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Search for proton decay via p—e* m°® n® and p—p* % 1@ in
Super-Kamiokande I-V

KWON Eun Hyang_*1, SEO Jiwoong 1
TDepartment of Physics, Sungkyunkwan University
zzaneh@naver.com

Abstract:

We searched for proton decay via p—e* 0 m® and p—p* n° n® in 0.401 megaton-years of data
collected in entire pure water detector phases of Super-Kamiokande (SK) I-V. Some theory attempts to
consider proton decay rates without specificity underlying theory "model-independently” and say that
three body nucleon decays with pions may not be necessarily very strongly suppressed compared to
two-body p->e*piC. It is the first time in SK searching for p—e* n° % and p—p* % 1. In this talk,
we will report the result of p—e* n° n® and p—p* 10 nC.
Keywords:
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Search for rare interactions of Dark Matter with high-energy
neutrinos from distant point sources with the IceCube Neutrino
Telescope

KANG Woosik *1
TDepartment of Physics, Sungkyunkwan University
woosik.kang@skku.edu

Abstract:

The recent discoveries of neutrino signals from distant sources, TXS 0506+056 and NGC 1068, provide
opportunities to search for rare interactions neutrinos might encounter on their paths. One potential
scenario of interest is the interaction between neutrinos and the dark matter in between a distant
high-energy neutrino source and the Earth. When high-energy neutrinos from extragalactic sources
interact with Dark Matter during their propagation, their fluxes may be suppressed at specific energy
ranges after the interactions. These attenuation signatures from the interaction might be measurable
on Earth with large neutrino telescopes such as the IceCube Neutrino Observatory. This analysis
focuses on searching for rare interactions between sub-GeV dark matter and high-energy neutrinos
from the IceCube-identified astrophysical neutrino sources for the first time. It considers several
benchmark mediator cases and uses ~ 10.4 years of the upgoing track-like events observed by
IceCube. In this contribution, the status of the analysis is presented.
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Characterization of large-diameter photomultiplier tube

LEE Yuno 1, KIM Hong Joo *1, LEE Jik 1, PARK Jungsic 1, JOO Kyung Kwang 2, YOO Jonghee 3, JANG Jee-Seung 4
TDepartment of Physics, Kyungpook National University
2Department of Physics, Chonnam National University
3Department of Physics, Seoul National University
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hongjoo@knu.ac.kr

Abstract:

In neutrino experiments of large-scale Cherenkov and liquid scintillation detectors, a photomultiplier
tube (PMT) with a large-diameter is commonly used. We performed a characterization of a 50cm-
diameter PMT. As a result of various investigation, a single photoelectron peak and PMT gain were
measured. We also measured the dark count rate and after-pulse. Additionally, a methodology for
Transit Time Spread measurement has been developed. In this presentation, several measured
characteristics of the 50cm-diameter PMT will be shown.

Keywords:

PMT
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Edge mode in supersymmetric Jackiw-Teitelboim gravity

YOON Junggi *1.2:3, LEE Kyungsun 34, SIVAKUMAR Akhil 1
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2Department of Physics, POSTECH
3School of Physics, KIAS
4School of Physics and Chemistry, GIST
junggiyoon@gmail.com

Abstract:

We study the edge mode of the two-dimensional supersymmetric Jackiw-Teitelboim (SUSY JT) gravity.
First, we present the superspace formalism of the SUSY JT gravity. We demonstrate the wiggling
boundary of the superspace can lead to the edge mode of the SUSY JT gravity which can be described
by super-Schwarzian theory. In addition, we discuss the alternative derivation of the edge mode by the
standard analysis for would-be gauge mode in the gravity.

Keywords:

quantum gravity, edge mode, SUGRA, SUSY JT gravity, Super-Schwarzian theory
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End of the World Perspective to BCFT

LEE Jung-Hun *1, KIM Kyung Kiu 1, KIM Se-Jin 1, PARK Chanyong 2, SEO Yunseok 1
TKookmin University
2Department of Physics and Photon Science, GIST
netic2@gmail.com

Abstract:

We study the thermodynamic properties of the system based on the viewpoint of the AdS/BCFT
correspondence. By analyzing the solution of the junction equation, we found that the degrees of
freedom on the boundary can be re-interpreted as a partial thermal entropy of the black hole.
Furthermore, depending on the temperature, a BTZ black hole with a compact conformal boundary
allows the merging of two distinct endpoint branes, enabling the formation of a singular brane
configuration. The observation provides some clues to understand the structure of the inside of the
horizon. We also argue the extended first law of thermodynamics on higher dimensions.

Keywords:

AdS/CFT, AdS/BCFT, Thermodynamics, Black hole
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End of the world perspective to BCFT

KIM Kyung_Kiu *1, SEO Yunseok 1, KIM Se-Jin 1, LEE Junghun 1, PARK Chanyong 2
1College of General Education, Kookmin University
22| gatetil, GIST
kimkyungkiu@kookmin.ac.kr

Abstract:

We consider holographic BCFT systems with temperature. The end of the world brane geometry is the
JT black hole with the same temperature. We found a generalized first law of thermodynamics called
"Grafted thermodynamics”. Also, we consider two EOW branes on the BTZ black hole. By temperature
lowering, It can be shown that two JT black holes are combined into an AdS spacetime with a
conformal matter. We also discuss extensions in higher dimensions.

Keywords:

Black hole, BCFT, Holography
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Effect of quark degrees of freedom on nuclear matter properties

MIYATSU Tsuyoshi *1, CHEOUN Myung Ki 1, SAITO Koichi 2
TDepartment of Physics and OMEG Institute, Soongsil University
2Department of Physics and Astronomy, Faculty of Science and Technology, Tokyo University of Science
tsuyoshimiyatsu@gmail.com

Abstract:

We study the effect of nucleon structure variation on nuclear matter using the quark-meson coupling
(QMC) model, in which the quark degrees of freedom are explicitly taken into account within mean-
field approximation. Compared with the relativistic mean-field model where nucleons are considered as
point-like particle objects, we explain the self-consist treatment of quarks using the MIT bag model
both in theoretical and numerical calculations. Especially, we focus on the variation of nucleon size and
mass differences between nucleons and delta-isobars in nuclear matter using the updated QMC model
with one-gluon exchange contribution.

Keywords:

quark degrees of freedom, quark-meson coupling, nuclear matter, one-gluon exchange, MIT bag
model
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Measurement of K*(892) production in the 12c(K-, p) reaction at
1.8 GeV/c

CHOI Sungwook 1, AHN Jung Keun *1
TDepartment of Physics, Korea University
ahnjk@korea.ac.kr

Abstract:

K*(892) production from nuclei provides a crucial test ground for exploring possible in-medium

modification of K*(892) properties. Recently, we collected high-statistics datasets for 2C(K™,p)
reactions at 1.8 GeV/c. We performed this measurement simultaneously in the J-PARC E42 run for the

H-dibaryon search. The HypTPC helps reconstruct the K*(892)-> Kson_ decay, while a forward
spectrometer tags a proton in the angular range 0" < By, < 20°. This talk will present preliminary

results on the differential cross-section measurement for 12C(K_, p)K*(892)X and p(K™,p)K*(892) at 1.8
GeV/c. Furthermore, the measurement of decay particles from the kaonic-bound region will be also
discussed, which can be a good probe for kaonic-bound nuclei

Keywords:

J-PARC, K*(892), differential cross section
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Production of S=-2 systems near the threshold in
the 12C(K",K*)X reaction at 1.8 GeV/c

JUNG WooSeung_", AHN Jung Keun *1, FOR THE E42 Collaboration 12,3
TDepartment of Physics, Korea University
2ASRC, JAEA
3Department of Physics, Tohoku University
ahnjk@korea.ac.kr

Abstract:

While studying the double A hypernuclei and = hypernuclei is essential in further understanding
baryon-baryon interaction with S=-2 systems, experimental data still need to be provided. Several
earlier experiments, such as KEK-PS E373 and J-PARC EQ7, reported possible attractive = —nucleus
interaction from bound =~ hypernuclear states.

Recently, the E42 experiment which has a primary goal to search for an H-dibaryon collected 300K
PO(RK™,K7)X reaction events in the ranges of I+ < 25 and pr+ > 0.5 GeV/e g 1.8 GeV/e
K~ beam at the J-PARC. A large time-projection chamber (HypTPC) highlights the E42 detector,
facilitating a charged particle reconstruction for subsequent decays of the double-strangeness system
produced near the threshold region in the PO KM)X reaction. Therefore, the E42 data would
first measure all decay channels involving charged particle emission from POK™ K7)X reaction
with high statistics.

This talk will present the preliminary results of the J-PARC E42 experiment.

Keywords:

J-PARC, TPC, BXi-, Lambda, double-strangeness
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Odd-even staggering and kink structure of charge radii of Hg
isotopes by the deformed relativistic Hartree-Bogoliubov
theory in continuum
MUN Myeong-Hwan *1, KIM Seonghyun 1, CHEOUN Myung-Ki 1

1Department of Physics/Origin of Matter and Evolution of Galaxies (OMEG) Institute, Soongsil University
aa3101@gmail.com

Abstract:

We examine the odd-even staggering (OES) of charge radii of Hg isotopes, which has been first
measured 1977 and recently has been confirmed by advanced laser techniques. To understand the
nuclear structure underlying this phenomena, we utilize the deformed relativistic Hartree-Bogoliubov

theory in continuum (DRHBc). Our analyses reveal that the OES observed in 180=186Hq isotopes can be
attributed to the coexistence of different nuclear shapes in the Hg isotopes. Specifically, we find that

prolate shapes of 181183185Hq result in an increase in the charge radii compared to the oblate even-

even 180,182,1841864 jsotopes, whose deformations are determined by considering the shape
coexistence. We explain the OES due to the change of the deformation in terms of the evolution of
the nucleon single-particle-states of the Hg isotopes in detail. We also investigate the kink structure of
the charge radii of the Hg isotopes in the vicinity of the N = 126 shell.

Keywords:

odd-even staggering (OES), shape coexistence, charge radii, DRHBc theory
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Unitary Fermi System in Lattice EFT

KIM Myungkuk 1, SONG Young-Ho *2, KIM Youngman 1
1CENS, IBS
2Rare Isotope Science Project, Institute for Basic Science
yhsong@ibs.re.kr

Abstract:

Successful studies for Carbon and Oxygen dripline by using a Nuclear Lattice Effective Field Theory
approach lead fundamental questions about general behavior of neutron dripline. We investigate
simple unitary fermi gas system with external simple potential given depth and radius to extract
universal behavior of the dripline. In this talk, we will present the results of unitary system in Nuclear
Lattice Effective Field Theory and discuss them in relation to the neutron dripline.

Keywords:

Nuclear Lattice Effective Field Theory, Two neutron separtion energies, Nuclear structure, Neutron
dripline
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Shell-Model Description of the Mirror Asymmetry in Gamow-
Teller Transition Rates

XAYAVONG Latsamy *1, LIM Yeunhwan 1, SMIRNOVA Nadezda 2
TDepartment of Physics, Yonsei University
2Department of Physics, University of Bordeaux
xayavong.latsamy@gmail.com

Abstract:

Studying the mirror asymmetry in Gamow-Teller transition rates provides a sensitive probe of nuclear
structure models, particularly the isospin nonconserving component of the nuclear Hamiltonian. This
weak process has also been employed in the search for new physics beyond the Standard Model, as
any non-nuclear contribution to such asymmetry would be attributed to the existence of the weak
tensor current. We present our new results from shell model calculations of the isospin-symmetry
breaking correction to Gamow-Teller matrix elements and discuss their impact on the mirror
asymmetry. The results are further compared with experimental data as well as existing theoretical
calculations for comprehensive insights.

Keywords:

Shell Model, Isospin-Symmetry Breaking, Gamow-Teller transitions, Mirror Asymmetry, Weak
Interactions Beyond the Standard Model
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Improvement of sd-shell effective interactions from Daejeon16

SHIN Ik Jae *1, SMIRNOVA Nadezda A.2, SHIROKOV Andrey M.3, YANG Zuxing 45, BARRETT Bruce R.6, LI Zhen 2,
KIM Youngman 7, MARIS Pieter 8, VARY James P8
TInstitute for Rare-Isotope Science, IBS
2LP2IB, CNRS/IN2P3
3Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University
4Institute of Modern Physics, Chinese Academy of Science
SNishina Center, RIKEN
6Department of Physics, University of Arizona
7Center for Exotic Nuclear Studies, Institute for Basic Science
8Department of Physics and Astronomy, lowa State University
geniean@ibs.re.kr

Abstract:

We present new microscopic effective sd-shell interactions, obtained from the modern Daejeon16 NN
potential. This interaction was derived from the no-core shell model (NCSM) wave functions of 18F at
Nmax=6 model space through the Okubo-Lee-Suzuki (OLS) transformation. We compare the
monopole properties of that interaction with the phenomenological universal sd-shell interaction,
USDB, and with our previous interaction derived at Nmax=4. Also theoretical binding energies and
low-energy spectra of the O isotopes are presented.

Keywords:

effective interaction, Daejeon16

-17 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27
A8.01

Experimental investigation of a quantum heat engine coupled to
superradiant reservoirs

KIM Jinuk 1, AN Kyungwon 2
TDepartment of Physics, Yale University, USA
2Department of Physics and Astronomy & Institute of Applied Physics, Seoul National University

Abstract:

Quantum coherence, a fundamental quantum mechanics concept, holds significance in
thermodynamics with emerging applications in quantum heat engines. Quantum coherence has been
proposed as a resource for heat engines, especially in the context of superradiance—a quantum
phenomenon causing strong collective emission in correlated emitters. This emission, proportional to
the squared number of emitters, can enhance radiation-based devices like thermal machines. We will
present an experimental demonstration of a quantum heat engine driven by superradiance. Coherently
prepared reservoir atoms traverse a Fabry-Perot cavity, transferring coherence to the engine—a photon
gas and cavity mirrors acting as a piston. Work is extracted from coherence within a heat reservoir,
maintaining a nearly constant reservoir temperature during engine operation. This setup benefits from
augmented superradiance-induced mechanical power, which scales non-linearly with the number of
interacting atoms.

Keywords:

Superradiance, Quantum optics, Quantum thermodynamics, Ergotropy, quantum coherence
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Photon statistics in thresholdless superradiant lasing

OH Seung-hoon 1, KIM Jinuk 2, HA Junseo 1, SON Gibeom 1, AN Kyungwon *1
TDepartment of Physics and Astronomy, Seoul National University
2Department of Physics, Yale University
kwan@phya.snu.ac.kr

Abstract:

In recent years, significant efforts have been made to reduce the lasing threshold and achieve
coherent light at very low output power. While the inflection point in the input-output power curve
has been lessened, the output photon statistics still produce thermal light below the reduced
threshold. Here, we demonstrate a coherent light source based on superradiance, operating below the
conventional lasing threshold. This is accomplished by employing phase-correlated atoms in a beam
traversing a high finesse cavity through a nanohole array. The prescribed phase correlation eliminates
the conventional lasing thresholds that would occur around unity mean photon number. The
superradiance does have a threshold at unity atom number. Above this threshold coherent photons are
generated with the associated mean photon number less than unity, thus complementing the
conventional lasing below its threshold. To quantify the output photon statistics, we measured its
second-order correlation function around and below the anticipated conventional threshold. Values as
low as 1.03(2) were observed, confirming our expectations.

Keywords:

superradiance, nanohole array, thresholdless lasing, phase correlated atoms, photon statistics
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Locked nucleic acid (LNA)-based tension sensor for measuring
strong integrin tension

KIM Byoung_Choul *1
TMajor of Nano-Bioengineering, Incheon National University
introbc@gmail.com

Abstract:

Cells detect and react to mechanical cues from neighboring cells or the extracellular matrix (ECM)
through their transmembrane receptors. Various force sensors, such as PEG, DNA-based, PNA-based,
and polypeptide, offer sensitivity in the 1-56 pN range. While these sensors have proven effective in
detecting mechanical forces, their measurement capability is limited to approximately 60 pN. This
limitation impedes our understanding of cellular processes that involve higher forces acting on
membrane receptors. To address this knowledge gap, we developed a novel tension sensor, the "LNA-
based TGT", by combining locked nucleic acid (LNA) with our pre-existing DNA-based "tension gauge
tether" (TGT) framework. LNA is known for its strong binding affinity to complementary DNA and
offers advantages such as resistance to DNase enzymes, thermostability, and accurate cellular force
detection. Magnetic tweezer measurements reveal that the LNA-based TGT can tolerate tensions
exceeding 110 pN. Preliminary tests show that the LNA-based TGT is resilient against both soluble
DNase | and membrane-bound DNase. Moreover, the force readings from our sensors are consistent
with previous data, highlighting their reliability. In conclusion, the incorporation of LNA to develop a
new class of tension sensors holds considerable promise for advancements in cell mechanobiology.

Keywords:

Single molecule force probe, TGT, LNA, Intengrin tension
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Non-invasive Assessment of Reduced Stemness in Induced
Pluripotent Stem Cells through Holotomography

KIM Geon 1, PARK Hoewon 2, SHIN Jeongwon 2, YOON Ki-Jun 2, PARK YongKeun *1
TPhysics, KAIST
2Biological Sciences, KAIST
yk.park@kaist.ac.kr

Abstract:

Induced pluripotent stem cells (iPSCs) offer a potential resource for personalized regenerative
medicine. Consequently, researchers have persistently sought to enhance and leverage the capabilities
of iPSCs.

One persistent challenge in the effective utilization of iPSCs has been the determination of their
stemness. Stemness, denoting a cell's capacity to differentiate into various subtypes, stands as a pivotal
criterion for therapeutic applications. Current methods to evaluate stemness are either inaccurate or
inefficient. For instance, examination with routine microscopy introduces inconsistency due to manual
and qualitative processes. More precise techniques measure cell differentiation or relevant gene
expression. However, these approaches are indirect and exhaustive as the examined iPSCs are altered
or destroyed. Hence, a non-invasive yet robust means to assess the stemness of iPSCs has been a
sought-after objective among researchers and clinicians.

In this study, we introduce holotomography (HT)—a microscopic technique that obtains the three-
dimensional (3D) refractive index (RI) distributions of cells and tissues—to profile iPSC colonies without
biochemical labeling. In our measurement, HT unveiled the intricate structures in iPSCs across colonial,
cellular, and subcellular scales. Owing to the quantitative nature of RI, properties such as volume,
average dry mass density, and lipid ratio were obtained for each colony. Differences in these
properties were observed in iPSC colonies that were exposed to differentiation-promoting agents.
Based on this observation, a machine learning algorithm was constructed to screen out stem iPSC
colonies with reduced stemness. Additionally, each colony could be segmented into individual cells,
facilitating analyses of spatial heterogeneity.

Our demonstration underpins the potential utility of HT as an advisory tool in maintaining invaluable
resources for cell therapy. We also note that HT can help investigate the reprogramming or
differentiation process of iPSCs, owing to its capability for prolonged measurement.

Keywords:

Holotomography, Induced pluripotent stem cell, Cell therapy, Machine learning
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Direct Measurement of the Strength of Protein-Protein
Interactions Within Living Bacterial Cells by Accurate FRET
Imaging

YI Soojung_1, LEE Nam Ki *1
1Seoul National University
namkilee@snu.ac.kr

Abstract:

Protein-protein interactions (PPIs) play a pivotal role in governing numerous biological processes.
Assessing the strength of these interactions is often achieved through a critical parameter known as
the dissociation constant (Ky). While measuring Ky in vitro is relatively feasible due to the controlled
protein concentrations and environments, characterizing PPIs directly within intact cells, particularly in
Escherichia coli cells, has remained challenging. This challenge arises from the low fluorescence
resonance energy transfer (FRET) signal within cells and the difficulty in employing noninvasive
techniques to quantify intracellular proteins. In response, we have developed a three-channel accurate
FRET imaging system that provides accurate measurements, enabling the determination of Ky for PPIs
within individual living cells. This breakthrough is anticipated to usher in a new era in protein-protein
interaction research, significantly enhancing our comprehension of the intricate intracellular milieu.

Keywords:

Protein-protein interaction (PPI), Dissociation constant (Kd), FRET imaging
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ER-associated organelle dynamics across microtubular and ER
networks

PARK Jin-Sung_1, JEON Hyeonjun 1.2, LEE II-Buem 1, MOON Hyeon-Min 1, LEE MinHyeong 3, KIM Chungho 3,
HONG Seok-Cheol *1.2, CHO Minhaeng 14
1 Center for Molecular Spectroscopy and Dynamics, Institute for Basic Science
2Physics, Korea University
3Department of Life Sciences, Korea University
4Department of Chemistry, Korea University
hongsc@korea.ac.kr

Abstract:

Visualizing the transport of endoplasmic reticulum (ER)-associated organelles along dynamic ER
networks is essential for understanding fundamental biological processes. While fluorescence-based
microscopy offers high-contrast imaging with chemical selectivity, it often neglects contextual
information from the microenvironments surrounding fluorescently-labelled targets. In this study, we
investigate the ER's role in transporting LC3-labeled autophagosomes (APGs) using fluorescence-
combined interferometric scattering (F-iSCAT) microscopy. In contrast to the rigid microtubule (MT)
filaments, the ER's tubular network exhibits greater flexibility and higher-frequency thermal fluctuations.
Consequently, by filtering out signals from relatively static subcellular structures, iSCAT can directly
reveal the spatial architecture of the dynamic ER and its remodeling linked to transportation of the
dynamic cargos along microtubule networks. Our observations highlight two distinct dynamics
exhibited by APGs during their transportation on ER and MT networks as well as during different
maturation stages. Taken together, our findings underscore the potential of F-iSCAT as a potent tool
for shedding interferometric light on the in vivo structures and dynamics underlying various
intracellular phenomena.

Keywords:

Interferometric scattering microscopy, Endoplasmic reticulum, microtubule, Autophagosome,
Intracellular transport
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Study on physical characteristics of single and nano
polycrystalline structure of TigAl4;V under indentation using

molecular dynamics simulations

YI TAEIL *1, JUNG Yeri 1, KIM Jinho 1, KIM Woojong 2
1School of Mechanical Engineering, Kyungnam University
2R&D team, Daegun Tech
yti0811@kyungnam.ac.kr

Abstract:

Ti6Al4V is a popular high-performance metal alloy for various applications, such as aircraft, rockets,
vehicles, and medical devices. Recently, metal 3d printing, sometimes called additive manufacturing,
has become one manufacturing method for Ti6Al4V products due to design optimization, environment
friendliness, and time and cost efficiency. Therefore, understanding the characteristics of Ti6Al4V media
during additive manufacturing is a crucial requirement to produce qualified printing outputs. This
presentation will show a way to reveal the underline physics of transformations of Ti6Al4V
microstructures via irradiation and external forces. However, characteristic times for microscopic
systems are constrained by the experimental apparatus's limit. Molecular dynamics simulation is a well-
known technique for conducting research in various science and engineering fields for the microscopic
world. The reference structure of Ti6Al4V is set based on experimental observation and measurements
as the bi-crystalline structure of v and 5 titanium. For further study, nano-polycrystalline structures
with the averaged size of randomly oriented grains of O(1-10nm) are built using the reference
structure. The interatomic potential is selected as the modified embedded atom method (MEAM) due
to the excellent agreement with experimental measurements. Our primary objective is to elucidate the
effects of external irradiation and initial configurations of crystal structures. We calculate the thermal
and mechanical properties, such as elastic modulus and hardness of bi and polycrystalline structures,
before and after irradiation. In addition, variations of structural orders during transformation are
quantified to reproduce the conformational entropy variations. This presentation will give an in-depth
intuition of nanocrystalline structure under thermal transformation processes to design the titanium
alloy powders and relevant metal 3d printers.

This study is supported by the Defense Innovation Cluster grant funded by Defense Agency for
Technology and Quality (DCL2020L).
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Comparison of Fourier-transformed and Wavelet-transformed
EXAFS
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Abstract:

Local structural properties of compounds are often critical to understand the physical and chemical
properties of the systems. Extended X-ray absorption fine structure (EXAFS) is a unique tool to
describe local structural properties around a selected species of atoms in matters. A detail analysis of
Fourier-transformed EXAFS (FT-EXAFS) data is used to quantitatively determine the local structural
properties. Recent studies suggested that wavelet-transformed EXAFS (WT-EXAFS) can visibly
distinguish between atoms, which are different species elements located at the similar distances from a
probing atom. We theoretically examined the WT-EXAFS of transition metals, including Ti, Cu, and Zr
atoms to distinguish from Pt atoms using superlet methods with an enhanced resolution. The
theoretical calculations of WT-EXAFS showed that Ti, Cu, Zr atoms are clearly distinguishable from a Pt
atom. Meanwhile Ti and Cu atoms are indistinguishable, when they are located at the same distance
from a probing atom. Ti and Cu atoms are distinguishable when the FT-EXAFS of the two atoms is
reasonably fitted. The combination of FT-EXAFS and WT-EXAFS can more accurately describe the local
structural properties of materials.
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Abstract:

Nitrogen (N) doped graphene is a well-known candidate for catalysis, electronic devices, or sensors by
keeping the advantages of graphene along with additional physical or chemical features. The different
atomic configurations of nitrogen defects lead to different features depending on their respective
structures, so identifying and controlling the bonding arrangement is important. In this work, we
present two nitrogen defects, graphitic-N, and pyridinic-N, in nitrogen-doped graphene on

Pt(111). Nitrogen-doped graphene grown on Pt(111) using pyridine was analyzed for its atomic and
electronic structure using a scanner that measures Atomic Force Microscopy (AFM) and Scanning
Tunneling Microscopy (STM) on an atomic scale based on a g-Plus sensor. The atomic and electronic
structures of nitrogen defects were confirmed through DFT calculations to verify the experimental
results. In addition, we found an intermediate step in forming nitrogen-doped graphene from pyridine
precursor and suggested the formation mechanism. Through this study, we can expect to provide a
deeper understanding of nitrogen-defect-based graphene applications.

Keywords:

N-doped graphene, Atomic force microscope (AFM), Scanning Tunneling Microscopy (STM), Graphitic-
N, Pyridinic-N
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The effect of bilayer graphene substrate on epitaxially grown
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Abstract:

The layered transition metal dichalcogenides (TMDCs) provide a useful platform for studying complex
electronic phases in two dimensions (2D), such as charge density wave (CDW), superconductivity, and
topological orders. Especially, epitaxially grown monolayer (ML) 17-TaSe, on bilayer graphene (BLG)
substrate have been intensively paid attention due to the Mott state by CDW order and the evidence
of the quantum spin liquid phases. However, the substrate effect to ML 1T-TaSe, from BLG has not
been understood yet.

Here, | will discuss the substrate effect on MBE-grown ML TaSe, on BLG substrate using angle-resolved
photoemission spectroscopy (ARPES). By direct comparison of graphene 7 band before and after
growing ML TaSe films on BLG substrate, | will uncover the effect of BLG in ML TaSe;.

Keywords:

Angle-resolved photoemission spectroscopy (ARPES), TaSe2, Molecular beam epitaxy (MBE), Substrate
effects, Graphene
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Abstract:

Cu,ZnSn(S,Se)4 (CZTSSe) is a potential light-harvesting material for emerging photovoltaics, owing to

its non-toxicity, earth abundance, and high stability. Incorporation of light alkali elements in CZTSSe
has been regarded as an effective approach to mitigate V- deficit by defect passivation. LiF post-
deposition treatment (PDT) can possibly enable precise Li-doping by modulating the Li supply and
finely passivating CZTSSe surface region by tuning the substrate temperature. Undoped, LiF as-
deposited, and LiF PDT-processed CZTSSe were fabricated and characterized to demonstrate the effect
of PDT. A 0.7 nm of LiF layer was deposited on CZTSSe and annealed at 200 °C. [1] Secondary ion
mass spectroscopy confirmed successful Li diffusion only after LiF PDT process. Energy dispersive
spectroscopy and Raman analysis revealed little effect of Li on CZTSSe phase formation.[2] CZTSSe
solar cell was mechanically grinded to examine the band alignment at the CdS/CZTSSe interface. The
lateral work function at the exposed layer was measured by Kelvin probe force microscopy. Difference
in work function between bulk and interface decreased after LiF PDT, reducing conduction band offset.
Moreover, surface photovoltage increased by Li diffusion. The favorable band alignment adjustment by
modified defect types reduced carrier recombination and enhanced open-circuit voltage (Vo and

power conversion efficiency (PCE).

[1] Dae-Ho Son et al., J. Mater. Chem. A 7 (2019) 25279
[2] Juran Kim et al.,, Solar Energy Materials & Solar Cells 250 (2023) 112091
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Abstract:

In recent years, significant research endeavors have been directed towards advancing the effectiveness
and durability of hybrid organic-inorganic perovskite (HOIP) solar cell materials. As a result,
photovoltaic devices have achieved an impressive conversion efficiency of around 26%, yet a notable
challenge persists in the form of these materials' vulnerability to ambient environmental conditions.
Therefore, recent focus in these materials has been on improving conversion efficiency and stability at
the same time. Our work centers on understanding the mechanism behind the improved stability and
efficiency when utilizing laser scribing on the Rbg g5(FAg 95sMAq 05)0.95Pb (I 95Brg 05)3 perovskite module.
Through the utilization of micro-Raman scattering spectroscopy and photoluminescence (PL) mapping,
the study pinpointed localized changes caused by the laser process. The results strongly suggest that
the enhanced characteristics of the module can be ascribed to a secondary effect of the laser scribing
process namely, a passivation effect.
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Interaction based on Hysteresis Loop Shift Measurement
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Abstract:

Dzyaloshinskii-Moriya Interaction (DMI) is antisymmetric interaction which is responsible to chiral
magnetic texture [1, 2]. Recently, there has been a broad exploration of the DMI through the hysteresis
loop shift measurement by exploring the effective magnetic field generated by the spin-orbit torque
(SOT) [3]. Nonetheless, a comprehensive understanding of the mechanism governing the transition in
domain-wall (DW) chirality remains an ongoing pursuit [3, 4], eventually leading to imprecise
measurement of the DMI. In this study, we experimentally examined the hysteresis loop shift
measurement within Pt/Co-based magnetic films and propose a novel physical model, elucidating two
DW chirality transitions for given polarity of magnetization. Our theoretical model aptly elucidates the
experimental findings, and the measured DMI aligns with outcomes derived from both conventional
approaches to the DMI assessment: centered on the DW depinning [5] and the DW speed [6]
measurements. Our examination rectifies the misapprehension associated with utilizing hysteresis loop
shift measurement as a means of determining the DMI.

[1] I. Dzyaloshinsky, J. Phys. Chem. Solids 4, 241 (1958)

[2] T. Moriya, Phys. Rev. 120, 91 (1960)

[3] C. -F. Pai, M. Mann, A. J. Tan, and G. S. D. Beach, Phys. Rev. B 93, 144409 (2016)

[4] T. Dohi, S. Fukami, and H. Ohno, Phys. Rev. B 103, 214450 (2021)

[5] P. P J. Haazen, E. Mure, J. H. Franken, R. Lavrijsen, H. J. M. Swagten and B. Koopmans, Nat. Mat. 12,
299-303 (2013)

[6] S. -G. Je, S. -C. Yoo, J. -S. Kim, Y. -K. Park, M. -H. Park, J. Moon, B. -C. Min, and S. -B. Choe, Phys.
Rev. Lett. 118, 167205 (2017)
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Magnon Hybrid System
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Abstract:

In recent years, metamaterials displaying a negative refractive index (NRI) have garnered significant
interest due to their potential applications in diverse areas such as superlenses, invisibility cloaks, and
optical devices [1-3]. The construction of NRI metamaterials poses challenges as it necessitates the
manipulation of both the permittivity and permeability of a material within a desired frequency range.
To address this, metamaterials, often referred to as 'metastructures,' have been the focus of extensive
research across various fields [4]. In this study, we introduce a novel photon-magnon hybrid system to
adjust both permittivity and permeability through magnetic field control. By integrating inverted split-
ring resonators (ISRRs) with Yttrium Iron Garnet (YIG) film [5-6], we explore negative refraction and its
nonreciprocity using an analytical circuit model rooted in complex left-handed transmission lines.
Numerical calculations based on this model indicate that the origin of nonreciprocal NRI is a
combination of coherent and dissipative photon-magnon coupling (PMC) terms. We also detail a
systematic approach for computing permittivity and permeability based on series impedance and
shunt admittance. The derived effective refractive index confirms the presence of NRI in the PMC
system, shedding light on how PMC strength and the coherent and dissipative coupling effects alter
the permeability, permittivity, and nonreciprocal refractive index [7]. Our analytical framework offers
insights for the design of innovative quantum metastructures in the development of quantum
information devices.

This research was supported by the Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Science, ICT, and Future Planning (No. NRF-
2021R1A2C2013543).

[1] Pendry J. B., Negative refraction makes a perfect lens, Phys. Rev. Lett. 85, 3966 (2000).

[2] Schurig D., Mock J. J., Justice B. J, Cummer S. A, Pendry J. B., Starr A. F, Smith D. R, Metamaterial
electromagnetic cloak at microwave frequencies, Science 314, 977 (2006).

[3] Liu Y. and Zhang X., Metamaterials: a new frontier of science and technology, Chem. Soc. Rev. 40,
2494 (2011).

[4] Vesselago V. G., The Electrodynamics of substances with simultaneously negative values of € and y,
Sov. Phys. Usp. 10, 509 (1968).

[5] Bhoi B., Kim B., Kim J., Cho Y.-J,, and Kim S.-K., Robust magnon-photon coupling in a planar-
geometry hybrid of inverted split-ring resonator and YIG film, Sci. Rep., 7, 11930 (2017).

[6] Bhoi B., Kim B., Jang S.-H., Kim J., Yang J., Cho Y.-J, and. Kim S.-K., Abnormal anticrossing effect in
photon-magnon coupling, Phys. Rev. B., 99, 134426 (2019).

[7] Kim J., Kim B., Kim B., Jeon H., Bhoi B., Kim S.-K., Magnetic-Field Controlled Switchable
Unidirectional Negative Refraction through Photon-Magnon Coupling in Planar Geometry, (2023)
(submitted)
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Abstract:

Excitons, electron-hole pairs in semiconductors, have potential as information carriers with spin or
valley degree of freedom. However, the neutral charge characteristic of excitons imposes limitations on
using them as information carriers within electrical devices. Charged excitons (i.e. trions), while
displaying electrical characteristics, are constrained by a significantly shorter lifetime due to their lower
binding energy compared to neutral excitons. Here we demonstrate electric-field-driven drift of trions
toward the center of a MoSe, monolayer.! By employing a simple bottom-gate device design, we can
manipulate the electric fields in the proximity of the suspended monolayer, which increases the trion
density. Furthermore, the structure in which a monolayer is suspended leads to an extension of the
trion lifetime. We observe that locally excited trions are subjected to electric force and, consequently,
drift toward the center of the stretched layer. The imposed electric force on the trion is estimated to
be 102-10% times stronger than the strain-induced force in the stretched monolayer, through this, we
successfully demonstrated the use of the electric force to induce trion drift. Our findings present a

novel pathway towards achieving a new type of optoelectronic device that utilizes charged excitons as
information carriers.

Lee, S. W,; Choi, W. H.; Cho, H,; Lee, S,; Choi, W,; Joo, J,; Lee, D,; Gong, S. Electric-Field-Driven Trion Drift
and Funneling in MoSe, Monolayer. Nano Lett. 2023, 23, 4282—4289.
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Abstract:

Multiple Quantum Well (MQW) light emitting diodes (LEDs) structures play a pivotal role in modern
technology due to their multifaceted significance. This work reports the photoreflectance (PR) study of
two InGaAs/InAsSbP multi-quantum well (MQW) LED samples with different numbers of quantum wells
(QWs). The first samples have 6 QWs and 15 QWSs. The PR measurements were performed at room
temperature and different temperatures (20-300K). The quantum transitions in the samples were
investigated at different temperatures to explore the effect of the well numbers on the thermal
behavior. This effect can reveal the importance of the well numbers in designing LED structures for
achieving efficient structures. The results of this study show that the PR properties of InGaAs/InAsSbP
MQW LED samples can be affected by the number of QWs. The findings of this study can be used to
design and optimize InGaAs/InAsSbP MQW LED structures.
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multi-quantum well, light emitting diode, photoluminescence
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Abstract:

This study investigates the theoretical exploration of how Luttinger parameters influence the first
transition energy within a 10 ML (~3 nm) thick InAs/GaSb superlattice structure. These semiconductor
structures are recognized as cutting-edge materials, applied in various fields like high-speed transistors
and infrared imaging devices. The research employs the 8-band k.p method to comprehensively assess
the electronic and energy properties of these structures. By manipulating experimental Luttinger
parameters, including atomic displacements, and measuring distinct energy levels, their impact on the
initial transition energy is thoroughly examined. Findings indicate that a 10% increase/decrease in
Luttinger parameters corresponds to an approximate 20 meV decrease/increase in the initial transition
energy. This significant effect underscores its relevance. The research offers insights for enhanced,
tailored designs of these structures for diverse applications. Moreover, distinctions and variations in
transition energies provide valuable insight into the structural and electronic attributes of these
nanoscale configurations.

Keywords:

Luttinger parameters, Conduction and valance energy levels, 8-band k.p theory, Finite difference
method
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Abstract:

Various thermoelectric materials and methods to improve their property have been studied for
decades. However, rigorous studies on thermoelectric materials had to confront the severe fact that
high charge carrier density results in low Seebeck coefficient. Recently, to overcome this trade-off and
design a material with both high Seebeck coefficient and high electrical conductivity, manipulating the
material via spin degree of freedom is taking interest.

Our new experimental observation on Fe/Co doped higher-manganese silicides material showed that
tiny amount of substantial doping can strongly enhance both Seebeck coefficient and electrical
conductivity. Here, we suggest a general mechanism how tiny amount of magnetic impurity doping on
half-metallic ferromagnet leads to such enhancement of thermoelectric property.

In contrast to previous studies on impurity doping which concentrated on scattering parameter change
via doping, our mechanism has two significant strength. First, our new mechanism can explain why so
small amount of magnetic impurity in the host material can lead to strong increase of Seebeck
coefficient. Second, our new mechanism can explain how Seebeck coefficient and electrical
conductivity can increase simultanously, in contrast to common knowledge on thermoelectrics based
on modern electron transport theory.

In our mechanism, magnetic coupling between the impurity and the host material originates the
thermoelectric enhancement. Two-spin-channel (two-current) model, which is a simplified toy model
for our mechanism is suggested, and is expected to be applied for any case in which impurity
magnetically couples to half-metallic host material. Generalizing this idea, manipulating by other
degree of freedom such as orbital might be discussed in the future.
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Effect of mass position on the resonance mode of graphene
nano-electromechanical drum

JE YUGYEONG 1, SHIN DONGHOON 2, JEONG HYUNJEONG 1, LEE Sang-Wook *1
TDepartment of Physics, Ewha Womans University
2Kavli Institute of Nanoscience, Delft University of Technology
nicesw@gmail.com

Abstract:

In this study, we present the observation of resonance mode shapes depending position of mass on a
graphene nano-electro-mechanical drum. The graphene resonators were suspended on silicon
oxide/silicon trenches and the mass on the graphene drum was composed of tungsten, which was
deposited using FIB(Focused lon Beam) technique. The dimensions of the deposited tungsten particles
on the graphene drums were systematically controlled within the nanometer scale. The particles were
placed along the nodal lines or within antinode regions of the graphene drum in varying quantities
and combinations. The motion of an electrostatically actuated graphene resonator was investigated by
resonance frequency vibration modes. Utilizing a motorized nano-positioning stage, the sample can be
scanned in x-y direction and the mechanical vibration mode of the graphene drum was observed
using an optical interferometry system. The positioning of mass significantly influenced the shape of
resonance multi-mode in graphene drum resonator and these findings offer the methods for
developing the graphene mass sensor with high sensitivity.
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Array of One-dimensional Atomic Crystals for Emerging
Electronic Platform

YOO GunWoo 12, CHOI Min-Yeong 1.2, AHN HeonSu 1.3, JUNG Ju-Hyun 1.2, JO Moon-Ho 1.3, KIM Cheol-Joo *1.2
TCenter for van der Waals Quantum Solids, IBS
2Department of Chemical Engineering, POSTECH
3Department of Materials Science and Engineering, POSTECH
kimcj@postech.ac.kr

Abstract:

One-dimensional (1D) array of dislocation cores can function as an electronic channel in an extremely
confined geometry with highly tunable conductivity. Here, we report a method to form a pattern of
grain boundaries (GB) of MoS, monolayer with controlled dislocation core structures at the atomic
scale. In the method, which we coined “patterned regrowth with tilt", patterned single-crystalline MoS,

films are transferred onto an epitaxial sapphire substrate with control of the in-plane orientation, then
another MoS, grains are epitaxial grown on the exposed sapphire, resulting in tilt GBs between the
transferred 1st grain and the re-grown 2nd grain. A periodic array of dislocation cores at the GB host
dispersive electronic states along the boundary. In particular, the embedded 1D structure makes the
electronic channel as completely dangling bond free, enabling a high electronic mobility. An array of
field-effect-transistors has been batch-fabricated with the GB arrays, demonstrating a novel low-
dimensional material platform for electronics.

Keywords:
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Ferroelectric domain wall dynamics in trilayer transition metal
dichalcogenides

PARK Daesung_1, JEONG Siwon 1, YOO Hyobin *1
1Department of Physics, Sogang University
hyobinyoo@sogang.ac.kr

Abstract:

Sliding ferroelectricity realized in non-centrosymmetrically stacked bilayer transition metal
dichalcogenides (TMDs) has shown a new pathway to switch the electric polarizations. Recent
demonstration of the ferroelectric switching in non-centrosymmetrically stacked trilayer TMD system
exhibited more than two states of the polarizations, suggesting the sliding ferroelectricity in trilayer
TMD host distinct switching mechanism compared with that in bilayer TMDs. Indeed, sliding of the top
and bottom layer with respect to the middle layer can form the two different types of rhombohedral
stackings (ABC, CBA) with finite polarizations as well as the other two types of Bernal stacking
configurations (ABA, ACA) with zero polarizations. However, the direct observation of those domains
with distinct polarization states and their switching dynamics under an applied electric field have yet to
be investigated. In this work, we utilized operando transmission electron microscopy (TEM) to
investigate the process of polar domain switching in trilayer TMDs in real-time fashion. We have
observed switching between the up and down polarizations in rhombohedral trilayer TMD occurs
through the intermediate state of the Bernal stacking. Furthermore, domain walls formed at the top
and bottom interface interact with each other, exhibiting complicated switching mechanisms distinct
from that of the bilayer TMDs.
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Electrical response of a flexible MoS, monolayer-based electronic
device under a controllable mechanical deformation

LEE Sang-Wook *1, JEONG HYUNJEONG 1, TRAN Hue Thi', JE YUGYEONG 1
TDepartment of Physics, Ewha Womans University
nicesw@gmail.com

Abstract:

Molybdenum disulfide (MoS2) in its few-layer form exhibits remarkable potential as a two-dimensional
semiconductor due to its outstanding semiconducting, mechanical, and electronic properties. This
study describes the fabrication process of MoS, monolayer-based electronic devices utilizing

MoS, monolayer grown via chemical vapour deposition (CVD) on a flexible substrate. The procedure of
transferring MoS, monolayers from their mother substrate to the desired substrate and the method
for making electrodes on a flexible substrate is illustrated. The electrical response of MoS, monolayer-

based devices is investigated by subjecting them to a controlled mechanical strain, and observation
under an optical microscope.

Keywords:
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Study of Non-Equilibrium Energetics in Van der Waals
Ferroelectric Tunnel Junctions using Multi-Space Density
Functional Theory

RAJPUT Kaptansinh Suryabalisinh?, LEE Ryong Gyu 1, KIM TAE HYUNG 1, KIM Yong-Hoon *1
1School of Electrical Engineering, KAIST
y.h.kim@kaist.ac.kr

Abstract:

The escalating surge in data generation has intensified the demand for memory storage, driving the
need to scale down memory devices. Ferroelectric tunnel junctions (FTJs) have received considerable
attention among all memory technologies due to their potential in mitigating statistical fluctuations at
the nanoscale and fulfilling the persistent demand for downscaling. In the present study, based on the
multi-space constrained-search density functional theory (MS-DFT) recently developed in our group [1-
3], we study the finite-bias electronic structure and quantum transport characteristics of the two-
dimensional Van der Waals vertical capacitor model. This model is composed of CulnP,Sg monolayer

positioned between the graphene electrodes. Based on the electric enthalpy concept, we calculate free
energy profiles at different nonequilibrium bias conditions in a first-principles manner. These profiles
unravel insights into the interplay between paraelectric and ferroelectric phases, divulge the energy
barrier height for polarization switching, and unveil the coercive voltage. Notably, we scrutinize the
origins of polarization switching by parsing the contributions arising from electronic and ionic
influences by analyzing Hartree electrostatic potentials, Landauer residual dipoles, and depolarization
field profiles. It is noteworthy that our results are also compared with prior research stemming from
equilibrium DFT calculations and their extensions. To our knowledge, our work represents the
pioneering exploration of nonequilibrium energetics in FTJs within the first-principles framework,
demonstrating that MS-DFT is a promising tool for the future developments of energy and memory
devices.

Keywords:
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Realization of Hofstadter butterfly in quantum computer

BARK Chan Bin 1, KIM Youngseok 2, PARK Moon Jip *1
TDepartment of Physics, Hanyang University
2|BM Research, IBM
moonjippark@gmail.com

Abstract:

Hofstadter butterfly is a fractal energy spectral that has been predicted to be observed from the
motion of electrons under a strong magnetic field. However, the realization of the Hofstadter butterfly
requires a tremendously strong magnetic field that may not be realized in solid-state systems. In this
talk, we propose the realization of the Hofstadter butterfly in the current IBM quantum computer
platform (IBM-Q). Unlike the electrons in a solid system, the quantum computer can effectively realize
the chiral fermions in the presence of a magnetic field, which shows a discrepancy from the
conventional Landau levels. Finally, we also discuss the protocol to extract the quantum geometric
quantities such as the Berry phase and Berry curvature.

Keywords:

quantum simulator, Hofstadter butterfly, IBMQ, quantum computer
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Moiré flat bands and interfacial charge polarization in lattice
relaxed twisted bilayer hexagonal boron nitride under
perpendicular electric fields

JUNG Jeil 1.2, LI Fengping_1, LEE Dongkyu 1.2, NICOLAS Leconte 1, AN Jiagi 1, SRIVANI Javvaji 1
TDepartment of Physics, University of Seoul
2Department of Smart Cities, University of Seoul
jeiljung@uos.ac.kr

Abstract:

Interfacial charge polarization of twisted bilayer hexagonal boron nitride (t2BN) is calculated as a
function of twist angle and perpendicular electric fields through tight-binding calculations on lattice
relaxed geometries, where the atomic and electronic structure models are informed by density
functional theory input data from small unit cell simulations. We show that lattice relaxations tend to
increase the bandwidth of the nearly flat bands, where bandwidths smaller than 0.01 eV are expected
for 6~1.08 - for BN/BN alignment near 0 -, and smaller than 6 ~ 1.5 for BN/NB alignment near 60 -.

Local interfacial charge polarization maxima of ~3*10"2cm™2 expected for h-BN bilayers near 0
degrees at the AB and BA stacking sites tend to decrease with increasing twist angle, while the
interlayer charge polarization is negligibly small for antiparallel alignment twists. Perpendicular electric
fields are found to alter the AB and BA stacking areas and interlayer distances, giving rise to changes
in the band gaps, the bandwidth of the nearly flat bands, and the local interlayer charge distributions.

Keywords:

Twisted bilayer h-BN; Lattice relaxation; interlayer charge polarization
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Abstract:
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Search for excited leptons in lly final states at 13 TeV

KIM Bobae *1, HA Seungkyu 2, KIM Jihun 3, KIM Minsuk 4, LEE Sehwook 1, YOO Hwidong 2
TKyungpook National University
2Department of Physics, Yonsei University
3Department of Physics, Seoul National University
4Department of Physics, Gangneung Wonju National University
bobae0124@knu.ac.kr

Abstract:

A search for excited leptons (electrons and muons) is studied using 2017+2018 data of proton-proton
collision at a center-of-mass energy of 13 TeV, collected by the CMS detector at the LHC and
corresponding to an integrated luminosity of 101 /fb. Excited leptons are predicted by various
theoretical models beyond the standard model (SM) that quarks and leptons are made of unknown
fundamental constituents never observed yet. Excited leptons (I* = e* p*) dominantly produced via
contact interaction in pp collision and decaying to a SM lepton and a photon (I*—1ly) are considered,
which gives final state of two same flavor leptons and a photon (lly). For full run 2 result, the result of
the 2017+2018 data analysis with updated search strategy and the published result with 2016 data
analysis are statistically combined. As a result, assuming excited lepton mass equal to compositeness
scale A, expected limit on excited electron and muon masses at 95% confidence level and the best
expected limit on the compositeness scale A are obtained. In this talk, preliminary results will be
presented.

Keywords:

cms, excited lepton
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Search for a heavy neutral boson decaying into a pair of boosted
dileptons

KO Sanghyun 1, YOO Hwidong *2
TDepartment of Physics and Astronomy, Seoul National University
2Department of Physics, Yonsei University
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Abstract:

We present a status report about the search for a heavy neutral boson decaying into a pair of boosted
dileptons using CMS Run2 datasets. A pair of boosted electrons may merge via clustering energy
deposits in the electromagnetic calorimeter. Dedicated multivariate identification techniques were
developed to select merged electrons. A highly collimated pair of muons may share their inner tracker
hits, and a trajectory cleaner can remove either of the tracks during reconstruction. We propose
utilizing missing transverse energy to find signatures from the collimated muon pair.

Keywords:

CMS, four-lepton, boosted, merged, dilepton
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Inclusive search for new physics with razor variables and boosted
objects in hadronic and leptonic final states using CMS Run 2
data

HUH Changgi *1, SEKMEN Sezen 1, LEE Sehwook 1, LEE Junghyun 1, BORAN Fatma 2, TOK Ufuk Guney?,
MARTON Krisztina 3
TDepartment of Physics, Kyungpook National University
2Department of Physics, Cukurova university
3Department of Physics, Wigner Institute of Physics
cghuh3811@naver.com

Abstract:

A search for supersymmetry in hadronic and leptonic final states with highly boosted top quarks or
W/Z/Higgs bosons is presented. The search is performed using proton-proton collision data at a
center-of-mass energy of 13 TeV, collected by the CMS experiment at the LHC, corresponding to an

integrated luminosity of 138 fb™!. Events containing candidates for hadronic or leptonic decays of
boosted top quarks and W/Z/Higgs bosons are identified using jet substructure techniques. They are

analyzed using the razor variables Mg and R?, which characterize a possible signal as a peak on a

smoothly falling background. The analysis is used to interpret a wide range of SUSY final states,
including those arising from R-parity violation.

Keywords:

supersymmetry, CMS, LHC, Razor variables
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Search for light charged Higgs boson decaying into W boson
and CP-odd Higgs boson in top pair production using CMS full
Run?2 dataset

CHOI Jin *1, BHYUN Ji Hwan 1, YANG Un-ki 1
TDepartment of Physics and Astronomy, Seoul National University
choij@cern.ch

Abstract:

This passage describes a study that has been conducted to search for a charged Higgs boson
($¥mathrm{H~ +}$) decaying to a $#Wmathrm{W}$ boson and a CP-odd Higgs boson($#mathrm{A}$).
The study uses data collected by the CMS detector at the CERN Large Hadron Collider(LHC) during
Run2, with an integrated luminosity of 137.5 $#Wmathrm{fb”{-1}}$. The signal process being targeted
involves three steps: first, the top quark ($Wmathrm{t}$) decays into $#tmathrm{H*+}$ and a bottom
quark ($#¥mathrm{b}$), then $Wmathrm{H” +}$ decays into $#mathrm{W}$ and $#mathrm{A}$, and
finally $#mathrm{A}$ decays into two muons ($#mu” +#mu”-$). The mass range being studied for
the charged and CP-odd Higgs bosons is between 70 and 160 GeV, and 15 and ($#Wmathrm{M_{H" +} -
5}$) GeV, respectively. The search for the signal process is performed using events with at least two
opposite-signed muons and either an electron-muon-muon ($e#mu#mu$) or a muon-muon-muon
($Wmuwmumu$) final state, along with multijet events. The final results are reported as the limit on
the experimental signal cross section times the branching fraction $#sigma_{#fmathrm{sig}} = ¥#sigma
(Wmathrm{pp Wrightarrow ¥mathrm{t#bar{t}}}) ¥times [Wmathrm{Br(t Wrightarrow H" +b)} Wtimes
Wmathrm{Br(H~ + Wrightarrow WA +A)} Wtimes Wmathrm{Br(A ¥rightarrow} ¥#mu” +Wmu~*-) +
¥mathrm{c.c.}]$. To increase the sensivity in the Z-dominated dimuon mass region, graph-baased deep
neural network has been utilized.
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Search for new physics with Monophoton final states in proton-
proton collisions at Vs = 13 TeV with CMS detector at LHC

LEE Hakseong_1, MOON Chang-Seong *1, DOGRA Sunil Manohar
TDepartment of Physics, Kyungpook National University
csmoon@knu.ac.kr

Abstract:

Exploring the enigma of dark matter (DM) remains a dynamic and far-reaching field of investigation
at the LHC. Utilizing a dataset obtained from CMS Run Il, the CMS experiment demonstrates
unwavering dedication to uncovering the distinctive signatures indicative of DM. Given that DM
particles do not directly generate detectable signals within the CMS detector, a strategy to observe
them involves their production in conjunction with visible standard model (SM) particles, denoted as X.
These reactions, evident at colliders when particles or jets are observed recoiling against an
imperceptible state, are termed 'mono-X' searches. The monophoton final state, characterized by a
high-energy photon coupled with a significant amount of missing transverse energy, offers the
opportunity to detect potential indications of dark matter (DM) generation through the g-gbar->yxx
process. The monophoton final state, defined by a high-energy photon coupled with a significant
amount of missing transverse energy, offers the opportunity to detect potential indications of dark
matter (DM) generation through the g-gbar->yxx process. In this presentation, we present various
estimations of the backgrounds as well as signal studies along with the expected limits on the cross-
section.

Keywords:
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Search for long-lived particles with delayed photon signature
from CMS experiment using 2017 & 2018 data

TAE Bongho 1, MOON Chang-Seong *1, DOGRA Sunil Manohar, XIE Si 2
TDepartment of Physics, Kyungpook National University
2Department of Physics, California Institute of Technology
csmoon@knu.ac.kr

Abstract:

Search for new physics involving long-lived particles undergoing decays into photons, utilizing proton-
proton collisions at vs = 13 TeV collected with the CMS detector during 2017 and 2018, is performed.
The findings are interpreted within the Gauge-Mediated Supersymmetry Breaking (GMSB) model,
where prompt gluino decays yield long-lived neutralinos, followed by their subsequent decay into a
photon and a gravitino. Notably, a Deep Neural Network (DNN) approach was employed for precise
identification of delayed photons, enhancing the study's sensitivity to these unique signatures. Based
on the DNN-based method, the delayed photon ID scale factor was calculated. Moreover, new upper
limits on the neutralino mass using 2017 and 2018 data are presented.

Keywords:

long-lived particle, GMSB, neutralino, DNN
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Search for Right-Handed W Bosons Decaying Into Heavy Neutral
Leptons

YANG Un-ki *1, KIM Youngwan
TDepartment of physics and astronomy, Seoul National University
ukyang@snu.ac.kr

Abstract:

A comprehensive analysis of the Left-Right Symmetric Model (LRSM) through the study of a right-
handed W boson decaying into a heavy neutral lepton (HNL) using Run-II data collected by the CMS
detector is presented using the dataset with an integrated luminosity of 138 /fb. Our investigation not
only seeks to scrutinize the predictions of the LRSM but also explores uncharted kinematic phase
spaces that have hitherto remained unprobed, as this study targets to test the tau flavor mixing of
HNLs in both regions where objects are highly collimated and resolved. With state of the art
techniques to well define physical objects especially in the merged region will provide high sensitivity
in such regions never explored before.

Keywords:

CMS, LHC, Heavy neutrino, Neutrino
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A phenomenological study of light Z' boson using non-isolated
muons in the CMS experiment

YANG Un-ki *1, KIM Taehee 1, LEE Joon-Bin 1, OH Minseok 1
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Abstract:

Various physics models lying beyond the Standard Model predict Z' boson, a new kind of neutral
gauge boson. Z' boson decays to opposite-sign dimuons leaving signals in the CMS detector system.
However, events including light Z' boson might be discarded after the trigger selection, because of the
low transverse momentum of muons. In this case, the existence of an extra jet can help events to be
recorded, but then one should also consider muons that are located near the jet. Thus, we suggest to
investigate new phase space associated with non-isolated muons. We especially focus on light Z'
boson that highly interacts with 3rd generation quark. This talk will give the current status of this
phenomenological study.

Keywords:

non-isolated muon, LHC, CMS, BSM
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Unique functionalities of organic nanoantennas

KANG Evan S Hyunkoo*1
TDepartment of Physics, Chungbuk National University
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Abstract:

Optical nanoantennas, the building blocks of metasurfaces, can manipulate light at the nanoscale.
While nanoantennas based on metallic or high-index dielectric materials have been widely studied,
organic nanoantennas have only recently shown their potential to form a new category of
nanoantennas, providing their unique functionalities. In this presentation, nanoantennas based on both
metallic and semiconducting organic materials as well as interrelated nanofabrication methods will be
presented. The functionalities provided by these new types of optical nanoantennas may open for
applications such as large-area, flexible, fully-organic metasurfaces for tunable meta-optical
components, bio-sensors, smart windows, etc.

Keywords:

Organic nanoantennas, Localized surface plasmon resonances, Mie resonances, Tunable metasurfaces,
Dual functionality
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Surface Photovoltage Characterizations of TMD-Based
Nanostructures using Kelvin Probe Force Microscopy

KIM Dong-Wook *1
TDepartment of Physics, Ewha Womans University
dwkim@ewha.ac.kr

Abstract:

Transition metal dichalcogenides (TMDs) have gained significant research attention due to their sizable
bandgap energies (1~2 eV) and high carrier mobility. The optical absorption and subsequent photo-
generated current of the TMD-based devices are limited by the atomically thin physical thickness. To
overcome such limitations, researchers are exploring the use of nanostructures, which can concentrate
incident light across a wide spectrum or within a specific narrow wavelength range. The integration of
2D TMDs with well-designed 3D nanostructures can significantly enhance the light-matter interaction
in TMDs. Moreover, the physical properties of 2D TMDs can be modified in 2D/3D nanostructures due
to strain-induced bandgap modulation and/or charge transfer at the interfaces. Nanoscale electrical
characterization tools are necessary for thorough investigations of these intriguing phenomena. Since
the sign and magnitude of surface photovoltage (SPV) signals depend on the polarity and density of
excess charges, they can show how illumination affects semiconductors. Kelvin probe force microscopy
(KPEM) is a technique that enables the visualization of the spatial distribution of photo-generated
charges in nanostructures. In order to understand the KPFM-SPV maps, it is necessary to take into
account both the charge drift along the in-plane direction and the interfacial charge transfer along the
out-of-plane direction. This presentation will introduce some of the recent research works in our group,
where KPFM-SPV mapping can reveal interactions between excitons, photons, and plasmons in TMD
nanostructures.

Keywords:

TMD, surface photovoltage, Kelvin probe force microscopy, light-matter interaction
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Mid-infrared plasmonics in nanostructures

KIM Kyoung-Ho *1
TDepartment of Physics, Chungbuk National University
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Abstract:

The mid-infrared (MIR) light carries rich information of light-matter interactions including molecular
vibrational absorption, surface phonon-polariton resonances, and blackbody thermal emission. By
exploiting MIR light, one can develop various applications from molecular and bio-sensing platforms
for health and environmental monitoring to terrestrial and space technologies. Recently, the demand
for compact and integrated mid-infrared optical devices is increasing for the development of high-
performance sensor platforms in health and environmental monitoring and remote detection in earth
and space technologies. The strong MIR light-matter interaction is the key elements to achieve high
performance sensor devices, however, it is still restricted because of the weak molecular absorption
cross-section in this wavelength regime. In this talk, we present the rational design of subwavelength
nanophotonic systems using graphene and silicon nanowire with mid-infrared localized surface
plasmon resonance (LSPR). LSPRs are desirable for strong MIR light-mattering interaction in a
subwavelength scale, allowing for the confinement of micron-scale wavelengths into nanometer-scale
objects. We expect LSPR in artificial nanomaterials allow us to develop new optical sensor devices in
the mid-infrared wavelength regime with extremely small size compared to the wavelength.

Keywords:

Mid-infrared, plasmonics
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Controlled-NOT gate with neutral atoms in a 1D optical lattice

LEE Hyun Gyung_*1, ROH Seung Hwan 2, LEE Wonseok 2, HAN Hyok Sang 3, CHO Dong Hyun 2
1Physical metrology, KRISS
2Physics, Korea University
3Physics, Joint Quantum Institute
hglee@kriss.re.kr

Abstract:

In this talk, | will present site-specific and coherent manipulation of individual qubits and the
implementation of a Controlled-NOT (CNOT) gate operation.

Regarding site-specific and coherent manipulation, we demonstrate gate operations on a single atom
at a specific site without perturbing the coherence of an adjacent atom. Three types of qubit
operations are performed on the target atom with fidelities between 0.88+0.05 and 0.99+0.01. We
achieve the site-specific resolving power in the frequency domain by eliminating the inhomogeneous
broadening using “magic" polarization for the lattice beam.

Furthermore, we demonstrate the CNOT gate operation by utilizing neutral atoms in the optical lattice.
Using the algorithm of the first realization of the CNOT gate, we attempted to create entanglement
between the internal state and external state for neutral atoms in an optical lattice.

Keywords:

Atomic Physics, Laser cooling, Quantum information
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Hybrid quantum computation using cat code against photon loss

LEE Jaehak 1.2, KANG Nuri 1.3, LEE Seung-Woo *1
1Center for Quantum Information, Korea Institute of Science and Technology (KIST)
2Department of Physics and Astronomy, Seoul National University
3Department of Physics, Korea University
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Abstract:

In bosonic modes, there are two different approaches of encoding quantum information, discrete
variable (DV) and continuous variable (CV), each with its own advantages and drawbacks. We introduce
a scheme of DV and CV hybrid quantum computation based on single photon and cat code. We
define the hybrid logical basis of qubits by taking the advantages of both DV and CV photonic qubits.
By implementing the cat code in CV qubit, the hybrid qubit becomes robust against photon loss.
Near-deterministic Bell measurements on hybrid qubits enable efficient implementation of logical
universal gate operations by employing the gate teleportation scheme. Photon loss is inherently
corrected by the teleportation process as the Bell measurement of cat-code qubits detects the loss of
single photon or the parity change. Our scheme outperforms previous proposals of photonic quantum
computation in fault-tolerance analysis.

Keywords:

Quantum computation, Quantum error corrections, Continuous-variable quantum information
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Training Parametrized Quantum Circuits for Optimal
Measurements

YUN Sung Won 1, BAE Joonwoo *1
1School of Electrical Engineering, KAIST
baejoonwoo@gmail.com

Abstract:

In this work, we construct a quantum circuit for maximum confidence measurements with
parameterized quantum circuits. We set a framework of training parameterized quantum circuits to
achieve maximum confidence measurements and present various qubit examples showing agreement
with exact circuits. The results are readily applied to practical and photon-based quantum information
applications where measurement is noisy and lossy.

Keywords:

parameterized quantum circuits, maximum confidence measurements, photon-based quantum
information
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Towards exact ultrashort quantum gates

AHN Seongjin *1, CHUCHALIN Andrei 1, MOSKALENKO Andrey S.1
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Abstract:

In order to properly perform an algorithm requiring at least thousands of qubits and correspondingly
many operations, e.g. factorization of a 2048-bit semiprime, it is necessary to prepare gates with
sufficiently high fidelity, at least above the fault-tolerance threshold. Furthermore, achieving a fidelity
even higher than this threshold is important for reducing the overhead in resources such as additional
qubits and gate operations for quantum error corrections. There are basically two factors which limit
the fidelity: one is a control error due to an inaccuracy of a coherent control of qubits, the other is a
decoherence error. In order to reduce the decoherence error, one can use fast gates. However, due to
the highly-diabatic and broadband/ultrabroadband nature of a fast control pulse, it is nontrivial to
accurately control qubits in this fast-driving regime. Finding a way to perform an accurate coherent
control at a sufficiently short timescale is a challenging but essential goal for entering the era of large-
scale quantum computations.

We apply a unitary perturbation theory [1] to find an optimal control pulse that results in a high-
fidelity quantum X gate. We start at the limit of an infinitesimally short pulse, where an exact X gate
can be implemented by fixing the pulse area to 7. Since the pulse cannot be arbitrarily short, limited
either by practical implementation issues or by a finite bandwidth set to prevent excitation outside of
the subspace of qubits, the error due to a finite pulse duration arises. This error has to be understood
and brought under control for its mitigation. We identify the error in the orders of the pulse duration
and determine how each error term depends on the pulse shape. We then find pulse shapes which
eliminate the error terms up to the first few orders and observe an order-by-order enhancement of
fidelity.

[1] A. S. Moskalenko, Z. Zhu, J. Berakdar, Charge and spin dynamics driven by ultrashort extreme
broadband pulses: A theory perspective, Physics Reports, vol. 672, pp. 1-82, (2017).
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Coherent control of an optical trapped-ion qubit
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1
TElectrical engineering, POSTECH
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Abstract:
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Evaluation of Astrophysically Important Nuclear Structure in
19Ne

KIM Sohyun 1, CHAE Kyung Yuk *1, SMITH Michael S2
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Abstract:

The 1°0(a, g)19Ne and '8F(p, a)°0 reaction rates are influential to explosive astrophysical phenomena.
For instance, the "°O(a, g)19Ne reaction is a trigger reaction for rp-process burning in x-ray bursts and

the 18F(p, a)1°0 reaction is a destruction channel of '8F, whose abundance is strongly related to 511
keV gamma-ray emission in novae. Since their reaction rates at stellar temperatures are dominated by
isolated narrow resonance reactions, calculations of the reaction rates require nuclear structure

properties of the compound nucleus '?Ne. Due to its importance, numerous experiments have been
performed to measure the resonance parameters over many years, and an evaluation of these
parameters is needed. The conventional evaluation approach involves selective weighted averaging of
the most reliable measurements - typically the most recent ones — followed by uncertainty estimates
relying on the experience and techniques of the evaluator. This can result in an under— or over-
estimation of uncertainties, with different evaluators assigning different uncertainties. In this work, a
new methodology with Bayesian approach is discussed to compile and evaluate all available
experimental data. The priors are initial resonance parameters, and the likelihoods are extrapolated
from previous experimental measurement reports with some statistical assumptions. By integrating the
prior and likelihood, the posterior (i. e, updated) resonance parameters can be obtained in a
statistically robust and reproducible manner. These posteriors will be presented and directly used as
probability density functions for Monte-Carlo reaction rate calculations.

Keywords:

X-ray Burst, Novae explosion, Evaluation
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Magnetic Effect on the Potential Barrier for Nucleosynthesis in
Astrophysics

PARK Kiwan *1
TPhysics, Soongsil University
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Abstract:

We demonstrated that a weak magnetic field can increase the permittivity, leading to a reduction in
the potential barrier within the Debye sphere consisting of electrons and a nucleus. By solving the
Boltzmann equation with the inclusion of the magnetic field, we obtained the magnetized permittivity.
The resulting enhanced permittivity field inversely decreases the potential barrier, thereby increasing
the reaction rate between two fusing nuclei. We compared this Boltzmann kinetic approach with the
Debye potential method. We found that they are qualitatively consistent. Further, we also derived the
magnetized Debye potential composed of the conventional term with a new magnetic effect. Both
approaches indicate that magnetized plasmas, which have existed since the Big Bang, have ultimately
influenced permittivity, potential barrier, and nucleosynthesis.

Keywords:

Magnetic effect, Potential barrier, Nuclear Reaction, Plasma, Boltzmann equation
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Equation of state for neutron stars including fermionic dark
matter

LEE Gwangjun 1, CHEOUN Myung Ki *1, MIYATSU Tsuyoshi 1, PARK Jubin 1
TDepartment of Physics and OMEG Institute, Soongsil University
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Abstract:

The properties of neutron stars with fermionic dark matter (FDM) are calculated using relativistic
mean-field (RMF) models. We study how their properties are influenced by nuclear incompressibility
and symmetry energy with the realistic nuclear equations of state (EoS). We here use the basic RMF
models which include the sigma, omega, and rho mesons. Then the energy density and pressure of
neutron-star matter are considered. In addition, the FDM is assumed to affect only nuclear EoS. Thus,
we present the difference between neutron-star EoS with and without FDM.

Keywords:

relativistic mean-field, dark matter, neutron star
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Study of the 1%0(a,p)1’F Cross Section for Type I X-ray burst
light curve
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SDepartment of Physics & Astronomy, Texas A&M University
6Département de Physique, Université Libre de Bruxelles
7Department of Physics & Astronomy, University of Notre Dame
8Department of Physics and Astronomy, McMaster University
9Department of Physics, Korea University
10Department of Physics, Sungkyunkwan University
11Department of Physics, Tohoku University
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13|stituto Nazionale di Fisica Nucleare, Istituto Nazionale di Fisica Nucleare
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Abstract:

The 140(a,p)!’F reaction rate holds significant importance as it exerts a strong influence on the light
curves of Type I X-ray burst models, as well as determines the transition from the hot CNO cycle to
the rp-process at sufficiently high temperatures (Tg > 0.5). Despite its astrophysical role, its large
uncertainty due to the lack of experimental measurements causes challenges in the precise
demonstration of astrophysical observables.

To address this issue, a direct measurement of the 14O(O(,p)17F cross section was performed at the CNS

Rl beam separator (CRIB), RIKEN. The 140 beam is produced by bombarding a N beam with the
energy of 8.40 MeV/u to H, cryogenic gas cell. The TexAT_v2 (Texas Active Target Time Projection
Chamber version 2) was used, enhancing detection efficiency for the (a,p) cross section measurement.
The three-dimensional particle tracking capability of TexAT_2 improved the energy and positional
resolution of detected charged particles from the reaction. Incorporating segmented silicon and Csl(Tl)
detectors around the field cage enabled more accurate cross-sectional measurements as a function of
center-of-mass energy. In order to manage the vast array of data from diverse detectors, the GET
electronics with the GANIL data acquisition system were employed.

This presentation will explain of the experimental configuration and provide preliminary analysis results
- 70 -



of the experimental data.

*This work was supported by the Institute for Basic Science (IBS-R031-D1), Ministry of Science and
ICT(MSIT), Republic of Korea.
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The thermal history of the dark ages in the early universe with
Kompaneets equation
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Abstract
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Simulation studies for a 12C(oc,y)160 reaction experiment near
stellar energies

KIM Shin Hyung_1, AHN Jung Keun *1
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Abstract:

The COREA (Carbon Oxygen Reaction Experiment with Active-target TPC) is an experiment to measure
the precise cross-section of the '2C(a,y)'®0 reaction in stellar nucleosynthesis. The reaction rate of
12C(on,y)16O determines the 12C/100 abundance ratio in the universe and the entire scenario of the
stellar nucleosynthesis after the helium burning up to the Fe core in the last years of stellar life. We

are developing a novel detector system consisting of an active-target time projection chamber in a
conduction-cooled superconducting magnet of the magnetic field up to 3 T and a LaBr3 gamma

detector array. In this talk, we will present the development of the unique COREA detector system and
the Geant4 simulation results.

Keywords:

stellar nucleosynthesis, He burning, active-target time projection chamber
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Dark matter effect on the neutron star equation of state
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Abstract:

This talk explores the effect of dark matter, captured by the strong gravity and high density of neutron
stars, on the equation of state (EoS) of neutron stars. We establish a theoretical framework
incorporating dark matter interactions and demonstrate potential modifications in the neutron star
EoS. These theoretical modifications allow us to explore potential constraints on the properties of dark
matter by comparing them to observational data. In particular, we would like to discuss whether they
can provide unique insights into the characteristics of the dark sector. We conclude this talk with a
discussion on future prospects.

Keywords:

Dark Matter, Neutron Star, Constraints, Equation of State, Dark Sector
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Resonance Strength Measurement of the 27Al(p, y)?8Si Reaction
near E;=2.05 MeV

AHN Jung_Keun *1
TDepartment of Physics, Korea University
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Abstract:

The 27Al(p, y)?8Si reaction plays a crucial role in the Mg-Al cycle of stellar nucleosynthesis, as it
competes with the 27Al(p,a)?*Mg reaction of the cycle. However, there remain significant uncertainties
and discrepancies in the values of resonance strength reported by many experiments with different
detector systems and analysis methods. Therefore, the more accurate measurement of resonance
strengths could improve our understanding of stellar nucleosynthesis and help us to develop more
accurate models of the evolution of stars. We measured the resonance strengths of the 27 Al(p, v)28si
reaction near Ep=2.05 MeV using a LaBr3 gamma-ray detector array. We performed this measurement
in the KIST Advanced Analysis Center using a 2 MV tandem accelerator. A typical beam current was 2
MA. The gamma-ray detector array comprises 14 cylindrical LaBr3(Ce) crystals of 50 mm(®) x 75 mm.
Scintillation light was read using 2-in photomultipliers. We measured the angular distribution of
gamma rays from the excited states 28Si* in the energy range up to 12 MeV. We used two
characteristic gamma-ray transitions, 1.78 MeV (2+ — 0+) and 2.84 MeV (4+ — 2+) to extract the
resonance strength. This talk will present the preliminary results of the 27Al(p, y)28Si reaction and
prospects in the COREA program with the KIST facility.

Keywords:

27Al(p, y)28Si, LaBr3(Ce) detector, KIST, Nucleosynthesis
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Radiative decay of the sub-threshold 14~ and 21* states of 1°0 in
cluster effective field theory

ANDO Shung-Ichi *1
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Abstract:

Radiative decay of the sub-threshold $1_17-$ and $2_1/+$ states of $/{16}$0 is studied in cluster
effective field theory. Asymptotic normalization coefficients of $0_1/2+$, $1_1/-$, $2_1/+$ states of
$7{16}$0 for the two-body a-$7{12}$7C channel, equivalently wave function normalization factors for
the initial and final states of the radiative decay amplitudes, are fixed by using the phase shift data of
elastic a7-$7{12}$C scattering for | = 0, 1, 2: only one unfixed parameter remains in each of the
radiative decay amplitudes. We fit it to each of the experimental decay widths and perform a
parameter-free calculation of radiative o capture on $7{12}$C, $7{12}$C(a,y)$7{16}$0, by using the
fitted parameters. We find that the order of magnitude of the astrophysical $S$ factors of
$7M{12}$C(0,y)$ 7 {16}$0, compared to the experimental data, is reproduced and discuss how the
calculation of $S$ factors of $7{12}$C(a,y)$7{16}$0O can be improved.

Keywords:

Radiave decay of $1_17-$ and $2_1/+$ states of 160, S factors of radiative alpha captire on 12C,
Cluster effective field theory
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The Study of 230 MeV Proton Beam monitoring system using a
Faraday Cup for Flash Proton Therapy.
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Abstract:

Purpose: The FLASH-RT, which uses an ultra-high dose of 40-200 Gy/s, is an emerging new technology
in Radiation Therapy. Clinical trials showed promising results in treating cancer tumors while preserving
normal tissue, which is more effective than conventional radiation therapy. The proton therapy beam is
preferred in current clinical systems because of the ease of implementation of FLASH-RT and the
uniform dose distribution on the plateau region proton beam. However, special beam monitoring and
control technology is required to accurately control the ultra-high dose rate, which is about 1000 times
higher than general radiation therapy. In this study, a Poor Man's Faraday cup (PTFC), widely used for
measuring charged particles, was developed to measure the proton beam used for proton therapy. The
possibility of using it for proton flash therapy was investigated.

Method: Considering the dose distribution characteristics of the proton therapy beam, a PTFC was
fabricated, and the 230MeV Ultra-high dose-rate proton beam was measured. Geant4 Monte Carlo
simulations were also performed to evaluate the feasibility.

Results: PMFC showed reliable results in general dosimetric performance tests. It showed a good linear
response to both irradiated dose and dose rate. It was also possible to measure the phenomenon that
the fluence of the proton beam gradually decreases according to the penetration thickness of the
medium. The Fraday Cup backscattering effect was insignificant compared to the irradiation beam
signal data.

Conclusion: This study investigated the feasibility of utilizing the Poor Man's Faraday Cup for Ultra-high
dose-rate proton beam measurement. The PMFC has the potential to role as both a beam stopper and
secondary monitoring system on FLASH Proton Therapy.

Keywords:

Flash Therapy, Proton Therapy, Ultra-high Dose-rate, Faraday Cup
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Energy Deposition of C14 and Protons in Body Phantoms: A
Geant4 Simulation Study
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Abstract:

In our research, we have used the simulation. This tool, geant4 simulation, is great for showing how
particles interact with materials, to study two particles: C14 and protons. We were interested in seeing
how these particles deposit energy on body phantom at three specific energy levels, 1 MeV, 10 MeV,
and 100 MeV. Geant4 is well-known for its ability to simulate and show how different particles behave
when they move through various materials. We study on the way C14 behaves at 1 MeV might be
different from how it behaves at 100 MeV. Similarly, protons also showed different behaviors at these
energy levels. We tried to understand the reasons behind these differences. This understanding is
crucial because it can be applied in real-world scenarios. For example, in medical treatments where
radiation is used, knowing how these particles deposit energy can help in making treatments more
effective.

Keywords:

medical physics
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As an application of Nuclear Physics, Available Medical Physics
Study in JNU
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Abstract:

For a couple of decades, a team of Jeju National University has studied in the fields of high energy
physics application. Here, we will introduce the medical physics studies among several nuclear physics
applications.

Generally, we can categorize the medical physics into several fields, such as thr digaonosis, the
treatment, etc. For the diagonosis, our team in JNU concentrates on the particle detection and
identification, especially gamma ray, using particle detection technology. For treatment, our team
concentrates on the cancer treatment using rhe high energy paticles, currently a proton beam and C-
14, from the particle accelerators.

Keywords:

Medical Physics, Nuclear Physics Application, particle identification
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Effect of lonizing Radiation on the 28nm MOSFETs
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Abstract:

The front-end ASICs in the detector systems of the LHC are built with the consideration on radiation
hardness technique. Characterization of the CMOS technology under the radiation must be performed
as a part of the consideration. The radiation damage is expected to be smaller for devices with thiner
gate oxide, but various factors affects the radiation hardness of the circuit in ultra-scaled technologies.
We submitted a few transistor designs to the 28nm CMOS processes through IC Design Education
Center(IDEC). We performed the irradiation test of the fabricated transistors up to 250Mrad with the X-
ray generator. We will report the changes of the transistors characteristics with the irradiation including
the effect by annealing.

Keywords:

28nm CMOS Process, Changes in Transistor Characteristics, Irradiation, TID, Annealing
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Searching for an optimized selection of Monte Carlo dose
calculation parameters for line-scanning proton beam therapy
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Abstract:

To provide a practical guide on the selection of Monte Carlo (MC) dose calculation parameters for
scanned beam proton therapy in RayStation, we generated treatment plans with various combinations
of two MC dose calculation parameters in the optimization and compared the elapsed time and
dosimetric properties of those plans. We selected 23 clinical cases treated with scanned beam proton
therapy. For each clinically approved treatment plan, we generated 26 exploring plans (1 plan with
clinical pencil beam dose algorithm and 25 plans with MC dose algorithm with varying dose
calculation parameters). We recorded the elapsed time for individual plans in the dose calculation
using an automated RayStation script. To evaluate the dosimetric quality of the exploring plans, the
conformity and homogeneity indices of each plan were calculated and dose-volume histograms for
the target volume and organs-at-risk were assessed. We found the combination of 12,000 ions/ spot in
the optimization and 0.5% uncertainty in the final dose calculation would provide a dosimetrically
competent plan with a reasonable amount of dose calculation time. We would suggest using 8000
ions/spot in the optimization and 1.0% uncertainty in the final dose calculation as a starting point in
the treatment planning of scanned beam proton therapy. The practical recommendations resulting
from this study, related to MC dose calculations, have the potential to enhance treatment planning
strategies for scanned beam proton therapy and to make the iterative process of treatment planning
more efficient.

Keywords:

Proton beam therapy, Monte Carlo dose calculation, Dose calculation parameters
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Abstract:

Purpose: The purpose of this study is to analyze factors related to shielding requirements for modern
linear accelerators (linacs) used in radiation therapy and to report whether changes are consistent with
recommended safety guidelines. This study focuses on the amount of change in the workload and
includes the investigation of the amount of change in the Intensity-Modulated Radiation Therapy
(IMRT) factor based on the monitor unit (MU).

Materials and Methods: Digital Imaging and Communications in Medicine (DICOM) radiotherapy (RT)
plan files of treated patients collected from two Elekta linacs from 2014 to 2022 were obtained. Data
pertinent to workload, MU, energy, rotation angle, treatment technique, and treatment area were
extracted from the DICOM RT plan file through employment of the MATLAB program. Statistics were
aggregated on a monthly basis. The study concentrated on modifications in fractional dose, MU,
treatment sessions, usefactor, and IMRT factor.

Results: The average workload for an individual patient exhibited an ascending trend from 2014 to
2020, followed by a subsequent decline, and a subsequent resurgence in 2022. Nonetheless, the
average monthly workloads demonstrated yearly insignificant fluctuations while maintaining a
consistent overall pattern. In the case of energy use, there is little change from year to year. On
average, 85% used 6 MV, 9% used 10 MV, and the remaining 6% used 4 MV. IMRT factors were 2.5 +
0.3 and 2.7 £ 0.6 in the treatment room, respectively. Treatment techniques have undergone significant
changes. IMRT was not used in this treatment room, and in 2014, the 3D-CRT technique was dominant
at more than 99%, but as it was gradually replaced by the Volumetric Modulated Arc Therapy (VMAT)
treatment technique, the implementation of the VMAT treatment technique accounted for more than
90% from 2019 onwards. The use of 3D CRT was common in linac until 2015 due to the combination
of Tomotherapy, but it seems to have decreased sharply since then. The usefactor tends to be more
and more equally distributed in all directions from 2014 to 2022.

Conclusions: This study investigated the workload associated with the shielding requirements of
modern linacs used in radiation therapy. According to the findings, there was an increase in both the
workload and MU with the alteration of the treatment technique. Despite these changes, the
workloads in terms of the total number of weekly treatment sessions appeared to be stable. Finally, the
study affirmed that the shielding evaluation factors employed for defensive purposes adhered to the
suggested guidelines outlined in National Council on Radiation Protection & Measurements (NCRP)
Report 151.

Keywords:
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Overview of R&D activities of ALICE-ITS3 upgrade project in
Korea

KIM Jiyoung_*1.2
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Abstract:

Inner Tracking System (ITS2) is the most central vertexing and tracking detector in ALICE based on
Monolithic Active Pixel Sensors (MAPS), and its upgrade to ITS3 is planned during the Long Shutdown
(2026-2028). In the ITS3 upgrade, the three inner-most layers are replaced by the ultra-thin (< 50

$/micro$m) wafer-scale (up to ~ 10 x 26 cm? in size on 300mm wafers) sensors. Such thickness allows
enough flexibility for the sensor to be bent into cylindrical shapes by targeted radii of 18, 24, and 30
mm. Also, stitching technology is applied to produce single sensors that make unit-sensor size than
the reticle size and big enough to cover half-cylinders. These newly developed features enable us to
reduce the material budget (0.05 % X per layer) and improve the pointing resolution by a factor of 2

to the current detector (ITS2) configuration.

The Ko-ALICE team has been working on the ITS3 upgrade project, focusing on the silicon chip
characterization measurements and construction of the bent chip test system. In particular, we are
interested in constructing a bent chip test system with Flexible Printed Circuit (FPC) and ITS3 prototype
sensors and making the telescope with multiple chip layers. In Oct, we had a one-day beam test at
KOMAC to check the performance of our mini ITS3 telescope. The experimental setup was designed to
reduce the fluence of the beam based on GEANT simulation to make possible tracking study at
KOMAC. In addition, the beam test campaign at the Japanese beam facility, KEK, is also planned for
this winter and early next year.

In this presentation, we talk about the ongoing activities and upcoming beam test plan of the Ko-
ALICE team in the ITS3 upgrade.
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Current status of the Active Target TPC development in CENS

CHA Soomi *1, HAHN Kevin Insikl, AHN Sunghoon 1, BAE Sunghan 1, DO Seungkyung 3, GU Gyoungmo 1.2, KIM
Chanhee 2, KIM Minju 1.2, KIM Sohyun 2, KIM Yunghee 1, LEE Jungwoo 1, PEREIRA-LOPEZ Xesus 1, PARK
Chaeyeon 1
TCenter for Exotic Nuclear Studies, IBS
2Department of Physics, Sungkyunkwan University
3Department of Physics, Korea University
soomicha@ibs.re.kr

Abstract:

Active Target Time Projection Chamber (AT-TPC) is one of state-of-the-art particle detectors which
allows a precise measurement of nuclear reactions using rare isotope beams at the present and future
nuclear physics facilities.

Active Target TPC for Multiple nuclear physics eXperiments (AToM-X) is under development at the
Center for Exotic Nuclear Studies (CENS).

It consists of a highly segmented Time Projection Chamber (TPC) using a Micromegas, a field cage,
and solid state detectors.

It enables the high resolution measurement of the 3-dimensioinal particle tracks, energy, and position
with the high detection efficiency.

Details of the development status will be presented.
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Generation and applications of superradiant FEL pulses
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Abstract:

A free-electron laser oscillator (FELO) operated at a specific condition generates superradiant pulses

whose peak intensity and duration are proportional to N2 and 1/N, respectively, where N is the
number of electrons. The scaling law is the same as superradiance in two-level systems as defined by
Dicke despite the difference in physical systems. In a superradiant FELO operating at the large-N limit,
high-intensity few-cycle optical pulses can be generated. Due to the wavelength tunability of the FEL,
such optical pulses are particularly useful in the mid- and long-wave infrared. We are conducting a
research program aimed at the application of superradiant FELOs for high-harmonic generation (HHG)
from gaseous and solid targets. Two FEL facilities, KU-FEL at Kyoto University and LEBRA-FEL at Nihon
University are being utilized. The presentation will report on the recent progress of the research
program.
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Superabsorption: Enhanced cooperative absorption as a time-
reversal counterpart of superradiance
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Abstract:

Superabsorption is a time-reversal process of superradiance, where superradiance is a quantum
phenomenon that a group of atoms or molecules can emit light faster and more collectively than
individual ones. In superabsorption, a group of atoms or molecules can absorb light faster and more
completely than individual ones. Although superradiance phenomena is observed in diverse systems
including Bose-Einstein condensates, trapped atoms and nitrogen-vacancy centers in diamond,
collective absorption was rarely observed due to the fast decay.

The first superabsorption was realized by implementing a time-reversal process of superradiance,
wherein phase manipulation of the superradiant state within a cavity was utilized. The whole system
was reversed in time—not only the atomic state but also the photonic state. By controlling the phase
of the superradiant field opposite to that of an input field in a cavity, the superradiant state undergoes
an upwards transition in the Dicke ladder, resulting in a time reversal of the superradiance. The
experimental outcome revealed a substantial enhancement in absorption, with the number of
absorbed photons scaling with the square of the number of atoms, while its rate was much greater
than that of the ordinary ground-state absorption.

Experimental realization in an organic microcavity also marks noticeable progress. The study
demonstrated that superabsorption can be used to create a quantum battery, which is a device
exhibiting superior charging rates and capacity. The concept of a quantum battery has garnered
substantial attention due to its superextensive scaling of energy absorption, with the charging rate
being proportional to N. We anticipate that the studies on superabsorption will pave the way for
harnessing collective effects in light-matter interactions, leading to applications in nanoscale energy
capture, storage, and transport technologies.
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DNA grabbers and steerers of quantum emitter for
superradiance
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Abstract:

In this talk, | would like to introduce that DNA can arrange quantum emitters in a highly controlled
manne, which could act as a pivotel role in superradiance research. As is well-known, DNA forms a
double helix structure by the complementary binding of two single-stranded DNA (ssDNA). Using this
exotic complementary binding of DNA, it is possible to fold a ultralong ssDNA (with about 8000 bases)
at desired locations to create nanostructures with around 100 nm in size and virtually any desired
shape. This technique is referred to as DNA origami. Similar to assembling logs to create a raft, DNA
origami involves connecting DNA double helices to obtain controlled structures of diverse shapes.
Moreover, within the DNA double helix, quantum emitters such as organic dyes can be integrated with
a precisely controlled direction and position. The accuracy of positioning can reach the nanometer
scale, while the directional control can be achieved with an accuracy of about 5-10 degrees. As a
result, the integration of quantum emitters based on DNA origami holds promise as an experimental
approach for future implementations of superradiance.
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Single-molecule studies of RNA polymerase Il transcription

BAEK Inwha *1
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Abstract:

Gene expression is regulated primarily at the level transcription by which RNA transcripts are
synthesized from a DNA template by enzymes called RNA polymerases. In eukaryotes, RNA
polymerase Il (Pol Il) transcribes messenger RNAs (mRNAs) and many noncoding RNAs. To successfully
produce mRNA, distinct transcription initiation, elongation, and termination factors need to be
recruited to and released from Pol Il in a timely manner. However, the association and dissociation
kinetics of these factors are poorly characterized partly because past Pol Il transcription studies utilized
ensemble assays, which can only reveal the averaged behavior of individual molecules. To investigate
the dynamics of Pol Il transcription at unprecedented resolution, in vitro multi-wavelength single-
molecule fluorescence microscopy was implemented. Our single-molecule microscopy experiments
reveal several unexpected features of activator-dependent Pol Il transcription. Initial recruitment of Pol
Il and some general transcription factors, TFIIE and TFIIF, does not require the core promoter. Instead,
they first interact with enhancer(UAS)-bound activators, with dwell times on the order of a few
seconds. More interestingly, multiple Pol Il complexes can simultaneously bind a single enhancer,
creating a localized Pol Il cluster. This Pol Il cluster could potentially explain the mechanism underlying
transcription bursting. In contrast to other factors, TFIIH association with DNA is dependent on the
core promoter. In sum, our kinetic measurements lead to a new branched model for activator-
dependent Pol Il preinitiation complex assembly that has so far been masked by ensemble assays.

Keywords:

Single-molecule fluorescence microscopy, RNA polymerase I, transcription, enhancer, transcription
factor, upstream activating sequence
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Initiation of Parental Genome Reprogramming in Fertilized
Oocyte by Splicing Kinase SRPK1-Catalyzed Protamine
Phosphorylation

LIM Do-Hwan *
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Abstract:

The paternal genome undergoes a massive exchange of histone with protamine for compaction into
sperm during spermiogenesis. Upon fertilization, this process is potently reversed, which is essential for
parental genome reprogramming and subsequent activation; however, it remains poorly understood
how this fundamental process is initiated. Here, we report that the splicing kinase SRPK1 initiates this
life-beginning event by catalyzing site specific phosphorylation of protamine, thereby triggering
protamine-to-histone exchange in the fertilized oocyte. Interestingly, protamine undergoes a DNA-
dependent phase transition to gel-like condensates and SRPK1-mediated phosphorylation likely helps
open up such structures to enhance protamine dismissal by nucleoplasmin and enable the recruitment
of HIRA for H3.3 deposition. Remarkably, genome-wide ATAC-sequencing analysis reveals that selective
chromatin accessibility in both sperm and MIl oocytes is largely erased in early pronuclei in a
protamine phosphorylation dependent manner, suggesting that SRPK1-catalyzed phosphorylation
initiates a highly synchronized reorganization program in both parental genomes.

Keywords:
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Alterations in Chromatin Dynamics in Living Cells due to
Transcription-Dependent Physical Disturbances
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Abstract:

Single-particle tracking in living cells has recently demonstrated that transcription directly affects
chromatin dynamics. However, the specific mechanisms explaining how transcription alters the physical
behaviour of chromatin are not yet clear. Using CRISPR-labelling focused on telomeric DNA repeats,
we investigated the diffusion characteristics of chromatin. We found that inhibitors targeting
transcription factors globally enhance chromatin movements. In contrast, inhibitors acting via DNA
intercalation reduced chromatin motion. This disparity suggests that variations in chromatin rigidity
may underlie the increased mobility with transcription inhibition and the restricted movement with
DNA intercalation inhibitors. Furthermore, we tested the impact of nuclear space's volume confinement
on chromatin dynamics. Our observations indicate that chromatin movements diminish in response to
osmotic pressure and elevated expression of chromatin architectural proteins, which induce chromatin
compaction. In summary, our research indicates that modifications in chromatin's physical properties
can dictate its motion and transcriptional functionality. However, comprehensive studies observing
entire chromosome movements are crucial for verification.
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Revisiting DNA with Single Molecule Methods

KIM Hajin *1
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Abstract:

DNA contains information that defines life phenomena and is a biomolecule found repeatedly in
consistent form at all levels of life. Through the discovery of the double helix structure 70 years ago,
the discovery of the human genome sequence 20 years ago, and the recent completion of the
complete human genome sequence, its physicochemical properties and biological functions have been
studied in detail. But recent single-molecule measurements and computational simulations are
revealing new facts that were not known about this molecule that was thought to be well understood.
For example, it still remains controversial how flexible DNA is and what determines its bending
flexibility. In this talk, our recent finding on how the base sequence and chemical modification
determine the condensation and looping properties of DNA based on single-molecule fluorescence
measurements, atomic force microscopy, and all-atom molecular dynamics simulations. It was found
that the C5 methyl group of thymine is critical in the polycation-induced DNA compaction, which
relates to the cysteine methylation, an important epigenetic marker. Deformation energy of
neighboring stacks of bases was found to heavily depend on the base sequence, which results in a
large variation in the looping propensity of short DNA, more than an order of magnitude. These
findings suggest a biophysical mechanism for spatiotemporal regulation of chromatin structure, and
also can be utilized for gene therapy through sequence manipulation.
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Emergence of chaos in magnetic skyrmions driven by magnetic
fields via quasiperiodic route to chaos
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Abstract:

Chaos plays a crucial role in understanding the intricacies of nonlinear systems in nature. Even though
these systems adhere to deterministic laws, their behavior can seem unpredictable due to their
sensitivity to initial conditions—a phenomenon famously known as the 'butterfly effect'. The
implications and applications of chaos span a wide range, from meteorology to engineering and
physics. In this study, we delved into chaos within a specific magnetic texture known as the skyrmion.
We examined the nonlinear dynamic behaviors of magnetic skyrmions under oscillating magnetic
fields. The onset of these nonlinear dynamics is due to the interaction between gyrotropic modes and
a non-uniform, breathing-like mode. This interaction changes the skyrmion's moment of inertia and
spring constant, subsequently influencing the eigenfrequency of the primary gyrotropic mode. Such
changes markedly affect nonlinear characteristic parameters, notably the cusp number and
hypotrochoid type, leading to intricate hypotrochoidal motion patterns over time. Using calculated
bifurcation maps and local Lyapunov exponent maps, we effectively differentiated various nonlinear
behaviors. These spanned from structured patterns to chaotic motions, seen across diverse field
strengths and time intervals [1]. This thorough analysis of the field-strength and time-dependent
chaotic dynamics of magnetic skyrmions offers deep insights into the myriad nonlinear pathways
culminating in chaos. Furthermore, it sets the stage for crafting novel computational strategies that
harness the deterministic chaos dynamics sensitive to initial conditions [2].

[1] G. Park and S. -K. Kim, submitted (2023)
[2] S. Sinha and W. L. Ditto, Phys. Rev. Lett. 81, 2156 (1998)
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Noncollinear magnetic order, in-plane anisotropy, and
magnetoelectric coupling in a pyroelectric honeycomb
antiferromagnet Ni;Mo30g

YADAV Poonam 1, CHOI Sungkyun *
TIBS-CINAPR, Sungkyunkwan University
sungkyunchoi@skku.edu

Abstract:

Ni>Mo3QOg is a pyroelectric honeycomb antiferromagnet exhibiting peculiar changes of its electric
polarization at magnetic transitions. Ni;Mo30Og stands out from the isostructural magnetic compounds,
showing an anomalously low magnetic transition temperature and unique magnetic anisotropy. We
determine the magnetic structure of Ni,Mo30g utilizing high-resolution powder and single-crystal
neutron diffraction [1]. A noncollinear stripy antiferromagnetic order is found in the honeycomb
planes. The magnetic space group is Pna24. The in-plane magnetic connection is of the stripy type
both for the ab-plane and the c-axis spin components. This is a simpler connection than the one
proposed previously. The ferromagnetic interlayer order of the c-axis spin components in our model is
also distinct. The magnetic anisotropy of Ni>Mo3QOg is characterized by orientation-dependent
magnetic susceptibility measurements on a single crystal, consistent with neutron diffraction analysis.
The local magnetoelectric tensor analysis using our magnetic models provides new insights into its
magnetoelectric coupling and polarization. Thus, our results deliver essential information for
understanding both the unusual magnetoelectric properties of Ni,Mo30g and the prospects for

observation of exotic nonreciprocal, Hall, and magnonic effects characteristic to this compound family.

[1] P. Yaday, S. Lee, G. L. Pascut, J. Kim, M. J. Gutmann, X. Xu, B. Gao, S.-W. Cheong, V. Kiryukhin, and S.
Choi, Phys. Rev. Res. 5, 033099 (2023).
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Single-crystal synthesis of 3-dimesional quantum spin liquid
candidate Yb3Sc,Ga3z01>
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Abstract:

Geometrically frustrated magnetism originates from the intrinsic incompatibility between
antiferromagnetic interactions within the underlying geometry such as 2-dimensional (d) triangular or
3-dimensional pyrochlore lattices. These magnetic systems can maintain a disordered magnetic spin
configuration down to very low temperature (T) and even at T = 0 by means of quantum fluctuation,
stabilizing a quantum spin liquid (QSL) state. While there have been some representative 2-d frustrated
magnets that exhibit signatures of a QSL, it is uncommon to realize 3-d systems to host emergent
quantum states due to more complex lattice geometry and less prominent quantum fluctuations.

In this presentation, we will introduce a new 3-dimensional QSL candidate Yb3Sc,Gaz0q, which forms

a hyperkagome lattice networks of Yb>* ions with Jeft = 1/2 [1]. We have successfully synthesized

large single-crystals by utilizing a laser-diode floating zone furnace. The lattice constant of the grown
single crystal is a = b = ¢ = 12.388 A, closely matching that of the previously reported polycrystal
work. Details of the synthesis, structural, and magnetic properties of will be given as well as future
prospects for critical examination of this system as a QSL.

[1] B. Sana, M. Barik, U. Jena, M. Baenitz, J. Sichelschmidt, K. Sethupathi, R Khuntia, arXiv.2304.07350v1
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Rare earth free Fe3MnC, alloy permanent magnet: First principle
and Atomistic Simulation
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Abstract:

Due to the importance for device applications and also other subtle issues, study on rare-earth free
permanent is becoming more and more important subject. Here, we investigate the temperature
dependent magnetic characteristics of the FesMnC, structure. We find that the FesMnC, alloy exhibits

a critical temperature of 640 K with perpendicular magnetic anisotropy. With increasing temperatures,
both the coercive field and the magnetic anisotropy constant monotonically decrease. From
temperature dependent magnetization and coercive field, the (BH)max of the FesMnC, system
obtained is 396 kJ/m3 at zero Kelvin. The (BH)max suppressed with increasing temperature.
Nonetheless, we find the (BH)max of 253 kJ/m3 is at 300 K. Compared with the (BH)max of ferrites and
SmCos, the FesMnC, alloy structure exhibits better permanent magnetic properties. Therefore, we
suggest that the Fe3MnC, could be a suitable candidate for a Fe-based gap permanent magnet
between ferrite and Nd-Fe-B (or Sm-Co) at room temperature.

Corresponding Authors
*E-mail: hongj@pknu.ac.kr
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Possible unconventional superconductivity in altermagnetism
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Abstract:

Altermagnet is an exotic class of magnetic materials that exhibits nodal point degeneracy on Fermi
surface. In this talk, we study the possible intrinsic superconductivity of altermagnetism. Using the self-
consistent mean field theory, we show that symmetry-protected point degeneracy plays an important
role in determining pairing symmetry. p+ip chiral superconductivity can arise due to the spontaneous
symmetry breaking of time-reversal symmetry. Finally, we discuss the realization of topological
superconductivity in altermagnet, RuO2.
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Large anomalous Hall effect and intrinsic Berry curvature in
magnetic Weyl semimetal NdAIGe
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Abstract:

Weyl semimetals driven by both time-reversal (TRS) and inversion symmetries (IS) are rare and be a
good platform to investigate the relationship between chiral current and magnetic order. NdAIGe
compound, grown in a single crystalline form by the flux method, has a noncentrosymmetric 141md
crystal structure. The magnetic susceptibility X(7) shows anisotropic behavior; ferromagnetic with
divergence of field cooling (FC) and zero field cooling (ZFC) in H||c, and antiferromagnetic transition

at Ty = 6 K for magnetic field H_Lc. A spin reorientation is found near H = 20 kOe for Hl|c and to be
the first-order phase transition from the hysteresis. The band structure calculation without
consideration of magnetic order has revealed that NdAIGe is the type-Il Weyl semimetal with four
types of Weyl nodes in the ab-plane and there is no Fermi surface nesting vector, implying that the
Weyl nodes are not directly related to the magnetic ordering and spin density wave instability. There is

a significant anomalous Hall coefficient Rs and large anomalous Hall conductivity O'Axy for Hl|c. The

giant anomalous Hall conductivity aAXy, constant 5H=0AXy/M (H = 50 kOe) value, and their Karplus and
Luttinger (KL) analysis support the intrinsic Berry curvature in NdAlGe compound.
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Unexplored magnetic anomaly inside a noncollinear magnetic
order in a buckled honeycomb lattice of magnetoelectric
Co4Ta209
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Abstract:

Magnetoelectric materials usually indicate compounds possessing magnetic and electric properties
simultaneously. These materials have been examined vigorously to develop future applications, such as
more energy-efficient devices. Based on their unique intervening correlations, the main idea is
manipulating their magnetization and polarization states by the electric and magnetic fields.

One such candidate is Co4Ta209, which belongs to a new family of magnetoelectric materials, A4B209
(where A = Mn, Fe, Co and B = Nb, Ta). Recently, we determined a noncollinear magnetic ground state
of Co4Ta209 at 15 K, where the temperature for the long-range magnetic order is about 20 K, which
can explain its unusual magnetoelectric properties. However, the anomaly at the low-temperature
range with the bifurcation between the zero-field-cooled and field-cooled susceptibility is not yet
understood.

In this talk, we present our systematic dc and ac magnetic susceptibility measurements on multiple
Co4Ta209 single crystals, which show a wide range of the strength of the anomaly. For the direct
comparative study, we also perform single-crystal neutron diffraction measurements on selected single
crystals, which are analysed by the group theory. Having the combined results, we will discuss how we
can understand its structure—property relationship, and its possible implications for magnetoelectric
applications.

Keywords:

Quantum magnetism, Magnetoelectricity , Honeycomb lattice, Neutron diffraction, dc and ac
susceptibility
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Transition Metal Dichalcogenides
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Abstract:

1T-transition metal dichalcogenides (TMD) have been an exciting platform for exploring the
intertwinement of charge density waves and strong correlation phenomena. While the David star
structure has been conventionally considered as the underlying charge order in the literature, recent
scanning tunneling probe experiments on several monolayer 1T-TMD materials have motivated a new,
alternative structure, namely the anion-centered David star structure. We show that this novel anion-
centered David star structure manifestly breaks inversion symmetry, resulting in flat bands with
pronounced Rashba spin-orbit couplings. We discuss potential spin liquids realized in such systems
with projective symmetry group analysis and variational Monte Carlo, finding spin liquids that can
spontaneously break either rotational or time-reversal symmetries.
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Emergent Excitations with Non-trivial Configurations of Visons in
the Kitaev Quantum Spin Liquid
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Abstract:

The Kitaev quantum spin liquid is one of the promising candidates to realize non-Abelian anyons in
quantum magnets, and its deeper understanding has been strongly called for. In this work, we
investigate the properties of emergent excitations by employing the parton mean-field theory and
exact diagonalization, focusing on the non-trivial configurations of visons.
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Dynamics of exceptional points in non-Hermitian toric code
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Abstract:

Toric code is one of the well-known topologically ordered quantum many-body systems. In contrast to
conventional ordered phases, the topologically ordered phases have robust degenerate ground states
against the local perturbations. In this talk, we study the toric code in the presence of non-Hermitian
perturbations. By controlling the non-Hermitian perturbation, we show that the ground states of the
toric code can have a non-Hermitian spectral singularity, known as an exceptional point. By
adiabatically encircling the exceptional point, we propose the controllable transitions between the
topologically ordered ground state. Finally, we demonstrate the dynamical encircling of the exceptional
point, which provides a useful controllable protocol for topological quantum computations.
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Control of trigonal crystal field and critical temperature in
cobalt-based Kitaev quantum spin liquid candidates A3Co,SbOg

(A=Cu, Na)

SOHN Changhee *1, PARK Miju 1, KIM Gyehyeon 1
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Abstract:

The Kitaev quantum spin liquid (KQSL) is the new limelight state for realizing macroscopic quantum
entanglement without classical long-range ordering. While cobalt-based honeycomb lattice oxides
A3C0,SbOg (A=Cu, Na) have been proposed as new candidates of KQSL, the presence of trigonal

crystal field in real materials leads to a classical long-range ordered ground state at low temperatures.
It is, therefore, mandatory to control such a trigonal crystal field to realize the KQSL. Here, we studied
the splitting A of a;4 and eg1T state of trigonal field caused by CoOg trigonal distortion in A3Co,SbOg
(A=Cu, Na) thin films, by employing X-ray absorption spectroscopy. Notably, our findings indicate that
the eg1T level is higher than the aq4 level, and reducing the trigonal distortion leads to a reduction in

the trigonal field A, contrary to the direction suggested by previous theoretical [1] and

experimental [2] investigations. Furthermore, we controlled the CoOg trigonal distortion in A3Co,SbOg
(A=Cu, Na) thin film via He implantation, resulting in suppression of antiferromagnetic ordering
temperature. It implies the strong correlation between the trigonal crystal field and the stability of
classical long-range ordering. This research proved that the control of the trigonal crystal field is key
to achieving the KQSL.

[1] Liu, H., Chaloupka, J., & Khaliullin, G., 2020 Phys. Rev. Lett. 125 047201
[2] Chaebin Kim et al 2022 J. Phys.: Condens. Matter 34 045802
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The Effects of the Strain on Kitaev Quantum Spin Liquids

NOH Pureum 1, MOON Eun-Gook *1
Tphysics, KAIST
egmoon@kaist.ac.kr

Abstract:

The ground state of isotropic Kitaev's honeycomb model is a non-abelian chiral spin-liquid state with
Majorana fermion excitations, which has been proposed as a promising platform for fault-tolerant
topological quantum computations. The interaction with deformations of the crystal lattice is a crucial
ingredient in many experiments realizing quantum information processing schemes. Here, we derive
the symmetry-allowed Hamiltonian with strains on the Honeycomb lattice. Using general symmetry
analysis with perturbation for microscopic spin Hamiltonians, we uncover the effects of the strain on
Kitaev's quantum Spin Liquids, including strain-induced topological phase transitions.

Keywords:

Quantum Spin Liquid, Kitaev's Honeycomb Model
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Point-gap topology and skin effect of non-reciprocal many-body
systems

KIM Beom Hyun *1, HAN Jae Ho 1, PARK Moo Jip 2
1Center for Theoretical Physics of Complex Systems, I1BS
2Department of Physics, Hanyang University
bomisu@gmail.com

Abstract:

The Hatano-Nelson model is a one-dimensional non-Hermitian Hamiltonian featuring non-reciprocal
hopping. This model reveals complex eigenvalues, that trace closed curves in the complex plane, under
periodic boundary conditions (PBC). These curves are characterized by the winding number. In
contrast, all eigenvalues become purely real numbers under open boundary conditions (OBC).
Concomitantly, all eigenstates are exponentially localized at the boundary sites, a phenomenon known
as the non-Hermitian skin effect (NHSE).

In this study, we investigated the NHSE of the many-body fermion systems by utilizing the half-filled
Hubbard model with non-reciprocal hopping. We found that eigenstates, in which finite doublon-
holon pairs play a significant role, exhibit robustly complex eigenvalues even in the strong coupling
limit. Notably, the eigenvalues are characterized by their point-gap topology. Furthermore, we
demonstrated that the NHSE in these systems can be elucidated through the segregation of doublon-
holon pairs.

Keywords:

Non-Hermitian skin effect, Hubbard model, Doublon-holon excitation
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The Influence of UV/IR Mixing on Topological Entanglement
Entropy in Two-Dimensional Lattice Models

KIM Jintae *1, OH Yun-Tak 2, HAN Jung Hoon
TDepartment of Physics, Sungkyunkwan University
2Division of Display and Semiconductor Physics, Korea University, Sejong
jint1054@gmail.com

Abstract:

The topological entanglement entropy (TEE), symbolized as 7, is closely connected to the quantum
dimension D of a model, expressed as 7 = 102D within the landscape of two-dimensional lattice
models, an emergent phenomenon termed UV/IR mixing has gaining attention, which involves the
blending of ultraviolet (UV) and infrared (IR) scales. In such models the ground state degeneracy (GSD)
and the number of independent logical operators depends on the system size in a sensitive manner,
and it must influence the quantum dimension. This study aims to shed light on how UV/IR mixing
affects TEE and its connection to the quantum dimension. We focus on a particular example, the Zx
rank-2 toric code (R2TC), and find something interesting: TEE remains unchanged by UV/IR mixing
when the system has a contractible boundary. However, with a non-contractible boundary, we observe
distinct signs of UV/IR mixing within the TEE. Additionally, we construct minimum entropy states for
the R2TC and derive the corresponding TEE. A significant difference emerges between the way UV/IR
mixing affects the ground states compared to its impact on TEE. This difference is due to "invariant
anyons,” which are particles that keep their quantum properties intact even after they move around a
torus. Importantly, the method we use to calculate TEE can be applied to other models that involve
UV/IR mixing, broadening our understanding of quantum entanglement and topological phenomena.

Keywords:

UV/IR mixing, Topological entanglement entropy, Topological order, Quantum dimension
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Geometric aspects of the multipartite entanglement via modular
commutator

PARK Sung-Min 1, KIM Isaac H2, MOON Eun-Gook *1
Tphysics, KAIST
2Computer Science, University of California, Davis
egmoon@kaist.ac.kr

Abstract:

Quantum entanglement in many-body systems is one of the key concepts in quantum science and
technology. The recent introduction of the new entanglement quantity modular commutator enables
extracting chiral central charge from a single wave function. In this study, we study geometric aspects
of multipartite entanglement of quantum states using modular commutators. We discuss their salient
features in conformal field theory and provide concrete examples.

Keywords:

modular commutator, chiral central charge, multipartite entanglement, area law of entanglement
entropy
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Voltage control of magnetism in Fe3_,GeTe,/In,Se3 van der
Waals heterostructures

EOM Jaeun 1.2, LEE Inhak 1, KEE Jung Yun 1.3, CHO Minhyun 4, SEO Jeongdae 5, SUH Hoyoung 6, CHOI Hyung-
Jin 7, SIM Yumin 8, CHEN Shuzhang 910, CHANG Hye Jung 6, BAEK Seung-Hyub 7, PETROVIC Cedomir 9,10, RYU
Hyejin 1, JANG Chaun 1, KIM Young Duck 4, YANG Chan-Ho 5, SEONG Maeng-Je 8, LEE Jin Hong 1, PARK Se
Young_*311, CHOI Jun Woo *1
1Center for Spintronics, KIST
2Department of Physics and Astronomy, Seoul National University
3Department of physics, Soongsil University
4Department of Physics and Department of Information Display, Kyung Hee University
SDepartment of Physics, KAIST
6Advanced Analysis Center, KIST
"Electronic Materials Research Center, KIST
8Department of Physics, Chung-Ang University
9Condensed Matter Physics and Materials Science Department, Brookhaven National Lab
1010 Department of Physics and Astronomy, Stony Brook University
110rigin of Matter and Evolution of Galaxies (OMEG) Institute, Soongsil University
park.seyoung@gmail.com, junwoo@kist.re.kr

Abstract:

We investigate the electronic and magnetic properties of ferromagnetic/ferroelectric in Fes_
,GeTey/InsSes heterostructures. It is observed that gate voltages applied to the Fes_,GeTe,/InySes
heterostructure device modulate the magnetic properties of Fes_,GeTe, with a significant decrease in

the coercive field for both positive and negative voltages. Raman spectroscopy on the heterostructure
device shows a voltage-dependent increase in the in-plane In,Sez and Fez_,GeTe, lattice constants for
both voltage polarities. Thus, the voltage-dependent decrease in the Fe3_,GeTe, coercive field,
regardless of the gate voltage polarity, can be attributed to the in-plane tensile strain. This is
supported by density functional theory calculations showing tensile-strain-induced reduction of the
magnetocrystalline anisotropy, which in turn decreases the coercive field. Our results demonstrate an
effective method to realize low-power voltage-controlled vdW spintronic devices utilizing the
magnetoelectric effect in van der Waals ferromagnetic/ferroelectric heterostructures.

Keywords:

van der Waals materials, Magnetism, Density functional theory, magneto-optic Kerr effect, Raman
spectroscopy
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Accelerated Variational Eigensolver in combination with Quantum
annealer

LEE HUNPYO *1, PARK Hayun 1
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Abstract:
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Screening of semiconductor materials using hybrid density
functional theory

PARK Ji-Sang_*1
1SKKU Advanced Institute of Nanotechnology (SAINT) and Department of Nano Engineering, Sungkyunkwan

University
jisangparkphys@gmail.com

Abstract:

First-principle density functional theory (DFT) has been regarded as one of the most efficient methods
for investigating the properties of semiconductor materials. Recently, a lot of efforts have been
devoted to building computational databases through high-throughput DFT calculations. It is also
gaining more momentum to make machine learning models based on free computational databases.
However, when the local or semi-local functionals are used to perform DFT calculations, the electronic
band gap of semiconductors is severely underestimated. To make reliable machine learning models for
solar cells or LED applications, the electronic band gap should be improved. In this presentation, we
discuss a cost-effective hybrid DFT by employing downsampled k-point grids [1-4]. The importance of
structure relaxation will be also discussed.

[1] J.-S. Park, Curr. Appl. Phys. 20, 379 (2020).

[2] J.-S. Park, J. Jung, and S. Lee, J. Phys. Chem. Lett. 12, 7885 (2021).

[3] B.-H. Jeong, M. Jeong, Y. Song, K. Park, and J.-S. Park, Crystals 11, 883 (2021).
[4] K. Park, B.-H. Jeong, and J.-S. Park, J. Phys. Commun. 6, 065001 (2022).
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Highly conducting delafossite thin films for high-performance
interconnects

OK Jong_Mok *1
TDepartment of Physics, Pusan National University
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Abstract:

The pursuit of efficient and reliable interconnects is a cornerstone in advancing modern electronic
devices. In this context, ABO2 delafossite thin films have attracted considerable attention as a
promising candidate due to their outstanding electrical properties. ABO2 delafossite, composed of
hexagonal A and BO?2 layers, exhibit a natural heterostructure that contributes to a diverse range of
physical attributes. Notably, A-site electrons in delafossite oxides occupy a band proximate to the
Fermi level with distinct band dispersion, realizing high mobility and high carrier density at the same
time. The layer-by-layer growth method enables the controlled synthesis of these thin films, facilitating
the integration of their multifaceted properties into future electronic devices. However, there are
challenges in achieving high-quality delafossite thin film growth. In this talk, the possibilities and
limitations of delafossite thin films will be discussed.

Keywords:

Thin film, Conducting oxides, Delafossite

- 110 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27
B13.02

Two-dimensional pure electron liquid and hetero-surface

KIM Sunghun *1
1Department of Physics, Ajou University

sunghunkim@ajou.ac.kr
Abstract:

Strong electron correlation plays a key role to determine diverse quantum phenomena. One intuitive
way to figure out the role of electron correlation in many solid materials is to form a system purely
consisting of electrons independent of lattice and orbital degrees of freedom. Indeed, pure electrons
spread in two-dimensional space can have several different phases of gas, liquid, and even solid — so
called Wigner crystal depending of their kinetic energy and Coulomb interaction. Though the pure
electron system can give a new insight for the condensed matter physics, however, the requirements
to realize such pure electrons set huge hurdles for the further studies. | will report our recent work of
observing the intriguing surface electronic state purely consisting of electrons. Using ARPES combined
with first-principles calculation, we successfully characterized that the surface electrons are in electron
liquid state decoupled from the top-most layer, thus, free from other degrees of freedom. In addition,
by controlling the electron correlation of those electrons, we observed the phase transition to the
liquid crystal phase. We believe that these result can provide an opportunities to study the role of
electron-electron interaction in strongly correlated electron systems. In the presentation, | will also
introduce a further reult of coexisting of two distinct surface states akin to the heterojunction on the
single platform of layered electride compouond. We believe that these states can provide a new type
of heterostructure mimicking the stacking of two distinct atomic layer in bulk form in which intriguing
guantum phenomena can be emerged.

Keywords:

2DES, Electronic structure, ARPES, Heterostructure
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Bose-Einstein Condensation of Composite Fermions in Twisted
Bilayer Graphene
KIM Youngwook *1

TDepartment of Physics and Chemistry, DGIST
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Abstract:

We introduce a novel two-dimensional electronic system within twisted bilayer graphene characterized
by a pronounced twist angle, positioning it as a prime platform for studying interlayer-coherent
excitonic condensates. The system's atomic proximity between layers ensures strong interlayer
interactions, while the notable twist angle naturally restricts interlayer electron tunneling. Harnessing
these features, we identify a succession of odd-integer quantum Hall states with interlayer coherence
at both the lowest and second Landau levels. Remarkably, the energy gaps for these states near 1 K,
distinctly outperforming those in GaAs systems. Additionally, we observe R,, minima coupled with R,
plateaus at a filling factor approximately equal to 1/3 in the zero displacement field limit, suggesting
half-filled A-levels from the top layer and another half-filled A-level. It's worth noting that the A-level
represents the Landau level for composite fermions. Our temperature and magnetic field-dependent
studies further corroborate these emerging quantum Hall states.

Keywords:

Bose-Einstein condensation, twisted bilayer graphene, composite Fermion
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Single electron manipulations

KIM Min-Sik 1.2, KIM Bum-Kyu 1, GHEE Young-Seok 1, BAE Myung-Ho *1
TKRISS
2Department of Physics, Jeonbuk National University
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Abstract:

On-demand single-electron sources represent an electron-based counterpart to the single-photon
sources utilized within photonic quantum optics. The coherent manipulation of individual electrons
holds the potential to establish a robust framework for advancing quantum information and quantum
computation technologies. In my talk, | will introduce the methodology of manipulating individual
electrons through the utilization of quantum dots and detectors integrated into GaAs/AlGaAs
heterostructures, to enhance and quantify their coherence properties.

Keywords:

Single electron, Quantum dot
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Quantum acoustics: a surface-acoustic wave assisted single-
photon emission

SON Seok-Kyun *1
TDepartment of Physics, Kyung Hee University
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Abstract:

A surface acoustic wave (SAW) is a combination of strain and electrostatic potential waves that
propagate at the velocity of sound along the surface of a piezoelectric crystal. This potential wave can
collect electrons from a two-dimensional electron gas (2DEG) and transport them through a depleted
channel. The SAW minima form a continuous series of dynamic quantum dots, each transporting a
controllable number of electrons along the channel. A single-photon source driven by a surface
acoustic wave (SAW) is developed and characterized. This single-photon source is based on a SAW-
driven lateral n-i-p junction structure. On this device, the lateral n-i-p junction is formed by gate-
induced electrons and holes in two adjacent regions. The SAW potential minima create dynamic
quantum dots in a 1D channel between these two regions and are able to transport single electrons to
the region of holes along the channel. Single-photon emission can therefore be generated as these
electrons consecutively recombine with holes which can potentially be instrumental in implementing
scalable quantum processors and quantum repeaters, by facilitating interaction between distant qubits.

Keywords:

Quantum acoustics, Hybrid quantum systems, Surface acoustic waves, Quantum computation, Single
electron to sinlge photon conversion
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Functionalized graphene for chemical sensor applications with
improved stability and selectivity

JANG A-Rang_*1
1Division of Electrical, Electronic and Control Engineering, Kongju National University

arjang@kongju.ac.kr
Abstract:

Functionalization of graphene with nanoparticles is an effective method for improving target material
selectivity and sensitivity of graphene-based chemical sensor application. Target gas selectivity and
response of graphene-based chemical sensors can be improved by functionalization the graphene with
specific nanoparticles. By choosing functionalized materials for graphene that have high binding
affinities with the intended target chemical species, it may be possible to provide selective chemical
sensors for various target gases with graphene transducers. In addition, graphene-based sensor system
can improve stability of the electrochemical sensor. For the improve the stability of the electrochemical
sensor, we used the electrochemical transparency property of graphene. The established redox
properties of Prussian blue (PB) were maintained irrespective of the presence of the graphene
overlayer and that graphene did not hinder the ionic interaction of the alkali cations in the electrolytes

with the Fe!l ions in the PB, we confirmed that graphene is transparent to electrochemical reactions.
Keywords:

Graphene, Chemical sensor, Electrochemical transparency, Glucose sensor
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Strategies to enable the reliable electronic devices based on two
dimensional layered materials

CHO Byungjin *1
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Abstract:

Artificial synapses based on two-dimensional (2D) MoS2 memtransistors have shown promise for use
in complex neuromorphic systems. However, the random variations in field-induced defect migration
have led to unreliable synaptic plasticity and analog switching in previous memtransistor devices. In
this study, a reliable 2D MoS2/oxide heterostructure memtransistor device was demonstrated, with
oxide interlayer thickness found to be a critical material parameter for inducing and tuning analog
switching characteristics. The device showed dual-terminal stimulated heterosynaptic plasticity and
precise multi-states, with a low power consumption and reliable potentiation/depression endurance
characteristics. Additionally, a tunable sulfur vacancy-modulated MoS2 memtransistor was
demonstrated using an O2 plasma treatment method, allowing for effective tuning of resistive
switching characteristics and successful implementation of long-term potentiation/depression behavior.
These findings demonstrate the potential of these memtransistor devices for use in flexible and
energy-efficient neuromorphic systems.

Keywords:

neuromorphic synapse, 2D memtransistor, heterosynaptic plasticity, switching device
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Copper Sulfide Electrodes for Electronic and Optoelectronic
Applications

PAK Sangyeon *1
1School of Electronic and Electrical Engineering, Hongik University
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Abstract:

2D nanostructures have garnered intense interests due to their 2D structure that enables super
flexibility, optical transparency, and facile integration with disparate materials through van der Waals
forces. In this presentation, | will introduce a new class of covellite 2D copper monosulfide (CuS)
nanosheet film as a promising candidate for transparent, flexible conductive electrodes, which can be
employed in various flexible and wearable electronic and optoelectronic devices. Especially, the
presentation will cover from the synthesis of 2D CuS using facile sulfurization method to its
employment in various electronics and optoelectronics devices including the source-drain electrode

materials for 2D MoS, channel. We achieved record high electron mobility up to 100 cm?V-1s™T at

room temperature in a back-gate device configuration. We will also cover effective doping method to
tune its electrical and optical properties.

Keywords:

Copper Sulfide, 2D Electronics, Flexible Electrodes
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Fabrication of 2D Heterostructure by Lithography-free Method
and their Characterization

JEONG Hyeonhui 1, JEONG HYUNJEONG 1, JE YUGYEONG 1, LEE Sang-Wook *1
TDepartment of Physics, Ewha Womans University
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Abstract:

In this work, the lithography-free fabrication method and characterization of two-dimensional (2D)
heterostructure has studied. We found condition for picked up and dropped down the 2D materials
only using PDMS gel-pak and stacked the 2D material-based heterostructure by using this dry transfer
method. Through this method, various nano devices could be fabricated quickly and accurately. Also,
transferred graphene was used as the electrodes for electrical property measurement instead of metal
deposition. We applied the voltage to the graphene electrode to conduct the current-voltage
characteristic, and confirmed the electrical properties of 2D heterostructures. The details of fabrication
method and conditions will be suggested in this presentation.

Keywords:

2D materials, Fabrication
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Full spectrum photothermal catalytic effect in narrow bandgap
SnFe;0,4 quantum dots
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Abstract:

SnFe>0,4 is a magnetic semiconductor with a spinel structure. Its narrow bandgap energy of 1.77 eV
enables remarkable visible light absorption and photothermal effects in the NIR region, which
promises full solar spectrum photocatalysis. However, detailed research on the photothermal effect of
SnFe,O4 remains limited. In this work, we systematically investigate the photothermal catalytic
performance of SnFe,O,4 quantum dots (SFO QDs) through the degradation of an antibiotic CTC. The
SFO QDs were prepared by hydrothermal synthesis at 100°C. The absorption band edge of SFO QDs
was determined to be 767 nm by UV-Vis-IR DRS. At 45°C for 150 minutes, thermal catalysis achieves
67.8% degradation, while photo-thermal catalysis reaches 87.7%. Furthermore, degradation efficiencies
are 57.0% and 81.4% under NIR and Visible light, respectively. These findings demonstrate that SFO
QDs can be further explored for highly responsive photo-thermal catalysis applications.

Keywords:

Photocatalyst, Tin Ferrite, Photo-thermal effect
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In-situ Parameter-Driven Exploration of Stacked 2D Material
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Abstract:

In this study, we investigate the influence of interlayer rotation within stacked structures on their
electrical and optical properties, including electrical transport and the change in the bandgap. We
examine the possibility of tuning physical properties, such as electrical conductivity, by independently
manipulating two layers within a vertically stacked structure. We specifically conducted in situ
measurements to explore this phenomenon. We vertically stacked graphene so that the clean sides of
the graphene contact each other. We created multiple structures using the same graphene flake with
different twist angles between the two layers. We will report the interlayer angles derived from the
Raman spectra for each structure

Keywords:

graphene

- 120 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27
B15.04

Laser Induced Phase Transition of Encapsulated y-GeSe

KIM Kwanpyo *1.2, KIM Joonho 1, LEE Kihyun 1.2, JUNG Joong-Eon 1, LEE Sol 1.2, LEE Han Joo 1, IM Seong Il 1
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Abstract:

Chalcogenide phase-change materials (PCM) are promising candidates for data-storage applications.
For example, Ge-Sb-Te-based PCMs utilize reversible phase transitions between the metastable
crystalline phase and the amorphous phase. GeSe, one of the group-IV monochalcogenides has three
types of polymorphs that are experimentally reported. Since the electrical properties of a-GeSe and y-
GeSe are extremely different, phase transition between these polymorphs has great potential for
memory application. In this study, the phase transition of y-GeSe to a-GeSe via laser irradiation is
reported. After the laser mapping, encapsulated y-GeSe changes into a single crystalline a-GeSe
aligned with a crystal direction of y-GeSe. The whole irradiated region changes into a-GeSe and a
boundary between original y-GeSe and a-GeSe was identified via TEM dark field imaging. Our works
demonstrate that GeSe is a unique chalcogenide material that shows crystal-to-crystal phase transition
with a great difference in resistivity.

Keywords:

GeSe, phase transition
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Imaging disorders in moiré superlattice at a mesoscopic scale
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Abstract:

Moiré superlattices of two-dimensional (2D) materials, originating from the interference between
periodic lattices, have been widely studied due to their exotic electronic and optical properties. [1, 2]
Since 2D materials are significantly influenced by their surroundings, disordered moiré superlattices are
easily formed, making the investigation of their fundamental properties challenging. In this
presentation, we present a method for visualizing the disorders in moiré superlattices by using Raman
spectroscopy and second harmonic generation (SHG). We measured Raman spectra of twisted bilayer
WS, (tWS,) with a twist angle from 0° to 60° and observed angle-dependent signatures of lattice
reconstruction and moiré phonons. By using the angle-dependent phonon properties, we visualized
the variation of twist angle in tWS,. Additionally, we utilized SHG to distinguish domains with twist
angles of 30° — 8 and 30" + 6, which cannot be distinguished using Raman spectroscopy alone.
Furthermore, we simultaneously obtained the distribution of strains in tWS, by tracking the position of
the Ey mode of WS, which is sensitive to in-plane strain. We found that the dominant strain arises
from the shear-lag effect at large twist angles, while lattice reconstruction plays a major role in
reconstructed tWS,. This work contributes to the research on moiré materials, both in terms of

fundamental understanding and practical applications.

[1] Cao, Y. et al. Nature 556, 43-50 (2018).
[2] Huang, D, Choi, J,, Shih, CK. et al. Nat. Nanotechnol. 17, 227-238 (2022)
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Growth mechanism of y-GeSe: template growth on graphene and
h-BN with Au catalyst

JUNG Joong-Eon 1, LEE Sol 1, YOON Hoon Hahn 2, KANG Hani 1, JANG Myeonglin 1, PARK JINSUB 1, KIM
Kwanpyo *1
TPhysics, Yonsei University
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Abstract:

The chalcogenides, including group IV chalcogenides, are known to display various polymorphic
configurations, ranging from amorphous to different crystalline phases. Therefore, the controlled
synthesis of a targeted polymorphic configuration will be of great utility for fundamental studies as
well as applications. We recently reported the synthesis of the first hexagonal polymorph, so-called y-
phase GeSe. However, the previous reported synthesis method has limitation in product yield and
polymorph selectivity for y-phase GeSe. In this study, we successfully increased the coverage and
growth selectivity of y-GeSe synthesis by using graphene and h-BN as templates. Our method involves
the use of gold as a catalyst, as we found that y-GeSe was not synthesized without gold. The
observed growth modes and products on different target substrates allow us to investigate the growth
mechanism of y-GeSe.

Keywords:

Germanium Selenide, Group IV monochalcogenide, Chemical vapor deposition, Screw dislocation,
Heterostructure
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Investigation of vibrational and thermal properties of y-GeSe

PARK Jinsub 1, JE Yugyeong 2, KIM Joonho 1, JUNG Joong-Eon 1, PARK Je Myoung 3, CHEONG Hyeonsik 3, LEE
SangWook 2, KIM Kwanpyo *1
TPhysics, Yonsei University
2Physics, Ewha Womans University
3Physics, Sogang University
kpkim@yonsei.ac.kr

Abstract:

y-GeSe is a recently identified polymorph in group-IV monochalcogenides. Despite its great potential
for electrical and thermal applications, the experimental confirmation of vibration modes and thermal
conductivity is yet to be reported. Here, we investigate the mechanical properties and thermal
conductivity of y-GeSe using the freestanding geometry. The mechanical vibrational modes of doubly-
clamped y-GeSe flakes are measured using optical interferometry. The nano-indentation using atomic
force microscopy is also used to measure the mechanical deformation and Young’'s modulus. By
comparison with finite-element simulations, we find that y-GeSe exhibits Young's modulus of
approximately 100 GPa at room temperature. In addition, the laser-irradiation-induced local heating
and temperature-dependent Raman peak shifts are used to measure the thermal conductivity of y-

GeSe. We find a low lattice thermal conductivity of approximately 1 Wm™'K™" at room temperature.

Keywords:

Young's modulus, Thermal conductivity, Group-IV monochalcogenide, y-GeSe, Freestanding structure
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Chemical reaction mechanism in metal-free defective carbon-
based materials
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Abstract:

Since the N-doped carbon nanotube was first reported to activate Oxygen reduction reaction (ORR) in
2009, carbon-based materials have attracted much attention as an alternative electrochemical catalyst
for noble metal catalysts, such as Pt and Ir. Extensive research has been conducted on metal-free
carbon-based catalysts, and recently, both platinum-based catalysts and high-performance, durable
carbon catalysts have been developed. However, the detailed mechanism of catalytic reactions remains
uncertain and subject to debate. In this study, we conducted DFT calculations to elucidate the role of
doped N and vacant carbon defects on the activation of ORR in view of structural deformations. We
show that both types of defects enhance the non-local structural flexibility of the carbon plane,
thereby reducing the energy barrier for the sp2/sp3 transition of carbon atom and facilitating the
adsorption of external molecules onto carbon atom. Our results can contribute to a more
comprehensive and profound understanding of chemical reactions in metal-free carbon-based
materials.
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Electronic correlation effect in the Kagome lattice system AV3Sbg
(A = K, Rb, Cs)

KANG Chang-Jong_*1
TDepartment of Physics, Chungnam National University
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Abstract:

In this study, we employ density functional theory calculations to compute the electronic structure of
the kagome lattice material AV3Sb5 (A = K, Rb, Cs). In these calculations, we consider on-site U and
inter-site V Coulomb interactions on vanadium d-orbitals to account for strong electron-electron
interactions and investigate their impact on the electronic structure. Our results reveal that the
incorporation of V promotes charge density wave (CDW) phases, while U suppresses the CDW phases
and stabilizes the pristine phase. This finding implies that the intricate interplay between U and V
significantly affects the electronic structure of KV3Sb5. We have computed electronic structures with
several values of U and V and compared them with experimental angle-resolved photoemission
spectroscopy data to determine which set of U and V explains the experiment. Our findings provide
valuable insights into understanding the electronic structure of this intriguing material and the impact
of electronic correlations.
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Condensation of preformed charge density waves
in kagome metals
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Abstract:

Charge density wave (CDW) is a spontaneous spatial modulation of charges in solids whose general
microscopic descriptions are yet to be completed. Layered kagome metals of AV3Sbs (A = K, Rb, Cs)
provide a unique chance to realize its emergence intertwined with dimensional effects as well as their
special lattice. In this talk, based on state-of-the-art molecular dynamics simulations, | will show that
the phase transition to CDW state in kagome metals is a condensation process of incoherently
preformed CDWs. It will be demonstrated that charge modulation first forms on each kagome layer at

a well-defined temperature but its phase still fluctuates with 10° times slower frequencies than typical
phonon vibrations until reaching their freezing temperature. The size of spacer A layers controls the
competition between the fluctuation and condensation of preformed orders, results in a maximized
CDW transition temperature with Rb atom. Our results resolve controversial observations on CDW
formations and highlight roles of weak interlayer interactions for CDWs in kagome metals.
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Charge Density Wave and Magnetism in a Magnetic Kagome
Metal FeGe

OH Ji Seop *1.2
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2Department of Physics and Astronomy, Rice University
jiseop.oh@gmail.com

Abstract:

Recent discoveries in kagome metals have unveiled emergent phases encompassing magnetic orders,
charge density waves (CDW), nematicity, and superconductivity. Despite extensive investigation, the
connection between CDW and magnetism remains largely unexplored. We discovered a CDW phase in
a magnetic kagome metal FeGe, providing a new platform for understanding the interplay between
CDW and magnetism.

In this presentation, | will show and discuss angle-resolved photoemission spectroscopy (ARPES)
results that observed three characteristic electronic structure signatures of kagome lattices, namely flat
bands, Dirac crossings, and VHSs. A monotonic shift of the VHSs toward Fermi level was found as
temperature increases. We attribute the shift to temperature evolution of magnetic exchange splitting.
At the onset temperature of the CDW, we identify spectral gap formation at the Fermi level on the
VHS-forming band. The nesting between them satisfies the CDW wavevectors. Electron-phonon
coupling in kink structures was uncovered from ARPES, in alignment with phonon hardening observed
in neutron scattering. Those observations point intertwined nature of CDW and magnetism in FeGe,
encouraging future theoretical and experimental investigations.
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In-plane electronic correlations vs incoherent scattering
processes in the charge-density-wave phase of Kagome metals
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SONG Jaegu 3, LEE Hanoh 3, PARK Tuson 3, CHOI Kwang Yong 3
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2Department of Physics, Chung-Ang University
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Abstract:

Metallic kagome lattices with their rich electronic band structure features, such as flat bands, Dirac
points, and van Hove singularities close to the Fermi energy, constitute a promising platform to
achieve exotic topologically non-trivial states, e.g., topological superconductivity. Particularly, the family
of vanadium-based kagome metals AV3Sbs (A=Cs, K, Rb) is prone to topological electronic phases and
related instabilities. The discovery of superconductivity in these compounds has ignited a massive
research effort to elucidate the nature and the pairing mechanism of this potential topological
superconductor [1,2]. Of special relevance may be a neighboring charge-density-wave (CDW) phase -
yet, its true role in establishing superconductivity in AV3Sbsg remains unresolved until now.

In this talk detailed temperature and polarization resolved Raman scattering results on various
vanadium-based kagome metals are discussed [3]. Our highly angular-resolved data shed a light on
the symmetry of CDW-related excitations and on selected phonons, which allude to an emergent &
symmetry within the CDW phase. This symmetry-breaking together with phonon anomalies and
electronic Raman scattering at Tcpy signify the formation of a nematic phase through a concerted

interplay of electronic correlations and electron-phonon coupling within the exotic CDW phase.

[1] Ortiz, et al.,, Phys. Rev. Mater. 3, 094407 (2019).
[2] Ortiz, et al., Phys. Rev. Lett. 125, 247002 (2020).
[3] Wulferding, et al., Phys. Rev. Res. 4, 023215 (2022).
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Primordial density perturbations as a tool to probe new physics

YAMAGUCHI Masahide *1
1CTPU-CGA, IBS

Abstract:

The Higgs boson was discovered in the LHC experiment, but given the current lack of physics beyond
the Standard Model of particle physics, such as supersymmetry, the importance of the universe as a
means of exploring more fundamental laws of physics at high energies is expected to increase. In
more fundamental theories beyond the Standard Model, it is believed that many new particles exist in
addition to those of the Standard Model, but their mass scales are, of course, unknown. Although
particles on the order of a few TeV may be found in the near future using ground-based accelerators,
it will be almost impossible to directly produce particles with masses far beyond the TeV scale using
ground-based accelerators even in the future. Therefore, the only way to elucidate the nature of such
new particles is to look for their traces in the universe. In this talk, we will explain how to extract
information about physics beyond the Standard Model through the properties of primordial density
perturbations produced during inflation.

Keywords:
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Dark matter search using Nal(Tl) at the COSINE-100 experiment

YU Gyunho *
TPhysics, Sungkyunkwan University
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Abstract:

The DAMA/LIBRA collaboration has claimed the presence of an annual modulation signal that is
compatible with expectations for dark matter interactions. COSINE-100 is an experiments that aims to
test this dark matter signature using the same target material, Nal(Tl) crystal. The experiment has
collected data for 6.5 years, since September 2016. Data taking is paused to prepare for the detector
upgrade and move to the new experimental site from YangYang Underground Laboratory to Yemilab in
Jeongseon. In the most recent analyses, COSINE-100 has reported the limits of WIMP spectral analysis
and annual modulation search, using an updated background model and a threshold that has been
lowered to 1 keV. We also report results from a number of searches for exotic dark matter scenarios
using COSINE-100 data. In this presentation, the overall status and latest dark matter search results
from COSINE-100 will be presented. In addition, the status of the latest WIMP spectral analyses with
improved strategy will also be summarized.
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COSINE-100 upgrade at Yemilab
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Abstract:

COSINE-100 dark matter search experiment with a total of 106 kg low-background Nal(Tl) crystals had
operated stably from September 2016 to March 2023 at the Yangyang underground laboratory. The
experiment is currently in the decommissioning stage for moving to the new underground laboratory,
Yemilab in Jeongseon with detector upgrade. The new crystal encapsulation focused on improved light
correction will be applied for the COSINE-100 upgrade experiment at the Yemilab that will allow us to
search unresolved regions of dark matter parameter space. In this presentation, we will discuss the
progress and the prospects of the COSINE-100 upgrade experiment.

Keywords:
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Measurements of quenching factors for Nal(Tl) scintillating
crystal
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Abstract:

Understanding nuclear recoil quenching factors, the ratio of the scintillation light yield produced by
nuclear and electron recoils of the same energy, is critical for rare event searches, such as dark matter
and neutrino experiments. Because Nal(Tl) crystals are widely used for dark matter direct detection and
neutrino-nucleus elastic scattering measurements, the low-energy quenching factor of the Nal(Tl)
crystals is substantially important. The quenching factor for Nal(Tl) scintillating crystals has been
measured by several experimental groups for energies above 5 keVnr for Sodium and 10 keVnr for
lodine. We have developed a Nal(Tl) detector with a high light yield of approximately 25
photoelectrons per keVee and an event-selection and analysis method based on waveform simulations
that are specialized for studies of events with energies as low as a sub keVee region. As part of these
efforts, we have measured quenching factors for nuclear recoil energies below 5 keVnr and 10 keVnr
for Na and |, respectively. This talk will present the results and prospects for future quenching-factor
measurements for Nal(Tl) crystals.
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Neutrino Elastic-scattering Observation with Nal(TI)(NEON)

CHOI Jaejin 1.2, LEE Hyun Su *2
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Abstract:

The NEON experiment aims to observe coherent elastic neutrino-nucleus scattering (CEVNS) using
reactor anti-electron neutrinos with Nal(Tl) crystal detectors at the Hanbit nuclear power plant in
Yeonggwang, South Korea. Although CEVNS has been observed by the COHERENT collaboration using
a spallation neutron source, the same process with reactor neutrinos has not yet been observed. The
NEON detector consists of a 16.5 kg Nal(Tl) target mass installed 24 meters from the reactor core. The
probability of CEVNS observation relies on detector performance, such as background level and low-
energy threshold. The light yield of the detector is approximately 23 NPE/keV, which is about 50%
higher than the previous detector due to R&D. The background level of roughly 6 counts/day/kg/keV
and a below 0.6 keV energy threshold have already been achieved. Further analysis is ongoing to
optimize the low-energy threshold through waveform simulation, which is used as scintillating signal
sample for Boosted Decision Trees (BDT) training. Current physics data were collected during both
reactor shutdown (5 months) and reactor operation (ongoing for approximately 9 months). This
presentation will provide an overview and current status of the NEON experiment.
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Abstract:

2= 7= o|CHA| ZH0[ 2722 X|SE 1000 BIEH S| 2 =0A 1 E2 M=s 0|8 Ty AN M= 4
712 ST, SO, A2 5SS BHMSIE XMASS &2 2010E 28 522 I31|0|E1E 2|

o= =2 =2 © EI:I_l

AlZSHY 20194 28 1€ O|O|H =S Z=ESIQULE 2012 FSEHO|A 2013 ZEZ|HX| A=7|E W+
St 0|Z0f 54 O] Ato| oYX O] E1|0|E1E +XSHRACE O] HEOA = 2013E 118 20LEH 2o19L=| <

17X & 159092 2| HA| HO[E =& A|Zto] 24 AAZL0| HXI|ESE 1.0 keVeeZ H2 XMASS
HIOIHE AHESHO] Chst WIMP 25 S EHMo| AIME Bt AEY| Fo| H2 HH7d MA FY
9| 97 kg M&=22 WIMP A= E EMBI 90% A2 $F0|M 60 GeV/c® WIMPO| CHSH WIMP-8Y At2t
CHHE 14x10™% cm?29] gi% HAISHCE FEBE HZE 7| OHZ 0| 832 kg2l AN M= AFRSIO WIMP Of
oI5t Of| {X| AHEZ O] H7t HES EFMSIRALE 8 GeV/c2 WIMPO]| o8 8 AtZto] AL 0] 2A 2 £}
2.3x10742 cm22| 90% CL CHHE AMst2 FA|SCE 0.5 GeV/c2Q| WIMP R 20| M Migdal &1+t
Z EMMBL0] ZEZE 1.4%1073° cm2Qt 1.1x10733 cm? 2] 90% CL THHE Aol

-

Bremsstrahlung Of| 2|5t A=
= MAlSHCt.

Keywords:

XMASS, 2= ZZE, WIMP, Migdal effect, Bremsstrahlung

- 135 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27
C2.06

Result of AMoRE-I Experiment Analysis

KIM Han Beom 1.2, KIM Yong-Hamb *1, ON Behalf of AMoRE Collaboration 1
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Abstract:

AMORE is an international experimental project to search for the neutrinoless double beta (Ov[3p)

decay of 1®Mo utilizing enriched molybdate scintillating crystals and metallic magnetic calorimeters in
a mK-scale cryogenic system. The project aims for zero background in the region of interest near 3.034

MeV, the Q-value of '%%Mo OvBB decay, by simultaneously measuring phonon and photon signals for
high energy resolution and good rejection of alpha-induced backgrounds. AMoRE-I, a phase following

the completed AMoRE-pilot, operates with thirteen 48depletedca100060, and five Li;'%Mo0O, crystals

in the Yangyang Underground Laboratory. Since the beginning of the experiment in Sep. 2020, we
have accumulated good, stable physics data of live exposure over 8 kg-yr with advanced noise
suppression, lowering the background level below the pilot phase. With an improved ROI estimation

analysis method and cut efficiency calculation, we will report a new half-life limit of "%°Mo 0vBB decay
from the AMoRE-I experiment data.
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A search for ’Li solar axions with Li;MoO, detectors in the
AMORE-I

SEQ Jeewon *1, SO Jung Ho *1
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Abstract:

A comprehensive study was conducted within the framework of the Advanced Mo-based Rare process
Experiment (AMoRE) framework, focusing on searching for ’Li solar axions using Li,MoOy, crystals.
Axion, a hypothetical particle, was proposed to address the CP violation problem in strong interactions.
Should axions exist, they could be abundantly generated within the core of the Sun, and subsequently
be detectable through the reverse reaction of resonance absorption, involving particle detection.

The LinMoQy4 crystal employed in the AMoRE experiment serves a dual purpose, functioning both as a
target and a detector for this mechanism, with a 13% detection efficiency. Over a duration of 6.5
months, data from 1.6 kv of Li,MoOy, crystals were collected via a cryogenic system at the Yangyang
Underground Laboratory (Y2L) in South Korea. Using this data, we have obtained an upper limit on the
axion mass to be less than 5.63 keV, which stands as the world's best limit. This presentation will

provide the analytical procedures employed to derive the results and furthermore, discuss the potential
in the future AMoRE-Il experiment with a much bigger target mass.
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Multi-crystal-hit study of 2uBp decay of 199Mo to the excited
states of 190Ru at AMoRE
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Abstract:

The study of two neutrino double beta decay of 1%Mo to excited states of '90Ru helps us understand
nuclear matrix elements and nuclear models and search for the bosonic (symmetric) fraction of the
neutrino wave function.

The AMORE (Advanced Mo-based Rare process Experiment) project aims to study the double beta
decay of "%Mo using a cryogenic technique. Because the AMoRE is an array of detectors, the

detection efficiency for the decay to the first 0+ excited state of 199Ru is higher than for the transition
to the ground state when the multiplicity is 2 and 3. So it is possible to reliably observe the ground
state(g.s.) to the first 0+ excited state transition signal. Furthermore, coincidence event selection using
a multiplicity of signals reduces the background significantly. The beta energy distribution can also be
measured with a multiplicity of 3.

The AMORE-I, the second phase with 18 enriched 1%°Mo-based crystal scintillator detectors, is carried
out at Yangyang Underground Laboratory. In total, 487 days of physics data were used to measure the

half-life of 100Mo relative to the 2uBB decay to the first 0+ excited state of 190Ru.
The AMORE-II is under construction at a 1000 m deep Yemi Underground Laboratory, aiming for a

tonne-year exposure of 1%%Mo. A simulation study for observing the electron energy for the decay of

100Mo to the first 0+ excited level of 1°0Ru and verifying events from the decay to the suppressed 2+
excited state transition has been initiated, searching for bosonic neutrino under the AMoRE-II scale.
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Status of AMoRE-II preparation at Yemilab
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kkw-owo@hanmail.net

Abstract:

The AMORE project aims at search for the neutrinoless double beta decay of %Mo isotopes using

molybdate scintillation crystals enriched in the isotope %Mo and a cryogenic detection technique. To
reach the experiment's goal, we are trying to advance the current state-of-the-art methods in
background rejection, radio-pure crystal growing, and cryogenic radiation detector techniques.

The AMORE-I, the first phase using about 6 kg of calcium and lithium molybdate crystals, is completed
its operation at the Yangyang Underground Laboratory. The next phase, AMoRE-II, will be started at
the Yemilab, a new, deeper underground laboratory at Jeongseon, using about 360(157kg) Li2100MoO4
crystals.

This talk will present the preparation status of the AMoRE-Il in the Yemilab and plans.
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Measurement of noise term in JER using random cone method at
CMS detector with Run2 data and the asymmetry study of CP
violating top quark in dilepton channel
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Abstract:

Jet energy resolution(JER) can be parameterized with the NSC fit for calorimeter resolutions. The noise
term of JER is obtained by measuring the fluctuations in the energy deposits due to pile-up using data
samples that are collected by zero bias triggers. In this analysis, the random cones method is used for
these measurements. Two random cones are produced by random % values and within opposite 71

regions. Energy deposits in each random cone which has a 0.4 cone size are summed. Noise term can
R.C.1 R.C.2
be obtained from the difference of PT of two random cones ('r — Pr ). Through this approach,

the contribution to the resolution from the noise term due to pile-up can be directly estimated. In
addition, we obtained noise terms by JEC with 30 GeV cut and the various cone size from 0.3 to 0.5.
Thus, we can compare the noise term with different JEC and cone size. In this talk, the noise terms in
the random cone, based on the full 13 TeV Run2 data samples collected by the CMS experiment, and
the current status of comparison with JEC and with various cone size are presented.JER also is an
important systematic source in CPV of top quark study. So, we are doing a noise term study and we
expect that we can reduce the systematic uncertainties in 2017 and 2018 or round 2 analysis. We have
studied CPV of top quark in dilepton channel in parallel. As the first step, we firstly search the
asymmetry of top quark in dilepton channel using other variables.
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Performance of the local reconstruction algorithms for the CMS
hadron calorimeter with Run 2 data

YOO Jae Hyeok *1, PADMANABAN Jayashri 1
TPhysics, Korea University
jaehyeokyoo@korea.ac.kr

Abstract:

The algorithms used to reconstruct energy deposited in the CMS hadron calorimeter during Run 2
(2015-2018) of the LHC will be presented. During Run 2, the characteristic bunch-crossing spacing for
proton-proton collisions was 25 ns, which resulted in overlapping signals from adjacent crossings. The
energy corresponding to a particular bunch crossing of interest is estimated using the known pulse
shapes of energy depositions in the calorimeter, which are measured as functions of both energy and
time. A variety of algorithms were developed to mitigate the effects of adjacent bunch crossings on
local energy reconstruction in the hadron calorimeter in Run 2, and their performance is compared.
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Reinterpreting Studies with ADL/CutLang
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Abstract:

LHC's high-energy physics (HEP) research has been extensive and varied. However, with the multitude
of analysis languages, delving deeply into one another's research has been challenging. To address
this, we have developed the Analysis Description Language (ADL). ADL is a domain-specific language
that slightly shifts focus from intricate computing languages, providing a more approachable syntax
without delving into the complexities of languages like C++ or Python. The runtime interpreter,
CutLang, assists in executing ADL on events, streamlining intricate analyses by emphasizing the physics
algorithm. Recently enhanced with machine learning integrations and a Jupyter interface for plotting,
ADL/CutlLang's efficacy has been underscored in LHC analysis validations. This has cemented its
position as a pivotal tool for the experimental and phenomenological communities, as evidenced by its
application in CMS open data studies and re-interpretation results of SUSY research. In this
presentation, we will be discussing the results of re-interpretation studies conducted using ADL.
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Transformer-based Deep Regression Model for Estimating
Missing Transverse Momentum
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Abstract:

We introduce a Transformer-based regression model for estimating missing transverse momentum
(MET) at hadron colliders. MET represents an imbalance in the vector sum of transverse momenta for
all reconstructed particles and serves as a proxy for invisible particles such as neutrinos and dark
matter candidates. The deep learning model takes all reconstructed particles as input and directly
performs regression on MET components. This model must capture the complex relationship among
the many particles to infer the genuine MET originating from invisible particles. This is necessary
because pileup particles and non-perfect detector responses can contaminate the momentum
imbalance in a reconstructed event. Thus, the model deploys the Transformer's attention mechanism,
enabling the extraction of long-range dependencies among particles. In this presentation, we will
showcase the results of applying the Transformer-based model to the Monte Carlo simulation of top
quark pair production in the dilepton channel in pp collisions.
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Test of the Endcap Timing Readout Chip 2 for CMS MIP Timing
Detector Project
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Abstract:

The Endcap Timing Readout Chip (ETROC) is a readout Application-Specific Integrated Circuit (ASIC)
for the CMS Endcap Timing Layer (ETL) in the endcap region of the MIP Timing Detector (MTD). The
ETROC? is the first full-size, full-functionality prototype of the future production version of ETROC.
ETROC2 features a 16x16 pixel array designed to pair with a 16x16 Low Gain Avalanche Diodes

(LGAD) sensor, each pixel having a size of 1.3x1.3 mmZ. The goal of the study is to test the timing
resolution to achieve a level of 50 ps with LGAD. In this talk, we present the results of system tests
conducted at Fermi National Accelerator Laboratory, which cover precise Time of Arrival (TOA) and
Time over Threshold (TOT) evaluation, as well as semi-automatic baseline calibration. In the future, a
coarse hit map can be available for every bunch crossing, and the users can define the hits using TOA
and TOT information. This work is potentially useful for online occupancy monitoring, luminosity
monitoring, as well as potential trigger application.
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Abstract:

High-Luminosity LHC (HL-LHC) will enable a more detailed exploration of new phenomena thanks to
an anticipated increase in the number of collisions where pileup is expected to reach approximately
200 simultaneous interactions. The MIP Timing Detector (MTD) project for the CMS Phase-2 Upgrade
is designed to address pileup mitigation. The MTD is set to provide a timestamp accurate to 30 to 40
picoseconds for every event, ensuring sustained detector performance at HL-LHC. The project
incorporates the use of the Low Gain Avalanche Detector (LGAD) sensor and the Endcap Timing
Readout Chip (ETROC) within the Endcap Timing Layer (ETL). The ETL detector will require
approximately 8 thousand modules, each consisting of 4 LGAD sensors and ETROCs. These modules
will be assembled using an automated robotic gantry, which guarantees precise placement at a level of
10 micrometers. In this talk, an overview of the throughput test conducted on mockup modules and
the current status at the Fermi National Accelerator Laboratory are reported.

Keywords:
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Preproduction and quality assurance of improved RPCs for
Phase-2 upgrade of the CMS Muon System

LEE Kyong_Sei *1.2, KANG Minho 1.2, JO Youngmin 1.2, KIM Taejeong 1.2
1Center for Extreme Nuclear Matters, Korea University
2Dept. Physics, Hanyang University
kslee0421@korea.ac.kr

Abstract:

We report the current status of detector production and the quality-assurance tests of the improved
RPCs (iRPCs) which will be added for the future CMS experiment in high-luminosity (HL) LHC runs
(Phase-2). In order to ensure endurance of iRPC gas gaps to radiation background, several prototype
iRPC detectors have been tested using intensive Cs-137 gamma rays (661.7 keV) provided by a 13 TBq
Gamma Irradiation Facility (GIF) at CERN and by a 4.7 GBq source at Korea University. In the current
plan, first 50% iRPCs (72 detector modules) will be produced, quality-control tested to be installed at
RE3.1 and RE4.1 regions of one side of the CMS muon endcaps during a period of year-end technical
stop (YETS) 23/24. The rest iRPCs are planned to be installed in the following YETS period.
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Efficiency study using Tag and Probe method for the GEM
Detector in the CMS Experiment
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Abstract:

In the CMS experiment at the LHC, the Gas Electron Multiplier (GEM) detector has been recently
installed to provide for increased trigger efficiency and reconstruction of muons. The precise
determination of detector efficiency is paramount for reliability of a detector. The Tag and Probe
method employs a "tag" particle as a reference passing a tight identification, paired with a "probe”
passing a loose identification, forming a resonance as a pair. The efficiency of a detector is determined
by the ratio of probes with detected hits to the total number of probes. We present GEM efficiency
using this method, to continually monitor the performance of GEM for further operation.
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R&D status of the compact TPC for a high-precision 3D beam
diagnostic system

RYU Min Sang_*1, LEE Sehwook 2
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Abstract:

To measure the three-dimensional (3D) beam profile of electron and ion beams, a compact Time
Projection Chamber (TPC) can be a good candidate detector. A compact TPC has been designed with a
field cage and gas electron multiplier (GEM) based on the simulation results (Garfield++ and
COMSOL). The field cage (FC) has a T mm strip pitch and a 1-liter gas volume. The triple-GEM
configuration consists of the standard GEM and spacers. The two kinds of readout board (64 and 160
pads) have been made and it connected to the front-end-electronics (FEE) board through the 34-pin
ribbon connectors. The DAQ system for compact TPC consists of the FEE boards, DAQ boards, and TCB
board. The TCB board is the main control system, which has an external trigger input and optical links,
and USB-3 ports to control the DAQ boards. The DAQ board has 36 input channels (4 LEMO-00 and
34 ribbon connectors) and each channel has the preamp, discriminator, TDC (10 bits data, 1 ns
accuracy), and ADC (12 bits data, max -2V). The dynamic range of the preamp is about 1 ~ 4.5 pC
depending on the resistor. In this talk, we will present the R&D status of the compact TPC for a high-
precision 3D beam diagnostic system.
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The study of single-photon emitters formed in two-dimensional
materials and their coupling to optical structures.
JEONG Kwang-yong_*1
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Abstract:

Single-photon emitters are a fundamental component of quantum communication. Color centers in
semiconductor quantum dots, diamond or SiC are widely studied as single photon emitters. Many
attempts have been made to integrate them with dielectric optical resonators or plasmonic metal
nanostructures to improve the Purcell enhancement and increase the spontaneous emission efficiency.
More recently, there has been a growing interest in single-photon emitters formed in two-dimensional
materials. The h-BN single-photon emitter, which can emit a single photon at room temperature, has
attracted much attention and has been studied. In addition, quantum dot single-photon emitters have
been found in TDCs. In this talk, we will present our work on analyzing the interaction of h-BN single-
photon emitters with Ag nanowires and experimentally combining them to increase the single-photon
emission efficiency. We will also present the results of controlling the position and polarization of
single-photon emitters by applying local strain to WSe2 and combining them with photonic crystal
resonators.
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Ultra-thin 2D semiconductor waveguide
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Abstract:

The emergence of 2D materials stimulated intensive research on both electronic and photonic
applications. Especially, transition metal dichalcogenides (TMDs) provided an excellent platform for
photonic applications due to their strong light-exciton interaction. Various photonic devices such as a
light-emitting device, laser, and exciton-polariton device have been successfully demonstrated
experimentally using TMD monolayers. However, multilayered TMDs have attracted far less attention
than TMD monolayers because they become indirect bandgap materials.

Here | propose an ultra-thin exciton-polariton waveguide based on a WS, multilayer for sub-

wavelength light guiding [1-2]. The waveguide is constructed using a WS, multilayer and is designed

to guide sub-wavelength light. Remarkably, even with a mere thickness of a few tens of nanometers,
the WS, waveguide can support guided exciton-polariton modes. We confirmed through theoretical

analysis that the WS, waveguide exhibits notably lower propagation loss compared to a plasmonic

mode, despite having a similar thickness to plasmonic waveguides. Through practical experimentation
involving the injection of white light, the functionality of a 20-nm-thick WS, waveguide for light

guidance is validated. An interesting aspect of the study involves the integration of the WS>
waveguide with a WSe, monolayer, demonstrating the coupling of monolayer emission with the
polariton waveguide. This investigation highlights the potential of WS, multilayers as an innovative

material platform with promising applications in nanophotonics, particularly for the development of
ultra-thin optical integrated circuits.

References
[1] D. -J. Shin, H. Cho, J. Sung, and S.-H. Gong*, "Direct observation of self-hybridized exciton-
polaritons and their valley polarizations in a bare WS, layer”, Advanced Materials, 34, 2207735 (2022)

[2] S. W. Lee, J. S. Lee, W. H. Choi, and S.-H. Gong*, Ultra-thin WS, polariton waveguide for efficient
light guiding, Advanced Optical Materials, DOI: 10.1002/adom.202300069 (2023)
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High-conductivity nanometer-thick transition metals and their
applications
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Abstract:

Ultrathin (around ten nanometers or less in thickness) transition metals are capable of enhancing the
performance of diverse photonic applications such as transparent electrodes, energy-saving windows,
and color filters. Furthermore, these materials demonstrate the capacity for modulating plasmonic
resonances within the mid-infrared spectrum (3-30 micron), with the integration of structures designed
to achieve phase matching such as subwavelength gratings. This attribute leads to the development of
molecular sensors. However, a challenge arises from the intrinsic tendency of transition metals to
agglomerate into nanoscale islands across the substrate during the early stage of deposition. This
disconnected geometry inevitably impairs their electrical characteristics. In this talk, | will discuss how
to reduce the percolation threshold thickness of deposited transition metals, based on graphene as a
growth seed layer. Furthermore, | will outline potential applications that can be harnessed from these
high-conductivity nanometer-thick transition metals, including thermal management and microwave
shielding.
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Pushing single atoms into an optical resonator
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Abstract:
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Investigating velocity distribution effects on temporal correlation
of photon-pair generated in atomic vapor cell
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Abstract:

Photon-pairs generated within atomic vapor cells is garnering attention as quantum communication
light sources due to their narrow frequency spectrum, room temperature operability, system simplicity,
and reproducibility. Nevertheless, the Maxwell-Boltzmann velocity distribution of atoms in such cells
induces the Doppler effect, an understudied aspect in nonlinear processes. In this study, we
investigates how this distribution affects temporal correlations in photon-pairs generated through
Spontaneous Four-Wave Mixing(SFMW). Our investigation involves a comprehensive analysis of the
second-order coherence function (G~(2)) under two distinct scenarios: one in which the difference in
optical wavelengths between the pump and coupling beams is positive, and another in which it is
negative. These scenarios are realized by utilizing two different excited states of 133 Cesium. The
experiment results agreed well with simulation outcomes when considering the velocity distribution.
We hope that this result will be d helpful in designing experiments based on atomic vapor cells by
providing an understanding of the coherence phenomenon in atomic ensembles with velocity
distribution.
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Generation, Dynamics, and Interaction of Dipolar Excitations in a
Bose-Hubbard System
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Abstract:

For a lattice system with a potential gradient, its Hamiltonian is fragmented when the tilt becomes the
dominant energy scale. Such a system is expected to behave in a way that conserves its total dipole
moment. Here, we report the experimental realization of a novel dipolar Bose-Hubbard Hamiltonian,
which describes the physics of particles in a strongly tilted lattice. Starting from a unity-filled one-
dimensional chain of ultracold atoms in an optical lattice, we generate individual dipolar and anti-
dipolar excitations at desired pinpoints. We observe quantum walks of these dipolar quasi-particles as
well as their scattering dynamics, which allows us to study this new type of Hamiltonian using a
bottom-up approach.

Keywords:
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Observation on hydrodynamic behavior of a Bose-Einstein
condensate with disordered spin texture
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Abstract:

We experimentally investigate the hydrodynamic properties of a turbulent spinor Bose-Einstein

condensate (BEC). We generated turbulent BEC in a spinor 23Na by applying a rf-field that couples
between different spin states. The nature of spin turbulence is both stationary and long-lived,
providing a time window for characterizing the hydrodynamic properties of the system [1, 2]. By a
comprehensive measurement on the spectrum of sound waves and low-lying excitation, we compared
the hydrodynamic properties of a turbulent and a non-turbulent BEC. Sound mode, excited by local
perturbation and propagating with negligible damping, strongly suggests superfluid nature of the
turbulence. Low-lying modes reveal extended temporal evolution dynamics where enhanced damping
rates are observed. We propose a model presenting this higher damping rate within the turbulent
state. Notably, the hallmark of superfluidity, observable via existence of quantized vortices, has not
been identified in the turbulent sample. [3]

[1]1 D. Hong, J. Lee, J. Kim, J. H. Jung, K. Leg, S. Kang, and Y. Shin, Spin-driven stationary turbulence in
spinor Bose-Einstein condensates, Physical Review A 108, 013318 (2023)

[2] J. H. Jung, J. Lee, J. Kim and Y. Shin, Random spin textures in turbulent spinor Bose-Einstein
condensates, arXiv preprint arXiv: 2308.01757

[3] A. Griffin, D. Snoke, and S. Stringari, Bose-Einstein Condensation, Cambridge University Press,
Cambridge (1995)
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Development of new core technologies of heating and current
drive for the extreme high temperature and stable sustainment
of fusion plasmas
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2Ulsan National Institute of Science and Technology
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4Seoul National University

Abstract:

The stable sustainment of extreme high temperature of plasmas is imperative for nuclear fusion
advancement. To achieve this objective, three new core technologies should be developed successfully.
The first is to develop H&CD (Heating & Current Drive) schemes and technologies applicable to such
extreme fusion plasmas. The second is to develop key simulation tools capable of predicting and
analyzing the H&CD effects. The third is to develop the scenario of such extreme plasma modes
related with its generation and sustainment by utilizing the new H&CD schemes, simulations, and
technologies. Four research groups have collaborated to achieve these goals through Advanced
Nuclear Fusion Research Program initiated in 2021. The first group has developed a NIS (Negative lon
Source) based on volume production scheme by using novel two region plasmas for NNB (Negative
Neutral Beam) heating, and a new RF current drive scheme and technology by using LHFW (Lower
Hybrid Fast Wave) CD applicable to high density and high temperature plasmas. The second group has
developed foundational technologies of multi-frequency Gyrotron for versatile EC (Electron Cyclotron)
H&CD scenarios in high magnetic field and reactor grade environment using the millimeter-wave and
a mirror type launcher. In particular, an innovative design technique has been pursued to ensure high
purity of the multi-modes within the Gyrotron's mode convertor based on the meticulous
measurement and mapping of the stray radiation. The third group has developed a new Fokker-Planck
code in four dimensions capable of dealing with NB and RF H&CD simultaneously, including the
synergetic effects. It also aims to predict the self-consistent H&CD effect in the extreme high
temperature plasma with neoclassical effects such as bootstrap currents. The last group has developed
a new scenario, the so-called FIRE mode, a high performance mode with high NICD (Non-Inductive
Current Drive) fraction and without LH transition and related reactor-harmful ELMs (Edge Localized
Modes) events. The fast-ion instabilities and turbulent transport in the mode have been analyzed in
KSTAR and the stabilization techniques have been studied including NTM (Neo-classical Tearing Mode)
suppression. Based on the results, the scenario of the FIRE mode in ITER or DEMO is to be suggested
considering the new NNB, LHFW, ECCD schemes, simulation, and technologies. More details of the
research status and progress will be presented in the Focus Session of the conference.
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facility for testing and assessment of fusion reactor materials
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Abstract:

Nuclear fusion-based power production has the potential to make a big impact on the fight against
climate change. High-energy neutrons generated from nuclear fusion reaction affect the material's
substance. The long-term durability of the material suffers as a result. To do this, research facilities that
can provide and analyze the experimental data of material damaged by high-energy particles are
necessary.

Neutron irradiation research on materials is being carried out at a very-rarely huge facilities like
research-reactors or accelerator-based high-energy neutron source, IFMIF. To compensate, heavy ion
beam irradiation research has been steadily progressing.

The heavy ion beam irradiation experiment for the material of surface level about ym can closely
resemble the high-energy neutron irradiation experiment. The Korea Atomic Energy Research Institute
(KAERI) has established a heavy ion beam irradiation facility capable of producing heavy ion beams
with varying energies at the highest rate of dpa (displacement per atom) in Korea.

This paper introduces the KAHIF (KAERI Heavy-ion Irradiation Facility) facility that is based on ion-
beam accelerator, and provides an advancement for testing and assessment of fusion reactor materials.
KEYWORDS
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Development of plasma dynamic characteristics representation
and analysis techniques for nuclear fusion digital twin
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Abstract:

This study develops a technology that can accurately express and analyze the dynamic characteristics
of plasma in order to realize a digital fusion digital twin. We develop numerical schemes and grid
technology to efficiently store and express simulation data of large-capacity fusion plasma, and
research algorithms with Al and ML technologies to analyze and extract dynamic characteristics of
fusion plasma. Also we develop technology to visualize the dynamic characteristics of fusion data for
the digital twin platform, and integrate and implement developed algorithms and technologies into
Virtual KSTAR.

The technology developed in this study can be used for analysis of nuclear fusion simulation data,
experimental verification research, and development of next-generation imaging diagnostic technology
for nuclear fusion. It can also be used to develop advanced digital twin technology that enables
dynamic data expression and analysis in fields other than nuclear fusion. It is possible to activate
interdisciplinary convergence research for nuclear fusion energy development and to secure core
software technologies to accelerate the achievement of KSTAR and ITER's research goals and the
demonstration of nuclear fusion energy.

Keywords:

Digital Twin, Nuclear Fusion Simulation, Plasma Turbulence Visualization, Virtual Reality, Artificial
Intelligence
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Abstract:

The transport and inventory of hydrogen isotopes (Hls) affect the safety and sustainability of nuclear
fusion reactors. For radiation safety, tritium (T) is radioactive; thus, its leakage must be suppressed to
protect workers and the environment. For the integrity of structural materials, Hls are known to cause
embrittlement of materials. For the sustainability of the fuel cycle, we need to recover T as quickly as
possible and use nearly all T efficiently with minimal loss. Therefore, to realize nuclear fusion power
plants after the ITER project, we must establish methods to achieve accurate prediction and thorough
management of transport and inventory of Hls.

For this, we need to understand HI behaviors in each component, such as (1) plasma-facing
components (W and Cu alloys, including their interfaces), and (2) structural components (reduced
activation ferritic-martensitic (RAFM) steels for blanket). However, reliable data related to the inventory
and transport, such as diffusion coefficient (DC), solubility constant (SC), and permeability constant
(PC), are rarely available for tritium. In addition, HI behaviors at the interfaces are yet to be
understood. Therefore, our project aims to develop an efficient and accurate research system
combining computer simulations and experiments to acquire HI transport and inventory data and then
to acquire the data of important materials and components.

In this presentation, we will report several research results achieved in this project that started in May
2022 for around 3 years. First, we will present the atomistic simulation methods we constructed to
accurately calculate the DC/SC/PC of Hls by combining path-integral molecular dynamics and
machine-learning potentials. Comparison with experimental data demonstrated that this method can
determine DC/SC/PC at an accuracy comparable to accurate experiments for both bcc and fcc metals.
Second, we will present experimental results for hydrogen permeation behaviors through several
materials, including W, Cu, Ni, and Cu/Ni interface as a model system. Both gas-driven permeation and
plasma-driven permeation experiments were performed. Third, we will introduce a rate-theoretical
model to quantify the hydrogen permeation rate and retention based on DC/SC/PC data and
kinetic/thermodynamic parameters obtained by atomistic simulations for Hls at surfaces and interfaces.
The model calculation agreed with the HI permeation experiments, and a significant impact of surfaces
and interfaces on HI behaviors was indicated.

This study is supported by National R&D Program through the National Research Foundation of Korea
(NRF) funded by the Korea government (Ministry of Science and ICT) (RS-2022-00156222).
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Development of Li-M-O-based ceramic pebble for tritium
breeding containing high-concentration Li using LiOH precursor
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Abstract:

Tritium breeder, called a pebble, is a lithium-based ceramic material that produces tritium, one of the
essential fuels for nuclear fusion.

Lithium has isotopes OLi and ’Li, and the natural ratio is about 7.5:92.5. During tritium production, Li
absorbs thermal energy while OLi releases thermal energy. In order to minimize the loss of thermal
energy generated by the nuclear fusion reaction, the °Li contents in the pebble should be improved.
In this study, it developed that a technology for separating and concentrating °Li from seawater, and
to establish a pebble production technology using enrichment bLi as a precursor.

6Li concentrated from seawater has the form of ®LiOH, and by using it as a precursor, Li,SiO4 and
Li>TiO3, which are promising materials for breeder, were synthesized into powder with high lithium

density. The pebbles manufacturing technology with physical and chemical stability at operating
temperature was developed using the synthesized powders.

Keywords:

Tritium Breeder, High lithium density breeder, Core-shell pebble. Lithium isotope separation, 6Li
enrichment
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Abstract:

Nuclear Data Production System (NDPS) is one of the experimental systems at the Rare isotope
Accelerator complex for ON-line experiments (RAON). It provides high-energy neutrons reaching up to
several tens of MeV. The main goal of NDPS is to precisely measure cross sections induced by
neutrons, focusing on the energy range that extends over tens of MeV for neutrons. The first beam

commissioning of NDPS is planned for the year 2024. lon beams, such as H, 2H, 160, and 40Ar, are
accelerated using the SuperConducting Linac 3 (SCL3) and transported to the target room of NDPS. By
bombarding an ion beam onto the neutron production target, high-energy neutrons will be generated
and subsequently provided to researchers for conducting experiments.

For the preparation of the upcoming beam commissioning, simulation investigations are conducted to
calculate neutron productions using Monte Carlo particle transport codes, specifically MCNPX, FLUKA
and PHITS. By analyzing the simulation results of various combinations of the ion beams target
materials and comparing with available benchmark measurements, an optimal combination of ion
beam and target is proposed for the beam commissioning.
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Effect of Richardson-Lucy deblurring algorithm to the collective
flow parameters in heavy-ion collisions
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Abstract:

Traditionally, the observables related to the collective-flow phenomenon in heavy-ion collisions have
been analyzed relative to the estimated reaction plane direction. However, the quality of these
observables might be deteriorated by the detection inefficiency and the uncertainty in the reaction
plane determination. In optics, the degraded images, which represent the intensity distributions, can
be restored by employing the deblurring algorithm. Inspired by the analysis technique in optics, we

have analyzed the flow parameters in 132Sn+1245n collisions at 270 AMeV recorded by the SPIiRIT
Collaboration and employed the Richardson-Lucy deblurring algorithm to restore the triple-differential
particle distributions, which may exhibit different collective-flow features. In this presentation, we
present the principle of the deblurring process and the status of the analysis.
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Preparation of the STARK Silicon Detector Array for the
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Abstract:

A new barrel type silicon detector array, STARK, has been developed by CENS to conduct
experimental researches on the nuclear reaction, nuclear structure, and nuclear astrophysics. It is
designed to detect the light charged particles emitted from nuclear reactions in inverse kinematics
between radioactive ion beams and target nuclei placed at the center of the STARK array.

The development of the STARK is approaching to the commissioning phase. The detectors, their
supporting frame, a dedicated vacuum chamber and the DAQ system have been prepared. When a
new target supporting system is designed and manufactured soon, the detection efficiency, and the
energy and position resolution of the array will be tested with the radioactive source. A noble Monte-
Carlo simulation software utilizing GEANT4 and NPTool libraries is developed as well. Recent updates
on its development and future plans will be presented.
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Deep learning to classify and restore particle signals from
experiments
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Abstract:

In particle and nuclear experiments, signals recorded by the detector system are accompanied by
noises and pile-ups. This feature complicates the data analysis, particularly if the data structure is
complicated and has a large number of signals. However, the conventional rule-based methods have
limitations for cases where no explicit rules exist. Here, we first utilize deep learning to classify signals
into particle, noise, and pile-up (particle+noise) signals to eliminate the noise signals in the
experimental data. Then, we use the idea of denoising autoencoder to restore the original signals from
the pile-ups. By doing so, we achieved much higher energy and timing resolutions of signals. This is
vividly shown in the PID plots and track images reconstructed from the signals.
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Development of Beam Aerogel Cherenkov Detector for J-PARC
E72
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Abstract:

We develop a Beam Aerogel Cherenkov detector (BAC) for a new A* resonance search experiment
(E72) at J-PARC to separate kaons from pions between 700 and 800 MeV/c. It identifies the kaon beam
just upstream of the target. For high light collection efficiency, we use silica aerogel with a refractive
index of 1.115, a parabolic reflector, and four MPPC arrays. We tested the prototype using a 1 GeV/c
positron beam and verified the consistency of the beam test results with the optical simulation results
using Geant4. To improve the signal-to-noise ratio level and facilitate the installation and operation,
we upgraded the detector and tested it using 1.2 GeV/c kaon and pion beams at J-PARC. We will
report on the current R&D status and the expected performance at the E72.
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Abstract:

A multi-purpose experimental instrument, called KoBRA (Korea Broad acceptance Recoil spectrometer
and Apparatus), was constructed at the Institute for Rare Isotope Science (IRIS), as a part of the RAON
facility in Korea. Stable or rare isotope (RI) beams can be produced using Electron Cyclotron
Resonance (ECR) ion sources or the Isotope Separation On-Line (ISOL) system at RAON, and these
beams can be delivered to KoBRA at energies of 1 — 40 MeV per nucleon via the SuperConducting
Linear accelerator 3 (SCL3).

Currently, KoBRA is undergoing beam commissioning phase for the purpose of producing rare isotope
beams at an energy of about 20 MeV per nucleon. The first test with 40Ar stable ion beam was
completed in June 2023. In this presentation, we report on the recent activities for beam
commissioning of KoBRA, together with the result of rare isotope production.
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Development of Low-pressure Gas TPC for Stellar
Nucleosynthesis Reactions
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Abstract:

We develop an active-target Time Projection Chamber (aTPC) for stellar nucleosynthesis reactions. The

aTPC will measure a low-energy 1°0 recoil track in the 12C(a,y) 1O reaction in a 2.5 T magnetic field.
The aTPC comprises a cathode plane, four field-cage planes, a gating GEM (Gas Electron Multipliers)

plane, a triple GEM structure, and a pad plane. The pad plane covers 10 x 10 cm? with 1000 3x3 mm?
square pads. The construction of the detector is in progress, and the expected performance is verified
using Geant4 and Garfield++ simulation. This talk will present the current R&D status and the results
of several performance tests.

Keywords:
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Improvement of the analysis of the performance of the
prototype Beam Drift Chamber (pBDC) for the LAMPS
experiment with the beam from HIMAC
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Abstract:

The Beam Drift Chamber (BDC) is designed to reconstruct the beam trajectories for the Large
Acceptance Multi-Purpose Spectrometer (LAMPS), which is the detector system for the investigation of
the density dependence of the nuclear symmetry energy, with the rare isotope beam produced by the
Rate isotope Accelerator complex for ON-line experiments (RAON).

To study the performance of BDC for LAMPS with irradiated beam, prototype BDC is made and tested
with the proton and Carbon beams at HIMAC, Japan.

In this presentation, we present the improvement of the algorithm for a more precise analysis of data
in BDC.
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Abstract:

We developed a LaBr3 detector array (HANULball) for measuring capture gamma rays in the energy up
to 10 MeV. The HANULball comprises 10 LaBr3(Ce) detectors on the surfaces of a truncated
cuboctahedron structure. The LaBr3 crystal is 50 mm in diameter and 75 mm in length. A prototype
array uses a photomultiplier tube to detect scintillation light. We tested the performance of the
prototype array using radioactive sources (60Co, and AmBe). We also measured capture gamma rays
from Al(p,g)Si reaction from Ep=2.040 to Ep=2.080 MeV at KIST. This talk will present the preliminary
results of the LaBr3 detector performance over a wide range of gamma-ray energy.
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Extreme-ultraviolet superradiance from helium atoms
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Abstract:

“Superfluorescence” is commonly understood as a form of superradiance which occurs in an extended
medium following a rapid initial incoherent excitation, with the classic experimental realisation being
emission of directional bursts of radiation following the passage of a short pulse of laser light through
a gasous atomic sample. This was the setup for the first experimental observation of a superradiant
process.

Free-electron laser sources are well-suited to this application since they offer intense ultrafast pulses
which can be used to rapidly create a high density of excited atoms.

Following a brief overview of this and related work, we will present results observed using the EUV
free-electron laser located at SPring-8, including:-

¢ visible wavelength superfluorescence following excitation of helium atoms to 1s3p or 1s4p states,
revealing simple superfluorescence, cascade superfluorescence through multiple levels, and
competitive superfluorescence

e superfluorescence at visible and EUV wavelengths following excitation of helium ions to 3p or 4p
states, revealing cascade emission, backwards emission, and related effects such as free-induction
decay

e ‘'yoked' superfluorescence in this system, understood to be due to the coherence in the initial
excitation

prospects for extension to shorter wavelengths and different systems

Keywords:
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Coherent driving of superfluorescence by a continuous-wave
laser
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Abstract:

Surperfluorescence (SF) is collective spontaneous emission wherein radiators spontaneously
synchronize, resulting in an intense single-pulse emission. Because SF is driven by fluctuations in a
vacuum field, its phase is random from shot to shot. We demonstrate that this phase can be
controlled by driving the SF with a resonant continuous-wave (CW) laser. Using a femtosecond laser,
rubidium (Rb) atoms contained in a heated glass cell were excited from the 5S ground state to the 6P
state. The 2.73 uym and 1.37 um SF fields were generated on the cascaded decay, 6P—6S—5P, which
stimulated the 780 nm forward emission on the 5P—5S transition. By applying a CW laser resonant to
the 6S—5P transition, the 1.37 um SF field was coherently driven. At the same time, the peak intensity
of the CW laser was amplified by eight orders of magnitude via SF, indicating that SF serves as a
quantum optical amplifier.
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Abstract:

Coherent phenomena have many potential applications in fundamental physics using atoms and
molecules. For example, they are useful for EDM detection and APV measurement. We plan to
determine neutrino masses and search for axions by applying coherent amplification techniques to
rare processes. Solid targets with long decoherence time are desirable for these studies. Recently,
observation of super-radiance from Er3* ions doped in a Y5SiOg crystal (Er:YSO) has been reported.
This result indicates that an Er:YSO crystal is a solid target suitable for studying coherent phenomena.
We found that the super-radiance pulses in an Er:YSO crystal have a quasi-periodic time structure.
Focusing on the periodicity, we refer to this phenomenon as “periodic super-radiance”. We will report
its detailed properties, such as a period and a photon number, along with a theoretical model which
qualitatively reproduces these features. Future prospects of neutrino mass measurement and axion
search will be also given.
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Abstract:

The medial prefrontal cortex (mPFC) and basolateral amygdala (BLA) are involved in the regulation of
defensive behavior under threat, but their engagement in flexible behavior shifts remains unclear. Here,
we report the oscillatory activities of mPFC-BLA circuit in reaction to a naturalistic threat, created by a
predatory robot in mice. Specifically, we found dynamic frequency tuning among two different theta
rhythms (~5 or ~10 Hz) was accompanied by agile changes of two different defensive behaviors
(freeze or flight). By analyzing flight trajectories, we also found that high beta (~30 Hz) is engaged in
the top-down process for goal-directed flights and accompanied by a reduction in fast gamma (60-
120 Hz, peak near 70 Hz). The elevated beta nested the fast gamma activity by its phase more
strongly. Our results suggest that the mPFC-BLA circuit has a potential role in oscillatory gear shifting
allowing flexible information routing for behavior switches.
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Abstract:

Although Internal or top-down oriented mode (where the information flow in the brain is from the
higher-order hub area to the peripheral sensory area) and external or bottom-up oriented mode
(where the information flows from the peripheral area to the hub area) and their transitions have been
suggested using neuroimaging, their electrophysiological signatures are relatively unknown. We
present results from multiple EEG (electroencephalography) data sets exhibiting phase dynamics that
correspond to top-down or bottom-up modes for most of the time points during the conscious awake
state. However, during the unconscious state induced by general anesthesia, the phase dynamics
become random without distinct patterns, showing that these two modes only arise when the
participant is conscious. We demonstrate canonical coupled oscillator models of large-scale cortical
dynamics reproduce transitions between two distinct and dominant modes: one in which high-degree
mid-line cortical regions phase-lag the network becoming sink of the directionality, and one in which
they phase-lead the network and become the source of the directionality. Our EEG analysis and
models suggest the working hypothesis that the relative phase of 4-20Hz oscillations switches rapidly
across the human cerebral cortex in the conscious awake state, with opposite phase patterns
corresponding to bottom-up and top-down modes. We conclude that the internal/external (top-
down/bottom-up) modes are the basic constituents of human brain dynamics.
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Abstract:

Modelling the damage to DNA molecules by ionizing radiation plays a crucial part in predicting the
biological effects of any form of radiation therapy, but the creation of accurate damage models
remains scientifically challenging. This study evaluated the frequency and severity of DNA strand
breaks caused by direct and indirect radiation effects using the Geant4 DNA simulation toolkit. The
DNA itself was represented as a continuous fractal Hilbert curve with a total length of approx. 6.4 Gbp,
consisting of straight and twisted chromatin sections placed inside a simplified model of a human
fibroblast cell. Using At-211 and Ac-225, both alpha-emitting radionuclides employed in
radiopharmaceutical treatment, the results were compared to those from external irradiation with 1.5
MeV gamma rays. For each Gy of absorbed dose, the strand break yields were 103 + 10 SSBs/Gbp and
15 + 4 DSBs/Gbp for At-211, 96 + 10 SSBs/Gbp and 15 + 4 DSBs/Gbp for Ac-225, as well as

198 + 14 SSBs/Gbp and 7 + 3 DSBs/Gbp for the gamma rays. Thus, the radionuclides exhibited more
than double the incidence of DSBs at the expense of SSBs compared to the gamma radiation. By
demonstrating the feasibility of adapting the Geant4 DNA toolkit for in silico studies of the
radiobiological effects of therapeutic radiopharmaceuticals at the DNA level, this study is the first step
towards the development of a comprehensive simulation model for determining the relative biological
effectiveness of radiopharmaceuticals.
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Abstract:

We present a general chemical reaction network theory for olfactory sensing processes that employ G-
protein-coupled receptors (GPCRs) as olfactory receptors (ORs). The theory is applicable to general
mixtures of odorants and an arbitrary number of ORs. Reactions of ORs with G-proteins, both in the
presence and the absence of odorants, are explicitly considered. A unique feature of the theory is the
definition of an odor activity vector consisting of strengths of odorant-induced signals from ORs
relative to those due to background G-protein activity in the absence of odorants. It is demonstrated
that each component of the odor activity defined this way reduces to a Michaelis-Menten form
capable of accounting for cooperation or competition effects between different odorants. The main
features of the theory are illustrated for a two-odorant mixture. Known and potential mixture effects,
such as suppression, shadowing, inhibition, and synergy are quantitatively described. Effects of relative
values of rate constants, basal activity, and G-protein concentration are also demonstrated.
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Abstract:

Semi-flexible polymers, such as microtubules, actin filaments, and DNA, often adopt a ring topology
and play critical roles in both biological and synthetic systems. The flexural stiffness along these bio-
polymers can be altered by various factors, leading to anisotropic shapes and mechanical instabilities.
However, the presence of heterogeneity in polymer stiffness along their strands presents challenges in
establishing an analytical theory. In this study, we propose an extension of Euler-Kirchhoff's theory to
account for heterogeneous two-state polymers. Specifically, we provide an exact solution for ring
polymer configurations, along with a methodology to address boundary condition problems. Focusing
on the two-state polymer model, where the fraction of each state can dynamically change, we identify
buckling and kinking transitions that drive various phases, displaying phase coexistence and hysteresis.
The theoretical findings are validated through numerical simulations, and we demonstrate the
applicability of our theory to a realistic polymer model, oxDNA. We envision our theory being used to
estimate the bending energy and configurations of heterogeneous stiff polymers effectively.
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Abstract:

The precise binding of DNA-binding proteins to their target sequences is critical for various biological
processes, including gene expression and DNA repair. Despite extensive research, understanding the in
vivo target search mechanism that considers DNA structure and protein's facilitated diffusion remains a
challenge. Here, we present a novel Markov chain model that investigates facilitated diffusion within
the in vivo DNA structure, using E. coli DNA as a case study. Our model enables one to calculate the
mean first passage time and mean recurrence time for DNA-binding proteins on all DNA segments,
accounting for various association-dissociation rates between the protein and DNA segments. Our
results demonstrate that the sequencewise target search mechanism is significantly affected by both
the 3D structure of DNA and the association-dissociation strategy of DNA-binding proteins. By
comparing our findings with experimental transcription data, we suggest that the association rate to
target sequences cannot be solely explained by first passage dynamics, which has been a primary
focus in previous studies. Instead, we propose that the collision frequency between proteins and target
sequences is a primary factor for a transcription mechanism. Furthermore, our analysis shows excellent
agreement between the theoretical transcription rate obtained from our model and experimental data.
In conclusion, we highlight the importance of interplay between DNA structure and protein's facilitated
diffusion to quantitatively understand the target search mechanism.
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Abstract:

Copper-substituted oxypyromorphites, Pb1g_,Cu,(PO4)gO, received attention very recently. Here we
report electronic structures and magnetic properties of PbgCu(PO,4)gO obtained by the density
functional theory (DFT) and the DFT+U method. Considering nonmagnetic, ferromagnetic, and
antiferromagnetic phases, we discuss their electronic band dispersions, magnetic moments, and
differences in the total energy. We compare results of DFT and results of the DFT+U method to figure
out effects of Coulomb repulsion among Cu d orbitals. We discuss very narrow bands near the
chemical potential and the stability of magnetic phases. This work is supported by the NRF of Korea
(Grants No. 2020R1A2C3013673 and No. 2017R1A5A1014862). Computational resources have been
provided by KISTI Supercomputing Center (Project No. KSC-2022-CRE-0266).
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Abstract:

It was reported that Nd( gSrp»NiO,, an infinite-layer nickelate, showed superconductivity with an
onset at 14.9 K and La3Ni,O; showed superconductivity near 80 K at the pressure of about 20 GPa.

These materials have two-dimensional square lattices of Ni atoms stabilized by O atoms. Here, we
study atomic and electronic structures of nickelates such as NdNiO,, LaNiO,, and LazNi>O7 using the
density functional theory (DFT) plus U method. We compare atomic and electronic structures of these
materials with a focus on Ni d-orbitals in their electronic structures. This work is supported by the NRF
of Korea (Grants No. 2020R1A2C3013673 and No. 2017R1A5A1014862). Computational resources have
been provided by KISTI Supercomputing Center (Project No. KSC-2022-CRE-0266).

Keywords:

Superconductivity, Nickelates, Density functional theory

- 182 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27
C10.03

Three-dimensional flat bands in pyrochlore metal CaNi»

OH Dongjin *1, KANG Mingu 1, WAKEFIELD Joshua 1, NEVES Paul 1, FANG Shiang 1, JOZWIAK Chris 2, BOSTWICK
Aaron 2, ROTENBERG Eli 2, CHECKELSKY Joseph 1, COMIN Riccardo 1
1Department of Physics, MIT
2Advanced Light Source, Lawrence Berkeley National Lab
djeeoh@gmail.com

Abstract:

The investigation of complex atomic geometries in materials has attracted significant attention due to
their ability to exhibit exotic electronic states. One of the most prominent example is the electronic flat
band arising from the suppressed electron kinetic energy in such systems. So far, the experimental
realization of electronic flat bands has been limited to (quasi) two-dimensional (2D) crystalline
materials such as twisted bilayer graphene and the kagome lattice. Consequently, a question that
naturally arises is whether the flat band can exist in the three-dimensional (3D) system while remaining
dispersionless dispersion along all momentum directions &, k, and k,. To answer these questions, we
conducted angle-resolved photoemission spectroscopy (ARPES) experiments on the C15 Laves phase
CaNiy, which consists of a Ca diamond network and a Ni pyrochlore network. We observe a partial
and nearly ideal 3D flat bands below the Fermi level. Moreover, we find that the energy of the flat
bands and their dispersion can be modulated through chemical substitution, specifically by replacing
Ni with Rh, ultimately resulting in the flat band aligning with the Fermi level. Interestingly, the
emergence of superconductivity is observed in CaRh,, where the flat band is located at the Fermi level.

Although direct experimental evidence demonstrating flat-band induced superconductivity is still
elusive, our results offer a promising material platform for investigating novel emergent phenomena
originating from the divergent density of states associated with 3D flat bands in complex lattice
systems.
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Abstract:

The metal dichalcogenides MoTe2 is known to be a second-order topological insulator when it is at
the monoclinic 1T' phase. Below the critical temperature, this material shows zero-bias conductance
peaks when using point-contact Andreev reflection spectra is used. The fitting of these experimental
finding with the Blonder-Tinkham-Klapwijk model shows that the s+p wave pairing potentials are the
most compelling candidate for the superconductive pairing functions. The purpose of this presentation
is to present a theoretical interpretation of these experimental findings. Using a model tight-binding
Hamiltonain and a surface Hamiltonian, which stems from the Dirac approximation of such
Hamiltonian, we find numerical and analytical results of the 1T' MoTe2. This Hamiltonain of a second-
order topological insulator is then, using the Bogoliubov-de-Gennes method, expanded to that of a
superconductor. After calculations regarding all possible s- and p- wave pairing potentials, it is found
that the hinge states of the second-order topological insulator will, for some p-wave pairing potentials,
expand to become Majorana fermions. The tight-binding Hamiltonians of the superconductors will give
density of states which give peaks at zero-energy, which also allign with experimental findings.
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Reversible hydrogenic control of the superconducting state in
La2-xCexCuO4 thin films
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Abstract:

High temperature superconductivity observed in cuprates originates from hole or electron doping of
parent Mott insulators. Among the electron-doped cuprates, La,_,Ce,CuO,4 shows one of the highest

superconducting transition temperature (T, of ~30 K to be reported in the electron-doped system [1],

and their superconductivity emerges only at appropriate doping concentrations of Ce (x = 0.06 — 0.17)
[2]. In this study, to investigate the variation of the superconducting states, we used the hydrogen
spillover method to intercalate hydrogen ions into epitaxial La,_,Ce,CuOy, thin films, which can induce
an electron doping effect [3]. Since hydrogen ion has the smallest ionic size among existing ions, it
facilitates reversible injection and extraction without causing significant structural collapse. We show
that by annealing the thin film in a gaseous mixture of H, (5%) + N, (95%) at a temperature of 200°C,

which is relatively lower than the conventional temperature window of oxygen vacancies formation, it
is possible to realize electron doping effect which causes a large change in superconducting
properties. Especially in the optimally doped sample (x = 0.11), the reversible superconductor-insulator
transition is realized by the annealing process. Our aim is to systematically control the hydrogen ion
concentration to modify the superconductivity and investigate whether it could establish or expand a
new chemical doping window.

[1] M. Naito, et al.,, J Appl. Phys. 39, L485-L487 (2000)
[2] K. Jin, et al., Nature. 476, 73-75 (2011)
[3] H. Yoon, et al,. Nat. Mater. 15(10), 1113-1119 (2016)
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Electron-phonon coupling of Nb-doped SrTiO3 by ab initio
calculations using jellium model
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Abstract:

Doped SrTiO3(STO) is a highly dilute bulk systems with a superconducting ground state. As such, the
applicability of the BCS-Eliashberg paradigm is highly uncertain. However, recent experimental reports
have observed the BCS pairing gap to T, ratio for the superconductivity in Nb-doped STO. Motivated
by these reports, we study Nb-doped STO by density functional theory. To describe low concentration
doping, we adopt the jellium model which is in good agreement with experimental phonon data for
Nb-doped STO. We obtain changes in frequency and electron-phonon coupling strength for each
mode of the lowest transverse-optical phonon, which is actively investigated as the main source for
the instability to superconductivity using EPW code. Furthermore, we discuss the effect of the doping
concentration on the electron-phonon coupling in the jellium model

Keywords:
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Current-driven motion of magnetic topological defects in
ferromagnetic superconductors
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Abstract:

Recent years have seen a number of instances where magnetism and superconductivity intrinsically
coexist. Our focus is on the case where spin-triplet superconductivity arises out of ferromagnetism,
and we make a hydrodynamic analysis of the effect of a charge supercurrent on magnetic topological
defects like domain walls and merons. We find that the emergent electromagnetic field that arises out
of the superconducting order parameter provides a description for not only the physical quantities
such as the local energy flux density and the interaction between current and defects but also the
energy dissipation through magnetic dynamics of the Gilbert damping, which becomes more
prominent compared to the normal state as superconductivity attenuates the energy dissipation
through the charge sector. In particular, we reveal that the current-induced dynamics of domain walls
and merons in the presence of the Gilbert damping give rise to the nonsingular 4t and 21t phase slips,
respectively, revealing the intertwined dynamics of spin and charge degrees of freedom in
ferromagnetic superconductors.

Ref: Se Kwon Kim and Suk Bum Chung, arXiv:2305.13564
Keywords:

ferromagnetic superconductor, emergent gauge field, domain wall, meron
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Understanding Unconventional High Temperature
Superconductivity in the Three-Band Hubbard Model for Cuprate
Ladders: A Density Matrix Renormalization Group Study
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Abstract:

After the discovery of cuprate high-temperature superconductivity in 1986, the underlying mechanism
in the cuprates remains one of the longest-standing mysteries in physics despite more than thirty
years of comprehensive study and research. One feasible minimal model for real cuprates that can be
considered by many theorists is the doped two-leg single band Hubbard model in which
superconducting pair-pair correlations decay slower than 1/r, implying that superconducting quasi-long
range order dominates over charge and spin correlations. While the Luther-Emery superconductivity is
known to be a dominant phase in the doped one-band ladder, recent numerical study of the more
generic three-band model found the absence of superconducting phase on the realistic sets of
parameters most relevant to the hole-doped cuprates. We present Density Matrix Renormalization
Group (DMRG) calculations of the spin gap, pair-binding energy, and superconducting pair-pair
correlation functions on the various three-band hole- and electron-doped Cu,Oj5 ladders. The strong
doping asymmetry of superconductivity found in our DMRG calculations is opposite to the earlier
experimental findings of hole- and electron-doped real cuprates. The validity of one-band Hubbard
model to superconductivity is now being seriously questioned. We shall discuss that unconventional
superconductivity in the two-dimensional and ladder cuprates can be understood in the valence
transition approach closely associated with negative charge transfer gaps.

Keywords:

Hubbard model, strongly correlated system, unconventional superconductivity, density matrix
renormalization group
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Collective mode across the BCS-BEC crossover in Holstein model
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Abstract:

We present the collective mode emerging in bosonic spectra for the Holstein model with a
superconducting state in terms of the variation of the electron-phonon coupling. The dynamical mean
field theory (DMFT) was employed in combination with the numerical renormalization group (NRG)
technique to investigate the phonon spectra and the density-density correlation function. In the
superconducting state with a pairing gap 4, the collective mode exhibits a gradual transition from the
Bardeen-Cooper-Schrieffer (BCS) regime with a weak electron-phonon coupling to the Bose-Einstein
condensation (BEC) regime with a strong coupling through the crossover regime with an intermediate
coupling. In the BCS regime, the collective mode appears close to w == 2A in the bosonic spectra with
its frequency increasing as the electron-phonon coupling gets stronger. Conversely, in the BEC regime,
the collective mode decreases with increasing coupling, proportional to the superfluid stiffness. This
mode was interpreted as originating from the phase fluctuation of local pairs, referred to as the
Anderson-Bogoliubov mode. In the crossover regime, the collective mode follows the soft phonon
mode (@s) renormalized by the phonon self-energy, showing a decrease in frequency for ws < 2A To
our knowledge, this result is the first report to show the spectral evolution of the collective mode in
the superconducting state across the BCS-BEC crossover. We also explore potential experimental
methods such as inelastic X-ray scattering, Raman spectroscopy, and electron energy loss spectroscopy
to observe the collective mode in condensed matter systems.
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Engineering the Phonon Transport through Phase Discontinuity
in Oxide Superlattices
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Abstract:

Nano-phononic material, such as a superlattice (SL) offers the promise of engineering nano-scale heat
transport by adjusting their geometric parameters. By increasing the interface density in SLs, it is
possible to achieve ultra-low thermal conductivity which is significantly lower than the alloy-limit.
However, the wave interference effect resulting from the artificial periodic structure in SLs limits the
lowest thermal conductivity in SLs due to the coherent nature of phonon transport. In this study, we
demonstrate the modulation of coherent phonon transport in SLs by adjusting both the interface
density and the phonon mean free path. We synthesized atomically flat SLs composed of metallic
SrRuO3 (SRO) and insulating SrTiO3 (STO) with varying interface densities and investigated their
structural phase and phonon transport using second harmonic generation, Raman spectroscopy, and
time-domain thermoreflectance technique. By changing the interface density, we observed a coherent-
incoherent crossover of phonon transport, accompanied by a structural phase transition. Furthermore,
we discovered that the presence of a polar phase in the STO layer can reduce the phonon mean free
path, resulting in the weakening of phonon coherence. Our findings will provide a new controllable
degree of freedom for engineering the nano-scale heat transport in SLs. We believe that it could
potentially overcome limitations in achieving ultralow thermal conductivity, thereby contributing to the
development of highly efficient thermoelectric devices.

Keywords:
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Epitaxial Growth and Electron Doping of WO3 Thin Films by
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Abstract:

Tungsten trioxide (WO3) exhibits a wide range of functionalities and can be modified through

hydrogen or alkali-metals intercalation, resulting in various property changes [1, 2]. An interesting
observation is that modification by doping with light elements can induce unexpected
superconductivity [3]. However, the underlying mechanism remains unknown. To investigate this
unexplored phenomenon, we study electron doping effects in H,WOj5 thin films on YAIO3 (110),

substrates. The films are synthesized by using pulsed laser deposition, and treated by hydrogen gas
annealing at several selected temperatures. During the annealing process, electron doping is achieved,
as identified by in-situ resistance measurements and coloration of the samples. X-ray diffraction
analysis reveals larger lattice parameters and higher symmetry compared to the pristine. Moreover, the
ferroelastic twin structure [4] observed via atomic force microscope disappears on the annealed thin
films. DC resistance and magnetoresistance measurements of the annealed thin films exhibit Mott's
variable-range hopping conduction and a crossover between negative and positive magnetoresistance
states at low temperatures, depending on the annealing conditions. These findings demonstrate that
electron-doped WOj3 can be achieved through hydrogen annealing. It contributes to a comprehension
of electronic behaviors in doped WOs3.

[1] L. Xiang, et al. npj Quantum Mater. 2, 1 (2017).

[2] M. Wang, et al. Adv. Mater. 29, 1703628 (2017).

[3] S. Reich, Shimon, and Y. Tsabba, Eur. Phys. J. B9, 1 (1999).
[4] Yun, Shinhee, et al. Nat. Commun. 11, 4898 (2020).
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Abstract:

Topological polar textures have promise as alternative devices for future information technology [1].
Easy planar isotropy helps to promote rotating structures and, accordingly, to facilitate access to
nontrivial textures. Unlike other textures which consist of spin or berry connection vectors in real or
momentum spaces, the lack of ferroelectric model materials has made research difficult. For this
reason, we investigate the domain structure of an epitaxial bismuth tungsten oxide (Bi,WOg) thin film
which is a candidate for having polar structures. By using angle-resolved piezoresponse force
microscopy [2-4] and scanning transmission electron microscopy, we find the existence of a hidden
phase with (100)-oriented ferroelectric polarizations in the middle of the four variant (110)-oriented
polarization domains, which assists in the formation of flux closure domains [5]. The results suggest
that this material expands the research field and is one step closer to becoming an isotropic two-
dimensional polar material. Furthermore, we made several epitaxial thin films that show atomically flat
surfaces and were able to find locations showing current enhancement at suspected topological defect
locations in the Bi,WOg thin films by using conductive atomic force microscopy. Our findings provide a

useful playground for using ferroelectric topological textures in next-generation memory.

[1] F. Zhuo, C.-H. Yang, Phys. Rev. B 102, 214112 (2020)

[2] J. Kim, M. You, K.-E. Kim, K. Chu, and C.-H. Yang, npj Quantum Mater. 4, 29 (2019)
[3] K. Chu and C.-H. Yang, Rev. Sci. Instrum. 89, 123704 (2018)

[4] K. Chu et al., Nat. Nanotechnol 10, 972-979 (2015)

[5] Y.-). Kwon et al., Nano Lett. 23, 4557-4563 (2023)
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Abstract:

PrBaCo,0s,,(PBCO) is an A-site double perovskite that is well-known for fast oxygen diffusion at the

moderate temperature. In this presentation, we show our measurement results of the structural and
electrical properties of PBCO polycrystals in topotactic transition and elucidate oxygen diffusion
pathway and effect of strain in the transition. With polycrystalline PBCO, we observed ‘(oxygen-rich)
Tetragonal (T4) — Orthorhombic (O) — (oxygen-deficient) Tetragonal (T,)" phase transition depending on
oxygen contents, and simultaneously probe the changes in the electrical properties using in-situ X-ray
scattering/transport setup and real-time neutron scattering. Both in-situ X-ray diffraction and in-situ
neutron scattering confirmed that the structural phase transition due to the redox reaction was
reversible. In-situ dc transport was also performed to measure the electrical properties on PBCO. The
resistance of PBCO shows colossal differences as a function of oxygen content. It also shows
reversibility. The result of detailed analysis about structural information including information on
oxygen diffusion will be discussed.

Keywords:

Double perovskite, Topotactic phase transition, In-situ XRD, In-situ neutron scattering, In-situ dc
transport
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Abstract:

A comprehensive understanding of defect transport is essential for numerous future applications. The
unique properties of Ca-doped bismuth ferrite (BCFO) make it a promising material for investigating

collective ion migration'-3. In this study, we employed both non-destructive and destructive techniques
to determine the ionic conductivity of BCFO thin films grown on SrTiO3(100). To unravel the ionic
conduction mechanism of BCFO, we utilized electrochemical impedance spectroscopy with varying
magnitudes of AC voltage. By employing the mixed conductor equivalent circuit model, we successfully
determined the ionic conductivity, which exhibited converged conductivity at high electric fields and
the lengthy channels. Moreover, we visualized the ionic conductivity of BCFO through electroforming
experiments with DC voltages. The results obtained from these diverse methods provided valuable
insights into the ionic conduction mechanism within solid materials.

References

[11 ). S. Lim et al., NPG Asia Materials 10 (2018) 943

[2] H. S. Park et al., Applied Physics Letters 115 (2019) 183901
[3] J. Suh et al., Applied Physics Letters 119 (2021) 022902
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Abstract:

The learning accuracy of neuromorphic computing which mimics the biological brain, is affected by
the conductance-modulation characteristics of an artificial synapse. In ferroelectric-based devices, these
characteristics are implemented using a distribution of polarization values. Therefore, we investigate
the distribution in a ferroelectric thin film with various external voltage signals. As polarization
switching proceeds, the domains of the switched polarization become larger. The channel layer
assumed to lie beneath experiences a local conductance change, according to the polarization
distribution of the ferroelectric layer. We find that small clusters with high conductivity become large
clusters. Eventually, the high-conductive regions connect (i.e., percolate) in the channel layer and the
conductance of the layer is greatly increased. Adjusting the height of the applied voltage can slow
down or speed up this phenomenon. We demonstrate that conductance modulation is optimized with
an appropriate voltage pulse train pattern.

Keywords:

neuromorphic computing, learning accuracy, ferroelectric transistor, conductance modulation,
polarization switching
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Abstract:

The S=1 centers in neutron or electron irradiated diamond have been extensively studied [1-5]. The
electron magnetic resonance (EMR) spectra of a neutron irradiated diamond with a dose of 1018

neutrons/cm? were quite complicated, due to many EMR signals including strong and overlapping
ones near g=2.0 and ones from two or more S=1 centers [5]. We investigated the temperature
dependence of the EMR signal intensities of two S=1 centers, including the previously published
results [5]. The EMR signal intensity of a S=1 center, R1 [5] or the N-V center [4], with the zero-field
splitting (ZFS) parameter of ID,,| ~ 2.8 GHz and the principal Z axis parallel to [994], decreased

monotonically as the temperature increased. However, the other S=1 center, R2 [5] with neary the
same ZFS parameters as R1, and the principal Z axis of ZFS parallel to [100], had the maximum signal
intensity near 270 K [5]. We will discuss possible models for the different EMR signal intensity
behaviors of the two centers with respect to temperature.

[1] ). H. E. Griffith, J. Owen and |. M. Ward, Nature 173, 439 (1954).

[2] E. A. Faulkner and J. N. Lomer, Phil. Mag. 7, 1995 (1962).

[31 Y. M. Kim and G. D. Watkins, J. Appl. Phys. 42, 722 (1971).

[4] A. Gruber et al, Science 276(5321) 2012 (1997).

[5] J. S. Kim, S. H. Choh and I.-W. Park, Sae Mulli 58, 563 (2009).
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Abstract:

Searching for materials with targeted properties is a nontrivial task due to enormous search space,
originating from infinitely many combinatorial possibilities of atomic species from periodic table. Such
time-consuming effort can be subtantially expedited through machine learning (ML) approaches, which
enables accelerated materials screening. In this talk, | will describe how ML can be efficiently utilized in
discovering energy storate materials. As is well conceived, the demand for high performance energy
materials is ever increasing for various applications including portable electronics, electric zero-
emission vehicles and stationary energy storage systems. Among others, tremendous research efforts
have been devoted to discovering next-generation battery cathode materials for secondary batteries.
To provide useful insights towards developing post-Li cathode materials, we use a deep neural network
(DNN) model and rapidly explore large materials space to identify novel Mg-ion cathode active
materials. These efforts together with verification via first-principles density functional theory
calculations result in new Mg-ion cathode active materials with high energy density and low volume
change, which are important factors in designing batteries. Comparisons with other related materials
will also be given.
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Abstract:

We apply material design methodology and find a new indium iodine compound, CsInlI3, which is
thermodynamically stable but is not reported in Inorganic Crystal Structure Database (ICSD) yet. By
using the ab initio evolutionary algorithm, we find several meta-stable structures of CsInl3 and
investigate their physical properties. The ideal cubic perovskite structure, which is one of meta-stable
phases, shows the structural instability of the iodine breathing mode at zero temperature. However,
the cubic perovskite is eventually stabilized at finite temperature due to the contribution of the
phonon entropy. The cubic perovskite shows band inversion above the Fermi level, indicating that it is
a topological material. Other meta-stable structures are derived from the cubic perovskite and have
two different sizes of indium octahedrons, thereby presenting bond and charge disproportionation.
The new compound of CsInl3 presents diverse physics including bond and charge disproportionation,
topological nature, and a possible application for photovoltaics, thereby providing an ideal playground
for these research fields.
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Computational material design, Density functional theory, Topological material, Photovoltaics
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Abstract:

We implement a machine learning algorithm for Dynamical Mean-Field Theory (DMFT) with an
adaptive truncation employed for the impurity solver. The practical limitation of DMFT arises from the
impurity solver, which encounters an exponentially increasing number of Slater determinants in the
Hilbert space. To enhance performance by pruning redundant Slater determinants, we utilize an active
learning algorithm. The efficient construction of the Hilbert space allows us to increase the number of
orbitals in the impurity Hamiltonian.
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Abstract:

We have developed a technique called subwavelength THz resonance imaging (STRING) that
overcomes the limitations of weak light-matter interactions, allowing for highly sensitive detection of
molecular fingerprints. This method involves the use of a ring-shaped single-gap resonator in
conjunction with near-field spectroscopy, resulting in significant sensitivity improvements due to local
field enhancement. Our studies include detailed spectral analysis of isomers of a-lactose and maltose
monohydrates, where the sensitivity has been boosted by up to 10 orders of magnitude in comparison
to traditional far-field THz measurements using pelletized samples. The findings indicate that the
STRING technique may pave the way for the utilization of THz spectroscopy as a versatile and sensitive
approach for the molecular fingerprinting and spectral imaging of molecules and nanoparticles.
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Abstract:

In this study, we present compelling empirical substantiation for an extraordinary magnon
characterized by pronounced stability in both its temporal lifetime and energetic manifestations. Our
approach entails a meticulous capture of the solitary magnon's dynamics, achieved through coherent
precession facilitated by a precisely controlled picosecond magnetic field within the confines of a
canted antiferromagnet, YFeO3. We determine the lifetime and energy of the magnon by analyzing its
coherent emission within the picosecond time frame and its precession frequency in the terahertz
spectral range, which are unexpectedly independent of the temperature, magnetic field, and magnetic
substitution. Our investigation reveals the confined spatial nature of the solitary magnon, rendered
discernible through direct visualization facilitated by tip-assisted detection methodologies, thereby
illuminating the delicate interplay between magnon stability and spatial localization phenomena.
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Abstract:

Highly correlated electrons within solids are often analogized to hydrodynamic fluids like water. The
transportation of these hydrodynamic electron fluids exhibits extraordinary behaviors, including
Poiseuille distribution, vorticity, negative voltage, and superballistic transport that extends beyond the
classical Drude model. Despite considerable recent strides, which include the utilization of diamond
nitrogen-vacancy magnetometry, the direct observation of hydrodynamic fluids over macroscopic
scales remains elusive. Furthermore, a significant challenge lies in disentangling between two
intertwined hydrodynamic fluids. | will address these significant challenges through the utilization of
terahertz hydrodynamic fluids, encompassing several key aspects: i) Exploring the role of topology in
showcasing hydrodynamic electron fluids without relying on an ultraclean system, ii) Discussing the
suitability of utilizing picosecond terahertz fields for investigating hydrodynamic electron fluids, iii)
Highlighting the necessity of tip-assisted terahertz detection to visualize the transport of
hydrodynamic electron fluids, iv) Establishing the principle to distinguish two types of hydrodynamic
fluids with distinct viscosities in real space. Wrapping up the presentation, | bring into focus the
exciting potential for the quantum transport of hydrodynamic electron fluids.

Keywords:

Near-field terahertz spectroscopy, Hydrodynamic electron fluids, Terahertz chromatography, Topological
semimetals
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Nonlinear photocarrier transport by THz field enhancement

LEE Sang-Hun *
1Dept. of optical engineering, Kumoh National Institute of Technology

shi@kumoh.ac.kr
Abstract:

Terahertz (THz) waves have attracted significant attention due to their unique spectroscopic
characteristics to molecular vibration and non-ionization by very low energy under the level of room
temperature. Metamaterials, which are subwavelength optical resonators, have enabled the
manipulations of electric permittivity and magnetic permeability beyond the characteristics of natural
materials. Such capabilities have led to various applications, both in the manipulation of THz waves in
the far-field and the exploitation of strong field enhancement in the near-field region. Enlargement of
light-matter interaction by the near-field enhancement allows sensitive spectroscopy and molecular
detection without labeling or chemical modification, even under extremely low concentrations.
Additionally, extending this concept into two dimensions has facilitated advanced imaging techniques.
This abstract introduces the applications of THz field enhancement by metamaterials with
nanostructures, emphasizing the intriguing potential for inducing nonlinearity in semiconductors,
despite their inherently low photon energy compared to the bandgap. Intense field localization leading
to conductance change of the semiconductor substrate changed the resonance and transmittance of
the metamaterial under a common oscillator-based THz spectroscopy system with a photoconductive
antenna emitter. This approach can enable the realization of unattainable THz devices, bridging the
gap toward practical applications.

Acknowledgments: This work was supported by the National Research Foundation of Korea (NRF)
grant funded by the Korean government (MSIT) (No. 2022R1F1A1074851).
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Design of Nanophotonic Structures with Binary optimization:
Machine learning-Quantum Annealing Enhanced Approach

LEE Eungkyu *1
TElectronic Engineering, Kyung Hee University
eleest@khu.ac.kr

Abstract:

The demand for multi-wavelength-scale, multifunctional nanophotonic structure is surging across
applications, from smart mobility to opto-electronics. However, the challenge lies in identifying the
optimal configuration within the vast parametric space. We propose a strategy: transforming
nanophotonic design into a binary optimization, aided by machine learning and quantum annealing.
This approach enhances efficiency and quality in finding optimal structures. By discretizing the
nanophotonic structure into sub-wavelength-scale pixels (~1/10 of wavelength), and assigning binary
states according to constituent materials, a nanophotonic structure is encoded as a binary vector. This
vector has a figure-of-merit (FOM), quatifying structural proximity to the target. Machine learning, such
as factorization machines, constructs a surrogate model using the binary vector-FOM dataset.
Quantum annealing efficiently navigates the solution space to uncover the optimal binary vector. We
present recent research progess achieved through our proposed binary optimization methodology,
exemplified by advancements in transparenct radiative cooling and thin-film optical diodes

Keywords:

Nanophotonics, Optimization, Binary Optimization, Machine Learning, Quantum Annealing
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Tip-enhanced cavity-spectroscopy to control excitonic behaviors
at the nanoscale

PARK Kyoung-Duck *1
TPhysics, POSTECH
parklab@postech.ac kr

Abstract:

The tunability of the bandgap, radiative emission, and energy transfer in transition metal
dichalcogenide (TMD) monolayers provides a new class of functions for a wide range of ultrathin
photonic devices. Additionally, understanding and controlling the nanoscale transport of excitonic
quasiparticles, such as excitons and trions, in atomically thin 2D semiconductors are crucial to produce
highly efficient nano-excitonic devices. In this work, we present a dynamic nano-mechanical strain-
engineering of naturally-formed wrinkles in a WSe, monolayer, with real-time investigation of nano-
spectroscopic properties using tip-enhanced cavity-spectroscopy. We reveal the modified nano-
excitonic properties by the induced tensile strain at the wrinkle apex, exhibiting the exciton funneling
phenomenon. In addition, we demonstrate a nanogap device to selectively confine excitons or trions
of 2D TMDs at the nanoscale, facilitated by the drift-dominant exciton funneling into the strain-
induced local spot. Furthermore, we present a method for the all-optical control of the exciton-to-trion
conversion process and its spatial distributions in a MoS, monolayer. We exploit propagating surface
plasmon polaritons (SPPs) to localize hot electrons in a 2D TMD transferred on a metal-insulator-metal
(MIM) waveguide. Our work provides a new strategy for robust, tunable, and ultracompact nano-
excitonic devices using atomically thin semiconductors.

Keywords:

exciton, 2D semiconductor, surface plasmon polariton, tip-enhanced cavity-spectroscopy
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Quantum Interference in Optical Mobius-Strip Microcavities:
Experiment vs Theory

FOMIN Vladimir M.*1
Tinstitute for integrated nanoscience (IIN), Leibniz Insititute for Solid State and Materials research Dresen (IFW),
Germany
v.fomin@ifw-dresden.de

Abstract:

A Mdbius-strip resonator and a self-rolled asymmetric microcavity are representative nanostructured
microarchitectures, which give rise to fascinating topological and quantum-interference effects by
virtue of Mdbiosity, optical spin-orbit coupling and non-Abelianism.

We represent the first experimental observation of a geometric phase in optical M&bius-strip
microcavities. Two-photon polymerization-based laser writing is employed to fabricate dielectric
Mobius-strip microrings with different aspect ratios (thickness-to-width) 7/W at 7=0.9 mm. 3D
numerical simulations are carried out using "COMSOL Multiphysics Wave Optics” for different ratios
T/W. In a Mdbius strip, where the thickness is assumed smaller than the wavelength of light in the
waveguiding medium, the optical electric field is strictly confined within the strip during propagation.
In such Mdbius-strip cavities, an odd number of antinodes is discerned indicating a constructive
interference involving a half-integer number of wavelengths due to the presence of the geometric
phase .

However, the realistic thickness can be shrunk only to a finite value. Due to a finite aspect ratio, the
twisted cross-section does not guarantee a strict in-plane confinement of the electric field. During the
propagation along the twisted strip, the electric field tends to stay in its current orientation, while the
tilted cross-section forces the electric field to rotate along the strip. As a compromise, the electric field
orientation slightly biases away from the strip centerplane, resulting in in-plane and out-of-plane
electric-field components manifesting a phase retardation due to the different effective refractive
indices. As a result, an elliptically polarized resonating light occurs in the Mdbius-strip cavities. The
optical resonances revealed in the Mobius-strip resonators indicate that the occurring geometric phase
depends on the ellipticity. The geometric phase extracted from measurements of transmission spectra
of the resonators with continuously changing input polarization orientation, is slightly lower than that
from simulations due to the strain-induced deformation during the fabrication. Leveraging the tunable
strip cross section offers a way of manipulating the ellipticity of circulating light and the geometric
phase from 7 to 0 in the Mdbius-stripmicrocavities for emerging classical or quantum photonic
applications.

Keywords:
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Ballistic diffusion of hot carriers in van der Waals layered
materials

KIM Ji-Hee *1
1Department of Physics, Pusan National University
kimjihee@pusan.ac.kr

Abstract:

One of the key-aims in enhancing the performance of advanced two-dimensional (2D) optoelectronic
devices revolves around the effective conversion of photoexcited hot carriers into electrical energy. In
pursuit of efficient applications involving hot carrier devices, it becomes imperative to gain insights
into the rapid spatial expansion of hot carriers in van der Waals layered materials and to harness these
carriers prior to their energy dissipation through carrier-phonon interaction. Here, we explore the
spatiotemporal dynamics of hot carriers in monolayer and bulk MoSe, using transient absorption
microscopy. The observed ultrafast expansion behavior of hot carriers exhibits quasi-ballistic motion,
resulting in an exceptionally extensive diffusion length. Furthermore, we discuss the implications of
these extended hot carrier travel characteristics for designing and developing next-generation
optoelectronic devices.

Keywords:
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Cavity effects in perovskite nanostructures

TAYLOR Robert Andrew™1
TDepartment of Physics, University of Oxford, UK
Robert.taylor@physics.ox.ac.uk

Abstract:

Perovskite nanostructures are capable of very efficient light emission covering a large range of
wavelengths in the visible spectrum. They are relatively simple to produce and can be made into
nanocolumns, nanocube arrays or single quantum dots. In this talk | will discuss recent work that we
have undertaken looking at enhancing the emission from these structures by making use of natural
optical cavities produced by the shape of the crystals themselves. | will discuss the first observation of
triplet lasing in these materials and the waveguiding in perovskite nanowires.

Keywords:
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Organic-based artificial synapses for artificial neural networks

PARK Hea-Lim *1
TDepartment of Material Science and Engineering, Seoul National University of Science and Technology
healim1017@gmail.com

Abstract:

Biological nervous systems detect various external stimuli such as light, sound, pressure, and chemical
molecules. In addition, they perform complex calculations and memorization activities, and manage
the body's activities according to the processed information. To accomplish this, a tremendous number
of nerve signals are transmitted through a neural network in which neurons and synapses are
intricately entangled. In this process, synapses, which are connecting parts between preneurons and
postneurons, play an important role in information flow, data processing, and memory functions
thanks to a unique property of synaptic plasticity. Therefore, much efforts have been dedicated to
emulating biological synapses in electronic devices, called artificial synapses. These devices have a
wide range of applications, from neuromorphic computing and humanoid robots to neural prostheses.
Here, research focused on organic-based artificial synapses for the construction of an artificial neural
networks is introduced. Organic materials are promising due to their advantages such as low cost,
mechanical flexibility, biocompatibility, and tunable electrical/optical/mechanical properties through
molecular design. First, several approaches to achieve high uniformity and reliability of organic
memristors are presented. Additionally, a photonic synapse that selectively detects and processes UV
exposure information is introduced. This is achieved using a two-dimensional carbon nitride nanodot
layer that responds to UV light as a floating gate.

Keywords:

Artificial synapses, Organic materials, Artificial neural networks
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Investigation of hole transfer dynamic during charge separation
in non-fullerene organic solar cells

CHO Shinuk *1
TUniversity of Ulsan
sucho@ulsan.ac.kr

Abstract:

Despite a clear elucidation that the change in PM6:Y6 morphology with different solvents affects
photovoltaic performance, the charge dynamics during the charge separation process resulting from
these morphological changes have not been extensively studied. However, studies on mobility and
photocurrent have shown that holes play a crucial role in charge generation and separation. In PM6:Y6
devices fabricated using chlorobenzene (PM6:Y6-CB), the reduced exciton dissociation probability is
attributed to changes in hole transfer states due to morphological variations. In PM6:Y6 devices

fabricated using chloroform (PM6:Y6-CF), the hole transfer state (hECT) and Y6 highest occupied
molecular orbital (HOMO) were almost degenerate. Consequently, the formation of lower effective
hECT, which can interfere with hole transfer, was minimized. Conversely, in PM6:Y6-CB, the overlapping

region of hECT and Y6 HOMO shifts to a lower energy side, creating a significantly lower effective hECT,
which is energetically unfavorable for hole transfer. These findings from electroluminescence
deconvolution analysis were validated using time-resolved photoinduced absorption spectroscopy.
Consequently, the decrease in fill factor and current density in PM6:Y6-CB can be attributed to
compromised hole transfer from Y6 HOMO to PM6 HOMO. This analysis underscores the importance
of morphological changes in nonfullerene acceptor solar cells on hole transfer levels, ultimately
affecting the charge separation efficiency.

Keywords:

organic solar cells, hole transfer, charge separation
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Interface Tailoring of Perovskite via Mesoporous Structured
MoS, for Efficient and Photostable Perovskite Solar Cells

PARK HYESUNG *1
TKU-KIST Graduate School of Converging Science and Technology, Korea University
hspark@unist.ac.kr

Abstract:

Mesoporous electron transport layers (ETLs), particularly mesoporous TiO, ETLs, in perovskite solar

cells (PSCs) increase surface contact with the perovskite, which enables effective charge separation and
extraction and plays an important role in obtaining high-efficiency devices. However, a high sintering
temperature of more than 500 °C and the photocatalytic reaction under incident illumination limit the
application and operational stability of PSCs. Herein, we propose a newly developed mesoporous
MoS, as an efficient and stable ETL material. We fabricated TiO,-based and MoS,-based PSCs and

compared their various properties. The MoS, interlayer enlarged the surface contact area with the
adjacent perovskite layer, improved charge dynamics, and realized the coupling between MoS, and the
perovskite crystal lattice. This facilitated a preferential growth of perovskite crystals with improved
crystallinity and relaxed residual strain. High-performance PSCs exhibiting 25.7% (0.08 cm?, certified:

25.2%) and 22.4% (1.00 cm?) efficiencies were thus obtained. Furthermore, owing to the suppressed
photocatalytic reactions at the perovskite and ETL interface, the photostability was improved
significantly and maintained for more than 2,000 h.

Keywords:

epitaxial growth, mesoporous structured molybdenum disulfide, perovskite solar cells, photostability,
strain regulation
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Electronic structure of metal halide perovskite and their interface
study for optoelectronic device application

SHIN Dongguen *
TDepartment of Physics, Chonnam National University
dongguen.shin@chonnam.ac.kr

Abstract:

To fully unlock the entire potential of metal halide perovskite (MHPs) for the optoelectronic device
application, a comprehensive understanding of the electronic structure and energy level alignment at
the interface is essential. However, it remains still challenging to figure out a comprehensive picture of
the fundamental physical properties of these semiconductors so far. Especially, the presence of intrinsic
and extrinsic defects, interface, and surface state make the electronic structure more complicated. In
this talk, to expand the understanding of the electronic structure of MHPs, | will introduce the recent
representative studies that oxygen-induced p-doping mechanism of MHPs, as well as the formation of
2D/3D MHPs interface.

Keywords:

metal halide perovskite, photoelectron spectroscopy, UPS, energy level alignment
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Orbital fluctuation and superconductivity in Kagome metal

LEE SungBin *1
1Department of Physics, KAIST
sungbin@kaist.ac.kr

Abstract:

Historically, the Kagome lattice structure is known to have emergent quantum phenomena such as flat
bands, quantum spin liquids and etc. Particularly, recent experimental discovery of Kagome metal,
AV3Sb5 (A=K,Rb,Cs), has been a subject of intense debate. It shows not only the exotic orbital
fluctuations but also unconventional superconducting state. In this talk, we theoretically classify orbital
current orders and discuss their influence in superconductivity with characteristic van Hove singularity.
In addition, we also discuss the effect of intra-orbital and inter-orbital charge density wave and their
role in determining orbital currents. Our analysis can be used to infer the superconducting order
parameter when the orbital current order is identified and vice versa.

Keywords:

Kagome metal, orbital current, superconductivity, van-Hove singularity
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Emergence of flat bands via orbital-selective electron
correlations in Mn-based kagome metal

SAMANTA Subhasis 1, HWANG Jungseek *2, CHOI Kwang Yong *2, KIM Heung-Sik *1
1Department of Physics, Kangwon National University
2Department of Physics, Sungkyunkwan University
jungseek@skku.edu, choisky99@skku.edu, heungsikim@kangwon.ac.kr

Abstract:

Kagome lattice has been actively studied for the possible realization of frustration-induced two-
dimensional flat bands and a number of correlation-induced phases. Currently, the search for kagome
systems with a nearly dispersionless flat band close to the Fermi level is ongoing. Here, by combining
theoretical and experimental tools, we present ScsMn3Al;Sis as a novel realization of correlation-

induced almost-flat bands in the kagome lattice in the vicinity of the Fermi level. Our magnetic

susceptibility, 2/Al nuclear magnetic resonance, transport, and optical conductivity measurements
provide signatures of a correlated metallic phase with tantalizing ferromagnetic instability. Our
dynamical mean-field calculations suggest that such ferromagnetic instability observed originates from
the formation of nearly flat dispersions close to the Fermi level, where electron correlations induce
strong orbital-selective renormalization and manifestation of the kagome-frustrated bands. In addition,
a significant negative magnetoresistance signal is observed, which can be attributed to the
suppression of flat-band-induced ferromagnetic fluctuation, which further supports the formation of
flat bands in this compound. These findings broaden a new prospect to harness correlated topological
phases via multiorbital correlations in 3d-based kagome systems.

Keywords:

kagome lattice, nuclear magnetic resonance, magnetoresistence, ab-initio calculations, optic
spectroscopy
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Engineering flat bands in 1T-TaS, via atomic adsorption

JIN Kyung-hwan *1
1Center for Artificial Low Dimensional Electronic Systems, IBS
khwanjin@ibs.re.kr

Abstract:

Strongly interacting electrons in 1T-TaS, with half-filled flat band exhibit rich phase diagrams of exotic
quantum states, including Mott state, superconductivity and correlated topological orders intermixed
with magnetic orders. In the context of manipulating flat bands, atomic adsorption offers an effect way
for tuning localized states, especially in the presence of strong correlation effects. In the first part, I'd
like to introduce an approach to realize artificial hexagonal and kagome lattices by metal adsorption
on a 2D Mott insulator 1T-TaS,. Alkali, alkali-earth, and group-13 metal atoms are deposited stably in

(V3xVv3)R30° and 2x2 TaS, superstructures of honeycomb- and kagome-lattice symmetries exhibiting
Dirac and kagome bands, respectively. The strong electron correlation of 1T-TaS, drives the

honeycomb and kagome systems into correlated topological phases. We further show that the band
filling of these Mott Dirac and flat bands can be tuned by proper choice of adsorbates. Especially, the
2/3- or 3/4-filled system can be achieved with a proper concentration of Mg adsorbates, which can
lead to unconventional superconductivity. Moving on to the second part, I'd like to show that the
systematic tuning of a trivial insulator into a Mott insulator and a Mott insulator into a correlated
metallic and a pseudogap state in 1T-TaS,. The band structure evolution is investigated upon the
surface doping by K atom adsorbates for two distinct phases occurring around 220 and at 10 K by
ARPES. We find contrasting behaviors upon doping, which corroborate the fundamental difference of
two electronic states: while the antibonding state of the spin-singlet insulator at 10 K is partially
occupied to produce an emerging Mott insulating state, the presumed Mott insulating state at 220 K
evolves into a correlated metallic state and then a psuedogap state.

Keywords:
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Status of differential Drell-Yan cross section measurement with
the CMS detector

YOO Hwidong *1, HWANG Kyuyeong_1, LEE Kyeongpil 2
TDepartment of Physics, Yonsei University
2Department of Physics, Université Libre de Bruxelles
hdyoo@yonsei.ac.kr

Abstract:

The Drell-Yan process holds a significant position in high-energy experiments owing to its
characteristic of yielding a clean final state. Additionally, its differential cross-section serves as a vital
parameter for inclusion in global PDF fitting. This presentation addresses the measurement of
differential Drell-Yan cross-sections with the dimuon and dielectron channel, using pp collision data at
a center-of-mass energy of 13 TeV, as recorded by the CMS detector during the the LHC Run2 from
2016 to 2018. This dataset corresponds to an integrated luminosity of 138 pb”-1. The background
estimation and the various of corrections for precision measurement are discussed. The result are
compared with the perturbative predictions of the standard model.

Keywords:
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Direct measurement of Top quark width in tt Dilpeton decay
channel in pp collisions.

LEE Seungjun *1, KIM HyunSoo *
1Sejong University
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Abstract:

We present a preliminary MC study on the direct measurement of top quark in ttbar dilepton decay
channel in pp collisions at LHC. In this study we consider including non-resonant regions in the
lepton-b-jet invariant mass distribution as a proxy to the top mass distribution.

Our study expects a vastly improved measurement compared to previous measurements at LHC.

Keywords:

CMS
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Study for measuring the CKM matrix component |Vy| directly in

dilepton channel of top pair production at 13 TeV with the CMS
detector

WATSON lan James*1, LEE Jason Sang Hunl, ROH Youn Jung 1, PARK Inkyu 1, JANG Woojin 1
TUniversity of Seoul
ianjames.watson@cern.ch

Abstract:

Since the discovery of top quark, there have been many studies of its properties but there still exist
parameters yet to be investigated. In the CKM matrix, describing charged weak interaction between
quarks, Vi is such a parameter. |Vt5|2 can be interpreted as the branching ratio of decay of the top
quark into a strange quark and the parameter is determined indirectly from precision measurements of
other elements and the unitarity of the matrix under the assumption of the Standard Model (SM). The
direct measurement of the component tests the SM and gives constraints on beyond-the SM
scenarios. This work studies measuring the value directly by finding signal strange jets from top
decays, discriminated from backgrounds through a machine learning-based jet discriminator in the
dileptonic final state of top pair production events at CMS 13 TeV.

Keywords:
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A study of V., measurement in semi-leptonic decay channel of
top pair events at the LHC

YANG Un-ki *1, CHOI Suyong 2, YOON Inseok 1, OH Byeong Hun 1, SHIN Jihoon 1, KIM Yeonjoon 1
TDepartment of physics and astronomy, Seoul National University
2Department of physics and, Korea University
ukyang@snu.ac.kr

Abstract:

We present the current status of CKM matrix element V , measurements using top-pair semileptonic

decay at the LHC. The existing measurements show two different values with boundary tension. These
values are measured using exclusive and inclusive decays of the B meson, respectively. We take a look
at the hadronic decay top of the semi-leptonic decay of top pairs, which is free from non-perturbative
effects of B meson formation. This analysis aims at analyzing the complete sqrt{s}=13TeV data
collected with the CMS detector. With the most recent CMS jet flavor tagging algorithm, we have also
introduced new MVA techniques. These techniques help achieve: 1. Improved reconstruction
performance of the top pair events against high jet multiplicity. 2.Improved signal extraction
performance by reducing contamination from heavy-flavored jets outside of the ttbar. Combining this
result with our study of the background and signal, we will present the expected sensitivity on the V,
parameter with the systematic uncertainties.

Keywords:
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Measurement of the charge asymmetry in top pair production
using lepton+jets final state in CMS experiment

PARK Inkyu *1, KANG Yechan 1, LEE Jason Sang Hun1, ROH Youn Jung 1, WATSON lan James', KIM Hyunsoo 2
TUniversity of Seoul
2Department of Physics and Astronomy, Sejong University
icpark@uos.ac.kr

Abstract:

The leading order calculation for the top pair production is charge symmetric in the Standard Model
(SM). However, higher-order predictions lead to an asymmetry caused by the direction preference of
top quarks by the initial quark momentum. Additionally, there are several beyond standard models
that could enhance the asymmetry. Thus, measuring the charge asymmetry in top pair production
gives a chance to test SM and new physics models. In this study, we present the measurement of
charge asymmetry using the CMS Run 2 dataset in the LHC.

Keywords:
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Search for Lepton Flavour Violation in the Top Quark Sector in
events with single muon and tau at vs=13 TeV.

ASILAR Ece *1, CHOI Jieun 1, CHOI Su Yong 1, KIM Tae Jeong 1, LIM Jongwon 1, PARK Jiwon 1, RYOU Yeonsu 1,
SONG Juhee 1, YOON Soohyun 1
TDepartment of physics, Hanyang University
ece.asilar@cern.ch

Abstract:

The search for CLFV in the top quark interaction with a charged lepton (), a up-type quarks (i),
and a tau lepton is performed.

This is the first time investigation of tau lepton in the final state with events where top quark decays
with CLFV.

The search assumes the scale of new physics responsible for CLFV is larger than the energy scale
available at the LHC.

The data corresponding to an integrated luminosity of 138%fbinv is collected by CMS Experiment
during Run 2.

A Multi class classification Deep neural network trained using MC is used for signal extraction.

The expected upper limits are calculated by combining the entire run 2 MC events with blinding the
data.

Keywords:

Beyond SM physics, TOP quark, Lepton flavour violation
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Identification of tqg FCNC process using machine learning
techniques

PARK Inkyu *1, LEE Jason Sang Hun', ROH Youn Jung 1, YANG Seungjin 1, KO Byeong_Hak 1, HEO Jeewon 1
TUniversity of Seoul
icpark@uos.ac.kr

Abstract:

Flavor-changing neutral current interactions with a light quark, top quark and gluon vertex (tqg FCNC)
is highly suppressed in the Standard Model (SM) but occurs in many new physics models. In this study,
we investigate the tqg FCNC processes having the final state with one top quark and one energetic
gluon jet, while processes in the SM with one top quark in the final state have only quark jets. Hence,
we perform machine learning techniques using quark-gluon jet discrimination variables to distinguish
the tgg FCNC events from the SM backgrounds. We compare the performance of Boosted Decision
Tree (BDT) and a Self-Attention for Jet-parton Assignment (SaJa) that can use all jets. We show that the
detailed jet information increases the signal-background separation power, and the enhancement of
Sala is larger than that of BDT.
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Search for the Rare Top Process t—sW in Dileptonic Top Pair
Events Using Deep Learning

HEO Jeewon 1, JANG Woojin 1, LEE Jason Sang Hun', PARK Inkyu 1, ROH Youn Jung 1, WATSON lan James*1,
YANG Seungjin 2
TUniversity of Seoul
2Department of Physics, Hanyang University
ianjames.watson@cern.ch

Abstract:

The Cabibbo Kobayashi Maskawa (CKM) matrix describes the flavor-changing interaction between
quarks and is unitary in the Standard Model. One of the CKM matrix elements, Vts, showing the
coupling between the top and strange quark has not been directly measured. The direct measurement
of the |Vts| can be achieved by finding a strange jet from top quark decays in top quark pair
production with dileptonic final state events. These events consist of several types of objects such as
jets, leptons, and missing energy, all of which are included as inputs to the machine learning model.
We use self-attention based deep learning model, which has advantages in handling various types of
objects and different numbers of object per each event, to tag the strange jet.

Keywords:
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Probing Non-Standard Neutrino Interactions with Interference:
Insights from Dark Matter and Neutrino Experiments

PARK Jong-Chul *1
TDepartment of Physics, Chungnam National University
log1079@gmail.com

Abstract:

Neutrino-electron scattering experiments play a crucial role in investigating the non-standard
interactions of neutrinos. In certain models, these interactions can include interference terms that may
affect measurements. Next-generation direct detection experiments, designed primarily for dark matter
searches, are also getting sensitive to probe the neutrino properties. We utilise data from XENONNT, a
direct detection experiment, and Borexino, a low-energy solar neutrino experiment, to investigate the
impact of interference on non-standard interactions. Our study demonstrates that interference
between standard and non-standard neutrino interactions can lead to a transition between different
non-standard interaction models in the relevant energy range of XENONNT and Borexino experiments.
This transition can be used to distinguish between the considered models if any signal is observed at
direct detection or neutrino experiments. Our findings underscore the importance of accounting for
interference and incorporating both direct detection and solar neutrino experiments to gain a better
understanding of neutrino interactions and properties.

Keywords:
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Search for axion dark matter in the laboratory and in the cosmos

HONG Deog Ki *1
1Department of Physics, Pusan National University

deogki@gmail.com
Abstract:

| would like to present a new experimental proposal, called LACME, to search for axion dark matter in
the laboratory. If axions or axion-like particles are the main component of dark matter, they will
modify the transport property of electrons and also the atomic spectra, which will give a new way of
detecting axions ot axion-like particles. Finally | will discuss a topological soliton made of axions and
discuss its observational consequences in the cosmos.

Keywords:

Axions, dark matter, electron transport, atomic spectra, soliton

- 225 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27
D3.03

Regurgitated Dark Matter
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Abstract:

We present an alternative production mechanism to thermal freeze-out for WIMP dark matter. In this
model, GeV mass particles are shepherded into false vacuum pockets during a first order phase
transition and trapped by a large mass gap. They form compact remnants that collapse into light
primordial black holes, which subsequently regurgitates the initial constituent particles through
Hawking evaporation. The WIMP mass density is nearly independent of the cross section and can
constitue all of dark matter over a wide swath of parameter space. The dark matter particles in this
unique model are responsible for creating the PBHs which later re-emit them.
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Structure formation of a multi-component dark matter
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Abstract:

We present distinctive properties of multi-component dark matter from the structure formation on a
small scale. We solve linear Einstein-Boltzmann equations and show how density perturbation and
matter power spectrum change compared to the ACDM prediction. To incorporate non-linear effects,
we use the above result to perform N-body simulation, and discuss various phenomenological aspects
of the model. Finally, we give constraints to the model with observational data such as the matter
power spectrum and maximum circular velocity function of the halos.
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Capture of Inelastic Dark Matter in white dwarves

SCOPEL Stefano *1, VELASCO-SEVILLA Liliana 1, KAR Arpan 1, BISWAS Anirban 2, KIM Hyomin 1
TPhysics, Sogang University
2physics, Yonsei University
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Abstract:

Weakly Interacting Massive Particles (WIMPs) can be captured in compact stars such as white dwarves
(WDs). If they are in a Dark Matter (DM)-rich environment, the capture will lead to an increase in the
star luminosity because of DM annihilation process. According to N-body simulation, we can assume
that the core of the Messier 4 globular cluster (where plenty of WDs are observed) is rich of DM. With
this, when DM whose mass is over a few tens GeV interacts with nuclei in the WD through inelastic
scattering, the DM mass splitting can be probed up to around 40 MeV. This largely exceeds the mass
splitting from direct detection, which is 200 keV. We also apply such constraint to the specific DM
scenario of self conjugate bi-doublet in the left-right symmetric model, where the standard SU(2) left
group with coupling g, is extended by an additional SU(2) right group with coupling gg. In such
scenario, we show that bounds from WDs significantly reduce the cosmologically viable parameter
space, especially requiring gr>g,
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Characterizing the hypercharge anapole dark matter particle

CHOI Seong Youl *1, JEONG Ingu 1, JEONG Jaehoon 2, KANG Dong Woo 3, SHIN Seodong 1
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Abstract:

We consider the case that dark matter (DM) is solely composed of a self-conjugate (Majorana)

particle interacting with ordinary standard model (SM) matter exclusively through the so-called U(1)
hypercharge anapole terms. Based on the general three-point vertices of a virtual photon y and a
massive gauge boson Z and two identical on-shell particles of any spin J and mass m, we evaluate the
relic density and the direct detection cross sections. Combining the constraints from these experiments
and those from the high-energy Large Hadron Collider (LHC) experiments, we perform a systematic
investigation of whether the limits on the mass and coupling strengths depend on the spin of the
anapole DM.
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Non-thermal WIMPy Baryogenesis with Primordial Black Hole
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Abstract:

We consider the possibility that the weakly interacting massive particles produced from the
evaporation of primordial black hole can explain both the relic density of dark matter and the baryon
asymmetry of the Universe, through their annihilation which violate B and CP-symmetry. We find that

the primordial black hole with mass 106 g (107 g) are good candidates for TeV dark matter with the
total annihilation cross section (7at’) = 5.4 x 1077 GL_‘V_E ({oev) =21 x 1077 G““‘F_zj and the B-
violating annihilation cross section (opv) =8 x 1071 GeV* ({opuv) =8 x 107° G“V_zj. This large
annihilation cross section of dark matter in this model would make it available to search them in the
indirect search for dark matter such as gamma-ray or neutrino observations.
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Positivity bounds on Higgs-portal dark matter: Freeze-out vs
Freeze-in

LEE Hyun Min *1, YAMASHITA Kimiko 2, KIM Seongsik 1
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Abstract:

We consider the positivity bounds for scalar dark matter with effective Higgs-portal couplings up to
dimension-8 operators. We regard scalar dark matter as being WIMP or FIMP, depending on the cutoff
scale for the effective couplings. Taking the superposed states for Standard Model Higgs and scalar
dark matter, we show that the part of the parameter space for the effective couplings, otherwise
unconstrained by phenomenological bounds, is ruled out by the positivity bounds on the dimension-8
derivative operators. In the case of WIMP dark matter, we find that dark matter relic density, direct and
indirect detection and LHC constraints are complementary to the positivity bounds in constraining the
effective Higgs-portal couplings. Nailing down the parameter space mainly by relic density, direct
detection and positivity bounds, we find that there are observable cosmic ray signals coming from the
dark matter annihilations into a pair of Higgs bosons, WW or ZZ.
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Dirac-Majorana neutrino type oscillation induced by a wave dark
matter
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Abstract:

Whether the neutrinos behave like Dirac or Majorana particles are determined by the relative size of
the Dirac and Majorana mass term in the Lagrangian. If these ratios change in time, the neutrino
phenomenology may show time-dependent behavior, depending on the local Dirac/Majorana mass
ratio at observed time. This may occur in the case the neutrino masses are affected by the wave dark
matter. We showed the amplitude of the wave dark matter can be significant enough to oscillate the
neutrino type between Dirac and Majorana while satisfying current constraints on the scalar dark
matter. This model predicts periodic modulations in the event rates in various neutrino phenomena
such as neutrinoless double beta decay. Also, as the energy density of the scalar dark matter evolves
in the cosmic time scale, the oscillation amplitude changes accordingly and this may provide an
important link between the present-time neutrino physics and early universe physics including the
leptogenesis scenario. This talk is based on the recent paper (arXiv:2305.16900) by YeolLin Choelo,
Yechan Kim, and Hye-Sung Lee.
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PAL-XFEL status and plan
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i.eom@postech.ac.kr

Abstract:

The PAL-XFEL is an X-ray free-electron laser facility that has supported more than 300 user
experiments to date based on its outstanding performance regarding brightness and temporal stability.
In its 6 years of user support since 2017, the accelerator has steadily increased the FEL output through
continuous improvements. Besides, we present new possibilities in terms of the light source through
new technologies such as self-seeding, two-color FEL generation, and multi-beamline operation
modes. The beamline is constantly improving and specializing in 10 experimental techniques currently
available to conduct in various sample environments. These are expected to reveal new physical
aspects of molecules and materials.

We have been increasing available user beamtime shifts, and 24-hour-based support for hard X-ray
experiments begins in the second half of this year, resulting in a more than 25% increase in total user
beamtime shifts. However, due to the limited beamlines and the number of beamtime shifts to
provide, the approval ratio was not increased significantly, and the user beamtime is still insufficient. If
this is prolonged, the XFEL user pool may eventually be saturated or shrink, which will lead to a
weakening of PAL-XFEL's competitiveness. We believe that the addition of the hard X-ray FEL line will
provide a solution to these issues.

In this presentation, | will report the current status of PAL-XFEL and discuss the plan for the new hard
X-ray FEL line construction.
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Hard X-ray instrument at PAL-XFEL for the study of energy and
quantum materials
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Abstract:

Research on energy materials and quantum materials has garnered significant interest in the fields of
condensed matter physics and materials science due to their potential impact on everyday life,
particularly in the areas of energy storage/conversion/transportation, and emergent functionality. In
this presentation, | will provide an overview of the Femtosecond X-ray Scattering (FXS) instrument at
the hard X-ray beamline of the PAL-XFEL and its applications in researching energy and quantum
materials. From basic X-ray diffraction to state-of-the-art resonant X-ray scattering, the FXS instrument
offers a wide range of X-ray probes capable of capturing intriguing out-of-equilibrium states involving
charge, spin, orbital, and lattice physical degrees of freedom in the femtosecond time domain after
photoirradiation. | will also discuss the current status and future development directions for this
instrument.
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Abstract:

Spinons are elementary excitations in quantum spin liquids carrying spin-1/2 fractional quantum
number. Their existence in square lattices remains an open question with their possible role in

D4.03

ice

unconventional superconductivity. Square-lattice iridates realizing effective S = 1/2 antiferromagnet
(AF) in the strong spin-orbit coupling limit offer a new materials strategy to address this issue. In this

presentation, | will talk about enhanced magnetic frustration in the Heisenberg square-lattice AF

Sr>IrOy4 heterointerfaced with its bilayer variant Ising AF Sr3lr,O-, evidenced by slow recovery of the AF

order after its transient suppression by an optical pump, magnons confined to long wavelengths and

low energies, and spin excitation spectra dominated by isotropic continua—a hallmark of spinons.

Thus, our results pave a new route to frustrated magnetism in square lattices by combining distinct

types of magnetic anisotropies in one material.
Keywords:
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Ultrafast and nanoscale imaging with XFELs

SONG Changyong_*1
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cysong@postech.ac.kr

Abstract:

Intense femtosecond optical laser pulses drive material phase transitions via kinetic reactions otherwise
hidden in equilibrium measurements. This stimulates interest in uncovering reaction dynamics of
individual atoms prompted by photoexcited electrons. However, our understanding on ultrafast atomic
dynamics has been limited by the challenges in resolving irreversible processes at the relevant space-
time resolution. By establishing single-pulse time-resolved diffraction imaging technique using an X-
ray free-electron laser, we overcome this to directly observe the intermediate processes accompanied
during the nonequilibrium phase transitions. Recent investigation of exotic kinetic transitions forbidden
in thermodynamic equilibrium condition will be introduced to highlight the potential available with the
diffractive imaging scheme. Emphasis of the talk will be made on the superior performance of the PAL-
XFEL on its timing resolution with noncompromising stability. This inherits invaluable potential to lead
internationally competitive research with the PAL-XFEL, and the extension of the facility to enable more
access to this unique facility will significantly promote such researches.

Keywords:
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HX-2 FEL line construction plan

NAM Inhyuk *1
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Abstract:

The PAL-XFEL X-ray free electron laser facility, which started user services since 2017, is a state-of-the-
art scientific research facility that leads the atomic levels/femtoseconds spatio-temporal resolution in
solving energy, environmental, bio, and quantum problems. However, with the very limited number of
beamlines and beam time allocation, only a very small number of researchers' needs are being met
due to only one hard x-ray undulator line (HX1) and soft X-ray undulator line (SX1) in operation.
Therefore, we have proposed the new hard X-ray undulator line (HX2) to meet the demands of
researches in various fields. This HX2 with a higher undulator parameter K is needed to make full use
of the PAL-XFEL performance in the lower photon energies by increasing the resonant electron beam
energy. Furthermore, HX1 and HX2 will operate in parallel without sacrificing the beam repetition rate
of 60 Hz with the help of the advanced two-bunch mode operation, which effectively doubles the
available beam time. In this presentation, | will present about construction plan of HX-2 FEL beam line
at PAL-XFEL.

Keywords:

Second Hard X-ray FEL undulator, PAL-XFEL, Free electron laser, hard X-ray
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Quantum mechanical methods for the reliable absorption spectra
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Abstract:

For more than a few decades, various quantum mechanical methods have successfully predicted or
explained the absorption spectra of atoms and molecules. In this presentation, we provide qualities of
well-known quantum mechanical methods for various ranges of absorption spectra. Several density
functional theories (DFTs) and coupled-cluster (CC) are chosen to compare with the experiments. We
will explore the valence, Rydberg, and core excitations for the first-row hydrides.

For the reliable spectrum of a wide energy range, we recently implemented the time-dependent
equation of motion CC (TD-EOM-CC) in the ACES2 program. TD-EOM-CC is obtained from the time
propagation of the moment operators expressed in the CC effective Hamiltonian form, which can be
used as an alternative method to conventional EOM-CC. This enables the full spectra from UV to X-ray
regions. We further developed the full second-order transition moments in EOM-CC for the correct
spectra. Another example, K pre-edge spectra of transition metal tetrachlorides, show that TD-EOM-CC
and EOM-CC can be used as an important tool for understanding the nature of the electron transitions
in the core region.

Keywords:
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Manifestation of Laser Resonance Chromatography on Lu+ ions
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Abstract:

Optical spectroscopy of superheavy elements is experimentally challenging as their production yields
are low, half-lives are very short, and their atomic structure is barely known. Conventional spectroscopy
techniques such as fluorescence spectroscopy are no longer suitable since they lack the sensitivity
required in the superheavy element research.

A new technique called Laser Resonance Chromatography (LRC) could provide sufficient sensitivity to
study superheavy ions and overcome difficulties associated with other methods. In this contribution, |
will introduce the LRC technique and report the progress and the results from inauguration
experiments conducted on Lu+, the lighter chemical homologue of Lr+.

This work is supported by the European Research Council (ERC) (Grant Agreement No. 819957).
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Test of atomic charge-exchange cell for the collinear laser
spectroscopy at RAON

LIM Chaeyoung_12, PARK Sung Jong 1, JO Seong Gi 1, SHIN Taeksu 1, LASSEN Jens 3, KIM Eun-San 2, TSHOO
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Abstract:

The performance of the vertical charge-exchange cell (CEC) was tested to evaluate the collinear laser
spectroscopy (CLS) beamline that has been developed at RAON. The CEC is one of the key
components of the CLS apparatus, allowing the laser spectroscopic measurements of the radioactive
isotopes, in the form of neutral atomic beam, generated at the ISOL (Isotope Separation On-Line)
facility. In order to evaluate the performance of the CLS beamline, a 20-keV Ar ion beam generated at
the off-line ion source was sent to the CEC via 45-degree bender, in agreement with the results of the
ion optics calculations. The neutralization efficiency was investigated as a function of the reservoir
temperature used to control the rubidium vapor density, and the CEC exhibited similar neutralization
performance to that developed at TRIUMF, Canada. The performance of the CEC will be tested further
for the laser spectroscopy on the various rare isotopes, e.g. Al that will be produced at the ISOL facility
in the near future.
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Development of the collinear laser spectroscopy system for the
study of unstable nuclei at RAON
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Abstract:

In recent decades, laser spectroscopy techniques have made significant contributions in our
understanding of exotic nuclei in radioactive ion beam facilities worldwide. Especially, high precision
laser spectroscopy allows us to determine fundamental properties of nuclear ground and isomeric
states, such as nuclear spins, magnetic dipole, electric quadrupole moments, and charge radii, via the
measurement of hyperfine structures and isotope shifts in the atomic or ionic spectra of the nuclei of
interest. The collinear laser spectroscopy (CLS) has been developed as one of the key experimental
apparatus of the RAON (Rare isotope Accelerator complex for ON-line experiment) in the Institute for
Rare Isotope Science (IRIS), Korea. Recently, the CLS beamline, based on the nuclear-spin-polarization
beamline at TRIUMF in Canada, has been installed and tested using the offline ion source. We are now
focusing on the light collection system on the CLS beamline and the laser system setup as well, to
perform the laser spectroscopy on the rare isotope beams produced at the ISOL (Isotope Separation
On-Line) facility in the near future.
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The isotope shift measurement in 6s2 1S0 - 5d6p 3D1 transition
of barium
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Abstract:

We present the isotope shifts of 6s2 S0 — 5d6p 3D1 transition in barium. The spectrum is directly
measured from the laser-induced fluorescence of atomic beam excited by 413nm external-cavity diode
laser. The experimental data well agrees with the fit model of King plot and hyperfine coefficient from
the previous study, while we observed the discrepancy between the measured isotope shifts and
indirect estimations from previous studies of nearby transitions. We will discuss the mismatch with the
literatures and also feasibility of isotope-selective barium ion loading utilizing this transition.
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Spectroscopy of a slow MgF buffer-gas beam
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Abstract:

An ultracold diatomic molecule is gaining prominence as an important platform for exploring various
quantum phenomena due to its rich internal structure, long coherence time, and strong long-range
interaction between molecules’ large electric dipole moments. Among various diatomic molecules, MgF
stands out due to its light mass, strong UV transition lines, and diagonal Frank-Condon factors, which
collectively provide advantages for laser cooling. Additionally, its diverse isotopologues allow for
studies involving both bosonic and fermionic properties.

We investigated the spectroscopy and optical cycling effects of the P15(1) and P43(1) transitions

of 22MgF and the P4(1), and Qq»(1) transitions of 2*MgF. The measurements were conducted using
fluorescence signals in the transverse direction of a slow buffer-gas beam located 35 cm downstream

from the generation point of the MgF molecules. To observe optical cycling, for the case of 2*MgF, we
employed EOM modulation to create sidebands corresponding to the hyperfine splitting at 120 MHz.

In the case of 2°MgF, since the additional nuclear spin of Mg, the hyperfine structure is more
complicated than in the case of 2*MgF. And also since the energy splitting between P12(1), and P43(1)

is about 1 GHz, to cover all hyperfine structures and address both transitions simultaneously, we used
two lasers whose frequency is modulated by a white-light EOM with multiple sidebands of 10 MHz
interval.

We also measured the forward velocity distribution of the slow buffer-gas beam for capturing into a

MOT (Magneto-Optical Trap) for 2*MgF. The forward velocity was measured to be 150 m/s using the
Doppler shift. The measured forward velocity is slow enough for the molecules to be captured in a
MQOT with the aid of the laser slowing.
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Development Progress of Proton Beam Diagnostics Using
Tomography Technology at KOMAC
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Abstract:

This study aims to develop a diagnostic method to characterize a proton beam distribution in the
phase space. The particle distribution in the phase space can be described by an emittance and Twiss
parameters with an assumption that the particles are in the Gaussian distribution. Thus, beam
diagnostics such as a quadrupole magnet (QM) scan method are widely utilized to measure those
parameters. However, the QM scan method isn't able to explain the detailed beam distribution in the
phase space since its assumption despite the very convenient and superior tool. Therefore, in this
study, a computational tomography technique is introduced to compensate for this limitation of the
quadrupole magnet scan method and still use the merits of the method such as its simple layout and
non-intrusive property. In addition, a beam diagnostic simulator is also developed to improve the
accuracy of the diagnostics. This simulator can return independent variables of the experiment, such as
which QM will be operated in which current range. This method and the simulator were applied to the
100 MeV proton linac of KOMAC, and it was confirmed that this method could significantly improve
the measurement of the beam distribution in the phase space.
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[1] “Transition of electron heating mode in a planar microwave discharge at low pressure”, H.Sugai et
al, Appl.Phys.lett, 77, 3523 (2000).

[2] "Advanced large-area microwave plasmas for materials processing”, .Ganachev et al, Surface and
Coatings Technology, 174, 15 (2003)
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Abstract:

In this work, we propose a solution scheme for plasma transport problems in a tokamak, using
physics-informed neural networks (PINNs). In contrast to adopting the traditional time-serial
computations of finite difference methods (FDMs), this novel technique using PINN iteratively updates
a neural network function that maps spatiotemporal coordinates to plasma states, systematically
minimizing errors in transport equations. The required number of iterative updates in PINNs is several
orders less than the time-ordered iterations in traditional FDM, which can significantly reduce the
number of serial calls of the costly transport models and thus the elapsed wall time of the simulation.
In this talk, we discuss the features and potentials of our newly proposed PINN-based tokamak
transport solver.

Keywords:

Tokamak, Plasma transport, Physics-informed neural network, Computational simulation
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Supervised Machine learning development of parallel
closures for a high-collisionality deuterium-carbon plasma

LEE Min Uk *1.2, JI Jeong-Young *2, LEE Hae June 1.3
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2Utah State University, USA
3Department of Electrical Engineering, Pusan National University
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Abstract:

In laboratory and space environments, numerous plasmas comprise multiple ion species. Notably, in
tokamak edge plasmas, the presence of ionized impurities emitted from material surfaces significantly
influences plasma transport. Precise closure relations are indispensable for describing multi-ion
plasmas using fluid equations to complete the system. In this study, we present the creation of fitting
formulas for parallel closures by employing a machine learning algorithm, incorporating recent
advancements in multi-ion plasma closure theory [Plasma Phys. Control. Fusion 65, 075014 (2023)]. We
illustrate the efficacy of this approach by applying it to a high-collisionality deuterium-carbon plasma.
The machine learning-based method establishes itself as a practical and accurate approach for
developing closure relations, with potential extensions to a wide array of plasma systems.

Acknowledgement :

This material is based upon work supported by the U.S. Department of Energy, Office of Science, Office
of Fusion Energy Science under Award Numbers DE-SC0022048 and DEFG02-04ER54746 and by
National R&D Program through the National Research Foundation of Korea (NRF) funded by Ministry
of Science and ICT (2021M3F7A1084419).
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Pseudorapidity densities of charged particles with ALICE
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Abstract:

The pseudorapidity density of charged particles (“r-N;'I“rfﬁ) is a key observable to characterise the global
properties of the collisions, such as the achieved energy density, and to provide constraints for model

calculations. In this study, dN/dn with minimum transverse momentum (pt) thresholds of 0.15, 0.5, 1,
and 2 GeV/c is measured in pp collisions at V= 5.02, and 13 TeV with the ALICE Run 2 setup. The
measurement is carried out for inelastic collisions with at least one primary charged particle within

| < 0.8 and pt larger than the corresponding threshold. AN /dn ith pt thresholds provides an
opportunity to compare with results from ATLAS and CMS. The results are also compared with PYTHIA

and EPOS-LHC event generators. In addition, the recent progress on dN/d1 studies with the ALICE
Run 3 setup will be shown.
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Multiplicity dependence of $¥WXi_Wmathrm{c}"*{+}$ baryon
production in pp collisions at $#Wsqrt{s}$ = 13 TeV with ALICE

CHO JaeYoon ™1
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Abstract:

d,++ —=0,+

Recently measured baryon-to-meson production yield ratios between charm baryons ("\:, XU R

0 N . . N .
ﬂ(') and D mesons (D{") in small collision systems show a significant enhancement with respect to the

measurements performed in #7 ¢~ collisions. These results were compared with various models
implementing a modified hadronization of charm quarks in hadronic collisions, which enhance the
production of baryons.

. A+ 0,++ .
The models can describe the measurements of *'1(' and e , that don't contain a strange quark.

. . .. =0,+ 0 )
However, the models cannot provide a precise description for the = and (X measurements, which

contain both charm and strange quarks, even though the models including hadronization via both

coalescence and fragmentation show the similar trends in baryon-to-meson production yield ratios
obtained from the data.

Therefore, more differential measurements are needed to unveil the hadronization of charm quarks.

The ALICE Collaboration also measured the ¢ baryons as a function of charged particles multiplicity

in pp collisions at Vs = 13 TeV. In this measurement, the production yield ratios between AT and DY
show a remarkable dependence on multiplicity.

. =0+ . . C .
Similar measurements of =c as a function of the charged particles multiplicity are expected to give
additional constraints for describing the hadronization mechanism of charm quarks.

In this presentation, the measurement of =¢ for several charged particles multiplicity classes,
reconstructed via the hadronic decay channel = —* = T T at midrapidity in pp collisions, will be
shown. The production yield of =« ratio to D" will be shown as well. The results were obtained for pp

collisions at qurt{s}\-/: = 13 TeV, using minimum bias and high-multiplicity triggered data recorded
by the ALICE detector.
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Observation of $#Upsilon(3S)$ in PbPb collisions at 5.02 TeV in
CMS and sequential suppression of bottomonia
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Abstract:

Quarkonia are produced in the early stage of the heavy-ion collisions and propagate through the
quark-gluon plasma. Within the QGP medium, the quarkonium states are dissociated depending on
their binding energies, resulting in a sequential suppression pattern in yields. Previously, CMS has
shown the evidence of the sequential suppression for the S-wave bottomonium states. However, the
available statistics were limited, especially, for the Y(3S) mesons. In this presentation, the measurement
of the s-wave excited bottomonium states in PbPb recorded during the Run 2 at LHC is given. The
results are compared with some theoretical calculations, providing strong constraints to the dynamical
QGP models.
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Abstract:

Utilizing a quark model characterized by parameters that effectively replicate the masses of ground
state hadrons, we illustrate that (us) or (ds) diquarks exhibit greater compactness in comparison to (ud)
diquarks. Concretely, the binding energy of the (us) diquark - defined as the diquark’s mass minus the

combined masses of its individual quarks - is found to be more attractive than that of the (ud)

diquark. This heightened attraction present in (us) diquarks could lead to enhanced production of

Ze/ D ratio in high-energy pp or ultra relativistic heavy-ion collisions. In this talk, we show the pt

distribution of =¢ consisting of us diquark and ¢ quark calculated by the coalescence model. We then
!

explain the measured Ze/ D ratio in pp collision at 5.02 TeV.
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Coalescence, diquark, baryon to meson ratio

- 251 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27
D7.05

Heavy flavor jet tagging in ALICE using Run3 framework

KIM Beom Kyu *1, LEE Hyungjun 1
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Abstract:

Heavy quarks are produced by the initial hard scattering of ultra-relativistic heavy ion collisions. Since
their production time is earlier than the formation of the quark-gluon plasma (QGP), heavy quarks pass
through and interact with the QGP medium, losing part of their energy via gluon radiation. The energy
loss of heavy quarks via gluon radiation is expected to be smaller than that of gluons and light quarks
because the gluon radiation is suppressed below a certain angle with respect to their origination
quarks, the so-called dead-cone area, which is proportional to the parton mass. Thus, measuring the
production of jets initiated by heavy quarks provides a test of the parton energy loss mechanisms, in
particular the mass-dependent energy loss. As a result, heavy quarks are a useful tool to explore the
energy loss mechanism inside the QGP.

Following its successful upgrade during the long shutdown 2, ALICE was able to collect a much larger

data set in the first year of its Run 3 operation, with improved vertex and track pointing resolution. In

addition, a new data processing framework, the so-called O2 framework, was introduced to work with

the continuous readout and optimized to reduce the amount of data coming from the detector during
data flow, which required significant changes in the physics analysis framework.

This contribution presents the study of heavy quark jet tagging under the O2 framework in ALICE. The
feasibility of heavy flavour tagged jet measurement in pp collisions at sqrt(s) = 13.6 TeV with ALICE
run3 data is also discussed.

Keywords:
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Performance of the CMS muon reconstruction software for p+p,
p+Pb, and Pb+Pb collisions
PUTRA Bayu Adi Nugraha*, LEE Soohwan 1, HONG Byungsik *1

TPhysics Department, Korea University
bayuadinp@korea.ac.kr, bhong@korea.ac.kr

Abstract:

The performance of the CMS muon reconstruction algorithm was investigated using the data samples

for p+p and Pb+Pb collisions at \,-W: 5.02 TeV and p+Pb collisions at \,-E: 8.16 TeV at LHC.
This study includes the evaluation of muon tracking, identification, triggering, momentum scale, and
momentum resolution for various collision systems from p+p to Pb+Pb with different detector
occupancy. The result demonstrates that the efficiency, larger than 90%, is possible from the current
muon tracking, muon identification, and muon triggering even in the highest detector occupancy by
Pb+Pb. In addition, the muon momentum scale and resolution are not affected by the occupancy. We
conclude that the outstanding CMS muon reconstruction software allows us to proceed with a
vigorous muon-based program, for example, the quarkonium and heavy-flavor analyses, in heavy-ion
collisions.
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Transverse single spin asymmetry for forward neutron
production in polarized $p+p$ collisions at $Wsqrt{s} = 510%
GeV

KIM Minho *1
TRIKEN BNL Research Center, RIKEN
jipangie@korea.ac.kr

Abstract:

In the high-energy $p+p$ collisions, the transverse single spin asymmetry for forward neutron
production has been interpreted by an interference between $#pi$ (spin flip) and $a_1$ (spin non-flip)
exchange with a non-zero phase shift. The $#pi$ and $a_1$ exchange model predicted the neutron
asymmetry would increase in magnitude with transverse momentum ($p_{#scriptsize{Wtextrm{T}}}$) in
$p_{Wscriptsize{Wtextrm{T}}} < 0.4% GeV/$c$. In June 2017, the RHICf experiment installed an
electromagnetic calorimeter at the zero-degree area of the STAR experiment at the Relativistic Heavy
lon Collider and measured the neutron asymmetry in a wide $p_{¥scriptsize{Wtextrm{T}}}$ range of $0
< p_f¥scriptsizefWtextrm{T}}} < 1$ GeV/$c$ from polarized $p+p$ collisions at $¥Wsqgrt{s} = 510$ GeV.
The RHICf data allows us to study the kinematic dependence of the neutron asymmetry in detail,
which not only can test the $#pi$ and $a_1$ exchange model in the wider
$p_{Wscriptsize{Wtextrm{T}}}$ range but also can enrich our understanding for the spin-involved
diffractive particle production mechanism. We present the final result of the neutron asymmetry
measured by the RHICf experiment. A new theoretical trial to understand the RHICf result based on
the Reggeon exchange will also be discussed.
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Femtoscopy with Bose-Einstein correlation at CMS

MOON Dong Ho *1, SEO Junhu 1, DOGRA Sunil Manohar2, MOON Changseong 2
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Abstract:

Femtoscopy is a practical technique employed in high energy and nuclear physics to determine the
size of emitting systems that result from particle collisions, especially those occurring in heavy ion
experiments such as those conducted at the Large Hadron Collider (LHC). In this study, femtoscopy
utilizes Bose-Einstein correlations with boson particles. By analyzing correlations among the emission
points, this method reveals their intrinsic properties. This presentation will show the present 5.02 TeV
PbPb results of the femtoscopy study in CMS experiment and future plans.
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The First Look at Charged-Particle Jet Production in pp Collisions
at Vsyny = 13.6 TeV with ALICE Run 3 Data at the LHC

BAE Joonsuk 1, KIM Beom Kyu *1
TPhysics Department, Sungkyunkwan University
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Abstract:

In this presentation, | report a first measurement of charged-particle jet properties using pp collisions
of run 3 data at the center-of-mass energy per nucleon-nucleon collision $#sqgrt{s_#mathrm{NN}}$ =
13.6 TeV of ALICE detector at the LHC.

Jets are cone-like sprays of hadrons fragmented from the high transverse momentum
($Wp_Wmathrm{T}$) partons which is produced by high momentum transfer (hard) QCD scatterings of
partons in pp collisions.

The ALICE Collaboration started run 3 from 2022 with upgraded silicon detector Inner Tracker System
(ITS2), enhanced collision energy and luminosity with higher statistics compared to the run 2.
Charged-particle jets are reconstructed using the anti-kT algorithm with jet resolution parameter R =
0.4 at the mid-rapidity ($|#eta|$ < 0.9) tracks using ITS2 and Time Projection Chamber (TPC) in pp
collisions.

The unfolded spectra of the transverse-momentum ($Wp_#mathrm{T}$), eta, phi of the charged-
particle-jets are presented using the data and the response matrix obtained from MC.

The results of the data are compared to the jet quenching models and the run 2 data of ALICE to
check the agreement.
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Towards generation of an atomic array with optical tweezers
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1Department of Electrical Engineering, POSTECH
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Abstract:

An array of trapped netutral atoms is a promising candidate for scalable quantum computing and
simulation. In this talk, we discuss our plan for constructing a neutral-atom-based quantum
architecture. Comparing its performance with that of other hardware like trapped ions and
superconducting qubits, we show a goal of our project, the gate-based quantum operations, and share
the status of our experiment. In addition, we also present very recent results from other experimetnal
settings of ion trap and cavity QED in our group.
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neutral atom, quantum computing
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Interlayer coupling of Rydberg atom arrays
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Abstract:

Scalable and programmable Rydberg atom platforms are recently considered promising platforms for
quantum simulations and quantum computations. Especially, three-dimensional(3D) Rydberg atom
arrangements could implement arbitrarily connected Rydberg atom graphs [1-2], and they are also
expected to be utilized for quantum simulations with various Hamiltonians. With the progress toward
such a large-scale and 3D Rydberg atom quantum processor, we present an extended version of
experiments observing quantum dynamics in 3D Rydberg atom arrays [1]. We consider bilayer Rydberg
atom arrays up to N=20(N=10 in a plane), in which the interactions between intra and interlayer sites
are expressed by the quantum Ising Hamiltonian. The unity-filled atomic arrays are prepared by an
additional optical tweezer, controlled by a 2D-acousto-optic deflector. Their lowest-energy eigenstates
are observed after adiabatic evolutions, and the spectral properties of the quantum quench dynamics
are measured through Fourier-Transform spectroscopy. We expect that extending the experimental
scheme to a system with several hundred atoms opens up possibilities in quantum simulations
requiring 3D atomic arrays, for example, studying the many-body physics of twisted bilayers [3] and
quantum spin ice [4].

[1] M. Kim, Y. Song, J. Kim, and J. Ahn, "Quantum Ising Hamiltonian Programming in Trio, Quartet, and
Sextet Qubit Systems,” PRX Quantum 1, 020323 (2020).

[2] M. Kim, K. Kim, J. Hwang, E.-G. Moon, and J. Ahn, “Rydberg quantum wires for maximum
independent set problems,” Nature Physics 18, 755-759 (2022).

[3] Z. Meng, L. Wang, W. Han, F. Liu, K. Wen, C. Gao, P. Wang, C. Chin, and J. Zhang, "Atomic Bose-
Einstein condensate in twisted-bilayer optical lattices,” Nature 615, 231-236 (2023).

[4] J. Shah, G. Nambier, A. V. Gorshkov, and V. Galitski, “Quantum spin ice in three-dimensional Rydberg
atom arrays,” arXiv:2301.04657
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Abstract:

We report our progress towards building a cesium atom array system for quantum computing and
quantum simulation. Specifically, we have generated two-dimensional bottle beam arrays that can trap
both ground-state and Rydberg atoms. The possibility to trap Rydberg atoms in two angular
momentum states may enable future quantum simulation of exotic spin models. We also
demonstrated a simple and efficient Raman transition scheme for the realization of single qubit gates
with an electric-optic modulator. We have locked two Rydberg excitation lasers to a high-finesse cavity
to reduce their linewidths to ~100 Hz level. The two-photon excitation to 81 Sq/, and 79 D3/, Rydberg

states is demonstrated by the trap loss spectroscopy in a magneto-optical trap. The installation of the
tweezer arrays in a new vacuum cell system is underway. Most updated results will be reported.
Besides, the collaboration works with theorists to realize high-fidelity Rydberg controlled-phase (Cz)
gate and the study on phase diagram of XY spin model in a square lattice will be discussed.
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Fluorescence-based structural profiling for single-molecule
protein sequencing
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Abstract:

Proteins serve as cellular workhorses, playing pivotal roles in various cellular functions. Numerous
diseases, including cancer, often stem from protein malfunctions or regulatory breakdowns. Analyzing
the precise protein composition and state within a cell or minute tissue sample offers invaluable
insights and holds immense promise for diagnostic applications. However, a significant challenge in
this pursuit of single-cell protein profiling lies in the absence of an experimental tool capable of
comprehensively identifying individual proteins, particularly those present in limited quantities. In this
study, we introduce a groundbreaking approach for single-molecule protein sequencing and
identification. Leveraging a multiplex, FRET-based optical sub-nanometer detection framework, we
obtain a 3D structural fingerprint of individual proteins. Through initial experimentation involving DNA-
based designer nanostructures that mimic proteins, we showcase the proof-of-concept for our
approach. Furthermore, we present the real-world application of our method by demonstrating the 3D
structural profiling of select proteins. Our method offers ultimate sensitivity at the single-molecule
level and a wide detection dynamic range. This innovation paves the way for enhanced comprehension
of cellular processes and holds promise for transformative diagnostic applications.
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Abstract:

DNA polymerase 0 (Pol 8) is a proofreading-deficient family A polymerase involved in translesion
synthesis and DNA repair. The error rate of the polymerase is 10~100 times higher compared to other
family A members. Previous smFRET studies on Klenow fragment (KF), a high fidelity A-family
polymerase, revealed three finger domain conformations: open, ajar, and closed. The Pol-DNA binary
complex mostly adopts an open conformation, shifting to a long-lived closed conformation upon
binding to a cognate nucleotide. An ajar conformation that examines the incoming nucleotide for
complementarity is predominant in the presence of a noncognate nucleotide. In this work, smFRET
measurements on DNA templates were performed, which revealed dynamics between discrete FRET
states when the nucleotide at the ssDNA-dsDNA junction was labeled, presumably reporting the
conformational changes of Pol 8. With the cognate nucleotide, Pol 8 remained in the highly stable
closed conformation similar to KF but it displayed the closed conformation as well as the ajar
conformation with an incorrect nucleotide. smFRET and in vitro replication assay results suggest that
two Pol © proteins bound the DNA substrate with short homology region in a cooperative manner,
possibly forming a transient dimer. Remarkably, at the ssDNA-dsDNA junction, the Pol 6 dimer
stabilizes the closed conformation of the ternary complexes only in the presence of the cognate
nucleotide, revealing its unprecedented role in nucleotide selection. Our results suggest the intricate
interplay of the conformational dynamics and dimer formation of Pol 6 as the molecular basis for the
low fidelity.
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Estimating the folding ‘speed limit’ of helical membrane proteins
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Abstract:

Single-molecule tweezers, such as magnetic tweezers, are powerful tools for probing nm-scale
structural changes in single membrane proteins under force. However, the weak molecular tethers used
for the membrane protein studies have limited the observation of long-time, repetitive molecular
transitions due to force-induced bond breakage. The prolonged observation of numerous transitions is
critical in reliable characterizations of structural states, kinetics, and energy barrier properties. Here, we
present a robust single-molecule tweezer method that uses dibenzocyclooctyne cycloaddition and
traptavidin binding, enabling the estimation of the folding ‘speed limit" of helical membrane proteins.
This method is >100 times more stable than a conventional linkage system regarding the lifetime,
allowing for the survival for ~12 hr at 50 pN and ~1000 pulling cycle experiments. By using this
method, we were able to observe numerous structural transitions of a designer single-chained
transmembrane homodimer for 9 hr at 12 pN and reveal its folding pathway including the hidden
dynamics of helix-coil transitions. We characterized the energy barrier heights and folding times for
the transitions using a model-independent deconvolution method and the hidden Markov modeling
analysis, respectively. The Kramers rate framework yields a considerably low-speed limit of 21 ms for a
helical hairpin formation in lipid bilayers, compared to s scale for soluble protein folding. This large
discrepancy is likely due to the highly viscous nature of lipid membranes, retarding the helix-helix
interactions. Our results offer a more valid guideline for relating the kinetics and free energies of
membrane protein folding.
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Abstract:

Precise coordination between mitochondrial RNA polymerase (RNAP) and initiation factors is required
for the proper transition from the initiation to the elongation stage of transcription. Earlier studies
have shown that transcription in bacteriophage and bacteria goes through a series of conformational
transitions during the initiation stage. It is still unclear how mitochondrial RNAP collaborates with the
initiation factor to recognize the promoter, creates an open initiation complex, and transitions to the
elongation stage. We employed single-molecule fluorescence resonance energy transfer techniques to
examine the conformational dynamics of the yeast and human mitochondrial transcription systems
with single base resolution. Yeast mitochondrial transcription initiation complex was found to undergo
dynamic transitions between closed, open, and scrunched conformations during the initiation stage,
which is followed by an irreversible, sharp transition to an unbent conformation by freeing the
promoter at position +8. Stalled initiation complex remained in dynamic scrunched and unscrunched
states without dissociating the RNA transcript, suggesting that backtracking transition occurs, which
may have regulatory role. Human mitochondrial transcription contains another initiation factor, TFAM,
and it remains unknown how the initiation-elongation transition is coordinated in this system. TFAM
was found to preferably bind LSP promoter, by bindings and bends upstream of the LSP promoter. This
binding and bending preference explains how TFAM reserves space for RNAP binding at the
transcription start site. RNAP failed to bend DNA in the absence of TFAM, suggesting that RNAP relies
on TFAM for DNA sequence recognition. The transcription initiation complex became more stable as it
progressed up to the +5 position. Based on these observations, mechanistic models of mitochondrial
transcription initiation are proposed.

Keywords:

smFRET, Mitochondrial Transcription

- 263 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27
D9.05

Single-molecule analysis of RNA-dependent RNA polymerase
(RdRp) associated nsp13 helicase

SONG Eunho 1.2, OH Gyeong-Seok 3, KIM Sungchul 3, HOHNG Sungchul *1.2
TDepartment of Physics and Astronomy, Seoul National University
2Institute of Applied Physics, Seoul National University
3Center for RNA Research, Institute for Basic Science
shohng@snu.ac.kr

Abstract:

The architecture of SARS-CoV-2 transcriptome (7) shows discontinuous transcription events. By means
of this, we have inferred that the SARS-CoV-2 RNA-dependent RNA polymerase (RdRp) operates via
mechanisms such as hopping or jumping, and based on prior structural papers (2), it is believed that
the polymerase-associated nsp13 plays a significant role in hopping or jumping. This study is an
exploration of nsp13's characteristics, which serves as a foundation for further in-depth investigation
into RdRp's unique behavior. Initially, the known helicase attributes of nsp13 were reproduced using
single-molecule fluorescence assays. We investigated directionality characteristics via various lengths
and positions of overhangs, intermediate characteristics via ATP analogues and nsp13 mutant studies,
as well as binding characteristics via directly observed fluorescence-labeled nsp13. The hlicase pattern
of individual nsp13 molecules was observed using surface-immobilized nsp13. Additionally, we
immobilized single-strand RNA or nsp13 on a surface and then introduced additional nsp13 through
flow, allowing us to examine the binding characteristics between them. These single-molecule studies
facilitated an understanding of various characteristics related to nsp13.

1. Kim, Dongwan, et al. "The architecture of SARS-CoV-2 transcriptome.” Cell 181.4 (2020): 914-921.
2. Chen, James, et al. "Structural basis for helicase-polymerase coupling in the SARS-CoV-2
replication-transcription complex." Cell 182.6 (2020): 1560-1573.
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Abstract:

Nanoparticle tracking analysis (NTA) has become an indispensable tool for the size and number
concentration of mobile nanoparticles in solution. A conventional NTA primarily relies on the optical
detection of purely scattered light from nanoparticles, offering the information about particle dynamics
and interactions. Its sensitivity is, however, insufficient to detect nanoparticles smaller than 50 nm or
non-metallic like proteins, whose index of refraction is not very different from that of surrounding
medium. Recently, interferometric-scattering (iISCAT) microscopy has drawn much attention because of
its superb sensitivity and label-free detection capability. It has been demonstrated that the mass of
biological molecules such as proteins and nucleic acids can be measured by light scattering. Taking
advantage of its highly sensitive interferometric detection, one can further push the limit of detection
sensitivity and spatial resolution. In this work, we first demonstrate that we detect and track
nanoparticles including protein molecules moving in solution for an extended period of time. From the
iISCAT-based single particle tracking (SPT) assay, we succeeded in measuring particle size, number
count, and holographic imaging depth, which leads to the determination of the absolute concentration
of suspended nanoparticles. We envisage that our iISCAT-based SPT opens a new door to highly
quantitative analysis of nano-scaled objects and accessing transient events occurring in dilute
solutions, providing critical insights into nanometric systems.

*Email: hongsc@korea.ac.kr, mcho@korea.ac.kr

Keywords:

interferometric-scattering microscopy, single particle tracking, label-free single-molecule detection

- 265 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27
D9.07

A hidden route of protein aging
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Abstract:

Protein oxidation is a major factor contributing to the impairment of protein structure and function,
closely linked to human aging and age-related diseases. Here, we describe a unique mechanism of
protein oxidative damage, which we refer to as "O,-trapping protein oxidation”. Using a robust
molecular tweezer approach, we found that contrary to expectations, the oxidative damage of maltose
binding protein was facilitated even in its folded state concealing a substantial portion of oxidizable
atoms. Molecular dynamics simulations showed that molecular oxygen (O,) was frequently and tightly
trapped within highly hydrophobic pockets of the protein. First-principles calculations suggest that the
captured O, can be converted to singlet oxygen upon blue light exposure. The potent reactive oxygen
species can then readily attack neighboring residues within the diffusion-suppressing, confined areas.
This oxidation mechanism provides a design guideline for proteins more resistant to oxidative damage
and may have a significant impact on the aging of tissues, such as skin and eyes.

Keywords:

protein oxidative damage, oxygen trapping, singlet oxygen conversion, novel oxidation pathway
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RNA polymerase alone senses DNA double-strand breaks during
transcription and generates R-loops for repair

LIM Gunhyoung_1, HWANG Seungha 2, YU Kilwon 2, KANG Jin Young?2, KANG Changwon 3, HOHNG Sungchul *1
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Abstract:

R-loop formation around double-strand breaks (DSBs) on transcription template DNA is critical for
their repair but its mechanism of action remains poorly understood. In this single-molecule study using
Escherichia coli RNA polymerase, we discovered that during transcription, translocating RNA
polymerase by itself effectively senses DSBs and efficiently generates R-loops, without assistance from
any factors. The R-loop formation efficiency highly depends on DNA end structures, ranging here from
2.8% to 73%. Evidently, R-loop formation is more efficient on sticky ends with 3" or 5' single-stranded
overhangs than blunt ends without any overhangs, and the longer the overhangs are, the more
efficiently the R-loops form. The R-loops expand unidirectionally upstream from DSB sites and can
reach the transcription start site, interfering with ongoing-round transcription. Moreover, the extended
R-loops can persist to preempt subsequent transcription rounds. Our findings would resolve several
current controversies and provide insights into the general mechanism underlying transcription-
coupled repair of DSBs across bacteria, archaea and eukaryotes.

Keywords:

R-loop, DNA double-strand break, DNA repair, Non-canonical nulceic acid structure, Single-molecule
FRET
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Ultrafast dynamics of correlated materials and coherent
oscillations

KIM Kyungwan *1
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Abstract:

The development of ultrashort lasers enabled us to investigate various material properties in the
ultrafast time domain. Ultrafast studies on correlated materials do not only show the dynamics
inherited from the equilibrium properties but also reveal unique phenomena realized only in the
nonequilibrium state.

In this tutorial, | will briefly introduce the ultrafast experimental techniques based on short pulse lasers
and representative experimental results demonstrating the power of the ultrafast studies. | will discuss
coherent oscillations in various cases in more details as one of the representative ultrfast phenomenoa.

Keywords:
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Ultrafast X-ray spectroscopy and scattering using X-ray Free
Electron Laser
JANG Hoyoung_*1

TPAL-XFEL, Pohang Accelerator Laboratory
h,jang@postech.ac.kr

Abstract:

Quantum materials present various many-body and topological phenomena and offer possibilities for
next generation applications. Among the external perturbations to understand and activate exotic
quantum phases, ultrafast light-matter interaction is considered as one promising route. In addition to
the widely used optical pump optical probe techniques, the innovative development of X-ray sources,
in particular X-ray free electron lasers (XFELs), enables to utilize ultrashort and extremely bright X-ray
pulses as probing agents.

In this tutorial, | will present how optical pump X-ray probe experiments are carried out in XFELs.
Moreover several time-resolved X-ray spectroscopy and scattering research on quantum materials will
be introduced, particularly done at Pohang Accelerator Laboratory X-ray Free Electron Laser (PAL-XFEL).

Keywords:

time-resolved X-ray spectroscopy and scattering, X-ray free electron laser, quantum materials
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Tuning the phase transition of VO, thin films

KUMAR MANISH *1, RANI Sunita 1, LEE Hyun Hwil
TEnergy Environment Material Research, Pohang Accelerator Laboratory, POSTECH
manish@postech.ac.kr

Abstract:

Adjusting the phase transition of thin films composed of vanadium dioxide (VO,) holds considerable

importance owing to its potential applications in intelligent windows, sensors, and diverse electronic
devices. VO, displays a distinctive metal-insulator transition (MIT) that occurs around 68°C temperature

which is accompanied by a structural transition and a dramatic change in the optical properties.
During this transition, the material shifts between its low-temperature insulating monoclinic phase
(M1) and its high-temperature metallic rutile phase (R). From application perspective it is highly
imperative to stabilize VO, thin films with control on the transition temperature. We have stabilized

VO, thin films via RF-sputtering technique and employed different routes to tune the phase transition
in these films. The tuning of phase transition in VO, thin films was achieved by varying the disposition

parameters, oxygen content and by ion-implantation. We were able to shift the transition temperature
of VO, thin films toward room temperature. The modification in the structural, electrical, electronic and

optical transition were investigated in different VO, thin film samples.
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Phase transition, VO2, Thin Film
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Strain-driven magnetic anisotropy in Lag ggSrg 12MnO3 thin films
on (110) NdGaO3;
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Hyoung Jeen *1.5
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Abstract:

The Laq_,Sr,MnO3 has various electronic magnetic ground states depending on the hole doping. We
focused on the ferromagnetic insulating (FMI) state in La1_,Sr,MnO3 with x = 0.12 (LSMO). This low-
temperature FMI phase is related to orbital ordering in the LSMO. In this presentation, we show
magnetic anisotropy in the LSMO films by in-plane strain anisotropy and possibly orbital ordering. To
create anisotropic in-plane strain states, an Lag ggSrg 12MnO3 thin film was grown on (110) NdGaOs.
The growth of epitaxial Lag ggSrg 12MnOs3 is confirmed by X-ray diffraction, and scanning transmission
electron microscopy. For investigating magnetic anisotropy, x-ray magnetic circular dichroism was
adopted. It shows that different magnetic property by NdGaOs in-plane direction. Especially, at the

lower temperature, the difference in magnetic moments gets larger. The difference in magnetic
moments can be simply interpreted as a result of built-in strain by the substrate. However, as indicated
above, the larger difference at the lower temperature infers other mechanism can be involved. In this
respect, we tried to find information of charge localization, which is deeply related to orbital ordering.
We adopt x-ray linear dichroism, the result will be discussed in detail at the presentation.
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Thin film, Manganite, Ferromagnetism, Anisotropy
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Structural disorder in mixed hybrid lead halide perovskites:
Impact of anion and cation modifications
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3, LEE Seongsu 3, JUNG Jong Hoon 2
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Abstract:

Mixed hybrid lead halide perovskites have attracted great interest in recent years as potential materials
for a variety of optoelectronic applications. [1]. Varying the halide concentration and organic cation
size can induce local structural disorder in the lattice, altering the properties of these materials [1].
Such changes in mixed halide perovskites are of fundamental importance and a detailed investigation
is necessary to know the exact peculiarities caused by these cationic and anionic modifications. In this
study, we have studied the effect of changing both anion and cation compositions. We synthesized
two mixed hybrid lead halide perovskite systems, the first one is MAPbBr,Cls_, with x = 0.5 and 1.5,
and the second one is DMAPbBr,Cl5_, with x=1.5. We used Brillouin spectroscopy, Raman

spectroscopy, X-ray diffraction (XRD), and dielectric measurements to characterize our materials.

The results indicate that in the MAPbBr3_,Cl, system, by slightly changing the halide content (x) to 0.5,
the phase transition shifts to lower temperatures as evidenced by temperature-dependent Raman and
Brillouin spectroscopic measurements. However, when the halide content (x) is increased to 1.5, the
difference in the anionic radii at the X site increases leading to the induced structural disorder in the
lattice. A heterogeneous environment is created that disrupts the long-range order in the lattice,
resulting in a glass-like behavior in x=1.5 as evidenced in the temperature-dependent Brillouin shifts.
This result is further corroborated by the XRD peaks that do not show any splitting down to the lowest
temperature (20 K), proving that the average structure of the material at room temperature (cubic
phase) did not change. Dielectric scans at different frequencies give further validation of this
hypothesis showing relaxor-like curves. Vogel Fulcher's law was to analyze the dielectric measurements
that revealed the glassy phase of this composition with significantly high b values. Moreover, we
studied the DMAPbBr,Cl3_, perovskite system, where we kept halide content x to be 1.5, to study the
effect of changing the MA (methylammonium) cation with its longer derivative DMA
(dimethylammonium). We observed that contrary to MAPbBrq sCl; 5, which showed an absence of
phase transition, DMAPbBr 5sCl; 5 showed a distinct phase transition from its room-temperature
hexagonal phase to the low-temperature orthorhombic phase.

Overall, these findings highlight the importance of structural changes induced by incorporating

different-sized A-site and X-site cations in mixed halide perovskites, that can help tailor specific
properties for a range of optoelectronic applications.

[1] Li C, ACS applied materials & interfaces. 2016 May 11;8(18):11526-31.

[2] Shahrokhi S, Small. 2022 May;18(21):2200847.

This work was supported by the National Research Foundation of Korea(NRF) grant funded by the
Korea government(MSIT) (No. RS-2023-00219703)
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Clean realization of Hund physics near the Mott transition: NiS,
under pressure
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Abstract:

In recent decades, the effect of Hund coupling J in multi-band systems has been studied with much
attention. The strong correlation effects caused by Hund's interaction, usually contrasted with the Mott
case, can appear dramatically in the case of Hund's metal having a large effective mass and local
moments in a region far from the insulating limit. Recently, however, the Hund effect was revealed to
be prominent also in the half-filled NiS,_,Se, system, which is a prototypical Mott system. [1] A kink
structure is observed from the ARPES experiment, and it was demonstrated by the DFT+DMFT study
that the kink is produced by J.

Here, we studied pressure-induced metallic NiS, near the Mott metal-insulator transition (MIT) using

first principles DFT+DMFT methods to investigate the underlying mechanism of how Hund interaction
affects the quasiparticle’s behavior in a half-filled multi-band system. Our main results consist of 1) a
new interplay of correlations produced by Hund coupling together with Mott physics exhibited as the
kink scaled by Jtimes Z (quasiparticle residue), 2) that the Hund effect of enhancing the effective mass
and quasiparticle scattering rate becomes apparent when J becomes to the quasiparticle half-
bandwidth, and finally 3) the prediction of Hund's signature in optical conductivity — its non-Drude
frequency dependence and the non-monotonic temperature evolution of optical spectral weight,
possibly observed through experiment.

Keywords:
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Role of non-local Coulomb interactions in SrMO3 (M = 3d)
perovskites: A DFT+U+V study
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Abstract:

Transition metal oxides represent a class of 'correlated systems' where simple Density Functional
Theory (DFT) fails to accurately describe their properties. In our study, we investigate the effects of
Coulomb interactions in SrMO3 (M = 3d) perovskite materials by employing both local (U) and non-
local (V) Coulomb interactions. The U and V values are calculated using the constrained random phase
approximation (cRPA) method, which are then incorporated into the DFT+U+V method to study the
electronic structure of materials. Our analysis from cRPA calculations reveals that the intricate interplay
between t;4-e4 and t,4-O gaps, coupled with pd-hybridization, leads to a non-monotonic behavior of
U along the 3d series. The calculated electronic structures using DFT+U and DFT+U+V methods
demonstrate that the inclusion of V shifts the unoccupied band further up and narrows the bandwidth
overall. Our study unveils that incorporating V synergistically enhances the effects of U. This work
provides valuable insights into understanding the role of V in the electronic structure calculation of
correlated systems.

Keywords:

Non-local Coulomb Interactions, DFT+U+V, ABO3 Perovskites, Correlated Systems, Electronic Structure
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Orbital anisotropy of heavy fermion Ceslring under crystalline
electric field and its energy scale
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Abstract:

We investigate the temperature (7) evolution of orbital anisotropy and its effect on spectral function
and optical conductivity in Ceslring using a first-principles dynamical mean-field theory combined with
density functional theory. The orbital anisotropy develops by lowering T and it is intensified below a
temperature corresponding to the crystalline-electric field (CEF) splitting size. Interestingly, the
depopulation of CEF excited states leaves a spectroscopic signature,’shoulder,” in the T-dependent
spectral function at the Fermi level. From the two-orbital Anderson impurity model, we demonstrate
that CEF splitting size is the key ingredient influencing the emergence and the position of the
“shoulder” Besides the two conventional temperature scales Ty and T, we introduce an additional

temperature scale to deal with the orbital anisotropy in heavy fermion systems. Finally, we will discuss
the application of the our study to understand the low-T behavior in heavy fermion systems.

Keywords:

heavy fermion system, crystalline electric field, dynamical mean field theory
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Hall effect in quantum critical superconductor CeColng
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Abstract:

In quantum critical materials, the charge current is expected to be affected by quantum critical
fluctuations associated with quantum critical point (QCP). However, while quantum criticality appearing
in electrical resistivity has been extensively studied near QCPs, quantum criticality manifested in the
Hall effect has not been as thoroughly investigated. Here, we investigate quantum criticality in
CeCo(Iny_yM,)5 with M=Cd and Sn via electrical resistivity and Hall effect measurements. Hall effect

measurements show the anomalous enhancement of the Hall coefficient (Ry) at quantum critical

regime. Combining electrical resistivity and Hall effect results, we find that the complementary
interaction between longitudinal and transverse resistivity leads to the universal temperature
dependence of the Hall angle. We discuss the singular behaviors of the Hall coefficient and Hall angle
coefficient in various cases of quantum critical materials, indicative of quantum criticality.
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Hall effect, Quantum criticality, CeColn5
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Orbital Selective Electronic Correlations and Topological
Superconductivity of Iron Chalcogenide: A Dynamical Mean Field
Theory Perspective
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Abstract:

The iron-based superconductor, FeSeq_,Te, (FST), obtained significant attention due to two emergent
phenomena of the material. The first is the topological superconductivity hosts Majorana Fermion in its
boundary as a candidate of the topologically protected quantum bit [1,2]. The second is the orbital
selective Mott transition, which is a selective localization of the Fe(dxy) orbital while other orbitals,
including Fe(dy,y,), remain as itinerant [3]. This talk shows that the topological superconductivity and
the orbital selective Mott transition in the FST material are intimately connected [4]. We use the state-
of-the-art linearized quasiparticle self-consistent GW plus dynamical mean-field theory framework with
included spin-orbit coupling (LQSGW+DMFT+SOC), which enables the quantitative description of the
topological Dirac surface state of the FST material. We show that the topologically non-trivial band has
the Fe(d,y) orbital origin experiencing a localization from the orbital selective Mott transition. From this
identification, we show that the non-trivial Z, topology for the topological superconductivity could be

realized only for the physical regime that is close but not too close to the orbital selective Mott phase.
This observation enables understanding and manipulation of the topological superconductivity of iron-
based superconductors. Also, more prominent electronic correlations at the topological surface state
dominantly from the Fe(d,y) orbital can be the origin of the experimentally observed time-reversal

symmetry breaking at the surface of the FST material [5].

[1] G. Xu et al,, Phys. Rev. Lett. 117, 047001 (2016),

[2] P. Zhang et al., Science 360, 182 (2018)

[3] M. Yi et al., Nat. Comm. 6, 1 (2015)

[4] Minjae Kim et al., https://arxiv.org/abs/2304.05002 (2023).
[5] C. Farhang et al., Phys. Rev. Lett. 130, 046702 (2023)
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Multiple charge density wave phases of monolayer VSe, on
graphene substrates
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Abstract:

Bulk VSe, presents a rare example of a three-dimensional (3D) CDW phase which is attributed to Fermi
surface nesting with 4 x 4 x 3 periodicity. The CDW nature of VSe, undergoes dramstic changes when

reducing the dimensionality and forming a heterointerface. A combined study of scanning tunneling
microscopy (STM) and angle-resolved photoemission spectroscopy (ARPES) is conducted to understand
the multiple charge density wave (CDW) phases of monolayer (ML) VSe, films manifested by graphene

substrates. Submonolayer (~0.8 ML) VSe, films are prepared on two different substrates of single-layer
graphene (SLG) and bi-layer graphene (BLG) on a 6H-SiC(0001). We find that ML VSe, films are less
coupled to the SLG substrate compared to that of ML VSe,/BLG. Then, ML VSe, grown on SLG and
BLG substrates reveals a very different topography in STM. ML VSe,/BLG shows one unidirectional

modulation of V3 x 2 and V3 x ¥7 CDW in topography, which is completely different from the 4 x 4
x 3 CDW in bulk. On the other hand, ML VSe,/SLG presents a clear modulation of 4 x 1 CDW

interfering with v3 x 2 and V3 x v7 CDW. We explicitly show that the reciprocal vector of 4 x 1 CDW
fits perfectly into the long parallel sections of cigar-shaped Fermi surfaces near the M point in ML
VSe,, satisfying Fermi surface nesting. Therefore, the 4 x 1 CDW in ML VSe,/SLG is attributed to the

planar projection of 4 x 4 x 3 CDW in bulk. Our result clarifies the nature of the 4 x 1 CDW in
monolayer VSe, system and is a good example demonstrating the essential role of substrates in two-

dimensional transition metal dichalcogenides.
Keywords:

scanning tunneling microscopy, charge density wave, transition metal dichalcogenide, angle-resolved
photoemission spectroscopy
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Multiple insulating phases in a van der Waals material 1T-TaS,
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Abstract:

1T-TaS, experiences a metal-insulator transition at low temperatures by forming a charge density
wave. This insulating state has long been believed to be due to charge localization. However, recent
theoretical studies have shown that the vertical arrangement of the non-bonding layers determines the
material's electronic structure. The dimerized configuration, which leads to the bonding-antibonding
splitting, is energetically favored rather than the undimerized one. Although various surface-sensitive
spectroscopy techniques have confirmed this, we still lack an understanding of the stacking faults and
their impact on the surface electronic structure.

To address this, we used scanning tunneling microscopy (STM) to investigate the stacking-order-
dependent electronic structure in a van der Waals material 17-TaS,. Our STM results reveal that the
surface is divided into three band-insulating domains with different band edges. This strongly supports
the idea that the surface reconstruction puts the non-bonding (undimerized) layer underneath the
surface dimerized one. We will discuss the possible stacking configurations to explain the electronic
structures of the multiple insulating domains and compare them with previous experimental results,
which have shown some inconsistency.

Keywords:
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Multiband charge density waves in NbTe,
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Abstract:

The electronic properties of low-dimensional materials can be influenced by interactions among
electrons as well as between electrons and phonons. These collective interactions often lead to the
formation of charge density waves (CDWs) in layered systems, causing significant alterations in the
symmetry and shape of the Fermi surface. In this presentation, | will discuss the methodology for
analyzing CDWs using scanning tunneling microscopy (STM) and spectroscopy (STS). To illustrate, | will
examine the multiband electronic structure of NbTe, through an analysis of energy-dependent real and
momentum measurements. The varying phase offset between CDWs will be demonstrated to produce
a non-trivial energy-dependent phase shift. The real space information as well as the momentum
space information of CDW can enhance our understanding of CDW formation.

Keywords:

charge density wave, Multiband, low-dimensional
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Distinguishing ground state wavefunction of correlated insulator
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Abstract:

Flat bands created by moiré band engineering in magic-angle twisted bilayer graphene(MATBG) host
abundant emergent quantum phenomena such as correlated insulator, unconventional
superconductors, and topological magnet phases [1-4]. Strong interactions between electrons are
believed to play a major role to form these quantum phases, yet the microscopic mechanisms remain
poorly understood.

To uncover the underlying fundamental physics of those correlated quantum phases, it is essential to
identify the exact ground state wavefunction, for which a careful analysis of the real-space electronic
structure may provide vital information.

In this talk, | will discuss about our recent Scanning Tunneling Microscopy (STM) results that manifest
atomic scale electronic textures of correlated phases originated from coherently interfering electronic
states in different valleys of MATBG [5]. | will also discuss our recent achievement in distinguishing the
ground state of correlated insulating states in twisted bilayer graphene by using novel phase-sensitive
analyzing technique enabling to extract key information of the many-body wavefunction from the
atomic scale features.

[1] Cao, Y., Fatemi, V, Fang, S., Watanabe, K., Taniguchi, T, Kaxiras, E. & Jarillo-Herrero, P.
Unconventional superconductivity in magic-angle graphene superlattices. Nature 556, 43-50 (2018).
[2] Wong, D.*, Nuckolls, K. P*, Oh, M.*, Lian, B.*, Xie, Y., Jeon, S., Watanabe, K., Taniguchi, T,, Bernevig, B.
A. & Yazdani, A. Cascade of electronic transitions in magic-angle twisted bilayer graphene. Nature 582,
198-202 (2020).

[3] Nuckolls, K. P*, Oh, M.*, Wong, D.*, Lian, B.*, Watanabe, K., Taniguchi, T, Bernevig, B. A. & Yazdani,
A. Strongly correlated Chern insulators in magic-angle twisted bilayer graphene. Nature 588, 610-615
(2020).

[4] Oh, M.*, Nuckolls, K. P*, Wong, D.*, Lee, R. L, Liu, X, Watanabe, K., Taniguchi, T. & Yazdani, A.
Evidence for unconventional superconductivity in twisted bilayer graphene. Nature 600, 240-245
(2021)

[5] Nuckolls, K. P*, Lee, R. L*, Oh, M.*, Wong, D.*, Soejima T.*, Hong, J. P, Calugaru, D., Arbeitman, J. H.,
Bernevig, B. A, Watanabe, K., Taniguchi, T, Regnault, N., Zaletel M. P., Yazdani, A. Nature 620, 525-532
(2023)
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Bottom-up synthesis of 2D materials for future electronics
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Abstract:

Two-dimensional (2D) semiconductors have been intensively studied because of their potential in
overcoming the limitation of current Si semiconductor technology. Applications in the semiconducting
industry require the synthesis of high-quality 2D materials with a large scale. Also, engineering physical
properties of 2D materials and their integration into various electronic devices should be addressed. To
achieve these goals, a bottom-up synthesis is essential such as chemical vapor deposition. In this talk, |
will introduce my three research themes on bottom-up synthesis of 2D materials, aiming to promote
their industrial application.

. Various 2D semiconductors can be synthesized at a wafer-scale with reasonable uniformity and
crystallographic quality. The key lies in engineering the absorption energy between substrate and
precursor.

ll. Engineering physical properties of 2D materials through substitutional reaction allows for
effective modification of carrier type, carrier density, and band gap.

lll. Integrating 2D materials into various electronic chips, such as Back-End-Of-Line in silicon
technology or solar cell devices, necessitates low-temperature deposition to maintain the original
device structure. By introducing remote plasma, the reaction between precursors is significantly
enhanced, enabling the deposition of 2D films even at room temperature.

IV. Studying the growth mechanism and controlled synthesis of two-dimensional materials using in-
situ diagnostics as feedback for artificial intelligent driven autonomous bottom-up synthesis.
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Abstract:

Various physical parameters, such as the Thomas-Fermi screening length effect, distribution of surface
trap density, and thickness-dependent carrier mobility, have been attributed to vertical channel
migration in two-dimensional (2D) van der Waals multilayers. In addition, previous theories and
experiments have demonstrated that the interlayer resistance existing within neighboring layers
triggers the migration of the conducting channel and spatial variation along the thickness. However,
the precise direction of channel migration and the profound effect of interlayer resistance on the
carrier density profile under different electrostatic drain and gate bias conditions have not yet been
resolved. In this study, we report the direction of channel migration and the resultant negative
differential interlayer resistance (NDIR) originating from the vertical channel migration of a multilayer
WSe,. The electrostatic bias-dependent shape modification of transconductance, closely related to
carrier transport in 2D multilayers, clearly demonstrates the redistribution of the carrier density profile
with different contact electrode configurations: i) bottom-contact (BC), ii) top-contact (TC), and iii)
vertical double-side contact (VDC). Furthermore, the reversal of the conducting channel migration
direction probed via VDC results in the presence of negative differential interlayer resistance within 2D
WSe, multilayers, as revealed by employing four-probe measurements to exclude the contact

resistance. Our results provide insights into an advanced device layout and a deeper understanding of
the distinct carrier transport mechanism in 2D multilayers.
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Abstract:

2D Molybdenum Disulfide (MoS,) has been a popular choice for researchers as an n-type

semiconductor owing to the presence of the sulphur vacancies. The synthesis of 2D semiconducting
materials, including MoS, with p-type behavior remains a challenge to date. One of the methods for

achieving P-type response from CVD grown MoS; is the substitutional doping of Transition metal
atoms like niobium (Nb), tantalum (Ta) and vanadium (V) into the MoS, crystal Lattice. Herein, we have

successfully achieved p-type doping of Vanadium into Mos2 flakes using a Confined Space CVD
approach. Large area crystals of P-Type MoS, were achieved by successful doping of vanadium (V)
atoms with varying concentrations of Vanadium precursor in comparison with molybdenum precursor.
The varying doping concentrations were verified using the EDX (Energy dispersive X-ray) and XPS (X-
ray photoelectron spectroscopy). The electrical measurements of fabricated Field Effect Transistors
(FETs) show ambipolar to P-Type behavior depending on the doping concentration. The synthesis of
large area P-Type V-doped MoS, grown by our method provides the opportunity for its use in

advanced material technologies including optoelectronics, photodetectors, and 2D materials-based
devices.
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Abstract:

In conventional ferroelectric materials, polarization is weakened as we reduce the thickness of the
materials. It has been reported that when the thickness of WTe,, a polar transition metal
dichalcogenide (TMD), is thinned enough, electric fields can penetrate the material and reverse its
polarization (i.e., ferroelectricity). The polar semimetallic WTe, has perpendicular polarization; charge
carriers are free to move in-plane, and the polarization is not completely screened. It has high
conductance with the polarization unlike former conventional ferroelectric materials, which allows
direct polarization-based transport measurements. It has been demonstrated in previous research that
when an electric field is applied to WTe,, ferroelectric polarization switching can occur, and abrupt
changes in conductance and hysteresis appear. However, no clear mechanisms or origins for the
hysteresis have been identified.

Here, we explored the origin of electrical conductance hysteresis in the polar semimetal (WTe,)-based
device. We confirmed ferroelectric hysteresis in the ferroelectric field effect transistor (Fe-FET) with
WTe,. To find out the specific origin of the conductivity change, carrier density and mobility were

investigated by measuring magnetoresistance (MR) and Hall resistance with gating. The MR was
measured as 2.3% and 250% at T=290 K and 1.5 K, respectively, with a non-saturating feature. We
investigate electron or hole carrier density and mobility with polarization switching of WTe, channel.

We note that the WTe, can be used as non-volatile memory, which can be extended to be Berry

curvature memory and synaptic devices. The novel polar metal-based Fe-FETs are promising for next-
generation memory devices.

Keywords:
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Abstract:

As the magnetic van der Waals materials are discovered, the transportation properties depending on
their magnetic phases are of interest for next-generation memory devices. The precedented research
with the family of chromium trihalides (CrCl3[1], CrBrs, Crl3[2]) demonstrate very large tunneling
magnetoresistance with a change of magnetic ordering. In general, these materials change their phase
continuously or abruptly between two stable states (interlayer antiferromagnetism, interlayer
ferromagnetism). Hence there exist two distinguishable states and it can be possible to generate multi-
level magnetoresistance with sequentially changing phase in multi-layer materials [2].

Here, we report the observation of three distinguishable levels (interlayer antiferromagnetism,
interlayer ferromagnetism, canted antiferromagnetism) in CrPS, via tunneling current change with
different magnetic field as it has been reported. The canted antiferromagnetic and interlayer
ferromagnetic phases have smaller magnetoresistance than interlayer antiferromagnetic phase about
74% and 23% with respect to interlayer antiferromagnetic phase, respectively, at 2K. Such intrinsically
distinguishable states [3] will be able to realize multi-level magnetoresistance device with just few
layers structure.

[1] Cai, Xinghan, et al, Nano letters 19.6 (2019): 3993-3998.
[2] Song, Tiancheng, et al, Science 360.6394 (2018): 1214-1218.
[3] Peng, Yuxuan, et al, Advanced Materials 32.28 (2020): 2001200.
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Shoujun 2, YANG Heejun *1
1Department of Physics, KAIST
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Abstract:

Spin-polarized bands in pristine and proximity-induced magnetic materials are promising building
blocks for future devices. Conceptually new memory, logic, and neuromorphic devices have been
conceived based on atomically thin magnetic materials and the manipulation of their spin-polarized
bands via electrical and optical methods. A critical remaining issue is the direct probe and optimized
use of the magnetic coupling effect in van der Waals heterostructures, which requires further delicate
design of atomically thin magnetic materials and devices. Here, we report a spin-selective
memtransistor with magnetized single-layered graphene on a reactive antiferromagnetic material, Crls.

The spin-dependent hybridization between the graphene and Crl3 atomic layers enables spin-selective
bandgap opening in the single-layered graphene and the electric field control of magnetization in a
specific layer of the Crls. The microscopic working principle is clarified by our first-principles
calculations and theoretical analysis of our transport data. We achieved reliable memtransistor
operations (i.e., memory and logic device-combined operations) as well as a spin-selective probe of
Landau levels in the magnetized graphene by using the subtle manipulation of the magnetic proximity
effect via electrical means.

Keywords:
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Abstract:

Ferroelectric-based memory holds promise as a candidate for next-generation non-volatile memory.
However, traditional three-dimensional ferroelectric materials, primarily oxide-based, face challenges in
terms of circuit integration and durability [1]. To address these issues, researchers are exploring the use
of two-dimensional ferroelectric materials as potential solutions [2-4]. Recent research has
demonstrated that ferroelectric properties can be artificially induced using the tear-and-stack method.
Stacking non-ferroelectric materials at a specific angle breaks the inversion symmetry, especially in the
transition metal dichalcogenides (TMDs), which are known for their semiconductor properties [5-6].
This offers new possibilities for memory applications. Yet, most investigations have focused on
theoretical models and local characterization techniques, such as scanning probe microscopy (SPM) [7].
Consequently, studies that utilize electrical measurements to analyze material properties and their
practical applications remain limited.

In our study, we investigated the induced ferroelectric properties by stacking hexagonal (2H) MoS,
into a rhombohedral (3R) phase with controlled angles. Using an edge contact method, we successfully
detected ferroelectric signals from multilayered MoS, at room temperature. Contrary to conventional
physical properties, ferroelectricity disappears at temperatures below approximately 200 K. In
conclusion, our study demonstrates the potential to induce ferroelectric behavior in stacked
multilayered MoS, layers and highlights the temperature-dependent characteristics. This research
paves the way for further exploration and application of ferroelectric materials in advanced memory
technologies.

[1] Kim, J. Y., Choi, M. J, and Jang, H. W., APL Materials, 9(2), 021102 (2021)

[2] Zheng, Z., Ma, Q, Bi, Z. et al., Nature, 588, 71-76 (2020)

[3] Yasuda, K., Wang, X., Watanabe, K. et al., Science, 372(6549), 1458-1462 (2021)

[4] Cui, C., Hu, W, Yan, X. et al,, Nano letters, 18(2), 1253-1258 (2018)

[5] Wang, X., Yasuda, K., Zhang, Y. et al., Nature Nanotechnology, 17, 367-371 (2022)

[6] Weston, A., Castanon, E. G, Enaldiev. et al., Nature Nanotechnology, 17, 390-395 (2022)

[7]1 McGilly, L. J., Kerelskym A., Finney, N. R, et al., Nature Nanotechnology, 15(7), 580-584 (2020
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Abstract:

Thermoelectric power has been generated and used via macroscopic devices exposed to a
temperature gradient. While thermopower generation has been investigated to design highly efficient
thermoelectric materials, electronically ordered phases such as charge density waves (CDW), or
correlated quantum states have not been explored for energy harvesting at the atomic scale. Here, we
report on atomic scale thermopower and phonon puddles in the CDW states in 1T-TaS,, probed by

scanning thermoelectric microscopy. The Star-of-David in 1T-TaS, exhibits counterintuitive variations in

thermopower with broken three-fold symmetry, originating from the localized nature of valence
electrons and their interlayer coupling in the Mott-insulating CDW phase of 1T-TaS,. Additionally,

phonon puddles were observed with a spatial range shorter than the conventional mean free path of
phonons, revealing the phonon propagation and scattering in the subsurface structures of 1T-TaS,.

Keywords:

Thermoelectric power, Scanning thermoelectric microscopy, Correlated electronic systems, Phonon
puddles, Charge density waves
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Abstract:

The continuous scaling-down of DRAM, 3D-NAND flash-memory, and logic devices necessitates a
SiO2-film chemical mechanical polishing (CMP) process with higher SiO2-film removal rates (> 4,000
A/min), reduced allowable scratch size, and minimal remaining scratches. Conventionally, ceria
abrasive-based SiO2-film CMP slurries have been employed. To achieve reduced scratch sizes and
scratch-less surfaces, there has been a shift from dry-ceria abrasives to wet-ceria abrasives and a
decrease in ceria abrasive size. However, this approach often leads to a trade-off by decreasing SiO2-
film removal rates, highlighting the need for solutions.

In order to achieve reduced scratch sizes and scratch-less surfaces, smaller wet-ceria abrasive sizes are
desired. However, reducing the size of wet-ceria abrasives results in reduced facet area, introducing a
trade-off where SiO2-film removal rates are compromised. To address this challenge, a hydrothermal-
based wet-ceria synthesis study was conducted, aiming to synthesize round-shaped wet-ceria abrasives
with high Ce3+/Ce4+ ratios (~30% and above) and devoid of {111}, {100}, {110} facets. Parameters
such as synthesis temperature and time, source mole concentration, surfactant conditions, agitation
speed, centrifugation, and homogenization were systematically controlled.

For achieving high SiO2-film removal rates, the development of additives alongside particles is
essential. Therefore, research on accelerator, dispersant, high selectivity, and slurry chemical design
were pursued. This led to the design and synthesis of nano-scale (5-100 nm) round-shaped wet-ceria
abrasives, including the optimization of the process and the design of dispersants (three types:
picolinic acid, arginine, glutamic acid). Furthermore, a 3L scale hydrothermal synthesis reactor was
designed and established for 100 nm-scale round-shaped wet-ceria abrasive synthesis, building upon
the assessment of feasibility through a lab-scale (500 mL) demonstration setup.

In summary, we have developed a hydrothermal process-based wet-ceria synthesis technique,
producing round-shaped abrasives with unique properties. This research addresses the challenges of
high SiO2-film removal rates and scratch-less CMP processes, contributing to the advancement of
semiconductor device fabrication technologies.

Acknoweldgment:
This research was supported by a National Research Foundation of Korea (NRF) grant funded by the
Korean government (MSIT) (No. 2021R1A4A1052085).
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Abstract:

This research presents on a thermal optimization of the heater by the numerical analysis to fabricate a
modular-typed single crystal growth apparatus, which is capable of growing InP using both LEC (Liquid
Encapsulated Czochralski) and VGF (Vertical Gradient Freeze) methods in a single apparatus and it was
studied to derive the optimal heater design. Controlling the internal temperature of the solid-liquid
interface is crucial for defect-free growth of InP crystals. Growth conditions were obtained for
temperature control in three regions during growth : the melting zone, the crystal growth zone, and
the fully crystallized zone. The simulation results show that the axial temperature gradient at the solid-
liquid interface depends on the heater design, which also affects the characteristics of the melt flow.

Keywords:
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Abstract:

Structure and optical properties of InAs/GaAsSb sub-monolayer quantum dots grown by molecular
beam epitaxy (MBE) have been investigated through high-resolution X-ray diffraction (HRXRD)
analysies and photolumindescence (PL) spectroscopy. The sub-monolayer quantum dot structure was
introduced to increase the carrier escape efficiency. Also, the type-Il band structure inhibits carrier
recombination. The results were analyzed via HRXRD simulation and x values were 0, 0.075, 0.116,
0.12, and 0.134. The transition energies of quantum structures obtained the PL results were compared
to the results by the HRXRD. With comparing the PL and XRHRD results, we confirmed an optical
transition by the type-Il band structure when the composition of Sb was increased.
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Abstract:

This study investigates the potential of single-layer oxidized graphene (SOG) to expand the
applications of graphene Field-Effect Transistor (FET) devices. SOG is explored as a gate-tunable
dielectric layer, offering the flexibility to tailor electronic properties, rendering it suitable for a wide
range of applications, including flexible electronics, sensors, communication devices, and chemical
sensing. A novel approach employing SOG patterning is introduced to precisely define the channel
design of graphene FETs, effectively confining the graphene channel within self-limited optimal SOG
characteristics. Remarkably, the performance of SOG-patterned graphene FETs is found to be on par
with graphene/hBN monolithic pattern synthesis. Moreover, this research provides a practical
methodology for generating and accurately detecting optimized SOG, paving the way for the
integration of SOG into graphene-based devices. This integration holds significant promise for
advancing field-effect transistors, heralding transformative developments in electronics and sensing
technologies.

Keywords:
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Abstract:

In the semiconductor LED structure, a cladding layer is created to increase the luminous efficiency. The
cladding layer increases the efficiency of the LED by adjusting the path of light emitted from the light
emitting layer like an optical fiber in the structure. Therefore, we compared and analyzed the LED
characteristics according to the cladding layer. We measured three LEDs to analyze the characteristics
according to the composition of the cladding layer. The cladding layer was InAs,P4_, (x = 0.63, 0.73,
0.81), and the light emitting layer was InAs/InAsg 35Pq 60Sbg 05 MQWSs By Metal Organic Chemical

Vapor Deposition (MOCVD).

To analyze LED the optical properties, Photoluminescence (PL) were measured, the wavelength of
emitted light was confirmed through PL at 300K, temperature dependence photoluminescence (TDPL)
was measured to analyze the temperature stability, and power dependence photoluminescence (PDPL)
was performed to determine the emission coefficient.

To analyze the electrical properties, |-V and Transient photocurrent (TPC) were measured. Carrier
dynamics were analyzed by measuring the operating voltage and dark current of the LED through I-V
and the carrier lifetime through TPC.

We investigated the cladding layer conditions to increase LED efficiency by measuring the optical and
electrical characteristics of three LED samples with different cladding layer compositions.

Keywords:
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Abstract:

Hexagonal boron nitride (hBN), an atomically thin two-dimensional (2D) material with a wide band
gap, is extensively employed as a substrate layer in optoelectronic devices due to the removal of
dangling bonds and surface charge traps by hBN substrates. Moreover, hBN is recognized for hosting
optically active luminescent point defects, which hold promise as single-photon sources at room
temperature.

lon implantation serves as an effective technique for modifying material properties through
mechanisms such as doping effects, defect generation, strain formation, and phase transitions.
Therefore, an understanding of the changing characteristics of hBN after ion implantation using
various ion species is essential for the development of the next generation of 2D material-based
optoelectronic devices or single-photon sources.

In this study, we investigate the effects of ion implantation on h-BN using five different types of ions:
hydrogen (H), nitrogen (N), copper (Cu), and iron (Fe). Our Raman analysis shows a phase transition
from hBN to cBN, exclusively observed in the cases of N, Cu, and Fe ion beam implantation. However,
such a transition is absent in H ion implantation. Photoluminescence (PL) emission around 800 nm
indicates the generation of boron vacancies. After N and Fe ion implantation, the emergence of boron
vacancies is evident, in contrast, H ion implantation fails to effectively generate boron vacancies,
highlighting the ion-specific nature of defect formation. This study suggests effective ion species and
ion beam fluences for inducing phase transition to cBN or creating boron vacancy.

Keywords:
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Abstract:

The InGaAlAs quaternary alloy has gained significant attention as a promising alternative to existing
InGaAsP, enabling the design of laser diodes (LDs) and light emitting diode (LED) that don’t require
cooling. However, employing the digital alloy method for growth, which results in the creation of
numerous heterojunction interfaces and the inability to accurately match the optimal growth
temperature of InAlAs, inevitably leads to non-radiative recombination. rapid thermal annealing(RTA)
was used to mitigate non-radiative recombination. The InGaAs/InAlAs digital alloys are grown using
molecular beam epitaxy(MBE). And the RTA temperature was changed form 700 °C to 850 °C. A
comparison of the optical and structural properties that changed according to RTA temperature was
conducted using photoluminescence(PL) and high-resolution x-ray diffraction(HRXRD) analyses. The
HRXRD simulation results obtained through triple crystal diffraction(TCD) measurements clearly showed
compositional changes in the dominant InAlAs barrier and cladding layers due to RTA. Additionally, it
is inferred that the compositional and changes induced by RTA have an impact on the optical
outcomes of Photoluminescence.
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Abstract:

Transient photocurrent (TPC) decay measurements are performed with infrared photodetectors with p-
i-n and nBn device structures. TPC decay with different behavior for photodetector structures is
observed by employing a nanosecond pulsed laser with a 1024 nm wavelength without background
illumination. As the laser power and cell area of the p-i-n photodetector were increased, the decay
time gradually decreased concerning trap-assisted recombination, and it was observed that the steady
state was maintained in the nBn structure concerning the saturation of the carrier lifetime and

barrier. The purpose of this study is to examine the influence of carrier traps and recombination with
TPC of p-i-n and nBn IR photodetectors and to understand better the play role of the barrier and the
absorber region in nBn IR photodetector. Also, it can be assumed to have nearly a lack of the
depletion region, so the generation-recombination (GR) to the net dark current from the absorber
layer is limited. Thus, it is capable of high-temperature operation for IR detection.
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Abstract:

During the early 2000s, predictions were made about the presence of unique polar structures with
nontrivial topological features, such as vortices or skyrmions, within low-dimensional systems. The
occurrence of these structures depended on the specific mechanical or electrical conditions at the
boundaries. While these patterns were observed experimentally in thin film models, where they were
deliberately created by balancing charges and distortions, their identification and categorization in
general ferroelectric nanostructures have proven difficult. This is because it requires mapping the
atomic-level polarization in three dimensions. In this study, we reveal the existence of these distinctive
polar structures in ferroelectric BaTiO3 nanoparticles. This breakthrough was made possible through
atomic electron tomography, a technique that reconstructs the spatial arrangement of cation atoms in
three dimensions. Our maps of polarization in three dimensions expose a clear pattern of vortices, and
we also identify indications of size-dependent changes in the topological configuration — transitioning
from a single vortex structure to multiple vortices. These findings not only enhance our comprehensive
understanding of the intricate topological properties of nanoscale ferroelectrics but also hold promise
for practical applications involving switchable toroidal moments that can be manipulated without
physical contact.

Reference: Jeong et al., arXiv 2305.0418 (2023).
Keywords:
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Abstract:

Rapid and reversible redox reactions in the solid system at low temperatures have been a key
requirement for designing efficient and environmentally friendly energy materials and devices. Due to
the multiple available oxidation states, transition metal oxide compounds have been a good material
platform for redox reactions. For example, reversible topotactic phase changes from brownmillerite-
SrCoO5 5 to perovskite-SrCoO3_g and vice versa can occur via oxidation and reduction, respectively [1].

These reactions normally require elevated temperature (~300 °C) with a certain range of Py, which
depends on reaction directions. We have demonstrated that applying mechanical strain on the SrCoO,

freestanding membrane can greatly reduce the activation energy for redox reactions in atmospheric
pressure. Therefore, a phase transition from perovskite to brownmillerite structure is possible even at
room temperature. Topotactic phase transition induced by mechanical strain provides a new, clean, and
practical pathway for tuning the functional oxides.

[1] H. Jeen et al, Nat. Mater, 12, 1057-1063 (2013).
Keywords:

Oxide free-standing membrane, Mechanochemistry, Strain, Redox reaction, Structure transition
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Light-induced enhancement of piezoelectricity in BiFeO3

YOOUN HEQ *1
TPhysics, Inha University
yooun.heo@inha.ac.kr

Abstract:

Piezoelectricity, which is a conversion between mechanical and electrical energy, is one of the

key functional properties that has attracted considerable attention for energy harvesting devices.
Enhancement of piezoelectricity in ferroelectrics often has been realized mainly by synthetical
approaches via structural engineering of materials, using a variety of processing methods and
parameters. In this regard, BiFeO3 is one of the most promising multiferroic materials due to its largely
enhanced piezoelectricity when mixed with other materials, doped with other elements, or even
epitaxially grown in compressively strained thin films by hosting morphotropic phase boundaries.
While these structural approaches are well-known, enhancing piezoelectricity by external stimuli has
yet to be clearly explored, despite their advantages of offering not only simple and in-situ control
without prior processing requirement, but compatibility with other functionalities. Here, we show that
light is a new pathway to enhance the piezoelectric property in BiFeO3. Our results by piezoresponse
force microscopy scans and spectroscopy measurements on BiFeOj3 reveal nearly a sevenfold

enhancement of piezoelectric signal under laser illumination. This light-induced enhancement of
piezoelectricity is attributed to two main contributions from the bulk photovoltaic effect and Schottky
barrier effect, involving the key role of open-circuit voltage and photocharge carrier density. These
findings provide fundamental insight to light-induced piezoelectricity enhancement, offering its
potential for multifunctional optoelectronic devices.

Keywords:

Piezoelectricity, BiFeO3, The bulk photovolatic effect, Schottky barrier effect , Piezoresponse force
microscopy
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Engineering electronic structures on oxide interfaces

SOHN Byungmin *1
TDepartment of Physics, Sungkyunkwan University
bsohn@skku.edu

Abstract:

Understanding electronic structures is vital to investigating exotic phenomena such as
superconductivity, ferromagnetism, and metal-insulator transitions. Among various experimental
techniques, angle-resolved photoemission spectroscopy (ARPES) stands out as particularly suitable for
studying novel phenomena. By analyzing the electronic structures of materials, ARPES leads to an
understanding of how these exotic phenomena manifest within solid-state systems from an electronic
structure perspective. That being said, only a limited number of experimental results have so far
addressed the manipulation of electronic structures.

In this talk, | will elucidate the examination of controlled electronic structures through the utilization
of ARPES and oxide thin-film growth methods, which allow electronic systems of materials to be finely
tuned. This presentation will shed light on how exotic phenomena can be studied and manipulated
from the perspective of electronic structures.

Keywords:

ARPES, oxides, thin films

- 302 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27
D16.01

First-principles Study of the Atomistic Mechanism of Ferrocene-
based Molecular Rectifier

KIM Jaeeun 1, YEO Hyeonwoo 1, KIM Yong-Hoon *1
1School of Electrical Engineering, KAIST
y.h.kim@kaist.ac.kr

Abstract:

Being the fundamental building block of semiconductor devices, realizing large and robust diode
effects has been a major goal in the field of single-molecule electronics. However, the device
performance of the molecular device is still insufficient to replace silicon-based devices. Recently,
ferrocene based molecular junction are widely studied as a candidate for molecular rectifier due to its
large rectification ratio [1]. In this study, based on multi-space constrained search density functional
theory (MS-DFT) we have recently developed [2-4], we carry out first-principles non-equilibrium
quantum transport calculations of ferrocene-based molecular diode. We here emphasize that the
electrode of the device structure is finite 2-dimensional graphene, which cannot be handled within
conventional nonequilibrium Green's function (NEGF) due to the requirement of semi-infinite
electrodes. Using MS-DFT, we first study the asymmetric current-voltage characteristics and rectifying
property of the junctions coming from the bias-dependent electronic structure change. Next, by
introducing the gate electrode, we investigate the effect of the gate bias on rectification behavior of
the device. This study will offer a fundamental understanding toward the field of single-molecule
electronics.

[1] H. Jeong et al. Adv. Funct. Mater,, 24, 2472 (2014)

[2] J. Lee et al. Proc. Natl. Acad. Sci. US.A,, 117, 10142 (2020)

[3] J. Lee et al. Adv. Sci., 7, 2001038 (2020)

[4] TH. Kim et al, Npj Comput. Mater. 8, 50 (2022)

Keywords:

first-principles calculations, nonequilibrium quantum transport, molecular electronics, rectification,
ferrocene
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Low-temperature behavior of quantum hybridization negative
differential resistance from one-dimensional halide perovskite

LEE Jeongwon 1, KIM TAE HYUNG 1, LEE Juho 1, KIM Yong-Hoon *
1School of Electrical Engineering, KAIST
y.h.kim@kaist.ac.kr

Abstract:

Halide perovskites have garnered significant attention for their potential in optoelectronic and
electronic applications coming from their excellent properties, including long charge carrier diffusion
lengths and lifetimes. For the electronic device application of low-dimensional halide perovskites, we
reported the negative differential resistance (NDR) property of the device based on 1-dimensional
(CH3)3SPbl3 and (CH3)3SGels within first-principle manner [1,2]. We revealed that the origin of NDR

property is quantum-mechanical hybridization between left and right electrode states in the low-bias
regime and its abrupt disruption in the high-bias regime, named quantum-hybridization NDR, or
QHNDR. Since the electrode state is the key of QHNDR mechanism, the NDR performance can be
adjusted by differing electron temperature that induces broadening. In this study, we carried out
density functional theory-based non-equilibrium Green's function (DFT-NEGF) calculation with various
electronic temperature to investigate the effect of temperature toward the device performance. By
analyzing the nonequilibrium electronic structure of the device structure, we find that the hybridization
between electrode states has been remained even in high bias at low temperature. As a result, we find
that the peak-to-valley ratio improves about 7 times at low temperatures compared with room
temperature.

[1] Khan, M. E. et al, Adv. Funct. Mater. 29, 1807620 (2019)
[2] J. Lee, Khan, M. E. & Y.-H. Kim Nano Converg. 9, 25 (2022).

Keywords:

First-principles calculations, halide perovskite nanowires, nonequailibrium quantum transport,
Quantum-hybridization negative differential resistance, low temperature
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Carbon Substitutional Defects in Monolayer hBN and their
Effects on Graphene/hBN Heterostructure

PARK Sunho T, KWON Young-Kyun *1
TDepartment of Physics, Kyung Hee University
ykkwon@khu.ac.kr

Abstract:

Monolayer hexagonal boron nitride (hBN) has emerged as a fascinating object of study, primarily due
to its characteristics as a single photon emitter in a wide range of wavelengths. The origin of this
single-photon emission lies in the defect that triggers electron transitions within the original bandgap.
This distinctive luminescence has been identified as a promising avenue for advanced quantum
information technology. However, comprehending individual defect variations is necessary for practical
applications, which has been challenging because experimental observations often capture collective
signals rather than local properties. To surmount these inherent complexities, we carried out a
comprehensive investigation using first-principles calculations based on density functional theory (DFT)
within the hybrid functional approach, which is well known for accurate optical bandgap estimation.
We have studied the formation energies of defects, a fundamental quantity reflecting their energetic
stability, based on the atomic and electronic structures we have carefully examined. Here, we also
propose a detailed approach to the carbon chemical potential, which could contribute immensely to
the formation energy. We then compare the calculated transition energies through the defect-induced
midgap states with the observed energies of the emitted photons to find the origin of the previously
reported luminescence. Finally, we discuss the implications of defects in the graphene/hBN bilayer
heterostructure, including the energetic, electronic, and magnetic properties of the system.

Keywords:

hBN, Defects
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First-principles study of the sliding ferroelectricity in cellulose
nanocrystals

LEE Minki 1, LEE Byeoksong 1, KANG Joongoo *1
TDepartment of Emerging Materials Science, DGIST
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Abstract:

Sliding ferroelectricity is a unique property observed in non-centrosymmetric van der Waals (vdW)
systems, where interlayer sliding induces a switch in spontaneous electric polarization. The different
switching mechanism enables sliding ferroelectrics to have substantially low switching energy barriers
compared to conventional ferroelectrics. In this study, using first-principles calculations, we reveal that
cellulose nanocrystal (CNC), which is a metal-free, organic vdW material, displays sliding ferroelectric
behavior characterized by reversible spontaneous electric polarization in both out-of-plane and in-
plane orientations. We investigate two cellulose atomic structures, referred to as the 'vdW slab' and
'CNC slab’, each possessing distinct surface orientations. We propose a comprehensive theoretical
model to elucidate the switching dynamics within multilayer cellulose vdW slabs and the formation of
intermediate polarization states. Furthermore, we discuss the transition states and kinetic pathways
governing the motion of ferroelectric domain walls in cellulose CNC slabs. This study introduces a new
dimension of tunability for the design of organic sliding ferroelectric devices, harnessing the unique
sliding ferroelectric properties of cellulose.

Keywords:

cellulose nanocrystals, sliding ferroelectricity, density functional theory
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First-principles analysis of curvature and strain energies of
carbon nanotubes

LEE Jeeyong_1, CHOI Hyoung Joon *1
TDepartment of Physics, Yonsei University
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Abstract:

Carbon nanotubes (CNTs), while resembling rolled-up sheets of graphene, show subtle structural
differences due to the curvature effect. When a CNT is made by rolling up a sheet of graphene and
then its atomic structure is optimized by minimizing its total energy in the density functional theory
(DFT), its curvature energy is decreased by the increase of its cylindrical radius while its strain energy is
induced by the deviation of its atomic structure on the cylindrical surface from that of the rolled-up
graphene. Using DFT calculations of armchair and zigzag CNTs of various radii, we analyzed their
curvature and strain energies and found the dependence of the curvature energy on the cylindrical
radius. Based on these results, we also discuss curvature and strain energies of chiral CNTs. This work
is supported by NRF of Korea (Grants No. 2020R1A2C3013673 and No. 2017R1A5A1014862).
Computational resources have been provided by KISTI supercomputing center (Project No. KSC-2022-
CRE-0266).

Keywords:

carbon nanotube, density functional theory, curvature energy, strain energy
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Exploring Tunable Magnetic Properties in Multilayerd Co/Pt
Superlattices using DFT Analysis

KWON Young-Kyun *1.2, PARK Sohee 2
TDepartment of Physics, Kyung Hee University
2Department of Information Display, Kyung Hee University
ykkwon@khu.ac.kr

Abstract:

Recently, layered systems with 3d transition metals and 4d or 5d transition metals have been
investigated for magnetic applications such as ultra-high density recording media and magnetic
random access memories (MRAMs). In particular, Co/Pt(111) multilayer systems, which are artificially
synthesized thin films, have attracted attention as spin-orbit torque-based spintronic memories
because of their excellent thermal stability with low critical spin switching current density and
perpendicular magnetization characteristics. Despite the great interest in this system, the mechanisms
of magnetic anisotropy and the role of Co and Pt in the spin Hall effect are not fully understood.
Therefore, we have systematically analyzed the magnetic properties of Co/Pt(111) multilayers
composed of 18 layers using density functional theory (DFT), taking into account the spin-orbit
interaction (SOI). The main cause of the change in the physical properties with the relative thickness of
Co/Pt is due to interfacial effects. By controlling the individual thicknesses, we have demonstrated the
potential for tunable magnetic properties tailored to specific applications.

Keywords:

CoPt alloy, magnetic anisotoropy , spintronics, magnetic property
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Search for Very Light Fermiophobic Higgs boson in the type-I
two-Higgs-doublet model

KIM JINHEUNG *1
TDepartment of physics, Konkuk University
jinheung.kim1216@gmail.com

Abstract:

The possibility of a light fermiophobic Higgs boson fin the type-l two-Higgs-doublet model remains
viable. We explore the allowed parameter space that satisfies theoretical constraints and current
experimental data under the mass degeneracy assumption My = My= = -U:L"'Hi, which is motivated
by the Peskin-Takeuchi oblique parameters. Our findings reveal that the mass of the light fermiophobic
Higgs boson falls within the range of [1.20] GeV \yith wMlaym= < 335 GeV,

We propose that P — heH=(—= W=hy) = 49 gtands as the primary production channel at the
HL-LHC, and subsequently{perform a signal-background analysis. A notable challenge arises due to the
boosted nature of light hpl= 1 ) causing it to evade the conventional photon isolation criteria. we
suggest that the jet substructure have important role, to address this predicament.

Keywords:

Beyond Standard model, Higgs Physics, HL-LHC
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Exploring local and global feature integration in Multi-Modal
Deep Neural Networks

BAN Kayoung_1, PARK Myeonghun *2, PARK Seongchan *1
1Department of Physics, Yonsei University
2School of Natural Sciences, Seoul National University of Science and Technology
parc.seoultech@gmail.com, seongchan.park@gmail.com

Abstract:

In this study, we present a new approach for incorporating both local and global features into the
architecture of a multi-modal deep neural network.

Kinematic features as global features offer a broader contextual understanding for classification tasks,
while the quantum chromodynamics (QCD) color structure as local features, provides decorrelated
attributes that complement global features.

Our proposed methods facilitate the combination of these two distinct features, enhancing the
effectiveness of the network.

Keywords:

Neural Network, Multi-modal model, color structure
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A new decorrelation algorithm for high energy physics

CHO Won Sang_*1, HAN Subin 1, KIM Hyung-do *1
TDepartment of Physics and Astronomy, Seoul National University
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Abstract:

In high energy physics, creating a trustworthy classification model necessitates non-trivial
regularizations to preserve the interpretability of the underlying physics and the relationships among
observed features. We present a novel measure of variable association, accompanied by a new
machine learning algorithm designed to estimate it. Using this, we build a distinctive classifier that
incorporates attributes derived from the evaluated association. Through case studies in jet and Higgs
physics, we demonstrate the improved robustness and interpretability this approach provides
compared to other methods.

Keywords:

particle physics, collider data analysis, machine learning, classification, interpretability
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Exploring lepton flavor violation phenomena of the Z and Higgs
bosons at electron-proton colliders

LEE SooJin *1, SONG Jeonghyeon 1, KIM JINHEUNG 1, JUEID Adil 2, WANG Daohan 1
TPhysics, Konkuk University
2Center for Theoretical Physics of the Universe, Institute for Basic Science
soojinlee957@gmail.com

Abstract:

We explore the potential to detect lepton flavor violation (LFV) phenomena in the Z and Higgs bosons
at electron-proton colliders, specifically the LHeC and FCC-he. These colliders have advantages such as
reduced QCD backgrounds and fewer pile-ups in comparison to HL-LHC. We study an indirect method
to investigate LFV in the Z boson through the $Z-e-#tau$ coupling and directly observe the on-shell
decays of $H #to e Wtau$ and $H #to Wmu ¥tau$ through the charged-current production of H. To
enhance the results, we apply the XGBoost method. We conclude by projecting the following 2
$¥sigma$ upper bounds that can be achieved at the LHeC with the configuration of $E_e=50% GeV,
$E_p=7$ TeV, and $Wmathcal{L}=1 {#rm ab}”{-1}$: Br§(Z Wto e Wpm Wtaur¥mp) < 2.2 #times

107 {-7}$, Br$(H ¥to e ¥pm WtaurWmp) < 1.7 Wtimes 107{-4}$, Br$(H ¥Wto WmurWpm #tau Wmp) <
1.0 Wtimes 107 {-4}$.

Keywords:

Collider Phenomenology, Lepton Flavor Violation, LHeC, FCC-he, Machine Learning
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Emergence of new scaling symmetry in holographic
superconductor

SEO Yunseok *1, KIM Kyung Kiu 1, KIM Sejin 1
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Abstract:

We develop holographic superconductor model by introducing non-linear electrodynamic interactions.
Due to the non-linearity of the interaction, we can consutruc superconducting dorm in the phase
diagram.

However, we observed that the superconducting phase does not fill all the region of the
superconducting phase. And we find new scaling symmetry appear inside superconducting dorm. The
numerical result shows that region corresponds to the LIfshitz geometry rather than AdS. We propose
this regioin can detect quantum critical point at zero temperature.

Keywords:

holographic superconductor, quantum critical point, Lifshitz symmetry, non-linear electrodynamics
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Prediction of Holographic Superconductor Dome
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Abstract:

We have developed an Al model that utilizes a transformer architecture to predict a holographic
superconductor dome. This Al model is specifically designed to take the superconductor dome as
input and produce the effective mass as output. In this paper, we focus on a holographic
superconductor characterized by real scalar fields exhibiting momentum relaxation and an effective
mass term that is dependent on the square of the field strength tensor.

To generate the training data for our Al model, we take a random selection process for the effective
mass values. Subsequently, we analyze the resulting phase diagram of the holographic superconductor.

Keywords:

Transformer, Neural Network, Holography, superconductor, Al
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Order parameter and spectral function in holographic
superconductors

GHORAI DEBABRATA *1, SIN Sang Jin *1, YUK Taewon 1
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Abstract:

Numerical investigations of the fermionic spectral function in the presence of a vector and tensor
condensate yield a Fermi arc and a gapped behavior. We have verified the corrected order parameter
for vector and tensor fields by comparing the fermionic spectral function with the order parameter
that depends on momentum. Our work also introduces the calculation of the tensor condensate with
matter’s backreaction on the metric, addressing a missing part in the literature. In the holographic
setup, we analyze the different orbital symmetries in the presence of a vector and tensor
condensation. Moreover, we have examined the influence of various factors, including the coupling
constant, chemical potential, and temperature, on the spectral function. We demonstrate the feasibility
of achieving $d$-wave fermionic spectral function through two vector field condensates ($p_x$ and
$p_y$) combined with two fermion flavors. Combining $d_{x"2—y~2}$ and $d_{xy}$-wave
condensation with two fermion flavors leads to a $g$-wave spectral function.

Keywords:

Gauge/Gravity duality, Holographic superconductors, Fermi arc, Spectral function
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When the Analytic Fermions Spectral Function in Probe Limit Can
Be Trusted?

SUKRAKARN Supalert 1, SIN Sang Jin *1, YUK Taewon 1
Tphysics department, Hanyang University
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Abstract:

We investigate the symmetry-breaking effect on the spectral function of holographic fermions.
Previously, we reported the probe limit analytic expressions for all Lorentz symmetry interactions and
precisely determined the symmetry and singularity types of Green's functions. In this talk, we calculate
the full backreacted spectral functions and then compare them with the previous analytic results. The
probe limit is an appropriate approximation for scalar, polar(radial)-space-like vectors, and space-
space-like antisymmetric 2-tensors interactions. On the other hand, in polar(radial)time-like vectors and
time-space-like antisymmetric 2-tensors interactions, the probe limit and backreacted results are
significantly different, causing the probe limit to be an unreliable approximation.

Keywords:

Holography and condensed matter physics (AdS/CMT),
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Deep Learning for the HAWC Gamma Ray Observatory

WATSON lan James*1
TUniversity of Seoul
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Abstract:

We present the results of applying a transformer-based deep learning neural network to the data
from the HAWC Gamma-Ray Observatory. HAWC observes the extensive air showers produced by
very high energy gamma rays, and registers the Cerenkov radiation produced by the shower by PMTs
placed in 300 large water tanks. The deep learning model takes the charge and relative timing
information of the PMTs and aims to reconstruct the incoming direction of the initiating gamma ray
and to discriminate showers produced by gamma rays from the overwhelming cosmic-ray
background. Both tasks are vital for source analysis, where better angular reconstruction allows better
source localization, and improved cosmic-ray rejection improves the signal-to-noise ratio. We will
present the results on simulation and the gamma-ray sky maps from applying the network to a
subset of the HAWC data.

Keywords:

Gamma ray observatory, Deep Learning, HAWC
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Analysis of the Very High Energy Gamma-ray Source eHWC
J1850+001 Using Updated HAWC Data

SON Youngwan 1, RHO Chang Dong 2, WATSON lan James*1, LEE Jason Sang Hun1
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Abstract:

eHWC J1850+001 is one of the nine gamma-ray sources emitting energetic photons above 56 TeV
discovered by the HAWC gamma-ray observatory reported by HAWC in the high energy catalog of
2020. Other gamma-ray observatories like H.E.S.S. and LHAASO have also detected sources near that
location as HESS J1849-0001 and TLHAASO J1848-0001u, respectively. Due to the spatial consistency
between HESS J1849-0001 and PSR J1849-0001, the origin of the gamma rays has been identified as
the pulsar wind nebula powered by PSR J1849-0001. A pulsar wind nebula typically produces TeV
gamma rays through leptonic processes like inverse Compton scattering. Understanding the spectrum
of the pulsar wind nebula is essential for determining whether gamma rays are of a purely lepton
origin or require an additional mechanism. We present the up-to-date spectrum of eHWC J1850+001
by using about 2400 days of HAWC data. We also confirm that the HAWC observation is consistent
with HESS J1849-0001 and 1LHAASO J1848-0001u in spectrum and position.

Keywords:

Pulsar Wind Nebula, TeV gamma-ray astrophysics, HAWC
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In-ice measurements and sensitivities of the IceCube Upgrade
Camera System

RODAN Steven Thomas™*1, TOENNIS Christoph 1.2, LEE Jiwoong 1, SEO Minyeong 1, CHOI Seowon 1, ROTT
Carsten 1.2
TPhysics, Sungkyunkwan University
2Physics, University of Utah
steven.rodan84@gmail.com

Abstract:

The IceCube Neutrino Observatory is a world’s first gigaton neutrino telescope consisting of 86 strings
instrumented with over 5000 digital optical modules (DOMs), containing Cherenkov light detecting
photomultiplier tubes, distributed over a cubic kilometer in the deep glacial ice below the South Pole
in Antarctica. The primary objectives of this optical Cherenkov detector are to measure high-energy
astrophysical neutrino fluxes and ascertain their sources. The IceCube Upgrade is an extension of the
current detector by seven additional, denser-instrumented strings to be deployed in the lowest central
region of the existing detector. The goals of the IceCube Upgrade are two-fold: to enhance sensitivity
to neutrinos in the GeV range, and to improve the calibration of the IceCube detector as a means of
reducing systematic uncertainties due to the ice’s optical properties. Among other calibration devices
designed to study ice properties, a novel camera system, designed and produced at Sungkyunkwan
University, are being integrated into the Upgrade DOMSs. The system includes three cameras, each
paired with an illumination LED, included in each Upgrade DOM. In total, 2,300 cameras will be
deployed. A combination of photographic images from transmitted and reflected light will measure
optical properties of both the bulk ice in-between strings and the refrozen hole ice. We present the
current operations plan for these two measurement types and preliminary sensitivities to the ice
properties that can be expected with this new camera system.

Keywords:

neutrinos, , lceCube, optics, neutrino detector, cameras
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Searches for dark matter signals with high-energy neutrinos in
the IceCube Neutrino Telescope

KANG Woosik *1, ROTT Carsten 1.2, JEONG Minjin 1, TOENNIS Christoph 1
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2Department of Physics and Astronomy, University of Utah
woosik.kang@skku.edu

Abstract:

Even though numerous astrophysical observations imply the existence of dark matter, the nature of
this invisible matter remains unknown. One way to overcome this unsatisfactory situation is to
indirectly search for dark matter using high-energy neutrinos, which could in turn provide clues about
the particle nature of dark matter. Neutrinos could be produced from annihilations or decays of dark
matter in large dark matter reservoirs such as galaxy clusters, the Milky Way halo, or the Sun.
Furthermore, high-energy neutrino fluxes from distant sources, like active galaxies, could be influenced
by rare interactions with dark matter in galactic and extragalactic regions during their propagation. The
IceCube Neutrino Observatory has been detecting high-energy astrophysical neutrino events which
offers new opportunities to look for dark matter. By analysing the collected data, searches for signals
of dark matter decay or annihilation or rare dark matter interaction signatures in a wide range of dark
matter mass, in particular sub-GeV to TeV-PeV, are conducted. In this talk, the recent results and the
status of dark matter searches in IceCube are presented.

Keywords:
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- 320 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27
E6.01

A theoretical and numerical approach into high-efficiency plasma
oscillator for next-generation THz-driven electron linear
acceleration

JAEHO Lee 1, 22 &1, KUMAR Manoj 1, HUR Min Sup *1
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Abstract:
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Abstract:

Tunable narrowband terahertz (THz) sources with GW-level power are of great importance in THz
research. A new scheme is presented to obtain such THz emission, in which two co-propagating
detuned laser pulses beat in a linear density gradient plasma. Using two- and three-dimensional
particle-in-cell simulations, it is demonstrated that the radially-polarized THz emission originates from
a localized region of plasma wave excited by the ponderomotive force. This occurs when the beat
frequency exactly matches the plasma frequency, generating a plasma current, which drives
electromagnetic radiation. In a vacuum, the emitted radiation has multiple cycles, with high-peak-field
strength and a narrower spectrum, making it suitable for various ambitious applications.
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Heat transfer within non-equilibrium dense aluminum heated by
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Abstract:

Energetic laser-accelerated ions can heat a small solid-density sample homogeneously to temperatures
over 10,000 K in less than a nanosecond. During this brief heating time, the electron temperature of
the sample rises first, and then the ion temperature increases owing to the heat transfer between the
hot electrons and cold ions. Since energy deposition from the incident heavy ion beam continues
concurrently with the electron-ion relaxation process within the heated sample, the electron and ion
temperatures do not reach equilibrium until the end of the heating. Here we calculate the temperature
evolutions of electrons and ions within a dense aluminum sample heated by laser-accelerated gold
ions using the two-temperature model. For these calculations, we use the published stopping power
data, known electron-ion coupling factors, and the SESAME equation-of-state (EOS) table for
aluminum. For the first time, we investigate the electron and ion temperature distributions within the
warm dense aluminum sample and the heating uniformity throughout the entire heating period. We
anticipate that knowledge of the temperature evolution during heating will allow for the study of the
stopping power, thermal conductivity, EOS, and opacity of warm dense matter heated by an energetic
heavy ion beam.
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Abstract:

The Sun's inner layers, including the photosphere and chromosphere, as well as white dwarfs, are
characterized by abundance of helium in a plasma state with high electron density and relatively low
temperature, satisfying strongly coupled plasma (SCP) states, where the Coulomb coupling parameter
exceeds unity [1, 2]. While prevalent throughout space, it is difficult to access directly such SCP states
or to produce uniform SCP states with sufficiently long lifetime in the laboratory, rendering the
investigation of basic transport processes quite challenging. To surmount these obstacles and explore
the realm of high-density SCP, we have developed an experimental setup utilizing a supercritical fluid
(SCF) [3, 4]. Using a ns laser pulse to SCF helium at 100 bar, we create SCPs with the estimated

electron density of approximately 1027 m™3 [5] and a temperature of about 1 eV, corresponding to a
Coulomb coupling parameter of 2. This study shows the potential to facilitate precise measurements of
thermodynamic transport parameters and equation of state for dense SCP states.

*This work was supported by the National Research Foundation of Korea (NRF) funded by the Ministry
of Science and ICT (Nos. 2019R1A2C3011474, 2022M3H4A1A04074153, and RS-2022-00154676).
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Abstract:

The characteristics of the N = Z nuclei are intertwined with proton-neutron correlations and
quadrupole-quadrupole interactions. Consequently, the medium-mass nuclides show a significant

shape change over the number of neutrons and protons. The collectivity of 8Zr implies a large
deformation, and the shell model calculation becomes sensitive to the different model spaces and a

choice of interaction for 8Mo. For example, a prolate-oblate shape competition is anticipated in a
shell model calculation based on the Nilsson SU(3) scheme in 84Mo. We studied the collectivity
of Mo and its neighbor isotope 8Mo through a first 2* state lifetime measurement. A 140-

MeV/u ?2Mo primary beam impinged on a 235-mg/cm? °Be target and produced the proton-rich
nuclei. The TRIPLEX plunger setup coupled to the GRETINA HPGe array was employed to populate the

low-lying excited states in 848%Mo and measure their first 2* state lifetime. The new lifetime
measurement results for 8*Mo and 8Mo are presented. A sudden change of the collectivity

between Mo and 8Mo is discussed with a shell model calculation and a recently developed DNO-
SM formalism.
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Abstract:

The investigation of neutron-rich nuclei near shell closures provides new insights into the strong
nuclear interaction. The nuclear structure of nuclei far from the stability line near the N = 126 shell
closure below 208Pb is important for understanding the evolution of nuclear interaction in heavy
nuclei. Additionally, these nuclides are the last bottleneck in the r-process, forming an abundance peak
near A = 195. Properties of those nuclei thus can also provide constraints to the astrophysical r-
process scenario. However, exploring these nuclei around N~126 has been limited due to small
production cross-sections involving conventional reactions to study neutron-rich nuclei, like in-flight
fragmentation or fission.

There is a growing interest in using Multi-Nucleon Transfer (MNT) reactions near energies around the
Coulomb barrier to access these nuclei, overcoming this difficulty. MNT reactions between a 7MeV/u
136Xe beam and 198Pt target was performed at GANIL to produce and characterize neutron-rich
nuclei around the N = 126 shell closure. The outgoing projectile-like particles were identified by the
large acceptance VAMOS++ spectrometer, and the Target-Like Fragments (TLFs) were detected by the
newly installed second arm detector, CATLIFE (Complementary Arm for Target Llke FragmEnts). The
excitation energy of the fragments and the mass number (A) of the TLFs before evaporation were then
obtained. The prompt (Doppler corrected) and delayed y rays from the excited states of the residues
were detected by AGATA y-ray array at the target position and 4 EXOGAM clover detectors at the end
of CATLIFE, respectively.

One of the major challenges in the experiment is particle identification due to the large A and Z of the
residues, as well as the wide range of charge states due to the use of energies around the Coulomb
barrier. Therefore, a new calibration method for particle identification using several machine-learning
techniques was developed. The complexity of the calculation of the ionic charge state was reduced,
and the resolution (AQ/Q) was improved to 1/86 (FWHM) by regression of the ion energy using a
deep neural network and gradient-boosted decision tree. The method for Z identification was also
developed using semi-supervised learning with a deep neural network. Subsequently, the prompt and
delayed y-ray spectroscopy of the excited states of these nuclei was performed. Preliminary results of
the above analysis will be presented.
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Lifetime measurements of low-lying excited states in 119Sn and
206Pb
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Abstract:

One of the well-established methods to investigate nuclear structure and shape evolution in rare
isotopes is safe-energy Coulomb excitation. By ensuring the beam energy to be safely below the
Coulomb barrier between the target and the beam nuclei, model-independent measurements of
reduced electromagnetic transition strengths and spectroscopic quadrupole moments of excited states
of interest are possible.

Due to limited beam intensity of rare isotopes, a high-Z target with sufficient thickness is often chosen
for safe-energy Coulomb excitation in order to obtain necessary gamma-ray statistics. Under these
conditions, beam energy straggling inside the target is significant and the Doppler-shifted gamma-ray
spectrum is sensitive to state lifetimes. As a result, spectroscopic quadrupole moments of excited
states can be constrained by experimental B(E2) values.

A Coulomb excitation experiment was carried out at HIE-ISOLDE, where unstable "19Sn nuclei were
excited on a 4.0-mg/cm? 299pp target with a beam energy of 4.4 MeV per nucleon. From comparisons

with Geant4 simulation outputs, lifetimes of the 2* and 4* states in 119Sn, and the 2+ state in 2%Pb
were determined. The B(E2) values will be combined in the Coulomb excitation data analysis, and their
implications on structural evolution of the Sn isotopic chain will be discussed.
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Coulomb excitation, Doppler shift, Gamma-ray spectroscopy
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Probing magnon bound states and Hilbert space fragmentation
in Rydberg atom arrays
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Abstract:

Rydberg atom has emerged as a promising platform for exploring novel many-body phenomena. We
recently develop a Rydberg dressing scheme that can access the extremely anisotropic regime of the
Heisenberg model [1,2]. A many-body perturbation analysis reveals that the model can be mapped
exactly onto a modified version of the folded XXZ model, possessing U(1) symmetries of the total
magnetization and the domain wall number, while exhibiting the strong Hilbert space fragmentation
(HSF). The effective Hamiltonian has distinct time scales for the motion of a magnon and a hole, which
allows for a continuous tuning from the integrable regime, to the Krylov-restricted thermal phase, and
eventually to the statistical bubble localization region. As a signature of the HSF, we experimentally
identify the kinetically constrained frozen dynamics and the formation of a long-range magnon bound
state in a Rydberg tweezer array setup [2].
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Quantum Computation of Maximum Independent Set Problem
on King’'s Graph of over Hundred Rydberg Atoms
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2Department of Physics, Korea University
jwahn@kaist.ac.kr

Abstract:

A neutral atom system with optical tweezers represents one of the most scalable quantum systems.
When combined with the Rydberg state, which generates interatomic interactions, many-body
quantum experiments can be executed. Several groups have recently conducted many-body quantum
adiabatic computations on Rydberg atom systems [1-2]. Notably, the maximum independent set (MIS)
problem experiment on the King's lattice, which has been proven NP-complete for the MIS on this
lattice structure, is recognized in numerous studies highlighting the potential for a quantum advantage
[2-4]. We conducted experiments on the MIS problem over the King's lattice involving hundreds of
atoms, with the atoms being randomly loaded. This stochastic arrangement provides MIS experiment
data for randomly generated graphs not previously examined. Our experiments explored varying
sweep times, initial detunings, and final detunings. Across all tests, we found that the average error
was linearly proportional to the graph size or number of atoms. This confirms the predictions based
on bit-flip errors in state measurements and the universal quantum Kibble-Zurek mechanism.
Furthermore, we observe defect scaling as a function of sweep rate, consistent with previous
experiments [2], and identified defect convergence during slow sweeps. We expect that our
experimental dataset could be used to analyze the quantum advantage of such adiabatic computation
on the MIS problem of Rydberg atoms or serve as primary data for quantum error mitigation.

[1] Kim, M., Kim, K., Hwang, J, Moon, E.-G. & Ahn, J. “Rydberg quantum wires for maximum
independent set problems,” Nat. Phys. 18, 755-759, 10.1038/s41567-022-01629-5 (2022).

[2] Ebadi, S. et al. “Quantum optimization of maximum independent set using Rydberg atom arrays,”
Science 376, 1209-1215, 10.1126/science.abo6587 (2022).

[3] Andrist, R. S. et al. "Hardness of the Maximum Independent Set Problem on Unit-Disk Graphs and
Prospects for Quantum Speedups,” 10.48550/arXiv.2307.09442 (2023). 2307.09442.

[4] Cain, M. et al. "Quantum speedup for combinatorial optimization with flat energy landscapes,”
10.48550/arXiv.2306.13123 (2023). 2306.13123.
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Aharonov-Bohm effect mediated by “massive” photons confined
between conducting plates
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Abstract:

The vacuum electromagnetic field plays an essential role in understanding the fundamental nature of
the Aharonov-Bohm (AB) effect [1]. An interesting question is how a modified spectrum of the vacuum
photon would affect the AB effect. In particular, when the vacuum field is confined between two
conducting plates, the photons satisfy 2-dimensional wave equation with finite mass ( = Proca
equation). We show that this results in a short-range interaction between a test charge and a distant
magnetic flux and that the AB phase is drastically reduced as a function of the distance between the
two bodies. On the other hand, we point out that a semiclassical description is also possible, and
address a question on the reality of the vacuum field.

[1] K. Kang, "Gauge invariance of the local phase in the Aharonov-Bohm interference: Quantum
electrodynamic approach.” Europhysics Letters 140 (2022): 46001, and references therein.
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PT-symmetric Non-Hermitian Hopf bundle matter
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Abstract:

Hopf bundle is a topological invariant, which plays an important role in various fields of physics. In
Hermitian systems, there exists an interesting class of insulators, which are characterized by Hopf
invariant, known as Hopf insulator. In this letter, we propose the generalization of the Hopf bundle in
the non-Hermitian systems. We show that the Hopf bundle phases are stabilized in the presence of
additional PT symmetry. In sharp contrast to the Hermitian counterpart, the non-Hermitian Hopf
bundle possesses topologically protected surface degeneracy, and each point of the surface is
described by the exceptional point. Finally, we show that by breaking PT-symmetry, the surface of
exceptional points deforms into exceptional lines. Our work discovers new types of the non-Hermitian
topological phase characterized by the Hopf invariant.
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Non-Hermitian physics, Topological insulators/semimetals, Non-Hermitian topological phase.
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Abstract:

Estimating the energetic properties of molecular systems is a critical task in material design. Machine
learning has shown remarkable promise on this task over classical force fields, but a fully data-driven
approach suffers from limited labeled data; not just the amount of available data lacks, but the
distribution of labeled examples is highly skewed to stable states. In this work, we propose a molecular
representation learning method that extrapolates well beyond the training distribution, powered by
physics-driven parameter estimation from classical energy equations and self-supervised learning
inspired from masked language modeling. To ensure the reliability of the proposed model, we
introduce a series of novel evaluation schemes in multifaceted ways, beyond the energy or force
accuracy that has been dominantly used. From extensive experiments, we demonstrate that the
proposed method is effective in discovering molecular structures, outperforming other baselines.
Furthermore, we extrapolate it to the chemical reaction pathways beyond stable states, taking a step
towards physically reliable molecular representation learning.
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Machine learning potential, Molecular Representation Learning, DFT, Machine learning
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First-principles study on electronic structure changes in
MA;3Sb,lg during annealing, cooling, and reannealing
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Abstract:

Perovskites are promising materials for solar cells, especially lead-free perovskites, which offer the
possibility of making non-toxic and environmentally friendly solar cells. In addition, perovskites
containing methylammonium (MA) undergo dynamic structural changes at low temperatures as well as
at room temperature due to the rotational degrees of freedom of MA. These observations require
more intensive studies for the potentially diverse applications of these materials in the future. Our
experimental collaborators shared with us an interesting experimental result on MA3Sb,lg, a material
with a similar structural configuration to the perovskite. They utilized ultraviolet photoelectron
spectroscopy (UPS) experiments and found distinct variations in the electronic structure of

MA3Sb,lg during annealing and cooling. On the other hand, the electronic structure of the cooled
samples did not change during reannealing. In order to understand their observations, we studied this
material using density functional theory (DFT) calculations. However, there is an inherent limitation of
DFT, which considers materials at absolute zero temperature. To overcome, this limitation, we
performed molecular dynamics (MD) simulations, which allow dynamic averaging of various properties
at finite temperatures, and thus the finite-temperature peculiarities of MA3Sbslg. Our analysis shows
that MA3Sb,lg undergoes a structural change, such as phase transition and Sb atom migration, which

affects the electronic structure, during annealing and cooling. The insights gained from this
investigation contribute to a more comprehensive understanding of materials that undergo structural
changes at room temperature, paving the way for the analysis of diverse material properties.

Keywords:

DFT, Perovskite, UPS, Electronic Structure
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Abstract:
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Abstract:

Kesterite, Cu>ZnSn(S,Se)4 (CZTSSe), is a attracting material for earth-abundant and non-toxic light
absorber in flexible thin film solar cells. Carrier recombination at the grain boundaries (GBs) is one of
the main issues to lowering the device performance therefore, their mechanisms at the surface has
been widely studied. However, carrier recombination mechanisms in the materials’ bulk are scarcely
known. In this study, in-depth carrier recombination has been investigated through atomic force
microscopy-based characterization. A flexible CZTSSe solar cells using a Mo foil substrate was prepared
and the samples was mechanically etched by focused-ion beam to reveal the plane at the specific
depth. Kelvin probe force microscopy was utilized on the revealed plane and an upward potential
bending was observed at the GBs at all depth. Specifically, at the surface and subsurface, both
conduction (E¢) and valence band (Ey) upward bending was observed which repels electrons from the

GBs suppressing the carrier recombination.[1] Upward band bending at the GBs was attributed to the
widen band gap and increased charge defects than in the intra grains (IGs). On the other hand, in the
center of the absorber, formation of E- downward and Ey, upward band bending was observed. This
type of band bending can increase the recombination sites and hinder the current flow along the IGs.
As a results, non-uniform band bending at the GBs in the vertical direction resulted in inhomogeneous
recombination mechanism. Therefore, vertically uniform E¢ and Ey, upward band bending at the GBs is
desirable to minimize the carrier recombination. [2]

[1] H. K. Park et al., npj Flexible Electronics, 6 (2022) 91.
[2] D.-H. Son, H. K. Park, and K.-J. Yang et al., Carbon Energy, Accepted.
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Realization of non-layered 2D transition metal nitride films via
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Abstract:

Different from 2D layered materials, such as graphene, transition metal dichalcogenides (TMDs), h-BN,
2D non-layered materials have high surface activity due to unsaturated dangling bonds on their
surfaces, resulting in outstanding catalytic, sensing, and carrier transfer properties and show unique
properties. Transition metal nitride (TMN), a non-layered material, is attracting attention as a substitute
for noble metals because it shows catalytic and plasmonic properties similar to those of noble metals

due to d band density variation and high DOS caused by N atoms inside the lattice. [l However, the
isotropic chemical bonding properties of TMN as a non-layered material, unlike layered materials, limit
growth in the vertical direction, which limits 2D anisotropic growth. Here, we demonstrate intriguing
method for the synthesis of non-layered 2D molybdenum nitride films by controlling the vapor
pressure of the nitrogen source during the chemical vapor deposition process. Reducing the amount of
nitrogen source supply through vapor pressure control can limit the vertical growth of non-layered 2D
molybdenum nitride to synthesize films. Also, we demonstrate a feasible chemical vapor deposition
strategy for selectively producing y-Mo,N or 6-MoN through modulating temperature as growth
temperature. As a promising surface enhanced Raman scattering substate (SERS), 5-MoN films exhibit
high level detection capabilities for R6G. Our work sheds light on the synthesis of 2D non-layered films
and could open up exciting opportunities in electronics and electrochemical devices based on 2D non-
layered materials.

References
[11 R.Jamil, R. Ali, S. Loomba, J. Xian, M. Yousaf, K. Khan, B. Shabbir, C. F. McConville, A. Mahmood, N.
Mahmood, Chem Catal, 1, 802—854 (2021)
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Catalysis

SON Eunbin 2, SEO Jihyung 2, PARK HYESUNG *1
TKU-KIST Graduate School of Converging Science and Technology, Korea University
2Materials Science and Engineering, UNIST
hspark@unist.ac.kr

Abstract:

The introduction of heteroatom is a widely employed strategy in the electrolysis of transition metal
dichalcogenides (TMDs), which, by activating the inactive basal plane, effectively boosts the intrinsic
catalytic activities. However, the effect of incorporated atomic configurations within the TMDs lattice
on their catalytic activity is not thoroughly understood due to the lack of controllable synthetic
approach for highly doped TMDs. Here, we demonstrate a facile approach to realize heavily doped
MoS, with high doping concentration of above 16% through the intermediate-reaction-mediated
chemical vapor deposition. As the V doping concentration was increased, the incorporated V atoms
were configured in a coalesced manner in the MoS, lattice. The coalescence V doping enabled both
the basal plane activation and electrical conductivity enhancement of MoS,, accelerating the hydrogen
evolution reaction (HER) kinetics through the reduced Gibbs free energy of hydrogen adsorption as
evidenced by the experimental and theoretical analyses. Consequently, the coalesced V-doped MoS,

exhibited superior HER performance with an overpotential of 100 mV at 10 mA cm™2, surpassing the
pristine and single-atom-doped counterparts. This study provides an intriguing pathway to realize
highly doped TMDs with improved intrinsic catalytic activity as robust 2D electrocatalysts.

Keywords:

Chemical vapor deposition, Coalesced doping, Hydrogen evolution reaction, Transition metal
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Abstract:

Structural imperfections can have both beneficial and detrimental consequences on the excitonic
characteristics of transition metal dichalcogenides (TMDs). Regarding valley selection, structural defects
promote effective valley depolarization in intensively studied TMD monolayers, but the impact of these
defects in vertical heterobilayers (VHs) is still unclear due to the possibility of restoring valley
polarization via defect healing. In this study, we analyzed the valley polarization of center-nucleated
and edge-nucleated Type-II VHs (WS,/MoS,) grown using a controlled process and discovered that
defect-related photoluminescence is strongly suppressed in center-nucleated VHs due to the mild
defect healing effect. Additionally, the valley polarization of lower-lying, MoS, intralayer excitons is
more sensitive to the inherent defect density of the sample than the high-lying, WS, intralayer
excitons. Despite the defect healing in center-nucleated VHs, the temperature dependence of the PL
study indicated that the valley depolarization of low-lying intralayer exciton is significantly facilitated
by defect due to stronger hybridization below 100 K. Also, we conducted a comprehensive study on
the excitation intensity dependency to decouple the carrier density induced Auger recombination
mechanism from defect-related mechanism, which also contribute in loss of valley polarization of
intralayer excitons in CVD-grown samples due to creation of intervalley trions. Our findings provide
insight into the impact of growth mechanism on valley polarization of intralayer excitons in CVD-
grown samples, which is critical for the development of VHs-based valleytronic devices.
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Visualization of local mechanical properties in Moiré graphene
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Abstract:

The moiré superlattice from magic-angle twisted bilayer graphene has been studied extensively with
its unconventional electrical properties, such as superconductivity [1], topological edge states [2], and
correlated insulator phases [3]. In addition, imaging local structures of twisted bilayer graphene by
scanning tunneling microscope [4] and transmission electron microscope [5] has demonstrated
intriguing local features.

Here, we report mechanical properties of local domains of magic-angle twisted graphene via atomic
force microscopy. In particular, friction force and dissipation energy potential were carefully
investigated at room temperature in our study. Thus, we observed periodic potential with a period
much longer than the graphene lattice constant, and differences between the AA and AB sites by
lateral force microscopy and non-contact microscopy. In addition, we observed the evolution of current
image by changing the carrier density based on conductive atomic force microscopy. Such
visualizations will enhance our physical understanding of the electronic states of magic-angle twisted
graphene.

[1] Cao. Y, et al, Nature 556, 43 (2018)

[2] Huang. S, et al, Phys. Rev. Lett. 121, 037702 (2019)
[3] Cao. Y, et al, Nature 556, 80 (2018)

[4] Guohong. L, et al, Nat. Phys. 6, 109 (2010)

[5] Lola. B, et al, Nano Lett. 12, 1609 (2012)
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Plasmon expedited response time and enhanced response
in gold nanoparticles-decorated zinc oxide nanowire-based
nitrogen dioxide gas sensor at room temperature
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Abstract:

A highly sensitive and rapidly responsive nitrogen dioxide (NO,) gas sensor based on gold (Au)
nanoparticles (NPs)-decorated zinc oxide (ZnO) nanowires (NWs) is presented. The Au NPs decoration
was conducted onto ZnO NWs with and without a (3-aminopropyl)triethoxysilane (APTES) layer on
their surface by using the electrostatic force. The samples without the APTES layer exhibited high NO,
gas sensitivity (i.e. expedited response time and enhanced gas response) due to localized surface
plasmon resonance (LSPR) of the Au NPs; in particular, the NO, gas response and the response time
were increased by three times and shortened by 86%, respectively, compared with the undecorated
ZnO NWs. The presence of the APTES layer improved the Au NPs attachment, but hindering the gas
adsorption on the ZnO NWs surface, as proven by the observed photocurrent and gas response. Our
findings imply that the response time of semiconductor gas sensors can be remarkably expedited by
the LSPR effect, which is useful for developing practical gas sensors.
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Abstract:

The AlGalnAs quaternary alloy is a valuable material system for optoelectronic devices. However, the
growth of quaternary alloy material has difficulties, such as a large miscibility gap and phase
separation during the growth. The superlattice (SL) or digital alloy (DA) growth techniques have shown
a new path to growing materials for avalanche photodiodes (APD) and a reduced ratio of impact
ionization coefficients. The quality of the growth material is essential for APD structures.

We have investigated the optical properties of the InGaAs/AllnAs superlattice structure by
Photoluminescence (PL) and Photoreflectance (PR) spectroscopy. For the AlGalnAs quaternary alloy, the
difference thicknesses 4ML, 6ML, and 8ML of InGaAs/AllnAs SL PIN structures on InP were grown by
Molecular beam epitaxy (MBE). At 20 K, the PL spectra show different emission centers: 1.37 eV for
4ML, 6ML, and 1.35 eV for 8ML. For the 6ML thickness of SL, the PL spectrum observed the shoulder.
We observed differences in band optical transition dimensions at 6ML. We compared the internal
electric fields for each structure.
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buffers structure by photoreflectance spectroscopy
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Abstract:

Recently, metamorphic buffers with progressively modified compositions have been employed to
alleviate the strain caused by lattice mismatch in the active layer of ///-V devices. This approach
reduces the density of crystalline defects and threading dislocations, thereby enhancing the overall
device quality. As a result, our focus is directed toward meticulous design and the high-quality
optimization of optical and internal electrical properties for modified buffer structures. These structures
are aimed for /nAs,P;_, (x=0.5, 0.55, 0.7) composition grade buffers on /nP substrates, fabricated using
the metal-organic chemical vapor deposition (MOCVD).

Conventionally, optical bandgap measurements rely on photoluminescence (PL) spectroscopy. However,
PL measurements have limitations, as they struggle to provide a comprehensive view of the optical
properties across all layers of a sample. To circumvent these limitations, this study employs
photoreflectance (PR) spectroscopy to evaluate the optical properties of the /nAs,P;_, metamorphic
buffer structure.

The PR measurements performed at 300 K reveal that the transition energy of the metamorphic buffer
layer is aligned with the expected values for each As composition namely around 0.81 eV, 0.72 eV, and
0.61 eV for x = 0.5, 0.55, and 0.7, respectively. Furthermore, by utilizing the third derivative function
form (TDFF) simulation, we confirm that the actual composition of the grown layers closely matches
our designed composition indicating successful growth.

Interestingly, we observed a Franz-Keldysh oscillation (FKO) signal in the energy region above the
optical bandgap. We subjected this FKO signal to analysis using the Fast-Fourier Transform (FFT)
method to deduce the internal electric field at the sample interface.

In essence, this study investigates the optical properties of the /nAs,P;_, metamorphic buffer structure

through PR spectroscopy, which offers a comprehensive view of the transition energy across all layers.
These findings prove valuable insights into the As composition of each layer, allowing for a direct
comparison with the target composition
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Unveiling potential of metallic delafossite oxide PdCoO, as a
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Abstract:

Metallic delafossite oxides showcase remarkable electrical conductivity comparable to that of noble
metals, along with intriguing transport behavior at low temperatures. Despite the established
understanding of their conductive properties, their potential as excellent hosts for plasmonic
phenomena has largely been disregarded. To address this research gap, our study takes a
comprehensive approach to investigate the optical characteristics of metallic delafossite oxide PdCoO».
Our findings demonstrate that this oxide acts as an extremely pure medium, enabling the presence of
hyperbolic plasmon polaritons over a broad frequency spectrum spanning from mid-infrared to the
telecommunication band. This material is distinguished by its remarkably high figure of merit. By
employing high-energy resolution monochromated electron energy loss spectroscopy, we directly
observe and analyze hyperbolic plasmon polaritons in finite-length nanogaps that are intricately
carved in a single crystal of PdCoO,. This study opens up a new avenue for expanding the utility of

metallic delafossite oxides into the realms of plasmonics and nanophotonics.
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Abstract:

Transition metal oxides display various electrical and magnetic properties governed by their order
parameters. Ferroic orderings present a wide range of essential physics phenomena and practical
applications. A successful approach to creating multiferroic oxides involves merging ferroelectric (FE)
and ferromagnetic (FM) materials. The development of freestanding heterogeneous membranes
containing these multiferroic oxides is highly desirable. This work used pulsed laser epitaxy to fabricate
freestanding bilayer membranes of BaTiO3 and Lag 7Srg 3MnO3 with epitaxially combined [1]. These
membranes exhibit ferroelectric and ferromagnetic properties at room temperature and a quantifiable
magnetoelectric (ME) coupling coefficient. Our investigation underscores that the realization of the
freestanding heterostructure can determine the structural and emergent properties. Without the strain
effect originating from the substrate, the magnetic easy-axis undergoes reorientation, resulting in
perpendicular magnetic anisotropy caused by modifications in the orbital occupancy of the magnetic
layer. These discoveries pave the way for incorporating these flexible membranes into electronic
applications.

[1] K. T. Kang et al., Adv. Sci. 10, 15 (2023).
Keywords:

Heterogeneous integration, Transition metal oxides, Pulsed laser epitaxy, Ferromagnetism, Magnetic
anisotropy
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Abstract:

Atomic force microscopy (AFM) often causes tip and sample damage due to tip scanning in
nanometer-scale proximity to the sample surface. Although there are several non-contact working
methods that exploit the dynamic properties of cantilevers, achieving truly non-contact, non-
destructive imaging in AFM in air remains challenging. Here, we present a novel method for non-
contact imaging 'capillary force microscopy'. We use a quartz tuning fork-based, shear-mode atomic
force microscope and utilize a nanometric water bridge naturally formed between the tip and the
sample. Prior to scanning, a capillary bridge is formed between the etched gold tip and the sample
surface, and then the amplitude setpoint for feedback is set to an amplitude value that is changed
only by capillary interaction without tip-sample mechanical hard contact. The resolution of the new
mode is limited by the thermodynamics of the capillary bridge. The bridge grows or evaporates
depending on the lateral velocity and vertical position of the tip, and the z-feedback fluctuates about
3 nm in our experiments accordingly. Capillary force microscopy can provide a truly non-contact, non-
destructive imaging method in ambient air.
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Linearization of atomic force microscope scans acquired using
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Abstract:

Dual-stage scanners are used to increase the range of AFM lateral scanners in space and/or frequency.
The displacement and frequency range of dual-stage scanners are extended by constructing the two
stages using nanopositioners with significant difference in static and dynamic characteristics. In such
cases, the positioning signal is split to meet the displacement and frequency limitations of each of the
two stages. This split makes it challenging to linearize raster scans acquired using dual-stage scanners
when displacement measurement sensors are not installed in the scanners. This work presents
linearized raster scans acquired by adopting dual-stage scanners using a combination of model-based
hysteresis inversion and the images acquired from trace and retrace scans. Our method involves
reducing the effect of hysteresis in the images acquired using homemade dual-stage lateral scanner
and high-speed AFM (HS-AFM). This method enhances the displacement and frequency range of
lateral scanners without displacement measurement sensors.
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Abstract:

High-speed atomic force microscopy (HS-AFM) is known as a powerful tool for imaging and analysis
of specimens at the molecular and atomic scales. It has been successfully used to study molecular
dynamics, observe motions of biomolecules, and investigate various interactions occurring on surfaces.
However, HS-AFM is typically limited to scanning small areas due to its high-speed operations. In this
research, we report a design for a wide-area scanner that can record topographic images up to 27 ym
by 27 pm at high speeds. We use the scanner to acquire images of optical disc data tracks and
demonstrate its high-speed operations for large lateral dimensions.
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Abstract:

We performed polarized reflection and transmission measurements on the layered conducting oxide
PdCoO, thin films. For the ab-plane, an optical peak near $#Omega$ $Wapprox$ 750 cm™! drives the
scattering rate $Wgamma*(Womega)$ and effective mass $m*(Womega)$ of the Drude carrier to
increase and decrease respectively for $#omega$ $¥tgeqq$ $WOmega$. For the c-axis, a longitudinal

optical phonon (LO) is present at $%Omega$ as evidenced by a peak in the loss function
Im[$-1/#varepsilonc(#omega)$]. Further polarized measurements in different light propagation (qg) and
electric field (E) configurations indicate that the Peak at $#Omega$ results from an electron-phonon
coupling of the ab-plane carrier with the c-LO phonon, which leads to the frequency-dependent

$Wgamma’ (Womega)$ and $m’(#Womega)$. This unusual interaction was previously reported in high-
temperature superconductors (HTSC) between a non-Drude, mid-infrared band and a c-LO. On the
contrary, it is the Drude carrier that couples in PdCoO,. The coupling between the ab-plane Drude

carrier and c-LO suggests that the c-LO phonon may play a significant role in the characteristic ab-
plane electronic properties of PdCoO, including the ultra-high dc-conductivity, phonon-drag, and
hydrodynamic electron transport.
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Controlling Fe stoichiometry in Epitaxial FeTe Thin Films
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Abstract:

This work focuses on optimizing Fe stoichiometry of FeTe (001) epitaxial thin film on MgO (001)
substrate using molecular beam epitaxy. Technique used to reduce Fe-excess FeTe is thoroughly

described. We found that the best growth temperature for FeTe film is in range from 225 to 250 °C,
whereas the optimum Te/Fe flux ratio is 4.66. The Fe-excess in FeTe films was effectively reduced using
sequential Te annealing during the growth by controlling annealing time and deposition thickness.
Temperature-dependent electrical resistivity showed a transition at around 70 K, attributed to the
antiferromagnetic transition. Fe stoichiometry strongly affected the film's transport properties,
especially at a low-temperature range where semiconducting to metallic behavior was observed for as-
grown FeTe film. The semiconducting behavior reduced and completely changed to metallic behavior
in the Te annealed films, indicating the reduction in Fe stoichiometry. This reduction was further
confirmed by the changes in intensity and position of A4 and B4 Raman peaks. Our work
demonstrated an effective way to control Fe excess in FeTe epitaxial thin films, which plays an
important role in the physical properties of the material, especially in its superconductivity and
magnetism. The technique can be applied to control defects in other materials, containing volatile
elements such as As, Se, S, and P
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The Path Towards the Future Circular Collider at CERN
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Abstract:

The proposed Future Circular Collider (FCC) at CERN aims to continue the exploration of open
questions in particle physics beyond the LHC and its high-luminosity upgrade in a staged research
programme, integrating in sequence lepton (FCC-ee) and hadron (FCC-hh) collider programmes, and
with the option of a hadron-electron collider (FCC-he), to achieve further understanding of the
Standard Model and of electroweak symmetry breaking, and to maximise the potential for the
discovery of phenomena beyond the Standard Model. This seminar will present the status of

the FCC Feasibility Study, launched to address the recommendation of the update in 2020 of the
European Strategy for Particle Physics with the objective to provide an analysis of the technical and
financial feasibility of a new collider infrastructure at CERN through a global collaboration of
universities, scientific institutes and high-tech companies.
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Abstract:

The Compact Muon Solenoid (CMS) is a particle detector operating at CERN's Large Hadron Collider
(LHCQ), situated 100 meters below the surface in France. The CMS experiment is one of the largest
international scientific collaborations, with more than 3000 physicists and 1000 engineers from 255
institutes all around the world. Analysis of the experiment's data led to the discovery of the Higgs
boson 11 years ago and it is still a unique tool for precisions measurements of parameters of the
standard model of particle physics and the search for possible "new physics". The current status and
the prospects for the High Luminosity LHC phase will be presented in this talk.
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Abstract:

The Compact Muon Solenoid (CMS) detector at the CERN Large Hadron Collider (LHC) is undergoing
an extensive upgrade program to prepare for the challenging conditions of the High-Luminosity LHC
(HL-LHC). A new timing detector in CMS will measure minimum ionizing particles (MIPs) with a time
resolution of ~30-60 ps. The precision time information from this MIP timing detector (MTD) will bring
new capabilities to the CMS detector for precision measurement and searches of rare processes. The
MTD will be composed of an endcap timing layer (ETL), instrumented with low-gain avalanche diodes
and a barrel timing layer (BTL), based on LYSO:Ce crystals coupled to SiPMs, read out with dedicated
ASICs. In this talk we present the motivations and an overview of the MTD design, describe the latest
progress towards prototyping and production, and show test beam results demonstrating the time
resolution achieved.
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Beyond Collider Physics
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Abstract:

Firstly, I'll briefly report the current activities of CERN Korea Theory Collaboration.

Then I'll discuss possible future directions for productive collaborations with CERN based on current
status of high energy physics and the composition of current/future theory community in Korea.

The topics include neutrino platforms, gbar, cosmology with gravitational waves, the 5th force and the
axion search in addition to the LHC experiements.
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Supersymmetric Cardy Formula and the Weak Gravity Conjecture
in AdS/CFT

CHO Minseok *1, CHOI Sunjin *2, LEE Ki-Hong *1, SONG Jaewon *1
1Department of Physics, KAIST
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Abstract:

The Weak Gravity Conjecture (WGC) in anti-de Sitter spacetime (AdS) asserts the existence of an
operator in the boundary conformal field theory (CFT) whose scaling dimension-to-charge ratio
satisfies a certain upper bound. This bound is specified by the ratio of the conformal central charge «
and the flavor central charge k. We propose a modified bound in AdSs/CFT,, determined by a
combination of two central charges 3¢ — 2a instead of ¢. This combination arises in the Cardy-like limit
of the 4d superconformal index, which captures the Bekenstein-Hawking entropy of large BPS black
holes in AdSs. Using the new bound, we find that certain superconformal field theories (SCFTs) that are
previously thought to violate the AdS WGC, including SQCDs in the conformal window, do satisfy the
WGC. We check this version of the WGC against all possible superconformal gauge theories with
SU(N) gauge group admitting a large N limit when the superpotential is absent. We conjecture the
modified version of the WGC is a generic property of any 4d SCFT, regardless of the existence of a
weakly coupled gravity dual or a large N limit.
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Large N=1 Universality of 4d N=1 Superconformal Index and
AdS Black Holes

CHOI Sunjin 2, KIM Seungkyu 1, SONG Jaewon *1
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Abstract:

We study the large N limit of the matrix models associated with the superconformal indices of four-
dimensional N = 1 superconformal field theories. We find that for a large class of N = 1
superconformal gauge theories, the superconformal indices of the large N limit of such theories is
dominated by the ‘parallelogram’ saddle similar to the case of N = 4 Super Yang-Mills theory. This
covers large classes of gauge theories, including quiver gauge theories, and the theories with rank-2
tensor matters. Our analysis works for most N = 1 superconformal gauge theories that admits a
suitable large N limit while keeping the flavor symmetry fixed. This saddle corresponds to BPS black
holes in AdS5 whenever holographic dual description is available. We also find ‘multi-cut’ saddle
points, that corresponds to the orbifolded Euclidean black holes in AdS5.
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Strongly correlated Weyl semi metal in Holography
SIN Sang Jin *1, SEO JeongWon 1

Tphysics department, Hanyang University
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Abstract:

type-l and type-Il Weyl fermions have dispersion with tilted Dirac cone around the Dirac points. We
will get effective matrix by Weyl fermions hamiltonian. Using this effective matrix, we can make
holographic realization of Weyl fermion. And we can find dirac cone is tiling in the spectrum point of
view by same parameter.
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Pole-Skipping in Rotating BTZ Black Holes

JEONG Hyun-Sik 2.3, JI Chang-Woo 1, KIM Keun-Young *1.4
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2PHYSICS, Instituto de Fisica Teorica UAM
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Abstract:

Motivated by the connection between pole-skipping phenomena of two-point functions and four-point
out-of-time-order correlators, we study the pole-skipping phenomenon for rotating BTZ black holes. In
particular, we investigate the effect of rotations on the pole-skipping point for various fields with spin
s = 1/2, 1, 3/2, extending the previous research for s = 0, 2. We derive an analytic full tower of the
pole-skipping points of fermionic (s = 1/2) and vector (s = 1) fields by the exact holographic Green'’s
functions. For the non-extremal black hole, the leading pole-skipping frequency is Wieading = 2MiTh(s —

1 + vQ)/(1 — Q2) where Ty, is the temperature, Q the rotation, and v := (A, — A.)/2, the difference of
conformal dimensions (A.). These are confirmed by another independent method: the near-horizon
analysis. For the extremal black hole, we find that the leading pole-skipping frequency can occur at

wextremal

leading = —2TTR(s + 1) only when v =s + 1, where Tg is the temperature of the right moving
mode. It is non-trivial because it cannot be achieved by simply taking the extreme limit (T, = 0, Q —

1) of the non-extremal black hole result.
Keywords:
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Embedding a lattice into the Holography Il : Kane-Mele model

YUK Taewon 1, SIN Sang Jin *1
Tphysics department, Hanyang University
sangjin.sin@gmail.com

Abstract:

In this talk, we consider embedding the Kane-Mele model into Holography by postulating the relation
between bulk Hamiltonian and tight-binding one. We find that the holographic spectral function
provides broadening and intensity height as well as the dispersion relation so that it can provide
information that is present in ARPES data but absent in the DFT result. Even though we apply a strong
correlation by the AdS gravity, topology persists. By considering bulk fermion mass as an electron-
electron coupling, we show that the system undergoes non-Fermi liquid to Fermi liquid transition
within a conformal regime as the coupling changes.
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Modeling of Physical Space and Time in Complex Domain

LEE Narm Hee *1
TKyungpook National University
omnibeauty@naver.com

Abstract:

<Abstract>

This paper presents a model of the physical space and time in the complex domain while mapping
them in the complex planes. The model shows us to provide with very consistent and powerful ways
to interpret the general phenomena in nature including negative and imaginary worlds and also wide
applicability in a variety of areas including science, engineering and ordinary life.

1. Introduction

The universe space is the field filled with energy and matter including plasma. Energy and matter are
equivalent in mass and conversionary to each other. Energy is always forced to gather together by its
gravity and scatters via explosion at the ultimate density or disperses via thermal radiation. Energy
changes features constantly such as in the forms of light, heat, electric, kinetic and potential, and
structural densities as matters, while affecting the periphery by the feature of power and making wide
variety of material worlds.

Energy maintains a stationary state if the gravity and the pressure by temperature are balanced. There
are energies in the space that neither gather nor disperse. These energies are not only observed via
light but also measured by electromagnetic waves, such that the dark matters do.

Examples of conglomerating of energy are the growths of black holes and those of scattering or
dispersing are the explosion of supernovae and light emission from stars. The black holes, even
though they emit thermal radiation and vapor out in the case of small ones according to Hawking's
theory, absorb all surrounding materials and energies including light by their strong gravities. Energy
circulates in modes continuously via these conglomeration and scattering processes.

All living beings including human are not able to live in the spatial region that all energy are taken
from. They are not able to see at all as well as not able to maintain their lives because of no
continuous acquiring of useful state energy from the surroundings.

Time is a measure of the interval between two events or the duration of an accumulated change made
by sub-sequential changes. Every change, regardless of quality or quantity, has a direction relating to
its observer's concern. If there is no change, motion or event at all, time cannot only be measured by
any means but also be counted as passage. Time must be coupled with space while in the spacetime
the visible and livable world for life is usually considered to be positive real world.
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Poincaré invariance of binary dynamics in the post-Minkowskian
Hamiltonian approach

LEE Hojin *1, LEE Sangmin *1, LEE KANGHOON *2
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Abstract:

We constructed the global Poincaré algebra generators in the context of the post-Minkowskian
Hamiltonian formulation of gravitating binary dynamics that is partly inspired by scattering amplitudes.
We wrote down the Hamiltonian valid in an arbitrary inertial frame. Then we constructed the boost
generator at the same order which uniquely solves all the equations required by the Poincaré algebra.
Our results are exact in velocities and spins, at the first post-Minkowskian (1PM) order and exact in
velocities at the second post-Minkowskian (2PM) order.

Keywords:
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2Kavli IPMU, The University of Tokyo
3Department of Physics, Kyung Hee University
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Abstract:

We present explicit relations between a class of affine W-algebra and a boundary Vertex Operator
Algebra of a class of A-twisted N=4 SCFTs in 3d.

Keywords:

Vertex Operator Algebras, W-algebras, Supersymmetric Gauge Theory, String Theory
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Mean-field and holographic models of the Kondo lattice

HAN Young-Kwon 1, YUK Taewon 1, SIN Sang Jin *1
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Abstract:

We propose a holographic model of the Kondo lattice and compare it with the conventional mean-
field approximation.

Keywords:

Kondo lattice, mean-field approximation, holographic duality
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Updates from the Parkes Pulsar Timing Array Project and
towards the SKA

HOBBS George *1
TCommonwealth Scientific and Industrial Research Organization, Australia

george.hobbs@csiro.au

Abstract:

| will describe the recent results relating to the gravitational wave background from the Parkes Pulsar
Timing Array project and compare our results with those from the EPTA/InPTA, the CPTA and
NANOGrav. | will highlight some of the current research and technical developments in pulsar timing
array research in Australia and look towards the future with the Square Kilometre Array telescope.
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Pulsar Timing Array Experiments: Detection of low-
frequency gravitational waves and some auxiliary sciences

BAGCHI Manjari *1
TInPTA Faculty Member, The Institute of Mathematical Sciences, India
manjari@imsc.res.in

Abstract:

A Pulsar Timing Array (PTA) experiment monitors an ensemble of stable millisecond pulsars for several
years to extract the signature of the low-frequency gravitational waves in the correlated timing
irregularities of those pulsars. Such low-frequency gravitational waves are emitted by the inspiral of
supermassive black holes as well as in the early universe. Hence, characterization of the observed low-
frequency gravitational waves might shed light into these areas. This global effort to achieve this is
known as the International Pulsar Timing Array and member consortia are the Australian Parkes Pulsar
Timing Array (PPTA), the North American Gravitational Wave Observatory (NANOGrav), the European
Pulsar Timing Array (EPTA), the Indian Pulsar Timing Array (InPTA, an Indo-Japanese collaboration) and
associate members are the Chinese Pulsar Timing Array (CPTA) and the South African MeerTime
collaboration. Recently, these consortia

noticed the hint of a stochastic background of low-frequency gravitational waves in their data.
Moreover, PTA experiments might lead to various other significant results including a sudden change
in the emission property of a pulsar, better characterization of the

interstellar medium, detection of solar events, improvements in planetary ephemeris, improvements in
the models of binary pulsars leading to tests of gravity theory, etc. In the present talk, | will briefly
describe the principle of PTA experiment and recent results.

Afterward, | will emphasize the uniqueness of InPTA and its role in better characterization of the
interstellar medium and detection of solar events as well as in understanding the recent change in the
emission property of one pulsar.
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Cosmological Gravitational Wave Background — with a focus on
secondary gravitational waves —

INOMATA Keisuke 1, KOHRI Kazunori 2.34, TERADA Takahiro *>
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5Center for Theoretical Physics of the Universe, Institute for Basic Science
takahiro.terada.hepc@gmail.com

Abstract:

The evidence of stochastic gravitational waves at the nanohertz range has been recently found by
pulsar timing arrays. In this talk, we discuss cosmological (or new physics) interpretations. In the first
half, we briefly review various cosmological interpretations such as inflation, a first-order phase
transition, cosmic strings, and domain walls. In the latter half, we focus on an interpretation based on
the secondary gravitational waves induced by enhanced curvature perturbations and its possible
relations with primordial black holes. The current data suggest the tensor spectral index about 2
around the nanohertz range, and we discuss three ways to explain it. For example, if we assume a
sharply peaked spectrum for the curvature perturbations, we predict O(107(-4)) solar mass primordial
black holes and their binary mergers produce an additional gravitational wave peak around 100
megahertz, whose infrared tail may be detected by future gravitational wave observations.

Keywords:

Pulsar timing array, stochastic gravitational wave background, cosmological gravitational waves, new
physics interpretations, scalar-induced gravitational waves, primordial black holes
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Unlocking Multicolor and 3D Holography with Single-Cell
Metasurfaces through Inverse Design

SO Sunae *1
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Abstract:

Metaphotonics has revolutionized the field of advanced optical technologies by replacing conventional
bulky optical devices with ultra-thin devices. However, the challenge of designing on-demand
metaphotonic structures with specific optical properties still remains. This presentation introduces an
innovative approach to address this challenge through an inverse design method based on gradient-
descent optimization. The method focuses on developing single-cell metasurfaces that possess
customized optical properties, particularly for multicolor and three-dimensional holography
applications [1]. The technique exploits the gradient-descent optimization to consolidate multiple
pieces of holographic information into a single phase profile. This achievement showcases the cutting-
edge data capacity achievable with a phase-only metasurface composed of a single unit-cell.

To elaborate, we successfully engineer and experimentally validate the capabilities of our method in
the realms of multiplane RGB color and 3D holography, using low-loss TiO2 materials. This
breakthrough not only establishes an effective and methodical means of designing metaphotonics with
precise optical attributes but also holds promise for diverse domains such as imaging, sensing, and
communication.

[11 S. So, J. Kim, T. Badloe, C. Lee, Y. Yang, H. Kang, J. Rho, "Adv. Mat. 35, 2208520" (2023)
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[1] H. G. Song et al, "Tailoring the potential landscape of room-temperature single-mode whispering
gallery polariton condensate”, Optica, 19, 1313, 2019

[2] H. G. Song et al, "Room-temperature polaritonic non-Hermitian system with single microcavity”,
Nature Photonics, 15, 582, 2021
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Strain balanced quantum cascade laser at 4700 nm wavelength
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Abstract:

In this presentation, growth optimization of strain-balanced InGaAs/InAlAs superlattices for quantum
cascade lasers will be shown. The growth modes and properties of SB SLs are strongly affected by the
growth conditions. The properties of the SB SLs were evaluated using AFM, HRXRD analysis and TEM
measurements. Following the established growth conditions, SB QCL were grown and fabricated into a
Fabry-Perot cavity with a double channel structure. The device operated in pulsed mode emitting ~4.7
pum at room temperature with a peak power of 650 mW and a slope efficiency of 870 mW/A.
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Electrically tunable single plexcitonic emitter at room
temperature
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1, KANG Mingu 1, MOON Taeyoung 1, JOO Huitae 1, JEONG Sohee 3, LIM Jaehoon 3, EFROS Alexander L.5,
RASCHKE Markus B.2, PELTON Matthew 6, PARK Kyoung-Duck *1
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Abstract:

Plexcitons are hybridized light-matter quasiparticles, with distinct optical characteristics compared to
plasmons and excitons. Tunability of plexcitonic states is essential for manipulating quantum
electrodynamic phenomena in the strong coupling regime, such as single-photon nonlinearity and
quantum entanglement. Here, we demonstrate electrically-tunable single plexciton emitter operating at
room temperature in electricfield tip-enhanced strong coupling (e-TESC) spectroscopy. For a single
quantum dot in the nanoplasmonic tip-cavity with variable DC local electric-field, we dynamically
control the Rabi frequency with the corresponding plexciton emission, crossing weak to strong
coupling regime. We model the observed behaviors based on the quantum confined Stark effect in the
strong coupling regime. Our approach paves the way to systematically engineer strongly coupled
systems for room temperature operation and for a new class of optoelectronic and quantum devices.
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Cavity magnonics with easy-axis ferromagnet: critically enhanced
magnon squeezing and light-matter interaction
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Abstract:

Generating and probing the magnon squeezing is an important challenge in the field of quantum
magnonics. In this work, we propose a cavity magnonics setup with an easy-axis ferromagnet to
address this challenge. To this end, we first establish a mechanism for the generation of magnon
squeezing in the easy-axis ferromagnet and show that the magnon squeezing can be critically
enhanced by tuning an external magnetic field near the Ising phase transition point. When the magnet
is coupled to the cavity field, the effective cavity-magnon interaction becomes proportional to the
magnon squeezing, allowing one to enhance the cavity-magnon coupling strength using a static field.
We demonstrate that the magnon squeezing can be probed by measuring the frequency shift of the
cavity field. Moreover, a magnonic superradiant phase transition can be observed in our setup by
tuning the static magnetic field, overcoming the challenge that the magnetic interaction between the
cavity and the magnet is typically too weak to drive the superradiant transition. Our work paves the
way to develop unique capabilities of cavity magnonics that goes beyond the conventional cavity QED
physics by harnessing the intrinsic property of a magnet.

Keywords:
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Sampling a Laser Field near Nanostructures Using Tunneling
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Abstract:

Localized surface plasmon resonance can enhance the electric field of an incident laser in the vicinity
of nanostructures, triggering electrons bound to metallic nanostructures to emit through tunneling.
The sub-cycle nature of the tunneling event can be utilized to characterize the plasmonic near-field in
a nanostructure array. Here, we demonstrate that the laser field can be directly sampled by measuring
the tunnel-emitted electrons. We also perform extinction spectra measurement using transmission
spectra of an incoherent white light source. A numerical electrodynamic simulation reproduces both of
the experimental results in good agreement.
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Abstract:

Laser power has increased dramatically with the development of chirped pulse amplification (CPA)
technology to amplify ultrashort laser pulses. High-power femtosecond lasers and plasmas have made
it possible to achieve higher energy densities and pressure states on a small laboratory scale than any
other existing method. It is becoming a platform for pioneering new basic science and applications
such as high-energy light source and particle beam development, laser nuclear fusion, astrophysics
and planetary physics, and extreme physics.

In this talk, | will present the current status and new opportunities in laser-plasma physics and the
recently launched "Ultrafast Laser Plasma Basic Research Laboratory" at GIST. Through this program,
we plan to explore uncharted territory by combining the expertise of plasma, laser, and condensed
matter physics, and make impacts in this emerging field.

This work received support from the National Research Foundation of Korea (NRF-2019R1A2C2002864,
RS-2023-00218180).
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X-ray Imaging and lonization dynamics in ultra-relativistic laser
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Abstract:

The of heating and ionization dynamics determine crucial plasma parameters such as plasma
temperature and density in ultra-short relativistic laser-solid target interactions. We have
experimentally demonstrated fs-resolved x-ray imaging, small angle x-ray scattering, and (resonant)
probing of radiative transitions in Cu foils and wires as a promising method to study spatial and
temporal ionization and relaxation dynamics, as well as hydrodynamics.

Data on these dynamics are in demand to improve particle-in-cell simulations, as the widely applied
Thomas-Fermi approximation lacks these and thus usually overestimates the ionization degree.

Opportunities at HED instrument at the European XFEL (Schenefeld, Germany) with its 25-fs x-ray
pulses, together with the demonstrated 20-30 fs timing synchronization to the 400-Terawatt ReLaX
short-pulse laser, allows unprecedented studies of relativistic laser plasmas. The talk will give an
overview about the x-ray diagnostics which can be added to fs ultrarelastivistic laser-plasma research,
and what parameter constraints these provide.

Keywords:

European XFEL, phase contrast imaging, resonant x-ray spectroscopy, ultrarelativistic laser plasmas, Cu
K-alpha emission, HED science.
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2The MEC-U project, SLAC National Accelerator Laboratory, U.S.A.
3High Energy Density Sciences Division of Fundamental Physics Directorate, SLAC National Accelerator
Laboratory, U.S.A.
4Physics and Astronomy, Bringham Young University, U.S.A.
5Advanced Photon Technologies Group, NIF and Photon Sciences, Lawrence Livermore National Laboratory,
US.A.
6Laser Development Projects, Laser and Materials Technology, Laboratory for Laser Energetics, U.S.A.
gilliss@slac.stanford.edu

Abstract:

In 2009, LCLS became the world'’s first hard X-ray free electron laser, providing light over 1 billion
times brighter than any previous light source. It was evident early on that this source would be a
transformative tool for high energy density laboratory plasma and dynamic compression science,
owing to its ultrafast nature, penetrating X-ray energies, and high brightness. The Matter in Extreme
Conditions (MEC) instrument was built to foster this science, and LCLS has delivered impactful science
in this area and inspired similar end stations at other XFELs, using higher power lasers. Now a new
project at SLAC, MEC-U, aims to bring a new world leading capability, combining a kilojoule shock
drive laser and high average power petawatt and long pulse lasers with LCLS, greatly expanding the
range of conditions that can be addressed. | will present about recent MEC work at LCLS, and the
MEC-U project.

Keywords:

High Energy Density Laboratory Plasmas 1, Dynamic Compression 2, X-ray science 3, Ultraintense Laser
Matter Interaction 4, Non-LTE plasmas 5, Spectroscopy 6, Scattering 7, Diffraction 8, Fusion Energy
Science 9, Laser Particle Accelerators 10
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EIC and LHC forward physics; complementary and similarity on
QCD study

CHUJO Tatsuya *1
Tinstitute of Pure and Applied Sciences, University of Tsukuba, Japan
chujo.tatsuya.fw@u.tsukuba.ac.jp

Abstract:

For the LHC Run 4 (2029-2032), a Forward Calorimeter (FoCal) is planned to take data in ALICE. This is
a new instrumentation to detect isolated photons, hadrons and jets at a very forward region (3.4 < n
< 5.8) in hadronic collisions at LHC. FoCal enables to probe an unexplored kinematic region of small-x

(~107%) and low Q? where a gluon saturation is expected. Around 2032, the Electron-lon Collider (EIC)
at BNL will be operated. One of the main goals of EIC is to find a signature of CGC and to study its

evolution in e-A. EIC and Forward LHC is complementary to each other because they probe different
kinematic region in different collisions systems with a same underlaying physics (QCD). We expect to

see a universality on QCD in different x-Q? spaces probed by EIC e-A and LHC hadron collisions. In
this talk, we will present a current status of FoCal and EIC with a focus on ZDC, physics goals in both
projects and similarities, and future plans.

Keywords:

Electron lon Collider (EIC), Large Hadron Collider (LHC), Forward Physics, ALICE, Forward Calorimeter
(FoCal), ePIC, Zero Degree Calorimeter (ZDC), Color Glass Condensate (CGC), Gluon Saturation, QCD
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Exclusive electroproduction of vector mesons with a
Regge model

KIM Sangho *1
TDepartment of Physics, Soongsil University

shkimphy@gmail.com
Abstract:

We investigate exclusive electroproduction of vector mesons off the proton target wirh a Regge model.
We consider the available data on the electroproduction of light vector mesons at various kinematical

ranges of Q% W, and t. Our model predictions can be very valuable at the future EIC.

Keywords:

electroproduction, vector meson, Regge model
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Perturbative QCD approach to the nucleon structure at EIC

YOSHIDA Shinsuke *1
Tinstitute of Quantum Matter, South China Normal University, China
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Abstract:

The investigation of the nucleon internal structure in high energy scatterings has been one of the
central subjects in basic science since quantum chromodynamics(QCD) was established as a
fundamental theory of the strong interaction. A lot of knowledge has been accumulated in the past
half century through the perturbative QCD analysis of experimental data. However, in spite of
tremendous theoretical and experimental effort, a lot of mysteries still lie in the proton structure. The
measurement of the gluon total spin inside the proton at relativistic-heavy-ion-collider(RHIC) is one of
the most important observations made in the past couple of decades.

Further investigation will be inherited by the next-generation electron-ion-collider(EIC) experiment. In
this talk, | will introduce some major theoretical work related to the EIC experiment.

Keywords:

Electron-lon-Collider, Nucleon structure, Perturbative QCD

- 381 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27
F7.04

Electroproduction of phi meson at EIC

SHIM Sang-In *1, KIM Yongsun 2, NAM Seung-Il 3
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Abstract:

We investigate the electroproduction of the #-meson from a proton target, £ P — €% P, based on the
effective Lagrangian approach. For the part of the process, 7P — ¢ P, in addition to the t-channel
process including Pomeron exchange and axial-vector Regge and etc,, we introduce the contribution of
the exotic pentaquark molecular state KA*#Sigma, assigned as PsA{+}(2071, 3/2”{-}). The analysis on
the differential cross section for the unpolarized and polarized electrons and protons, taking into
account the energy up to #sqrt{s} = 126 GeV, which is relevant for the Electron-lon Collider (EIC)
experiment, will be provided.

Keywords:

phi-meson, electroproduction, pentaquark,EIC
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Rydberg-atom implementation of quadratic unconstrained binary
optimization problems

BYUN Andrew 1, JEONG Junwoo 1, KIM Kangheun 1, KIM Minhyuk 2, JEONG Seokho 1, JEONG Heejeong 3, AHN
Jaewook *1
TPhysics, KAIST
2Physics, Korea University
3Research Institute, Qunova Computing Inc.
jwahn@kaist.ac.kr

Abstract:

Solving combinatorial optimization problems using classical resources is a well-known complex
computational problem. In many cases, combinatorial optimization problems are mapped to graph
problems [1]. Optical tweezer-arranged neutral atoms, which are coupled with the Rydberg state, could
implement “graphs” [2,3]. These Rydberg-atom graphs inherently hold the information, maximum
independent set(MIS), which is a special kind of graph-coloring problem [2]. Rydberg-atom quantum
wire, a recently developed method, could make remote coupling between two distinct atom pair so
that there is no restriction of geometry and topology of the Rydberg-atom graph [4,5]. Here, we
experimentally find the solutions of the quadratic unconstrained binary optimization problem (QUBO)
using the Rydberg-atom graph. We implement several two- and three-variable QUBO problems using
fewer than N=15 atoms. We extend the concept of the Rydberg quantum wire so that under the
condition that the Rydberg-atom graph represents MIS, every interactions in the Rydberg-atom graph
are effectively formulated as quadratic ZZ interaction of the Ising model, which could represent QUBO
cost function. QUBO-programmed Rydberg-atom graph prints the optimal of the QUBO cost function
after adiabatic control. QUBO has the simple quadratic form of the cost function, so the QUBO-
programmed Rydberg-atom graph could represent many complex optimization problems in the real
world.

[1] C. H. Papadimitriou and K. Steiglitz, “Combinatorial Optimization: Algorithms and Complexity,”
Dover Publications, (1998)

[2] H. Pichler, S.-T. Wang, L. Zeo, S. Choi and M. Lukin, "Quantum Optimization for Maximum
Independent Set Using Rydberg Atom Arrays,” ArXiv:1808.10816 (2018).

[3] M. Kim, Y. Song, J. Kim, and J. Ahn, “Quantum Ising Hamiltonian Programming in Trio, Quartet, and
Sextet Qubit Systems,” PRX Quantum 1, 020323 (2020).

[4] M. Kim, K. Kim, J. Hwang, E.-G. Moon, and J. Ahn, "Rydberg Quantum Wires for Maximum
Independent Set Problems,” Nat. Phys. 18, 755-759 (2022).

[5] A. Byun, M. Kim, and J. Ahn, “Finding the maximum independent sets of Platonic graphs using
Rydberg atoms,” PRX Quantum 3, 030305 (2022).

Keywords:

Rydberg-atom, Optical tweezer, Rydberg-atom graph, Quantum computing, Quadratic unconstrained
binary optimization(QUBO)
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Computational complexity of integer factorization by Rydberg
atoms

PARK JuYoung_1, KIM Minhyuk 2, JEONG Seok Ho 1, KIM Kangheun 1, AHN Jaewook *1
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2Physics, Korea University
jwahn@kaist.ac.kr

Abstract:

Integer factorization is key element in modern cryptographies such as RSA [1]. Recent Rydberg atom
quantum annealing maximum independent set experiments [2] reveal the possibility of solving integer
factorization problem by such experiments. We introduce integer factorization problem solved by
Rydberg atom quantum annealing maximum independent set experiments. To show efficiency of such
scheme we discuss the computational complexity in terms of classical and quantum part. For integer
of interest (e.g. N=6, 15, 35, etc.), the classical computation complexity translated to the number of

0 ( 2 (log, N}
required SAT clauses scales as 3 and the quantum computational complexity translated
to the number of atoms required in single experiment scales as O (3.3 (logy N J.J}.
[1] Rivest, Ronald L., Adi Shamir, and Leonard Adleman. "A method for obtaining digital signatures and
public-key cryptosystems." Communications of the ACM 21.2 (1978): 120-126.
[2] Ebadi, Sepehr, et al. "Quantum optimization of maximum independent set using Rydberg atom
arrays." Science 376.6598 (2022): 1209-1215.
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Floquet-tailored Rydberg interactions

LOH Huanggian *1
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Abstract:

Programmable interactions are a basic ingredient for generating entanglement and controlling
dynamics in quantum processors. In Rydberg atom arrays, the atom spacing relative to the Rydberg
blockade radius has so far mostly governed whether the atoms experience Rydberg blockade or anti-
blockade. Here we demonstrate the ability to tailor Rydberg interactions using Floquet frequency
modulation, with which we achieve Rydberg-blockade entanglement beyond the traditional blockade
radius. Further, we find that the Floquet frequency modulation protects the entangled state coherence
and enables new pathways to strongly-interacting states. Our Floquet work opens the door to realizing
more connected, coherent, and versatile neutral atom processors with a single approach.

Keywords:

Rydberg atom, Floquet frequency, quantum entanglement, quantum information processing
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Raman driving of atomic hyperfine qubits with an electro-optic
modulator

WANG Tsai-Ni *12, HUANG I-Chia 1.2, LIN Yu-Ju 2, CHEN Ying-Cheng 1.2
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2Institute of Atomic Molecular Sciences, Academia Sinica, Taiwan
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Abstract:

Hyperfine atomic qubits with a transition frequency of several GHz can be driven by microwave fields
or by two-photon stimulated Raman transitions. Microwaves allow high-fidelity single-qubit control but
lack the function of local addressing of individual qubits separated by micrometer range. Raman
transitions with a given laser zone for single-qubit gate operations with the transportable qubits
scheme, in addition with the Rydberg transitions for two-qubit gates, enable large-scale
implementation of quantum algorithms. Various schemes have been used to drive stimulated Raman
transitions of hyperfine qubits. Here, we report a simple and efficient Raman transition scheme based
on an electro-optical modulator (EOM). A Raman laser beam is phase modulated by an EOM with its

polarization at q=45° with respect to the optical axis of the EOM. The beam component with its
polarization parallel to the optical axis of EOM can generate sidebands while the beam component
with its polarization orthogonal to the optical axis has no sideband. The sidebands with the
orthogonally polarized carrier can induce the Raman transition. We have used cold cesium atoms to
characterize this scheme. Rabi frequencies versus the angle O and the modulation index are measured.
The stability of Rabi frequency versus the temperature drift of the EOM will be discussed.

Keywords:

quantum gate, Raman transition, qubit, electro-optic modulator, microwave
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Discrimination of fast-time scale temporal sequences based on a
Pavlovian-conditioned spiking neural network
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Abstract:

Brain activity spans a wide range of timescales, from milliseconds to hours. The ability of neural
networks to discern sequences of events occurring within the fast timescale of milliseconds, as
required in tasks like precise timing events in sports or music performances, remains a topic of
ongoing research. Here we propose and investigate a temporally Pavlovian conditioned spiking neural
network to model this ability. Through numerical simulations and graph-theoretical analyses, we
demonstrate that the conditioned model network effectively distinguishes various pairs of (model)
sensory inputs occurring sequentially with distinct time intervals. Furthermore, the same network can
be conditioned to discriminate triplets of events, formulated with a set of two time intervals, from
other triplets with different time intervals. Interestingly, the encoding process generates a structured
feed-forward network. And the decoding process is based on the deformation and overall shift of
population burst profiles. Our study sheds light on the neural mechanisms involved in discriminating
fast temporal events and may have implications for understanding time perception and cognitive
processing in real-world scenarios where precise timing is essential.

Keywords:

spiking neural network, sensory signal perception, learning and memory
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Unveiling the Odor Representation in the Inner Brain of
Drosophila through Compressed Sensing

HYEON Changbong_*
1School of Computational Sciences, Korea Institute for Advanced Study(KIAS)
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Abstract:

The putative dimension of a space spanned by chemical stimuli is deemed enormous; however, when
odorant molecules are bound to a finite number of receptor types and their information is transmitted
and projected to a perceptual odor space in the brain, a substantial reduction in dimensionality is
made. Compressed sensing (CS) is an algorithm that enables the recovery of high dimensional signals
from low dimensional data compressed through a sensing matrix when the representation of such
signals is sufficiently sparse in the vector space. Here, we use the recent Drosophila connectomics data
to show that the sensing matrix defined from two interneuronal synaptic interfaces effectively fulfills
the prerequisites for CS to work. We demonstrate the activity profile of projection neurons (PNs) can
be faithfully recovered from a lower dimensional response profile of mushroom body output neurons
(MBONSs) constructed using the experimentally measured electrophysiological responses to a wide
range of odorants. By leveraging the residuals calculated between the measured and the predicted
MBON responses, we visualize the perceptual odor space in terms of residual spectrum and discuss
the differentiability of a given odor. The simultaneous introduction of many different odorants
saturates the activity profile of PNs, significantly degrading the capacity of signal recovery, resulting in
a perceptual state analogous to “olfactory white." Our study that applies CS to the connectomics data
of the Drosophila olfactory system provides novel and quantitative insights into the structure of
perceptual odor space and odor representation in the brain.

Keywords:

Compressed sensing, Drosophila olfactory system, Perceptual odor space, Projection neurons,
Mushroom body output neurons
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Decoding neural connections from activity data

JO Junghyo *1
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Abstract:

Neural signaling relies on intricate connections between neurons, but identifying the physical
connections is a challenging task. However, recent advances in experimental techniques make it
increasingly feasible to measure the activities of many neurons simultaneously. Thus, inferring a neural
network from a time series of neural activities becomes a vital problem in neuroscience. To tackle this
challenge, we use the kinetic Ising model, a physics-based model that assumes the future activity of
binary variables is probabilistically determined based on their linear interactions. By optimizing the
interaction weights between variables to enhance the consistency between observed and expected
activities, we can infer the underlying network structure. However, network inference faces challenges
such as hidden variables and missing data that may lead to incomplete and biased results. To address
these issues, we use the expectation-maximization method, which iteratively estimates hidden or
missing values and optimizes the interaction weights. In this talk, we demonstrate the effectiveness of
our approach in inferring neural networks from time series of neural activities and predicting future
neural activities.

Keywords:

Kinetic Ising model, Neural network inference, Expectation-maximization method, Neural activity
prediction, Hidden variables and missing data
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Relationship between Phase Dynamics Patterns of Human Brain
Waves and the Level of Consciousness
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Abstract:

The human brain consists of billions of neurons interacting with each other. Neural interactions lead to
the appearance of consciousness. During anesthesia, the brain shows random firing patterns because
the anesthetic interrupts the interactions between neurons. Despite accumulating studies focusing on
the underlying mechanism, it is still unclear how anesthetics alter the neural dynamics to cause loss of
consciousness. In this study, we analyze human anesthesia electroencephalography (EEG) recording
data from 9 participants. We find that the level of consciousness is related to the phase dynamics
pattern of brain waves. First, our results show that the brain forms two dominant modes during the
conscious state-the anterior part phase leading the posterior part, and the posterior part phase
leading the anterior part. Second, we find that the dominance of these two patterns disappears with
increasing the anesthesia depth. Third, we observe that the dominant modes return as the level of
consciousness recovers. We interpret that the phase dynamics patterns reflect the information flow
dynamics across the brain network which becomes weaker during the general anesthesia. In
conclusion, our results show that the dominant modes discovered in our study may be neural
correlated of consciousness and play a crucial role in brain state transition.

Keywords:

Human brain, Relative phase dynamics, Consciousness
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Effect of Adult-Born Immature Granule Cells on Pattern
Separation in A Biological Network of The Hippocampal Dentate
Gyrus

KIM Sang-Yoon 1, LIM Woochang_*1
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Abstract:

Young immature granule cells (imGCs) appear via adult neurogenesis in the hippocampal dentate
gyrus (DG). In comparison to mature GCs (mGCs) (born during development), the imGCs exhibit two
competing distinct properties such as high excitability (increasing activation degree) and low excitatory
innervation (reducing activation degree). We develop a spiking neural network for the DG,
incorporating both the mGCs and the imGCs. The mGCs are well known to perform "pattern
separation” (i.e., a process of transforming similar input patterns into less similar output patterns) to
facilitate pattern storage in the hippocampal CA3. In this paper, we investigate the effect of the young
imGCs on pattern separation of the mGCs. The pattern separation efficacy (PSE) of the mGCs is found
to vary through competition between high excitability and low excitatory innervation of the imGCs.
Their PSE becomes enhanced (worsened) when the effect of high excitability is higher (lower) than the
effect of low excitatory innervation. In contrast to the mGCs, the imGCs are found to perform "pattern
integration” (i.e., making association between dissimilar patterns). Finally, we speculate that memory
resolution in the hippocampal CA3 might be optimally maximized via mixed cooperative encoding
through pattern separation and pattern integration.

Keywords:

Hippocampal dentate gyrus, Adult neurogenesis, Immature granule cells, High excitability, Low
excitatory innervation
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Braiding of anyons at a quantum point contact
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Abstract:

Anyons are quasiparticles that do not obey the fermionic nor bosonic identical particle statistics. They
show fractional braiding statistics behavior when an anyon winds around another in two dimension.
We have predicted a new type of anyon braiding, which happens when a dilute anyon beam is
partitioned at the quantum point contact in the fractional quantum Hall regime. In the effect, an
anyon excited at the quantum point contact braids (in time domain) the anyons of the dilute beam
arriving at the quantum point contact within the time window of the excitation. Recent experimental
results [3], observed at quantum Hall filling factor 1/3, agree with the braiding with a braiding phase
21/3, providing an evidence of the fractional statistics of Abelian anyons.

[1] B. Lee, C. Han, H.-S. Sim, Phys. Rev. Lett. 123, 016803 (2019).
[2] J.-Y. M. Lee and H.-S. Sim, Nat. Commun. 13, 6660 (2022).

[3] J.-Y. M. Lee, C. Hong, T. Alkalay, N. Schiller, V. Umansky, M. Heiblum, Y. Oreg, and H.-S. Sim, Nature
617, 277 (2023).
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Topological edge modes and band-crossings from compact
localized states
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Abstract:

A compact localized state (CLS) is a characteristic localized eigenstate of a flat band [1,2]. A CLS has
nonzero amplitudes only inside a finite spatial region while precisely zero outside due to the quantum
destructive interference a specific lattice structure provides. While the CLS explains the origin of
completely flat bands, which are dispersionless over the whole Brillouin zone, the localization
mechanism for partially flat bands ubiquitous in surfaces of topological semimetals has been unknown.
We show that a partially flat band is characterized by a non-normalizable CLS featuring a quasi-
localization nature. In this band, one can have the Wannier obstruction even if the band is
topologically trivial. We also discuss a novel type of band-crossing protected by symmetry properties
of the compact localized states.

[1] J.-W. Rhim and B.-J. Yang, Phys. Rev. B 99 045107 (2019).
[2] J.-W. Rhim and B.-J. Yang, Advances in Physics: X 6 1901606 (2021).
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Topological Magnonics: Hall, Spin Hall, and Orbital Hall Effects of
Magnons
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Abstract:

In this presentation, | will discuss my recent findings on topological magnon transport, specifically
focusing on the magnon Hall effect, magnon spin Hall effect, and magnon orbital Hall effect. First, |
will explain how the well-known magnetoelastic interaction driven by Kittel enables the nontrivial
topology of magnon-phonon hybrid excitations, even though each magnonic and phononic system is
topologically trivial. Because the magnetoelastic interaction is ubiquitous in magnetic materials, our
result indicates that the topological magnon-polaron's existence is not restricted to specific conditions
but is a quite generic phenomenon. Next, | will discuss that the magnetoelastic interaction allows giant
spin Nernst effect of magnon-polarons in the antiferromagnetic systems. Additionally, | will introduce a
novel transport phenomenon: the magnon orbital Hall effect. Investigating honeycomb
antiferromagnet, we discovered that the magnon orbital Berry curvature remains finite even in the
absence of spin-orbit coupling-related effects. This intrinsic transport property solely relies on the
exchange interaction and lattice structure. Interestingly, due to the intrinsic nature of the magnon
orbital Hall effect, the magnon orbital Nernst conductivity is estimated to be orders of magnitude
larger than the predicted values of the magnon spin Nernst conductivity that require finite spin-orbit
coupling. Because the magnetoelectric effect couples the magnon orbital and electric polarization, for
the experimental detection of the magnon orbital Hall effect, | suggest the local voltage measurement
which allows to detection of the magnon orbital accumulation.

Keywords:

magnon Hall effect, topological magnon, magnon spin Nernst effect, magnon orbital Hall effect
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Strong interlayer coupling and stable topological flat bands in
twisted bilayer photonic Moiré superlattices
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Abstract:

The alignment of atomic bilayers creates a moiré superlattice, which can be used to design materials
with adjustable properties. This study introduces a two-dimensional photonic crystal version of the
moiré superlattice using dielectric resonator quasi-atoms. Unlike van der Waals materials with weak
interlayer coupling, our moiré superlattice realizes a strong coupling regime, resulting in robust flat
bands at large twist angles. These flat bands exhibit non-trivial band topology, which arises from the
moiré pattern of the resonator arrangement. The flat band topology manifests as a one-dimensional
conducting channel on the edge, protected by the reflection symmetry of the moiré superlattice. By
breaking the underlying reflection symmetry on the boundary terminations, we demonstrate that the
first-order topological edge modes transform into higher-order topological corner modes. This work
pioneers the physics of topological phases in the designable platform of photonic moiré superlattices,
going beyond the weakly coupled regime.

Keywords:

Topological photonic crystal and flat bands, Twisted bilayer photonic Moiré superlattices
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Revealing inverted chirality of hidden domain wall states in
multiband systems without topological transition
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Abstract:

Chirality and topology are concepts of great importance that lead to novel physical properties and
potential applications in various fields.

We investigate the emergence of hidden chiral domain wall states using a double-chain Su-Schrieffer-
Heeger model with interchain coupling specifically designed to break chiral symmetry. We found that
we can manipulate the gap with interchain coupling and dimerization displacement not bringing any
topological phase changes. We identify hidden chiral domain wall states exhibiting opposite chirality
to the domain wall states in the single-gap phase, where the opposite chirality is confirmed through
spectrum inversion

and charge pumping as the corresponding domain wall slowly moves.

By engineering gap structures, we demonstrate control over hidden chiral domain states.

Keywords:

Chirality, Charge pumping, Domain wall state
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Breakthroughs in material synthesis and characterization at
extreme conditions

PRAKAPENKA Vitali B.*1
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Abstract:

In recent years, high pressure research has made breakthrough progress in many fields of science
mainly due to significant improvements in both types of high-pressure vessels (diamond anvil cell and
large volume press), high x-ray energy sensitive detectors and developments of advanced static and
dynamic probes including, high spatial and energy resolution synchrotron-based and optical
techniques. Most of the experiments at ultra-extreme pressure and temperature conditions are very
challenging and require dedicated synchrotron beamlines, where state-of-the-art high-pressure on-
and off-line techniques have been implemented and are currently being developed. Such unique
capabilities at ultra-high P-T conditions approaching the warm dense state of matter will open an
entire new research area creating a bridge between shockwave and DAC experiments that provides
fundamental structural, thermodynamic, and transport property information essential for
understanding the composition, origin and evolution of planetary systems.

With this technique we have successfully studied a number of unique properties of elements and their
compounds synthesized at ultra-extreme pressure-temperature conditions such as transition metals,
silicates, various polyhydrides, super-ionic phases of ice etc. Details of recent results and future
developments of cutting-edge synchrotron and laser techniques for complex synthesis and
comprehensive characterization of materials in-situ at extreme conditions in view of planned APS
diffraction limited storage ring upgrade will be discussed.

Keywords:
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Current studies on the discovery of low-pressure-based
superconductors
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Abstract:

Recently, a possibility of low pressure-based high-temperature superconductors [1] and even room-
temperature superconductor at ambient conditions have been reported, but whether to reproduce or
verify through experiments is still under discussion [2]. In this study, the structure and transport
properties of Lu-based nitrogen-doped hydrides were measured at high pressure using a diamond
anvil cell. Contrary to what was reported by Dias et al.,, superconductivity was measured at low
temperature of 5.6 K at 2 GPa, which is responsible for the superconductivity characteristic of LuH3
instead of nitrogen doping.

In addition, the up-to-date results on synthesis, structure and electronic resistance properties of LK-99
[3], claimed to be exhibiting superconductivity at ambient condition, will be reported.

[Reference]

1. Nathan Dsenbrock-Gammon et al., “Evidence of near-ambient superconductivity in a N-doped
lutetium hydride”, Nature Vol. 615, 244 (2023).

2. Xue Ming et al.,, "Absence of near-ambient superconductivity in LuH2 £xNy",

Nature Vol 620, 72 (2023).

3. Sukbae Lee et al,, "The First Room-Temperature Ambient-Pressure Superconductor”, Axive and
following reports.
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The Wondrous World of Carbon Under High Pressure

WANG Yanbin *1
1Center for Advanced Radiation Sources, The University of Chicago, USA
wang@cars.uchicago.edu

Abstract:

Carbon forms a wide variety of allotropes. High pressure is a unique tool to create new carbon
materials and to characterize physical properties of these materials. In this talk, | will present results
from several recent collaborative studies (which involve too many coauthors to list here) on selected
carbon materials and their unique mechanical properties. Examples are: (1) Type-Il glassy carbon has
tunable mechanical properties, such as zero Poisson’s ratio and exceptional compressibility, under
compression. (2) Compressional strength of nanopolycrystalline diamond (NPD) synthesized from pure
graphite is as high as 20 GPa when deformed at >10 GPa and 1200 °C. Such a strength is 2-3 times
greater than conventional polycrystalline diamonds. NPD deforms primarily by twinning and lattice
rotation, instead of dislocation mediated mechanisms. (3) Diamond synthesized from carbon onions
contains extremely high density of twins. Such nanotwinned diamond has even higher hardness and
thermal stability at 1 bar.

Keywords:

Carbon allotropes, multi-anvil, diamond-anvil cell, high pressure, synchrotron, hardness, strength,
elastic properties, nano-twinning

- 399 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27
F12.01

Probing resonating valence bond states in artificial quantum
magnets using ESR-STM

YANG Kai *1.2
Tinstitute of Physics, Chinese Academy of Sciences, China
2School of Physical Sciences, University of Chinese Academy of Sciences, China
kaiyang@iphy.ac.cn

Abstract:

Designing and characterizing the many-body behaviors of quantum materials represents a prominent
challenge for understanding strongly correlated physics and quantum information processing. We
constructed artificial quantum magnets on a surface by using spin-1/2 atoms in a scanning tunneling
microscope (STM) [1]. These coupled spins feature strong quantum fluctuations due to
antiferromagnetic exchange interactions between neighboring atoms. To characterize the resulting
collective magnetic states and their energy levels, we performed electron spin resonance (ESR) [2] on
individual atoms within each quantum magnet. This gives atomic-scale access to properties of the
exotic quantum many-body states, such as a finite-size realization of a resonating valence bond state.
The tunable atomic-scale magnetic field from the STM tip allows us to further characterize and
engineer the quantum states [3]. These results, combined with pulsed ESR, open a new avenue to
designing and exploring quantum magnets at the atomic scale for applications in spintronics and
quantum simulations.

[1] K. Yang et al., Nat. Commun. 12, 993 (2021).
[2] S. Baumann et al., Science 350, 417 (2015).
[3] K. Yang et al.,, Phys. Rev. Lett. 122, 227203 (2019).
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Molecular quantum sensor on a scanning probe tip for sensing
electric and magnetic fields with single-atom sensitivity

ESAT Taner *1.2, BORODIN Dmitriy 34, OH Jeongmin 34, BAE Yujeong *34, TAUTZ Frank Stefan1.2,5, HEINRICH
Andreas *34, TEMIROV Ruslan 1.2.6
TPeter Griinberg Institute (PGI-3), Forschungszentrum Julich, Germany
2)ulich Aachen Research Alliance (JARA), Fundamentals of Future Information Technology, Forschungszentrum
Jalich, Germany
3Center for Quantum Nanoscience (QNS), Institute for Basic Science (IBS)
4Department of Physics, Ewha Womans University
SExperimentalphysik IV A, RWTH Aachen University, Germany
6Faculty of Mathematics and Natural Sciences, Institute of Physics II, University of Cologne, Germany
t.esat@fz-juelich.de, bae.yujeong@qns.science, heinrich.andreas@qns.science

Abstract:

Artificial nanostructures, fabricated by placing atoms or molecules as building blocks in well-defined
positions, are a powerful platform in which quantum effects can be studied and exploited. Here | will
show that the manipulation capabilities of the scanning tunneling microscope (STM) can be used to
place aromatic molecules in a standing configuration on a surface or STM tip. These standing
molecular nanostructures are spin 1/2 systems, which exhibit a strong decoupling from the metal and
mechanical flexibility. These properties even allow coherent control of the spin state using STM-based
electron spin resonance (ESR) when the nanostructures are fabricated on the metallic tip. This enables
the use of these nanostructures as quantum sensors on the movable tip for electric and magnetic
fields with single-atom sensitivity, since these fields cause a change in the transition energy between
the different quantum states, which can be detected with the high energy resolution of ESR.

Keywords:

Scanning tunneling microscope (STM), Electron spin resonance (ESR), Molecular nanostructure,
Quantum Sensor
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Superconductivity in atom-by-atom crafted quantum corrals

SCHNEIDER Lucas *1, THAT TON Khai 1, IOANNIDIS loannis 2.3, NEUHAUS-STEINMETZ Jannis 1, POSSKE Thore
2,3, WIESENDANGER Roland 1, WIEBE Jens 1
1Department of Physics, University of Hamburg, Germany
2|, Institute for Theoretical Physics, University of Hamburg, Germany
3Centre for Ultrafast Imaging, CUI, Germany
luschnei@physnet.uni-hamburg.de

Abstract:

Gapless materials in electronic contact with superconductors acquire proximity-induced
superconductivity in a region near the interface. Here, we investigate the most miniature example of
this so-called proximity effect on only a single quantum level of a surface state confined in a quantum
corral on a superconducting substrate, built atom-by-atom using a scanning tunneling microscope.
Whenever an eigenmode of the corral is pitched close to the Fermi energy by adjusting the corral’s
size, a pair of particle-hole symmetric states is found to enter the superconductor’s gap. By
comparison to a resonant level model of a spin-degenerate localized state coupled to a
superconducting bath, we identify the in-gap states as scattering resonances theoretically predicted in
1972 which had so far eluded detection. We further show that the observed anticrossings of the in-
gap states indicate proximity-induced pairing in the quantum corral’s eigenmodes. Finally, we study
how magnetic adatoms interact with the corral’s eigenmodes.

Keywords:

Superconductivity, Superconducting proximity effect, Quantum dots, Quantum corral, Scanning
tunneling microscopy, Scanning tunneling spectroscopy
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Exploring topological superconductors and emergent quantum
states

CHOI Deung-Jang_*1.2.3
1Centro de Fisica de Materiales, CFM/MPC (CSIC-UPV/EHU), Spain
2Donostia International Physics Center (DIPC), Spain
3lkerbasque, Basque Foundation for Science, Spain
djchoi@dipc.org

Abstract:

In this invited talk, we delve into the forefront of quantum science by investigating topological
superconductors and emergent quantum states using advanced atomic manipulation techniques. By
employing Scanning Tunneling Microscopy (STM), we design, synthesize, and characterize magnetic
nanostructures with tailored electronic properties. We explore the interaction between designed
structures on superconducting surfaces, unraveling the emergence of exotic states. Through differential
conductance measurements, we validate theoretical predictions and probe quantum topological phase
transitions induced by magnetic impurities. Our results shed light on Majorana bound states and their
non-Abelian exchange properties, vital for the development of topological quantum computation. This
talk highlights our efforts to bridge the gap between theory and experiment, advancing our
understanding of quantum phenomena and paving the way for innovative quantum technologies.

Keywords:

Topological superconductivity, quantum states, scanning tunneling microscope (STM), quantum
topological phase transitions
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Exploration of interlayer stacking configurations and new
polymorphs in van der Waals crystals using transmission electron
microscopy

KIM Kwanpyo *1
TPhysics, Yonsei University
kpkim@yonsei.ac.kr

Abstract:

Transmission electron microscopy (TEM) has emerged as a powerful tool for identifying and
discovering new nanomaterials. In this talk, | will survey various examples of the identification of new
materials via TEM characterizations. In particular, various studies on the new polymorphic
configurations of van der Waals materials will be introduced. Each layer in these crystals is stacked
together via a relatively weak van der Waals interaction and can be isolated as an atomic-thin layer.
Various meta-stable stacking configurations can be realized in these systems, including twisted
stacking configurations, which can be also exploited for tuning physical properties. Moreover, new
intralayer structures can be also obtained by new synthetic methods for some layered crystals.

Keywords:

Transmission electron microscopy, nanomaterials, van der Waals crystals, new polymorphs
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Operando Surface Techniques to Detect Photon and Chemically
Excited Hot Electrons
PARK Jeong_Young_*

TDepartment of Chemistry, KAIST
jeongypark@kaist.ac.kr

Abstract:

The detection of hot electrons and understanding the correlation between hot electron generation and
surface phenomena are crucial tasks in the surface science and catalysis community. It has been found
that the hot electron flux generated under photon absorption and exothermic chemical reaction is the
major mediator of energy conversion process. In this talk, | introduce the research direction to attempt
to detect the surface plasmon driven hot carrier at the nanometer scale. Photoconductive atomic force
microscopy has been utilized to observe photoinduced hot electrons on a triangular Au nanoprism on
n-type TiO2 under incident light. We observed surface plasmon induced hot hole on Au nanoprism /
p-type GaN. | will discuss the impact of hot carriers in the photocatalytic activity under
photoelectrochemical water splitting by using Au-based plasmonic nanostructures. In addition, | will
describe operando surface characterization on metal-oxide interfaces and hot electron flows under
catalytic conditions.

Keywords:

scanning probe microscopy, hot carriers, surface plasmon, chemicurrent, photoconductive atomic force
microscopy
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Atomic force microscope-based analysis of the low-dimensional
materials and their applications

AN Sangmin *1
TDepartment of Physics, Institute of Photonics and Information Technology, Jeonbuk National University
san@jbnu.ac.kr

Abstract:

Just as we observe the vast world of the universe, people have paid great attention to observing the
microscopic world of atoms. Optical microscopes have difficulty distinguishing objects smaller than a
few hundred nanometers, but an alternative, the atomic force microscope (AFM), has been developed
that allows observation of the nanoscale world. This has allowed us to dig into the realm of
nanoscience. In particular, when objects are reduced to the nanoscale, liquids exhibit solid-like
properties, and solids exhibit liquid-like properties, leading to an interesting phenomenon. This
phenomenon was observed using an AFM. In this study, we will discuss how to analyze nanomaterials
using AFM and how it can be used in various fields. Uniquely, we will discuss the technology that
enables 3D printing at the nanoscale using custom atomic force, and how to implement nanoscale 3D
printing based on the unique properties of low-dimensional liquids. Furthermore, the capabilities of
AFM extend to the study of two-dimensional materials. This allows us to understand the properties
and behavior of matter, which has enormous implications for materials science and electronics. As an
important component of AFM, the fabrication of cantilevers is also discussed. These cantilevers play an
important role in the functioning of AFM. Exploring how to fabricate and optimize these cantilevers
becomes a fundamental aspect of pushing the limits of AFM technology [1-3].

< References >

[1] Hyeonsu Kim, Dong-Hyun Kim, Yunjo Jeong, Dong Su Lee, Jangyup Son*, and Sangmin An*,
"Chemical gradients on graphene via direct mechanochemical cleavage of atoms from chemically
functionalized graphene surface”, Nanoscale Adv. 5, 2271-2279 (2023)
https://doi.org/10.1039/D3NA00066D

[2] Hyeongwoo Leg, Yeonjeong Koo, Shailabh Kumar, Yunjo Jeong, Dong Gwon Heo, Soo Ho Choi,
Huitae Joo, Mingu Kang, Radwanul Hasan Siddique, Ki Kang Kim, Hong Seok Lee*, Sangmin An, Hyuck
Choo*, and Kyoung-Duck Park*, " All-optical control of high-purity trions in nanoscale waveguide",
Nat. Commum. 14, 1891 (2023). https://doi.org/10.1038/s41467-023-37481-1

[3] Chungman Kim, Sunghoon Hong, Dongha Shin, Sangmin An, Xingcai Zhang, Wonho Jhe, "Sorting
Gold and Sand (Silica) Using Atomic Force Microscope-Based Dielectrophoresis”, Nano-Micro Lett. 14,

13 (2022). https://doi.org/10.1007/s40820-021-00760-x
Keywords:
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High-Performance Polymer Field-Effect Transistors Enabled by
Self-Aligned Nanopatterning
KIM Chae Won 1, PARK Keon Joo 1, CHUN Young_Tea *1

1Division of Electronics and Electrical Information Engineering, Korea Maritime and Ocean University
ytc24@kmou.ac.kr

Abstract:

Polymer nanowire field-effect transistors (PFETs) integrated on highly aligned large-area flexible
substrates are promising structures for the advancement of flexible electronics with high performance.
In semiconducting polymers, charge carriers primarily transport through either interchain hopping or
intrachain transport. Intrachain transport has been known to be a few times faster than interchain
hopping. Thus, aligning polymer chains in a desired direction enhances intrachain transport.

This study presents the fabrication of PFETs using a simple stamp method based on semiconducting
polymer nanowires. The alignment of chains within the polymer nanowires was confirmed using
various measurement techniques. The PFETs based on P-type and N-type polymer nanowires
demonstrated exceptional carrier mobilities. Additionally, the polymer nanowire-based complementary
inverter logic circuit exhibited a high voltage gain, ideal trip voltage, and exceptional large noise
margins.

Keywords:

PFETs, Nanowire, Interchain, Stamp
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Vertical Organic Transistors: Overcoming Limitation of Next
Generation Semiconductor Devices

LIM Kyung-Geun *1.2,3
TOMM, KRISS
2YU-KRISS Graduate University, Yonsei University
3Applied Measurement Science, University of Science and Technology
kglim6@gmail.com

Abstract:

The current record for high-speed organic transistor is reached by the vertical organic thin film
transistor (VOTFT) with very short vertical carrier paths and 3D nano structures. Despite their
advantages, device fabrications need highly delicate techniques such as multiple photolithography and
vacuum evaporation processes to control the nanoscale structure and vertical current path of VOTFT.
An anodizing process is introduced in the various types of VOTFT and the optoelectronic and
informatic devices based on VOTFT by using the nanoscale oxide architecture with excellent dielectric
properties using simple electrochemical fabrication. Therefore, the soft, high-performing and

convergence electronics such as communications, skintronics and synaptics are intensively developing
based on VOTFT.

Keywords:

vertical, organic, transistors, votft
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A Distinctive Persistent Photocurrent Effect in MoS5,-LaAlO3
Heterostructure

NA Junhong_*
TDepartment of Physics, Kangwon National University

mozildori@empas.com
Abstract:

Heterostructures typically consist of similar structural families due to epitaxial lattice matching
advantages. However, since the emergence of 2D van der Waals (vdW) materials like graphene, mixed-
dimensional vdW heterostructures with non-2D vdW materials have become appealing due to the
avoidance of lattice mismatch issues. Despite their potential, few studies have explored
heterostructures combining 2D vdW materials and functional metal oxides. In this study, we introduce
the first mixed-dimensional vdW heterostructure using 2D MoS, and 3D lanthanum aluminate (LAO),

demonstrating a unique persistent photocurrent (PPC) phenomenon. This PPC behavior allowed for an
optoelectronic memory based on MoS2/LAO, WSe,/LAQO, and graphene/LAO heterostructures, with

distinct differences in the photo-induced doping effect. We highlight the role of the heterointerface in
these effects and offer insights into designing next-gen optoelectronic devices, emphasizing both the
individual and combined attributes of 2D vdW materials and functional metal oxides.

Keywords:

Persistent Photocurrent, Optoelectronic Memory, 2D van der Waals Heterostructure, Functional Oxides
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Electrode Design of Aqueous Zinc-ion Batteries for Low-cost
Energy Storage Systems
AN Geon-Hyoung_*1
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Abstract:

In the realm of renewable energy and the pressing global climate objectives, integrating efficient
renewable energy sources with cost-effective energy storage systems (ESS) is vital. Aqueous Zinc-ion
batteries (ZIBs) have emerged as a promising solution for expanding renewable energy utilization in
modern power grids. ZIBs offer benefits like high capacities, low redox potential, affordability, and
inherent safety from aqueous electrolytes. Yet, ZIBs encounter hurdles that impede their advancement.
Challenges include Zn anode dissolution, corrosion, limited nucleation sites, and low wettability,
impacting the Zn plating process and leading to uneven charge density and dendrite growth.
Additionally, Zn anodes suffer stability issues in mildly acidic electrolytes, causing corrosion and
unwanted byproduct formation. Consequently, innovative strategies are imperative to surmount these
obstacles in order to realize the full potential of ZIBs for economical ESS solutions tailored to
renewable energy integration.

Keywords:

Zn-ion battery, Anode, Protective layer

- 411 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27
F15.01

Negative Photo Responsive 2D Heterostack FETs and 220 GHz
Schottky Diode with Graphene/MoSe2/Pt Vertical Assembly

IM Seongil *1
TPhysics, Yonsei University

semicon@yonsei.ac.kr
Abstract:

The first and most applications of two dimensional (2D) semiconductors have been much oriented to
using the lateral in-plane mobility. Plain field effect transistors are the representatives of the 2D
electron devices, but much more functional devices have been reported taking advantage of 2D
characteristic channels. They include multivalue logic, multilevel memory, negative differential
resistance devices. Beyond those devices, we here demonstrate negative photo responsive (NPR) FETs
with p-MoTe2 channel but n-SnS2 layer on it, which results in SnS2/MoTe2 type lll junction. As a result,
normal photo-response in the photo transistor has been measured under the photons with the energy
below 2.1 eV (higher than 1.3 eV), however interestingly negative photo response (NPR) effects was
observed with the energetic photons (>2.1 eV). It is attributed to the recombination between hole
carriers (MoTe2) and photo-excited electrons (SnS2) at their 2D/2D heterojunction.

Second category of device applications might be vertical diode or barrister action with thick 2D-
layered TMDs. Here, we have demonstrated vertical Schottky diodes, which has relatively large contact
area and low contact resistance, aiming at high cutoff frequencies. ITO/60 nm-thick p-WSe2 (with
bottom Pt Ohmic) and Pt/160 nm-thick n-MoSe2 (with graphene/Au Ohmic) Schottky diodes are
those. The p-type Schottky diode showed 27 GHz (5G use) but n-type diode with graphene
demonstrated 220 GHz cutoff in maximum performance. We attribute these excellences to least
contact resistance and contact capacitance.

In summary, both lateral and vertical device applications are to be shown and discussed in the focused
session for “Status and Prospective of van der Waals Materials Research”.

Keywords:

2D heterostack, NPR FET, vertical Schottky diode
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High-Performance & Low-Power 2D Heterojunction FETs

LEE Chul-Ho *1
1Department of Electrical and Computer Engineering, Seoul National University
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Abstract:

Two-dimensional (2D) semiconductors such as transition metal dichalcogenides (TMDs) have emerged
as promising materials for implementing beyond-CMOS electronics due to excellent gate coupling and
immunity to short-channel effects at the ultimate scaling. In addition, owing to a van der Waals
layered structure, they hold great potential for non-conventional electronics capable of heterogeneous
integration and deformation. To achieve high-performance 2D field-effect transistors (FETs), it is highly
required to control the electronic states and energy band profiles at various heterointerfaces among
the semiconductor channel, the gate dielectric, and metal electrodes. In this talk, | will present two
types of proof-of-concepts 2D FETs enabled by interface band engineering: 1) modulation-doped FETs
(MODFETs) and 2) metal-semiconductor FETs (MESFETs). In a MODFET, we demonstrated remote
modulation doping in the type-Il band-modulated channel, enabling us to achieve high mobility by
suppressing dopant-induced charge impurity scattering. The 2D MESFETs were also demonstrated
using the Fermi-level pinning-free metal Schottky gate, whose device characteristics approach the
Boltzmann switching limit.

Keywords:

2D materials, Electronics, Device Physics
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Current status and challenges in hBN growth by chemical vapor
deposition
SHIN Hyeon Suk *1

TDepartment of Chemistry, UNIST
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Abstract:

Hexagonal boron nitride (hBN) is a promising two-dimensional (2D) material owing to its unique
optical properties in the deep-UV region, mechanical robustness, thermal stability, and chemical
inertness. hBN thin films have gained significant attention for various applications, including
nanoelectronics, photonics, single photon emission, anti-corrosion, and membranes. Thus, wafer-scale
growth of hBN films is crucial to enable their industrial-scale applications. In this regard, chemical
vapor deposition (CVD) is a promising method for scalable high-quality films. To date, considerable
efforts have been made to develop continuous hBN thin films with high crystallinity, from those with
large grains to single-crystal ones, and to realize thickness control of hBN films by CVD. However, the
growth of wafer-scale high crystalline hBN films with precise thickness control has not been reported
yet. The hBN growth is significantly affected by substrate, in particular the type of metals, because the
intrinsic solubilities of boron and nitrogen depend on the type of metal. In this talk, state-of-the-art
strategies adopted for growing wafer-scale, highly crystalline hBN are summarized, followed by the
proposed mechanisms of hBN growth on catalytic substrates. Furthermore, various applications of the
hBN thin films are demonstrated, including a dielectric layer, an encapsulation layer, a wrapping layer
of gold nanoparticles for surface enhanced Raman scattering, a proton-exchange membrane, a
template for growth of other 2D materials or nanomaterials, and a platform of fabricating in-plane
heterostructures. Finally, the inherent challenges are summarized, and future research directions for the
facile CVD-based growth of single-crystal hBN are proposed.

Keywords:

Hexagonal Boron Nitride, Chemical Vapor Deposition
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New phosphorus polymorph: Wavy Packing of Twisted
Pentagonal Tubes in Type-Il Red Phosphorus

KIM Kwanpyo *1
TPhysics, Yonsei University
kpkim@yonsei.ac.kr

Abstract:

Elemental phosphorus exhibits fascinating structural varieties and versatile properties. The unique
nature of phosphorus bonds can lead to the formation of extremely complex structures, and detailed
structural information on some phosphorus polymorphs is yet to be investigated. In this study, we
investigated an unidentified crystalline phase of phosphorus, type-Il red phosphorus (RP), by
combining state-of-the-art structural characterization techniques. Electron diffraction tomography,
atomic-resolution scanning transmission electron microscopy (STEM), powder X-ray diffraction, and
Raman spectroscopy were concurrently used to elucidate the hidden structural motifs and their
packing in type-Il RP. Electron diffraction tomography, performed using individual crystalline nanowires,
was used to identify a triclinic unit cell with volume of 5330 AA3, which is the largest unit cell for
elemental phosphorus crystals up to now and contains approximately 250 phosphorus atoms. Atomic-
resolution STEM imaging, which was performed along different crystal-zone axes, confirmed that the
twisted wavy tubular motif is the basic building block of type-Il RP. Our study discovered and
presented a new variation of building blocks in phosphorus, and it provides insights to clarify the
complexities observed in phosphorus as well as other relevant systems.

Keywords:

Red Phosphorus, Structure Elucidation, Twisted Pentagonal Tubes, Wavy Packing Motif, Electron
Microscopy
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Visualizing quantum materials using hard x-ray techniques

CHANG Seo Hyoung_*1
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Abstract:

Quantum materials originated from electron-electron correlation have been intensively investigated
due to their scientific interests. Many researchers have tried to search for new insight and intriguing
material systems, such as antiferromagnet-based spintronics and energy conversion in transition metal
oxides. Here, we introduce an experimental approach based on resonant x-ray scattering [1-3]. Using
the techniques, we systematically investigated emergent properties of quantum materials, e.g.,
ruthenate and iridate. Our studies also can offer a comprehensive understanding based on the
theoretical calculations combined with advanced hard x-ray scattering techniques. Moreover, we were
able to visualize structural and (anti)ferromagnetic domains of thin films and single crystals. We
propose that the techniques combined with electric field can explore and create new phases and
emergent physical properties.

[1] T. Choi et al,, Adv. Mater. 34 2200639 (2022)
[2] B. Sohn et al,, Phys. Rev. Res. 3 023232 (2021)
[3] G. Kwon et al., ACS Catal. 11 10084 (2021)

Keywords:
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Resolving Surface and Electronic Ambiguities in Kagome Metal
FeSn

KIM Tae-Hwan *1
TPhysics, POSTECH
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Abstract:

Transition metal kagome lattices are promising candidates for exploring electron correlation effects.
Among these, FeSn, recognized as an ideal antiferromagnetic kagome metal, has garnered significant
research interest. Despite this, ambiguities persist in identifying its distinct surfaces—specifically, the
kagome (Fe3Sn) and honeycomb (Sn,) surfaces. Moreover, the energy position of the kagome flat
band remains ill-defined. This study aims to address these issues by offering unambiguous evidence
for both the existence and energy position of the kagome flat band. Utilizing scanning tunneling
microscopy and spectroscopy, measurements were conducted on FeSn crystals. These crystals were
cleaved at low temperatures under ultrahigh vacuum conditions. The investigation successfully
identified two distinct cleaved surfaces, each displaying a unique electronic structure. Notably, on the
kagome surface, two pronounced spectroscopic features were observed, conclusively indicating the
presence of flat bands. This study eliminates prior uncertainties concerning the surface and electronic
structures of kagome metal FeSn. The results lay a solid foundation for subsequent theoretical and
experimental inquiries.

Keywords:

kagome metal, FeSn, scanning tunneling microscopy, flat band
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Resonant elastic x-ray scattering(REXS) study on polar
topological structures and their ultrafast dynamics.

KIM Kooktae *1
TDepartment of physics, Soongsil University
arete0614@gmail.com

Abstract:

Recently, polar topological structures emerging in ferroelectric superlattices have attracted much
attention. These exotic structures are challenging to characterize because their unit structures are one
order of magnitude smaller than their magnetic counterparts and are formed by the three-dimensional
distribution of polarization vectors in each crystal lattice. Furthermore, two-dimensional cross-sectional
TEM cannot distinguish the chiral nature or helicity of the polar topological structure. Here, circular
dichroism of x-ray resonant scattering will be introduced as a solution to this problem. The results and
analysis methods of REXS experiments will be presented, and the ultrafast dynamic behavior of polar
vortices for acoustic phonons using XFEL will be discussed.

Keywords:

Resonant elastic x-ray scattering, Polar topology, Time-resolved resoanant elastic x-ray scattering
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Exotic Zy Generalizations of 3D Z, Stabilizer Models

LEE Chanbeen *1, HU Yaozong 2, CHO Gil Young 1, WATANABE Haruki 2
TDepartment of Physics, Pohang University of Science and Technology (POSTECH)
2Department of Applied Physics, University of Tokyo
chanbeenok@postech.ac.kr

Abstract:

In this work, we introduce a set of Zy generalizations of a few 3D Z, stabilizer models, known as
the toric code, X-cube model, and Haah code. We carefully investigate their elementary excitations
and ground state degeneracies on a three-torus T and find that the Zy generalizations exhibit

unusual excitations and ground state degeneracies, which are strongly dependent on the system
sizes. For example, the immobile excitation in the original Z, X-cube model becomes mobile in

some Zp generalizations. We present an entirely new 3D model without an apparent Z, counterpart,

implying that many interesting 3D exactly-solvable models and “topological” phases are still waiting
to be discovered.

Keywords:

3D exactly-solvable model, ZN generalization, ground state degeneracies, unusual excitations
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Flat bands and real-space topology in photonic honeycomb
lattice made of circuit QED system with triple-leg stripline
resonators

KIM Dongmin 1, RHIM Jun Won 2, MOON Kyungsun *1
1Department of Physics, Yonsei University
2Department of Physics, Ajou University
kmoon@yonsei.ac.kr

Abstract:

In circuit QED system, a flat band has been observed in Kagome Lattices and Lieb Lattices with tunable
hopping strengths coupled superconducting resonators. In this study, we investigate various geometric
aspects of a graphene-like hexagonal optical lattice which has upper and lower flat band with Triple-
leg stripline resonators (TSRs). The inherent two-fold degenerate modes of the TSR resemble a
behavior of orbitals in 2D lattice systems. Our analysis reveals how the system leverages the
destructive interference to establish flat bands via stabilized compact localized states (CLSs). We
further explore the real-space topology corresponding to the flat bands by finding proper non-
contractible loop states (NLSs). Additionally, in a zigzag-structured hexagonal lattice, we demonstrate
the induction of flat edge modes at zero energy by calculating the Zak phase. We also elucidate the
origin of other dispersive edge bands that arise from the singular point of the flat band.

*This work is supported by the National Research Foundation of Korea (grant number NRF-
2022M3K2A108385811 and RS-2023-00257561).

Keywords:

Circuit QED, Flat bands, Zak phase
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External field induced metal-to-insulator transition in disspative
Hubbard model

SHIM Ji Hoon *1.3, GOH Beomjoon 2, KIM Junwon 3
TDepartment of Chemistry, POSTECH
2Department of Physics and Astronomy, Seoul National University
3Division of Advanced Materials Science, Pohang University of Science and Technology (POSTECH)
jhshim@postech.ac.kr

Abstract:

The strongly correlated electron systems driven out of equilibrium by external fields has been one of
the most challenging subject in condensed matter physics for long time. And with the recent
development of technology the theoretical understanding of the subject is much desired. Multiple
studies of this phenomenon have been performed in semiconductors and oxides and there are strong
indications that the Joule heating mechanism occurs in some binary oxides such as NiO and VO,; the

electric field-driven current locally heats up the sample which experiences a temperature-driven
resistive switching. Using non-equilibrium steady state dynamical mean field theory with non-crossing
approximation impurity solver, we investigate strongly correlated electron systems described by the
Hubbard model under electric field. Both electric field and the electronic Coulomb interaction treated
in non perturbative manner. By building the dissipative Hubbard model where the additional energy
acquired from the field is dissipated by the fictitious free Fermion reservoir attached to each correlated
electrons, and calculating physical quantities such as current induced by the electric field, local
distribution functions which gives effective local temperature we observe the electric field induced
metal-to-insulator transition and the phase coexistence region in the phase diagram. We argue that
the electric field near the criticality takes the role of thermal energy in equilibrium and the metal-to-
insulator transition by the field is qualitatively similar as in equilibrium MIT by using more
sophisticated impurity solver. We expect these results will describe correctly the behavior of
compounds such as NiO, Cr doped V,03. This is, in part, to validate whether the developed non-
equilibrium steady state DMFT and NCA algorithms work properly before tackling the more complex
cluster type systems. Furthermore, the formalism given here is relatively easy to extend to EDMFT,
where the bosonic degree of freedom, such as phonon, is accounted for hence giving more accurate
electric current description of the system. It should also be possible to incorporate the formalism with
the density functional theory.

Keywords:

Non-equilibrium, SCES, Field Driven, MIT, DMFT
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Impact of the Korea CMS on the CMS results

KIM TAE JEONG *1
TDepartment of Physics, Hanyang University
taekim@hanyang.ac.kr

Abstract:

The Korea-CMS team consists of around 120 researchers from 10 institutes in Korea. The team has
been contributing to building the CMS (Compact Muon Solenoid) detector at the LHC (Large Hadron
Collider). The CMS machine allows us to explore nature and solve many unanswered questions such as
the Higgs mass, dark matter, and matter-antimatter symmetry, etc. The Korea-CMS is heavily involved
in those broad physics programs of the Higgs boson, top quark, and beyond standard model searches.
The team has been also taking a leading role in the muon system of the RPC (Resistive Plate Chamber)
and GEM (Gas Electron Multiplier) since the beginning of the LHC and recently started to contribute to
the MTD (MIP Timing Detector), which requires cutting-edge technology. In this talk, | will present the
achievements and prospects of the Korea-CMS up to now.

Keywords:

KCMS, CMS, LHC, Muon
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The Future of ALICE

MUSA Luciano *1
1CERN, Switzerland
Luciano.Musa@cern.ch

Abstract:

The ALICE experiment currently underway at the CERN Large Hadron Collider is one of the largest and
most challenging scientific enterprises ever realized in the field of nuclear and subnuclear physics. Its
main mission is to characterize the properties of the quark-gluon plasma, the state of matter that is
thought to have existed in the early instants of the Universe after the Big Bang. Such a state of matter
can be created in the laboratory by colliding beams of heavy nuclei, which are accelerated to reach a
velocity close to the speed of light, and its properties are studied by measuring with complex
detectors the thousands of particles that flyout from the collision region. The progress in this research
field strongly relies on the continuous improvement of particle colliders and detectors, with increasing
collision energies and rates and with higher precision, respectively. In my talk, after a brief introduction
on the ALICE's experiment, | will present its long-term plans and the scientific and technological
opportunities they open.

Keywords:

CERN, ALICE
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The footprint of the Korean ALICE experiment team

YOON Jin-Hee *1
TDepartment of Physics, Inha University
jinyoon@inha.ac.kr

Abstract:

Next year marks the 70th anniversary of the CERN. From 1990's, Korean researchers participated in
CERN experiments individually from 1970’'s and the government officially made a MoU to support
group research at CERN in 1906. In this talk, the activity of the Korean ALICE experiment team
(KoALICE) will be reviewed and the current status of the KoALICE group will be reported. Also the
future project leading by the KoALICE group and its contribution will be discussed.

Keywords:

CERN, ALICE
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Physics at FCC

MANGANO Michelangelo *1
1CERN, Switzerland
michelangelo.mangano@cern.ch

Abstract:

The Future Circular Collider (FCC) is CERN's flagship proposal for a post-LHC accelerator facility.
Similarly to the LEP/LHC sequence, it foresees the sequence of an e+e- collider (optimized for
precision measurements of Higgs, EW and top quark properties), and a successive 100 TeV pp collider,
both hosted in a new ~100km tunnel. A process is ongoing to assess its feasibility (from the
technological, technical, financial and political perspectives), and to fully explore its overall physics
potential. This talk discusses the science motivations supporting the need for a future generation of
high-energy colliders and outlines the physics opportunities offered by the FCC.

Keywords:

LHC, FCC
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A study on the visitor's characteristic of space science by
statistics analysis in the exhibition data

KIM Cheolhee *1, KIM Hong Jeong 1
TAdvanced Science and Technology Team, National Science Museum
charliekim@korea.kr

Abstract:

On 5th.(Korea standard time) Aug. last year, Korea's first lunar orbiter called 'Danuri'(Officially know
as the Korea Pathfinder Lunar Orbiter) was launched. In response to this scientific achievement, the
National Science Museum held a special exhibition with the aim of enhancing public understanding
and engagement. Among the special exhibition contents, there was an activity where participants were
asked to make their own predictions and write down coordinates for the landing site of Korea's first
lunar lander, scheduled for the 2023. Thousands of visitors participated in this acticity, using
information from previously landed lunar missions, to determine and record their own estimated
landing coordinates for Korea's first lunar lander.

In this study, show the results of the analysis of exhibition data, and to infer visitor's knowledge of
space science using this data.

Keywords:

National Science Museum, Scientific culture, DANURI(KPLO), Visitor's data
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KIM Hong_Jeong_*1, KIM Cheolhee 1
TAdvanced Science and Technology Team, National Science Museum

777jc@daum.net
Abstract:
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Abstract:
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Nano-Hz gravitational waves: first evidence and implications

SESANA Alberto *1
TUniversity of Milano-Bicocca, Italia
alberto.sesana@unimib.it

Abstract:

The EPTA+InPTA, NANOGrav, PPTA and CPTA independently reported evidence of a nano-Hz
gravitational wave (GW) signal in their data. While the exact origin of the signal cannot be currently
established, it is consistent with the expected 'murmur' of a cosmic population of supermassive black
hole binaries (SMBHBs). In this talk, | will introduce the pulsar timing array (PTA) techinque and how it
is used to detect GWs, I'll describe the signal found in the data and discuss future directions and
implications for the astrophysics of SMBHBs and galaxy formation at large.

Keywords:

gravitational waves, pulsar timing array
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New detection methods with PTA

PARK Chan *1
1Center for Theoretical Physics of the Universe, Institute for Basic Science
iamparkchan@gmail.com

Abstract:

A second wave of gravitational wave (GW) astronomy is coming as pulsar timing arrays (PTAs) around
the world provide strong evidence for a GW background. We review the principle of PTA in depth and
propose various new GW observation methods. Firstly, we present an observational method using the
perturbations of the Stokes parameters. Secondly, we propose an extension of the observational
frequency range of PTAs. Lastly, we investigate the feasibility of detecting GWs through
electromagnetic invariants.

Keywords:

pulsar timing array, gravitational waves, Stokes parameters, electromagnetic invariants
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The introduction of medical laser systems and related
applications developed by LASEROPTEK

JEONG Jiho *1, LEE Kyunggoo 1, JUNG Yong Hun 1, KIM Hyesung 1, JUNG Jee yeon 2, LEE Jooyeon 3, LEE Chang
Jin 1, CHU Hong 1
1R&D Center, LASEROPTEK
2Clinical team, LASEROPTEK
3M&D, LASEROPTEK
jhjeong@laseroptek.com

Abstract:

The medical laser can be used in various medical field for diagnosis and treatment purposes by using
the principle of causing thermal damage and chemical reactions in cells or tissues as the laser is
absorbed by tissues and converted into thermal energy.

Due to the characteristics of the laser, when incident on human tissue, special changes occur in a
specific tissue layer and can be applied to treatment.

In particular, in dermatology, since the penetration depth of the skin differs depending on the
wavelength of the laser, a special wavelength is required depending on the skin disease. Therefore,
dermatologists use various lasers to treat melasma, tattoo removal, scar removal, acne, and vitiligo.

LASEROPTEK can develop and manufacture various medical laser systems, and these laser systems are
used in many hospitals for skin treatment and skin care.

In this presentation, we are going to introduce LASEROPTEK laser systems for the skin treatments.

This work was supported by the Technological Innovation R&D Program (53272695) funded by the
Ministry of SMEs and Startups (MSS, Korea).

Keywords:

Solid state laser, Fiber laser, Pulse laser, UVB, Dermatology
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Ultra-high-speed repetition of wavelength-swept fiber-optic laser

KIM Chang-Seok *1, KIM GyeongHun 1
10ptics and Mechatronics Engineering, Pusan National University
ckim@pusan.ac.kr

Abstract:

Recently various swept sources have achieved commercial success, owing to their fast-tuning speed,
compact size, ease of use, wide bandwidth, and long coherence length. As a result, these sources have
been widely applied across various fields, including 3D biomedical imaging, source-based
spectroscopy, and fiber optic sensors. Fourier domain mode locking (FDML) and
microelectromechanical systems (MEMS)-tunable vertical-cavity surface-emitting lasers (VCSEL) are
cutting-edge mechanical wavelength selection methods for creating wavelength-swept sources, but
there has been a limitation for increasing repetition speed around hundreds kHz and phase stability
around tens nm due to the mechanism of physical movements of optical components. Achieving both
ultra-high-speed (multi-MHz repetition rates) and ultra-phase stability (sub-nm) simultaneously has
been reported based on the stretched-pulse active mode locking (SPML) configuration The long and
continuous chirped pulse with a broad spectral bandwidth is achieved through the repeated stretching,
amplification, and compression of the optical pulse in the SPML laser cavity. The all-fiber-based laser
cavity and precise pulse modulation techniques facilitate stable mode-locking and easy
synchronization with other devices because the mechanism is free from physical movement.

Keywords:

Ultra-high-speed repetition, wavelength-swept laser, fiber-optic laser
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Computational adaptive fluorescence microscopy based on the
incoherent reflection matrix

YOON Seokchan *1, LIM Su-Min 2, CHOI Wonshik 2
1Department of Biomedical Convergence Engineering, Pusan National University
2Department of Physics, Korea University
sc.yoon@pusan.ac.kr

Abstract:

Reflection matrix microscopy is an innovative adaptive optics method designed for coherent imaging,
providing the capability to correct aberrations induced by samples. In this presentation, we introduce
the extension of the aberration correction technique based on the reflection matrix to encompass
incoherent imaging systems. Theoretical and experimental investigations show that optical transfer
functions in the excitation and emission pathways of a fluorescnece microscope can be identified from
an incoherent reflection matrix. This approach allows for super-resolution fluorescence imaging even in
the presence of significant sample-induced aberrations.

We first discuss an incoherent reflection matrix and an image reconstruction algorithm. We then show
super-resolution imaging of fluorescent beads located beneth an aberrant medium. Unlike
conventional fluorescence imaging impeded by blurred excitation and emission point-spread functions,
our method overcomes these limitations, leading to sub-diffraction-limited resolution. We also
showcase the application of this technique in aberration-free high-resolution fluorescence imaging
within complex biological samples.

Keywords:

computational adaptive optcs, fluorescence microscopy, incoherent reflection matrix
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Pawel 3, MOCEK Tomas 3
THanyang University ERICA
2BK21 Four ERICA-ACE center, Hanyang University
3Thin Disk Lasers, HILASE Centre, Institute of Physics of the Czech Academy of Sciences

jwk7417@hanyang.ac.kr

Abstract
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Theory and Simulations on Laser Pulse Compression in a Plasma

HUR Min Sup *
TPhysics, UNIST
mshur@unist.ac.kr

Abstract:

In this special presentation, | would like to talk on the latest advancements in plasma optics and
photonics, with a specific focus on diverse methods of pulse compression in plasmas. The plasma
photonics is a nascent yet rapidly evolving field in plasma physics, aiming to the manipulation of high-
power photons through the utilization of the dispersive properties of plasmas. This novel concept
proves particularly useful when the intensity of the laser surpasses the damage

threshold of conventional optical devices made from solid materials. As the plasma is in an already
ionized state, it is free from the constraints of 'damage’, thereby enabling the control of highly intense
electromagnetic fields in substantially reduced dimensions. This feature is in contrast to traditional
Chirped Pulse Amplification (CPA) techniques, which necessitate compression gratings spanning
hundreds of meters to attain exawatt or zettawatt level laser pulses. In contrast, plasma-based
compression schemes like Raman or Brillouin backscatter hold the potential, in principle, to achieve
comparable levels of compression within plasmas of less than a centimeter. In this presentation, |

will introduceand discuss an innovative pulse ompression concept that has been conceived

from collaboration between UNIST, GIST, and the Univ. Strathclyde, its inherent potential, and

the direction for its future research trajectory.
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Current status of the on-going experiment for laser pulse
compression using a density-gradient plasma

SUK Hyyong_*1, LEE Hyojeong 1, KIM Sooho 1, YU Hyungyu 1, ROH Kyungmin 1, LEE Chunghwa 1
1Dept. of Physics and Photon Science, GIST
hysuk@gist.ac.kr

Abstract:

Recently the novel idea for laser pulse compression using a density-gradient plasma was proposed
(accepted for publication in Nature Photonics), which is a close collaboration result of three universities
(UNIST, GIST and Univ. of Strathclyde). In this idea, a negatively frequency-chirped long laser pulse is
sent into a plasma with a special density profile in the longitudinal direction, where the high-frequency
components in the front part are reflected more deeply in the overdense plasma compared with the
low-frequency componests. As a result, the incident negatively frequency-chirped long laser pulse can
be compressed after reflection from the overdense plasma. This idea may provide a new way for
realization of the future untra-high power lasers which are not possible with the current CPA (chirped-
pulse amplification) technique. In our laboratory, we are performing the laser pulse compression
experiment to demonstrate the idea. So far we have developed some special solid targets based on
extensive hydrodynamics simulation results. Besides, the development of diagnostic tools for
measurement of the overdensity plasma is also underway. In this talk, the on-going progress for the
laser pulse compression experiment is reported.

Keywords:
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Plasma photonics at high intensities

JAROSZYNSKI Dino A *1
1Scottish Universities Physics Alliance, Department of Physics, University of Strathclyde, UK

Abstract:

High power lasers have become large because they are based on relatively low damage-threshold
optical media, which pose a constraint on the development of exawatt to zettawatt ultra-short pulse
lasers. A more robust and much more compact medium for manipulating intense laser pulses is
plasma. Here we demonstrate that intense ultrashort probe pulses can scattering off robust plasma
photonic structures with high intrinsic efficiency. These volume plasma Bragg gratings are formed by
ballistically evolving ions that gain momentum from space-charge fields created by the ponderomotive
force of the beat waves of intercepting laser pulses. Electrons bunched by the forces produce space-
charge fields that impart phase correlated momenta to ions, which then evolve into a plasma photonic
structure that can efficiently scatter a probe pulse. This two-step, inertial bunching mechanism can be
used to create robust media for manipulate intense laser pulses. We will present the latest results of
experiments to demonstrate the properties of plasma photonic structures.

Keywords:

Plasma photonics
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Imaginig Calorimeter for the Electron-lon Collider

LIM SangHoon *1
TPhysics Department, Pusan National University
shlim@pusan.ac.kr

Abstract:

The Electron-lon Collider (EIC), which will be built at Brookhaven National Laboratory, is a powerful
accelerator facility with polarized electron and light ion beams to study the partonic structure of
hadrons. The versatility of the accelerator allows to use of heavy nuclei like gold and uranium to study
nuclear medium effects on the partonic structure and hadron production. The ePIC collaboration has
formed to design and construct the general-purpose detector to be ready at the beginning of the
operation of the Electron-lon Collider. The imaging calorimeter has been selected for the barrel
electromagnetic calorimeter. It consists of four silicon pixel layers interleaved with five Pb/SciFi layers,
and a bulk section of Pb/SciFi is behind of the imaging layers. The configuration satisfies the
requirement of charged pion suppression, energy resolution for photon energy reconstruction, and fine

granularity for m%—y separation. Several Korean institutions will significantly contribute to developing
and building the detector system. In this presentation, | will introduce the imaging calorimeter for the
ePIC experiment at the EIC and discuss future plans from Korean institutions.
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Electron-lon Collider (EIC) and the ePIC experiment

GOTO Yuji 1
TNishina Center, RIKEN, Japan
goto@bnl.gov

Abstract:

The Electron-lon Collider (EIC) is an electron-proton and nuclear collider with electron-polarization and
proton-polarization capabilities. The EIC will perform the world's first collider experiments of polarized
electrons and polarized protons, and electron-nucleus collisions. The EIC is a next-generation large
accelerator that will open up new areas of quantum chromodynamics (QCD) physics and expand the
richness of nuclear and hadron physics. The process to construct the EIC is proceeding at a rapid pace
at Brookhaven National Laboratory in the United States. The first EIC experiment has been named the
ePIC experiment, and the integrated collision point and detector are being designed and developed
to maximize physics results. In this talk, | will give a brief overview of the physics that the EIC aims to
achieve and the current status of the project, an overview of the ePIC experiment, and the status of
detector design and development, including activities in Japan.

Keywords:

QCD, hadron physics, collider, polarized electron-proton collision,electron-nucleus collision, nucleon
structure, spin, mass, gluon saturation
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QCD relations for gravitational form factors

TANAKA Kazuhiro *1
TDepartment of Physics, Juntendo Univ., Japan
kztanaka@juntendo.ac.jp

Abstract:

Study of gravitational form factors (GFFs) as the hadron matrix element of the energy-momentum
tensor is a hot topic related to EIC physics. Using QCD constraints for the corresponding matrix
elements, the GFFs at large and zero momentum transfers are discussed. In particular, the new results
for the latter are derived for the twist-four GFF for quark as well as for gluon, $#tbar{C}_{q,g}$, at
NNLO QCD from the trace anomaly constraints. For the nonperturbative matrix elements arising in the
corresponding three-loop formulas, we use the results from experiment and lattice QCD. We show
the quantitative results for nucleon as well as for pion, leading to a model-independent determination
of the forward value of $#tbar{C}_{g,g}$. We also mention that the same framework based on the trace
anomaly constraints indicates quite different pattern in the mass structures between the nucleon and
the pion.

Keywords:

gravitational form factors, energy-momentum tensor, QCD, trace anomaly, NNLO calculation, mass
structures of nucleon and pion
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Exclusive electroproduction of J/psi
off nuclei and the electron endcap tracker

KWON Youngil *1
TYonsei University

ykwon@yonsei.ac.kr
Abstract:

The Electron lon Collider (EIC) to be built in Brookhaven National Laboratory plans to investigate the
structure of the proton, the neutron, and the nuclei with polarization via deeply-inelastic scattering
(DIS) of the polarized electrons at very high luminousity, and study the strong nuclear force inside the
mentioned target dictated by Quantum Chromodynamics (QCD).

The perturbative QCD calculations, assuming two guon exchange with the target, was applied to the
exclusive electroproduction of J/psi off proton, and gave decent descriptions of the measurements so
far. The EIC will offer opportunities for new measurements and studies at another level if enhanced
with the state of the art detectors.

ITS3, new vertex detector developed for the ALICE collaboration at CERN, is based on the wafer-scale
ultra-thin silicon pixel sensors which has very low material budget of 0.05% radiation length and
ultimate spatial resolution of about 5 micron. These characteristics are important for the eletron
endcap detector at EIC and will play an important role to the mentioned measurement.

Keywords:
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Progress of KRISS Yb-atom array

SONG Yunheung_*1
1Ultracold Atom Quantum Research Team, KRISS
ysong@kriss.re.kr

Abstract:

Neutral atoms in optical tweezer array have emerged as one of powerful tools for implementing
quantum technology and, more recently, tweezer array of Alkaline-earth-like atoms (AEA) of two
valence electrons is rapidly developing to seek new opportunities, like in atomic clocks. The two
electrons offer richer structure including intercombination lines, meta-stable states, and ion-core
transitions, which allows better coherent controls and measurements for ground and Rydberg qubits.
Especially, Yb atoms uniquely provides a stable element of 1/2 nuclear spin, which helps to implement
qubits. In this talk, | will review these recent advances in AEA array. Then, | will present progress of
building a new Yb-atom tweezer array at Korea Research Institute of Standards and Science (KRISS),
where Yb optical clock and quantum gas experiments have been conducted before.

Keywords:

neutral atoms, tweezer traps, Alkaline-earth atoms, Rydberg atoms, quantum information
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Controlling nuclear spin qubit of Ytterbium atoms in an optical
tweezer array

NAKAMURA Yuma *1, KUSANO Toshi T, OKAMOTO Issei 1, OZAWA Naoya 1, TAKANO Tetsushi 1, TAKASU Yosuke
1, TAKAHASHI Yoshiro 1
Division of Physics and Astronomy, Graduate School of Science, Kyoto University, Japan
nakamura.yuma.54c@st.kyoto-u.acjp

Abstract:

Neutral atoms trapped in an optical tweezer array are one of the promising platforms for quantum
computing. Recently, the two-electron atom system is attracting much attention because it has many
advantages over alkali atoms used in conventional experiments. In this presentation, we report the
experimental results of Raman sideband cooling and nuclear spin control of the fermionic isotope 171-
ytterbium trapped in the optical tweezers at a wavelength of 532nm. We successfully cooled the atoms
to the mean vibrational level of fix = 0.21(4) gng 7y = 0.19(3) in the radial direction of the tweezers
with the trapping depth of 1.7 mK and the Lamb-Dicke factor of 0.22. We also observed the Rabi
oscillation between the nuclear spin states by Raman transition with a frequency up to 1.3 MHz,
corresponding to the X gate in the quantum computation.

Keywords:

Optical tweezer array, Ytterbium, Quantum computing, Nuclear spin qubit
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Motion of atoms in optical tweezers: from thermal to squeezing
and entanglement

DE LéSéLEUC Sylvain *1
TInstitute for Molecular Science, National Institutes of Natural Sciences, Japan
sylvain@ims.ac.jp

Abstract:

| will discuss progress on controlling the motion of atoms in optical tweezers. A series of seminal work
by the group of C. Regal have demonstrated, close to 10 years ago, the preparation of atoms in the
motional ground-state of optical tweezers as well as textbook experiments such as tunneling or
quantum interference between tweezers [1].

Here, | will consider the case of well-separated tweezers (no tunneling) where the individual atoms and
their motions are coupled to each other following excitation of the atoms to strongly interacting
Rydberg orbitals. | will make use of the “ultrafast” capabilities demonstrated in our research group [2],
where atoms are excited simultaneous to Rydberg states (no Rydberg blockade) to introduce a strong
mechanical force and thus a momentum kick on the relative motion of the two atoms. | will present
how to create squeezed state of motions and use them to either suppress or enhance this effect with
applications for the realization of an ultrafast Rydberg gate and for quantum simulation of “spin-
motion” coupled systems. One could also envision to extend the “throw-and-catch” experiments
recently demonstrated [3] by using squeezed states of motion to improve the control over the free-
flying atom trajectory.

More generally, the preparation of atoms in the motional ground-state of tweezers or in squeezed
motional states will gain importance as the “atoms in tweezers” platform matures and we push its limit
for higher fidelity of gates and simulations.

[1] A. Kaufman et al., Science 345, 306 (2014)
[2] Y. Chew et al., Nature Photonics 16, 724 (2022)
[3] H. Hwang et al., Optica 10, 401 (2023)
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Rydberg atom collisions by optical tweezer accelerator

AHN Jaewook *1, HWANG Han Sub'!, HWANG Sunhwa 1
TPhysics, KAIST
jwahn@kaist.ac.kr

Abstract:

Neutral atom collision is one of the focusing areas of physics research. Until recently, neutral atom
collision was implemented with atom cloud which was made by Magneto-Optical-Trap(MOT) [1].
Because it uses an atom cloud, a single atom's speed, direction or position is uncontrollable. About
this, we reported controllable neutral atom collision, by using atom throw and catch method [2]. The
experiment was implemented by colliding two Rydberg state atoms, one is stationary and the other
one is accelerated and thrown by a dynamical optical tweezer. Colliding Rydberg atom's principal
number was n=53 and the controlled fly atoms velocity was 0.5(1) m/s by accelerated and released by
optical tweezer. Furthermore, in this work we performed we expanded our experimental regime n=53
to n=36 also n=45. Even more, using the advantage of the atom throw and catch method which is the
controllable speed of fly atom, we controlled colliding atoms velocity value with 0.5(1) m/s and 3.0(5)
m/s. By changing the collision atoms' position in one dimensional of each data set n=36, 45, and 53
with two cases of velocity 0.5(1) m/s and 3.0(5) m/s, we achieved 6 value of collision cross section
depending on Rydberg states principal number and velocity. Analysis of 6 data shows depend on

principal number n and speed $v$ with cross-section is increasing with an order of n2-34098) and

decreasing with an order of v-9>(). This proof-of-principle analysis of Rydberg atom controlled

collision shows the milestone of the controlled 3-particle collision experiment.

[1] Yoshida, S., Burgdorfer, J., Fields, G., Brienza, R, & Dunning, F. B. "Giant cross sections for L
changing in Rydberg-Rydberg collisions." Physical Review A 102.2 (2020): 022805.

[2] Hwang, H., Byun, A, Park, J., de Léséleuc, S., & Ahn, J. (2023). Optical tweezers throw and catch
single atoms. Optica, 10(3), 401-406.
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Slingshot throw and catch of single atoms by optical tweezers

AHN Jaewook *1, HWANG Sunhwa 1, HWANG Han Sub?, SOEGIANTO Maynardo Pratama2
TPhysics, KAIST
2Physics, Bandung Institute of Technology
jwahn@kaist.ac.kr

Abstract:

Optical tweezer is widely used to hold and guide atoms, molecules and biological objects. Recently, it
has been demonstrated that optical tweezer can throw and catch atoms between two spatial positions
[1]. Here we propose and experimentally demonstrate a slingshot throw-and-catch method, which
utilizes a linearly increasing acceleration (i.e, dx/dt = constantdi/dt = constant) instead of the previous
constant acceleration (i.e, x = constantt = constant) and deceleration method. In our preliminary
experiment and analysis, the slingshot throw-and-catch achieves faster free-flying atoms up to a speed
of 1.5 m/s, a longer travel distance up to 20 um, a higher success of the throw and catch, and most
importantly minimal heating. The minimal heating mechanism of the slingshot atom throw-and-catch
can be understood that the atom in the accelerating and decelerating optical tweezers maintains
minimal oscillation amplitude, which results in expectedly sending an atom in the ground vibrational
energy level to a distance up to about 200 um.

Keywords:

Optical tweezer, Slingshot acceleration method, throwing and catching
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A brief introduction to our research achievements in percolation
and synchronization

CHO Young_Sul *1
1Department of Physics, Jeonbuk National University
yscho@jbnu.ac.kr

Abstract:

In this presentation, we introduce our findings in the fields of percolation and synchronization. At first,
we introduce the explosive percolation model with a very small order parameter critical exponent and
summarize our findings related to it. These results include unified framework to understand origin of
discontinuous percolation transitions, the first model showing hybrid percolation transitions in cluster
merging processes, and critical behaviors of information entropy of cluster size distribution. Next, we
introduce our theoretical framework applicable to an arbitrary symmetry-induced cluster
synchronization and show that a stable finite-sized chimera state can be found using the theoretical
framework.

Keywords:

discontinuous percolation transition, entropy, cluster synchronization
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Oscillating synchronization order parameter of the Kuramoto
model with inertia

SON Seung-Woo *1, KIM Gugyoung 1, LEE Mi Jin 1
TDepartment of Applied Physics, Hanyang University
sonswoo@hanyang.ac.kr

Abstract:

Coupled oscillators with inertia are commonly observed in various natural systems, including power-
grid systems with alternating current. The governing equation for these systems is often described by
the second-order Kuramoto model. The distribution of natural frequencies, representing the interplay
between power demand and generation, significantly influences the synchronization stability of these
power-grid systems. It is well-known that the second-order Kuramoto model exhibits hysteresis,
accompanied by a discontinuous transition, in the presence of uniform and Lorentzian distributions of
natural frequencies. Furthermore, prior research has unveiled that secondary synchronized groups of
oscillators with substantial inertia emerge as the coupling strength K increases. In this study, we delve
into the K region where these secondary synchronized clusters manifest. We explore scenarios where
the natural frequency follows a normal distribution. Our investigation reveals that the temporal
standard deviation of the synchronization order parameter r assumes a pivotal role in detecting the
emergence of these secondary synchronization groups. A significant deviation implies the coexistence
of a prominent synchronization cluster and smaller clusters. Through suitable visualization techniques,
we validate the presence of a globally synchronized oscillator alongside secondary synchronized
clusters.

Keywords:

second-order Kuramoto model, secondary synchronized clusters, oscillating synchronization order
parameter
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Revisiting small-world network models: Exploring technical
realizations and the equivalence of the Newman-Watts and
Harary models

SON Seora 1, CHOI Eun Ji 1, LEE Sang_Hoon *1
1Department of Physics, Gyeongsang National University
Ishlj82@gnu.ac.kr

Abstract:

We address the relatively less known facts on the equivalence and technical realizations surrounding
two network models showing the "small-world" property, namely the Newman-Watts and the Harary
models. We provide the most accurate (in terms of faithfulness to the original literature) versions of
these models to clarify the deviation from them existing in their variants adopted in one of the most
popular network analysis packages. The difference in technical realizations of those models could be
conceived as minor details, but we discover significantly notable changes caused by the possibly
inadvertent modification. For the Harary model, the stochasticity in the original formulation allows a
much wider range of the clustering coefficient and the average shortest path length. For the Newman-
Watts model, due to the drastically different degree distributions, the clustering coefficient can also be
affected, which is verified by our higher-order analytic derivation. During the process, we discover the
equivalence of the Newman-Watts (better known in the network science or physics community) and
the Harary (better known in the graph theory or mathematics community) models under a specific
condition of restricted parity in variables, which would bridge the two relatively independently
developed models in different fields. Our result highlights the importance of each detailed step in
constructing network models and the possibility of deeply related models, even if they might initially
appear distinct in terms of the time period or the academic disciplines from which they emerged.

Keywords:

small-world network, Newman-Watts model, Harary graph
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Decomposition and Scaling of Complex Networks

JEONG Wonhee *1, LEE Sang Hoon1, YU Unjong 2
1Department of Physics, Gyeongsang National University
2Department of Physics and Photon Science, GIST
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Abstract:

Network decomposition is used to find the important nodes and communities by removing the least
important parts of the network. To decompose the network, we measured the properties of edges and
removed the least important edge first in real-world networks and model networks. Properties of
edges are edge betweenness centrality, the product of degree of nodes attached to both ends, and
the product of hub centrality of nodes attached to both ends. When edges are removed, which is the
case of the product of hub centrality, there is a critical point contrary to cases of edge betweenness
centrality and product of degree. Based on the critical point, we decomposed the network and
removed edges again. Interestingly, at the decomposed network, there is also a critical point.
Therefore, we sequentially decomposed the network and found the critical point at each decomposed
network. In real-world networks, the average degree, critical point, and other properties change as the
network is decomposed. However, in model networks, the properties of the network do not change.
Properties of real-world networks such as average degree and critical point show the power-law
relationship, and the network is scaled according to the relationship. In conclusion, the network is
decomposed by the edge removal based on hub centrality product, and the real-world network and its
decomposed networks are scaled.

Keywords:

complex network, network decomposition
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Percolation transitions in spatial multiplex networks with long-
range links

SON Gangmin 1, HA Meesoon *2, JEONG Hawoong *1.3
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2Department of Physics Education, Chosun University
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Abstract:

Spatial multiplex networks can exhibit continuous transitions even in one-dimensional systems if long-
range connections are allowed. We revisit such transitions in the context of the dynamical process of
cascading failures. In particular, we focus on the transition types and scaling properties as the range of
interlayer and intralayer connections varies. Moreover, we adopt localized attacks to explore the
metastability. Our study can help understand the mechanisms of phase transitions with various types in
an integrated view.

Keywords:

multiplex network, network geometry, percolation, scaling analysis
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Detecting breakdown nodes in power grids via Graph Neural
Networks

PARK Sangjoon 1, KIM Cook Hyun 1, KAHNG Byungnam *1
TDepartment of energy engineering, KENTECH
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Abstract:

The power grid is an important infrastructure to sustain society. However, it is sometimes broken by
various causes, such as power demand-supply fluctuation or disaster. Moreover, this breakdown can
propagate to the system's other parts. Therefore, detecting the breakdown parts is important to
prevent spreading the outage. Many studies have tried to address the power grid's weak part by
predicting the node's stability with machine learning. However, low-stability nodes are not always
broken by perturbation, although the breakdown probability is high. Therefore, they can predict the
system's state about perturbation but can not find breakdown nodes. In this study, we show that not
only predicting the system's stability but also detecting the breakdown node via graph neural
networks.

Keywords:

Power grid, Graph Neural Networks
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Semi-supervised pruning optimization with modularity-based
hierarchical clustering

KIM Young_Jin *1, LEE Jungwoo 1
1Center for Global R&D Data Analysis, KISTI
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Abstract:

Clustering or community detection is one of the most popular unsupervised learning techniques and is
used in many areas of data analysis. We introduced an optimization technique to find statistically more
meaningful clusters when community detection has labels or objective values. We call this new method
Semi-Supervised Pruning Optimization (SSPO). SSPO can be applied to traditional hierarchical
clustering, and given a tree structure, it goes through two merging steps to merge clusters from the
bottom of the hierarchy according to two variables: threshold $N_{th}$ and resolution $r$. We apply
our optimization technique to food intake in bibliometric data and diabetes data to compare it with
existing clustering techniques. We show that our optimization technique is effective for certain
datasets where the data and labels are not highly correlated.

Keywords:

hierarchical clustering optimization, clustering, network analysis, community detection
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Searching for more effective CNN-based architecture with
different preprocessed dataset in SER

KIM Byunggun 1, KWON Younghun *
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Knowledge Transfer and Innovation in Complex Systems
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1Chosun University
2Institute of Knowledge Development, Chosun University
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Abstract:

In an era of rapid technological development and globalization, understanding the structure of
knowledge transfer within complex corporate systems has become crucial. This research plan seeks to
explore the interface between knowledge diversity and corporate innovation, with a special focus on
the implications of information flows across diverse industrial groups. We aim to refine the method to
quantify knowledge diversification within corporations leveraging the concept of entropy. To ensure
robustness, we deploy the two-stage least squares estimation, thereby addressing potential
endogeneity issues. Our hypothesis is that greater diversity within board networks, where the
integration of influential directors from historical backgrounds, can act as a trigger for corporate
innovation. Through this lens, our research aims to illuminate the competitive strategies of companies.

Keywords:

Knowledge Transfer, Innovation, Influential Directors, Complex systems, Corporate Networks
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Effect of mechanical boundary condition on actin-myosin
network dynamics

KANG Donyoung 1, LEE Hyungsuk *1
1School of Mechanical Engineering, Yonsei University
hyungsuk@yonsei.ac.kr

Abstract:

the presence and absence of lipid membrane that can provide mobility to motor protein myosin. We
demonstrated how actin networks contraction depend on relative concentration of proteins and
mechanical boundary condition. In order to elucidate the mechanism of the network contraction, we
developed the computational model that is able to track the components of network such as actin,
actin binding protein and myosin. We revealed how the altered dynamics of cytoskeleton-motor
protein network is related to diseases development. Our study provides an intuition into not only the
mechanism of cell dynamics but the design of biomimetic systems.

Keywords:
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Engineering Microfluidic Vascularized Organ Systems for Clinical
Utility

KO Jihoon ™
TDepartment of BioNano Technology, Gachon University
koch@gachon.ac.kr

Abstract:

Developing sophisticated in vitro microfluidic devices is a crucial endeavor to bridge the gap between
basic research and clinical applications. Our focus is on engineering advanced in vitro models,
particularly vascularized organ systems, utilizing various fabrication methods, such as 3D printing, laser
processing, and soft lithography. These microfluidic platforms expand the boundaries of traditional
basic research, enabling emulation of complex morphological and functional aspects. Our objective is
to revolutionize translational research by seamlessly transitioning from decoding biological
mechanisms and biophysics to practical clinical applications. In this presentation, we will discuss the
development of microfluidic devices using diverse engineering approaches and their clinical
applications with patient-derived cells. These efforts not only shed light on the clinical utility of this
platform but also extend its value to various basic research domains, including biophysics.

Keywords:
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Functional Color Materials with Bio-Inspired Structural
Colorations
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Abstract:

This presentation navigates through fundamental principles and practical applications of functional
color materials with bio-inspired structural colorations. The principles of structural coloration, including
Mie scattering, Bragg scattering, and the intriguing interplay of scattering-based and absorption-based
colors are presented. Based on the principles, the fabrication techniques and characterization methods
employed in the synthesis of functional color materials is explored. Furthermore, the potential practical
applications of these materials are discussed, including their integration into electronics, textiles,
sensors and beyond. The versatility of bio-inspired color materials extends beyond static coloration,
paving the way for responsive, tunable, and even programmable color effects, leading to
transformative advancements in various industries.

Keywords:
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3D Printed Fiber-Infused Gel Scaffolds for Recapitulating Cardiac
Muscle Anisotropy in Engineered Ventricle Models

CHOI Suji 1, LEE Keel Yong 1, KIM Sean L1, MACQUEEN Luke A1, CHANG Huibin 1, ZIMMERMAN John F1, JIN
Qianru 1, PETERS Michael M1, ARDORAA Herdeline Ann M.1, LIU Xujie 2, HEILER Ann-Caroline 3, GABARDI Rudy 1,
RICHARDSON Colin 1, PU William T2, BAUSCH Andreas R3, PARKER Kevin Kit!
1John A. Paulson School of Engineering and Applied Sciences, Harvard University, USA
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3Physik Department, Technische Universitat Minchen, Germany

Abstract:

Hydrogels have been identified as a compelling material in the tissue engineering field. Current efforts
have limited success in producing the microstructural features required for cellular self-organization
into 3D organ models. Here, we developed gelatin fiber-infused gel inks for printing ventricular
scaffolds of 3D cardiac models with anisotropic muscular tissues in vitro. The infused gelatin fibers to
the hydrogel matrix enhance the sol-gel transition properties, enabling precise 3D printing of
structures. During ink extrusion, fibers formed aligned microstructures that promote the self-
organization of cardiomyocytes into anisotropic muscular tissues in vitro. The 3D-printed in vitro
ventricle model demonstrated functional syncytium with anisotropic electrophysiology and
synchronous contractions.

Keywords:
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Large-Volume High-Pressure Research at GSECARS, Advanced
Photon Source

YU Tony *1, RYU Young Jay 1, OFFICER Timothy 1, XU Man 1, PRAKAPENKA Vitali 1, CHARITON Stella 1, ENG
Peter 1, STUBBS Joanne 1, RIVERS Mark 1, SUTTON Steve 1, WANG Yanbin
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Abstract:

The development of synchrotron-based large-volume high-pressure (LVP) techniques for studying
earth, planetary, and other materials under extreme pressure and temperature (PT) conditions has
been an ongoing effort at the GeoSoilEnviroCARS (GSECARS) of the Advanced Photon Source (APS).
Over nearly 30 years, these developments have enabled scientists over the world to conduct
coordinated research on materials in both the solid and liquid states. In this presentation we will show
a few applications of our state-of-the-art techniques to scientific studies: (1) high PT ultrasonic velocity
measurements on solids and liquids, (2) rheological properties of materials at high PT, (3) 3D imaging
of composite materials using the high-pressure x-ray tomographic microscope, and (4) structure
studies of non-crystalline materials using a Paris-Edinburgh Press combined with a multi-channel
collimator. These techniques have provided the high-pressure community with a complete suite of
tools for structure, density, elasticity, and viscosity measurements of earth materials

Keywords:
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Compositional Dependence of Silicate Melts: Towards
Understanding the Amorphous Structural Modification in
Extreme Conditions
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HENRY Laura 2, CHARITON Stella 1, ENG Peter 1, STUBBS Joanne 1, RIVERS Mark L.1
1Center for Advanced Radiation Sources, The University of Chicago, USA
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Abstract:

The study of amorphous materials is fascinating due to their exceptional properties in various domains
such as mechanics, chemistry, biology, and magnetism. Understanding the melts and/or glass
transition and their structural changes at extreme pressure and temperature conditions has been a
challenging task and requires meticulous observation and analysis. There is currently insufficient
experimental data to convincingly describe the densification and evolution of local structures in
amorphous materials and/or Earth-related disordered system. Here we report the structural dynamics
of CaySi»nOg, Mg»Si>Og, CaMgSi>Og under high pressure and high temperature at around ~13 GPa and
~3000 K. Angle dispersive X-ray scattering, Brillouin spectroscopy and Raman spectroscopy were
utilized to delve into the relationship between the structure of melts and glasses. Such information is
vital in covering missing links between structure and physical properties of silicate melts and may pave
the way for the synthesis of more advanced technological materials for potential applications.

Keywords:
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Glasses and Diamond above Multi-Megabar Pressures
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Abstract:

Proper inference of the chemical and physical processes in planetary systems requires an atomic scale
understanding of how constituent materials (minerals and melts) behave under extreme compression
deep inside Earth and other planets. Advances in element-specific probes, including solid-state nuclear
magnetic resonance (NMR) and inelastic x-ray scattering (IXS) shed light on a unique opportunity to
unravel the pressure-driven transitions in planetary materials under pressure [1, 2]. In this talk, we
provide an overview of the latest experimental breakthroughs and insights achieved through mainly
NMR into structures of planetary materials under pressures reaching megabars. Correlation NMR
techniques allow us to identify pressure-induced changes in short-to-medium range structures of
complex oxide glasses upon compression [3]. The first high-resolution NMR spectra of oxide glass
compressed using diamond anvil cells extends the pressure record of such studies from 24 to 65 GPa
[4], quantifying how such structural modifications increase the configurational entropy of melts with
increasing density. The detailed electronic bonding nature of compressed materials, inclduing diamond
above megabar pressures enable us to propose the atomic origins of its enhanced hardness upon
compression up to 2 Mbar and the nature of compressed diamond in carbon-rich super-Earth bodies

[5]

[1] Lee, S. K, Lee, A. C. and Kweon, J. J., Journal of Physical Chemistry Letters, 12 1330-1338 (2021)
[2] Lee, S. K, Mosenfelder, J,, Park, S. Y, Lee, A. C,, and Asimow, P, Proceedings of the National
Academy of Sciences, 117 21938-21944 (2020)

[3] Li, Shujia., Kweon, J. J,, Lee, S., Lee, A. C, Lee, S. K, Journal of Physical Chemistry Letters 14 (8),
2078-2086 (2023)

[4] Kim, Y. Yi, Y. S., Kim, H., Chow, P, Xiao, Y., Shen, G., Lee, S. K., Journal of the American Chemical
Society 144 10025-10033 (2022)

[5] Lee, S. K., Vi, Y, Kim, Y., Kim, H., Chow, P, Xiao, Y., Eng, P, Shen, G., Science Advances 9 eadg4159
(2023)
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Optical heterodyne imaging of spin dynamics at nanoscale
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Abstract:

The ability to directly observe the spin dynamics in a real space is crucial for investigating the spin-
related phenomena in confined structure. The optical detection is one of the promising approaches in
this regard. So far, micro-focused Brillouin light scattering technique, time-resolved magneto-optical
Kerr effect (MOKE), and stroboscopic MOKE have been established. In this talk, we will introduce an
optical heterodyne imaging method with a vector network analyzer and a high-speed photodetector
which enables to measure both the intensity and phase of the spin dynamics in a simpler way. By
utilizing this technique, we revealed the inhomogeneous magnetic properties (inhomogeneous
broadening and damping constant) in the device structure commonly used in the spin-torque
ferromagnetic resonance experiments. In addition, the dispersion relations for quantized coherent
magnons in narrow waveguide and hybridization of synthetic antiferromagnetic magnon modes have
been investigated. Our technique is a powerful tool to investigate the spatial distribution of spin
dynamics.

Keywords:

Spintronics, Spin dynamics, Magneto-optical Kerr effect, Ferromagnetic resonance, Magnons, Synthetic
antiferromagnets
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Universal hopping motion of skyrmion bubbles
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Chanyong *2, KIM Kyoung-Whan *3, PARK Albert Min Gyu*1, KIM Kab-Jin *1
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Abstract:

The motion of magnetic interfaces in various geometries shows rich physics ranging from universality
to dimensional crossover [1, 2]. In this work, we experimentally investigate the unique transport
properties of skyrmion bubbles, which form a closed-loop magnetic interface. We statistically examine
over 700 thousand skyrmion bubbles in the W/CoFeB/Ta/MgO multilayer to reveal a hopping-like
scaling law for the motion of skyrmions in a weakly-driven regime. Such behavior deviates from the
conventional motion of the magnetic domain wall which typically shows stochastic hopping only at the
1D limit where the width of the wire is comparable to the domain wall segment length. We use
collective segment theory and the bottleneck process to reveal the role of structural topology,
distinguished from the skyrmion number. In addition to a physical insight into the properties of
magnetic skyrmion transportation, this result also suggests a new factor to consider for using
skyrmions in racetrack technology.

Keywords:

skyrmion motion, skyrmion bubble, universal scaling, hopping motion
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scanning X-ray magnetic tomography
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Abstract:

Magnetic domain structures reflect the fundamental magnetic properties of materials. Imaging
techniques of magnetic domain structure have been an essential tool for studying magnetic properties.
However, most conventional techniques are applied only to the sample surface and can only obtain
two-dimensional (2D) magnetization distribution images, i.e., 2D magnetic domains. Thus, three-
dimensional (3D) observation of magnetic domain structure has long been challenging. We have
recently developed a scanning X-ray magnetic micro-tomography technique using a focused hard-X-
ray beam at SPring-8 [1,2]. In this talk, we will present our recent results in directly visualizing the 3D
shape of skyrmion strings [3] and the evolution of magnetic domains in a high-performance Nd-Fe-B
sintered magnet [4].

[1] M. Suzuki et al, Appl. Phys. Express 11, 036601 (2018).
[2] M. Suzuki et al, Synchrotron Rad. News 33, 4 (2020).
[3] S. Seki et al, Nat. Mater. 21, 181 (2022).

[4] T. Takeuchi et al, NPG Asia Mater. 14, 70 (2022).
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Role of the 3D topological singularity in magnetization dynamics
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Abstract:

Topology is a cornerstone in condensed matter physics and applied phusics, playing a pivotal role in
understanding emerging phenomena like the Kosterlitz-Thouless transition, quantum Hall effect,
topological insulators, and Weyl semimetals.

Bloch points (BPs), three-dimensional (3D) topological singularities in ferromagnets, have long
intrigued theorists but remained elusive in experiments due to their stability challenges. BPs uniquely
feature local magnetization vanishing (OD). They're theorized to impact the dynamics of one- and two-
dimensional spin textures, yet remain experimentally unexplored.

Our study establishes stable BPs in asymmetric NiggFe,q nanostructures using Magnetic Transmission

X-ray Microscopy (MTXM) and micromagnetic simulations. We reveal their topological stability against
field-driven lateral motions and their crucial role in vortex-core dynamics. We directly observe the
atomic-scale nature of BPs.

Our work marks a significant scientific breakthrough, providing insights into magnetic topological
singularities' static and dynamic aspects.

Keywords:

Topology, Singularity, Skyrmion, Magnetic Vortex, Spin Dynamics, Bloch point, Magnetic monopole

- 470 -



2023 KPS Fall Meeting
2023-10-24 - 2023-10-27

G13.01

Photonic neuromorphic devices in low dimensional materials
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Chiral charge transport properties in topological material GdB,4
and NdAIGe
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Abstract:

Emergent state quantum materials with topological order, such as topological insulators or
topological semimetals, whose bulk or surface electronic bands are protected by symmetry, exhibit
distinctive properties due to Berry curvature and chiral phenomena. In particular, the relativistic nature
of Weyl fermions near the Fermi level plays a role in charge transport, and as a result, emergent
phenomena such as weak antilocalization, extremely large magnetoresistance, chiral anomalies, and
intrinsic anomalous Hall effect, etc. are experimentally observed.

In this talk, we will show how the chiral charge transport properties of Weyl fermions can be
demonstrated in solid single crystals through the topological semimetallic materials in GdB, and
NdAIGe. GdB,4 has a Shastry-Sutherland structure with spins lying in the ab-plane. As a magnetic field

is applied in the c-axis direction, the time-reversal symmetry breaks due to the tilting of the spins,
lifting the band, but the C4, C5, symmetry is preserved, creating Weyl nodes along the M-A line (tau
band). The tau band was observed to have a very small effective electron mass of 0.07my compared to
other Fermi surfaces with ~0.2mq by quantum oscillation experiments. Furthermore, the phase analysis
of the quantum oscillation showed the presence of an additional phase factor of 271" in the tau band
due to the Berry curvature. Moreover, chiral anomalies were observed via negative longitudinal MR,
indicating the transport properties of the Weyl state. NdAIGe is an interesting Weyl material with
simultaneously broken time-reversal and inversion symmetries. NdAlGe has an anomalous Hall
conductivity of ~607 S/cm, which is very close to the ~605 S/cm that occurs when considering the
intrinsic Berry curvature. These results exhibit the exotic charge transport properties of chiral charges.
If these exotic charge transport properties can be utilized in a variety of devices, unexpected next-
generation technologies could be achieved.
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Low-dimensional materials, mixed-dimensional heterostructures,
topological materials, and device applications
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Abstract:

In this talk, | review my studies on low-dimensional materials, mixed-dimensional heterostructures,
topological materials, and device applications. We have employed two-dimensional (2D) transition-
metal dichalcogenides (TMDs) for mixed-dimensional heterostructures, useful for optoelectronic and
energy-harvesting device applications. Particularly, | focus on moiré superlattices produced by
heterojunction of two TMD monolayers (MLs) and their optical properties. | report blue shift of energy
and strong enhancement of intensity in light emission by twisted heterojunction of TMD MLs in a
particular range of twist angle. We have also successfully fabricated 2D Janus MoSSe and WSSe layers
by NaCl-assisted CVD. The MoS, layer is shown to still exist at the bottom of the Janus MoSSe,
resulting in actual formation of a MoSSe/MoS, heterostructure, thereby exhibiting interesting -V
characteristics. We have also employed zero-, one-, and even three-dimensional materials in 2D-
materials-based mixed-dimensional heterostructures. As another issue, the intriguing electronic
structure of topological semimetals, representing a novel class of condensed matter, is of fundamental
interest because of their exotic quantum nature and potential for next-generation device applications. |
discuss our recent findings on a Dirac- to Weyl-semimetal (WSM) phase transition in Big g9gSbg g4 single
crystals by Au-ion implantation and 2D WSM states achieved by a thickness-dependent topological
phase transition of MBE-grown Big ggSbg g4 thin films.

Keywords:

2D materials, low-dimensional, mixed-dimensional, heterostructure, moire superlattice, twisted, 2D
Janus materials, topological semimetal, phase transition
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Ultrafast exciton transport in semiconductor thin films revealed
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Abstract:

Carrier transport dynamics in semiconductors play a pivotal role in achieving high device performance.
A deep understanding of how charge carriers transport in bulk/thin semiconductors will shed light on
developing next-generation semiconductors. Nevertheless, the observation of true charge carrier
transport has hardly been reported due to limitations in time- and space-resolved techniques. This
necessitates a new type of integrated time- and space-resolved technique. In this talk, | will first
introduce a new type of time- and space-resolved spectroscopy technique called transient absorption
microscopy (TAM), which offers dual capabilities: femtosecond time resolution and nanometer-scale
spatial resolution. | will then discuss the application of TAM to perovskite thin films, which exhibit
ballistic transport of non-equilibrium charge carriers with transport lengths of up to 150 nm. I will
further explore how the non-equilibrium charge carrier dynamics are influenced by the nanoscale
chemical heterogeneity, as revealed by fs-microscopic measurements on alloyed perovskite thin films.
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Abstract:

Optical spectra of semiconductors display resonances below the absorption edge, which are attributed
to the excitons, i.e. pairs of electrons and holes, correlated by the Coulomb interaction. For decades,
epitaxial growth provides modulated nano-structures, where a smaller bandgap material is surrounded
by a higher bandgap one. Such growth-designed, static potentials restrict the motion of the charge
carriers in one, two or three dimensions in so-called quantum wells, wires and dots, respectively, and
their energies consequently become quantized. Engineering the quantum confinement of excitons is a
key to control the light-matter interaction dynamics in semiconductors, where the electron-hole
overlap integral along with the Fermi golden rule govern the radiative lifetime T1, spanning from ~100
fs to Hs. Another relevant optical observable is coherence, describing the phase relation within the
exciton polarization, vanishing beyond the dephasing time T2. Recently, electrically controlled quantum
confinement of neutral excitons has been achieved in a MoSe, monolayer, by exploiting strong
interactions between excitons and free charges, on top of gate defined in-plane electric fields. Using
such a device, we here demonstrate control of the exciton coherent dynamics and inter-exciton
couplings via dynamical tuning of their quantum confinement. To this aim, we perform ultrafast
nonlinear spectroscopy, in particular heterodyne-detected four-wave mixing (FWM) microscopy. This
approach permits us to focus onto a carrier-depleted region of the gate-induced lateral p-i-n junction
with a 300nm resolution and distinguish the response of the 1D and 2D excitons via their drastically
distinct radiative decay rates, and thus overcoming the limitations of linear absorption largely
dominated by the response of the 2D excitons. With increasing the gate voltage, and thus generating
the in-plane potential well, we clearly observe an increase of the exciton T1 and T2 times, indicating
the crossover from the 2D to 1D quantum confinement regime. The subsequent decrease and
modulations could be due to increased exciton ionization at higher in-plane electric fields. For higher
gate voltages, several 1D confined exciton states can be formed. Their coherent coupling is indicated
by quantum beats observed in the coherence dynamics. Our work thus opens the field of exciton
coherent control under tunable confinement.
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Abstract:

While group lll-nitride based semiconductors exhibit robust emission across the visible to UV spectrum
at room temperature, readily finding application in LEDs and lasers, conventional planar structures
encounter limitations in producing essential low-dimensional quantum and cavity structures pivotal for
quantum photonics research. Addressing this, we have harnessed a distinctive hexagonal microwire
configuration, offering a versatile avenue for investigating quantum phenomena encompassing the
spectrum from Hermitian to non-Hermitian dynamics. By exploiting the cross-sectional geometry of
these hexagonal wires to generate whispering gallery modes, we have observed the emergence of
exciton-polariton hybrids—a result of the intimate interaction between excitons and photons.
Remarkably, we have achieved control over polaritonic condensation even at room temperature [1].
Leveraging advanced substrate engineering, we have extended our exploration into the realm of non-
Hermitian physics. This has led to the identification of non-Hermitian degeneracies within parity-time
reversal symmetry, facilitated by coupled upward- and downward-triangular whispering gallery
polariton pairs. The intriguing counterintuitive effect of loss behaving as gain has been realized,
marking an unprecedented advancement [2]. With these developments, we anticipate that our room-
temperature polaritonic non-Hermitian system will kindle a new era in optical sensing, harnessing its
unique physical attributes to unlock novel capabilities.

[1] H. G. Song et al, “Tailoring the potential landscape of room-temperature single-mode whispering
gallery polariton condensate”, Optica, 19, 1313, 2019

[2] H. G. Song et al, "Room-temperature polaritonic non-Hermitian system with single microcavity”,
Nature Photonics, 15, 582, 2021
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Bright ultrarrow-linewidth perovskite single-photon sources

FARROW Tristan *1
TDepartment of Physics, University of Oxford, UK
Tristan.farrow@physics.ox.ac.uk

Abstract:

Bright ultranarrow-linewidth single-photon sources are essential for optical quantum technologies,
including distributed quantum networks, quantum cryptography and sensing. One of the challenges
these devices face is ambient-condition operation, which poses a barrier to scaling and industrial use.
Here we show a room-temperature single-photon source operating in air and generating polarised
photons at a rate of 6 MHz based on inorganic CsPbls perovskite quantum dots embedded in an
optical micro-cavity. The ultranarrow bandwidth emission under ambient conditions is achieved by
coupling to the cavity's fundamental mode, which narrows the dot's emission spectrum by an order of
magnitude and offers performance compatible with the stringent requirements of quantum technology
applications. The single-photon purity of the source is 94% under pulsed and continuous mode
operation.

Keywords:

Single photon, perovskite
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Spin dynamics of two-dimensional van der Waals ferromagnet
CI"|3

KIM Jae Hoon *
TDepartment of Physics, Yonsei University
super@yonsei.ac.kr

Abstract:

Chromium tri-iodide (Crl3) is a prototypical ferromagnetic van der Waals insulator with its genuinely
two-dimensional (2D) long-range order below 45 K demonstrated recently. The underlying magnetic
anisotropy has not been completely understood while both the Dzyaloshinskii-Moriya (DM) interaction
and the Kitaev-I'-type interaction have been proposed for the relevant magnetic Hamiltonian. In this
connection, we performed the temperature- and magnetic field-dependent terahertz spectroscopy on
bulk Crl3 single crystals, focussing on the dynamics of ferromagnetic resonances (FMRs) in the

terahertz (THz) frequency region from 4 to 120 cm! (from 0.5 to 15 meV). Based on the variation of
the FMR frequencies measured under an external magnetic field aligned along various crystallographic
axes, we set the possible ranges of the combination of the important exchange interactions such as
the off-diagonal symmetric term and the single-ion anisotropy. The accurate values of these
parameters significantly help to constrain the range of magnitude of possible Kitaev exchange
interactions and the topological magnon gap, in addition to the g-factor anisotropy.

Keywords:
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Room temperature valley polarization of the B-exciton in
monolayer MoS,

LEE Je-Ho 1, LE Chinh Tam 2, YOON Young-Gui 1, KIM Yong Soo 2, KIM Kun Woo 1, SEONG Maeng-Je *1
TDepartment of Physics, Chung-Ang University
2Department of Physics, University of Ulsan
mseong@cau.ac.kr

Abstract:

Transition metal dichalcogenides (TMDCs) have recently attracted a lot of attention with respect to
potential application for valleytronics. Although achievement of high degree of valley polarization
(DoVP) is essential for valleytronics, it still requires a low-temperature environment, especially for
monolayer TMDCs. In this work, we observed valley polarization at room temperature for the B-exciton
in monolayer MoS, under a near perfect resonant excitation condition. DoVP for the B-exciton
remained almost constant as the temperature was raised from 4 K up to 250 K, where the excitation
laser energy exactly matched with the B-exciton peak energy, then it gradually decreased as the
temperature increased up to 400 K. The observed DoVP at room temperature, achieved by carefully
controlling resonant excitation condition, provides an exciting possibility for valleytronics at room
temperature.

Keywords:

valley polarization, exciton, resonant excitation
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Sublattice pseudospin in quantum materials

KIM Keun Su *1
TDepartment of Physics, Yonsei University
keunsukim@yonsei.ac.kr

Abstract:

Van der Waals two-dimensional materials are a great platform to study various aspects of condensed
matter physics. For example, surface doping on black phosphorus can be used to modulate the band
gap over the energy range even greater than its intrinsic gap size [1], leading to the topological phase
transition to a Dirac semimetal phase with a pair of Dirac fermions protected by spacetime inversion
symmetry [2]. This topological phase transition is accompanied with the order of relative phases
between sublattices, that is, sublattice pseudospin [3]. These materials have been used to study the
unusual electronic structure of liquid metals predicted in the 1960s [4] and to disclose the microscopic
mechanism of order-disorder phase transitions [5]. In this talk, after briefly reviewing recent works, |
will introduce our angle-resolved photoemission spectroscopy (ARPES) study on the electronic
structure of quantum materials with two pairs of sublattices [6]. The message | would like to deliver is
that the sublattice degree of freedom should be carefully considered as much as the atomic orbital
degree of freedom, in the study of condensed matter physics.

References

[1] J. Kim et al, Science 349, 723 (2015).

[2] ). Kim et al, Phys. Rev. Lett. 119, 226801 (2017).
[3] S. W. Jung et al, Nature Mater. 19, 277 (2020).

[4] S. H. Ryu et al, Nature 596, 68 (2021).

[5] S. Cha et al, Nature Commun. 14, 1981 (2023).
[6] Y. Chung et al, in review (2023).
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Ultrafast generation of acoustic chiral phonons

CHOI In Hyeok 1, JEONG Seung Gyo 2, SONG Sehwan 3, PARK Sungkyun 3, SHIN Dong Bin 1.4, CHOl Woo Seok
2, LEE Jong_Seok *1
TDepartment of Physics and Photon Science, GIST
2Department of Physics, Sungkyunkwan University
3Department of Physics, Busan National University
4Center for Free Electron Laser Science, Max Planck Institute for the Structure and Dynamics of Matter
jsl@gist.ac.kr

Abstract:

Here, we propose a simple but effective approach to observe the dynamics of the thermalized chiral
phonons by synthesizing a superlattice composed of ferromagnetic metal SrRuO3 and non-magnetic

insulator SrTiO3. Following the photo-induced ultrafast demagnetization in the SrRuO3 layer, we
observed an additional magneto-optic signal in the superlattice, which is absent in the single SrRuO3

films. This emerged magneto-optic signal shows thermal-driven dynamic properties and a clear
correlation with the thickness of the non-magnetic SrTiO3 layer, evidencing that it originates from
thermalized chiral phonons. From the numerical calculation considering the magneto-elastic coupling,
we present an evolution of lattice angular momentum in excellent agreement with our experimental
observations. We anticipate that our findings can provide a deep understanding of thermalized chiral
phonons and suggest a new platform for investigating angular momentum transfer in ferromagnetic
materials.
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chiral phonon, oxide superlattice, time-resolved MOKE
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Nonadiabatic quantum molecular dynamics study of the ultrafast
laser melting of germanium

IHM Yungok *1, AHN Je Young 1, SHIM Ji Hoon 1
TDepartment of Chemistry, POSTECH
yungokihm@postech.ac.kr

Abstract:

Nonadiabatic quantum molecular dynamics simulations have been carried out to quantify the
ultrashort laser-driven lattice disorder in germanium. By utilizing a quantum molecular dynamics
method that describes, in condensed phases, the electronic excitations and their inter-band transitions
under nonadiabatic electron-ion interaction we were able to separate the time-evolving lattice disorder
into elemental components, thereby identifying the main driver of the disordering at each time stage.
We find that although the bond softening effect dominates in the beginning irrespective of the
excitation density, the eventual ultrashort laser-driven phase transition involves both the thermal and
nonthermal elements in it, with the level of their effects regulated by the electronic excitation density.
Our novel findings should provide not only a fundamental insight into the underlying mechanism of
the laser-driven ultrafast phenomena but invaluable information for choosing optimal laser parameters
in materials processing.

Keywords:

Ultrafast phenomena, Nonadiabatic quantum molecular dynamics, Laser melting
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4D visualization of a nonthermal coherent magnon in a laser
heated lattice by an X-ray free electron laser
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PARK Sang-Youn 1, SHIN Hee Jun 6, BORISOV Pavel 7.8, ROSSEINSKY Matthew J.8, JANG Dogeun 1, CHOI
Hyeongi 1, EOM Intae 1, STAUB Urs 3, CHUN SAE HWAN *1.2
TXFEL Division, Pohang Accelerator Laboratory
2Photon Science Center, POSTECH
3Swiss Light Source, Paul Scherrer Institute
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7Department of Physics, Loughborough University
8Department of Chemistry, University of Liverpool
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Abstract:

The ultrafast optical control of magnetic phenomena represents a remarkable achievement, expanding
our understanding of functional nonequilibrium states. Operating on extremely short timescales, this
research pushes the limits of detection, revealing intriguing interactions between light and matter that
lead to the nonthermal creation of effective magnetic fields. While some cases manifest emergent
transient behaviors set apart from thermal effects, otherwise identifying nonthermal influences remains
challenging. In this study, we introduce a femtosecond time-resolved resonant magnetic X-ray
diffraction experiment that employs an X-ray free-electron laser (XFEL) to distinguish between the
effective field and the thermal effects induced by light. Our observations focus on a multiferroic Y-type
hexaferrite, where we observe magnetic Bragg peak intensity oscillations that reveal the intertwined
antiferromagnetic (AFM) and ferromagnetic (FM) Fourier components of a coherent AFM magnon. The
trajectory of this magnon, mapped in 3D space and time, provides crucial evidence of ultrafast field
formation before lattice thermalization. We also uncover the remarkable impact of photoexcitation
across the electronic bandgap, which enhances the photomagnetic coupling—a characteristic that
ranks among the highest among AFM dielectrics. Leveraging this above-bandgap photoexcitation, our
research suggests an energy-efficient optical process for novel photomagnetic control of
ferroelectricity in multiferroic materials.
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Direct Observation of Acoustic Shape Deformation of Gold
Nanorods via Localized Surface Plasmon Control
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Heemin 1.2.3, HEO SEUNGPIL 123, NAM Daewoong 4, KIM Sangsoo 4, KIM Min Seok 4, EOM In Tae 4, NOH Do
Young 4
TPOSTECH
2Center for Ultrafast Science on Quantum Matter, Max Planck POSTECH Korea Research Initiative
3Photon Science Center, POSTECH
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Abstract:

Ultrafast light-matter interaction invigorates research activities on light induced quantum control of
materials properties by providing routes to explore new phases of matters in nonequilibrium states.
With the exclusive excitations of electrons through femtosecond IR laser pulses, various physical
processes can be accessed mode selectively, which enables the way to tackle fundamental science
issues including the role of electrons in driving crystal phase changes. Au nanorod, are elongated gold
single nanoparticle that has longitudinal localized surface plasmon (LSP). Understanding this surface
plasmons in Au nanorod is essential, which enables to control optical properties in metal
nanostructures. Despite the significance of surface plasmons in the light-matter interaction in metallic
nanoparticles, the role of the localized surface plasmon in ultrafast melting has remained elusive. We
studied the impact of surface plasmons dynamics in ultrafast phase transition of Au nanoparticle using
femtosecond pump-probe X-ray imaging at PAL-XFEL. To study further, we directly imaged the reaction
dynamics of photoinduced Au nanorod with femtosecond X-ray pulses. Shape distortion caused by
LSP and further investigation of laser fluence and polarization direction dependence was carried out to
result in various melting reaction in reaction in response to the surface plasmon excitations in metallic
nanoparticles.

Keywords:

LSP, XFEL, Coherent Diffraction Imaging, Single-particle imaging, Au nanorod
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Probing the Role of A-site Cations to Charge Density Wave
(CDW) Order in kagome metal AV3Sbs (A = K, Rb, Cs) through

X-ray Scattering

HEO Seung-Phil 1.2, LEE Heemin 1.2, LEE BYUNGJUNE 1.2, WON Choongjae 2, JANG Hoyoung 2.3, PARK Sang-
Youn 3, SHIN Dong-bin 4, SONG Changyong *1.2
TPOSTECH
2Department of Physics, Max Planck POSTECH Korea Reseach Initiative
3Department of Physics, Pohang Accelerator Laboratory
4Department of Physics and Photon science, GIST
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Abstract:

The vanadium-based kagome metal, AV3Sbs (A=K, Rb, Cs), exhibits significant effects of A-site cations
on the Charge Density Wave (CDW) phase and superconductivity. Notably, (K, Cs)V3Sbs differs from Rb
counterparts, showing distinct properties, such as nematicity and various CDW domains involving
2x2x1, 2x2x2 structure. Utilizing X-ray scattering, CDW structures in AV3Sbs (A=K, Rb, Cs) were
identified. Moreover, through time-resolved X-ray scattering, we examined the influence of A-site
cations on the CDW phase in CsV3Sbs which has a relatively elevated T, going beyond the limitations

of previous doping and pressures studies. This revealed contrasting dynamics between 2x2x1 and
2x2x2 CDW orders after the photoexcitation of conduction electrons near the Fermi surface.
Especially, the 2x2x2 CDW order exhibited complex behavior involving coherent phonon linked to the
A-site cation's displacement. These findings offer strong support to the hypothesis that A-site ions
significantly impact the 2x2x2 CDW phase in CsV3Sbs.

Keywords:

Kagome metal, Charge Density Wave, Strongly correlated material, X-ray scattering, XFEL
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Direct measurement of electron phonon coupling with 2D
spectroscopy

KIM Heejae *1
TPhysics, POSTECH

heejaekim@postech.ac.kr
Abstract:

Electron phonon coupling underlies intriguing phenomena in quantum materials, as well as most of
properties of conventional solids. However, the electron phonon coupling matrix elements have been
inferred rather in indirect ways. Two dimensional optical spectroscopy has unique advantages of
specificity and quantification in elementary excitations. In this talk, I'll introduce our recent theoretical
and experimental development of a new 2D spectroscopic approach to directly measure and quantify
electron phonon coupling matrix elements. We will discuss how the matrix element is connected to
the 3rd order optical response function; how the desired set of quantum pathways are isolated
theoretically and experimentally; how to quantify the matrix element from the experiment; and how
mode-specific electron phonon coupling strength behaves in different environments in a benchmark
system.

Keywords:

electron phonon coupling, two dimensional optical spectroscopy
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Exploratory research of the impact of the CHIPS and Science Act:
Focusing on the organizational changes of NSF and OSTP

JANG Hyewon *1
TCreative Education Development Institute, Sejong University
hwjang@sejong.ac.kr

Abstract:

Historically, the United States has linked its science and technology workforce policy to national
security, a perspective consistently backed by bipartisan support. This research delves into the CHIPS
and Science Act, examining both its historical and political contexts. The study further investigates the
evolving roles of the National Science Foundation (NSF) in fostering innovation and the White House
Office of Science and Technology Policy's shifting responsibilities in coordination and planning. The
research concludes by analyzing the potential ramifications on the science and technology workforce
and drawing insights relevant to South Korea's policy landscape.

Keywords:

STEM education, the CHIPS and Science Act, S&T Policy
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Abstract:

In high-energy physics experiments, calorimeters have played an important role, since they allow 4-
vectors of both neutral and charged particles. Future lepton collider experiments (FCC-ee and CEPC)
are proposed for the Higgs factory to understand the properties of the Higgs (origin of mass and its
relation to the Higgs mechanism). High-quality energy measurements for these experiments are
essential to study the coupling between Higgs and all decay products. The dual read calorimeter (DRC)
is a good option for this requirement. The Korea Future Collider Dual-READout Method calorimeter
(KFC-DREAM) collaboration performed test beams with several copper-fiber calorimeters at CERN in
2022 and 2023. In this talk, we will present the status and plan for the upcoming test beams.
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Abstract:

The dual-readout calorimeter(DRC), consisting of scintillating and ¢erenkov fibers, is one of the
calorimeter candidates in future e+e- colliders. The Korea DRC team built various module types and
had a beam test at T9 in CERN with 2 configurations. We are now building a full-size module that
consists of 9 modules for the next beam test. For the full-size module, we are performing various trials
for fiber bundling, optical contact, and assembly optimization. In this talk, we present the process of
assembly module for the 2023 beam test, and current status and the plan for the full-size module for
the next beam test.
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Abstract:

The dual-readout calorimeters measure energy using two different readouts from scintillation and
Cerenkov fibers, resulting in high hadronic energy resolution. Its particle identification can be
performed via signal differences in scintillation and Cerenkov channel and also spatial information of
shower shape. However, there are limitations to attaching readouts to each fiber for maximum position
resolution. This study compares the performances of particle identification at different readout
bundling for an efficient readout bundling plan of the dual-readout calorimeter.
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Abstract:

The dual-readout calorimeter (DRC) is one of the calorimeter candidates for future e+e- colliders such
as FCC-ee and CEPC. Using both Cerenkov and Scintillation fibers, it shows excellent performance with
measuring energy of both electromagnetic and hadronic processes. The Korea DRC collaboration
constructed single copper-fiber DRC module, and had test beam at CERN on this July. In this talk, we
present general overview on the test beam including preparation, test setup and prompt analysis

results.
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