and Light Sail Regimes of RPA
1,

BORGHESI Marco2
. 1
,

,
2Queen's

;
.
University Belfast.
Proton acceleration due to the interaction of intense laser pulses with
matter has a high potential for future applications. Therefore a more detailed understanding of the physical processes is
required to optimize the beam attributes for future applications. The work presented here presents the experimental research
carried out using high power lasers, studying the acceleration mechanisms. The temporal evolution of the collimated plasma
jets obtained in the RPA-HB regime (form micrometre thick targets) has been studied over a time period ranging from 100 ps
to 1 ns. Reducing the target thickness down to 0.1μm resulted in the appearance of narrow-band features in the Carbon spectra,
which is a characteristic feature of the RPA-LS acceleration.
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Beam Dynamics Simulation for HEBT at KHIMA Synchrotron System

PARK Chawon, NAM Sang Hoon, KIM Geun Beom, AN Dong Hyun, YIM Heejoong, HAHN Garam
KIRAMS.
KHIMA project at KIRAMS has launched the hadron therapy facility based on synchrotron to fulfill the combined medical
cancer treatment and cancer research with multi ion sources. KIRAMS synchrotron is being designed to accelerate the particle
beams having the kinetic energy interval of 60-230 MeV proton and 110-430 MeV/u carbon ions. Extraction beam lines, High
Energy Beam Transport (HEBT), are composed of the 6 different lines (4 horizontal and 2 vertical) for treatment operational
and experimental room. Extracted beams from synchrotron via electrostatic septum (ES) behave a different phase-space
characteristics in the horizontal- and vertical-plane respectively. For the purpose of treating these peculiar behavior PIMMS
design is applied basically. The extracted transfer line HEBT is based on a modular design taking into account the strong
asymmetry between two transverse emittances and the trapezoidal distribution of the beam in the horizontal phase space.
HEBT has been designed by using the WinAgile/Mad-X code and simulated with ray-tracing code TRACK. The utilized
simulation tools are to be summarized and the results with several performances are to be described for finalizing the HEBT
line design.
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Electron Diagnostics Based on Continuum Radiation in Atmospheric Pressure Plasmas

PARK Sanghoo, MOON Se Youn1, CHOE Wonho
Korea Advanced Institute of Science and Technology, Physics. 1Chonbuk National University, Quantum System Engineering.
Since most of the important reactions occurring in plasmas such as electron impact dissociations and photochemical reactions
are strongly governed by electron kinetics, understanding of the physics and chemistry in the plasma requires detailed
knowledge on the electron. For atmospheric pressure plasmas, measurement of electron density (ne) and temperature (Te) is
challenging although there are some diagnostics available such as laser Thomson scattering and optical emission spectroscopy
combined with complex equilibrium models. In this presentation, we report a simple electron diagnostic method with high
temporal and spatial resolution based on continuum radiation emitted from atmospheric pressure plasmas. Together with the
basic principle for the diagnostics including electron-atom bremsstrahlung and other continuum radiation, some experimental
results in several argon and helium atmospheric pressure plasmas are presented. Furthermore, an extremely simple diagnostics
for two-dimensional Te distribution using a commercial digital camera with optical filters that have ultra-narrow transmittance
is presented. In addition, using this technique, some results of two-dimensional time-averaged Te profile in an argon pulsed
plasma jet and capacitive discharge will also be shown.
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The dynamics of radiation pressure acceleration (RPA) of ions generated
from ultrathin targets, consisting of two ion species, irradiated with
circularly polarized PW laser pulses are studied. We present an analysis
of the light sail RPA of the ultrathin foils using a simple model and
multi-dimensional particle-in-cell (PIC) simulations. An analytic model
was proposed based on the pressure balance condition to explain the
RPA dynamics of the two ion species targets. The effect of the ion
composition ratio in the interaction dynamics and the self-organization
of electrons and ion species were verified from the results of PIC
simulations. It is found that the optimal balance condition as well as the
maximum achievable energy of each ion species are characterized and determined with respect to the ion composition ratio.
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Terahertz radiation in magnetized plasmas by colliding lasers
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Carbon dioxide Conversion using a Microwave Plasma Torch

KWAK Hyoung Sin, KANG Min Ho, NA Young Ho, UHM Han Sup, HONG Yong Cheol1
Department of Electrical and Biological Physics, Kwangwoon University. 1Plasma Technology Research Center, National
Fusion Research Institute.
Nowadays, many scientists have stuied the carbon dioxide sequestration and carbon dioxide utilization to useful materials.
Carbon dioxide concentration in the atmosphere on earth has increased gradually since the industrial revolution, leading to
serious environmental problems such as a greenhouse effect of global warming. This study investigates the disintegration of
carbon dioxide in a microwave plasma torch and the byproducts of disintegration can be used to prepare chemical materials for
industrial applications. In this regard, the main culprit of carbon dioxide is the transforming to carbon monoxide. The carbon
dioxide microwave plasma torch at atmospheric-pressure was initiated by microwaves with frequency of 2.45 GHz. The
microwave torch system consists of a magnetron, WR-340 waveguide, a circulator, a directional coupler, a 3-stub tuner, and a
field applicator. The carbon dioxide microwave plasma torch is with maximum temperature at the microwave-driven region,
showing a gas temperature of approximately 6700 K. In this experiment, carbon powder with the injection rate of 11 g/m is
injected for the conversion of carbon dioxide. As the applied power increases, the conversion rate increases. Resultantly, the
averaged conversion rate is 0.57 at the microwave power of 4 kW and the carbon dioxide flow rate of 10 liters per minute
(lpm).
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Status of PAL-XFEL Project
,

.
The PAL-XFEL, a 0.1-nm hard X-ray FEL facility using 10-GeV beam, is being constructed in Pohang, South Korea. Two
unulator lines, a hard X-ray FEL line (HX1) and a soft X-ray FEL line (SX1), will be complete in 2015. Its building
construction is at its peak moment to be completed by December 2014. The installation of the accelerator system is scheduled
in early 2015 and the first XFEL commissioning is scheduled in 2016.
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Prototpe Test for Determining the Dimension of C-band Standing-wave Accelerating

Sturecture
SHIN Sung Gyun, YANG Haeryong1, YI Chan Ho, KYE Yong Uk,
KIM Sang Hoon2, NAMKUNG Won1, CHO Moohyun
POSTECH. 1Pohang Accelerator Laboratory. 2Argonne National
Laboratory.
A C-band standing-wave accelerating structure for medical
radiotherapy was designed and tested with aluminum prototype. This
accelerating structure is a bi-periodic and on-axis-coupled structure
operated with π/2-mode standing-waves. The resonant frequency of π/2mode is 5,712 MHz. The accelerator can produce 7.5 MeV, 100 mA
electron beams with peak 2.5 MW RF power. It consists of 3 bunching
cells, 14 normal cells and a coupler cell. In this paper, we present details
of low-power RF measurements of the accelerating structure and the
design and cold test of the accelerating structure.

P2-H009

Mode Converter for KSTAR LHCD System*

1,
2,
3
,
1
Department of physics, POSTECH. Department of physics and Division of Advanced Nuclear Engineering,
POSTECH. 2Pohang Accelerator Laboratory. 3National Fusion Research Institute.
KSTAR LHCD system is powered by a klystron with transmission lines of WR187 waveguides. Power loss is heavy for 80-m
WR187 waveguides to the tokamak. Circular waveguides are considered for reducing power-loss in the transmission lines. At
the corners of changing directions, however, rectangular bends are preferred. Therefore, we need mode converters of
rectangular and circular waveguides. In this paper, we introduce mode converters between rectangular TE10 mode and circular

TE01 for the corners of changing directions.*This research was supported by National R&D Program through the National
Research Foundation (NRF) of the Republic of Korea funded by the Ministry of Science, ICT & Future Planning (MSIP)
(NRF-2014M1A7A1A02029891), BK21+ program of the division of advanced nuclear engineering, POSTECH through the
NRF of the Republic of Korea funded by the Ministry of Education, and the MSIP of the Republic of Korea under the Korean
ITER project.

P2-H010

Electron Density Measurements of Laser Induced Plasma in Air Using Nomarski

Interferometer
,

,

,

,

,
.
The plasma generated by laser-induced breakdown in air was investigated in terms of spatial and temporal evolution. The air
plasma was produced by focusing 1064-nm Nd:YAG Q-switched laser pulses (l =1064 nm; pulse duration ~5 ns; E ~ 60 mJ)
onto air in the atmosphere. Interference patterns of the resulting plasma were measured as a function of time elapsed after
laser-induced breakdown on air using Normaski interferometer. The elapsed times were varied in the range of 60-200 ns. A
frequency-doubled, Q-switched, Nd:YAG laser pulses (l = 532nm; pulse duration ~10 ns) were coupled with Normaski
interferometer as an inteferometric probe beam. The spatial and temporal profiles of electron density were inferred from the
phase information of interference patterns. Experimental details will be given in this presentation.

P2-H011*

Computational MHD Simulation Based on Hadoop Ecosystem and Heterogeneous

Computing
LEE Youngjun, KIM Milhan1, LEE Chan-Gun1, PARK Ho-Hyun2, HAHN Sang June
Department of Physics, Chung-Ang University, Seoul, Korea. 1Department of Computer Science and Engineering, Chung-Ang
University, Seoul, Korea. 2Department of Electrical and Electronics Engineering, Chung-Ang University, Seoul, Korea.
In the field of High-Energy-Density-Physics(HEDP), its research is usually conducted through a computational simulation
because of the difficulties to create experimental environments. The Magnetohydrodynamics(MHD), which is a fluid
description of plasma-states matters, is often reasonably accurate with a significant advantage of reducing the number of
calculations. In computational MHD simulations, however, to increase the reliability of a numerical calculation to the extend
of an analytic approach, the huge amount of computational costs are needed. Consequently, most MHD simulations have to be
performed on a massive computing cluster, such as a supercomputer in conventional approach. In this study, we propose a
method of building a MHD simulator within conventional commodity personal computers equipped gaming GPUs. We have
checked the validity of our approach by solving a Brio-Wu problem. We hope our study give more options to small MHD
researching groups who cannot afford to pay supercomputer systems.

P2-H012*

Ultrafast Measurement of X-ray Absorption Spectra of Warm Dense Matter

LEE Jong-won, BAE Leejin, CHO Byoung-ick
Department of Physics and Photon Science, Gwangju Institute of Science and Technology (GIST).
The warm dense matter (WDM) represents states of which the temperature is comparable to Fermi energy and ions are
strongly coupled. As states between condensed matter and plasma, physical descriptions of WDM are known to be very
difficult, and our understanding is very limited. It is largely due to the lack of experimental data. We present the recent
experiment on warm dense gold, performed at the beamline 6.0.2 of Advance Light Source. We produce warm dense gold by
heating thin Au/Cu dual layered target isochorically with a femtosecond laser pulse and measure the changes of x-ray
absorption in copper as a function of time with a picosecond resolution. Time-dependent X-ray Absorption Near Edge
Structure of Cu which is heated through different thickness of warm dense gold layer infers the energy transport in warm dense
condition is quite different from the ambient matter. This work is supported by the NRF (No. 2013R1A1A1007084).

P2-H013*

Development of Laser Induced Breakdown Spectroscopic (LIBS) Technique as an In-situ
Diagnostic for Fusion Plasma Facing Materials
KIM Minju, CHO byoung-ick
Department of Physics and Photon Science, Gwangju Institute of Science and Technology (GIST).
In order to monitor the plasma facing materials (PFM) of fusion device, the Laser Induced Breakdown Spectroscopy (LIBS) is
considered. It is the spectroscopic technique to measure emission lines from the excited atoms by means of high power laser
pulse. In addition, laser ablation can be used to remove fuel and contamination deposited on the PFM surface. In this work,
we present atomic spectra from various test targets. Ablation plasma is characterized using the Mach-Zender interferometer.
And experimental results are compared with simulations. These will provide fundamental knowledge and experimental
technique to diagnose PFM of fusion device and manage tritium and impurities. #This work is supported by the NRF (No.
2013M1A7A1A02043864) and the TBP research project of GIST.
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Development of Multi-energy Soft X-ray Array Diagnostics on KSTAR
,

1,

,

1,

,

,

,

1NFRI.

KAIST.
A multi-energy soft X-ray diagnostic system is developed on KSTAR for observing edge dynamics with high temporal (2 μs)
and spatial resolution (~1.3 cm). The range of viewing chords lie in the range of r/a = 0.7-1.1 where a is the minor radius of
the KSTAR plasma. Five photodiode arrays of AXUV16-ELG are prepared to look at the same plasma volume. Four arrays are
filtered by beryllium (Be) filters of 10, 25, 35, 50 μm thick each, and one array is equipped as a photo-diode bolometer without
any filter. In the KSTAR geometry, phantom reconstruction tests were carried out. The synthetic images are based on the
typical KSTAR plasma parameters with some of them having time-varying structures containing ELM filaments as the plasma
rotates in the toroidal direction. Local emissivity profiles of soft X-ray energy band are reconstructed by the Phillips-Tikhonov
method. The reconstruction results have good agreement with synthetic images. As preliminary results from the 2014 KSTAR
campaign, time evolution of edge soft X-ray emissivity during ELM crash and edge MHD activity are presented.
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P2-H017

Simulation of improvement of klystron efficiency

1,
1,
2
,
1
POSTECH, Dept. of physics. Pohang Accelerator Laboratory. 2POSTECH, Dept. of physics and Division of Advanced
Nuclear Engineering.
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
parameters. Through the simulation like the AJ-disk 1D code and FCI, we studied how the klystron efficiency and gain is
changed by the changing the frequencies of each cavities and the distances between the cavities. Furthermore, the focusing
field which is used of the input parameter for FCI is also simulated by the POISSON/SUPERFISH code.

P2-H018

Aluminum Film Deposition using ECR Plasma Source with Belt-type Magnet Assembly
and Slit Antennas
LEE Huijea, KIM Seongbong1, YI Changho, PARK Seungil1, YOO Suk Jae1, CHO Moohyun2, NAMKUNG Won3
Dept. of Physics, POSTECH. 1National Fusion Research Institute. 2Dept of physics and division of advanced nuclear
engineering, POSTECH. 3Pohang Accelerator Laboratory.

Aluminum thin films have been deposited from an electron cyclotron resonance (ECR) plasma source
with a belt-type magnet assembly and slit antennas. Unlike magnetron sputter system, the movable
metallic target has the possibility of increasing sputter yield by positioning the target to the higher plasma
density region. This ECR plasma source has the plasma density over 1011 cm-3 at the operating pressure
of 1 mTorr and microwave power of 500 W. The preliminarily results show that the surface resistivity of
glass substrate was changed to 109 Ω/sq. In this study, the aluminum film deposition from the ECR
plasma source was characterized by measurements of the current density, surface resistance and
deposition ratio as function of operating gas pressure, microwave power and Al target position.
* This work was supported by R&D Programs of ‘Plasma Advanced Technology for Agriculture and
Food (Plasma Farming)’ and ‘Plasma Convergence & Fundamental Research’ through the National
Fusion Research Institute of Korea (NFRI) funded by the Government funds, National R&D Program
through the National Research Foundation (NRF) of the Republic of Korea funded by the Ministry of
Science, ICT & Future Planning (MSIP) (NRF-2014M1A7A1A02029891), BK21+ program of the
division of advanced nuclear engineering, POSTECH through the NRF of the Republic of Korea funded
by the Ministry of Education, and the MSIP of the Republic of Korea under the Korean ITER project.
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P2-H022

Simulation Study of Table-Top X-Ray Source Using Modulated Free-Electron-Laser with
Capillary Laser-Plasma Accelerator in Water Window Regime
,

,
,
.
Simulation results of table-top x-ray radiation system using field-modulated planar undulators with the compact laser-plasma
accelerated electron beam source are presented. Both of transverse tapering for reduction of energy spread effect and
longitudinal harmonic field modulation for short wavelength radiation are employed in my study.

P4-H023

Ion Energy Distribution in Ballistic-mode Plasma Immersion Ion Implantation for Surface
Modification of Insulating Material
1,
,
,
. 1
.
Ballistic-mode plasma immersion ion implantation (PIII) is newly developed technology to effectively modify surface
properties of insulating material. In this process, energetic ions are generated by applying negative high-voltage pulses to grid
electrodes immersed in the plasmas, and propagate in ballistic-mode from grid electrodes to remote insulating materials which
is immersed in bulk plasmas. Since insulating materials are always in bulk plasmas, this process is free of charge accumulation
effect on the surface of the insulating materials. In this study, energy distribution of ballistic-mode ions was investigated by
XOOPIC (particle-in-cell) simulation and compared with that of conventional PIII process. We also present the method for the
estimation of energy distribution of ballistic-mode ions using ion distribution function inside the expanded sheath of grid
electrodes.

,

P4-H024

Generation of quasi-monoenergetic electron beams by laser wakefield acceleration in a

tapered gas cell
,
.
In this presentation, we experimentally investigated the enhancement of energy of electron beams with the untapered/tapered
capillary gas cell. The energy of electron beams from the laser wakefield acceleration is mainly limited by the laser diffraction
and the dephasing length. In order to overcome the dephasing the tapered plasma can increase the dephasing length which
results in enhancement of the energy of electron beams. We have developed a tapered capillary gas cell with the variable gas
pressure gradients by changing gas-feed line cross-sections. The capillary gas cell with untapered/tapered pressure will be used
for high-energy electron acceleration experiments together with the 20 TW/40 fs laser system. We observed enhancement of
the energy of electron beams with the tapered capillary gas cell.

P4-H025

Comparison of the beam dynamics for RAON LEBTTRACK between TRACK and

DYNAC
JANG Ji-Ho, JIN Hyun-Chang, HONG In-Seok, JEON DongO
IBS.
The RAON LEBT(low energy beam transport) injects uranium beam with charge states of 33 and 34 into the RFQ (radiofrequency qudrupole). The LEBT lattice includes two bending magnets for charge separation and electrostatic quadrupoles for
beam focusing. A multi-harmonic buncher and a velocity equalizer are used to inject two charge states with a period separation
of 81.25MHz and equalize the velocities of them. The beam dynamics design of LEBT was finished by using TRACK code. In
this work, we compared the result with the calculation by DYNAC code.
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P4-H027

A study of multi-harmonic buncher at RAON heavy ion accelerator

JIN Hyunchang, JANG Ji-Ho, HONG In-Seok
IBS.
The main Low Energy Beam Transport (LEBT) system for RAON heavy ion accelerator will transport multiple-charge-state
beams, which are generated by and Electron Cyclotron Resonance Ion Source (ECR-IS), to the Radio Frequency Quadrupole
(RFQ). Before entering the RFQ, there are two bunchers, a multi-harmonic buncher (MHB) and a velocity equalizer (VE), and
electrostatic quadrupoles in the main LEBT. Among them, the MHB operates with three frequencies (40.625, 81.25, and
121.875 MHz) to produce an approximately linear sawtooth in the voltage as a function of time. The fundamental frequency of
MHB is 40.625 MHz which is half of the RFQ frequency. We will present the design of MHB with electric field maps and 3D
simulations of a two-charge-state uranium beam with the code TRACK.

P4-H028

Thermo-hydraulic behavior trend by flow imbalance during the magnet quench

LEE HyunJung, PARK D. S., JOO J. J., MOON K. M., KIM N. W., LEE Y. J.
National Fusion Research Institute.
The KSTAR PF cryo-circuit is one of the KSTAR cryo-circuit and the supercritical helium (SHe) more than 370 g/s is
circulated. There is equipped with the SHe circulator which is operated at 4.5 K with 6.5 bar and the pressure drop is kept 2 bar
for maintain of the supercritical state and circulator stability. Five cryogenic valves have been controlled the mass flow
rate and the SHe travels about 50 m through the transfer line from the helium distribution box to the front of the magnet and
the transfer line have the difference of elevation between the upper and the lower magnets. The conductance of the each
cooling channel might be different according to geometric effect and void fraction even in the same length of the cooling
channel. It makes the imbalance of flow rate between upper and lower magnets, and the slightly temperature difference of the
inlet and the outlet. During 2011 KSTAR PF1UL magnet test, the PF1L magnet was quenched despite of the serially
connected with the PF1 UL magnets. The current released with the discharge time constant of 4 s after the quench was
developing for 11s. The outlet temperature of the PF1 lower magnet was increased up to 21.95 K. In order to investigate of the
relation between the PF1 lower magnet quench and flow imbalance, the mass flow meters and pressure gauges had been
installed additionally at the upper and lower magnets. In this paper, the trend of the thermo-hydraulic behavior will be
investigated in case of the PF1UL magnet.

P4-H029

Implementation of the Radiation Safety Systemfor the Medical LINAC

LEE Mujin, LIM Heuijin, LEE Manwoo, KANG Sang Koo, JEONG Dong Hyeok, YANG Kwangmo
Dongnam Institute of Radiological & Medical Sciences, Research Center.
Because the medical LINACs are always operated with various hazards, a patient injury can occurs anytime with no
protection system. Therefore the medical LINAC should have the radiation safety system. The interlock system, the monitor
chamber system and the console system are typical radiation safety systems for the medical LINAC. The interlock system
watches components of the medical LINAC in hardware. So it can immediately respond to the emergency situation. The
monitor chamber system measures radiation to control the beam stability and determine the total quantity of irradiated beam
during the irradiation. Generally medical LINACs are remotely controlled by the console system in the control room to operate
the machine with other monitoring information. We designed and implemented the radiation safety system. Individual tests
showed the system can be used as the safety system of the medical LINAC. In future, the interface of the LINAC components
and the radiation safety systems are connected and operated together. (This research was supported by National R&D Program
through the DIRAMS (51314-2014))
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Enhancement of the Betatron Radiations of a Laser-plasma Accelerated Electron by Offcentroid Laser Injection
LEE Tae-hee, UHM Han-sup1, NAM In-hyuk, JANG Do-geun, SUK Hyyong
Department of Physics and Photon Science, Gwang-ju Institute of Science and Technology (GIST). 1Department of
Electrophysics, Kwangwoon Universiry.
One of the major goals of the laser wakefield accelerations (LWFA) is actualization of concise sources of femtosecond Xrays. In LWFA, the electron bunch is accelerated along the laser propagating direction and it has a betatron oscillation by a
restoring transverse force. When an intense laser pulse is injected into the pre-formed plasma guiding channel with an off-axial
position, the laser is relativistic self-focused and its propagating is also affected by the refractive index gradient. This means
that the ion bubble will have transverse oscillating motion by different initial laser injecting locations. It can lead to a large
betatron oscillation amplitude because of the effects of the transverse ion cavity motions. In this presentation, we investigated
the betatron radiations by the off-centroid laser injections in LWFA base on two-dimensional particle-in-cell (PIC)
simulations.
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Characterisation of a gas cell for laser wakefield acceleration studies.

PHUNG VANESSA LING JEN, NAM INHYUK, KIM MINSEOK, SUK HYYONG
GWANGJU INSTITUTE OF SCIENCE AND TECHNOLOGY.
Gas cell is one of the plasma sources used in the development of laser-driven wakefield based accelerators. In our
experiment, we measure the density of the gas cell. The characterisation of our gas cell is done by measuring the fringe shift
induced by the density change inside the gas cell. A Mach-Zehnder interferometry using a 632 nm He-Ne laser is setup for the
fringe formation. Neutral nitrogen gas is injected into gas cell. Due to the variation of the gas density inside the gas cell which
induced a change in the refractive index, measurement of the fringe shift is recorded. Density can be calculated from the fringe
shift observed.
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Low Loss Transmission Line Study For KSTAR LHCD System

1,
1
,
1
NFRI. PAL, POSTECH.
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Coherent Transition Radiation from the Interaction of Ultraintense Laser and Ultrathin

Foil Target
BAE Leejin, CHO Byoung-ick
Gwangju Institute of Science and Technology, Department of Physics and Photon Science.
The interaction of ultrahigh intensity laser (>1021 W/cm2) with a matter can lead to the relativistic electrons and ion motions.
In contrast to the typical targets (tens of micron thick and stationary), when high-intensity laser is focused on ultrathin foil
(tens ~ hundreds nm), the previous Coherent Transition Radiation (CTR) model is extended to consider the expansion
dynamics of target. We present calculations for CTR generated by hot electrons, which escape expanding target during the
laser pulse. The motion of ultrathin target introduces the relativistic Doppler effects, and induces the spectral shift of radiation.
With these effects, the temporal and spectral analysis of CTR spectrum can provide not only the motion of thin foil target but
also the fast electron transport. This work is supported by the TBP research project of GIST.
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Surface treatment on vacuum feedthrough for high-power, long-pulse ICRF operation at

KSTAR
,

,

,

,

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 2012 KSTAR
plasma experiments, we found that breakdowns frequently occurred in the ICRF VFT with transmitted RF power higher than
500 kW. After the campaign, we found that the inner and outer conductor surfaces of VFT were severely damaged and melted
by arcs. After the campaign, we removed the silver coat from 8 VFTs and repaired the damaged surfaces of inner/outer
conductors and alumina (Al2O3) cylinder. In order to increase RF standoff capability at the VFTs, we modified the shape of
VFT by cutting out the inner/outer conductors applied high electric fields for high-power and long-pulse ICRF operations
during the KSTAR campaign in 2014. And we also coated the inner stainless steel with high hardness steel such as
molybdenum (Mo) and tungsten (W). In preliminary Mo coating of stainless steel, we found the internal stress with high
thickness of 30~40 um is very high and this cause massive delamination on the cone shape of stainless steel. So we decided to
reduce the internal stress into the coating by reducing the coating thickness to about 20 um. In this paper, we will present
calculations on the internal stress with Mo coating to the stainless steel and preliminary test results on Mo coated VFTs.
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Spectroscopy study of D2 plasma and He ion irradiation effects on graphite tile

,

,
,
.
Deuterium plasma treated and Helium ion irradiated graphite tiles were studied in order to understand the damages that can be
produced by fusion reaction in tokamak. Raman spectroscopy was employed to investigate the surface structural changes and
x-ray photoelectron spectroscopy to compare the differences in bonding configurations between before and after treatment.
The resistivity was increased after treatment, while no change was detected in electron spin resonance spectroscopy showing
evidence of non-magnetic defects. [This work was supported by the National Research Foundation of Korea (Project No.
2014028954).]

P4-H044*

Ion acceleration in the radiation pressure regime with ultra-thin foils

SHIN Sang Yun, HAHN Sang June
Department of Physics, Chung-Ang University, Seoul 156-756, Republic of Korea.
There has been much interest in the interaction between high intensity short pulse lasers and nano-scaled foils due to the
promise of stable acceleration of ions to high energies with high efficiency. To achieve the goal, it is needed to operate the
interaction in the a radiation-pressure dominant region. Radiation pressure acceleration (RPA) relies on the momentum from
the reflected photons being efficiently coupled into an overdense plasma. The radiation exerts a pressure on the plasma
electrons, causing them to be accelerated faster than the plasma ions, which builds up the electric field then accelerates the
ions. The RPA is surely sensitive to the target thickness and laser power. In this study, we focus our attention to investigate the
optimal conditions for the RPA. In addition, a role of a laser-polarization on laser-plasma interaction has been in-depth studied,
and a RPA dominant region is to be compared with a target normal sheath acceleration (TNSA) by employing twodimensional particle-in-cell (PIC) simulations.

P4-H045

Study of RF Power Water Load for S-band.

KIM KWANGHOON, KWON SEIJIN, KIM SANGHEE, PARK SOUNGSOO, HU JINYUL, HEO HOON, PARK
YONGJUNG, LEE HEUNGSOO
Pohang Accelerator Laboratory.
We present simulation results of a RF power water load at a frequency of 2.856GHz. In order to test absorption for a large
reflected power, a type of water load has simulated. A water load usually consists of a waveguide, a ceramic window and the
distilled water.
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Resolution Enhancement of Single-shot Table-top X-ray Coherent Diffractive Imaging by
The Sharp Phase Edge
LEE Kyoung Hwan, YUN Hyeok, SUNG Jae Hee1, LEE Seong Ku1, LEE Hwang Woon, KIM Hyung Taek1, NAM Chang
Hee2
Center for Relativistic Laser Science, Institute for Basic Science. 1Advanced Photonics Research Institute,
GIST. 2Department of Physics and Photon Science, GIST.
Single-shot coherent diffractive imaging (CDI) using a compact ultrashort x-ray source has become a key technology to
visualize microstructures with nanometer-scale spatial resolution and sub-picosecond temporal. Recently, there were several
demonstrations of single-shot CDI using various table-top sources, but their resolutions were limited to sub-100 nm due to
experimental restrictions, such as limited photon flux, finite dynamic range of detector, and detection noise. In this
presentation, we report experimental demonstration of resolution enhanced single-shot CDI using sharp phase edges. In the
experiment, the sharp nonlinear phase edge generated broad diffraction pattern with high visibility, which provided the
resolution enhancement of CDI. We also performed simulations to analyze experimental results. The simulation showed that
the sharp phase edge at the sample plane can enhance the resolution of single-shot CDI with a factor of two, when compared to
the case of a sample with a absorption edge. Consequently, our new approach can provide a solution to overcome current
experimental restrictions on single-shot diffractive imaging.

IG-03

Temporal contrast degradation by refractive index nonlinearity in high power CPA lasers

LEE Seong Ku, SUNG Jae Hee, LEE Hwang Woon, JEONG Tae Moon, NAM Chang Hee
IBS, CoReLS.
Temporal contrast in high power lasers is a crucial parameter to take into consideration. We investigated the influence of
refractive index nonlinearity on the temporal contrast of a 100 TW CPA Ti:sapphire laser. In this presentation, we show that
the temporal contrast is degraded as the laser pulse passes through amplifiers due to the accumulation of the nonlinear phase
shift (B-integral). In particular, it is shown that the pre-pedestal can be generated by the nonlinear phase shift, and its intensity
can reaches the post pedestal intensity as B-integral increases.

IG-04*

Nonlinear Optical Properties of Randomly Stacked Multi-layer Graphene
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Broadband Tunable NIR and Visible Femtosecond Optical Parametric Oscillator based on
MgO doped Periodically Poled Lithium Niobate
YEE Ki Ju, JEONG Tae Young, KIM Seung Hyun
Department of Physics, Chungnam National University, Daejeon, 305764, Korea.
We demonstrate a broadly tunable femtosecond optical parametric
oscillator (OPO) based on MgO mol5.0 % doped congruent lithium
niobate (PPMgCLN) which is synchronously pumped by a Kerr lens
mode locked Ti: Sapphire laser. We described on the use of a pair of
prism to provide negative group velocity dispersion for compensating
the group velocity dispersion. Through optimizing the parameters, we could obtain the NIR output being continuously tunable
from 1.00 μm to 1.68 μm and visible from 0.52 μm to 0.82μm by changing the cavity length while other conditions are fixed.
The maximum signal output power was around 240 mW with 1.9 W pumping, and the pulse duration was measured to be
around 100 fs.
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Super-resolution Imaging with Illumination-induced Optical Fluctuation

KIM Min-Kwan, PARK Chung-Hyun, PARK Yong-Keun, CHO Yong-Hoon
Korea Advanced Institute of Science and Technology (KAIST), Department of Physics and Graduate School of Nanoscience &
Technology.
Conventional far-field microscopy, resolution has a fundamental limitation in spatial resolving power, known as Abbe’s
diffraction limit [1]. To be distinguished, objects need to be separated from each other at least half the wavelength of light. To
overcome this limitation, several super-resolution microscopy techniques have been developed for sub-wavelength imaging.
Among them, Super-Resolution Optical Fluctuation Imaging (SOFI) method employs the higher-order statistical analysis of
temporal fluorescence fluctuation signals induced by blinking in fluorophores [2]. Since SOFI only requires blinking
phenomena of fluorophores without any special equipments, it can be directly applied to conventional microscopy to obtain
super-resolution images. However, because SOFI exploits intrinsic blinking properties of fluorophores, there exist practical
challenges and limitations including the restriction of available fluorophore and camera frame speed, mainly caused by
uncontrollable blinking of fluorophore. To overcome these limitations, we present a new approach combining SOFI with
random pattern illuminations to create illumination-induced optical fluctuation for increased resolution. We exploit random
speckle patterns for illuminating samples which induces statistical properties of fluorescence blinking. The present method
enables sub-diffraction imaging of samples labelled with non-blinking fluorophores. We theoretically and experimentally
demonstrate the sub-diffraction imaging capability, which is similar resolving power of the SOFI technique.

IG-09*

Diffusion-Controlled Reaction of Fluorescence Quenching by KI in Viscous Medium

JUNG Seokhyun, KIM Soo Yong, KIM Sok Won1
Korea Advanced Institute of Science and Technology, Department of Physics. 1University of Ulsan, Department of Physics
Energy-Harvest-Storagy Resarch Center.
We studied diffusion controlled reaction by fluorescence quenching in viscous medium. In liquids, once two reagents meet
each other, they have higher probability to meet again than that which does not meet at all. Thus, reaction is said to be
occurred through ‘set’. One medium would have strong set but the other would not that strong. By adjusting weight contents of
PEG200, Sucrose and glycerol, we changed not only viscosity medium but also strength of the set. It is shown that the set is
the strongest in PEG200. We compared fluoresce quenching constant of different fluorophore R110, R6g and C343 but by the
same quencher KI in the same medium. The ratio of quenching constant represents relative radius of molecule. As Edward
radius predicted, in our experiment, R110 and R6g have similar radius but C343 has quite small radius. Also correlation of
medium viscosity and R110, R6g and C343 quenching constant by KI was studied.

IG-10

Full-Field Subwavelength Imaging Using a Scattering Superlens

PARK ChungHyun, PARK Jung-Hoon, RODRIGUEZ Christophe, YU
HyeonSeung, KIM MinKwan, LEE Yong-Hee, JIN Kyoungsuk1, NAM
Ki Tae1, HAN Seungyong2, KO Seung Hwan2, SHIN Jonghwa3, CHO
Yong-Hoon, PARK YongKeun
KAIST, Department of physics. 1Seoul National University, Department
of Material Science and Engineering. 2Seoul National University,
Department of Mechanical Engineering. 3KAIST, Department of
Materials Science and Engineering.
Light-matter interaction gives optical microscopes tremendous
versatility compared with other imaging methods such as electron microscopes, scanning probe microscopes, or x-ray
scattering where there are various limitations on sample preparation and where the methods are inapplicable to bioimaging
with live cells. However, this comes at the expense of a limited resolution due to the diffraction limit. Here, we demonstrate a
novel method utilizing elastic scattering from disordered nanoparticles to achieve subdiffraction limited imaging. The
measured far-field speckle fields can be used to reconstruct the subwavelength details of the target by time reversal, which
allows full-field dynamic super-resolution imaging. The fabrication of the scattering superlens is extremely simple and the
method has no restrictions on the wavelength of light that is used.

IG-11
,

New Synchronisation Method of Arbitrary Different Radio Frequencies at PLS-II.
1,

. 1
.
Photon Test Facility (PTF) at the Pohang Light Source (PLS-II) is a specialized testing laboratory for developing various
time-resolved diagnostic tools and techniques that will be used at an upcoming x-ray FEL (PAL-FEL) facility. In its standard
operating mode, PLS-II produces 100 ps (FWHM) x-rays with a flux of 10^6 photons per pulse, where a 499.97323 MHz
master RF is used to run the storage ring. However the Ti:Sapphaire laser system, which was prepared to test the diagnostic
tools, operates at a repetition rate of 79.3606 MHz that is not a sub-harmonic of the storage ring frequency. In this case, the
conventional RF synchronization approach mentioned above cannot be used. However for most commercially available laser
systems, it can be troublesome to change the laser cavity length beyond the manufacturer’s specification because its stability
and performance are very sensitive to the optical alignment. In this work, we report on an alternative timing-synchronization
scheme between an optical laser system and a synchrotron. The uniqueness of our method lies in that the cavity length of the
laser does not need to be modified to match the oscillator repetition rate to the synchrotron master frequency. The relative
timing between the laser oscillator and the x-ray pulses are continuously adjusted while a fraction of the oscillator pulses,
which are electro-optically selected via Pockels cells to be amplified, are maintained at a sub-harmonic frequency of the
storage ring RF. Ultimately, we demonstrate a robust synchronization with a timing jitter less than 2 ps between the
femtosecond laser system and the storage ring source whose operating frequencies are arbitrarily different from each other.
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Whispering gallery modes in deformed microcavities via transformation optics

RYU Jung-Wan, KIM Yushin1, LEE Soo-Young, KIM Inbo, HAN Jae-Hyung, TAE Heung-Sik, CHOI Muhan, MIN Bumki1
Kyungpook National University, School of Electronics Engineering. 1Korea Advanced Institute of Science and Technology,
Department of Mechanical Engineering.
Circular shaped optical microcavities have extremely long-lived modes due to whispering gallery modes in which light
circulates around the perimeter trapped by total internal reflection. However these cavities emit light isotropically, which is a
crucial drawback in applications. Here, utilizing transformation optics, we modify mode properties, such as Q-factor and
directionality of light emission, of whispering gallery modes in deformed microcavities. Finally, by choosing an appropriate
cavity boundary shape and refractive index profile, we obtain the unidirectional emission of ultrahigh-Q mode in deformed
microcavities.

IG-16
,

Implementation of Reflection Eigenchannels through Disordered Media
,

,
.
Wave propagation through a disordered medium, although it is complicated, is a linear process. Therefore, we can describe the
input-output response of the disordered medium by a scattering matrix. According to the random matrix theory, it is possible to
identify the reflection eigenchannel from reflection matrix whose reflectance vary from 0 to 1. In this study, we experimentally
recorded reflection matrix and implemented individual reflection eigenchannels for a disordered medium using spatial light
modulator. In doing so, we reduced the reflectance and enhanced wave penetration through a disordered medium.
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The Analysis of Light Extraction Efficiency in LED Bulb

LEE Kyungmee, LEE Jiyeon1, PARK Myungjin1, CHOI Seungsoo1,
KIM Kyungwook1, KO Kukwon1
Sunmoon University. 1Sunmoon University.
We performed an experiment in LEE(Light Extraction Efficiency)
with LED bulb and other kinds of bulbs. And we measured the change
of temperature and then calculated the LEE and thermal energy out of
electrical energy about each bulbs . [Figure. 1]
We discussed the
method of improving to LEE of LED bulb and applications.
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Phase measuring deflectometry is a full-field gradients measuring technique that allows itself very well to testing specular
optical surfaces. We have measured deformation of lens surface by transmission deflectometry with liquids. In this study, a
method is proposed for measuring the refractive index distribution of a transparent object component. The proposed method
combines a transmission deflectometry with liquids. The deformed fringe pattern of immersed sample at different fluid are
recorded and then the three dimensional phase information of the sample are reconstructed numerically. We have used phase
shifting and temporal phase unwrapping method to get the phase from measured deformed fringe pattern. And we have least
square method to get height information of specular surface obtained from calculated slope. In particular, we have proposed a
theoretical model for determining both the refractive index of sample and planar convex lens are demonstrated experimentally.
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Luminescence property of solid-state reaction and high energy ball milling synthesized
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,
.
3+
In White LED, Ce ion doped Yttrium Aluminum Garnet (YAG) phosphor is combined with InGaN Blue LED Chip.
However, the low color rendering index (CRI) and high color temperature (Tc) of the packaged products narrow its boarder
application[1, 2]. Therefore, researches in nitride[3], silicate[4], and other kinds of new fluorescent material were widely
carried out. Among the molybdate components, CaMoO4 has wide emission wavelengths for blue to green region and also in
some case it emits orange color. Rare earth ion doped CaMoO4 has potential to use White LEDs, Displays. By doping Eu3+ ion
to CaMoO4, its spectrum was added strong red emission peak to CaMoO4’s emission spectrum by Eu3+ ion’s energy level. The
processing of materials by high-energy ball milling (HEB) is an attractive method for preparing novel materials, which
decreases the crystallite and particle size and induces the continuous formation of structural defects through the cycling cut and
deformation of large crystallites. The most important advantage of the high-energy ball milling process is that it can be used to
synthesize the designed compounds at low sintering temperature. In this study, was synthesized by a high energy ball milling
method. CaMoO4:Eu2+ exhibits a yellow-green emission under the blue radiation excitation. The effects of the processing
parameters on the crystalline phase, surface morphology and luminescence properties of the CaMoO4:Eu2+ powders are
discussed.[1] J. K. Sheu, S. J. Chang, C. H. Kuo, Y. K. Su, L. W. Wu, Y. C. Lin, W. C. Lai, J. M. Tsai, G. C. Chi, R. K. Wu,
IEEE Photonics Technol. Lett. 15 (2003) 18–20.[2] S. Neeraj, N. Kijima, A. K. Cheetham, Chem. Phys. Lett. 387 (2004) 2–6.
[3] W. B. Park, K. H. Son, S. P. Singh, K. S. Sohn, ACS Comb. Sci. 14 (2012) 537-544.[4] Y. Zhang, G. Li, D. Geng, M.
Shang, C. Peng, J. Lin, Inorg. Chem. 51 (2012) 11655-11664.
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Recently, it is well known that Eu have been widely used as activators in phosphor materials. Much attention has been paid
to the luminescent properties of Eu2+ ions in various matrix compounds and the reduction processes of Eu3+ to Eu2+ in
phosphor preparations. The Eu2+ ions show broad emission bands ranging from UV to red spectral region arising from
interconfigurational 4f6 5d1 – 4f7 allowed transition. This is strongly dependent on the crystal fields of the host lattices since 5d
orbitals are more sensitive to the ligand field. Accordingly, the Eu2+ becomes a very useful activator in phosphors for
applications in displays, lamps and luminescent paintings. The alkaline earth feldspars of MAl2Si2O8 (M = Ca, Sr, Ba)
phosphor have drawn much attention for their excellent luminescence properties. Moreover, it offers the possibilities in finding
the useful Eu2+ doped MAl2Si2O8 phosphors for commercial applications. In alkaline earth feldspars, the framework structures
are formed from an array of interlinked corner-sharing SiO4, AlO4 tetrahedra, with Al charge-compensating cations Ca, Sr, Ba
occupying the large cavities with in the structure. A solid solution series of isostructural members with slightly different
materials would be an ideal system to study the effect of crystal chemical variation each individual materials.In this study, we
prepared Eu2+ doped MAl2Si2O8 phosphors. MAl2Si2O8:Eu2+ phosphor powders were synthesized by using the solid state
method, and then the powder was annealed at 1400°C. The synthesized structure of phosphors characterized by X-ray powder
diffraction (XRD) using a Philips X’pert/MPD diffraction system with Cu-Kɑ radiation (λ = 1.54056 Å). The surface of the
MAl2Si2O8:Eu2+ powder was examined through field-emission scanning electron microscopy (FE-SEM, JEOL JSM-6700).
The emission spectra of the prepared phosphors were characterized by photoluminescence measurements. [1] G. Blasse, W. L.
Wanmaker, J. W. ter Vrugt , Journal of Electrochemical Society, volume 115, issue 6, 673 (1968)[2] W. Yang, L. Luo, T.
Chen, N. Wang, Chem. Mater., 17, 3883-3888 (2005)
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Two-dimensional Analysis of Ar High-order Harmonic Generation

LEE Jisu, TOSA Valer1, YUN Hyeok2, SUNG Jae Hee3, KIM Hyung Taek3, NAM Chang Hee4
KAIST, Department of Physics and Institute for Basic Science, Center for Relativistic Laser Science. 1National Institute for
R&D Isotopic and Molecular Technologies. 2Institute for Basic Science, Center for Relativistic Laser Science. 3Institute for
Basic Science, Center for Relativistic Laser Science and GIST, Advanced Photonics Research Institute. 4Institute for Basic
Science, Center for Relativistic Laser Science and GIST, Department of Physics and Photon Science.
We observed anomalous spatial distribution of Ar high-order harmonics and investigated them using a two-dimensional
analysis. Under certain experimental conditions, high harmonics are generated in different directions; for example, harmonics
are split into three different parts and generate a fringe pattern. In order to check the beam shape at the gas jet, we used an
imaging spectrometer that resolves spectrally in the horizontal direction and spatially in the vertical direction. The imaging
spectrum shows that harmonics are blueshifted on axis because the laser pulse travels a highly ionized plasma medium. The
measured imaging spectra reasonably well match the calculated imaging spectra. We expect that this two dimensional spectral
analysis would reveal the origin of harmonic separation in the spatial direction.
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Fermi resonance in quantum billiard as a mode interaction channel.
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Polarization Holographic Grating in DO3 Doped PMMA Thin Film

WU YANG, KIM SUN IL, SHIM Hyun Kwon1
Pukyong National University, Department of Physics. 1Pukyong National University, Department of Chemistry.
Diffraction properties of polarization gratings of Disperse Orange 3 doped in poly (methyl methacrylate) (PMMA) thin film
was investigated. The diffraction gratings were formed by mutually orthogonal polarized beams or parallel polarized beams or
circularly polarized beams from He-Ne laser operating at 632.8 nm. The diffracted signals obtained by linearly polarized probe
beam or circularly polarized probe beam were analyzed in two orthogonal or parallel polarized writing beams or circularly
polarized beams cases. The diffractive signals reached the saturated value after writing diffraction grating at 13mW/cm2 for
about 300 s and relaxed after turning off the writing beams for about 150 s. The holographic grating can be rewritable by
photoinduced anisotropy due to trans-cis photoisomerization.
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P1-I016

The Light Intensity Distribution and Interference from the Circular Pinhole Double-Slits

LEE Kyungmee, CHOI Seungsoo1, KIM Kyungwook1, PARK
Myungjin1
Sunmoon University, Kyungpook National University. 1Sunmoon
University.
We performed the experiments of the pinhole-double- slits from Al
foil sticking to transparent film and various kinds of slits. [Figure
1. ] The phenomenon of the superposition of pinehole -double -slits can
focus and output high intensity of light on the central screen. We could
calculate the intensity of the diffraction of the airy pattern, Gaussian
profile approxmation and the interference of the pinehole double-slits.

P1-I017*

Optical Waveform Measurement Using The Interference Of Two Harmonic Beams

1,
1
,
Dept. of Physics, KAIST and Center for Relativistic Laser Science, IBS. 1Dept. of Physics and Photon Science, GIST and
Center for Relativistic Laser Science, IBS.
High harmonic radiation, emitted from atoms or molecules exposed to an intense laser field, can be a powerful tool to measure
an arbitrary optical waveform. When an additional laser pulse is superimposed to the driving laser field, the phase of the
harmonic radiation is slightly shifted. It was shown that this phase shift determines the field strength of the additional field.
However, the temporal resolution of the measurement is limited by the excursion time of the quantum trajectories involved in
high harmonic generation. In this work, we show that the temporal resolution of the measurement can be greatly enhanced
when the multiple quantum trajectories are used for the optical waveform measurement.
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Center for Relativistic Laser Science, Institute for Basic Science (IBS), Gwangju 500-712, Korea. 1Center for Relativistic
Laser Science, Institute for Basic Science (IBS), Gwangju 500-712, Korea, Advanced Photonics Research Institute, GIST,
Gwangju 500-712, Korea.. 2Center for Relativistic Laser Science, Institute for Basic Science (IBS), Gwangju 500-712, Korea,
Department of Physics and Photon Science, GIST, Gwangju 500-712, Korea..
We performed a one dimensional laser amplification simulation for the development of a 4-PW femtosecond Ti:Sapphire laser.
In the simulation, a broadband laser pulse, generated from a 1 kHz Ti:sapphire laser combined with a cross polarized wave
(XPW) device, is used as a seed beam. For the first amplification of the seed beam, an optical parametric chirped pulse
amplification (OPCPA) system is employed to avoid the gain narrowing that occurs in the high amplification stage of
Ti:sapphire amplifiers. The output pulse of OPCPA is then amplified in four multi-pass Ti:sapphire amplifiers. In each
amplification step, the output energy is calculated using the Franz-Nodvik equation. We also considered the reflectivity of
optical mirrors which can modulate the laser spectrum. From the performed simulation, the estimated laser output with the
energy of 85 J, the bandwidth of 73 nm, and the pulse width of 21 fs at the Fourier transform limit was achieved, indicating an
output power of 4 PW.
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Multi-stage broadband optical parametric chirped pulse amplifier as a multi-petawatt

laser front-end
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A two-stage non-colinear optical parametric chirped pulse amplifier (OPCPA) using type-I BBO crystal was built as the first
stage amplifier of a multi-petawatt laser under construction at the Center of Relativistic Laser Science (CoReLS). To obtain a
high contrast and broadband laser pulse, an 1 kHz Ti:sapphire multipass amplifier combined with a cross-polarized wave
device was used as a frontend of the PW laser. The phase matching condition and the output gain of the OPCPA were
determined from a numerical anaysis under the undepleted and the depleted condition by optimizing such parameters as
incidence angles of pump and seed beams, pump intensity, and crystal length.
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Avoided Crossing in Elliptic Billiards

KIM Ji-Hwan, YI Chang-Hwan, LEE Ji-Won, PARK Gyu-Won, KIM Chil-Min
Department of Physics, Sogang University.
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BBTNM
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P1-I024

Terahertz Wave Transmission Through 10 nm Gap Array

KIM Dai-Sik, JEONG Jeeyoon, RHIE Jiyeah, BAHK Young Mi
Center for Subwavelength Optics, Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea.
Terahertz frequencies are very well suited for investigating the phenomena of electric field enhancement inside gap
structures. In this frequency region most of noble metals can safely be approximated as perfect electric conductor, leading to
less absorption loss inside metal and higher degree of electromagnetic field confinement and enhancement inside the gap. For a
gap structure to operate with maximum field enhancement, it must have an overall size comparable to the wavelength with the
gap width as narrow as possible. Conventional lithographic tools such as focused ion beam or electron beam lithography can
achieve minimum feature size of 10 nm but with limited overall structure size to micrometer scale. Such limitation in aspect
ratio has hindered the studies on field enhancement phenomena in low frequency region. Here, we report the fabrication of ring
arrays with 5.5 mm perimeter and 10 nm gap width for terahertz transmission studies. We use a modified version of atomic
layer lithography, where the overall size of the ring is determined with photolithography and the gap size with atomic layer
deposition. Terahertz transmission is measured with time-domain spectroscopy and the results are discussed.

P1-I025*

Self-limiting Dielectric Response in Nanogaps from High-field Terahertz

KIM Joon-Yeon, KANG Bong Joo1, KIM Won Tae1, PARK Joohyun2, RHIE Jiyeah, BAHK Young Mi, KANG Taehee,
JEON Hyeongtag2, ROTERMUND Fabian1, KIM Dai-Sik
Center for Subwavelength Optics, Department of Physics and Astronomy, Seoul National University. 1Department of Physics
and Division of Energy Systems Research, Ajou University. 2Division of Materials Science and Engineering, Hanyang
University.
We report that a large electric field of over 10 MV/cm can be induced at nanometer-sized gaps using high-power terahertz
(THz) pulses. Suppressed THz transmission in the presence of this strong field refers to the change in dielectric permittivity
about the gap. The observed nonlinearity is realized due to the large field enhancement factor inside the gap. Nanogaps are
arranged in rectangular rings such that transmission resonance appears around 0.1~0.9 THz, and the gap is in the form of a
metal-Al2O3-metal arrangement. Normalized transmission difference ((T0-T)/T0 where T0 is the low field THz (~10 V/cm)
transmission) is compared at different electric field strengths of the incident high-power THz (5~200 kV/cm). Analytic
transmission calculations of slot arrays and slits have been performed to compare with the experimental results.
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Design of Two-Channel Coherent Perfect Absorption Thin Films Using Negative
Admittance Matching Method
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P1-I028*

Multiple 3-dimensional subwavelegth confinement and high refractive index metamaterials
by using metalic slot structure.
LEE In-sung, YANG Jin-Kyu1, KEE Chul-sik2, LEE Joong wook
Department of physics, Chonnam National University, Guangju 500-757. 1Department of Optical Engineering, Kongju
National University, Kongju, 314-701. 22Center of Subwavelength Optics, Korea.
We find the way to achieve multiple 3-dimensional subwavelength confinement of the electromagnetic waves in terahertz
region by designing special metal slot structures called 'fishbone-shaped structure'. By using this structures, we can make not
only multiple 3-dimensional subwavelength confinement, but also metamaterials with higher refractive index then normal
rectangular metallic slot. And change of structual parameters of 'fishbone-shaped structure' has an effect on controlling
refractive index of the metamaterial. This properties of the metallic slot structure will be able to make unnaturally high
refractive index metamaterials.
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PARK Jung-Min, LEE Joong Wook
Chonnam National University, Department of Physics.
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P1-I032*

Study of human sclera tissues using THz time-domain spectroscopy

SHIN Dae Cheol, LEE Yong Soo1, PARK Jung Min, JUNG Gyeong Bok2, KIM So Eun1, KEE Chol Sik1, KANG Chul1, LEE
Joong Wook
Department of Physics, Chonnam National University, Gwangju 500-757, Korea. 1Advanced Photonics Research Institute,
GIST, Gwangju, 500-712, Korea. 2Department of Biomedical Engineering & Healthcare Industry Research Institute, College
of Medicine, Kyung Hee University, Seoul 130-701, Korea.
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JG-01(

) Demonstration of Rabi Oscillation and Shuttling using Trapped Ions

1,
1,
1,
1,
,
1
SK
Quantum Tech. Lab.
.
In QKD system, there exists limitation on transmission distance (roughly 100 km) because of the attenuation inside the fiber.
To overcome this problem, quantum repeater is considered as an ideal solution. At SK telecom, we are developing a quantum
repeater based on ion trap technology. In this project we designed ion trap chips based on MEMS (micro-electro-mechanical
system) process in collaboration with Seoul National University, and implemented laser control systems, UHV (ultra-high
vacuum) chambers, and high NA (numerical aperture) imaging and detection systems.We successfully trapped up to six
174Yb+ ions and three 171Yb+ ions that can be used as quantum bits (qubits) for quantum repeater. We demonstrated that
trapped ions can be shuttled along the trap axis, and confirmed that we can prepare intended quantum states through Rabi
oscillation. In this talk, we will present our results of ion trapping experiments.

,

JG-02

Dissipative Dynamics of a Corotating Vortex pair in Finite Temperatures

MOON Geol, KWON Woo Jin, SEO Sang Won, KANG Seji, SHIN Yong-il
School of Physics and Astronomy, Seoul National University, Seoul 151-742, Korea.
We report on a long-time dynamics of a corotating vortex pair in a highly oblate Bose-Einstein Condensate (BEC). The
vortex pair is produced by moving the monopole of magnetic quadruple trap across the condensate. The dynamics of vortex
pair exhibits monotonic increase of the separate distance between two singly quantized vortices with time, due to dissipative
processes and other dynamical effects, and we observe the both of non-conservative angular momentum L0 and kinetic energy
H. We measure the change of vortex position with time by changing various experimental parameters such as condensate
fraction and radial trap frequency, but do not observe a dominant dependency on those parameters under the condition of a
narrow range of experimental parameters.

JG-03*

Revealing single-trap condensate fragmentation by measuring density-density correlations
after time-of-flight
FISCHER Uwe,
.

JG-04*
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JG-05

Generalized energy measurements and modified transient quantum fluctuation theorems

B. Prasanna Venkatesh, WATANABE Gentaro1, TALKNER Peter2
APCTP. 1APCTP, POSTECH. 2University of Augsburg.
Determining the work which is supplied to a system by an external agent provides a crucial step in any experimental
realization of transient fluctuation relations. This, however, poses a problem for quantum systems, where the standard
procedure requires the projective measurement of energy at the beginning and the end of the protocol. Unfortunately,
projective measurements, which are preferable from the point of view of theory, seem to be difficult to implement
experimentally.We demonstrate that, when using a particular type of generalized energy measurements, the resulting work
statistics is simply related to that of projective measurements. This relation between the two work statistics entails the
existence of modified transient fluctuation relations. The modifications are exclusively determined by the errors incurred in the
generalized energy measurements. They are universal in the sense that they do not depend on the force protocol. Particularly
simple expressions for the modified Crooks relation and Jarzynski equality are found for Gaussian energy measurements.
These can be obtained by a sequence of sufficiently many generalized measurements which need not be Gaussian. In
accordance with the central limit theorem, this leads to an effective error reduction in the individual measurements and even
yields a projective measurement in the limit of infinite repetitions.

JG-06

The Effect of Polarization Mode Dispersion on Polarization Entanglement in Parametric
Down-converted Photon Pair
LIM, Hyang-Tag, HONG Kang-Hee, KIM Yoon-Ho
POSTECH, Department of Physics.
Polarization mode dispersion (PMD) is the phenomenon caused by birefringence of media giving different amount of delay to
the photon passing through the media, depending on its polarization. PMD gives rise to decoherence or degradation of
entanglement in photonic polarization based quantum systems during the storage and distribution of quantum states via optical
fibers. We theoretically and experimentally investigate how the concurrence of the polarization entangled photon pair
generated via spontaneous parametric down conversion (SPDC) is affected when each photon suffers from PMD. And we
show the effect of frequency bandwidths of photons on the entanglement degradation under PMD.

JG-07

Complete manipulation of nonclassical time correlation of narrowband photon pairs

CHO Young-Wook, PARK Kwang-Kyoon1, LEE Jong-Chan1, KIM Yoon-Ho1
POSTECH, Department of Physics. 1POSTECH, Department of Physics..
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 optical and quantum information applications.

JG-08

Entangling Different-Color Photons via Time-Resolved Measurement and Active Feed

Forward
TIAN-MING ZHAO Tian-Ming, YANG Han Zhang, Jian, SANG Zi-Ru, JIANG, Xiao, BAO Xiao-Hui, WEI JIANHefei National Laboratory for Physical Sciences at Microscale and Department of Modern Physics,University of Science and
Technology of China, China..
Entangling independent photons is not only of fundamental interest but also of crucial importance for quantum-information
science. Two-photon interference is a major method for entangling independent identical photons. If two photons are different
in color, perfect two-photon coalescence can no longer happen, which makes the entangling of different-color photons difficult
to realize. In this Letter, by exploring and developing time-resolved measurement and active feed forward, we have entangled
two independent photons of different colors for the first time. We find that entanglement with a varying form can be identified
for different two-photon temporal modes through time-resolved measurement. By using active feed forward, we are able to
convert the varying entanglement into uniform entanglement. Adopting these measures, we have successfully entangled two
photons with a frequency separation 16 times larger than their linewidths. In addition to its fundamental interest, our work also
provides an approach for solving the frequency-mismatch problem for future quantum networks.

JG-09
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JG-10*

Effects of multimode pump on distinguishability of photon pairs in a periodically poled

KTiOPO4
,

,

,

.
Two-photon quantum interference is a key element of quantum metrology and quantum information processing. Through
Hong-Ou-Mandel (HOM) interference, the spatio-temporal purity, or distinguishability, of single photons can be investigated.
Photon pair sources based on a long periodically poled (PP) crystal have an advantage of high generation efficiency, however,
due to their narrow operation bandwidth they tend to be vulnerable to instability of a pump laser. This work reports the
dependence of the HOM interference visibility on longitudinal modes (LMs) of a pump laser that is used for parametric downconversion in a bulk PPKTP crystal.Our experiment was performed under a type-II collinear phase matching condition, where
the pump laser diode was designed to be single longitudinal mode. The measured interference visibility was varied from 0.53
to 0.99 for different LM configuration. By comparing with the theory, the variation in the HOM signals could be understood in
terms of decomposition of the LMs into a principal and side modes caused by the LM instability of the pump diode.
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JG-12(

) Evidence of vibronic origin of long-lasting quantum coherence in an artificial light

harvester
LIM james, CAYCEDO-SOLER Felipe, HUELGA Susana F, PLENIO Martin B, PRIOR Javier1, PALECEK David2,
ZIGMANTAS Donatas2, LINCOLN Craig3, HAUER Jürgen3
Institute of Theoretical Physics, University Ulm, Ulm, Germany. 1Departamento de Física Aplicada, Universidad Politécnica
de Cartagena, Cartagena, Spain. 2Department of Chemical Physics, Lund University, Lund, Sweden. 3Photonics Institute,
Vienna University of Technology, Vienna, Austria.
Recently natural photosynthetic systems have attracted considerable interest within the physics, chemistry and biology
communities due to the unexpected observation of long-lasting quantum coherence at ambient conditions. Two-dimensional
electronic spectroscopy has revealed the presence of long-lived quantum coherence for both biological and engineered
molecular systems. However, the complexity of the nonlinear optical response has prevented the unambiguously identification
of the underlying mechanism that supports quantum coherence in these warm and noisy molecular systems. Consequently,
several competing theoretical explanations have been put forward to explain the microscopic origin of the long-lasting
quantum coherence. The coherent coupling between excitons and vibrations was proposed as a possible mechanism in Nature
Physics 9, 113 (2013). Here we report the first experimental and theoretical verification of the exciton-vibrational (vibronic)
coupling as the origin of the long-lasting quantum coherence in an artificial light harvester. We employ a macroscopically
aligned synthetic harvester, J-aggregates of cyanine dyes, which in combination with a relatively simple excitonic and
vibrational structure reduces the complexity of its nonlinear optical response significantly. This enabled us to test several
competing mechanisms. Using detailed theoretical models, we found that the vibronic coupling is responsible for the longlasting quantum coherence in J-aggregates measured at room temperature. The same analysis rules out one of the major
alternative theories in the community, called correlated fluctuations, which is similar in spirit to decoherence free subspaces in
quantum information science.

JG-13(

)

Two-dimensional High-harmonic Spectroscopy For Probing Multi-orbital Structures In

Molecules
YUN Hyeok, LEE Kyung-Min, SUNG Jae Hee1, KIM Kyung Taec2,
KIM Hyung Taek1, NAM Chang Hee2
Institute for Basic Science, Center for Relativistic Laser Science. 1GIST,
Advanced Photonics Research Institute & Institute for Basic Science,
Center for Relativistic Laser Science. 2Institute for Basic Science,
Center for Relativistic Laser Science & GIST, Dept of Physcis and
Photon Science.
High harmonic radiation, generated when intense laser pulses interact
with gaseous molecules, carries information on the electronic structure and dynamics of the molecule in an ultrafast time scale.
As multiple molecular orbitals participate in the generation process, resolving mixed signals from the multiple orbitals and
observing the characteristics of each orbital are crucial for systematically understanding the molecular structure. We show that
two-dimensional high-harmonic spectroscopy (HHS), undertaken by applying an orthogonally polarized two-color laser field,
can be a route to probe multi-orbital structures. Using the two-dimensional HHS, we could separately project the two highest
occupied molecular orbitals, referred to as the HOMO and HOMO-1, to odd and even harmonics. It revealed the structural
characteristics of the HOMO-1 in CO2, which has not been explored in the previous studies. Consequently, our work shows a
new possibility for studying the electronic structure and dynamics of molecules in two-dimensions.

JG-14

Collinear Optical Pumping of Lithium-8 atoms for Nuclear Spin Polarization

PARK Sung Jong, SHIN Taeksu, KIM Yong Kyun
Institute for Basic Science.
We theoretically demonstrate that laser frequency ramping method by means of position-dependent Zeeman splitting can
efficiently polarize nuclear-spin of atoms in an accelerator beamline. This minimizes a quantum phenomenon, coherent
population trapping (CPT), which limits the optical pumping efficiency in the polarized beam line for radioactive nuclear spin
polarization. We consider the lithium-8 atomic system interacting with two circularly polarized laser beams in the presence of
time-dependent magnetic field. From numerical results, we find that optimum frequency ramping allows efficient optical
pumping for a short interaction time, e.g. 2 microsecond.

JG-15

Vibrational Noise Removal Method for the Multi-photon Interferometer of an Optical

Loop System
,
,
.
In multi-photoninterference, phase fluctuations induced by the
mechanical vibration of the optical components should be removed to
observe the high fidelity of photon controls. We solved this problem
simply by overlapping coupling and probe beams that have opposite
phase shifts in the optical loop system to cancel out phase fluctuation
induced by mechanical vibration. We used two independent laser
sources to generate two pairs of coupling-probe fields that are resonant
on a double-Λ system. The removal of vibrational phase fluctuation was confirmed by comparison with a normal phasedependent light-switching experiment.

JP-01(

)

Designer photons for designed bound and free electron wave-packets

BAUMERT Thomas
Universitaet Kassel, Physik.
Ultrafast coherent laser control is a fascinating facet of femtochemistry as it seeks to steer any type of photophysical systems
from an initial state to a predefined target state (traditionally) on the time scales of nuclear motion with the help of suitable
polarization shaped femtosecond laser pulses. In addition direct control of valence electron dynamics in molecules is
conveniently achieved with the help of state of the art pulse shaping devices having unprecedented temporal precision. In this
talk I will concentrate on our current experiments devoted to direct control of bound and free electron dynamics: First I will
discuss the creation and tomographic reconstruction of 3D designer electron wave packets in the continuum with the help of
polarization shaped laser pulses and the electronic structure of atoms. As an application I will present the current status of our
approaches to chiral recognition in the gas phase. Finally I will highlight our experiments devoted to charge oscillation
controlled molecular excitation.

JP-02(

)

Recent surprises in ultrashort-aaser-pulse measurement

TREBINO Rick
Georgia Tech, Physics.
Surprisingly, most recently developed pulse-measurement techniques measure only the coherent artifact, and so cannot
distinguish trains of short, simple, stable pulses from long, complex, unstable ones. Equally surprising, it is now very easy to
make complete single-shot measurements of supercontinuum pulses vs. time and arbitrary laser pulses vs. space (x,y) and time.

JP-03(

)

Generation of the Quiet Bursts of Light

.
In this talk, I show our most recent progress in the generation of femtosecond optical pulse trains with the lowest possible
noise (in terms of intensity noise, timing jitter and phase noise) from mode-locked fiber laser oscillators.

JP-04(

)

Weak and strong measurement of molecular rotation and mass

SCHULTZ Thomas
UNIST, chemistry.
Mass-Correlated Rotational Alignment Spectroscopy (mass-CRASY) combines information from mass spectrometry with that
from high-resolution rotational spectroscopy. It thereby allows the single-step characterization of multiple molecular species in
heterogeneous or impure samples. The rotational structure is analyzed through the impulsive excitation of a coherent rotational
wavepacket and the time-delayed probing thereof by resonant multi-photon ionization (a weak measurement). Resulting ion
masses are characterized by mass spectrometry (a strong measurement). The talk will present examples for CRASY
measurements and discuss the potential of correlated optical spectroscopy to resolve long-standing questions in the molecular
sciences.

JP-05(

)

Phase-coded lights for atomic transitions

AHN Jaewook
KAIST, Physics.
Analogous to the way that sound wave is composed to play beautiful music, light can be crafted to manipulate quantum
systems in a particularly designed fashion. Based on cutting-edge wave-form shaping techniques in ultrafast laser optics,
we demonstrate a series of unconventional dynamics of atomic quantum system performed by phase-coded light waveforms.

P1-J001

Entanglement of Four-Qubit Rank-$2$ Mixed States

,
.
It is known that there are three maximally entangled states $\ket{\Phi_1} = (\ket{0000} + \ket{1111}) / \sqrt{2}$, $\ket
{\Phi_2} = (\sqrt{2} \ket{1111} + \ket{1000} + \ket{0100} + \ket{0010} + \ket{0001}) / \sqrt{6}$, and $\ket{\Phi_3} = (\ket
{1111} + \ket{1100} + \ket{0010} + \ket{0001}) / 2$ in four-qubit system. It is also known that there are three independent
concurrence-based entanglement measures ${\cal F}^{(4)}_j \hspace{.2cm} (j=1,2,3)$ for true four-way quantum correlation
in the same system. In this paper we compute ${\cal F}^{(4)}_j$ for three rank-two mixed states $\rho_j = p \ket{\Phi_j}\bra
{\Phi_j} + (1 - p) \ket{\mbox{W}} \bra{\mbox{W}}$, where $\ket{\mbox{W}} = (\ket{1110} + \ket{1101} + \ket{1011} +
\ket{0111}) / 2$.
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P1-J006

.

Birefringence and Dichroism Spectroscopy for the Jg=0→Je=1 Transition: Analytical

Solutions
NOH Heung-Ryoul
Chonnam National University, Department of Physics.
We present analytical solutions of the lineshapes of birefringence and dichroism spectroscopy for a circular anisotropic
medium composed of atoms of the transition Jg=0 →Je=1. The susceptibility of a weak probe beam was analytically calculated
and was averaged over a velocity distribution of the atoms. The lineshapes of the two spectroscopies were then presented in
analytical forms at arbitrary values of the linewidths of the inhomogeneous (Doppler) broadening and the homogeneous
(natural) broadening of the atoms.

P1-J007

High harmonic generation of molecule under an extremely short laser pulse

LEE Min-Ho, CHOI NarkNyul, BYUN ChangWoo, KIM Dae-Soung1
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P1-J009

Simulation of Sympathetic Cooling for High-Resolution Mass Measurement

,

,
,
, CHAUDHURI Ankur,
,
.
Sympathetic cooling will be employed to cool down and transport the highly charged ions (HCI) to the Penning trap with
better energy spread and emittance, which can provide higher resolution in the high-precision mass measurement system of
RAON. In this study, the parallel computation with GPU is used to simulate very fast N-body interaction of ions inside the
sympathetic cooling systems. HCI are inserted to the sympathetic cooling system, after being decelerated by a drift tube. We
show that HCI with 2 keV are cooled and extracted in the Coulomb crystal of 40Ca+ ions.

P1-J010*

Ultrafast manipulation of atomic ground hyperfine sublevel.

KIM Hyosub, LEE Hangyeol, AHN Jaewook
KAIST, physics.
A ultrafast pulse interacting with atoms is a fascinating platform to investigate electron or photo-electronic wavepacket since
its ultrafast interaction time ensures coherent dynamics and simultaneous excitation of the wavepacket. However, the atomic
hyperfine structure have been ignored for the practical purpose; energy level spacing is small compared to the interaction time.
We suggest that there are ultrafast pulse combination which coherently transfer atomic hyperfine sublevel.
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P1-J012

Microfabrication of Trap Chips as a Scalable Platform for Ion Trap Quantum Information

Processing
,

,

,

1,
1,
,
. 1SKT Quantum Technology Lab..

1

Ion traps are one of the promising physical implementations of quantum information processing (QIP), because of the long
coherence time and the capability of individual qubit manipulation. Earlier ion traps were built by conventional machining and
manual assembling. However, to implement more advanced quantum algorithms, ion trap arrays need to be integrated into
large-scale integrated chips. Therefore scalable MEMS fabrication technologies have been applied to construct new generation
ion traps. In this paper, a new copper-sacrificial-layer silicon microfabrication method for ion trap chips and experimental
results with trapped ions are presented. The detailed fabrication method includes handling the 14-µm thick dielectric layer,
fabricating the overhang structures at the edges of the electrodes using copper sacrificial layers, and penetrating the silicon
substrate to form a slot for loading neutral atoms. An ion string which consists of three 171Yb+ ions has been trapped, and
qubit operations with the trapped ion are achieved. Trapped ion experiments are explained in more detail in our accompanying
paper [1]. Advanced MEMS fabrication technologies can contribute to developing ion trap chips with more complex features
for advanced trapped ion experiments.
[1] Jun Sik Ahn, Min Hyung Kim, Seokjun Hong, Minjae Lee, Hongjin Cheon, Dongil Cho, and Taehyun Kim,
"Demonstration of Rabi Oscillation and Shuttling Using Trapped Ions," simultaneously submitted to The Korean Physical
Society Autumn Annual Conference 2014.
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P1-J014

Experimental investigation of lasing threshold near an exceptional point in an asymmetric

microjet cavity
SHIN Younghoon, MOON Songky, KIM Soyun, AN Kyungwon
Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea.
Petermann factor K indicates the enhancement of the spontaneous emission rate into a laser mode. It was named after K.
Petermann who first discovered the effect in a gain-guided laser. This factor K is known to be related to the bi-orthogonality of
non-Hermitian systems. It is predicted to diverge under a special condition of an exceptional point (EP), where two interacting
modes coalesce into one mode. Consequently, lasing threshold will drastically decrease or even disappear, which makes it
possible to develop thresholdless lasers for photonics applications. However, there have been no experiments reporting such
laser operation. In this study, we experimentally investigated the lasing threshold of a two-dimensional deformation-tunable
dielectric microcavity laser, which has a quadru-octapolar boundary shape. The lasing threshold was observed to decrease in
the vicinity of an EP, implying the Petermann effect. More verification experiments are on the way to exclude other
possibilities of lasing threshold reduction.

P1-J015*

Fabrication of a microjet nozzle with nanometer-precision using a focused ion beam

KIM, Soyun, KIM Junki, SHIN Younghoon, MOON Songky, AN Kyungwon
Department of Physics and Astronomy, Seoul National University, Seoul 151-747, Korea.
Asymmetrically deformed optical microcavities exhibit high quality factors and good output directionality, thus they are
suitable for various photonics applications and fundamental studies. Among various types of the asymmetric optical
microcavities, a fluidic microjet cavity made with a deformed orifice has a special advantage that its deformation can be
continuously changed by varying the ejection pressure. For these cavities it is important to have a robust nozzle with a preciseshaped orifice for repeatability and controllability of experiments. Previously, the nozzle was made of a plastic insert and a
glass tube with its end pinched and ground manually. So, it was hard to shape the orifice precisely and the yield rate was poor.
To overcome these limitations, we developed a stainless steel (SUS304) nozzle with its orifice machined with a focused ion
beam in order to achieve nano precision and corrosion-free operation. To test the microjet performance, we measure cavity
mode spectrum of a two-dimensional cavity formed by the jet column at an extreme position of its surface modulation. We can
confirm proper deformation of the cavity with the observed mode evolution and output directionality

P1-J016

Theoretical and experimental analysis of the coherent interaction between two polarized
laser beams and a degenerate Zeeman multiplet of 85Rb atoms
REHMAN Hafeez Ur, QURESHI Muhammad Mohsin, NOH Heung-Ryoul1, KIM Jin-Tae
Department of Photonic Engineering, Chosun University, Korea. 1Department of Physics, Chonnam National University,
Korea.
We present theoretical and experimental investigations of electromagnetically induced absorption for the degenerate twolevel Fg=3-Fe=4, D2 Zeeman multiplet of 85Rb atoms. New spectral features such as additional ultra-narrow and split spectral
profiles of EIA embedded in broad sub-natural EIA have been investigated in the case of same-(s+ - s+) and orthogonal-(s- s+) polarization configurations of coupling and probe lasers. The experimental results are compared with the results calculated
by solving time-dependent density-matrix equations including the optical and Zeeman coherences connected via three-photon
interactions without using any phenomenological parameters. We interpret that such sub-natural spectra result from transfer of
time-dependent oscillating populations through non-linear multi-photon processes and transfer of coherences to the ground
state for the same- and orthogonal-polarization configurations, respectively.

P1-J017

Rotating a Bose-Einstein condensate trapped in an anharmonic magnetic potential

KANG Seji, CHOI Jae-Yoon, SEO Sang Won, KWON Woo Jin, SHIN Yong-il
School of Physics and Astronomy, Seoul National University, Seoul 151-742, Korea.
When a condensate moves in an anharmonic trapping potential, the center-of-mass motion of the condensate couples to its
internal superfluid motion. In this presentation, we introduce a simple method to rotate Bose-Einstein condensate by externally
driving an axisymmetric anharmonic potential. Under a circular drive, the trapped condensate develops a circular motion with
the deformation of its shape, leading to vortex nucleation via surface mode excitations. Furthermore, the angular momentum of
a circulating condensate is transferred to the internal angular momentum, creating many vortices in the condensate. We also
investigate the vortex nucleation rate for various polarizations of the external driving, where in particular, we confirm the
rotational symmetry breaking due to the spin texture imposed by the magnetic quadrupole field. We will also discuss vortexantivortex pair annihilation in a highly oblate Bose-Einstein condensate in this presentation.

P1-J018

Analysis of Schrödinger-cat-like states in a phase-controlled cavity-QED microlaser

YANG Daeho, KIM Junki, SONG Younghoon, AN Kyungwon
Department of Physics & Astronomy, Seoul National University, Seoul 151-747, Korea.
The superposition of quantum states is an unique property of the quantum mechanics. Manipulating macroscopic
superposition states, so called Schrödinger cat state, receives a great deal of attention. Here, we propose a new method to
generate an optical Schrödinger-cat-like state in a phase-controlled cavity-QED microlaser. Our microlaser is composed of a
high finesse Fabry-Perot cavity and atomic dipoles traversing the cavity. The key idea is in the preparation of atoms, injected
into the cavity in a superposition state of two opposite phase, i.e. . The resulting cavity field, obtained from a quantum
trajectory simulation, resembles a superposition of coherent states with opposite phases. It can reach a high average photon
number(>50) and exhibit high fidelity(>0.9). Analysis on the building process of the cat state and optimum system parameters
will be discussed.
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P1-J020

Asymptotic conversion of the GHZ state into pure multipartite states under LOCC at a
rate equal to quantum discord
YANG Seungho, JEONG Hyunseok
Department of Physics & Astronomy, Seoul National University, Seoul 151-747, Korea.
As a generalization of the entanglement cost for bipartite systems, we study the asymptotic conversion of the GHZ state into
an arbitrary pure multipartite state, using local operations and classical communications. The optimal rate of the conversion
will represent the minimum cost of multipartite correlation in units of the Greenberger-Horne-Zeilinger (GHZ) state. We
present a general protocol which converts the GHZ state into an arbitrary pure state at a rate approaching to multipartite
quantum discord in the asymptotic limit. This implies that the optimal cost is upper bounded by the multipartite discord of pure
states.

KF-01(

)

Quantum-dot LEDs for next-generation displays

LEE Changhee
School of Electrical and Computer Engineering, Seoul National University.
Colloidal quantum dots (QD) have unique properties such as narrow emission bandwidth and tunability of the bandgap over
the wide range from UV-visible to near infrared region, as well as solution processing capability. Thus, they offer promising
opportunity for developing high-performance quantum-dot light-emitting diodes (QLEDs). Since the first demonstration of the
QLED in 1994, its performance has been improved significantly as a result of multilateral efforts based on fundamental
understanding of the device physics and advanced device engineering. Here, we discuss recent research efforts to develop
efficient QLEDs and explain the underlying mechanism for the improved performance of the inverted QLEDs. By using
solution-processed ZnO nanoparticles as an electron injection layer and optimizing energy levels with the organic hole
transport layer, we can develop highly efficient red, green and blue QLEDs for full-color QLED displays.

KF-02(

)

Colloidal Quantum Dots and Processes for Display and Lighting Applications

CHAE Heeyeop
School of Chemical Engineering, Sungkyunkwan University (SKKU).
In this talk colloidal quantum dots for phosphorescence and electroluminescence will be discussed for light emitting diodes
(LEDs) and lighting devices. The first topic is the modification of organic capping materials of colloidal quantum dots for the
better efficiency and white light emission. Quantum dots with short organic capping layers show better performance in QDLEDs. White color emission was achieved by grafting organic fluorescent molecules on colloidal quantum dots. Hole and
electron transport materials in QD-LED will be discussed as a second topic. Appropriate hole and electron transport materials
are required for good hole and electron transport and the hole and electron transport layers affect QD-LED performance
significantly. Various organic and inorganic hole and electron transport materials will be discussed. The third subject to be
discussed is the processes for film formation and patterning of the quantum dots. Electrospinning, electrospray and
electrohydrodynamic printing will be discussed.

KF-03(

)

,

,

,
.
,
,

,
.
,
.

,

.
.
.
100 nm

II-VI
SQS)

/
(
4-5

.
.

SQS YAG
LED

LED

LED

.
LED

.
on-site sensor
.

KF-04(

)

Fabrication of highly efficient blue, green, and red electrically-driven quantum dot-lightemitting devices via solution processing
LEE Ki-Heon, KANG Hee-Don, HAN Chang-Yeol, YANG Heesun
Dept. of Materials Science and Engineering, Hongik University, Seoul 121-791, Korea.
Fluorescent quantum dots (QDs) have exhibited a great potential as highly efficient visible-emitters for the fabrication of
electroluminescent (EL) QD-based light-emitting diodes (QLEDs). The exceptionally color-saturated emission of welldeveloped Cd-based II-VI QDs enables the fabrication of QLEDs which possess a superior color reproducibility to state-ofthe-art organic LEDs (OLEDs). Herein, the synthesis of highly color-pure, fluorescent QDs of blue CdZnS/ZnS, green
CdSe@ZnS/ZnS, and red CdSeS/ZnS and their application to the fabrication of bright, efficient QLED fabrication are
presented. The multilayered QLED with a stacking sequence of poly(9-vinlycarbazole) as hole transport layer, QD emitting
layer, and ZnO nanoparticles as electron transport layer is fabricated by all-solution processing. Detailed EL performances
including luminance, current efficiency, external quantum efficiency, and voltage-dependent spectral shift are discussed in
details.

KG-01(
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J.W. Leem et al, "Efficiency enhancement of organic solar cells using
hydrophobic antireflective inverted moth-eye nanopatterned PDMS
films", Adv. Energy Mater. 4(8), 1301315 (2014).

KG-02

Optical studies of phase separation in InGaN layers grown on compliant substrate

KANG Jin-Ho, EBAID Mohamed, RYU Sang-Wan
Department of Physics, Chonnam National University.
InGaN alloys have the variable direct band gap ranging from 0.7 to 3.4
eV, which covers nearly the entire solar spectrum and thus makes it a
promising semiconductor material for applications in solid-stating lighting, solar cells, and PEC. To realize InGaN-baed these
applications, high quality InGaN thick layers as absorption layers are necessary. However, due to the large lattice mismatch
between InN and GaN, it is still challenging to grow high quality InGaN layers with relatively high In content. To alleviate
epilayer strain caused by large lattice mismatch, compliant substrate (CS) technique has been proposed for lattice-mismatched
epitaxy such as SiGe, InGaAs, and InGaN. Theoretical work has shown the possibility to the heteroepitaxial growth of thick
layers without degradation through stress absorption in the CS. Up to now; however, the growth of InGaN layers on CS and
the fabrication of suitable CS for it have not been reported. In this work, we fabricated the thin GaN layers as compliant
substrate using shape deformation of nanopores at high temperature and characterized InGaN thick layers grown on its CS and
reference substrate. The sharing strain of InGaN with CS was theoretically calculated and observed by high resolution X-ray
diffractions. Photoluminescence (PL) results revealed that CS suppressed In fluctuation in 50-thick InGaN due to the increase
of the critical layer thickness of InGaN on CS. With increasing InGaN thickness, double PL peaks associated with the strain
and relaxed phase in InGaN films were observed. For CS, relaxed phase was suddenly well developed with increasing InGaN
thickness. Finally, we believed that the strain relief in InGaN on CS could be generated by penetration of dislocation from
InGaN or generation it in CS, resulting in the increase of spinodal decomposition.

KG-03

Dielectric function and Phonons of In-Si-O Thin Films: Effect of Nanocrystalline to
Amorphous Phase Transition
,

,
,
,
,
.
We investigated the structural and optical properties of In-Si-O thin films as the phase changed abruptly from nanocrystalline
to amorphous with increasing Si content. The In-Si-O thin films were deposited on Si substrate using co-sputtering deposition
method. The RF power of In2O3 target was fixed at 100W, and that of SiO2 target was varied between 0 W and 60 W. At a
threshold of SiO2 RF power between 15W and 20W, the optical properties, including dielectric functions, optical gap energies,
and phonon modes, changed abruptly as do the crystallinity and surface morphology. XRD spectra showed crystalline (c-)
In2O3-like peaks between 0 W and 15 W of SiO2 RF power, and then showed a broad peak associated with an amorphous (a-)
In2O3 phase above 20W. However, Raman spectra of In-Si-O showed very weak peaks associated with c-In2O3 between 0 W
and 15 W of SiO2 RF power, and then showed a strong Raman peak associated with c-In2O3 above 20 W. The contrasting
results of XRD and Raman measurements can be explained that the large enhancement in Raman peak and Drude tails in the aIn-Si-O phase arose from the substantial decrease in oxygen vacancies by the addition of SiO2 units.

KG-04

Environment-Dependent Electronic Structures of Single-Layer MoS2

KIM Yong-Sung
KRISS.
2D semiconductors are manifested by strong Coulomb interaction inside. The strong Coulomb interaction gives remarkable
effects on various properties of the 2D semiconductors, including (i) large exciton binding energy (electron-hole), (ii) large
quasi-particle self-energy (electron-electron), (iii) large scattering cross section in carrier transports by charged defects
(electron-charged defects), (iv) deep defect transition level (bound electron-charged defects), and (v) strong interaction
between charged defects (charged defects-charged defects). The ground state, optical, and transport properties are then largely
affected by the dielectric environments surrounding the 2D semiconductors, because the Coulomb interaction is effectively
screened by the dielectrics. We investigate the electronic band structures of a single-layer MoS2, as a prototype 2D
semiconductor, with a variety of dielectric environments by using density-functional-theory (DFT) and GW calculations.

KG-05*

InGaN/GaN Multi-quantum Well Nanowire Heterostructures for Photoelectrochemical
Water Splitting Applications
EBAID Mohamed,

,
.
To realize the hydrogen fuel generation using photoelectrochemical
water splitting, a novel InGaN/GaN multi-quantum well nanowire
heterostructures with superior surface-to-volume ratio and broad
photoresponse were designed. The result revealed that this nanoscale
photoanode can convert up to 8.6% of the illuminating light into photocurrent that can be utilized for the facile generation of
hydrogen fuel with a 0.21% solar-to-hydrogen conversion efficiency, which is comparable to that of the natural
photosynthesis.

KG-06*

Temperature Dependence Of The Radiative Recombination Time In ZnO Nanorods Under
An External Magnetic Field Of 6 T
,
Robert A.5,

1,

KIBA Takayuki2, MURAYAMA Akihiro2, SARTEL Corinne3, SARTEL Vincent3,

4,

TAYLOR

6

,
,
. 1
. 2Hokkaido University, Graduate school of Information Science and Technology. 3CNRS-UVSQ, GEMAC.
. 5University of Oxford, Clarendon Laboratory. 6
.

4

ZnO nanorods are generally considered to be a one-dimensional nanostructure. Although
comparison between confinement size and exciton size is often used in order to evaluate the
confinement dimension of the nanostructures, this criterion is not decisive in the case of weak
confinement and magnetically-induced confinement. We have investigated the dimensionality of
large-diameter ZnO nanorod in terms of the temperature dependence of radiative recombination
time with and without an external magnetic field (6 T). To obtain the radiative recombination
time, we used the relative ratio of the internal quantum efficiency. In the absence of external
magnetic field, temperature dependence of radiative decay time indicates 250-nm diameter ZnO
nanorod is the case of bulk. On the other hand, when an external magnetic field is applied, the
effective dimesionality decreased. This phenomenon can be attributed to enhancement of
effective mass perpendicular to external magnetic field and redshift of center-of-mass exciton as
a consequence of perturbation effects in the weak field.

KG-07*

Effect of Boron Nitride passivation on AlGaN GaN High Electron Mobility Transistors

SUH Eun-Kyung, LEE Gun Hee1, PARK Ah Hyun1, KIM Myung
Jong2, SEO Tae Hoon2
. 1
2
.
.
AlGaN/GaN high electron mobility transistors (HEMTs) extensively
used in various applications, such as high power, high frequency and
high power switching devices. However, the device performance has
suffered from material defects and the surface charge trapping effects in
the access region between the gate and drain region caused by surface
states created from defects and dislocations in the surface. In particular,
the surface charge trapping effects can cause current collapse, reduction
in the maximum drain current and increase of the dynamic on resistance.
The surface passivation technique using SiNx, AlNx, and SiO2 layer has
been widely used to mitigate surface charge trapping.Boron Nitride (BN) has been attracting much attention due to its
outstanding physical properties, such as high temperature stability, high thermal conductivity, and insulating property. We
introduce BN grown by the chmical vapor deposition as surface passivation layer of AlGaN/GaN HEMTs. The gate-diode
characteristics show that BN well-operates as passivation layer in AlGaN/GaN HEMTs and the BN passivation layer is reduce
the leakage current compared to that of the conventional AlGaN/GaN HEMTs as shown in Fig. 1. We suggest that the BN can
be applied to eliminate the surface charge trapping effects.

KG-08*

Improvement of electrical characteristic of InGaZnO thin film transistor by combined post
processing of hydrogen irradiation and low temperature
annealing
HYUN-WOO Park, MIN-JUN Choi, KWUN-BUM Chung
Division of Physics and Semiconductor Science, Dongguk University,
Seoul 100-715, Korea.
Device performance of radio frequency (RF) sputtered InGaZnO (IGZO)
thin film transistors (TFTs) were improved using combination posttreatment with hydrogen irradiation and low temperature annealing at
150 C. Under combination treatment, IGZO TFTs were significantly
enhanced without the changes of physical structure and chemical
composition. On the other hand, the electronic structure represents a
dramatically modification of the chemical bonding states, band edge
states below conduction band and band alignment. Compared to the
hydrogen irradiation or low temperature annealing, the combination treatment induces the increase of oxygen deficient
chemical bonding states, the shallow band edge state below the conduction band, and the smaller energy difference of
conduction band offset, which can generate the increase of charge carrier and enhance the device performance.

KP-01

MBE growth of III-V based growth of 1D/0D structures for the application to nano

photonics
SONG Jin Dong
Center for Opto-Electronic Convergence Systems, KIST, Seoul 136-791,
KOREA.
In KIST, 5 (+2) MBE systems are installed for the study of low
dimensional structures. With the MBEs, we are in the middle of
studying; As/P/Sb-based materials with new properties, High speed 3-5
2DEGs/2DHG for physics (mesoscopic physics, Topo. Insul. etc), high
speed, and low power consumption electronics, Digital-alloyed 2D
structures for QCL, QWIP, LD, PDs, Catalyst free/Au-assisted
GaAs/InAs/InP/InSb nano-rod 1D structures for single photon sources or
Nano transistors etc., Various kind of semi-conductor QDs grown by SK, MEE, and Droplet methods will be covered for the
application to single photon source for optical cryptograph.( Figure. Photos of MBEs installed in KIST and MBE grown TEM
of atomic layer grown digital alloyed AlGaAs, QCL and SEM of 1D nano wire, AFM of Q-rings.)

KP-02

Towards quantum computing and quantum networking with solid-state single spins and

single photons
LU Chao-Yang
University of Science and Technology of China, Hefei, 230026, P. R. China.
I will describe our recent experiments on robust and deterministic generation of single photons from single quantum dots with
near-unity indistinguishability, Greenberger-Horne-Zeilinger-type spin-photon entanglement and quantum state transfer
between single photons and single spins. Single-photon sources based on semiconductor quantum dots offer distinct
advantages for quantum information, including a scalable solid-state platform, ultrabrightness and interconnectivity with
matter qubits. A key prerequisite for their use in optical quantum computing [1] and solid-state quantum networks is a high
level of efficiency and indistinguishability. In this talk, I will describe our recent experiments on generating pulsed single
photons from single quantum dots under true s-shell excitation [2]. Pi pulse-excited resonance fluorescence photons show a
vanishing (~1%) two-photon emission probability and a Hong-Ou-Mandel interfernece visibility of ~97%, which were used to
demonstrate high-fidelity quantum controlled-NOT gate. Then I will describe methods of robust generation of single photons
using adiabatic rapid passage [3], and creation of bandwidth-tunable single photons from spin-flip Raman transitions, and
high-visibility (~87%) quantum interference between single photons from two coherently pulsed driven quantum dots at a
distance [4]. Finally, I will discuss our more recent results of generating Greenberger-Horne-Zeilinger-type spin-photon
entanglement [5] and quantum state transfer between single photons and single spins [6]. References [1] Pan et al. Rev. Mod.
Phys 84, 777 (2012); Cai et al. Phys. Rev. Lett. 110, 230501 (2013); arXiv.1409.7769; arXiv.1409.7770.[2] He et al. Nature
Nanotechnology 8, 213 (2013), Wei et al. Phys. Rev. Lett. 113, 097401 (2014).[3] Wei et al. arxiv.1405.1991, to appear in
Nano Lett. (2014)[4] He et al. Phys. Rev. Lett. 111, 237403 (2013) [5,6] He et al. Manuscript submitted (2014).

KP-03

Strongly enhanced quantum dot spontaneous emission rate by self-aligned threedimensional plasmonic nanofocusing
GONG Su-Hyun, KIM Je-Hyung, KO Young-Ho, RODRIGUEZ Christophe, SHIN Jonghwa1, LEE Yong-Hee1, DANG Le
Si2, ZHANG Xiang3, CHO Yong-Hoon
Department of Physics and KI for the NanoCentury, KAIST, Daejeon, 305-701, Republic of Korea. 1Department of Materials
Science and Engineering and KI for the NanoCentury, KAIST, Daejeon, 305-701, Republic of Korea. 2Univ. Grenoble Alpes
and CNRS, Inst Néel, F-38042 Grenoble, France. 3Nanoscale Science and Engineering Center, 3112 Etcheverry Hall,
University of California at Berkeley, Berkeley, CA 94720, USA.
Single-photon generation from a quantum dot (QD) enables the implementation of optical quantum communication and
integrated photonic quantum computing. However, owing to the extremely small size of QDs compared to the wavelength of
light, the QD interaction with the photon field is very poor, resulting in rather low intrinsic spontaneous emission (SE) rates,
and, consequently, low performance of single-photon sources. This limitation can be overcome by generating intense
electromagnetic fields around the QD to enhance its SE rate (Purcell effect), which is currently realized by embedding the QD
in either a resonant microcavity or a plasmonic nanostructure. The latter approach is more practical since the requirement of
spectral matching between the QD and the photonic structure is readily satisfied thanks to the broader bandwidth of plasmonic
modes. Nevertheless precise process positioning with respect to individual QDs is still required, which could be time
consuming for mass production. In this work, we report on a new plasmonic approach to produce strong enhancement of the
QD SE rate across the whole wafer in a single-step process. First, we use MOCVD and selective area growth to fabricate
arrays of InGaN/GaN pyramid QDs, i.e. InGaN QDs formed at apexes of GaN hexagonal pyramids (and InGaN quantum wells
formed at pyramid facets as well). Next, we deposit a thin silver film on the QD wafer. The silver-coated pyramid facets
generate self-aligned three-dimensional plasmonic modes nanofocused right at each apex QD, translating into stronger PL
intensity, faster dynamics, and improved stability with respect to thermally activated non radiative process. Enhancement of
the QD SE rate as high as 22±16 is measured for all silver-coated QDs emitting over ~ 150 meV spectral range. Further
improvement is anticipated with optimized pyramid sharpness, paving the way for scalable technology of ultra-fast and
indistinguishable single photon sources.

KP-04

Ln slot photonic crystal microcavity for refractive index gas sensing

LI Kezheng, LI Juntao, SONG Yanjun, FANG Guisheng, JIN Chongjun
State Key Laboratory of Optoelectronic Materials and Technologies, School of Physics and Engine-ering, Sun Yat-sen
University, Guangzhou 510275, China.
We propose and experimentally demonstrate a series of Ln slot photonic crystal (PhC) microcavities, which operate as
refractive index (RI) gas sensors. The cavities are simply composed of a silicon slab triangular photonic crystal with n holes
replaced by a slot, which do not require sophisticated design or high fabrication resolution. With the increase of n, the quality
factor of the cavity increases exponentially, which is explained by the envelope of electric field approaching Gaussian profile.
An L9 slot PhC microcavity with a quality factor exceeding 30000, sensitivity of 421 nm/RIU (refractive index unit) and
detection limit (DL) down to 1×10-5 RIU was experimentally demonstrated. The performance of the device is comparable to
other fine-tuned PhC microcavity structures. Due to its simple structure and high fabrication tolerance, it could have wide
applications in optical sensors.

KP-05

Preparation of graphene by low-energy cluster-ion implantation

FU Dejun
Key Laboratory of Artifical Micro- and Nano-Materials of Ministry of Education, School of Physics and Technology, Wuhan
University, 430072 Wuhan, China.
Graphene has become a potential candidate material for fast electronic device applications, owing to its unique structure and
properties. Most recently, ion implantation has been attempted to prepare graphene samples, however, in the reported process,
carbon ions at 30 keV and 80 keV were used, which would yield a deep and broad profile of carbon in the matrix and
inevitably generate irradiation defects. To prepare two-dimensional nanomaterials like graphene films, it is necessary to
develop ultralow-energy ion beam technologies. We have developed a cluster ion beam system that produces negative cluster
beams of C1-C10 with ion current of 4.5 nA-50 mA at extraction voltages ranging from 6-20 kV. The system uses the injector
of a tandetron accelerator and was established by inserting an electrostatic scanner on its ion-optical line and modifying its
Faraday cup into a sample holder. Utilization of clusters enables ultrashallow ion implantation at energies as low as 600
eV/atom without deceleration. Depth profiles of various Cn clusters implanted in Ni films were simulated by using the SRIM
program, which can provide a reasonable reference for clusters implantation. Small carbon clusters were implanted into
Ni/SiO2/Si substrates and following post-thermal treatment graphene was obtained. Raman spectroscopy showed characteristic
2D peaks with G-to-2D peak ratios revealing formation of 3-4 layers of graphene. The Raman data reveals clear effect of
nonlinear cluster-solid interaction in ion beam synthesis of two-dimensional nanomaterials. Bilayer and monolayer graphene
samples were prepared by negative C4 cluster ion implantation at 5 keV/atom under optimized cluster ion dose and post
thermal process. The results show that larger size of Ni grains, a medium ion dose of 12×1015 C-atoms/cm-2, and reduced
cooling rate (20oC/min) are favorable for `preparation of 1-2 layer graphene.

KP-06

Structural and optical properties of graphene quantum dots and device applications

CHOI Suk-Ho
Dept. of Applied Physics, Kyung Hee University, Yongin 446-701, Korea.
For the application of graphene quantum dots (GQDs) to optoelectronic nanodevices, it is of critical importance to understand
the mechanisms which result in novel phenomena of their light absorption/emission. In this talk, we present size-dependent
shape/edge-state variations of GQDs and visible photoluminescence (PL) showing anomalous size dependences. With varying
the average size (da) of GQDs from 5 to 35 nm, the peak energy of the absorption spectra monotonically decreases, whilst that
of the visible PL spectra unusually shows non-monotonic behaviors having a minimum at da = ~17 nm. The PL behaviors can
be attributed to the novel feature of GQDs, i.e., the circular-to-polygonal-shape and corresponding edge-state variations of
GQDs at da = ~17 nm as the GQD size increases, as demonstrated by high-voltage transmission electron microscopy. We also
report successful applications of GQDs in devices such as all-graphene photodetectors and charge-trap-flash nonvolatile
memories.

KP-07

High temperature superconductivity in one unit-cell FeSe films on SrTiO3

WANG Lili, MA Xucun, XUE Qi-Kun
State Key Lab of Low-Dimensional Quantum Physics, Department of Physics, Tsinghua University, Beijing 100084, China.
High transition temperature (TC) superconductivity was discovered in single unit-cell thick FeSe films grown on a SrTiO3
(001) substrate by molecular beam epitaxy. In situ scanning tunneling microscopy revealed a superconducting gap as large as
20 meV in single unit-cell thick FeSe films [1]. By ex situ transport measurements on single unit-cell thick FeSe films
protected with FeTe layer, we demonstrated an onset TC above 40 K and a critical current density JC ~ 1.7×106 A/cm2 at 2 K
[2,3], which are much higher than TC ~ 8 K and JC ~ 104 A/cm2 for bulk FeSe, and that the characteristics of the transition are
consistent with a two-dimensional superconductor undergoing a Berezinskii-Kosterlitz-Thouless transition. The
superconductivity is further confirmed by measuring Meissner effect. The simple structure of the current system provides an
ideal platform for understanding the underlying physics of high-TC superconductivity. [1] Q. Y. Wang et al., Interface-induced
high-temperature superconductivity in single unit-cell FeSe films on SrTiO3. Chinese Physics Letters, 29, 037402 (2012).[2]
W. H. Zhang, et al., Direct Observation of High-Temperature Superconductivity in One-Unit-Cell FeSe Films, Chinese Physics
Letters, 31, 017401 (2014). [3] W. H. Zhang, et al., Charge doping effect on superconductivity of single unit-cell FeSe films on
SrTiO3 substrates, Phys. Rev. B 89, 060506 (2014).

KP-08

Ultrafast all-optical modulator of metal-hybrid quantum dots

KYHM K.
Department of Nano-Fusion, Department of Physics Education, Graduate School of Cogno-mechatronics, Pusan Nat’l
University, 609-735, Busan, South Korea.
Currently, nanocrystal quantum dots (NQD) are of great interest in wide range of applications such as LED, solar cell, and
bio-imaging. In particular, their large optical nonlinearities have great potential in photonics application, and recently terabit
rate all-optical switching (AOS) has been demonstrated successfully based on ultrafast spin dichroism in CdSe NQDs. On the
other hand, surface plasmon (SP) field on metallic surface is known to enhance the optical nonlinearities of semiconductors.
Provided that the inter-distance in a hybrid semiconductor-metal NQDs is adjustable, the efficiency of AOS can be enhanced
dramatically. In this Work, we demonstrate the SP-assisted ultrafast AOS phase modulation in a CdSe-Au hybrid NQD, where
the optical nonlinearities are significantly enhanced and the feasibility of the phase modulation is addressed in terms of
occupancy for pulse area, size control, inter-distance between CdSe and Au NQD, and resonance detuning. When the local SP
dipole field of a Au NQD is near the energy resonance with respect to the 1L state in a CdSe NQD, the occupancy is enhanced
remarkably as well as both real and imaginary nonlinear refractive index due to the strong local SP and the exciton dipoledipole interaction. Consequently, the gating pulse intensity for AOS is significantly reduced. Given the nonlinear refractive
index induced by the gating pulse, the elliptical polarization due to the phase retardation is described in terms of rotational and
elliptical angles, where the polarization state is also represented in Poincare sphere with measured Stokes parameters. The
temporal behavior of AOS is also described by spin dynamics, which is measured by degenerate pump-probe. This work
would be a prototype for a practical AOS based on hybrid semiconductor-metal NQDs.
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Temperature-Dependent Photoluminescence and Raman Spectra of Single- and Multi-

Layer MoS2
,

,

,

,

,

,

,
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1

.
.
MoS2 was synthesized by depositing Mo metal on SiO2/Si wafer at a rate below ~0.1 Å s-1 by e-beam evaporation while H2S is
flowed at 1000 oC under high vacuum conditions. The thickness of the Mo layer was adjusted to 0.25, 0.5, 1, and 3 nm,
corresponding to 1, 2, 4, and 12 layers of the MoS2 film, respectively. At room temperature (RT), the photoluminescence (PL)
spectra of single- and multi-layer MoS2 contain two peaks at ~670 (band A) and ~620 nm (band B), corresponding to the direct
excitonic transitions between the minimum of the conduction band and the maxima of split valence bands in MoS2. In
addition, the single-layer MoS2 has strongest PL intensities of A and B bands due to its direct band gap nature, and they
decrease with increasing the layer number (N) of MoS2. With increasing T from 77 to 500 K, the PL intensity is monotonically
reduced, and the PL peak is red-shifted from 656 to 690 nm with a total shift of about 34 nm. Multi-layer MoS2 shows similar
T-dependent PL behaviors. At RT, Raman spectra of the transferred layers exhibit two intense features, E12g and A1g peaks at
~ 384 and ~ 403 cm-1, respectively, uniquely characteristic of MoS2 films. The frequency of the E12g and A1g modes exhibits
decreasing and increasing behaviors, respectively with increasing thickness (d). Similar to the PL behaviors, the Raman peak
frequency and intensity of all samples are monotonically reduced with increasing T from 77 to 500 K. The d- and T-dependent
different behaviors of PL and Raman spectra originate from the variations of the electronic structure of MoS2.
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in-situ analysis of sputtered-deposited amorphous In-Ga-Zn-O thin-film surface with
different oxygen contents
,

1,

1

,
. 1
,
.
The electron structures of amorphous indium-gallium-zinc-oxide (a-IGZO) thin-films surface were systematically studied
using x-ray photoelectron spectroscopy (XPS). a-IGZO is promising material as a thin-film transistors (TFTs) active layer that
is composed of oxygen-deficient phase (ODP) and oxygen-rich phase (ORP). It is well known that concentration of ODP plays
a crucial role in electrical properties. In a prior study, we observed that ODP formed deep subgap state (DSS), which is located
at ~1.5 eV higher binding energy from Fermi energy. DSS enlarges the valence band maximum state (VBMS) to lower energy
about 2.5 eV compared with VBMS of ORP. In order to investigate more detailed information of correlation between ODP and
DSS excluding the effect of external gas molecules, a-IGZO thin-films with different oxygen contents (0% - 0.5%) were
deposited by radio frequency magnetron sputtering, which was set up in the connected vacuum chamber with x-ray
photoelectron spectroscopy (XPS) chamber to allow in-situ analysis of a-IGZO thin-film surface. These in-situ XPS spectra
clearly show a growth of DSS as ODP increase.

P2-K005*

Environmental Limitation to Electrical Characteristics of MoS2 Transistor by Surface

Adsorption
DONGRI Qiu, DONG UK Lee, EUN KYU Kim
Hanyang University, Department of Physics.
Molybdenum disulfide (MoS2) has promising physical, chemical, optical and mechanical properties. In particular, a
dependence of number of layer on the band gap changing, carrier mobility and dielectric environment sensitivities for MoS2
has great potential for optical electronic nano-devices and flexible electronics. It was reported that the monolayer MoS2 field
effect transistor (FET) with conventional gate dielectrics exhibits poor mobility values of 0.1-10cm2/Vs under room
temperature. However, in the similar devices configuration with a high-K environment, the mobility of monolayer MoS2 FET
increased around 200cm2/Vs. The mobility is likely to be strongly influenced by the external chemical environment. In air
ambient condition, the atomically thin MoS2 is significantly affected by the adsorption of oxygen and water molecules.
However, such extrinsic impurities are definitely undesirable for MoS2 FETs and should be minimized in order to extract high
performance of MoS2 devices. In this study, we have fabricated ultrathin MoS2 FETs using mechanical exfoliation method
and followed by polydimethyl siloxane (PDMS) based transfer technique. The source and drain were defined by using standard
photolithography and the contact electrodes were used Al/Au with thickness of 35 nm/35 nm deposited by thermal evaporator.
The electrical properties of transistor are measured under vacuum(~2×10-2 Torr) and air ambient environment, respectively,
and then the effect of surface adsorption on its characteristics will be discussed.
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TEM Analysis for CuS, MoS2 and GaSe Nanoparticles

JANG youngrae
KAERI, Neutron Science Division.
A new class of materials such as CuS, MoS2 and GaSe can be made into just a few layers thick. Their properties are in stark
contrast to those of the conventional semiconductor layers. Likewise, structurally confined types, for example nanoparticles of
semiconductors less than 10 nanometers are expected to have novel properties to work in high-performance electronics and
optoelectronics. CuS, MoS2 and GaSe nanoparticles were grown by pulsed laser ablation technique. Their fine structures were
investigated with transmission electron microscopy.
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Resistive switching mode transformation in Cr-doped SrZrO-based ReRAM device

IM hyunsik, JO yongcheol, JUNG Kyooho, KIM jongmin, WOO hyeonseok, KIM inho, PARK wooyoung, LEE jongkyung,
CHO hansol, CHO sangeun, HAN jaeseok, INAMDAR A. I., PAWAR S. M., KIM hyungsang
Dongguk University, Division of Physics and Semiconductor Science.
We reports on a resistive switching (RS) mode transformation in Cr-doped SrZrO-based ReRAM device. Cr-doped SrZrO film
and SrRuO top electrodes are sputtered on Pt/Ti/SiO2/Si substrate. The bipolar mode RS without forming process is observed
at first. After soft breakdown, which is observed at 4 V, the device shows unipolar mode RS. Observed RS modes show their
own reproducible RS, and transformation is irreversible. Investigating comparison samples which are grown in different
substrate temperature, with SEM, TEM, AES depth profile, we reveal that the Ti adhesive layer plays a key role in observed
RS mode transformation.

P2-K013*

Temperature dependent of carrier transport of Wse2 with various metal contacts

LIM Seong Chu, LEE Young Hee, CHOI Homin, YUN SeoukJun
Department of energy science, Sungkyunkwan University.
We study schottky barrier height, temperature dependent channel resistivity and contact resistance of monolayer tungsten
diselenide(Wse2) with various metal contacts. Wse2 is synthesized by the Chemical Vapor Deposition(CVD) and transferred
onto the SiO2 substrate. The devices are fabricated by photolithography and the channels of devices(Wse2 surface) are
passivated with Al2O3 dielectric layer by atomic layer deposition(ALD) method. More than 5 metals which ranges from 3.5eV
to 5eV are deposited on Wse2 as electrodes. We measure temperature dependent(30K~350K) I-V measurement with back gate
bias in the closed cycle refreigerator(CCR) system. The temperature dependent resistivity of channel part and junction part are
measured separately by comparing Transmission Length Measurement(TLM) method and 2 probe measurement method The
schottky barrier height of each metal contacts with Wse2 is calculated based on thermionic emission theory and Arrhenius plot

P2-K014*

Optical Property Of Laser Annealed Indium Tin Oxide Thin Films

NOH Miru, LEE Yunsang, KIM Hunkjin1, JANG Youngjun1, PARK Jonghyouck2
Soongsil University, Department of Physics. 1University of Seoul, Department of Physics. 2Electronics and
Telecommunications Research Institute.

Indium Tin oxide (ITO) has been widely used as a transparent electrode in displays/lamps industry. The
high temperature annealing treatment to obtain high conductivity makes this material inapplicable to
flexible devices composed of organic materials. We fabricated the ITO thin film by using the lowtemperature Laser-annealing technique with KrF excimer laser ( wavelength = 248 nm). The doping
concentration of Sn was 10, 15, 20%. Irradiation fluences varied up to 300 mJ/cm2. We performed the
spectroscopic ellipsometry and conventional transmission measurements to obtain the optical constants of
our films. We compare our results with those in the literature and in the thermally-annealed thin we
prepared independently.
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Stepwise Transition from the Bipolar Field Effect to the Unipolar Thermal Effect via
Complementary Resistive Switching in a Pt/SiOx/TiN Stack
LIM Dong Hyeok, SONG Jin Ho, JEONG Kwanng Sik, CHOI Yoon Ho, CHO Mann-Ho
Department of Physics, Yonsei university.
We investigate three different switching modes, bipolar, unipolar, and complementary resistive switching (BRS, URS, and
CRS, respectively), in a single Pt/SiOx/TiN stack. The switching modes are closely dependent on the level of current
compliance (CC) during the set operation where the I−V characteristics show BRS below 1 mA CC and a transition from BRS
to CRS at 1 mA CC. Moreover, co-occurrence of CRS and BRS is observed above 5 mA CC. In particular, URS is able to be
induced by increasing the maximum reset voltage with 5 mA CC. Although the transition from BRS to URS is typically
irreversible due to great difference of the operating current level, the transition from BRS to URS in our Pt/SiOx/TiN stack is
observed in the same current. Contrasting this with the role of metallic oxygen vacancies in metal oxides, more resistive
oxygen-vacant nano-crystalline Si–Si bonds in a-SiOx, can result in the unusual co-occurrence of three different switching
modes in the same CC. Si–Si bonds are confirmed via X-ray absorption spectroscopy (XAS) and transmission electron
microscopy (TEM). This result is evidence of the controllability of the field and thermal effect determining a suitable degree
of the effects to optimize the reproducibility, switching speed, and power consumption of the switching.
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The Effect of Well-to-Well Non-uniformity and Saturated Radiative Recombination on
Carrier Dynamics in InGaN-based Light Emitting diodes
SONG Jung-Hoon, DONG Yanqun, KIM Tae-Soo, LEE Jin-Gyou, OH
Nan-Cho, YU Hye-Jung
Department of Physics, Kongju National University.
It is important to know the carrier injection and carrier dynamics in the
active region. However, the properties of the n-side quantum wells are
different from those of the p-side quantum wells grown on top of them
even though the identical growth conditions and indium concentration,
due to partial relaxation of the strain and piezoelectric field, the well-to-well non-uniformity strongly effects on carrier
dynamics at different carrier injection and the carrier recombination lifetime for different temperature.In our present work, we
investigate the electronic and luminescence characteristics at different temperature of MOCVD-grown MQW InGaN/GaN blue
LED by TDEL and TD-TRPL. Figure 1(a) (b), shows the EL intensity as a function of temperature at high and very low
injection current. At high injection current, as decreasing temperature from 300K to 90K the emission intensity increase
remarkably due to the reduced nonradiative recombination centers, which is attributed to the frozen-out defect,and then
decrease. As temperature is below 90K, EL intensity increases inversely. The EL spectrum at different temperature at 20mA
shows that there are two emission peaks at 210K. At 90K, the emission intensity of the second peak becomes much higher than
previous main peak, and then gradually increases as decreasing temperature to 20K. By measuring the forward biased PL
excited by 405nm laser, this second peak is confirmed from the n-side quantum well due to the well-to-well nonuniformity. However, at low injection current, the intensity of EL gradually increases until 90K, and then saturates, which is
attributed to the saturated radiative recombination rate at low temperature, confirmed by TDTRPL.
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Annealing effect on electrical transport of Au/grapheme/n-type silicon Schottky diodes

PARK Tae-Hyun, CHO Sang-Hyeok, KIM Dong-Joo, PARK No-Won, LEE Sang-Kwon
.
In this study, we investigated the annealing effect on electrical transport of Au/graphene/n-type silicon Schottky diodes. The
graphene sheet was then transferred onto the n-type silicon substrates, and annealed at 300, 400, and 500 °C, while one sheet
was left un-annealed as the control. The current-voltage (I-V) and capacitance-voltage (C-V) characteristics of the Schottky
diodes were examined in dark room condition using a semiconductor parameter analyzer and an LCR meter, respectively. To
determine the long-term reliability characteristics of the Au/graphene/n-type silicon Schottky diodes, the diodes were exposed
in air for up to 7 days, and the electrical properties were extracted simultaneously. Furthermore, Raman spectra and X-ray
photoelectron spectroscopy (XPS) were used to further assess the quality of the graphene layer and understanding of the
interface between the graphene and Si substrates with long-term reliability at room temperature. From these experimental
results, the annealed diodes showed significantly reduced electrical degradation by removing the potentially trapped H2O
and/or O2 at the interface between the graphene layer and the n-silicon substrate.

P2-K022*

Correlation Analysis Between Filopodial Morphology And Capture Efficiency Of CD4+ TCells On Nanohole Arrays
CHOI Mun-Ki, JEONG Jin-Tak, LEE Won-Yong, KIM Dong-Joo, LEE Sang-Kwon
Department of physics, Chung-Ang University, Seoul, 156-756, Republic of Korea.
Nanostructure is magnified as a new method for capture and separation of cell populations, including primary immune cells,
but the underlying mechanism remains elusive. Although it has been guessed that nanostructures on cell surface are involved
in the capture process, there are no studies that analyze the relation between cell surface structures and the capture efficiency.
Here, we present on the first mechanistic study by quantifying the morphological parameters of cell surface nanoprotrusions,
including filopodia, lamellipodia, and microvilli in the early stage of cell capture in correlation to the efficiency of separating
CD4 T-cell. This was performed by using a set of nanohole arrays (NHAs) with varying hole and pitch sizes. Our results
clearly showed that the formation of filopodia highly depends on the hole size of the NHAs and the cell separation efficiency is
strongly correlated to the number of filopodial fibers, suggesting a possible role of early stage mechanosensing and cell
spreading in determining the efficiency of cell capture. On the other hand, the length of filopodial filaments was less
significantly correlated to the cell capture efficiency and the hole dimensions of the NHAs.
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Pressure-induced metallization in crystalline Ge2Sb2Te5
,
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Crystalline Ge2Sb2Te5 (GST), one of the most popular material among phase-change materials, was investigated under
hydrostatic pressure for structural ordering phenomena. In this experiment, density funtional theory (DFT) calculation was
used to calculate the structural disordering. Raman spectroscopy results confirmed that the calculated structure well describes
the behavior of the phonon frequency under hydrostatic pressure. As the pressure increases, the pair correlation distribution
functions (PCDF) for Ge-Te, Sb-Te and Te-Te of calculated structures get enhanced. The density of states shows that this
enahncement of the disordering results in the band broadening and energy gap filling (i.e. pressure-induced metallization). As
a result, the metallization of GST under hydrostatic pressure can be described by the band overlap and band dispersion that are
strongly related with intrinsic disordering which leads to bond splitting of Ge(Sb)-Te.
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Analysis of memristive characteristics of TiO2 Thin Film with respect to the different top

electrodes.
SHIM Jae Hyuk, SHIM Ee Le1, ABBAS Yawar, SONG Woo Jin, CHOI
Yong Jin, YOON Tae Sik2, KANG Chi Jung
Myongji University, Physics. 1Halla University,School of mechanical &
Automotive Engineering. 2Myongji University,Department of Materials
Science and Engineering.
We investigated the interaction of various metals(Al, Ni, Cu, Zr) with
oxygen atoms at the metal/TiO2 interface. Under electric bias we
analyzed the effects of these electrodes. The metal-insulator-metal
(MIM) structure was fabricated with 40nm TiO2 thin film on the Pt
substrate. The thickness of top electrodes(Al, Ni, Cu, Zr) were
150nm.The devices present positive SET voltage(VSET) and negative
RESET voltage(VRESET).For Zr top electrode device the largest VSET and VRESET are observed. The devices with the top
electrodes of Cu and Ni present higher ON/OFF ratio than that with Zr and Al. According to repeated sweep cycles, the
devices with Ni, Cu, and Zr top electrodes are observed that the VSET gradually decreases with respect to sweep cycles. The
device with Al top electrode shows stable VSET and reliable ON/OFF current ratio.
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Study On The Physical Properties Of

-

Compound Thin Films Grown By MOCVD

YEON Jeong-mi
CIGS
.
- compounds are typically used for the window layer and the buffer layer of heterojunction-thin film solar cell. Six thin
films, CdS, ZnS/ZnO super lattice, ZnO, ZnS, ZnSe, ZnSe:B, were prepared on the glass substrate by using MOCVD method
with DMCd, DEZn, H2O, H2S gas, H2Se gas, and B2H6 doping gas. The characteristic of the compound samples was
analyzed by using scanning electron microscope (SEM), x-ray diffraction (XRD), absorbance measurement, and Raman
spectroscopy. As the results of measurements, XRD of CdS main peaks observes four planes, (100), (002), (101), (112) and
estimated optical energy band gap (Eg) is 2.48 eV. Raman scattering of CdS shows two peaks at 300 and 600 cm-1which are
1LO (Longitudinal Optical) and 2LO mode, severally. XRD pattern of ZnS/ZnO super lattice measures two peaks, one belongs
to ZnS and the other is from ZnO. Optical energy band gap of ZnS/ZnO super lattice is computed 3.4 eV roughly which is the
intermediate value between ZnS (Eg = 3.72 eV) and ZnO (Eg = 3.22 eV). However, in Raman, ZnS/ZnO super lattice
measures four peaks that one of them is located to the same position with ZnO. ZnSe in XRD observes one peak at (111) plane
as same as ZnSe:B, and optical energy band gaps are 2.67 eV (ZnSe) and 2.71 eV (ZnSe:B). Raman spectroscopy of ZnSe:B
has additional peak which is "TO (Transverse Optical)" mode compared to ZnSe. Although "TO"mode peak is not usually
observed, the peak in this experiment is measured.

P2-K028*
MAN Minh Tan,
,

Optical properties of multilayer CdTe/ZnTe quantum dots on si substrate
.

Unique optical properties of compound semiconductor quantum dots (QDs) with a mismatch between their lattice parameters
using epitaxy of strained heterostructures open new perspectives to create modern devices for nano- and optoelectronics, for
instance, laser diodes with a low threshold current and power consumption. 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
comparatively cheap and widely available in comparison with other compound semiconductor substrates, and Si technologies
offer the potential for fabrication of very large area and high-quality. From the perspective of practical applying of these QDs,
it is very important to reduce QDs sizes, to increase the density of their surface distribution and the ordering. Multilayer
structures with spatially ordered QDs are characterized by high homogeneity of their sizes, shapes as well as the vertical
alignment throughout subsequent layers can be engineered to be nearly perfect, the lateral ordering tendency was found to be
much less pronounced. In this study, we have investigated the results of the temperature-dependent energy gap variations in
CdTe/ZnTe QDs multilayers, which were grown by molecular beam epitaxy on Si substrates with 1, 3, 7, and 10 stacking
layers. The linear relation between the number of QDs stacking layers and the phonon densities at the corresponding transition
temperatures is obtained, suggesting that electron-phonon coupling induced energy gap shift plays an important role at high
temperature. In addition, we also demonstrate that the increasing of activation energy and decay time as a function of the QDs
stacking layers could be attributed to an additional confinement of excitons in QDs.
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Silver-doped Indium Oxide Thin Films Deposited by Co-Sputtering Method

OH Gyujin, JEON Jia, KIM Eun Kyu
Department of Physics, Hanyang University.
Transparent conducting oxides (TCO) for optical devices have been expanded for the last twenty years. Among them, doped
indium oxides were focused as a group of common TCO materials, are notable one. Basically, the indium oxide (In2O3) crystal
has crystal structure of body-centered cubic and transparent conducting features. Most common doped indium oxide is tindoped indium oxide (ITO), which has excellent TCO properties more than 80 % of optical transmittance in visible light, and
less than 10-3 of electrical resistivity. In recent, it has been reported that silver films has transparent conducting property and
especially, silver nanowire shows excellent properties as transparent conductor. In this study, the effect of silver in the indium
oxide thin films is investigated. The silver-doped indium oxide films are deposited by co-sputtering of silver target and indium
oxide target. The crystal structure of the films is investigated by X-ray diffraction (XRD). Optical transmittance is measured
by using ultraviolet and visible (UV-Vis) spectrophotometer. Resistivity and carrier concentration are examined using Hall
measurement system. The work function of films is determined by ultraviolet photoelectron spectroscopy (UPS). Also, the
structural state of films is examined by spectroscopic ellipsometry (SE). From these result, we will discuss the effect of silver
atoms on the optical transmittance and electrical conductivity from silver-doped indium oxide films.
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Improved electrical properties of HfO2 grown on InP via sulfur passivation

,

,
,
,
.
We investigated the effects of sulfur (S) passivation on chemical and electrical properties in atomic-layer-deposition HfO2
grown on InP substrates using high resolution x-ray photoelectron spectroscopy (HR-XPS) and electrical measurements. In 3d
and P 2p core-level spectras showed the fomation of multiple oxidation states related to In2O3, In(PO3)3, and InPO4 was
observed in HfO2/InP without surface treatment. However, these multiple oxidation states were suppressed by sulfur treatment
before film deposition. In addition, conductance and multi-freqency C-V data of low frequency dispersion and low hysteresis
indicated that S-passivation leads to low mid gap defect states and low boader trap density. The combined resultes of
experimental and calculation suggested that the mid gap defect states caused by the In-In dimers could be controlled by the
formation of In-S bonds through S-passivation process.

P2-K032*

Electrical carrier transport characteristics in Boron doped Si Nanowiresusing BF3 Plasma

gas as a function of annealing time
OH Seung Hoon, MA Jin Won, BAE Jung Min, KIM Jeong Hun, CHO Mann-Ho
.
In integration for Si based semiconductor device, Plasma doping technology is being considered for advanced process to solve
the problems of surface damage and one-side doping in the current Ion Implantation (IIP) system. In the past two decades, a
number of researchers have already examined the effects of plasma doping on bulk Si. However, Plasma doping on 2Dstructures does not emphasize 3D conformal doping. Because doping of 2D-structures is considered to only one side direction.
Therefore, Plasma doping that is suitable for 3D conformal doping was applied to Nanowires. To confirm plasma doping effect
in the nano-structures, we investigated electrical transport according to annealing time in boron doped Si nanowires using the
Plasma doping system. Si nanowires were grown on Si (111) wafer by a vapor-liquid-solid (VLS) procedure using Au catalyst
in ultrahigh vacuum chemical vapor deposition (UHV-CVD). After VLS growth, Si nanowires were uniformly doped by
Plasma doping system using BF3 plasma gas. Morphological characteristics of uniformly doped Si nanowires were confirmed
by Transmission Electron Microscope (TEM). Because plasma doping is the shallow doping process to reduce surface
damage, boron is almost distributed on the surface of Si nanowires. Therefore, we applied rapid thermal annealing (RTA) to
control active dopants concentration. In Raman scattering, we could apply boron doped Si nanowires to Fano resonance
(=Fano effect) through broadening of Raman peak in the high wave-number by active dopant. The electrical conductivity
within the nanowires was characterized by terahertz time-domain spectroscopy (THz-TDS) as optical measurement. In x-ray
Photoelectron Spectroscopy (XPS), we confirmed to low binding shift of Si 2p and increasing of Si-B intensity as p-type
characteristics. In the conclusion, we could confirm to electrical transport of boron doped Si nanowires (1D Nano-structures)
using Plasma doping system as a function of annealing time. In boron doped Si nanowires, dopants on the surface actively
moved to activate Si through RTA process. As a result, electrical transport was improved by an increase of RTA time.
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Investigation of properties in InGaN-based vertical type solar cell with emission
wavelengths in ultraviolet-blue-green regions
YANG gyemo, PARK hyunho
.
We investigate the properties of InGaN-based vertical-type solar cells having wavelengthsranging from the ultraviolet to
green regions. It is well known that InGaN-based solarcells require a high indium composition to obtain high conversion
efficiency. However, althoughInGaN-based solar cells with a high indium composition have been fabricated, their
conversionefficiency has not sufficiently increased. Therefore, to further understand carrier transport, wemeasured the biasdependent external quantum efficiency. For vertical-type green solar cells witha high indium composition, we confirmed that
they have a higher short circuit current than othersamples tested due to their broader overlapping region with the solar
spectrum, though their fillfactor remained low due to their high barrier height and strong piezoelectric field, which caused
areduction in the carrier tunneling rate.
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High Reflectivity Distributed Bragg Reflector based on Undoped/Porous Si-doped GaN
Layer made by Selective Electrochemical Etching
LEE Seung-Min, MOHAMED Ebaid, KANG Jin-Ho, PARK Jong-Oh, RYU Sang-Wan
Department of Physics, Chonnam National University.
We investigated the enhancement of the maximum reflectivity of a distributed Bragg reflector (DBR) structure based on the
change of the morphology and thickness. The DBR structure with undoped/porous Si-doped GaN was fabricated by selective
electrochemical (EC) etching. the reflectivity as well as the stopband wavelength of the nanoporous DBR structure can be
maximized up to 99% by controlling the morphology and the EC etching conditions. This versatile DBR structure can be used
as the active region in many valuable applications such as the vertical cavity surface emitting laser diodes
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We investigated the optical properties of amorphous and crystalline antimony (Sb)-doped tin dioxide (SnO2) thin films, using
co-sputtering deposition method at room temperature. Cosputtered targets were undoped and Sb (8wt%)-doped SnO2 targets.
Varying the relative power ratio of the two targets, we controlled the Sb-composition of SnO2:Sb thin films. Dielectric
functions were obtained from ellipsometry angles, Ψ and Δ,usiing the Drude and parametric semiconductor models. We
determined the absorption coefficients and optical gap energy of SnO2:Sb from the dielectric functions. Increasing Drude tail
amplitudes, a signature of free carrier concentrations, were found from annealed thin films with increasing Sb composition.
The increase of the optical gap energy with increasing Sb composition was attributed to Burstein-Moss effect. Using Hall
dffect measurement, we obtained Hall carrier concentrations (Nhall) and electron mobilities (μhall). Assuming that Nhall and
optical carrier concentrations(Nopt) were the same, we calculated the effective masses of SnO2:Sb as a function of Sb
composition.
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HWANG Je Hwan, HWANG Je Hwan1, LEE Hun, LEE Hun1, JUNG Jae Chul, KIM Jun Oh1, LEE Sang Jun1, KIM Ha Sul
Physics, Chonnam National University, Kwangju, 500-757, South Korea. 1Division of Industrial Metrology, Korea Research
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Synthesis of Large-Area And High-Quality MoTe2 Film By Chemical Vapor Deposition

PARK Jin Cheol, KIM Ki Kang1
IBS
. 1
.
Molybdenum ditelluride (MoTe2) has been interested due to the several applications including Photovoltaic cell,
thermoelectric device, and field-effect transistor. However, to obtain the large-area MoTe2 film is still challenge. Here, we
report the new method to synthesize the large-area MoTe2 thin film by using chemical vapor deposition. The thin film of
molybdenum with a thickness of ~ 100 nm was prepared by using e-beam deposition, and then tellurization under Te
atmosphere was carried out at elevated temperature. From the measurement of X-ray diffraction and transmission electron
microscopy, it was confirmed that layered MoTe2 perpendicular to the c-axis was grown with maintaining high quality under
the appropriate growth conditions. Our result will be contributed to synthesize the large-area other TMDs such as MoS2,
MoSe2, WS2, and WSe2.

P3-K052

Extracting electrical parameters of InGaAs Schottky barrier
diode from temperature dependence of current-voltage characteristics
SHIN Jun-Hwan, HAN SANG-PIL1, PARK Jeong-Woo1, PARK Kyung Hyun
1. ETRI, THz photonics creative research center 2. UST, school of advanced device technology. 11.ETRI, THz photonics
creative research center.
The DC electrical transport characteristics of Pt/n-InGaAs schottky barrier diode (SBD) grown by metal organic chemical
vapor deposition (MOCVD) are evaluated by measuring the temperature dependent current-voltage characteristics. The
current-voltage curves were obtained under vacuum condition in the temperature range of 20-300 K with constant cooling and
heating rate under vacuum condition. From the experimental results, the series resistance, ideality factor, and schottky barrier
height of the device were determined using various methods such as Werner-Gtüler model, Tung’s model, and Norde’s
approach to investigate dominant electronic conduction mechanism in the schottky barrier junction.

P3-K053

Analog Resistive Switching Characteristics of Maghemite Nanoparticles with Different

Top Electrodes
SONG Woo Jin, SHIM Ee Le1, ABBAS Yawar, SHIM Jae Hyuk,
YOON-JAE Beak2, TAE SIK Yoon2, CHOI Young Jin, KANG Chi
Jung
Myongji University, Department of Physics. 1Halla University, School
of mechanical&Automotive Engineering. 2Myongji University,
Department of Materials Science and Engineering.
Analog resistive switching of characteristics metal-oxide has been
actively investigated for the potential application to nonvolatile memory devices with advantages of high speed, low power
consumption, and high scalability. We intensively researched bipolar and analog switching behaviors of maghemite(γ-Fe2O3)
nanoparticles having size of ~10nm using different top electrodes and Pt bottom electrode. The top electrodes used were Pt,
Ag, Cu, Zr and Al. For the top electrodes of Pt, Ag and Zr, they exhibited analog switching behaviors with different initial
current levels and sweep direction. However, the device with Al top electrode shows bipolar switching only. Whereas either
bipolar or analog switching is observed in the device with Cu top electrode. During our experimental observation Cu top
electrode device undergoes potentiation for the consecutive +3V sweep and depression for the -2.6V sweep. After forming
process the device got se at -3V and reset at +2.5V the device got set. And for +2.5 device undergoes reset.
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Phase lithography of MoS2 using scanning thermal atomic force microscopy

KIM Jaesu, KIM Junsuk, KIM Hyun, HAN Kanghee1, LEE Young Hee, LIM Seong Chu
CINAP. 1
CINAP.
The monolayer 2H-MoS2 flakes are grown by CVD method, transferred to SiO2/Si substrate, and selectively covered with
SiO2 layer to selectively transform into 1T-MoS2 by Li intercalation. The phase change by Li doping leads semiconducting
2H-MoS2 to metallic 1T-MoS2 that is confirmed by confocal Raman and PL spectroscopy and I-V measurements. Then, 1TMoS2 flakes are locally heated to recover to 2H-MoS2 using scanning thermal atomic force microscopy (STh AFM) that can
increase the local temperature up to 350 oC. The size of thermally patterned 2H-MoS2 depends on parameters including tip
temperature, total scanning time, and contact force between tip and sample. The junction characteristics of 2H- and 1T-MoS2
flakes will be discussed further in this presentation.
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Spin pumping using inhomogeneous magnetic field RTD

KIM Nammee, KIM Heesang
Department of Physics, Soongsil University, Seoul 156-743, South Korea.
Semiconductor devices including magnetic barriers have recently attracted much attention as spin devices, since it could
circumvent the resistance mismatch problem in the spin injection process, which is one of the main obstacles in realizing the
Datta-Das-type spin transistor1. Recently the magnetic barrier study is further expanded to areas of graphene2 and a topological
insulator3 with great interests. We investigate ballistic spin transport in a two dimensional electron gas system through
magnetic barriers of various geometries, by using the transfer matrix method. We calculate transmission probability and
conductance of ballistic spin transport in the magnetic barrier structure by changing physical parameters like number of
barriers, width of magnetic barriers, direction of external magnetic field, etc. with electrostatic modulation included.We
propose that a hybrid model consisting of a superconductor, ferromagnets, and a two dimensional electron gas plane could
serve as a good spin selected pumping device. References 1.
S. Datta and B. Das, Appl. Phys. Lett. 56, 665 (1990).2.
M.
Ramenzani Masir, P. Vasilopoulos, and F. M. Peeters, Appl. Phys. Lett. 93, 242103 (2008).3.
Zhenhua Wu, F. M. Peeters,
and Kai Chang, Phys. Rev. B 82, 115211 (2010).

LG-01(

) The effect of gravity on matter equation of state

KIM Hyeong-Chan
.
We consider the modification of equation of state by an external gravitational field.
To be simplest, we consider a system of a classical monoatomic gas inside a cubical box thermally disconnected from the
outside and Newtonian gravity (constant gravity and constant density star). The equation of state including the gravity is
obtained.

LG-02

Gravitational radiation captures of two point-like objects in Post-Newtonian

approximations
KANG Gungwon
KISTI.
Two point-like objects which are in a hyperbolic orbit initially could become a bound system after an encounter due to
gravitational radiations in general relativity. We analyze such processes in the Post-Newtonian (2.5PN) approximation. The
emitted energy and angular momentum are a function of the energy and angular momentum of the system in general. There
exists a minimum value of the initial angular momentum below which all systems become bound independent of their initial
energies. For the initial angular momentum above this there is a range of initial energies within which two objects escape to
infinity after encounter. The lower bound of this energy range corresponds to the marginal capture in the gravitational radiation
capture, and the upper bound the marginal capture in the direct capture. The capture cross-section is also obtained, including
the effect of non-equal mass ratios. Finally, the implications on fully general relativistic numerical simulations are discussed.

LG-03

Collapse of supermassive stars

KIM Hee Il, LEE Hyung Mok1
Seoul National University/KISTI. 1Seoul National University.
We study the collapse of supermassive stars (SMSs) using three-dimensional general relativistic hydrodynamics simulations.
The SMSs are assumed to be rapidly and differentially rotating and their equation of state (EoS) is considered to be an ideal
Gamma-law EoS to describe radiation-dominated nature of the stars. As a candidate of the origin of supermassive black holes,
we consider only the models of the SMSs capable of producing accretion disk plus black hole systems during their collapse.
The information on the final black holes is estimated from the quasi-local measurement. The gravitational waves (GWs)
generated during collapse are investigated. We also discuss possible observations of them by the space-based GW detector,
eLISA.

LG-04

Instability of Black Holes with a Nonminimally Coupled GB Term

GWAK Bogeun, AHN Wha-Keun, LEE Bum-Hoon1, LEE Wonwoo
Center for Quantum Spacetime, Sogang University. 1Center for Quantum Spacetime and Department of Physics, Sogang
University.
We numerically construct static black holes with a nonminimally coupled Gauss-Bonnet term in asymptotically flat spacetime.
Black holes present real dilaton hair whose profiles are inversely proportional to the mass of the black hole. The black hole
solution also converges to the Schwarzschild black hole in the large mass limit. Since the no-hair theorem does not allow black
hole hair, we identify whether these hairy black holes exist by testing the instability. The initial unstable black hole can be
broken into pieces as a final state. We relate these states by a process called fragmentation. Using fragmentation, we found that
black holes are stable in a large mass or small couplings to the hair. Therefore, even if scalar hair exists, we observe only a
little of the dilaton field around a horizon. In contrast, black holes strongly coupled with the dilaton field are unstable and
fragmented.

LG-05

Dynamics of a vortex with gravitation

LEE Wonwoo, LEE Bum-Hoon1, YEOM Dong-han2, MACKENZIE Richard3, PARANJAPE Manu B.3, YAJNIK U. A.4
CQUeST, Sogang University. 1CQUeST and Sogang University. 2YITP, Kyoto University. 3Universite´ de
Montre´al. 4Department of Physics, Indian Institute of Technology Bombay.
We consider the decay of vortices trapped in the false vacuum in 2 + 1 dimensions. These vortices contain the true vacuum
inside in addition to a unit of magnetic flux and the appropriate topologically nontrivial false vacuum outside. We numerically
establish the existence of vortex solutions which are classically stable; however, they can decay via tunneling. Now we take
into account the gravity coupled to the theory. We construct junction conditions in accord with our purposes. We study the
dynamics of false vortices with gravitation.

LG-06

Primordial Gravitational Waves And CMB Polarization: Rescattered EM Radiation For
BICEP2 Detection
, TRIPPE Sascha1
,
. 1
,
.
We suppose that primordial gravitational waves (GWs) can agitate a
charged particle in the Cosmic Microwave Background (CMB), setting
it in periodic, regular motion along particular directions. Then the light
reflected from this charge will contain the radiation induced by GWs,
which is characterized by a net polarization; an imprint left by GWs. We
investigate this effect by considering a simple model, in which an
anisotropic incident radiation is rescattered by a charge sitting in rippled
spacetime and becomes polarized. As the charge is set in motion by
GWs, we calculate its dipole moment to determine the leading-order
electromagnetic radiation induced by GWs. Then Stokes parameters are
computed for the rescattered radiation to exhibit the net linear polarization. We find that the Stokes parameters determine the
degree of CMB polarization: it can be recognized in E-mode and B-mode polarization maps.

LG-07

How to Utilize Gravitational Waves for Astrophysics?
1,

,

1
1

, KISTI.
.
According to Einstein's general relativity, compact binaries in tight orbits are expected to emit gravitational waves (GWs).
Based on the state-of-the-art technique, km-scale laser interferometers, such as LIGO (Laser Interferometer Gravitational wave
Observatory) in the USA and Virgo in Europe, are designed to detect GWs emitted during the last a few seconds before the
collision of two compact objects (e.g. neutron stars and black holes). Within a decade, we expect to detect GWs generated by
astrophysical and/or cosmological events. Measurements of source properties such as mass and spin is pre-requisite to identify
the source nature. Bayesien inference is the main framework in the parameter estimation of GW data, i.e. measuring physical
properties of sources via the detected GW signals, applying the Bayes' theorem: posterior probability density function is
proportional to the data likelihood x prior. In this talk, we introduce the Markov Chain Monte Carlo (MCMC) parameter
estimation for GWs emitted by compact binary mergers. We will also discuss prospects of GW detection and their implications
for astrophysics and cosmology.
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LG-09*

Parameter Estimation of Gravitational-Wave Signals: BH-NS and BH-BH Inspirals

KIM Jeongcho, LEE Hyung Won, KIM Chunglee1
Inje University. 1SNU,KISTI,KHU.
Gravitatonal-wave (GW) detection is expected to be made within a dacade. The most promising sources are compact binary
coalescences such as black hole – neutron star (BH-NS) and BH-BH binary mergers. Parameter estimation (PE) provides a
statistical framework to estimate physical properties of GW sources based on the Bayesian inference. Using the Markov Chain
Monte Carlo (MCMC) sampling algorithm and a post-Newtonian (PN or pN hereafter) waveform model, we perform MCMC
PE for artificial GW signals. We use TaylorF2Amp, which is a pN waveform model in a frequency-domain. TaylorF2Amp
includes up to 2.5pN (in amplitude) and 3.5pN (in phase) corrections. No spin effects are taken into account. In this talk, we
present results from our MCMC PE study: (a) the recovered 1D posterior probability density functions of a few important
parameters (e.g. mass, distance, orbital phase, etc), and (b) 2D correlations between selected parameters. By comparing the
computation time and posteriors, we conclude that 1.5pN amplitude corrections are necessary in order to constrain the orbital
phase and polarization angle of the binary. However, higher corrections for GW amplitude would not improve the PE accuracy
significantly. This work is done in collaboration with the LIGO (Laser Interferometer Gravitational-wave Observatory)
Scientific Collaboration.

LG-10*

Thermodynamics of AdS-Schwarzschild Dilatonic Gauss-Bonnet Black Hole with Various
Topological Structures in 4-diemnsion
KHIMPHUN Sunly, LEE Bum-Hoon1, LEE Wonwoo2
Sogang University. 1CQUeST and Sogang University. 2CQUeST, Sogang University.
We study the thermodynamic properties of AdS Dilatonic hair Black Hole with higher curvature correction term called
Gauss-Bonnet. We focus on 4-dimensional spacetime and study in various horizon structure of constant curvature
corresponding to spherical, planar, and hyperbolic symmetric collapse. After obtaining Asymptotically Schwarzschild-Ads
DGB black hole solution numerically, we use Euclidean approach to study black hole thermodynamics and employ the
counterterm method to regularize the divergent action. We investigate the behavior of Temperature, Entropy, Heat capacity
and Free Energy of the Black Hole system in three different horizon structures described above.

LG-11*

Top and Bottom Counting Detectors for the ISS-CREAM experiment

PARK J.M., KIM H.J., PARK H., HWANG Y.S., KANG K.H., JEON H.B., ANDERSON T.1, COUTU S.1, IM S.1,
ANGELASZEK D.2, COPLEY M.2, HAN J.H.2, HUH H.G.2, KIM K.C.2, KWASHNAK K.2, LEE M.H.2, LUTZ L.2,
MALININ A.2, OFOHA O.2, PATTERSON P.2, SEO E.S.2, WU J.2, YOON Y.S.2, BAEK S.J.3, JEONG I.S.3, LEE J.3, PARK
I.H.3, BAYLON J.4, MENCHACA-ROCHA A.4, LINK J.T.5, MITCHELL J.W.6, NUTTER S.7, HYUN H.J.8, KAH D.H.9
Kyungpook National University. 1Pennsylvania State University. 2University of Maryland. 3Sungkyunkwan
University. 4Universidad Nacional Autonoma de Mexico. 5NASA GSFC, /CRESST (USRA). 6NASA GSFC. 7Northern
Kentucky University. 8Pohang Accelerator Laboratory. 9CBRN directorate Agency for defense development.
The Cosmic Ray Energetics And Mass (CREAM) instrument is planned for a launch in 2015 to the International Space Station
(ISS) for measuring the high-energy cosmic-ray spectrum from protons to iron nuclei. Two new detectors being developed for
ISS-CREAM are Top and Bottom Counting Detectors (TCD and BCD). The TCD and BCD aim to separate electrons from
protons by using different shower shapes between electromagnetic and hadronic particles. The TCD and BCD consist of 500 x
500 x 5 mm3 and 600 x 600 x 10 mm3 plastic scintillators, respectively, and 20 x 20 silicon photodiode arrays for read out light
produced in each detector. The TCD is located between the carbon target and the calorimeter, and the BCD is located below
the calorimeter. The T/BCD are designed to survive a random vibration level of 14.1 Grms and temperature range from -40 °C
to 50 °C. The mechanical properties of the T/BCD are simulated at launch conditions using the SolidWorks program, and the
environmental tests, such as thermal vacuum and vibration, are also performed with fully assembled flight modules. The
performance parameters measured for the T/BCD include the signal-to-noise ratio, gain, muon response, etc. The T/BCD are
now integrated with the ISS-CREAM instrument at NASA Wallops Flight Facility. We present the design and summary of the
measured performance for the T/BCD.

LG-12

Design Camera System To Study Optical Properties Of Antarctic Ice To Calibrate IceCube
Neutrino Telescope
BOSE Debanjan,
,

.

IceCube neutrino telescope has been built at South Pole to detect neutrinos of astrophysical origin.
Over the past decade, the South Pole has emerged as a leading site for neutrino astronomy, particle
astrophysics and neutrino physics. This is underlined by the
recent discovery of high energy neutrinos of astrophysical origin. Over the past several years it has
also carried out many other important measurements, like, it has measured neutrino oscillations with
high precision, provided stringent flux upper limits on various astrophysical sources, dark matter
searches etc. All these successful results has led the IceCube Collaboration to begin investigating
possible extensions of IceCube with improved performance at high and low energies. IceCube
consists of several thousand photosensors deployed in the clear Antarctic ice and detects neutrinos
via Cherenkov light emission from neutrino interactions. The reconstruction of a neutrino event is very
much dependent on the ice properties. Therefore in order to reconstruct an event accurately we need
to gather detail knowledge about the ice. For this purpose we are designing a camera system, which
will be placed inside each photo sensor module. This camera system will allow us to study the ice
properties surrounding each photo sensor in detail, which will be essential for calibration of the
system. In this meeting we will present the preliminary design
of this camera system.

LP-01

Discovery and origin of high-energy neutrinos

Sungkyunkwan University, Physics Department.
With the discovery of high-energy neutrinos consistent with being of astrophysical origin a new era in astrophysics has
begun. I will outline the goals and merit of this symposium.

LP-02

Neutrino Astronomy, no longer a dream

FRANCIS Halzen
UW Madison.
Developments in neutrino astronomy have been to a great extent motivated by the search for the sources of the cosmic rays,
leading at a very early stage to the concept of a cubic kilometer neutrino detector. Almost four decades later such an
instrument, IceCube, is taking data and has produced the first evidence for a flux of high-energy neutrinos of cosmic origin.
After a brief review of the history of the field, we will introduce IceCube and describe the first analysis of data taken with the
completed instrument. The atmospheric neutrino flux cannot accommodate an excess of 28 neutrinos observed with energies
above 60 TeV. We will briefly speculate on the origin of these events.

LP-03

Search of highest energy neutrinos

SHIGERU Yoshida
Chiba University.
The talk will review the search for the highest energy neutrinos created in resonant interactions of the cosmic micro wave
background and highest energy cosmic rays. Current limits obtained and future prospects for the detection with radio
cherenkov singals will be discussed.

LP-04

Unveiling the Origin of High-Energy Neutrinos Observedby IceCube

IOKA Kunihito
KEK, Japan.
The great promise of neutrino astronomy has been known for decades, though it seemed impossibly out of reach. With
neutrinos, we would reveal the insides of astrophysical objects, the high particle energies in the engines that power them, and
the original timescales on which those engines evolve. In contrast, with photons, we see just the outsides of these objects, with
spectra downgraded by thermalization, and time profiles smoothed by diffusion. Finally, the age in which neutrino astronomy
becomes an observational science instead of a theorist's dream is here. What have we learned already? What might we learn
soon? And what are the long-term prospects?

LP-05

PeV Neutrinos in IceCube

ISHIHARA Aya
Chiba University.
The first indication of high-energy neutrinos came in the form of two high energy neutrino events with an energy of about
1PeV. The talk will describe in detail the analysis that let to the observation of these events by IceCube.

LP-06

High Energy Cosmic Ray Physics from the ISS-CREAM mission

PARK Il Hung
(SKKU).
We present the physics of high energy cosmic ray observation in space, the instrument of ISS-CREAM designed for precision
measurement of energy and elemental composition with a particular emphasis of key component, Silicon Charge Detector, and
the status of ISS-CREAM construction and the schedule of delivery to International Space Station in February 2015. (2014
Fall, the KPS meeting, Pioneering symposium)

LP-07

UHECR Source Search

.
The origin of ultra-high energy cosmic rays (UHECR) is still a big mistery. In this talk I review the UHECR source search
based on their arrival directions. Since the arrival directions of UHECR can be affected by the extra-galactic magnetic fields,
and to avoid the isotropic contribution from far distant sources, it is desirable to use the arrival directions of UHECR with
energy higher than the GZK cutoff. I introduce the statistical methods to examine the correlations between the astrophysical
objects and the arrival directions and to identify the sources, and discuss some recent results from PAO and TA experiments.

LT-01

CMB Polarization and Inflationary Cosmology (BICEP2 vs Planck)

.
The current cosmology is based on the Big Bang theory and inflation models. Measurements of the cosmic microwave
background (CMB) temperature anisotropies are consistent with the inflation predictions. In order to measure the energy scale
of inflation, one needs to measure the amplitude of gravitational waves at the end of inflation. This can be measured by Bmode polarization of CMB. In March, BICEP2 announced the detection of gravitational waves from B-mode polarization
detection. However, dust can also produce frequency dependent B-mode polarization. In September, Planck showed that the
BICEP2 result might be able to be explained by dust signal. November, BICEP2 and Planck will release their joint analysis
which has better frequency coverage and all sky mapping with higher sensitivity. It remains possible that a gravitational wave
signal can be extracted from this joint data. We will briefly review both theory and experiment related to B-mode polarization.

LT-02
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P4-L003

Application of Artificial Neural Network to Search for Gravitational-Wave Signals
Associated with Short Gamma-Ray Bursts
HARRY Ian3, HODGE Kari4
. 1
. 2
. 3AEI-Golm, Germany. 4Caltech, USA.
We apply a machine learning algorithm, artificial neural network, to the search for gravitational-wave signals associated with
short gamma-ray bursts. The multi-dimensional samples consisting of data corresponding to the statistical and physical
quantities from the coherent search pipeline are fed into the artificial neural network to distinguish simulated gravitationalwave signals from background noise artifacts. Our result shows that the data classification efficiency at a fixed false alarm
probability is improved by the artificial neural network in comparison to the conventional detection statistic. Therefore, this
algorithm increases the distance at which a gravitational-wave signal could be observed in coincidence with a gamma-ray
burst. We also evaluate the gravitational-wave data within a few seconds of the selected short gamma-ray bursts’ event times
using the trained networks and obtain the false alarm probability. We suggest that artificial neural network can be a
complementary method to the conventional detection statistic for identifying gravitational-wave signals related to the short
gamma-ray bursts.
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P4-L004*

Thermal-Vacuum test of SCD for ISS-CREAM Experiment

LEE Gyung Goo, LEE Jik, PARK Il Hung, PARK Hwi Woo, JEON JinA1, LEE Hye Young1, CHOI Hyun Suk2
Department of physics, Sungkyunkwan Univ.. 1Basic Science Institute, Sungkyunkwan Univ.. 2Korea Institute of Industrial
Technology.

P4-L005

Linear and Nonlinear Correlation Analysis for Auxiliary Channels of LIGO Gravitational-

Wave Detector
,

,

,

1,

2

. 1
. 2
.
The study on linear and non-linear correlation between auxiliary channels in LIGO data has been performed by using Pearson's
correlation and mutual information coefficients, generating a correlation matrix map. We discuss the result in terms of the
detector's characterization and suggest the future prospect for the Advanced LIGO.

