Imagine the Impossible

School of School of

Physics

School of

Computational Sciences

Mathematics

Korea
Institute for

Advanced
Study

85 Hoegiro Dongdaemun-gu,
Seoul 02455, Republic of Korea

www.kias.re.kr

n
HORIZAN | Bk

ope
KI%S Tt

GZ0g Hoday [pnuuy

ApNiS peoubApPYy 10} Bjnjisu| PaIOY)

Annud ep

2025

Korea

Institute for

Advanced
Study




SOUDWAYDWY

sa1sAyq
jo [ooyds

saouadg |ouoypindwo)

Jo [ooYydg

jo [ooyps

CONTENTS

Report from the President 04
History 06
KIAS 2025 08
Faculty and Research Fellows 12
Research Activities 14
Visiting Scientists 22
Conferences and Workshops 24
Publications 25
Faculty and Research Fellows 32
Research Activities 34
Visiting Scientists 45
Conferences and Workshops 46
Publications 47
Faculty and Research Fellows 58
Research Activities 60
Visiting Scientists 68
Conferences and Workshops 69
Publications 70
June E Huh Center for Mathematical Challenges 74
Quantum Universe Center 84
Center for Advanced Computation 94
Center for Al and Natural Sciences 104
Open KIAS Center 110
Partnership 118
Alumni 120
Associate Members 137
Organization 144
Former Presidents 146

Imagine the Impossible

Annual Report
2025

Korea
Institute for

Advanced
Study



Report from the President

Korea Institute for Advanced Study

From Thirty to Infinity

The year 2025 was profoundly meaningful for the Korea Institute for
Advanced Study (KIAS), as we prepared to celebrate our historic
30th anniversary in 2026. Over the past three decades, KIAS has
remained steadfast in its commitment to advancing the frontiers of
theoretical science while fostering a vibrant, world-class community
of scholars. As global scientific challenges become increasingly
complex, our role as a sanctuary for curiosity-driven, fundamental
research is more vital than ever. The extraordinary milestones
achieved over the past year reflect the unparalleled dedication of
our research community and lay a powerful and resilient foundation

for the next chapter of KIAS's journey.

Sincerely,

Tae Won Noh
President, Korea Institute for Advanced Study (KIAS)

Tae Wen Nok
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Advancing the Frontiers of Knowledge

Throughout 2025, KIAS researchers received significant recognition
both nationally and internationally, demonstrating the foundational
strength of our research community. Notably, Professor Masaki
Kashiwara, a KIAS Scholar, was awarded the Abel Prize, one of the
highest honors in mathematics, for his pioneering contributions to
algebraic analysis and representation theory. On the national stage,
Distinguished Professor Seokwoo Shin received the prestigious 2025
Ho-Am Prize in Science, and Professor Youngwoo Son was honored
with the Korea Science Award, in recognition of their monumental

contributions to basic science.

Adding fo this global acclaim, Professors Sungjin Oh and Hee Oh
have been selected as speakers for the International Congress of
Mathematicians (ICM) 2026, with Professor Hee Oh appointed to
deliver a plenary lecture. This exceptional distinction is a source of
great pride to KIAS as we enter our 30th anniversary year. Together
with the other prominent awards and prestigious academic appoint-
ments earned by our faculty and fellows, these accomplishments
underscore the profound global impact of the research conducted

at KIAS.

To sustain this exceptional momentum, our academic community
welcomed Professor Jejoong Yoo to the School of Computation-
al Sciences and Professor Sangmin Lee to the School of Physics.
Their appointments represent our continued strategic investment in
outstanding scholars who will expand the breadth and depth of

research across the institute.

A Dynamic Global Community of Scholars

Scientific progress flourishes best where diverse minds converge.
In 2025, KIAS served as a vibrant global hub, hosting over one
hundred international academic events attended by approximately
8,000 visitors, as well as nearly six hundred specialized seminars.

These gatherings provided fertile ground for researchers from across

www.kias.re.kr

Report from the President

disciplines to cross-pollinate ideas and forge new intellectual para-
digms. We were also privileged to welcome 169 international visit-
ing scientists whose collaborative work with KIAS members greatly
enriched our research ecosystem and reinforced KIAS's role as a

vital nexus for global theoretical science.

Nurturing the Next Generation of Leaders

Equally core to our mission is the responsibility to discover and sup-
port emerging scientific talent. This year, 39 new research fellows
joined KIAS, injecting fresh perspectives and vital intellectual energy
info our community. Since our inception in 1997, more than 600
exceptional fellows have launched their careers at KIAS before tran-
sitioning to leading universities and research institutes across Korea
and around the globe. The continued success of our alumni stands
as a powerful testament to the lasting value of an environment that
rigorously upholds academic freedom, rigorous inquiry, and dedi-

cated mentorship.

Looking to the Future

The pursuit of fundamental science is a long-term endeavor that de-
mands sustained commitment, open-minded exploration, and collabo-
ration that franscends disciplines and national borders. As we stand
on the threshold of our 30th anniversary in 2026, KIAS will continue
to elevate its research excellence by attracting top-ier talent, ex-
panding strategic global partnerships, and cultivating an institution-

al culture where groundbreaking discoveries can naturally emerge.

| would like to express my deepest gratitude to our faculty, staff,
research fellows, visiting scientists, alumni, and partners for their
profound dedication and contributions throughout this critical foun-
dation year. As we prepare to celebrate thirty years of academic ex-
cellence, we reaffirm our commitment to deepening our understand-
ing of the natural world and reinforcing KIAS's status as a premier

global institution for basic science.
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History

1995

Mar.

Feasibility study

on the establishment
of KIAS

Dec.

Formation of

KIAS Establishment
Committee

1996

Aug.
Appointment of
Prof. Efim |. Zelmanov
of University of
California at
San Diego
(1994 Fields
Medalist) as
Distinguished
Professor of
the School of
Mathematics

2016

May

Appointment of
Prof. John Michael
Kosterlitz of the
Brown University
(2016 Nobel
Laureate in Physics)
as Distinguished
Professor of the
School of
Computational
Sciences

2017

Nov.

Appointment of

Prof. Alexei Smirnov
of MPIK Heidelberg
and ICTP (2016 The
Albert Einstein Medal)
as Distinguished
Professor of the
School of Physics

Korea Institute for Advanced Study

Nov.
Establishment

of School of
Mathematics and
School of Physics

Official scientific
operation began
with research staff
of 1 Distinguished
Professor,

2 Professors, and
3 Research Fellows

Sep.

KIAS held its

3rd KIAS Advisory
Board Meeting

Oct.
The 20th Founding
Anniversary of KIAS

Nov.

Appointment of
Prof. Yong-Hee Lee
of KAIST as the 7th
President

2018

Jan.

Publication of

KIAS web magazine
"HORIZON'

Sep.

International Review
of the School of
Mathematics and

the School of Physics
by an external review
committee of experts

1997
)

Dec.

Appointment of

Prof. Chung Wook
Kim of Johns Hopkins
University as the 1st
President

2015

May

Appointment of

Prof. Ashoke Sen

of State University of
New York at

Stony Brook

(2012 Fundamental
Physics Prize Winner)
as Distinguished
Professor of the
School of Physics

Oct.

Appointment of

Prof. Viatcheslav
Mukhanov of Ludwig
Maximilian University
of Munich

(2015 Max

Planck Medal)

as Distinguished
Professor of the
School of Physics

1998

Oct.

Publication of

the Tst issue of

the KIAS Newsletter

Dec.

Introduction of
'Associate Member
Program’

2014

Jan.
Introduction of
‘Quantum Universe

Center (QUC)’

2019

Sep.

International Review
of the School of
Computational
Sciences by

an External Review
Committee of Experts

1999

Aug.

Appointment of
Prof. Leonard
Susskind of Stanford
University

(1998 Sakurai
Prize Awardee) as
Distinguished
Professor of the
School of Physics

2013

Jan.

Introduction

of ‘Center for
Mathematical
Challenges (CMC)’

Sep.

Appointment of
Prof. JongHae Keum
of KIAS as the 6th

President

Oct.

KIAS held its 2nd
KIAS Advisory Board
Meeting

2020

Jan.

Appointment of

Prof. Jaigyoung Choe
of KIAS as the 8th
President
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2000

Aug.
Stephen Hawking's
visit to KIAS

Sep.
Establishment of
School of
Computational
Sciences

2012

Aug.

Inauguration
Conference of
Transdisciplinary
Research Program

2021

Jan.
IntroducIntroduction
of ‘Center for Al and
Natural Sciences
(CAINS)

Publication of the
KIAS Expositions

Launching of The
Quadranscentennial
KIAS Lectures

www.kias.re.kr

2001

Jul.
Re-appointment of
Prof. Chung Wook
Kim as the 2nd
President

201

Sep.

Asian Institutes for
Advanced Study
Forum

Oct.

The 1st KIAS
Advisory Board
Meeting

2022

Jun.

Publication of

the KIAS Springer
Series

Jul.
Distinguished
Professor June E
Huh, School of
Mathematics,
won the 2022
Fields Medal

2004

Jul.

Appointment of

Prof. Mahn Won Kim
of KAIST as the

3rd President

2010

Jul.

Appointment of
Prof. Doochul Kim
of Seoul National
University as the 5th
President

Dec.

Introduction of
‘Center for Advanced
Computation (CAC)’

2023

Jul.

Introduction of

June E Huh Center
for Mathematical
Challenges (HCMC),
the Expansion of

the Former CMC

2006

Jan.

International Review
of the School of
Mathematics by

an external review
committee of experts

May
Introduction of the

'KIAS Scholar

Program’

2009

Jan.

Introduction of
‘Open KIAS Program
(oKey

2024

Jun.

Appointment of
Prof. Tae Won Noh
of Seoul National
University as the
9th President

Oct.
The 10th Founding
Anniversary of KIAS

Nov.

International Review
of the School of
Physics by an external
review committee of
experts

Nov.

International Review
of the School of
Computational
Sciences by

an external review
committee of experts

KIAS honored as the
‘Research Excellence
Institution’ by the
Ministry of Science
and Technology

in recognition

of its exemplary
achievements
'Associate Member
Program’ in scientific
research

2025

May

Appointment of
Prof. Sug Woo Shin
of UC Berkeley

as the HCMC

Distinguished Professor

Jul.

Appointment of

Prof. Daniel D. Lee of
Cornell Tech

as a Distinguished
Professor of the Al
and Natural Sciences
Center

History

2007

Jul.

Appointment of

Prof. Hyo Chul Myung
as the 4th President

Aug.

Launch of ‘Bright
Africa Mathematics
Competition”
sponsorship program

Sep.

International Review
by an External Review
Committee of

the Experts

Oct.

Appointment of

Prof. Myungshik Kim
of Imperial College as
a QUC Distinguished
Professor
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KIAS 2025

Awards & Honors

Sungjin Oh
Mathematics
Professor

Invited Speakers for
ICM 2026

Hoyeon Choi
Computational Sciences
Research Fellow

Young Statistical
Physics Award of
Korean Physical Society

Hee Oh
Mathematics
KIAS Scholar

Plenary Speaker for
ICM 2026

7>
Joongkyung Lee
HCMC
HCMC Fellow

Dissertation Award
from the Korean
Mathematical Society

Number of Research Activities

Conferences

11 12

2020 2021 2022

Math. Phys.

Korea Institute for Advanced Study

14 14
2023 2024
Comp. sci. e Total

2025

Seokwoo Shin
Mathematics

Distinguished Professor

Ho-Am Prize in
Science

Namgyu Kang

Mathematics

Professor

DI Mathematician of
the Year Award from

the Korean

Mathematical Society

Visiting Faculty

33

Jaewan Kim

Computational Sciences
Endowed Chair Professor

Quantum Strategy Committee
Member Under the Prime
Minister of Korea

Kyungsoo Choi

Mathematics

Professor

Next-Generation
Member of the Korean
Academy of Science
and Technology

34

Masaki Kashiwara
Mathematics
KIAS Scholar

Abel Prize

Inhyuk Choi
Mathematics
KIAS Fellow

Sangsan Young
Mathematician
Award

42 42

2020

2022

2024 2025

-+ KIAS Visiting Professors

- Affiliate Professors

KIAS at a glance
400
350
300
250
200
150
100

50

KIAS 2025

1997 1999 2001 2003

Transfer Record of Alumni

125

Overseas U.

Imperial College,
Tokyo U.

www.kias.re.kr

2005 2007 2009

4]

Overseas Inst., etc

MPI, CERN,
RIKEN

2011 2013 2015

—o— Publications

345

National U.

SNU, KAIST

611

Total

2021 2023 2025

—e— Research members: Professors, Research Fellows

100

National Inst., efc

IBS, ETRI
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The great success of modern science can aftributed in large part to mathematics,
which provides the foundation for the models used to analyze various natural and
social phenomena. Because the most significant mathematical discoveries have
often benefited from the crossfertilization of ideas from different mathematical
fields, the School of Mathematics supports scholarship in a broad range of mathe-

matical sciences, spanning both pure and applied mathematics such as algebraic

geometry, number theory, differential geometry, low-dimensional topology, har-

monic analysis, global analysis, mirror symmetry, and partial differential equa-
tions. The School of Mathematics’ fundamental objective is to create new mathe-
matical knowledge and nurture young mathematicians by providing them with a

vibrant environment that encompasses the full spectrum of mathematical sciences.




Faculty and Research Fellows

Position

Distinguished Professor

Professor Emeritus

Professor

KIAS Scholar

Research Fellow

Korea Institute for Advanced Study

Name
Zelmanov, Efim I.
Huh, June E
Choe, Jaigyoung
Choi, Youn-Seo
Choi, Kyeongsu
Kang, Nam-Gyu
Kiem, Young-Hoon
Kim, Hyun Kyu
Kim, Inkang
Kim, Sang-hyun
La, Joonhyun
Oh, Sungdin
Park, Jinsung
Alberts, Thomas
Jang, Juhi

Kim, Hyeongsin
Kim, Minhyong
Lee, Kyungyong
Oh, Hee

Reid, Alan

Nyberg Brodda, Carl-Fredrik
Chen, Hsin-Ku

Chen, Yen-An

Choe, Junho

Choi, Do Young

Choi, Inhyeok

Choi, Jae-Hwan

Escayola Acosta,
Maximiliano Nelson

Genz, Volker

Han, Jiyoung

Han, Jong In
Huang, Jiuzhou
Hwang, Byung-Hak

Jang, Hyeontae

Research Interest

Algebra, Group Theory

Combinatorics, Algebraic Geometry
Differential Geometry

Analytic Number Theory

Partial Differential Equations

Analysis, Probability

Algebraic Geometry

Physical Mathematics

Hyperbolic Geometry

Geometric Group Theory

Partial Differential Equations

Nonlinear Partial Differential Equations

Global Analysis

Two-Dimensional Conformally Invariant Systems
Analysis and Partial Differential Equations
Number Theory

Arithmetic Geometry

Algebra, Combinatorics, Data Science, and Mathematical Physics
Dynamical Systems

Hyperbolic Manifolds, Geometric Group Theory and Low-Dimensional
Topology

Algebraic Geometry
Algebraic Geometry
Algebraic Geometry
Algebraic Geometry

Secant Variety, Hilbert Scheme
Geometric Group Theory
Probability, Pde

Dynamical Systems

Mathematical Physics
Partial Differential Equations
Algebraic Geometry
Algebraic Combinatorics
Algebraic Combinatorics

Toric Topology

School of Mathematics

Position

Research Fellow

www.kias.re.kr

Name

Ji, Yong-Gwan
Jung, Hong Taek
Kim, Joonhee
Kim, Minkyu
Kim, Tae Gyu
Kim, Taehyeong
Lee, Jaehoon
Lee, Juho

Lee, Juyoung
Lee, Sanghoon
Lee, Sangjin
Lee, Se-Chan
Lee, Sin-Myung
Lee, Youngmin
Moon, Hyunsuk
Park, Hyangdong
Rasul, Parvez
Rogozinnikov, Eugen
Ryu, Junhee
Seo, Jinsol

Seol, Seokbong
Song, Keong
Wang, Zhihao
Wen, Yaoxiong
Xu, David

Yun, Hyungsung
Zhu, Minzhe

Research Interest
Spectral Analysis, Pdes
Geometric Topology

Model Theory

Algebraic Topology

Partial Differential Equations
Homogeneous Dynamics
Differential Geometry
Differential Geometry
Harmonic Analysis
Differential Geometry
Symplectic Topology

Partial Differential Equations
Representation Theory
Number Theory

Algebraic Geometry

Partial Differential Equations
Algebraic Geometry

Higher Teichmuller Theory
Partial Differential Equations

Analysis, Pde

Noncommutative Differential Geometry, Higher Structures

Partial Differential Equations
Skein Theory

Algebraic Geometry
Geometric Group Theory
Partial Differential Equations

Algebraic Geometry
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Research Activities

Algebraic Geometry

Members of the Korea Institute for Advanced Study (KIAS) Algebraic
Geometry group cover a wide range of research areas, including bi-
rational geometry, projective geometry, K-stability, Gromov-Witten

theory, and Donaldson-Thomas theory.

In 2025, we hosted two international conferences on algebraic

geometry:

(1) Hyeonjun Park and Young-Hoon Kiem organized the “Work-
shop on Moduli Spaces, Virtual Invariants, and Shifted Symplec-
tic Structures 2025” in June, which attracted leading interna-
tional experts on enumerative geometry and derived algebraic
geometry.

(2) In February, InKyun Kim co-organized the conference “Affine
Geometry and Birational Geometry,” fostering interaction be-
tween researchers in birational geometry and affine geometry
with lectures by Takashi Kishimoto, Masatomo Sawahara, and
Atsushi lto. It provided participants with an opportunity to discuss

recent developments and problems of shared inferest.

Korea Institute for Advanced Study

We also hosted two domestic conferences on algebraic geometry

in 2025:

(1) In December, Young-Hoon Kiem co-organized the “Symposium in
Algebraic Geometry 2025,” which brought together experts in
algebraic geometry from across Korea to promote collaboration.

(2) In September, In-Kyun Kim co-organized the conference “Al-
gebraic Geometry in Korea,” to promote academic exchange
among algebraic geometers in Korea. It featured a total of 15
lectures and provided an opportunity for researchers to share
recent advances and strengthen collaborations within the Korean

algebraic geometry community.

A regular algebraic geometry seminar series was also organized
by Jeongseop Kim, Junho Choe, In-Kyun Kim, and Hyeonjun Park,
which served as a meeting ground for all members to share new

developments.

The individual research activities directed by algebraic geometry

group members in 2025 are presented below in alphabetical order.

Yen-An Chen published a paper titled “On toric and toroidal folia-
tions” in Infernational Mathematics Research Notices. He also stud-
ied slope-unstable Fano manifolds via foliation theory with Ching-Jui
Lai and gave a conceptual proof of the classification of all slope-

unstable weak del Pezzo surfaces.

Doyoung Choi collaborated with Jin-Hyung Park on two projects: (i)
computing the Hilbert polynomial of a secant variety, closely related
to the cohomology of symmetric powers of the tautological bundle
on the Hilbert scheme; and (i) a follow-up to their early-2025 joint
work investigating singularities and syzygies of the four-secant vari-
ety. Despite the singularity of the Hilbert scheme of four points, he

carried out the necessary cohomology analyses.

You-Cheng Chou worked on permutation equivariant quantum K-
theory and found a closed formula for (non-permutation equivariant)
on genus | invariants and conjectural formula for permutation equiv-
ariant genus O invariants. He further computed the relation between
quantum K-invariants and Gokakumar-Vafa invariants and proved

an integrality conjecture of J. Bryan about the GV invariants.

Jong In Han posted four preprints in 2025 on arXiv on tensors, sums

of squares and syzygies, with titles as follows:

(1) Recursive Koszul flattenings of deferminant and permanent ten-
sors,

(2) The border rank of the 4 x 4 determinant tensor is twelve,

(3) On quadratic persistence and Pythagoras numbers of totally real
projective varieties,

(4) Hierarchical structure of graded Betti numbers in the quadratic

strand.

Young-Hoon Kiem published a paper titled “Characteristic polyno-
mials of Mo,» and log-concavity” in Proceedings of London Math
Society and completed two preprints about shifted Lagrange multi-
pliers method (with Hyeonjun Park) and about generalized intersec-
tion pairings on moduli spaces of vector bundles over curves (with

Chenijiing Bu). He also published a volume “Moduli spaces, virtual

www.kias.re.kr

School of Mathematics

invariants and shifted symplectic structures” in the KIAS Springer
series as the editor. He delivered 11 invited talks in various places

including Aarhus, Beijing, Geneva, Rome and Tainan.

In-Kyun Kim published three papers in 2025. First, in joint work with
Joonyeong Won, he studied the K-stability of blow-ups of weighted
projective planes, and the paper “On K-stability of blow-ups of
weighted projective planes” was published in Proceedings of the
Royal Society of Edinburgh. He also investigated the existence of
cylinders in weighted Fano hypersurfaces through projections and
unprojections; this work, titled “Cylinders in Weighted Fano Hyper-
surfaces via Projections and Unprojections,” was co-authored with
Takashi Kishimoto and Joonyeong Won and published in the Tai-
wanese Journal of Mathematics. In addition, together with Jinhyung
Park and Joonyeong Won, he proved the K-polystability of the first
secant varieties of rational normal curves, and this result appeared
in International Mathematics Research Notices. He also completed
four preprints. With Dae-Won Lee and Masatomo Sawahara, he
studied the rationality and cylindricity of k-forms of singular del
Pezzo surfaces. Together with Morihiko Saito, he investigated oscil-
lation indices of oscillatory integrals of real analytic functions and
clarified their subtle behavior. In joint work with Takashi Kishimoto
and Joonyeong Won, he analyzed automorphism groups and cy-
lindricity of weighted hypersurface Fano threefolds. Finally, with
Dae-Won Lee, he studied the K-stability of del Pezzo surfaces with

a single quotient singularity.

Hyeonijun Park published a paper fitled “Virtual Localization Revis-
ited,” written with Dhyan Aranha, Adeel Khan, Aloysha Latyntsev,
and Charanya Ravi, in Advances in Mathematics. He posted three
papers on arXiv. With Young-Hoon Kiem, he wrote “Cosection local-
ization via shifted symplectic geometry,” With Adeel Khan, Tasuki
Kinjo, and Pavel Safronov, he wrote “Perverse pullbacks” and “Pe-
riod sheaves via perverse pullbacks.” He was invited to deliver 17
presentations at Utrecht, Jussieu, Simons Center, Michigan, Shang-
hai, Imperial College, Edinburgh, Brin Center, Cambridge, ETH, Ac-

ademia Sinica, and Tokyo.
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Minzhe Zhu mainly worked on the boundedness of polarized log Cal-
abi-Yau fibrations. He submitted one paper titled “Boundedness of po-
larized log Calabi-Yau fibrations with bounded bases” (with Xiaowei
Jiang and Junpeng Jiao). In addition, he gave presentations at several
events, including the Workshop on Algebraic Geometry in Yonsei
University, and Conference on Algebraic Geometry in Tsinghua San-
ya International Mathematics Forum. He also was invited to deliver

presentations at Shanghai Jiaotong University and Xiamen University.

Physical Mathematics

The Physical Mathematics group, led by Prof. Hyun Kyu Kim, works
on various mathematics topics related to physics, especially quantum
aspects of geometry and the topology of low-dimensional manifolds,
such as Teichmiiller spaces and the higher Teichmiiller spaces of sur-
faces, their cluster variety structures and quantization thereof, skein
algebras, mapping class groups, and three-dimensional quantum
gravity, as well as quantum algebra topics, such as the structures
and representation theory of quantum groups and super quantum

groups. Dr. Zhihao Wang joined KIAS in August 2025.

Prof. Hyun Kyu Kim, in the paper “Naturality of SL3 quantum trace
maps for surfaces” published in 2025, established an important nat-
urality equation for the SL3 quantum trace maps for surfaces, which
had been developed by the author in a previous paper. Only with
the result of this work, the previous construction was fully justified for
its relevance to the Fock-Goncharov quantum duality coniecture, one
of the most prominent research topics in the theory of cluster varieties.
Prof. Hyun Kyu Kim completed two preprints “Frobenius homomor-
phisms for stated SLn-skein modules” and “Monoidal categorification

of genus zero skein algebras” in 2025, and put them in the arXiv.

Dr. Sin-Myung Lee studied topics in the theory of g-characters of
representations of quantum affine algebras. Dr. Lee proposed fun-
damental conjectures in this area, which leads to the understanding
of the center of the affine vertex superalgebras at the critical level,

through Y-algebras.

Korea Institute for Advanced Study

Dr. Zhihao Wang studied fopics related to the skein algebras of
surfaces, for various gauge groups. In particular, a large part of Dr.
Wang's study was on the case when the quantum parameter g is a
root of unity, for which the representation theory became rich. Dr.
Wang established fundamental results on the centers of these alge-
bras, which are crucial in the study of representation theory. After
moving to KIAS, Dr. Zhihao Wang completed three preprints and
posted them on arXiv: “Centers and representations of the SLn quan-
tum Teichmuller spaces,” “Centers of stated SL(n) skein algebras:
even roots of unity,” and “Quantum cluster realization for projected

stated SLn-skein algebras.”

Members of the Physical Mathematics group were also invited to
give talks at international conferences and seminars. Prof. Hyun
Kyu Kim was invited to give a talk at the conference New Trends
in Teichmiiller Theory held by ICTS in Bangalore, India. Prof. Kim
was also invited to give a talk at the conference Representations
of Quivers in Mathematics and String Theory held by the Institute
of Basic Science (IBS) Center for Geometry and Physics, Pohang,
Korea, as well as at the conference Quantum Groups, Monoidal
Categorification and Related Topics held by the Center for Quantum
Structures in Modules and Spaces at Jeju, Korea. Prof. Kim was also
invited to give talks at seminars at institutes, including the University
of Connecticut, Storrs, CT, USA, The University of Alabama, Tusca-
loosa, AL, USA, Yau Mathematical Sciences Center, Beijing, China,
and Yonsei University, Seoul, Korea. Dr. Sin-Myung Lee was invit-
ed to give a talk at the infernational conference Quantum Groups,
Monoidal Categorification and Related Topics held by the Center for
Quantum Structures in Modules and Spaces at Jeju, Korea, and to
speak at seminars at Seoul National University and POSTECH. Dr.
Zhihao Wang was invited to make a presentation at the Topology
Workshop in the east China region, and in the special session “Phys-

ical Mathematics” at the 2025 Fall KMS Meeting.

Prof. Hyun Kyu Kim has organized the semi-regular seminar Geom-
etry, Algebra and Physics Seminar at KIAS. Prof. Kim has uploaded
some presentations fo the YouTube channel for this seminar and has

made them available to the public.

Prof. Hyun Kyu Kim organized the special session “Physical Mathe-
matics” at the 2025 Fall KMS Meeting, as well as the KIAS Math-
HCMC Workshop.

Differential Geometry & Analysis

The KIAS Differential Geometry and Analysis group consists of Pro-
fessor Jinsung Park, Professor Kyeongsu Choi, Dr. Jaehoon Lee, Dr.
Sanghoon Lee, Dr. Taehun Lee, Dr. Sewook Oh, Dr. Jaehyeon Ryu,
and Dr. Jiuzhou Huang. The research group focuses on mathemat-
ical physics in terms of analytic aspect, geometric flows, minimal
surfaces, Yang-Mills theory, and maximal functions on hypersur-

faces.

Prof. Kyeongsu Choi classified every ancient noncollapsed mean
curvature flow in Euclidean four-space, which provides the full list of
possible singularities of noncollapsed mean curvature flow. He also
proved the uniqueness of tangent flows at infinity for the curvature
shortening flow with finite-entropy, which is the first result for geomet-
ric flows handling backward limits with multiplicity. Furthermore, he
characterized every translating surface using the sub-affine-critical

powers of the Gauss curvature.

Prof. Jinsung Park worked on the energy of generalized Gauss
maps from the maximal disc in the Anti de Sitter three-space, whose
boundary is given by the graph of quasisymmetric homeomorphism
on the circle. In particular, it was proved that this energy is related to
the Liouville action of the quasisymmetric homeomorphism under the

Weil-Petersson class condition.

Dr. Jaehoon Lee mainly focused on research conducted jointly with
Dr. Eungbeom Yeon on desingularizing a two-dimensional plane
passing through the waist circle of a Lagrangian catenoid in R4, sim-
ilar to the Costa-Hoffman-Meeks surface in Euclidean three-space.
A preprint is currently in preparation. From August 25 to December
16, Dr. Lee visited Stanford University as part of a KIAS overseas

shortterm research program for research collaboration.

www.kias.re.kr

School of Mathematics

Dr. Sanghoon Lee, in collaboration with Jaehwan Kim, proved the ex-
istence of an infinite-dimensional family of solutions to the Yang-Mills
flow that converge to the SO(n)-equivariant homothetically shrinking
soliton constructed by Weinkove. Additionally, in joint work with
Fang Wang, he established a rigidity theorem for Poincaré-Einstein
manifolds, demonstrating that the standard upper half-plane model
of hyperbolic space is the only Poincaré-Einstein manifold close to

itself in a certain sense.

Together with Prof. Kyeongsu Choi, Dr. Taehun Lee and Dr. Jiuzhou
Huang constructed an Hamily of ancient graphical mean curvature
flows over minimal hypersurfaces with finite total curvature. These
solutions exhibit rich geometric properties, including finite total cur-

vature, finite mass drop, and, in one family, mean convexity.
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Dr. Sewook Oh established the boundedness of the maximal opero-
tor associated with averages over hypersurfaces for all finitetype hy-
persurfaces. He also resolved the problem of obtaining optimal max-

imal bounds for hypersurfaces with a Fourier decay rate of one-half.

Together with Prof. Andreas Seeger, Dr. Jaehyeon Ryu established a
boundedness result for maximal averages over a tilted sphere on a
two-step nilpotent Lie group. This result demonstrates a striking phe-
nomenon that the maximal average behaves completely differently

from that over a nonilted sphere in terms of its boundedness.

PDE & Probability

The KIAS PDE and Probability group consists of Professor Nam-Gyu
Kang, Professor Sung-Jin Oh, Professor Joonhyun La, Dr. JungKyo-
ung Lee, Dr. Hyangdong Park, Dr. Jinsol Seo, Dr. Junhee Ryu, Dr.
Jae-Hwan Choi, Dr. Taegyu Kim, Dr. Se-Chan Lee, and Dr. Wontae
Kim. The research group focuses on various problems in PDE and
Probability. Within PDEs, the group studies a wide range of topics,
including regularity theory of elliptic and parabolic PDEs, fluid dy-
namics, dispersive PDEs, wave turbulence theory, quasilinear wave
equations and general relativity. Also, the group focuses on various

topics in probability, including but not limited to Coulomb gases.

= Research works

With Byun, Seo, and Yang, Prof. Nam-Gyu Kang considered two-di-
mensional Coulomb gases on the Riemann sphere with determinan-
tal or Pfaffian structures, under external potentials that are invariant
under rotations around the axis connecting a magnetic dipole, and
with microscopic point charges inserted at a pair of such poles. These
models can be interprefed as Coulomb gases on the complex plane
with weakly confining potentials, where the associated droplet is the
entire complex plane. For these models, they derived precise asymp-

totic expansions of the free energies, including the constant terms.

With Luk and Yu, Prof. SungJin Oh studied late-fime tails for quasi-lin-

ear wave equations satisfying weak null conditions, in connection
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with the Price law of decay in general relativity. In particular they
provided a complete description of the global asymptotics of scalar
quasilinear wave equation foward the future time in the small data

regime.

With Germain and Menegaki, Prof. Joonhyun La studied kinetic
wave equation derived from a one-dimensional chain of weakly an-
harmonic potential. The kinetic wave approach provides a new in-
sight in understanding Fermi-Pasta-Ulam-Tsingou experiment, which
deeply motivated various areas in theoretical physics and equidistri-

bution of energy in Hamiltonian systems.

From April 7 to April 11, 2025, Prof. Nam-Gyu Kang, together
with Professor Nicola Arcozzi (University of Bologna), Professor llia
Binder (University of Toronto), Professor Alexei Poltoratski (University

of Wisconsin-Madison), and Professor Stanislav Smirnov (Université

de Genéve), organized the conference Complex Faces in Venice.
The conference addressed various fopics in complex analysis that
have had significant influence across several areas of mathematics,
including harmonic analysis, functional analysis, probability theory,
and mathematical physics. Among the speakers were ICM plenary
lecturers Professor Mikhail Lyubich and Professor Greg Lawler, who
delivered presentations titled “Mirrors of Conformal Dynamics: Julia
Sets, Kleinian Groups, Schwarz Reflections, and Correspondences”
and “Exploring a Paper of Kang and Makarov,” respectively. In
total, 21 speakers presented on a broad range of fopics in com-
plex analysis, including Epstein’s construction and the holography
of Loewner energy and Schwarzian action, Free energy of con-
strained planar Coulomb gases, Weil-Petersson curves, traveling
salesman theorems and minimal surfaces, metrics on non-simple
conformal loop ensemble gaskets, and random walk reflected off

infinity.
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The conference Universality, Nonlinearity, and Integrability - In Hon-
or of Percy Deift was held at the Korea Institute for Advanced Study
(KIAS) from May 12 to 16, 2025, with the aim of exploring the
intersection of universality, nonlinearity, and integrability. These in-
terconnected fields have provided a dynamic and rich foundation
that promotes mutual progress, leading to many exciting new de-
velopments. The conference featured presentations on a variety of
topics, including random matrix theory, integrable nonlinear partial
differential equations, and KPZ theory. In addition, several presen-
tations at the event highlighted and celebrated Percy Deift's many

contributions to these areas.

From June 10 fo June 13, Prof. Joonhyun La, together with Myoung-
jean Bae, Mikhail Feldman, Hyangdong Park, and Wei Xiang, or-
ganized the conference The Future of PDEs: Interdisciplinary Con-
nections Through Generations at KIAS. The conference addressed
various topics in mathematical fluid dynamics, in both compressible

fluid dynamics and incompressible fluid dynamics.

Topology

KIAS topology group consists of Professor Inkang Kim, Professor San-
ghyun Kim, Dr. Inhyeok Choi, Dr. Eugen Rogozinnikov, Dr. Hongtaek
Jung, Dr. David Xu, Dr. Carl-Fredrik Nyberg-Brodda.

Inkang Kim published a paper titled “Curvature of new Kéhler met-
rics on the total space of Griffiths negative vector bundle and qua-
si-Fuchsian space” proving the existence of a mapping class group
invariant Kahler metric on the space of Griffiths negative vector bun-
dle, including the quasi-Fuchsian space, the space of convex real
projective structures on surface, the space of complex projective
structures on surface, and all holomorphic bundles whose fibers are

at least cubic or higher holomorphic forms as important examples.
He also proved that a non-positively curved, non-zero Euler number

closed four-manifold has a positive Gromov simplicial volume, settling

a long-standing conjecture of Gromov for dimension 4 (to appear in
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Duke Math J). He also worked on counting the number of connected
components of relative character variety of representations from a
fundamental group of a bordered surface into SL(2,R) with special
holonomy conditions on the boundary, generalizing the work of W.

Goldman, using the machinery of Atiyh-Singer signature theory.

Sang-hyun Kim, with Thomas Koberda and Javier de la Nuez-Gon-
zalez, published the paper “First order rigidity of homeomorphism
groups of manifolds” in Comm. Amer. Math. Soc. 5 (2025), which
is the only Diamond Open Access online journal by the American
Mathematical Society. He proved in this paper that every compact
connected manifold M admits a purely group theoretic first order

sentence “l-am-M" in its homeomorphism group.

He also, with Nicolds Matte Bon, Mikael de la Salle and Michele
Triestino, published “Subexponential growth and C1 actions on
one-manifolds” in /nfernational Mathematics Research Notices, Vol-
ume 2025. He proved that if a countable group does not contain a
finitely generated subgroup of exponential growth, then every topo-
logical action of the group on a compact connected one-manifold

can be blown-up to a C1 action.

Sang-hyun Kim published, with Nhat Minh Doan, Mong Lung Lang,
Ser Peow Tan, the paper “Optimal independent generating system
for the congruence subgroups o(p) and To(pq)” in The Journal of
Geometric Analysis (2025).

Inhyeok Choi published a paper titled “Counting pseudo-Anosovs
as weakly contracting isometries” in /nventiones Mathematicae, Vol.
242 (2025). In this paper, he proved that in every Cayley graph of
the mapping class group of finite-type hyperbolic surface, the den-
sity of pseudo-Anosovs in a metric ball converges to 1 as the radius
of the ball increases. He proved a similar result for rank-1 CAT(0)

groups and hierarchically hyperbolic groups.
He also published a paper titled “Random walks and contracting ele-

ments II: Translation length and quasi-isometric embedding” in Groups,

Geometry, and Dynamics, Vol. 19, No. 4 (2025). In this paper, he
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proved the sfrong law of large numbers and central limit theorem for
translation lengths of random elements arising from random walks on

the mapping class groups and hierarchically hyperbolic groups.

Eugen Rogozinnikov completed, with collaborators, the mono-
graph Spectral Networks: Bridging HigherRank Teichmiller The-
ory and BPS States, presenting spectral networks as a framework
linking higherrank Teichmiller theory, character varieties, and
BPS states in supersymmetric gauge theory. He also completed
two papers: one develops symplectic groups over Lie subgroups of
involutive algebras and associated geometric objects such as iso-
tropic configurations and symmetric-space models, with particular
emphasis on realizing classical groups, including the spin groups
Spin(m,n), within this framework. The other studies geometric and
Lietheoretic aspects of symplectic and orthogonal groups over
involutive algebras, including symmetric-space models and appli-
cations to Higgs bundles and reductive representations of surface
groups. Further, he continued work on a quaternionic approach to
Sp(2n,C)-Higgs bundles and on extending the Anosov property to
surface-group representations into infinite-dimensional Lie groups

of finite rank.

Hongtaek Jung showed that if a sequence of measured laminations
converges weakly, then the associated sequence of cataclysm de-
formations also converges on compact sefs. As an application, he
proved that the set of strongly dense G-Hitchin representations is not
open when the longest element in the Weyl group of G is -1. He
also showed, in collaboration with Hyungryul Baik and KyeongRo
Kim, that if a subgroup G acting on a circle preserves a veering pair
of laminations, then it must admit a convergence action on a two-
sphere. If the action of G on the circle is cofinite, he further proves

that the induced action on the two-sphere is geometrically finite.

David Xu, with Francois Fillastre and Yusen long, completed a
preprint “An explicit exotic representation of a rank-one simple Lie
group via convex bodies.” In this paper, he produces a continuous
and irreducible representation of the isometry group of the hyperbol-

ic plane info the isometry group of the infinite-dimensional hyperbolic

20

space using the hyperbolic model for convex bodies in the Euclidean
plane. He explicitly detailed the relation with the family of exotic
representations introduced by Monod and Py and described some

geometric properties of this representation.

He also worked on a generalization of Kazhdan’s property (T) to in-
verse semigroups with Carl-Fredrik Nyberg-Brodda, and on Anosov
and maximal representations in infinite dimension and finite rank

with Eugen Rogozinnikov and Clarence Kineider.
Carl-Fredrik Nyberg-Brodda published the paper with Robert D.

Gray, “Membership problems in braid groups and Artin groups”
(Journal of the London Mathematical Society (2) 112, no. 4 (2025),

www.kias.re.kr
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22 pp.) giving a complete classification of when the submonoid

resp. rational subset membership problem is decidable in a given
Artin group. In particular, they showed that the submonoid mem-
bership problem is undecidable in the fourstrand braid group, an-
swering a question posed by Potapov in 2013. He also, with Mark
Kambites, Néra Szakdcs, and Richard Webb, published an article
“The growth of free inverse monoids” (Journal of the Mathematical
Institute of Jussieu, to appear) computing the exponential growth rate

of free inverse monoids.
Sang-hyun Kim, Sanghoon Kwak, Carl-Fredrik Nyberg-Brodda, Eu-

gen Rogozinnikov, and David Xu organized the conference Map-

ping Class Groups at KIAS.
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Conferences and Workshops

NaBey

)

Geometry and Dynamics in
Low Dimensions
Jan. 6 = Jan. 10

The 20th KIAS Winter School
on Geometry
Jan. 19 —Jan. 24

KIAS Mathematics
Colloquium:

By Richard Schwarts
Mar. 12 — Mar. 12

2025 KMS Spring Meeting
Apr. 24 - Apr. 26

Korea Institute for Advanced Study

The 19th Korean Women in
Mathematical Sciences
Jun. 30 = Jul. 1

2025 2K-GATE One day
Geometric Topology Festival
Aug. 29

Dynamical Group Theory VI
Sep. 18

2025 KMS Autumn Meeting
Oct. 22 - Oct. 24

KIAS Math-HCMC Fall
Workshop 2025
Nov. 19 — Nov. 21

Dynamical Group Theory VIl
Nov. 26 - Nov. 28

The 9th KIAS Alumni
Workshop in Mathematics
Dec. 19

Symposium in
Algebraic Geometry 2025
Dec. 21 - Dec. 23
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Publications

Catanese, Fabrizio

Manifolds with trivial Chern classes I: hyperelliptic manifolds
and a question by Severi ® ANNALI DELLA SCUOLA
NORMALE SUPERIORE DI PISA-CLASSE DI SCIENZE

Escobedo, Miguel; Germain, Pierre; La, Joonhyun;
Menegaki, Angeliki

Entropy maximizers for kinetic wave equations set on fori ®
BULLETIN OF THE LONDON MATHEMATICAL SOCIETY

Catanese, Fabrizio; Frapporti, Davide; Gleissner, Christian;

Liu, Wenfei; Schuett, Matthias

On the Cohomologically Trivial Automorphisms of Elliptic
Surfaces I: X(S)=0 e TAIWANESE JOURNAL OF MATHEMATICS

Kim, Kihyun; Kwon, Soonsik; Oh, Sung-Jin

SOLITON RESOLUTION FOR EQUIVARIANT SELF-DUAL
CHERN-SIMONS-SCHRODINGER EQUATION IN WEIGHTED
SOBOLEV CLASS © AMERICAN JOURNAL OF MATHEMATICS

Chai, Xiaoxiang; Wan, Xueyuan
Band width estimates of CMC initial data sets ®
COMMUNICATIONS IN ANALYSIS AND GEOMETRY

Choi, Jae-Hwan; Kim, lldoo; Lee, Jin Bong

A Regularity Theory for an Initial Value Problem with

a Time-measurable Pseudo-differential Operator in a Weighted
Lp-space ® POTENTIAL ANALYSIS

Lee, Se-Chan
Nonlocal Harnack inequality in a disconnected region ®

MATHEMATICS IN ENGINEERING

Choi, Beomjun; Choi, Kyeongsu; Kim, Soojung
Continvous family of surfaces translating by powers of Gauss
curvature © ADVANCES IN MATHEMATICS

Das, Shamik; Lee, Yoonjin
Quantitative Bounds on the Number of Non-Congruent
Numbers of the form 2PQ e RESULTS IN MATHEMATICS

Bae, Hanwool; Cho, Cheol-Hyun; Choa, Dongwook;

Jeong, Wonbo

Floer theory for the variation operator of an isolated singularity
¢ JOURNAL OF TOPOLOGY

Choi, Jinwon; Kiem, Young-thn; Lee, Donggun
Characteristic polynomial of Mo.n and log-concavity
PROCEEDINGS OF THE LONDON MATHEMATICAL SOCIETY

Won, Byung-Sun; Kim, Jon-Lark; Lee, Yoonijin

Modified genetic algorithms for constructing new quaternary
hermitian LCD codes ® APPLIED SOFT COMPUTING
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Karabas, Dogancan; Lee, Sangjin
The wrapped Fukaya category of plumbings ® JOURNAL OF
SYMPLECTIC GEOMETRY

Chlebicka, Iwona; Song, Kyeong; Youn, Yeonghun;
Zatorska-goldstein, Anna

Riesz potential estimates for mixed local-nonlocal problems with
measure data ® JOURNAL OF THE LONDON MATHEMATICAL
SOCIETY-SECOND SERIES

Jang, Juhi; Liu, Jiaqi; Masmoudi, Nader
Waiting time solutions in gas dynamics © JOURNAL DE
MATHEMATIQUES PURES ET APPLIQUEES

Kim, Jongmyeong; Lee, Se-Chan

Regularity for solutions of non-uniformly elliptic equations
in non-divergence form ® REVISTA MATEMATICA
IBEROAMERICANA

Chung, Kiryong; Kim, Jaehyun; Kim, Jeong-Seop
Rational quartic curves in the Mukai-Umemura variety ®
JOURNAL OF PURE AND APPLIED ALGEBRA

Cascini, Paolo; Catanese, Fabrizio; Chen, Yifan;

Keum, JongHae

MORI DREAM SPACES AND Q-HOMOLOGY QUADRICS e
PACIFIC JOURNAL OF MATHEMATICS

Nguyen, Dang Tuyen; Pyo, Juncheol

Weighted p-harmonic 1-forms on Fminimal hypersurfaces in
smooth metfric measure spaces ® INTERNATIONAL JOURNAL
OF MATHEMATICS

Byun, Sung-Soo; Kang, Nam-Gyu; Seo, Seong-Mi; Yang, Meng
Free energy of spherical Coulomb gases with point charges ®
JOURNAL OF THE LONDON MATHEMATICAL
SOCIETY-SECOND SERIES

Lee, Sangjin
Lefschetz fibrations on cotangent bundles and some plumbings
o SELECTA MATHEMATICA-NEW SERIES

Cho, Yunhi; Kim, Seonhwa

Rigidity of Nonconvex Polyhedra with Respect fo Edge Lengths
and Dihedral Angles ® DISCRETE & COMPUTATIONAL
GEOMETRY

Choi, Dohoon; Lee, Min; Lee, Youngmin; Lim, Subong
Equidistribution of the eigenvalues of Hecke operators ®

MATHEMATISCHE NACHRICHTEN
Chang, Chih-Wei; Chen, Yen-An

On Toric and Toroidal Foliations ® INTERNATIONAL
MATHEMATICS RESEARCH NOTICES
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Choi, Jae-Hwan; Kim, lldoo

An existence and uniqueness resulf to evolution equations
with sign-changing pseudo-differential operators and its
applications to logarithmic Laplacian operators and
second-order differential operators without ellipticity
JOURNAL OF PSEUDO-DIFFERENTIAL OPERATORS AND
APPLICATIONS

Choi, Inhyeok
Counting pseudo-Anosovs as weakly contracting isometries ®
INVENTIONES MATHEMATICAE

Lee, Sanghoon
Liouville-type theorems on the hyperbolic space ® CALCULUS
OF VARIATIONS AND PARTIAL DIFFERENTIAL EQUATIONS

Cho, Yumi; Ryu, Seungjin; Song, Kyeong

Global Calderén-Zygmund estimates for parabolic
quasiminimizers ® BULLETIN OF THE LONDON
MATHEMATICAL SOCIETY

Kim, Yong-Cheol

HOLDER REGULARITY OF WEAK SOLUTIONS TO
NONLOCAL p-LAPLACIAN TYPE SCHRODINGER EQUATIONS
WITH Ap I-MUCKENHOUPT POTENTIALS © ELECTRONIC
JOURNAL OF DIFFERENTIAL EQUATIONS

Choi, Kyeongsu; Huang, Jiuzhou; Lee, Taehun

ANCIENT MEAN CURVATURE FLOWS WITH FINITE TOTAL
CURVATURE » TRANSACTIONS OF THE AMERICAN
MATHEMATICAL SOCIETY

Ho, Pak Tung; Pyo, Juncheol
Solitons to the Willmore flow ® ADVANCED NONLINEAR
STUDIES

Bae, Myoungjean; Park, Hyangdong

Supersonic flows of the Euler-Poisson system with
nonzero vorticities in three-dimensional cylinders ®
JOURNAL OF THE LONDON MATHEMATICAL
SOCIETY-SECOND SERIES

Kim, Sang-hyun; de la Salle, Mikael; Matte Bon, Nicolas;
Triestino, Michele

Subexponential Growth and C1 Actions on One-Manifolds e
INTERNATIONAL MATHEMATICS RESEARCH NOTICES

Kim, Kyeong-Hun; Ryu, Junhee

Weighted Sobolev space theory for non-local elliptic and
parabolic equations with nonzero exterior condition on C1,
1 open sets ® JOURNAL OF EVOLUTION EQUATIONS
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Choi, Kyudong; Jeong, In-Jee; Sim, Young-Jin

On Existence of Sadovskii Vortex Patch: A Touching Pair of
Symmetric Counter-Rotating Uniform Vortices © ANNALS
OF PDE

Lee, Juyoung
The Critical Weighted Inequalities of the Spherical Maximal
Function ® JOURNAL OF GEOMETRIC ANALYSIS

Chen, Haixia; Kim, Seunghyeok; Wei, Juncheng

Sharp Quantitative Stability Estimates for Critical Points
of Fractional Sobolev Inequalities ® INTERNATIONAL
MATHEMATICS RESEARCH NOTICES

Doan, Nhat Minh; Kim, Sang-hyun; Lang, Mong Lung;
Tan, Ser Peow

Optimal Special Polygons for the Congruence Subgroups
O(p) and MOfpg) ® JOURNAL OF GEOMETRIC ANALYSIS

Kim, Daehwan; Park, Sung-ho

A MINIMAL SURFACE FOLIATED BY CIRCLES OR
GEODESICS IN dS3 AND H3 e BULLETIN OF THE KOREAN
MATHEMATICAL SOCIETY

Choi, Dohoon; Lee, Youngmin

Newman'’s conjecture for the partition function modulo infegers
with at least two distinct prime divisors © ADVANCES IN
MATHEMATICS

Choi, Beomijun; Choi, Kyeongsu; Kim, Soojung
Monge-Ampére equations with righthand sides of
polynomial growth ¢ NONLINEAR ANALYSIS-THEORY
METHODS & APPLICATIONS

Dung, Nguyen Thac; Pyo, Juncheol; Tuyen, Nguyen Dang
Vanishing results on weighted manifolds with lower bounds
of the curvature operafor ® NONLINEAR ANALYSIS-THEORY
METHODS & APPLICATIONS

Lee, Juyoung; Lee, Sanghyuk; Oh, Sewook
The elliptic maximal function ® JOURNAL OF FUNCTIONAL
ANALYSIS

Lee, Juyoung; Lee, Sanghyuk
Lp maximal bounds and Sobolev regularity of two-paramefer
averages over fori ® ADVANCES IN MATHEMATICS

Lim, Deokwoo; Jeong, In-Jee

On the Optimal Rate of Vortex Stretching for Axisymmetric Euler
Flows Without Swirl ¢ ARCHIVE FOR RATIONAL MECHANICS
AND ANALYSIS
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Burcroff, Amanda; Lee, Kyungyong; Mou, Lang

Scattering diagrams, tight gradings, and generalized positivity
e PROCEEDINGS OF THE NATIONAL ACADEMY OF
SCIENCES OF THE UNITED STATES OF AMERICA

Hwang, Byung-Hak; Jang, Jihyeug; Kim, Jang Soo;

Song, Minho; Song, U-Keun

Refined canonical stable Grothendieck polynomials and their
duals, Part 2 ¢ EUROPEAN JOURNAL OF COMBINATORICS

Jeong, In-Jee; Oh, Sung-Jin

Wellposedness of the Electron MHD Without Resistivity for
Large Perturbations of the Uniform Magnetic Field © ANNALS
OF PDE

Luhrmann, Jonas; Oh, Sung-Jin; Shahshahani, Sohrab
Stability of the catenoid for the hyperbolic vanishing mean
curvature equation outside symmetry ® INVENTIONES
MATHEMATICAE

Ahn, Jinhoo; Kim, Joonhee; Lee, Hyoyoon; Lee, Junguk
Preservation of NATP ¢ JOURNAL OF MATHEMATICAL LOGIC

Kim, Hosung; Kim, Jeong-seop; Lee, Yongnam

BIGNESS OF THE TANGENT BUNDLE OF A FANO THREEFOLD
WITH PICARD NUMBER TWO o NAGOYA MATHEMATICAL
JOURNAL

Jeon, Daeyeol; Kang, Soon-Yi; Kim, Chang Heon;

Matsusaka, Toshiki

A unified approach to Rohrlich-type divisor sums ® RESEARCH
IN THE MATHEMATICAL SCIENCES

Choe, Jaigyoung
The periodic Plateau problem and its application ® ANNALS
OF GLOBAL ANALYSIS AND GEOMETRY

Lee, Sanghun; Park, Sangwoo; Pyo, Juncheol
Capillary Stable Minimal Hypersurfaces in a High Dimensional
Riemannian Manifold  JOURNAL OF GEOMETRIC ANALYSIS

Jang, Juhi; Liu, Jiaqi; Schrecker, Matthew
On SelfSimilar Converging Shock Waves © ARCHIVE FOR
RATIONAL MECHANICS AND ANALYSIS

Kineider, Clarence; Rogozinnikov, Eugen
On partial abelianization of framed local systems ®

MATHEMATISCHE ANNALEN

Choi, Kyeongsu; Seo, Dong-Hwi; Su, Wei-Bo; Zhao, Kai-Wei
Uniqueness of Tangent Flows at Infinity for Finite-Entropy
Shortening Curves © GEOMETRIC AND FUNCTIONAL
ANALYSIS
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Jang, Juhi; Liu, Jiaqi; Schrecker, Matthew
CONVERGING/DIVERGING SELF-SIMILAR SHOCK WAVES:
FROM COILLAPSE TO REFLECTION o SIAM JOURNAL ON
MATHEMATICAL ANALYSIS

Catanese, Fabrizio

Manifolds with Trivial Chern Classes Il: Manifolds Isogenous
to a Torus Product, Coframed Manifolds and a Question

by Baldassarri ® INTERNATIONAL MATHEMATICS RESEARCH
NOTICES

Chae, Dongho; Jeong, In-Jee; Na, Jungkyoung; Oh, Sung-Jin
Well-Posedness for Ohkitani Model and Long-Time Existence
for Surface Quasi-geostrophic Equations ®
COMMUNICATIONS IN MATHEMATICAL PHYSICS

Jia, Jia; Meng, Sheng

Moishezon manifolds with no nef and big classes ®
PROCEEDINGS OF THE EDINBURGH MATHEMATICAL
SOCIETY

Hadiji, Rejeb; Han, Jongmin; Sohn, Juhee
Quantization effects for multi-component Ginzburg-Landau

vortices ® ADVANCED NONLINEAR STUDIES

Choi, Kyeongsu; Sun, Liming

Classification of ancient flows by sub-affine-critical
powers of curvature in R2 © JOURNAL OF FUNCTIONAL
ANALYSIS

Kobayashi, Kei; Park, Hyunchul
Heat content for Gaussian processes: Small-time asymptotic
analysis © BERNOULLI

Priddis, Nathan; Shoemaker, Mark; Wen, Yaoxiong
Wall Crossing and the FourierMukai Transform for
Grassmann Flops ® SYMMETRY INTEGRABILITY AND
GEOMETRY-METHODS AND APPLICATIONS

Gu, Wei; Guo, Jirui; Mihalcea, Leonardo; Wen, Yaoxiong;
Yan, Xiaohan

A correspondence between the quantum K theory and
quantum cohomology of Grassmannians ® JOURNAL OF
GEOMETRY AND PHYSICS

Cho, Sangbum; Lee, Jung Hoon
The separating disk complex for a handlebody ® TOPOLOGY
AND ITS APPLICATIONS

Catanese, Fabrizio
General birationality and hyperelliptic theta divisors © ANNALI
DI MATEMATICA PURA ED APPLICATA
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Lee, Juyoung; Lee, Sanghyuk; Oh, Sewook

Lp BOUND ON THE STRONG SPHERICAL MAXIMAL
FUNCTION e PROCEEDINGS OF THE AMERICAN
MATHEMATICAL SOCIETY

Choe, Junho

Castelnuvovo-Mumford Regularity of Unprojections and the
Eisenbud-Goto Regularity Conjecture ® INTERNATIONAL
MATHEMATICS RESEARCH NOTICES

Fukushima, Shota; Ji, Yong-Gwan; Kang, Hyeonbae; Li, Xiaofei
Finiteness of the stress in presence of closely located inclusions

with imperfect bonding ® MATHEMATISCHE ANNALEN

Kim, Inkang; Wan, Xueyuan
Harmonic maps between surfaces homotopic fo a (branched)
covering map ® MATHEMATISCHE ZEITSCHRIFT

Song, Kyeong

Gradient estimates for irregular obstacle problems with
measure data ® JOURNAL OF MATHEMATICAL ANALYSIS
AND APPLICATIONS

Jeong, In-Jee; Kim, Junha; Yao, Yao

ON WELLI-POSEDNESS OF a-SQG EQUATIONS IN THE
HALF-PLANE » TRANSACTIONS OF THE AMERICAN
MATHEMATICAL SOCIETY

Germain, Pierre; La, Joonhyun; Zhang, Katherine Zhiyuan
Local Well-posedness for the Kinetic MMT Model ®
COMMUNICATIONS IN MATHEMATICAL PHYSICS

Lee, Sanghoon
Some uniformization problems for a fourth order conformal

curvature ® JOURNAL OF FUNCTIONAL ANALYSIS

Kim, Inkang; Wan, Xueyuan; Zhang, Genkai

Curvature of new Kéhler metrics on the fotal space of
Griffiths negative vector bundle and quasi-Fuchsian space ®
COMMUNICATIONS IN CONTEMPORARY MATHEMATICS

Han, Jiyoung; Lim, Seonhee; Mallahi-Karai, Keivan
Asymptotic distribution for pairs of linear and quadratic forms
at integral vectors ® ERGODIC THEORY AND DYNAMICAL
SYSTEMS

Hwang, Byung-Hak

Noncommutative symmetric functions and skewing operators ®

DISCRETE MATHEMATICS
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Byun, Sun-Sig; Lee, Ho-Sik; Song, Kyeong
Regularity results for mixed local and nonlocal double phase
functionals © JOURNAL OF DIFFERENTIAL EQUATIONS

Choi, Yuncherl; Ha, Taeyoung; Han, Jongmin; Kim, Sewoong;
Lee, Doo Seok

Turing Instability and Dynamic Bifurcation for the
One-Dimensional Gray-Scott Model ® STUDIES IN APPLIED
MATHEMATICS

Lee, Jaehoon; Yeon, Eungbeom

Frankel’s property for free boundary minimal hypersurfaces
in the Riemannian Schwarzschild manifolds ¢ CALCULUS OF
VARIATIONS AND PARTIAL DIFFERENTIAL EQUATIONS

Lee, Ki-Ahm; Yun, Hyungsung

Boundary regularity for viscosity solutions of fully nonlinear
degenerate/singular parabolic equations ® CALCULUS OF
VARIATIONS AND PARTIAL DIFFERENTIAL EQUATIONS

Park, Hyangdong

Transonic shocks for three-dimensional axisymmetric flows in
divergent nozzles ® JOURNAL OF MATHEMATICAL ANALYSIS
AND APPLICATIONS
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' Instifufes Ginced Study

Over the last two centuries, the world has witnessed great improvements in the
quality of life, many of which have been driven by accomplishments in the natural
sciences, and physics in particular. Discoveries in physics have led to advancements
in all fields of science and to the development of new technologies that have
dramatically transformed the modern world. It is difficult to envision our technology-
driven world without modern physics, from the significant paradigm shifts brought
about by the theory of relativity and quantum mechanics to the invention of
semiconductors. The Korea Institute for Advanced Study (KIAS) aspires to serve
as a source of fundamental knowledge that will play a pivotal role in advancing
human civilization. With this aim, the School of Physics conducts research in a
broad range of areas of theoretical physics, including string theory, field theory,
particle physics, statistical physics, condensed matter physics, astrophysics, and

cosmology.




Faculty and Research Fellows

Position
Distinguished Professor

Professor Emeritus

Professor

KIAS Scholar

KIAS Fellow

Research Fellow

Korea Institute for Advanced Study

Name

Mukhanov, Viatcheslavy
Lee, Kimyeong
Chun, Eung Jin
Jeong, Donghui
Kim, Yong Baek
Ko, Pyungwon

Lee, Jae Sung

Lee, Seung Joon
Lee, Sungjay

Park, Changbom
Park, Kwon

Yi, Piljin

Pomarol, Alex
Tong, David
Atsushi Taruya
Hwang, Kyusung
Lee, Sangyun

Kim, Suro

Dutka, Tomasz P.
Lu, Yongchao

Pal, Priyo Shankar
Mandal, Sanjoy

Li, Linfeng

Dupuy, Alexandra
Goyal, Priya

Kim, Youngjae
Chun, Hyun-Myung
Kawana, Kiyoharu
Kim, Sungjoon
Kim, TaeHun
Jepsen, Christian Baadsgaard
Lee, Kyungsun
Hampton, Shaun David
Zheng, Yu-Hui
Awasthi, Shakul

Research Interest

Theoretical Physics, Cosmology
Theoretical Physics

Particle Physics

Astrophysics

Condensed Matter Physics
Theoretical High Energy Physics
Statistical Physics

Particle Physics

String Theory, Quantum Field Theory
Astrophysics, Cosmology
Condensed Matter Physics, Strongly Correlated Electron Systems
String Theory

Theoretical Particle Physics
Theoretical Physics

Astrophysics

Condensed Matter Theory
Nonequilibrium Statistical Physics
Particle Physics

Particle Physics

String Theory

Statistical Physics

Particle Physics

String Theory

Astrophysics

Astrophysics

Condensed Matter Theory
Statistical Physics

Particle Physics

Fields and String Theory

Particle Physics

Quantum Field Theory, String Theory
String Theory

String Theory

Paricle Physics

Statistical Physics
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Position

Research Fellow

Project Research Fellow
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Name

Mishra, Preetish
Singh, Varinder
Davari Dolatabadi, Zahra
Ban, Kayoung

Lu, Philip

Agrawal, Aayushi
Salim, Shahrukh
Kim, Jinheung

Vos, Gideon

Lin, Ban

Lopez, Martha

Xu, Bin

Bi, Da

Patil, Trupti
Panopoulos, Pantelis
Yuan, Yin

Lee, Hojin

Choi, Jaehyeok
Sinha, Sudip

Oh, Boon Kiat
Shamma, Michael Christophe
Jung, Narina
Reichard, Merlin
Youn, Taewook

Yu, Bingrong

Song, Hanwool

Kim, Youngjoe

Research Interest
Astrophysics

Statistical Physics

Cosmology

Particle Physics

Astroparticle Physics
Theoretical Condensed Matter
Condensed Matter Physics
Particle Physics

String Theory

String Theory, Quantum Field Theory
Astrophysics

Particle Physics

Astrophysics

Cosmology

String Theory

Particle Physics

String Theory

String Theory

Condensed Matter Physics
Astrophysics

Theoretical Particle Physics and Cosmology
Statistical Physics

Particle Physics

Particle Physics

Particle Physics

String Theory

Condensed Matter Theory
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Research Activities

Statistical & Condensed Matter Physics

The Statistical & Condensed Matter Physics group started in 2025
with three professors: Prof. Kwon Park, Prof. Yong Baek Kim, and
Prof. Jae Sung Lee. The group had one QUC Distinguished Profes-
sor, Prof. Hyunggyu Park, one KIAS fellow, Dr. Kyusung Hwang,
and nine research fellows, Dr. Youngjae Kim, Dr. Aayushi Agrawal,
Dr. Shahrukh Salim, Dr. Sudip Sinha, Dr. Sangyun Lee, Dr. Priyo
Shankar Pal, Dr. Hyun-Myung Chun, Dr. Shakul Awasthi, and Dr.
Varinder Singh.

Two members left the statistical physics group: Dr. Sangyun lee
moved to Johannes Gutenberg-University Mainz as a postdoc in
March 2025, and Dr. Priyo Shankar Pal moved to the department
of computational physics as a research fellow in November 2025.
One new member joined the group: Dr. Narina Jung joined the
statistical physics group in November 2025. A member left the con-
densed matter physics group. Dr. Kyusung Hwang left KIAS to be-
come an associate professor in the Department of Applied Physics
at Kyung Hee University in March 2025. A new member joined the
condensed matter physics group. Dr. Sudip Sinha joined KIAS as a
research fellow in September 2025, moving from the Indian Institute

of Science Education and Research (IISER) Kolkata, India.

Various research activities were pursued by members of the group

during the year. Here is a summary of selected work.

Prof. Jae Sung Lee focused on stochastic and quantum thermodynam-
ics, as well as thermodynamic trade-off relations. Together with Dr.
Hyun-Myung Chun and Prof. Hyunggyu Park, he discovered a unified
hierarchical relationship among various fluctuation-response identi-
ties and bounds. This work was published in Physical Review Leffers.
In collaboration with Prof. Jae Hyung Jeon, he derived the thermo-
dynamic uncertainty relation for systems with active Ornstein-Uhlen-
beck particles, which was published in PNAS Nexus. Working with
Prof. Hyunsuk Hong and Prof. Hyunggyu Park, he demonstrated that
coherence of coupled oscillators can be enhanced by defrained os-

cillators. This study was published in Chaos. Finally, in collaboration
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with Euijoon Kwon, he proposed a unified framework for classical

and quantum uncertainty relations using stochastic representations.

This work was published in Communications Physics.

Prof. Yong Baek Kim proposed a theory of the anomalous Hall crys-
tal, an electronic crystal phase that arises from strong electron-elec-
tron interaction in the electronic band with non-rivial Chern number.
He and his collaborators established that the anomalous Hall crystal
has intrinsically much smaller stiffness due to their topological nature.
He provided a general theory of the Chern number of the anomalous
Hall Crystal phases in the presence of interaction and external po-

tential. He has also shown that the phonon excitations in this system
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also carry nondrivial Chern number, which leads to finite thermal
Hall conductivity. Some of these papers are published in Physical

Review B and others are submitted to Physical Review Letters.

Prof. Kwon Park, in collaboration with Dr. Youngjae Kim (KIAS), ex-
plored a new quantum state that can form in irradiated graphene
exposed fo circularly polarized light. Throughout the history of con-
densed matter physics, zero-resistance phenomena have marked
milestones in groundbreaking discoveries of new states of matter.
A prime example of zero resistance is, of course, superconductivity,
which is induced by Cooper pairing. Other notable examples in-
clude quantum Hall states and Chern insulators, which are induced
by topological edge protection. Could there be another mechanism
for zero resistance? In this work, Prof. Park and his collaborator
predicted that irradiated graphene can host two novel nonequilib-
rium steady states of matter with zero resistance when exposed to
circularly polarized light: (i) Floquet Chern insulators and (ii) a radia-
tion-induced zero-resistance (RIZR) state with spontaneous formation

of an inhomogeneous current distribution.

Prof. Kwon Park co-organized the Korean Quantum Materials Sym-
posium (K-QMS) 2025 with the Korean Physical Society (KPS) and
several Institute for Basic Science (IBS) centers. The symposium was
held at the Busan Nongshim Hotel from February 2 to 7, 2025,
focusing on strongly correlated condensed matter physics top-
ics, including quantum spin liquid, multiferroics, oxide thin films,
high-temperature superconductivity, topological superconductivity,
heavy fermion, charge/spin density wave, spintronics, orbitronics,
altermagnetism, skyrmions, topological matter, quantum Hall effect,
Majorana fermions, moiré superlattices, and nonequilibrium matter.
With more than 100 participants, K-QMS 2025 was one of Korea's
most important domestic conferences in condensed matter physics,
fostering in-depth discussions and collaborations among PHevel re-

searchers.
In the field of statistical physics, Prof. Jae Sung Lee organized several

schools and workshops in 2025. The first was the 22nd KIAS-APCTP

Winter School on Statistical Physics (January 6-10), focusing on
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active matter, stochastic thermodynamics, and polymer physics for
graduate students. The second event was the 13th Workshop on
Nonequilibrium Fluctuation Theorems (June 25-27), addressing var-
ious topics related to quantum and stochastic thermodynamics. The
third was the East Asia Joint Seminars on Statistical Physics 2025
(October 14-17), which covered major advances in statistical phys-
ics and its interdisciplinary applications achieved by colleagues
from the East Asia region. Additionally, he regularly organized 26
NEST (Non-Equilibrium Statistical Mechanics Theory) meetings, a
weekly gathering for in-depth discussions on various fopics in sta-
tistical physics, as well as the 147th and 149th Statistical Physics
Monthly Meetings for members of the statistical physics division of

the Korean Physical Society.

Astrophysics and Cosmology

The Astrophysics and Cosmology group is headed by Profs. Chang-
bom Park, Donghui Jeong, and Research Profs. Juhan Kim and
Jeong-Gyu Kim. Postdocs in the group include Drs. Alexandra Du-
puy, Priya Goyal, Jaewon Yoo, Preetish Mishra, Zahra Davari Dola-
tabadi, Jie Li, Martha Margarita Lopez Gutierrez, Da Bi, Trupti Patil,
Boon Kiat Oh, and Naik Suvedha Suresh.

In 2025, Prof. Park, in collaboration with Dr. F. Dong (Yunnan Uni-
versity), constrained the CPL parameters of the dark energy equation
of state using SDSS data and found that the equation of state is
consistent with no evolution, implying no phantom divide crossing
at redshifts below 0.7. He also analyzed the Dark Energy Spectro-
scopic Instrument (DESI) data and 56 multiverse simulations. Using
the Horizon Run 5 (HR5) simulation, he worked on many scientific
projects, such as finding the mechanism and epoch of emergence of
the relation between galaxy properties and clustercentric radius. He
collaborated with many astronomers in Korea to conduct multi-object
spectroscopic surveys of galaxies such as A-SPEC (the All-sky Spec-
troscopic Survey of the nearby universe) and the KLST project, a plan
for building a telescope system with an effective diameter of 9.2 m

dedicated to spectroscopic observations.
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CAC Research Professor Juhan Kim continued the scientific analy-
sis of the Horizon Run 5 cosmological simulation, contributing to
studies on intrahalo light formation history. In parallel, he devel-
oped LagEunha, a nextgeneration Lagrangian hydrodynamics code
based on the Laguerre fessellation. He also developed Lumina-SN,
a GPU-accelerated Monte Carlo radiative transfer code for Type la
supernova spectral modeling, achieving automated five-dimensional

parameter fitting and making the code publicly available.

Prof. Donghui Jeong focused on the HETDEX survey analysis, lead-
ing fo the first defection of a Baryon Acoustic Oscillation (BAO)
signal in the dataset. His group played a foundational role by
measuring the Lyman-a emitter luminosity function and constructing
survey-accurate random catalogs, enabling all subsequent cosmo-
logical clustering measurements. He contributed to a DESI-HETDEX
cross-validation study of emission-line classification methods and to a
search for sub-solar mass compact objects using LVK O4a data. On
the theoretical front, he helped validate second-order general-rela-
tivistic descriptions of large-scale structure observables, providing

essential groundwork for precision cosmological analyses.

QUC Research Professor Jeong-Gyu Kim has been developing a
new semi-analytic model of density-bounded H Il regions, working
with Chaniin Lee of SNU to validate the model through numerical
simulations. He has also mentored Gain Lee of SNU in cosmolog-
ical hydrodynamic simulations using an improved mesh refinement
strategy. He has been working with KIAS group members to devel-
op new cosmological simulations with the SWIFT code. In addition,
he has collaborated with Lachlan Lancaster of Columbia University
on interstellar bubbles driven by stellar winds and radiation; with
Samuel Crowe of Oxford on strongly magnetized H Il regions; and
with Chang-Goo Kim of Princeton University and other researchers
to quantify the role of cosmic rays in driving galactic outflows using

TIGRESS++ simulations of starforming galactic disks.
Dr. Jaewon Yoo, a QUC postdoctoral fellow (until August 31, 2025),

studied infracluster light (ICL) as a probe of dark matter and the dy-

namical evolution of galaxy clusters. Using the HRS simulation, she
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demonstrated that ICL effectively traces the dark matter distribution
over cosmological timescales. She analyzed galaxy clusters in the
Illustris TNG300 simulation, examining virial ratios and similarities
in their spatial distribution across radial scales. She also investigated
Cluster-EAGLE simulations under different dark matter models, cold
dark matter (CDM) and self-interacting dark matter (SIDM), to ex-

plore how ICL properties can constrain dark matter physics.

Dr. Alexandra Dupuy conducted research on the reconstruction of large-
scale cosmic structures using deep learning techniques. She developed
a convolutional neural network (CNN) framework to infer three-dimen-
sional dark matter density, gravitational potential, and peculiar velocity
fields from galaxy positions and radial peculiar velocities. The method
was trained and validated on mock datasets designed fo reproduce
the observational geometry of Cosmicflows-4, and then applied to the
actual Cosmicflows-4 data to probe structures hidden in the Zone of
Avoidance. The reconstruction recovered known galaxy clusters and

revealed a mass concentration consistent with the Great Attractor.

Dr. Priya Goyal continued her work on the morphology of galaxies
in the HR5 simulation. She published a study on the redshift evolu-
tion of the Fundamental Plane of HRS early-type galaxies and its
physical origin. She is also investigating the impact of cosmological
processes such as gravitational evolution, redshiftspace distortions,
and massive neutrinos on large-scale structure morphology using
Minkowski functionals, Betti numbers, and Minkowski tensors. She
contributed to a collaborative analysis of anomalies in ACT CMB
lensing convergence maps and began exploring cross-correlations
between CMB lensing and large-scale structure tracers to improve

delensing efficiency in CMB maps.

Dr. Zahra Davari has been constraining different classes of quintes-
sence potentials using Alcock-Paczynski test results. She published a
study on the impact of a modified Compton effect on CMB anisotro-
pies using Planck 2018 data. She is also a collaborator in the Cos-
moVerse working group WG2 (Data Analysis in Cosmology), which
addresses observational tensions in cosmology through systematics

and fundamental physics.
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Dr. Preetish Mishra is studying the fundamental scaling relations of
galaxies using both observational and simulation data. Using the
HR5 simulation, he investigated the origin of the critical mass scale
at which many galaxy scaling relations show transitions and iden-
tified the physical processes responsible for this threshold. He also
explored optimal strategies to minimize the scatter in the Tully-Fisher
relation using data from the SDSSIV MaNGA survey. He developed
a pipeline to analyze galaxy structural properties using early data
from Rubin LSST Data Preview 1, and also contributed to the detec-
tion of a hidden dwarf galaxy embedded within a larger galaxy
through its chemical signature using MUSE integralfield spectro-

scopic data.

Dr. Jie Li investigated the relationship between the initial conditions

and the galactic properties across cosmic time in HR5, uncovering
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the relationship between spin vectors vs. the initial angular momen-
tum from high redshifts fo low redshifts. She is studying the spin rela-

tions between dark matter, gas, and stellar components.

Dr. Martha Lépez joined the group in January 2025 and is work-
ing on the evolution of galaxies in galaxy clusters using the HR5
simulation and the upcoming LSST data. She joined the Korean Ru-
bin Science Collaboration (KRSC) to use Legacy Survey of Space
and Time (LSST) data to investigate galaxy distributions and the
origin of the scaling relations, such as the Morphology-Star Forma-
tion Activity-Clustercentric Radius relation across different cosmic
epochs. She is using HR5 lightcone data to implement a galaxy
proto-cluster identification scheme based on a spherical collapse
model to develop a method applicable to observational datasets

such as Rubin LSST.
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Dr. Da Bi joined the group in July 2025 and started the development

and optimization of a high-performance cosmological hydrodynam-
ics simulation framework for next-generation high-resolution simula-
tions. Since joining the group, he has initiated a rigorous evaluation
and selection process for an appropriate cosmological hydrodynam-
ics code, with SWIFT currently emerging as the primary candidate.
This process has involved comprehensive benchmarking focused
on numerical accuracy, computational efficiency, and suitability for

high-resolution applications.

Dr. Trupti Patil joined KIAS in July 2025 and initiated a theoretical
investigation of quintessence dark energy perturbations with non-ze-
ro sound speed and a parameterized equation of state. Her work
extends the standard clustering quintessence framework by incorpo-
rating pressure perturbations through an effective sound speed. She

has developed the linear perturbation theory for a two-component
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cosmological fluid comprising dark matter and quintessence, deriv-
ing the full set of evolution equations for density perturbations within
the Newtonian sub-horizon regime. She has extended the analysis
to compute the linear growth function for the variable-sound-speed

scenario.

Dr. Boon Kiat Oh joined the group in October 2025 and is devel-
oping the black hole physics module in Enzo. He leads two projects
in the AGORA collaboration: investigating dwarf-galaxy simula-
tions across multiple codes to address the core—cusp problem, and
comparing black hole physics implementations between codes. He
also collaborates on filament properties in CAMELS, environmental
impacts on galaxy properties, high-redshift simulations, and a fully

automated optimization pipeline for simulations.

Dr. Naik Suvedha Suresh joined KIAS in November 2025. She has
been working on inflation and testing the models using cosmolog-
ical observations. She completed her work on the morphological
analysis of inflationary signatures using 21 cm simulations during
the epoch of reionization. At KIAS, she will focus on detailed inves-
tigations of new cosmological models that can be consistent with
both low-redshift (AP test, BAO, and Type la supernovae) and CMB

observations.

String Theory

The String Theory group consists of three fulltime faculty members,
Profs. Sangmin Lee, Sungjay Lee, and Piljin Yi, as well as two KIAS
Scholars, Prof. David Tong of the University of Cambridge and Prof.
Julio Parra-Martinez of the Institut des Hautes Etudes Scientifiques
(IHES), and a Professor Emeritus, Prof. Kimeyong Lee. The group cur-
rently includes a QUC assistant professor, Prof. Kanghoon Lee, two
KIAS junior fellows, Dr. Shaun Hampton and Dr. Christian Jepsen,
and fen KIAS/QUC/project research fellows: Dr. Minsung Kim, Dr.
Sungjoon Kim, Dr. Hojin Lee, Dr. Kyungsun Lee, Dr. Taechwan Oh,
Dr. Ban Lin, Dr. Pantelis Panopoulos, Dr. Tabasum Rahnuma, Dr.

Hanwool Song, and Dr. Gideon Vos.
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The members who joined KIAS in 2025 are Prof. Sangmin Lee, Dr.
Hoijin Lee (from SNU), Prof. Kanghoon Lee, Dr. Tabasum Rahnuma,

Dr. Pantelis Panopoulos (from APCTP), and Dr. Hanwool Song (from
SKKU).

Selected research highlights of the group are summarized below.

Prof. Sungjay Lee led a collaboration including former KIAS mem-
bers and authored a paper titled “Fermionic Non-invertible Symme-
try Behind Supersymmetric ADE Solitons.” The authors proposed the
superstrip algebra as a unified framework to catalog the categorical
symmetry data in a massive fermionic model. The algebra and its
representations explicitly encode the vacuum structure, soliton degen-
eracies, and their quantum numbers. They applied this framework to

the N = 2 minimal models with their least relevant deformation.

Dr. Gideon Vos studied the realtime bulk AdS3 two-intotwo scatter-
ing amplitude of conical defects. This was done using a previously
developed method of systematic approximation of the monodromy
problem for the Virasoro blocks of the four-point HHHH correlator in
2D CFT in the large central charge regime. He and his collaborator
found that dialing the external scaling dimension triggers a transition
from a scattering phase to an intermediate black hole phase. He also
wrote a paper on coarse-graining in time and emergent temperature
in 2D CFT at large central charge. Using the monodromy method,
he obtained a compact expression for the identity block contribution
to the expectation value of two low-energy probe operators on a

broad class of time-dependent heavy pure states in large 2D CFTs.

Dr. Sungjoon Kim proposed a new 3D N = 2 Seiberg-like dual-
ity of adjoint SQCD with linear monopole superpotential terms,
which encompasses known monopole-deformed Kim-Park dualities.
Equipped with this, his paper classified all the monopole-deformed
Kim-Park dudlities up to quadratic powers of monopole deforma-
tions. In another project, he generalized a trace formula to a finite
family of vertex operator algebras (VOAs) associated with a giv-
en 4D superconformal field theory. Applying this framework to Ar-

gyres-Douglas theories, he extracted the modular data of the family
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of boundary VOA:s via topological field theory partition function cal-

culations on Seifert manifolds.

Dr. Minsung Kim published a paper titled “Probing Quantum Curves
and Transitions in 5d SQFTs via Defects and Blowup Equations.” The
authors investigated codimension-2 defect partition functions and
quantum Seiberg-Witten curves in 5D rank-1 supersymmetric QFTs,
including non-lagrangian and KaluzaKlein theories. Using gener-
alized blowup equations, they computed defect partition functions
in the Q-background and showed that, in the Nekrasov-Shatashvili
limit, the partition functions satisfy certain difference equations that

encode the quantization of classical Seiberg-Witten curves.

Prof. Kanghoon Lee is leading a collaboration, including Dr. Hojin
Lee, where he presents a novel framework for computing differen-
tial cross-sections in quantum field theory using the optical theo-
rem and loop amplitudes, circumventing the traditional method of
squaring scattering amplitudes. This approach addresses two ma-
jor computational challenges in high-multiplicity processes: complexi-
ty from amplitude squaring and the extensive summations over col-
or and helicity. Our method employs quantum off-shell recursion,
a loop-level generalization of Berends-Giele recursion, combined
with Veltman's largest time equation through a doubling prescrip-

tion of fields.

Dr. Tabasum Rahnuma generalized a recent AdS S-matrix formula-
tion for interacting massive scalars on AdS spacetimes fo the case of
massive vector fields. This method relies on taking the infinite radius
limit for scattering processes perturbatively, which is analyzed using
Witten diagrams in the momentum space formulation of global AdS
with embedding space coordinates. It recovers the S-matrix with sub-
leading corrections in powers of the inverse AdS radius about a flat

spacetime region within the bulk.

Prof. Sangmin Lee and Dr. Hojin Lee published a paper on the clas-
sical eikonal in relativistic scattering. The classical eikonal is a single
scalar function which encodes all dynamical information needed in

the post-Minkowskian approach to the gravitational binary problem.
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It can be further generalized to other models and to quantum field
theory. The diagrammatic expansion based on the Magnus expan-
sion has been generalized to relativistic fields and particles. They
also worked on the approximate integrability of the source-probe
system consisting of two Kerr black holes. Prof. Lee led the local
organizing committee of the Amplitudes 2025 conference in June
2025 at Seoul National University slightly before he moved to
KIAS. It marked the first Amplitudes conference held in Asia.

The String Theory group hosted two seasonal schools: the Summer
Institute 2025, aimed at graduate students in theoretical physics,
and the KIAS-SNU Physics Winter Camp 2025, designed for gen-
eral physics undergraduate students. The group also organized a
regular conference series Strings in Seoul and hosted the Ampli-
tudes 2025 School which was accompanied the Amplitudes 2025
conference held at SNU. The group contributed to the wider string
theory community in Korea by co-organizing conferences or work-
shops such as Quantum Geometry and Duality 2025 (Gwangiju)
and Frontiers in Theoretical Physics 2025 (Jeju).

Korea Institute for Advanced Study

High Energy Physics

The High Energy Physics (HEP) group started 2025 with three full-
time faculty members, Prof. Eung Jin Chun, Prof. Pyungwon Ko, and
Prof. Seung Joon Lee, and one KIAS Scholar, Prof. Alex Pomarol
(Barcelona). Two members have moved to other places: Suro Kim to
Ewha Womans University and Tomasz Dutka back to Australia. New
members who have joined the HEP group include Bin Xu from Peking
University in China, Merlin Reichard from TUM (Technical University,
Munich) in Germany, Yuan Yin from Tsinghua University in China, Tae-
wook Youn from the University of Texas at Austin in the USA, Michael
Shamma from TRIUMF in Canada, and Heejoo Kim from KAIST.

Prof. Eung Jin Chun published papers on the possible common
origin of the universe’s baryon asymmetry and dark matter, in con-
nection with neutrino mass generation, with Tae-Hyun Jeong (IBS),
and on the phenomenology of Dirac-neutrino effective field theory
with Sanjoy Mandal. He also formulated a complete framework of

spontaneous leptogenesis within a type-| seesaw mechanism.
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Prof. Pyungwon Ko worked on inferpreting the KM3-230213A
high-energy neutrino event as the decay of heavy Dirac fermion
dark matter with spontaneously broken U(1) dark gauge symmetry
and a type-l seesaw for neutrino masses and mixings (with Jongkuk
Kim and Sarif Khan, postdocs at Chung-Ang University, who re-
ceived faculty positions in Korea and India, respectively, at the end
of 2025). All the mass scales in this work lie well below the Planck
scale, in sharp contrast to other papers on the same event. The
model has an interesting prediction of gravitational wave (GW)
signals from cosmic string networks, which could be detected in the
pulsar timing arrays (PTAs) or future space-based GW detectors.
He also worked on a low-reheating scenario in the dark Higgs in-
flation and its implications for dark photon dark matter production
(with Sarif Khan and Jinsu Kim), and on the Belle-2 excess on B
- Kwv in the framework of the Z3 scalar dark matter model with
semi-annihilations for the correct relic density (with Jongkuk Kim).
With Yu-Hui Zheng and Jaehoon Jeong, he has been working on
Compton scattering of dark matter (with spin O, 2, 1) and mas-
sive dark photon, using the Amplitude Method and requiring that
the high energy behaviors of the Compton scattering amplitudes

respect unitarity.

Prof. Seung Joon Lee has worked on topics spanning beyond-the-
Standard-Model phenomenology, collider physics, cosmology, and
astroparticle physics. Together with Jay Hubisz, He Li, and Bharath
Sambasivam, he completed “Cosmological Quasiparticles and
the Cosmological Collider” (published in Physical Review D 111,
023543), which studies how the interplay between cosmology and
strongly coupled, approximately conformal dynamics can generate
transient spectral features during inflation. In flat space the spectral
density of a scalar operator in a conformal field theory forms a
featureless continuum, but AdS/CFT arguments indicate that in an
inflationary background with Hubble rate H this continuum becomes
gapped. The resulting states—which the authors term “cosmolog-
ical quasiparticles”—are transient and particlelike with a finite
width; although they vanish at late times, they can leave distinctive
imprints on the spectrum of primordial fluctuations relevant to the

cosmological collider program. With Cédric Delaunay, Roee Ozeri,

www.kias.re.kr

School of Physics

Gilad Perez, Wolfram Ratzinger, and collaborators, he completed
“Probing New Forces with Nuclear Clocks” (published in Physical
Review D 112), which uses high-precision nuclear clocks to search
for new forces and ultralight fields that couple to the nuclear sec-
tor of the Standard Model. Together with Thomas Flacke, Benjamin
Fuks, Dongchan Kim, Jinheung Kim, and Léandre Munoz-Aillaud,
he also completed “New Physics in Toponium’s Shadow?” (arX-
iv:2512.03220, accepted by Physics Lefters B), which examines
the enhancements in top—antitop production near threshold recently
reported by ATLAS and CMS—a region where the nonperturbative
QCD dynamics of toponium formation become important—and
shows how a neutral pseudoscalar coupled to gluons and top quarks
would reshape the viable parameter space, finding that current data
remain compatible with such new-physics contributions alongside
Standard Model threshold effects. In addition, he has an ongoing
collaboration with researchers at KIAS and the Weizmann Institute
on quantum-enhanced axion dark matter detection using Rydberg

atoms in optical tweezer arrays.

Prof. Eung Jin Chun gave colloquium presentations on “After Higgs
discovery” at KAIST and Jeonbuk National University. He was invit-
ed fo participate in the workshops “Neutrinos and Dark Matter” at
IHP, Paris, and “New ways to discover light new physics” at MITP
in Mainz. He delivered research presentations on the cogenesis of
the universe’s baryon asymmetry and dark matter abundance driven
by an axion or Majoron. He also gave lectures on “Cosmology of
Neutrinos and Dark Matter” hosted by CPNR at Chonnam National
University.

Prof. Pyungwon Ko was invited to the BSM Workshop at Chung-
Ang University (Korea), the Ponta Delgada workshop on “Your fa-
vorite dark matter models,” Scalars 2026 (University of Warsaw,
Poland), the AEl Workshop (IPPP, Durham, UK), the CPNR Workshop
(Chonnam National University), and the International Joint Work-
shop (National Taiwan University, Taiwan), and gave presentations
on "Decaying heavy Dirac fermion DM for AMS-02, IceCube and
KM3.” He served as an International Advisory/Organizing Com-
mittee Member for the Dark Side of the Universe (DSU), the SUSY
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Conference, and AEPSHEP, among others. He also visited the Fermi-
lab Theory Group under the Summer Visitor's Program, the Univer-
sity of Wisconsin-Madison, and the Technical University of Munich,

and presented his works on dark matter along the SM construction.

During the year, Prof. Lee delivered a number of invited presenta-
tions, plenary lectures, and seminars. At international conferences
he gave plenary presentations on “Cosmological Quasiparticles
and the Cosmological Collider” at the 5th Asian-European-Institutes
Workshop for BSM (IPPP, Durham, UK, September 29, 2025), the
International Joint Workshop on the Standard Model and Beyond
2025 (NTU, Taiwan, December 10, 2025), and the IBS Conference
on Dark World (IBS, Daejeon, October 27, 2025). He also pre-
sented “Ultralight Axion Dark Matter from Inflation-driven Quantum
Phase Transition” as a plenary talk at the International Joint Work-
shop on the Standard Model and Beyond 2024, held jointly with the
3rd Gordon Godfrey Workshop on Astroparticle Physics (UNSW,
Sydney, Australia, December 12, 2024), and at the CTPU-CKC Joint
Focus Program “Let there be light (particles)” (CTPU-IBS, Daejeon,
December 5, 2024). Domestically, he gave invited seminars at
KAIST (High Energy Theory seminar, April 22, 2025) and Chung-
Ang University (theoretical physics seminar, May 7, 2025), a KIAS
Journal Club talk on probing new forces with nuclearclock quintes-
someters (March 22, 2025), and an invited presentation on contin-
uum dark matter at the 2024 Samsung Annual Forum (The-K Hotel,
November 8, 2024).

Prof. Lee was also active in conference organization and commu-
nity service. He served as an International Advisory Committee
member and local organizer for the 18th International Workshop
on Top Quark Physics (Top2025, Seoul, Korea, September 21-26,
2025) and as an International Advisory Committee member for the
13th Large Hadron Collider Physics Conference (LHCP 2025, Tai-
pei, Taiwan, May 4-9, 2025). He helped organize the 12th KIAS
Workshop on Particle Physics and Cosmology together with the
Korea-France STAR Workshop (November 17-23, 2025), and co-
organized the Tst and 2nd Seoul Meetings on Particle Theory and
Cosmology (June 13, 2025 and September 5, 2025).

Korea Institute for Advanced Study

Dr. Kayoung Ban works on machine learning applied to collider
physics together with Prof. Myeonghun Park at Seoultech. Recent-
ly they developed a machine learning algorithm that reformulates
stratification in Monte Carlo sampling, and studied quantum cir-

cuits as a promising alternative to conventional neural networks.

Dr. Tomasz Dutka completed a solo-authored study developing a
statistical framework for identifying critical bubbles in first-order
lattice phase transitions using the committor probability: the like-
lihood that a field configuration evolves to the true vacuum rather
than returning to the false vacuum. This study has been accepted
for publication in the Journal of High Energy Physics. Additional-
ly, there are works in progress related to spin-aware spherical
convolutional neural networks and anomaly detection in Planck
CMB data fo detect deviations from the standard ACDM model.
In 2025, he also presented research at a number of workshops
and conferences, including international presentations in Montreal,

Katowice, and Warsaw.

Dr. Jaehoon Jeong has worked on theoretical high-energy physics
with a focus on scattering amplitudes and bootstrap approaches.
In 2025, he developed a new gauge framework for massive vector
bosons. In this work, he clarified the origin of divergences asso-
ciated with longitudinal modes and demonstrated the Goldstone
boson equivalence theorem directly at the level of polarization vec-
tors. Furthermore, this framework provides a systematic criterion
to diagnose divergences across different gaugefixing schemes. In
addition, in collaboration with Prof. Alex Pomarol and Dr. Ziyu
Dong, he completed a project on anomaly-induced interactions
involving a pseudoscalar #, photons y, and gravitons /. Using
modern bootstrap techniques, he derived model-independent con-
straints on effective field theories containing these particles. In par-
ticular, he obtained universal bounds on the anomaly coupling nAh
and the nonminimal coupling /yy. He also investigated how these
bounds constrain wellknown UV completions, including large- N,
gauge theories and five-dimensional models related via the AdS/

CFT correspondence.
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Dr. Kiyoharu Kawana worked on several projects. In arXiv:
2503.14902, he studied various phases of p-branes using the ef-
fective brane field theory developed in the previous study, arXiv:
2310.07993. In arXiv:2507.06555, he discussed Kramers-Wan-
nier duality among general lattice higherform gauge theories. In
arXiv:2602.08310, he developed a new variational technique in
systems with higherform global symmetries. This study is a natural
generalization of the conventional variational method for interacting

bosons to interacting bosonic surfaces.

Dr. Jinheung Kim conducts research on collider phenomenology of
theories beyond the Standard Model, including searches for dark Z
bosons at a muon collider, photon jets as a novel signature of neutral
long-lived particles at the LHC, strong firstorder phase transition in
a two-Higgs-doublet model in collaboration with Prof. Jeonghyeon
Song’s Konkuk University group, as well as toponium production at

the LHC together with Dr. Thomas Flacke and Prof. Seung Joon Lee.

Dr. Suro Kim works on theoretical and phenomenological aspects of
the positivity bounds, including the effects of stringy spectra on the
positivity bounds and their application to the cosmological collider

program.

Dr. Philip Lu and Dr. Taehun Kim work together on the active fron-
tier between particle physics, astrophysics, and cosmology. Their
research focuses on theoretical properties and observational sig-
natures of extended dark matter objects such as primordial black
holes, axion stars, and Q-balls. Recently, they performed detailed
numerical calculations of wake formation and gas heating and
applied their results to a dwarf galaxy, establishing new constraints

on dark matter properties.

Dr. Sanjoy Mandal has been working closely with Prof. Eung Jin
Chun on neutrino effective field theory and investigated novel phe-
nomena for detecting a righthanded neutrino produced by Z" inter-
actions via forward search experiments at the LHC in collaboration
with researchers at Hokkaido University in Japan. He also wrote an

extensive review on theoretical and experimental studies of dark
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matter as the source of neutrino mass together with the Valencia

group in Spain.

Dr. Raymundo Ramos collaborated with Profs. Pyungwon Ko, Stefa-
no Moretti, and Amit Chakraborty as well as Dr. Ahmed Hammad
in an exploration of the parameter space of the next-to-minimal Su-
persymmetric Standard Model using deep learning techniques. They
successfully fitted hints of new scalars around masses of 95 GeV
and 650 GeV, while also meeting several experimental constraints.
He also got two papers accepted for publication in Compufer Phys-
ics Communications, titled “DLScanner: A parameter space scanner
package assisted by deep learning methods,” in collaboration with
Dr. Ahmed Hammad, and “LeStrat-Net: Lebesgue-style stratification
for Monte Carlo simulations powered by machine learning,” in col-
laboration with Dr. Kayoung Ban and Prof. Myeonghun Park. He
also visited the University of Colima in Mexico, where he collaborated

with Prof. Alfredo Aranda and Prof. Alexander Stuart in applying
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machine learning techniques to the search and classification of neu-
trino mass matrix textures. Finally, he gave presentations on his work
domestically in Seoul, Daejeon, and Pohang, and internationally in

California, USA and at an online CERN meeting.

Dr. Merlin Reichard continued working on electromagnetic interac-
tions of dark matter with Alejandro Ibarra and Onur Yonar from the

Technical University of Munich.

Dr. Bin Xu joined the School of Physics as a Research Fellow in
June 2025. His research focuses on quantum-enhanced detection
of ultralight dark matter. He completed a study titled “Symmetric
Dicke States as Optimal Probes for Wave-like Dark Matter” (arX-
iv:2512.14821), identifying symmetric Dicke states as optimal
entangled probes. He initiated a project exploring entanglement
between two haloscopes as a probe of non<lassical dark matter
properties, mentoring Dr. Ping He and Yu Dong (Peking University).
He also joined a collaboration on axion detection using Rydberg
atoms in optical tweezer arrays with Prof. Seung Joon Lee and col-
laborators, including researchers from KIAS and the Weizmann Insti-
tute. In addition, he participated in a study group on neural networks

for field theories, exploring interdisciplinary applications of physics

Korea Institute for Advanced Study

in Al. He presented his work at several domestic and international
workshops and conferences, including meetings in Korea, CERN,

and KEK, and delivered an invited seminar at IBS.

Dr. Xing-Yu Yang authored two papers in 2025. The first paper in-
vestigates a system of a self-gravitating condensate, a boson star,
formed from scalar ultralight dark matter (ULDM), hosting a black
hole at its center. The authors numerically solve the equations of hy-
drostatic equilibrium in the non-relativistic limit, consistently incorpo-
rating the gravitational potential of the black hole, and propose an
analytic expression for the density profile. Considering the inspiral of
this BS-BH system with a second, smaller black hole, they study the
dephasing of gravitational waves due to the presence of the ULDM
environment. The second paper shows that oscillating (real-scalar)
boson stars can act as strictly periodic gravitational lenses and ge-
nerically host an oscillating radial caustic. Sources near this caustic
cross it every half-period, producing achromatic phase-locked pho-
tometric spikes synchronized with an astrometric wobble, providing
a promising target for time-domain astronomy. He gave four con-
tributed presentations at conferences and workshops, including the
“joint GR24/Amaldi16,” “PASCOS 2025,” “2025 CERN-CKC,”
and “2025 KIAS QUC Workshop.”

Visiting Scientists

Ahn, Byoungjoon
GIST

Aoki, Sinya
YITP

BHANDARI, DIPENDU
Indian Inst. Tech., Guwahati

Bhaskar, Arvind
loP, Bhubaneswar, India

Bielli, Daniele
APCTP

Cederwall, Martin
Chalmers Univ. of Technology

Chamseddine, Ali
American Univ. of Beirut

Chate, Hugues
Saclay

Chen, Jin
Xiamen Univ.

Choi, Changha

Perimeter Institute

Colombo, Edoardo
Univ. of Turin

Fuks, Benjamin
LPTHE & Sorbonne Univ.

Ge, Dongsheng
Osaka Univ.

Georgoudis, Alessandro
Queen Mary Univ. of London

Han, SangEun
Simon Fraser Univ.

Hayden Lee
Univ. of Pennsylvania

Heiko Rieger
Saarland Univ.
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Heydeman, Matthew

Harvard Univ.

HUANG, Yuanfei
APCTP

Hwang, Jai-chan
IBS-CTPU

Jia, Qiang
KAIST

Kee, Hae Young
Toronto Univ.

Kim, Hee-Cheol
POSTECH

Kim, Jeail
POSTECH

Kim, Kyoungmin
APCTP

Kim, Manki
Stanford Univ.

Kosower, David
IPhT CEA Saclay

Kotlewski, Soren
IBS

Kwon, Hyunwoong

Lee, Sangyun

Johannes Gutenberg Univ.

Lu, Yongchao
Malvimat, Vinay
APCTP

Min, Ui
TDLI/SITU

Panopoulos, Pantelis

APCTP

School of Physics

Papadimitriou, loannis
National and Kapodistrian Univ. of
Athens

Poppitz, Erich
Univ. of Toronto

Rahnuma, Tabasum
APCTP

Roh, Sunghan
Harvard Univ.

SAHA, INDRAJIT
IIT Guwahati

Salgado, Sebastian
Universidad de Tarapacé

Seidel, Alexander
Washington Univ.

Sengupta, Dipan
Univ. of Adelaide, Australia

Sunyaev, Rashid
Institute of Physics and Technology in
Moscow

Tilen, Cadez
APCTP

Turetta, Enrico
Universita degli Studi di Padova

Venuti, Laura
Univ. of New South Wales

Vijayakumar, Kiran
APCTP

Wang, LianTao
Univ. of Chicago

Yun, Seok Hoon
IBS & CTPU
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Conferences and Workshops

The 22nd KIAS-APCTP Winter School on
Statistical Physics
Jan. 6 —Jan. 10

High 1 Joint Workshop on Particle,
String and Cosmology
Jan. 12 —Jan. 18

Korean Quantum Material
Symposium 2025
Feb. 2 - Feb. 7

2025 KIAS Physics
Spring Colloquium
Apr. 2 -Jun. 4

2025 KPS Spring Meeting -
Special Session
Apr. 24

The 27th CUBES
Apr. 25 — Apr. 28

Symmetries in QFT and
Particle Physics 2025
Jun. 30 - Jul. 11

SITP 2025
Aug. 4 - Aug. 14

Summer Institute 2025
Aug. 18 - Aug. 22

The 23rd Workshop for
Statistical Physics 2025
Aug. 18 - Aug. 20

Particle Physics Summer Camp 2025
Aug. 25 - Aug. 28

2025 KIAS Physics Fall Colloquium
Sep. 3 — Nov. 26

Strings in Seoul 2025
Sep. 22 - Sep. 26

East Asia Joint Seminars on
Statistical Physics 2025
Oct. 14 = Oct. 17

2025 KPS Fall Meeting -
OPEN KIAS Special Lecture
Oct. 23

Korea Institute for Advanced Study

Distinguished Lectures by
Rashid Sunyaev
Nov. 10 = Nov. 11

The 13th KIAS Workshop on
Particle Physics and Cosmology
Nov. 16 — Nov. 21

Emergent Correlated and
Topological Phases of Quantum Matter
Nov. 18 — Nov. 20

Quantum Geometry and
Duality 2025
Nov. 20 - Nov. 22

Frontiers in
Theoretical Physics 2025
Nov. 28 — Dec. 2

Special Winter Colloquia by
Slava and Al
Dec. 3 / Dec. 10

KIAS-SNU Physics Winter Camp 2025
Dec. 22 - Dec. 30
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Publications

ShivaSankar, K. A.; Das, Souvik; Das, Arindam;
Mandal, Sanjoy

Right-handed neutrino production from Z” interactions in
forward search experiments ® PHYSICAL REVIEW D

Goyal, Priya; Park, Changbom; Lee, Jaehyun;

Hong, Sungwook E.; Gibson, Brad K.; Pichon, Christophe;
Kim, Juhan

Redshift evolution of the fundamental plane up to z ~ 6
Insights from Horizon Run 5 simulations © ASTRONOMY &
ASTROPHYSICS

Ai, Xiaocong; Antusch, Stefan; Athron, Peter; Bai, Yunxiang;
Bao, Shou-Shan; Barducci, Daniele; Bi, XiaoJun; Cai, Tianii;
Calibbi, Lorenzo; Cang, Junsong; Cao, Junjie; Chao, Wei;
Chen, Boping; Chen, Gang; Chen, Long; Chen, Mingshui;
Chen, Shanzhen; Chen, Xiang; Cheng, Huqjie;

Cheng, Huitong; Cheng, Yaodong; Cheung, Kingman;

Chu, Min-Huan; da Costa, Joo Barreiro Guimares;

Dai, Xinchen; Das, Arindam; Deng, Zhi-fu;

Deppisch, Frank F.; Dey, P. S. Bhupal; Dong, Yabo;

Drewes, Marco; Du, Xiaokang; Du, Yong; Fan, Jun;

Fang, Yaquan; Feng, Cunfeng; Fowlie, Andrew;

Gao, Haofei; Gao, Jie; Gao, Lin-Qing; Gao, Meisen;

Gao, Yu; Gao, Yuanning; Garcia, Bruce Mellado;

Ge, Shao-Feng; Gong, Ti; Gu, Jiayin; Guo, Lei; Gu, Pei-Hong;
Guo, Yu-Chen; Guo, Zhi-Hui; Hajer, Jan; Hameed, Rabig;
Han, Chengcheng; Han, Shuo; Han, Tao; Hao, Xiging;

He, Hong-Jian; He, Xiaogang; He, Yangle; Heinemeyer, Sven;
Heng, Zhaoxia; Hu, Xiao-Hui; Huang, Fa Peng; Huang, Fei;
Huang, Yanping; Jiang, Jianfeng; Jiang, Xu-Hui;

Jin, Hong-Bo; Jin, Mingjie; Jin, Shan; Jin, Wenyi;

Khan, Mussawir; Li, Honglei; Li, Jiarong; Li, Jinmian;

Li, Liang; Li, Lingfeng; Li, Qiang; Li, Shu; Li, Tianjun; Li, Tong;
Li, Weidong; Li, Xin-Qiang; Li, Ying; Li, Yuhui; Li, Zhao;

Liang, Shiyi; Liang, Zhijun; Liao, Chengxin; Liao, Hongbo;
Liao, Jiajun; Lin, Hai; Liu, Bo; Liu, Hang; Liu, Jia; Liu, Jianbei;
Liv, Jianglai; Liu, Tao; Liu, Wei; Liv, Yang; Liu, Zhaofeng;

Liv, Zhen; Liu, Zuowei; Lou, Xinchou; Lu, Chih-Ting; Lyu, Feng;
Ma, Kai; Ma, Lianliang; Mahmoudi, Farvah; Mandal, Sanjoy;
Mao, Yajun; Mao, Ying-nan; Mitra, Manimala;

Morales, Roberto A.; Ramsey-Musolf, Michael;

Nemevsek, Miha; Nomura, Takaaki; Ouseph, C. J.; Pan, Yusi;
Pei, Junle; Qi, Fazhi; Qi, Huirong; Ren, Zan;

Roberts, Craig D.; Ruan, Mangi; Shang, Liangliang;

Shao, Dingyu; Shen, Yue-long; Shi, Yui; Shil, Sujay;

Song, Huayang; Su, Shufang; Su, Wei; Sun, Hao; Sun, Xiaohy;
Sun, Zheng; Sun, Zhijia; Tan, Jin-Xin; Van Que Tran;

Wang, Bin; Wang, Dayong; Wang, En; Wang, Fei;

Wang, Guang-Yu; Wang, Hengyu; Wang, Jianchun;

Wang, Jin; Wang, Jin-Wei; Wang, Kechen; Wang, Kun;
Wang, Sai; Wang, Wei; Wang, Wenyu; Wang, Xiao-Ping;
Wang, Yi; Wang, Yifang; Wang, You-kai; Wang, Yuexin;
Wang, Yu-Ming; Wang, Zeren Simon; Wang, Zheng; Wu, Lei;
Wou, Peiwen; Wu, Yongcheng; Wu, Yusheng; Xia, Guotao;

www.kias.re.kr

School of Physics

Xia, Ligang; Xiao, Rui-Qing; Xie, Ke-Pan; Xing, Ye;

Xing, Zhi-zhong; Xu, Da; Xu, Fang; Xu, Ji; Yan, Bin; Yan, Qi;
Yang, Haijun; Yang, Jin-Min; Yang, Shuo; Ye, Jingbo;

Yin, Peng-Fei; You, Zhengyun; Yu, Zhao-Huan; Yuan, Jiarong;
Yuan, Xing-Bo; Yue, Chongxing; Yue, Yuanfang; Zeng, Jun;
Zhang, Hao; Zhang, Hong; Zhang, Hong-Hao;

Zhang, Huagiao; Zhang, Kaili; Zhang, Mengchao;

Zhang, Mu-Hua; Zhang, Qi-An; Zhang, Xinmin; Zhang, Yang;
Zhang, Ying; Zhang, Yongchao; Zhang, Yu; Zhang, Yu;
Zhao, Qiang; Zhao, Shuai; Zhou, Chen; Zhou, Haijing;
Zhovu, Ye-ling; Zhu, Bin; Zhu, Jingya; Zhu, Jing-Yu;

Zhu, Pengxuan; Zhu, Qianteng; Zhu, Rui; Zhuang, Xuai
New physics search at the CEPC: a general perspective ®
CHINESE PHYSICS C

Kim, Sungsoo; Lee, Hojin; Lee, Sangmin
Classical eikonal in relativistic scattering ® JOURNAL OF HIGH
ENERGY PHYSICS

Kim, Hee-Jin; Kim, Hyun-Chul
Production mechanism of doubly charmed exotic mesons Tec ®
PHYSICAL REVIEW D

Clymton, Samson; Kim, Hyun-Chul; Mart, Terry
Triple-strangeness hidden-charm pentaquarks ® PHYSICAL
REVIEW D

Bahng, Sehoon; Lee, Jae Sung; Ghim, Cheol-Min
Memory-aware feedback enhances power in active information

engines ® PHYSICAL REVIEW E

Delaunay, Cedric; Lee, Seung J.; Ozeri, Roee; Perez, Gilad;
Ratzinger, Wolfram; Yu, Bingrong
Probing new forces with nuclear clocks ® PHYSICAL REVIEW D

Jho, Yongsoo; Park, Seong Chan; Shin, Chang Sub
Superheavy supersymmetric dark matter as the origin of the

KM3NeT ultrahigh energy signal ® PHYSICAL REVIEW D

Kim, Hee-Cheol; Kim, Minsung; Kim, Sung-Soo; Lee, Kimyeong;
Wang, Xin

Probing quantum curves and ftransitions in 5d SQFTs via
defects and blowup equations ® JOURNAL OF HIGH ENERGY
PHYSICS

Argyres, Philip C.; Chalykh, Oleg; Lu, Yongchao

Complex crystallographic reflection groups and Seiberg-Witten
integrable systems: rank 1 case ® JOURNAL OF HIGH ENERGY
PHYSICS

Cheung, Kingman; Kim, Jinheung; Lee, Soojin;

Sanyal, Praseniit; Song, Jeonghyeon

Probing a heavy dark Z boson at multi-TeV muon colliders:
Leveraging the optimized recoil mass technique ® PHYSICAL
REVIEW D
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Jevicki, Antal; Mukherjee, Debangshu; Yoon, Junggi
Emergent factorization of the Hilbert space at large N and the
black hole information paradox ® PHYSICAL REVIEW D

Kwon, Euijoon; Lee, Jae Sung
A unified framework for classical and quantum
uncertainty relations using stochastic representations ®

COMMUNICATIONS PHYSICS

Chun, Eung Jin; Das, Suruj Jyoti; He, Minxi; Jung, Tae Hyun;
Sun, Jin

Cogenesis by a sliding pseudo-Nambu-Goldstone boson with
symmetry nonrestoration ® PHYSICAL REVIEW D

Hong, Hyunsuk; Lee, Jae Sung; Park, Hyunggyu
Coherence enhanced by detrained oscillators: Breaking
T-reflection symmetry ® CHAOS

Taruya, Atsushi; Nishizawa, Atsushi; Himemoto, Yoshiaki
Hunting Axion Dark Matter Signatures in Low-Frequency
Terrestrial Magnetic Fields ¢ PROGRESS OF THEORETICAL
AND EXPERIMENTAL PHYSICS

Khan, Sarif; Kim, Jongkuk; Ko, Pyungwon

Linking the KM3-230213A neutrino event fo dark matter decay
and gravitational wave signals ® JOURNAL OF COSMOLOGY
AND ASTROPARTICLE PHYSICS

Das, Arindam; Li, Jinmian; Mandal, Sanjoy; Nomura, Takaaki;
Zhang, Rao
Testing free level TeV scale seesaw scenarios in pTRISTAN

PHYSICAL REVIEW D

Kawana, Kiyoharu
Landau theory for lattice higher-form gauge theories and the
Kramers-Wannier duality ® PHYSICAL REVIEW D

Kim, Seulong; Kim, Kihong
Deterministic time rewinding of waves in time-varying media ®

NANOPHOTONICS
Kim, Seulong; Kim, Kihong
Statistical regimes of electromagnetic wave propagation in

randomly time-varying media ® NANOPHOTONICS

Kim, Youngjae

Light-Wave Engineering for Selective Polarization of a Single Q
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In an age of increasing complexity in scientific research, computation has taken
center stage as a major research tool in exploring nature. Established in 2000,
the School of Computational Sciences is a product of the institute’s endeavors to
embrace this rapid paradigm shift in scientific investigations. The School supports
research in a broad range of fields where computational methods are appropri-
ate, including theoretical and computational physics, materials science, data sci-
ence, biophysics, quantum materials and information science, and combinatorics

and discrete mathematics. The School is thus uniquely positioned to promote inter-

disciplinary research and cross-pollination of ideas between different disciplines.
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Faculty and Research Fellows

Position

Professor Emeritus

Professors

KIAS Scholar

KIAS Fellow

KIAS Assistant Professor

KIAS Junior Fellow

Research Fellow

Korea Institute for Advanced Study

Name
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Theoretical and Computational Biophysics
Theoretical and Computational Soft Matter Physics
Algorithm

Theoretical and Computational Materials Science
First-principles Investigation of Quantum Materials
Theoretical and Computational Materials Science
Dynamical Systems

Theoretical and Computational Materials Science
Quantum Information

Stochastic Algorithms

Combinatorics

Graph Theory and Algorithms

Discrete Geometry

Graph Theory

Biological Physics

Quantum Information Science

Graph Theory, Matroid Theory

Computational Biological Physics

Quantum Materials and Quantum Information Science

Cryptography
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Quantum Information
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Research Fellow
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Seo, Youngjin
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Theoretical and Computational Biophysics

Quantum Materials and Quantum Information Science
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Data Science
Theoretical Biology
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Research Activities

Combinatorics

The Combinatorics Group at KIAS consists of Prof. Jeong Han Kim
and Research Fellows Drs. Minho Cho, Hojin Chu, Jeongsu Kim,
Hyemin Kwon, and Hyeyun Yang. Their research interests include
discrete geometry, matroid theory, algorithmic and structural graph
theory, graph coloring theory, homomorphic cryptography, compu-
tational geometry, and graph neural network. Recent results from

Research Fellows are summarized below.

Dr. Minho Cho studied a set of rainbow problems on oriented ma-
troids and other related objects. An orienfed matroid is a family of
sign vectors satisfying certain elimination properties and serves as a
purely combinatorial model of separation properties between points
in Euclidean space. Being a very natural concept, oriented matroids
have applications and connections to various fields including dis-
crete and computational geometry, operation research, topology
and algebraic geometry. In collaboration with two external research-
ers, Dr. Cho showed the existence of rainbow topes and circuits from
sets of topes and circuits under moderately general conditions. As
an application, they showed an oriented matroid generalization of
the conic colorful Carathéodory theorem by Bardny (1982). As a
key lemma, they also introduced a common generalization of Spern-
er’s lemma and Meshulam’s lemma, which entails the existence of a
rainbow simplex in vertex-colored simplicial complexes. Application
of this lemma is of independent interest, and it is expected to be

applied to topological combinatorics and matching theory.

A central theme in structural and extremal graph theory is to un-
derstand how local or forbidden configurations impose global re-
strictions on a graph. Dr. Hojin Chu has studied such problems,
especially concerning cycles with prescribed modular lengths and
connectivity-preserving subgraph deletion. One of his recent re-
search directions concerns graphs avoiding cycles whose lengths
belong to a prescribed residue class. These problems are closely
related to classical questions in extremal graph theory on the exis-
tence and maximum number of edges in graphs with restricted cycle

lengths. Dr. Chu, in collaboration with Boram Park and Homoon

Korea Institute for Advanced Study

Ryu, studied 2-connected graphs avoiding cycles of length divisible
by 4. He also studied the existence of cycles of length divisible by
3 or 4 with llkyoo Choi, Ringi Kim, and Boram Park. In another di-
rection, together with Shinya Fujita, Boram Park, and Homoon Ryu,
he investigated connectivity-keeping trees in friangle-free graphs, a
problem concerning when a prescribed subgraph can be deleted

while preserving graph connectivity.

Dr. Chu has also obtained results connecting graph theory with other
areas of combinatorics and linear algebra. With Myungho Choi
and Suh-Ryung Kim, he studied directed analogues of the Friendship
Theorem and common-neighbor conditions in digraphs, which are
related to combinatorial design theory. With Homoon Ryu, he stud-
ied symmetric Toeplitz and Hankel matrices using graph-theoretic
decompositions and developed a lineartime algorithm for comput-

ing the Frobenius normal form of symmetric Toeplitz matrices. These
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works illustrate how structural ideas from graph theory can be ap-
plied to problems in extremal combinatorics, directed graphs, and

combinatorial matrix theory.

Dr. Jeongsu Kim investigated a method for constructing an adaptive-
ly secure fully homomorphic message authentication code with desir-
able properties. In collaboration with Prof. Aaram Yun, he developed
a construction that achieves adaptive security and pre-processable

verification without relying on nested cryptographic primitives.

Graph coloring is an assignment of colors to the vertices of a graph.
The square of a graph is the graph obtained from the original graph
by adding edges between every pair of vertices at distance two. A
square coloring of a graph is a proper coloring of the square of a
graph. In 1977, Wegner conjectured an upper bound on the mini-

mum number of colors required a square coloring of planar graphs.
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Since then, square coloring problems have attracted considerable
attention, and several relaxations of square coloring have been intro-
duced. An odd coloring of a graph is a proper coloring of a graph
such that every non-isolated vertex has a color that appears an odd
number of times in its neighborhood. A proper conflictfree coloring
of a graph is a proper coloring of a graph such that each non-isolat-
ed vertex has a color that appears exactly once in its neighborhood.
Odd coloring and proper conflictfree coloring are relaxations of
square coloring, introduced in 2022, and 2023, respectively. Since
their infroduction, numerous papers have studied these new color-
ing concept across various graph classes. Dr. Hyemin Kwon studied
odd coloring and proper conflictfree coloring of sparse graphs, in-
cluding planar graphs with several authors. (doi.org/10.1016/.
dam.2024.11.016, and 10.1016/j.disc.2025.114648) In addi-
tion, they introduced new concepts of coloring of a graph, called

a strong odd coloring (arXiv:2401.11653) and a proper Acon-
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flictfree coloring (doi.org/10.1016/].disc.2024.114233), which
are relaxations of square coloring. Since their introduction, these
new concepts have attracted significant attention, and active fol-

low-up research has been carried out.

Computational Quantum Many-Body Theory

In materials with a large number of electrons, the quantum mechan-
ical interactions between these particles often dictate the material’s
properties. These inferactions, collectively referred to as electron
correlation, can lead to a variety of emergent phenomena, such as
transitions from metal to insulator states, colossal magnetoresistance,

and high-temperature superconductivity. Materials exhibiting strong

Korea Institute for Advanced Study

electron correlation, known as correlated quantum materials, are of
particular importance for their potential role in the second quantum
revolution, including their possible use as next-generation qubit ma-
terials. At the core of correlated quantum materials lies the quantum
many-body problem, which is central to fully understanding and ex-

ploiting their properties.

In order to address this issue, the Computational Quantum Many-
body Theory Group was established on September 1, 2022 at KIAS.
The group members are Dr. Sangjin Lee, Dr. Heeju Kim, Dr. Man-
cheon Han, Dr. Taehee Ko, Mr. Seongjun Mo, Mr. Chulwan Lee, and
Prof. Sangkook Choi. The group is developing classical and quantum
algorithms to solve the quantum many-body problem and investigate
the potential of correlated quantum materials for quantum informa-
tion science. Based on these research activities, the group published

three papers with three additional papers under review.

One of the group’s most important achievements was the devel-
opment of a fully selfconsistent ab initio implementation of GW+
EDMEFT, published in Computer Physics Communication. This work
represents the first fully self-consistent implementation of the GW+
EDMFT approach from first principles and marks a critical step for-
ward in the accurate modeling of correlated quantum materials. The
group is currently preparing this computational package for open-
source release with an improved user interface, which will make this

powerful tool accessible to the wider research community.

The other notable achievement was the development of a new classi-
calquantum algorithm called Quantum Zeno Monte Carlo (QZMC),
published in npj Quantum Information. The authors proposed a new
hybrid algorithm to calculate static and dynamical observables with
polynomial time complexity for a gapped system. This algorithm
demonstrates intrinsic resilience to device noise and Trotter errors.
QZMC computes static and dynamic properties without requiring
overlap between the initial and target states or the use of variational
parameters, while offering reduced quantum circuit depth. This algo-
rithm could play an important role in the early faultolerant quantum

computing era.
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Data Science

The Data Science Group at the KIAS School of Computational Sci-
ences, is led by Prof. Deok-Sun Lee, and includes Dr. Andrus Giral-
do, Dr. Gangmin Son, Dr. Jibeom Choi, Dr. Taeyoung Kim, and Dr.
Hoyun Choi. The group’s research focuses on uncovering the orga-
nizational and functional principles of macroscopic complex systems
by analyzing large-scale datasets from biological, ecological, eco-
nomic, and social systems. They employ methods from data science,
statistical physics, and network science to explore these intricate
systems. In 2025, the group made significant contributions to the
theory of higher-order networks and dynamical processes in com-
plex systems, publishing several key papers on social dynamics on
hypergraphs, renormalization group theory for complex networks,

and traveling-wave stability on networks.

In collaboration with Korea University and several international
researchers, Prof. Lee studied opinion dynamics driven by group
interactions on hypergraphs. Extending the classical voter model,
the study introduced a group-driven voter model that incorporates
nonlinear reinforcement within groups represented as hyperedges.
By analyzing the competition between nonlinear interaction strength
and group size, the work demonstrated that consensus formation
can occur faster than in the standard voter model and that there
exists an optimal level of group interaction that minimizes the time to
consensus. Analytical mean-ield theory and numerical simulations
revealed how higher-order social interactions fundamentally alter

collective dynamics. This work was published in Physical Review E.

In another study, Prof. Lee and collaborators, including former group
members Drs. Sudo Yi and Seong-Gyu Yang, developed an equilibri-
um-preserving Laplacian renormalization group (LRG) framework for
networks and hypergraphs (arXiv:2507.04977). Renormalization
methods have been widely used in statistical physics, but their applica-
tion fo complex networks has often relied on heuristic coarse-graining
procedures. The new framework provides a principled formulation
that preserves the equilibrium state and dominant spectral proper-

ties of diffusion dynamics while constructing renormalized Laplacian
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and adjacency matrices. Applying the method to various hypergraph
structures revealed how connectivity distributions evolve across scales
and how structural, dynamical, and informational scale invariance
are inferrelated. This work provides a rigorous theoretical foundation

for multiscale analysis of complex networks and hypergraphs.

In addition, Dr. Andrus Giraldo investigated the stability of travel-
ing waves in dynamical systems on networks. Traveling waves arise
in many physical and biological systems, including neural activity,
chemical reactions, and coupled oscillators. The study introduced a
master stability framework that allows the stability of traveling waves
to be analyzed independently of network size by computing master
stability curves. By transforming the Floquet spectral problem into a
delay differential equation, the method provides an efficient way to
analyze wave stability in large networks with symmetries. This frame-
work generalizes the classical master stability function approach for
synchronization and offers a powerful tool for studying wave propa-
gation and multistability in networked dynamical systems. This work

was published in Physical Review Letters.

Through these studies, the group continues to advance the theoretical
foundations of complex systems and higher-order networks, develop-
ing analytical frameworks that connect network structure, nonlinear

dynamics, and collective behavior across multiple scales.

Computational and Al-Driven Biophysics

While protein structure prediction has been revolutionized by Al
methods like AlphaFold, these models remain heavily reliant on com-
putationally intensive multiple sequence alignments (MSAs) to cap-
ture the evolutionary covariation that defines structural constraints.
Standard MSA search methods are computationally slow and of-
ten fail to identify remote homologous sequences—particularly for
“orphan” proteins with sparse evolutionary context—creating a
major bottleneck in high-throughput structural bioclogy. To overcome
these limitations and expand the search range, the group devel-

oped DeepFold-PLM, a novel framework that integrates advanced
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protein language models (PLMs). By utilizing high-dimensional PLM
embeddings and contrastive learning, the system’s plmMSA module
achieves MSA generation 47 times faster than standard methods
like JackHMMER while increasing sequence diversity by a factor
of two to uncover hidden sequence space. The framework, fully
reimplemented in a scalable PyTorch environment with multi-GPU
support, extends beyond monomers to predict multimeric complex-
es by incorporating interchain coevolutionary signals and using
high-confidence monomer predictions as templates. Furthermore,
DeepFold-PLM paves the way for a KIAS-based foundation model
for protein structure prediction and design. This work was published

as an original paper in Bioinformatics (2025), 41(11), btaf579.

In collaboration with experimentalists at Sungkyunkwan University,
the researchers elucidated the molecular mechanisms underlying the
malate-dependent and voltage-gated activation of the plant vacuolar
anion channel AtALMT9. The microsecond-long molecular dynam-
ics (MD) simulations were pivotal in revealing a unique conduction
mechanism where negative membrane potential drives the channel
from non-conductive basal states to a conductive state. By simulat-
ing unplugged structures, the group observed that R143 and R226
rotamers undergo opposing movements, relieving hydrophobic con-
strictions to create a new anion-binding site between the entry and
exit. At high malate concentrations, the simulations demonstrated a
“knock-on” mechanism where entering ions push preexisting ones
through the pore. Furthermore, the MD simulations revealed that
while high chloride concentrations can lead to ion trapping, even
low malate levels disrupt chloride retention, facilitating the subse-
quent passage of chloride ions. Validating these findings, the sim-
ulated single-channel currents calculated from the simulations were
highly consistent with experimental measurements. This work was

published in Nature Communications (2025)16:1817.

Quantum Information Science

The 2025 research activities of the Quantum Information Science

group at KIAS were led by Hyukjoon Kwon (HK), Spiros Kechrimparis

Korea Institute for Advanced Study

(SK), Ki Hyuk Lee (KL), Eunuo Lee (EL), Youngijin Seo (YS), Youngrong
Lim (YL), and Eunok Bae (EB).

EB left KIAS to become a senior researcher at ETRI. YL left KIAS to
become an assistant professor at Chungnam National University. A
former member, Minki Hhan (MH), recently accepted a position as

an assistant professor at the KAIST School of Computing.

KIAS co-hosted the KIAS Quantum Information Workshop 2025 with
KAIST.

HK conducted research on quantum algorithms and the simulation
of quantum dynamics. HK published a paper on non-destructive en-
tangled state discrimination [Quantum Sci. Technol. 10, 025048]
in collaboration with YL and MH. He collaborated with Myung-
shik Kim (KIAS QUC distinguished professor) and Lijian Zhang at
Nanjing University on the experimental demonstration of quantum
fluctuation theorems [Sci. Adv. 11, eadq6014]. HK also explored
a sample-based open quantum system simulation [Quantum Sci.
Technol. 10, 045058] in collaboration with Mark Wilde at Cornell
University, and published a paper on pseudochaotic quantum dy-
namics [Nat. Commun. 16, 6800] in collaboration with Gilyoung
Cho's group at KAIST. As part of internal collaboration at KIAS,
HK worked with Prof. Chanbong Hyeon (School of Computational
Sciences) and Dr. Kwang Hyun Cho (CAINS) on the thermodynam-
ic uncertainty relation for a quantum-mechanical system [Phys. Rev.

Research 7, 033132].

HK and James Moran (JM, QUC Junior Fellow) are preparing the
manuscript on their results on non-destructive discrimination of two-
mode squeezed states with Gaussian operations in collaboration
with Korea University. This extends the results previously obtained
for finite-dimensional systems by HK and former members of KIAS,

YL and MH.

EB and HK published a paper on an improved quantum approxi-
mate algorithm with a recursive procedure [J. Phys. A 58, 485304].
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SK, along with JM and HK, studied both known and newly intro-
duced supermaps exhibiting indefinite causal order and demonstrat-
ed advantages in the task of probabilistic channel distillation [Phys.
Rev. Research 7, 043257].

SK and HK demonstrated a phenomenon termed the ambiguity
of complexity of strategies, in which access to quantum memory
can change the relative complexity of two strategies, and estab-
lished lower bounds on the memory required to realize them [arX-

iv:2508.08092].

www.kias.re.kr

School of Computational Sciences

SK derived a protocol for secure quantum communication through
measurement protection, where an optimol measurement remains
unchanged under unknown noisy channels, often enhancing state
distinguishability, suppressing quantum-bit error rates, and improv-
ing the noise tolerance in the BB84 quantum key distribution proto-
col. It was also demonstrated in proof-of-principle experiments [/EEE

J. Sel. Areas Commun. 43(8), 2025].

KL investigated how overlap-determinability between quantum states
relates to several no-go theorems in quantum information theory. KL
and HK are also working on the symmetry-preserving, one-dimen-
sional linear generalized uncertainty principle (GUP) and its implica-

tions for the estimation of the GUP parameter.

EL collaborated with Anuj Apte, Kunal Marwaha, Ojas Parekh, Len-
nart Sinjorgo, and James Sud on advancing the state of the art for
Quantum Max Cut approximation [arXiv:2504.15276 (presented
at ESA 2025), arXiv:2512.09896]. He also defined and proposed
a quantum algorithm for a quantum analogue of convex optimiza-

tion [arXiv:2510.02151].

YS and HK studied sample-based Hamiltonian and Lindbladian sim-
ulation, focusing on upper-bound behavior and typicalcase perfor-
mance. In particular, this work examined how the upper bound on
sample-based Lindbladian simulation depends on the rank and the
ensemble of Lindblad operators, using analytical calculations and

numerical simulations.

Theoretical and Computational Biophysics

The Theoretical and Computational Biophysics group led by Prof.
Changbong Hyeon works on problems involving biological systems.
The primary research interest is to understand how the interactions
between self-organized biopolymers contribute to defining living
systems under non-equilibrium conditions. The group is currently
working on (1) non-equilibrium statistical-mechanical principles un-

derlying biological systems, (2) the structure, dynamics, and function
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of human chromosomes, (3) the neuroscience of olfaction, and (4)
problems in polymer physics. Described below are the selected pub-

lications in 2025.

Recent experiments show the emergence of metachronal waves
(MCWs) from a chain of symmetrically beating nematodes aligned at
the edge of sessile droplets. To gain physical understanding of the phe-
nomenon, Dr. Narina Jung employed a coupled elastohydrodynamic
model of active filaments and showed that a misalignment caused
by a filt against the bounding wall disrupts the synchronization and
generates a constant time lag between adjacent filaments, giving
rise to MCWs. It was further found that the MCWs, enhancing the flu-
id circulation, achieve their maximum thermodynamic efficiency over
the same range of tilt angles observed in the nematode experiments.

This study was published in Phys. Rev. Research 7, (2025) 023029.

It has been known that the minimal bound of the thermodynamic
uncertainty relation (TUR) is modulated from that of the classical
counterpart (Qmin = 2) when a quantumness is present in the dynam-
ical process far from equilibrium. A study on a dissipative two-level
system (TLS) subject to an external field, previously performed by
Dr. Davinder Singh and Prof. Hyeon, indicates that quantum coher-
ence can suppress the fluctuations of the irreversible current and
loosen the TUR bound to Qmin(tis) ~ 1.25. With Profs. Hyukjoon
Kwon and Changbong Hyeon, Dr. Kwang Hyun Cho extended the
field-driven single TLS to a quantum mechanically coupled two-qubit
system (TQS), and explored how the quantum coupling between
the two qubits, an additional complexity introduced to the problem
of TLS, affects the photon current, fluctuations, and the TUR bound.
He found that the TUR bound of the TQS depends on the strength of
coupling, such that Qmin(tas) = Qmin(1Ls) = 1.25 when the two qubits
are effectively decoupled under weak coupling, whereas another
loose bound Qumin(tas) ~ 1.36 was identified for two strongly cou-
pled qubits under strong fields. By contrasting the TQS against two
coupled noisy oscillators, this study has illuminated the quantumness
unique fo the TQS and its effect on the TUR. The findings, which were
published in Phys. Rev. Research 7, (2025) 033132, form the basis

for understanding the TUR of more general Niqubit systems.

Korea Institute for Advanced Study

Glycocalyx, a layer of glycolipids and glycoproteins that densely
coats the cell surface, is known to enhance integrin nanocluster-asso-
ciated downstream cell signaling. However, quantitative understand-
ing of the effect of glycocalyx on the integrin nanocluster formation
has been left unclear. Noting that glycocalyx can be modeled as a
dense polymer brush on the cell membrane, two Al Research Fel-
lows, Drs. Daeseong Yong and Ji Woong Yu, in collaboration with
Profs. Bae-Yeun Ha and C. Hyeon, proposed that brush-induced de-
pletion interactions are a potential force behind protein nanocluster
formation. They considered a simplifying situation that cylindrical
inclusions are embedded in mobile polymer brushes on 2D surfaces,
and argued that a thermodynamic force of minimizing the depletion
zone around the inclusions, thereby maximizing the overall entro-
py of the entire system, leads the cylindrical inclusions to experi-
ence apparent attraction and to form clusters. Indeed, the numerics
showed that as long as the brush is shorter than the inclusions, the
depletion attraction strengthens with the brush height. Brushes faller
than the inclusions, on the other hand, weakens the attraction. As a
result, the depletion interactions change non-monotonically with the
brush height. Without any ad-hoc assumptions, this study explains
the simulation results by solely relying on the entropy argument and
the concept of correlation blob. The additional length scale intro-
duced by the size of brush polymers relative to the size of inclusions
necessitates further considerations beyond the theoretical argument
adopted in the traditional studies of colloid-polymer mixtures in free
space, making the brush-induced depletion interactions unique. This
study was reported in Macromolecules (2025) 58, 8099-8106 and
J. Chem. Theor. Comp. (2025) 21, 6161-6173.

Theoretical and Computational Materials Science

The Theoretical and Computational Materials Science group at the
KIAS School of Computational Sciences, led by Prof. Young-Woo
Son, studies fundamental problems in first-principles electronic struc-
ture calculation methods and their applications to condensed matter
systems. This report highlights three representative research direc-

tions pursued in 2025.
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First, in collaboration with researchers at Seoul National University,
the group uncovered new structural phenomena in layered materi-
als. When multiple periodic patterns coexist on an atomic lattice,
complex defect structures can emerge. Twisted trilayer graphene
provides an ideal platform to explore such phenomena because
the relative twist angles between layers can be precisely controlled.
These twists generate moiré-of-moiré patterns that strongly modify
the atomic structure. At small twist angles, interlayer interactions
produce extended networks of structural domains that may host un-
usual electronic states. Combining fransmission electron microscopy
with large-scale simulations, the researchers observed triangular,
kagome, and hexagram-shaped domain patterns separated by
domain-wall networks. At extremely small twist angles, competition
between stacking configurations leads to lattice reconstruction and
symmetry breaking, emphasizing the importance of long-range inter-

layer interactions. This work was published in Nature.

Second, the group investigated the atomic and electronic structures
of several ferroelectric oxides using the DFT + U + V method, in
which on-site and intersite interaction parameters are determined
self-consistently through the pseudohybrid functionals for extended
Hubbard interactions. Calculations of band structures, ferroelectric
distortions, polarization, Born effective charges, and switching bar-
riers were compared with results from LDA, GGA, meta-GGA, and
the HSEO6 hybrid functional. The DFT + U + V approach reproduces
experimental trends well. In particular, inter-site interactions increase
predicted band gaps and restore polar distortions that are often sup-
pressed when only the on-site Hubbard U is included. The method
achieves accuracy comparable to HSEO6 while reducing computa-
tional cost by more than an order of magnitude, enabling efficient
high-throughput studies of phenomena such as the bulk photovoltaic
effect and band alignment in ferroelectric heterostructures. This work

was published in npj Computational Materials.

Third, the group conducted a benchmarking study of first-principles
methods based on DFT fo evaluate the fundamental and optical band
gaps of nanoporous materials, including metal-organic frameworks,

covalentorganic frameworks, and zeolites. HSEO6 hybrid-functional
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calculations tend to underestimate fundamental band gaps relative to
the non-self-consistent GW approach, whereas DFT with self-consis-
tent extended Hubbard interactions shows material-dependent agree-
ment with GW results. Optical band gaps and absorption spectra
calculated using GW+BSE and TDDFT (PBE) agree well with experi-
ments, with GW+BSE providing higher overall accuracy. The group
further found that exciton binding energies in nanoporous materials
are significantly larger than those in conventional inorganic systems
due to the spatial localization of the valence and conduction band
edges within the same structural unit. These results provide practical
guidance for selecting computational approaches for highly porous
materials. This work was published in Journal of Theoretical and

Computational Chemistry.
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Visiting Scientists

Vigneron, Antoine
UNIST

Bae, Kwang-il
KISTI

Baek, Seung Ki
Pukyong Nat'l Univ.

Bo, Stefano
King’s College London

Choi, llkyoo
Hankuk Univ. of
Foreign Studies

Datta, Chandan
Indian Institute of
Technology Jodhpur

Ganardi, Ray Fellix
Nanyang Technological
Univ., Singapore

George, Jason
Texas A&M Univ.

Ghim, Cheol-Min
UNIST

Ha, Meesoon
Chosun Univ.

Hhan, Minki
The Univ. of Texas
at Austin

Hwang, Wonmuk
Texas A&M Univ.

Jang, Jaekyung
Pusan Nat'l Univ.

Jhun, Bukyoung
IT:U- Interdisciplinary
Transformation Univ.
Austria

Joo, Jaewoo
Univ. of Portsmouth

Kim, Aram
DGIST

Korea Institute for Advanced Study

Kim, Beom Hyun
Seoul Nat’l Univ.

Kim, Dohyun
Sungkyunkwan Univ.

Kim, Jiseung
Jeonbuk Nat’l Univ.

Kim, Sejoong
Hongik Univ.

Koshino, Mikito
Osaka Univ.

Kwon, Hyukgun
Univ. of Chicago

Lee, Hae Seong
Inha Univ.

Lee, Hyun Gyu
Sejong Univ.

Lee, Juhee
Umed Univ.

Lee, Mi Jin
Pusan Nat’l Univ.

Lee, Seunghun
Institute for Basic Science
(IBS)

Lie, Seok Hyung
UNIST

Lim, Jongseok
Imperial College London

Lizana, Ludvig
Umed Univ.

NG, Nelly
Nanyang Technological
Univ.

Nha, Hyunchul
Univ. of Texas at
El Paso

Park, Hyejin
Inha Univ.

Park, Jihye
Yeungnam Univ.

Shin, Seogwook
Freie Univ. Berlin

SLJOKA, Adnan
RIKEN

Yang, Seong-Gyu
Umed Univ.

Yi, Sudo
Korea Institute of
Energy Technology

Yousefzadeh, Behrooz
Concordia Univ.

68

Conferences and Workshops

The 5th Biophysics Division
Conference
Jan. 20 - Jan. 22

The 33rd KIAS
Combinatorics Workshop
Feb. 20 - Feb. 21

2025 NCTS-KIAS Workshop
on Theoretical Approaches
to Quantum Materials

Apr. 17 = Apr. 19

2025 KIAS Computational
Sciences Workshop
May 21 - May 23

The 34th KIAS
Combinatorics Workshop
May 29 — May 31

Computational Quantum
Many-Body Theory
Jul. 2 - Jul. 4

2025 Computational
Science Division Strategic
Planning Committee

Jul. 7 — Sep. 30

www.kias.re.kr

The 20th KIAS Workshop on
Electronic Structure
Calculations

Jul. TO=Jul. 11

2025 Complex Systems
Summer School
Aug. 12 - Aug. 14

KIAS-KAIST Workshop on
Quantum Information
Aug.12 - Aug. 14

The 26th Discussion Meeting
on Polymer Physics Theory
Sep. 5 —Sep. 7

International Assessment for
Research
Sep. 14 - Sep. 17

2025 KIAS Workshop on
Advancing Fundamental
Science

Oct. 30 — Oct. 31

The 8th Quantum Information

Conference
Nov. 13 - Nov. 14

School of Computational Sciences

International Conference on
Quantum Technologies 2025
Dec. 8 — Dec. 10

KIAS Workshop on Complex
Systems and Data Science
Dec. 17 - Dec. 19

The 35th KIAS

Combinatorics Workshop
Dec. 22 - Dec. 24
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Publications

Pal, P. S.; Lahiri, Sourabh; Saha, Arnab
Microscopic heat engines with hydrodynamic flow e PHYSICAL
REVIEW E

Shakeri, Maryam; Park, Juyong; Kim, Pilsung
Layered community-aware layout method for complex statute
network visualization ® EP) DATA SCIENCE

Lee, Dongkyu; Yang, Wooil; Son, Young-Woo; Jung, Jeil
Self-consistent tight-binding calculations with

extended Hubbard inferactions in rhombohedral multilayer
graphene ® PHYSICAL REVIEW B

Bae, Eunok; Kwon, Hyukjoon; Vijendran, V.; Lee, Soojoon
Modified recursive QAOA for exact MAX-CUT solutions on
bipartite graphs: closing the gap beyond QAOA limit
JOURNAL OF PHYSICS A-MATHEMATICAL AND THEORETICAL

Hwangbo, Yun; Jeon, Seong-jae; Son, Young-Woo;

Woo, Sungjong

Probing infrinsic elastic properties of multilayer graphene-a new
mechanical constant © MATERIALS & DESIGN

Hong, Changbeom; Lim, Chan; Oh, Jaeho; Lee, Jong-Bong;
Jeong, Euddeum Eojin; Yoo, Joo-Yeon; Kim, Won Kyu;

Jeon, Jae-Hyung

Inferring spatially varying bending stiffness of biopolymers with
deep-learning approach ® MACHINE LEARNING-SCIENCE
AND TECHNOLOGY

Kim, Minsoo; Bae, Hanjin; Jo, Gyeongpil; Kim, Kunwoo;
Lee, Sung Jong; Yoo, Jejoong; Joo, Keehyoung
Deepfold-PLM: accelerating protein structure prediction via
efficient homology search using protein language models ®
BIOINFORMATICS

Sohn, Ilkwon; Kim, Boseon; Bae, Kwangil; Song, Wooyeong;
Lee, Chankyun; Jeong, Kabgyun; Lee, Wonhyuk

Faulttolerant and secure long-distance quantum communication
via uncorrectable-error-injection ® EP) QUANTUM
TECHNOLOGY

Jeong, Seung Gyo; Kim, Minjae; Oh, Jin Young;

Ham, Youngeun; Choi, In Hyeok; Cho, Seong Won;

Kim, Jihyun; Jeong, Huimin; Sohn, Byungmin; Park, Tuson;
Lee, Suyoun; Lee, Jong Seok; Cho, Deok-Yong; Kim, Bongjae;
Choi, Woo Seok

Strain engineering of van Hove singularity and coupled
itinerant ferromagnetism in quasi-2D oxide superlattices

APPLIED PHYSICS REVIEWS
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Lee, Yonghae; Min, Youngho; Bae, Sunghyun; Lim, Youngrong
Formulas for Schmidt decompositions of

mutually orthogonal quantum states in two-qubit systems ®
JOURNAL OF PHYSICS A-MATHEMATICAL AND
THEORETICAL

Cho, Kwang Hyun; Jang, Seogjoo J.; Rhee, Young Min
Hidden Effects of Anharmonic Bath on

the Excitation Energy Transfer in the Light Harvesting

2 Complex of Purple Bacteria ® JOURNAL OF PHYSICAL
CHEMISTRY LETTERS

Go, Byeongseon; Kwon, Hyukjoon; Park, Siheon;

Patel, Dhrumil; Wilde, Mark M.

Sample-based Hamiltonian and Lindbladian simulation:
non-asymptotic analysis of sample complexity ¢ QUANTUM
SCIENCE AND TECHNOLOGY

Lee, Mingyu; Shin, Myeongijin; Lee, Junseo; Jeong, Kabgyun
Mutual information maximizing quantum generative adversarial
networks © SCIENTIFIC REPORTS

Kim, Halla; Park, Juyong
Understanding rhythmic structures, novelty, and inflvence in
classical music from data ® EPJ) DATA SCIENCE

Li, Xiantao; Choi, Sangkook; Park, Hyowon; Ko, Taechee
Classical optimization algorithms for diagonalizing quantum
Hamiltonians  PHYSICA SCRIPTA

Ko, Heasin; Kechrimparis, Spiros; Ko, Young-Ho;

Kim, Kap-Joong; Choi, Byung-Seok; Kropf, Chahan M;

Youn, Chun Ju; Bae, Joonwoo

Secure Quantum Communication With the Preservation of
Optimal Measurements ® IEEE JOURNAL ON SELECTED AREAS
IN COMMUNICATIONS

Yang, Seong-Gyu; Park, Hye Jin
Inferplay between intraspecific suppression and environment in
shaping biodiversity ® PHYSICAL REVIEW E

Shin, Myeongijin; Lee, Junseo; Lee, Seungwoo; Jeong, Kabgyun
Resource-efficient algorithm for estimating the trace of quantum
state powers ® QUANTUM

Yang, Wooil; Tiwari, Sabyasachi; Giustino, Feliciano;

Son, Young-Woo

First-principles electron-phonon interactions with selfconsistent
Hubbard interaction: Application fo transparent conducting

oxides ® PHYSICAL REVIEW B
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Yu, Ji Woong; Yong, Daeseong; Ha, Bae-Yeun;

Hyeon, Changbong

Depletion Interaction between Cylindrical Inclusions in Polymer
Brushes ¢ MACROMOLECULES

Lee, Wonjun; Kwon, Hyukjoon; Cho, Gil Young
Pseudochaotic many-body dynamics as a pseudorandom state

generator © NATURE COMMUNICATIONS

Park, Kyu-Won; Lee, Soojoon; Jeong, Kabgyun
Hidden quantum-classical correspondence in chaotic billiards
revealed by mutual information ® PHYSICAL REVIEW E

Lee, Jung-Hoon; Lee, Sang-Hoon; Son, Young-Woo
Benchmarking First-Principles Approaches for the Band
Gap Prediction of Nanoporous Materials ® JOURNAL OF
CHEMICAL THEORY AND COMPUTATION

Lee, Chang-Woo; Brookes, Paul; Park, Kee-Su;

Szymanska, Marzena H.; Ginossar, Eran

Real-time instanton approach fo quantum activation ® PHYSICAL
REVIEW A

Lee, Suyoung; Kim, Minjae; Kim, Changyoung
Microscopic origin of the spin-splitting in altermagnets ®

CURRENT APPLIED PHYSICS

Choi, Woohyun; Lee, Chang-Woo; Noh, Changsuk
Supervised learning of the Jaynes-Cummings Hamiltonian ®

SCIENTIFIC REPORTS

Ko, Eunjung

Effects of structural distortions and charge transfers on the
ferroelectric and ferromagnetic In25e3,/CrBr3 twisted moiré
heterobilayer ® PHYSICAL REVIEW B

Ruschel, Stefan; Giraldo, Andrus
Master Stability for Traveling Waves on Networks ® PHYSICAL
REVIEW LETTERS

Lee, Jaewon; Noh, Changsuk; Jeong, Kabgyun; Nha, Hyunchul
Quantum entanglement and extractable work for Gaussian

states ® SCIENTIFIC REPORTS

Choi, Min Chul; Yang, Wooil; Son, Young-Woo; Park, Se Young
First principles study of dielectric properties of ferroelectric
perovskite oxides with extended Hubbard interactions ® NP)
COMPUTATIONAL MATERIALS

Bitha, Rodrigues D. Dikande; Giraldo, Andrus;
Broderick, Neil G. R.; Krauskopf, Bernd

A kneading diagram of chaotic swifching oscillations in
a Kerr cavity with two interacting light fields ¢ PHYSICA
D-NONLINEAR PHENOMENA
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Jang, Hyunwoo; Jeong, Dae-Woong; Oh, Byung-Chang;

Lee, Suho; Cho, Hasaeam; Choi, Siyoung; Hyeon, Changbong;
Ahn, Chi Won; Lee, Hee-Seung; Choi, Myung Chul
Spatiotemporally-controlled droplet merging reveals 2D
diffusion dynamics of multi-component surfactants ® JOURNAL
OF COLLOID AND INTERFACE SCIENCE

Wieczorek, Sebastian; Osinga, Hinke M.; Knowles, James;
Giraldo, Andrus; Barton, David A. W.

EDITORIAL: AT THE FRONTIER OF APPLIED DYNAMICAL
SYSTEMS SPECIAL ISSUE IN HONOUR OF PROFESSOR
BERND KRAUSKOPF (On the occasion of his 60th birthday) e
ANZIAM JOURNAL

Park, Daesung; Park, Changwon; Yananose, Kunihiro;

Ko, Eunjung; Kim, Byunghyun; Engelke, Rebecca; Zhang, Xi;
Davydoyv, Konstantin; Green, Matthew; Kim, Hyun-Mi;

Park, Sang Hwa; Lee, Jae Heon; Kim, Seul-Gi;

Kim, Hyeongkeun; Watanabe, Keniji; Taniguchi, Takashi;

Yang, Sang Mo; Wang, Ke; Kim, Philip; Son, Young-Woo;
Yoo, Hyobin

Unconventional domain tessellations in moire-ofmoire lattices ®

NATURE

Yong, Daeseong; Yu, Ji Woong; Ha, Bae-Yeun;

Hyeon, Changbong

Variations of the Depletion Zones around Inclusions
Explain the Complexity of Brush-Induced Depletion
Interactions ® JOURNAL OF CHEMICAL THEORY AND
COMPUTATION

Hwang, Wonmuk; Gonzales Il, James E.; Brooks, Bernard R.
Gauss-legendre-spherical-+t (GLST) cubature-based factorization
of long-range electrostatics in simulations ® JOURNAL OF
CHEMICAL PHYSICS

Gonzales Il, James E.; Hwang, Wonmuk; Brooks, Bernard R.
A parallel CUDA implementation of the Gauss-Legendre-
spherical-t method for electrostatic interactions ® JOURNAL OF
CHEMICAL PHYSICS

Slusarz, Rafal; Sieradzan, Adam K.; Gieldon, Artur;

Lubecka, Emilia A.; Slusarz, Magdalena J.;

Lesniewski, Mateusz; Co, Nguyen Truong; Liwo, Adam;
Czaplewski, Cezary

UNRES web server: Extensions fo nucleic acids, prediction of
peptide aggregation, and new types of restrained calculations

e JOURNAL OF MOLECULAR BIOLOGY

Kim, Jihye; Lee, Deok-Sun; Min, Byungjoon; Porter, Mason A.;
Miguel, Maxi San; Goh, K-

Competition between group interactions and nonlinearity in
voter dynamics on hypergraphs ® PHYSICAL REVIEW E
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Ahn, Jungho; Chakraborti, Debsoumya; Hendrey, Kevin;
Oum, Sang-il

TWIN-WIDTH OF SUBDIVISIONS OF MULTIGRAPHS e SIAM
JOURNAL ON DISCRETE MATHEMATICS

Yeo, Hyeonijun; Kim, Ha Eum; Sohn, llkwon; Jeong, Kabgyun
Reducing circuit depth in quantum state preparation for
quantum simulation using measurements and feedforward e
PHYSICAL REVIEW APPLIED

Choi, Jibeom

Changes in epistatic green-beard alleles induce domain shift in
hypostatic rock-paper-scissors-like green-beard competition
NPJ SYSTEMS BIOLOGY AND APPLICATIONS

Li, Hui; Xie, Jie; Kwon, Hyukjoon; Zhao, Yixin; Kim, M. S_;
Zhang, Lijian
Experimental demonstration of generalized quantum fluctuation

theorems in the presence of coherence ® SCIENCE ADVANCES

Choi, Myungho; Chu, Hojin; Kim, Suh-Ryung
Digraphs in which every t vertices have exactly A common out-
neighbors ® DISCRETE MATHEMATICS

Lee, Daekyung; Cho, Wonguk; Kim, Heetae; Kim, Gunn;
Jeong, Hyeong-Chai; Kim, Beom Jun

Self-consistent gravity model for inferring node mass in flow
networks ® SCIENTIFIC REPORTS

Kim, Taeyoung; Ha, Youngsoo; Kang, Myungjoo
Neural operators learn the local physics of
magnetohydrodynamics ¢ COMPUTERS & FLUIDS

Choi, Jibeom

Vertical Cancer Transmission via Asexuval Fragmentation
and Associated Cancer Prevalence ® EVOLUTIONARY
APPLICATIONS

Ahn, Jinhoo; Kim, Joonhee; Lee, Hyoyoon; Lee, Junguk
Preservation of NATP ¢ JOURNAL OF MATHEMATICAL LOGIC

Lim, Yechan; Lee, Sangwon; Jo, Junghyo
Data augmentation using diffusion models to enhance inverse
Ising inference ® PHYSICAL REVIEW E

Thirumalai, D.; Shi, Guang; Shin, Sucheol; Hyeon, Changbong
Organization and Dynamics of Chromosomes ® ANNUAL
REVIEW OF PHYSICAL CHEMISTRY

Yang, Yudi; Yang, Wooil; Son, Young-Woo; Liu, Shi

DFT plus U plus V study of pristine and oxygen-deficient HFO2
with selfconsistent Hubbard parameters ® PHYSICAL REVIEW
MATERIALS

Korea Institute for Advanced Study

Lim, Youngrong; Hhan, Minki; Kwon, Hyukjoon

Trade-off between information gain and disturbance in local
discrimination of entangled quantum states © QUANTUM
SCIENCE AND TECHNOLOGY

Gu, Mingqiang; Liu, Yuntian; Zhu, Haiyuan;

Yananose, Kunihiro; Chen, Xiaobing; Hu, Yongkang;
Stroppa, Alessandro; Liu, Qihang

Ferroelectric Switchable Altermagnetism ® PHYSICAL REVIEW
LETTERS

Choi, Jibeom; Kim, Suhyeon; Lee, Sunmi; Park, Junpyo
The depth of tumor hierarchy and its impact on hypertumor
susceptibility ® SCIENTIFIC REPORTS

Han, Mancheon; Park, Hyowon; Choi, Sangkook
Quantum Zeno Monte Carlo for computing observables ® NP)
QUANTUM INFORMATION

Gonzales, James E.; Kimc, lktae; Bastirayc, Abhishek;

Hwang, Wonmuk; Choc, Jae-Hyun

Evolutionary rewiring of the dynamic network underpinning
allosteric epistasis in NS of the inflvenza A virus ®
PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES
OF THE UNITED STATES OF AMERICA

Choi, Taeseung; Han, Yeong Deok
Probability Density in Relativistic Quantum Mechanics ®
INTERNATIONAL JOURNAL OF THEORETICAL PHYSICS

Quero, Carlos osorio; Rondon, Irving;

Martinez-carranza, Jose

Improving NIR single-pixel imaging: using deep image prior
and GANs ¢ JOURNAL OF THE OPTICAL SOCIETY OF
AMERICA A-OPTICS IMAGE SCIENCE AND VISION

Yeo, Hyeonjun; Kim, Ha Eum; Jeong, Kabgyun
Approximating Maximum Independent Set on Rydberg Atom
Arrays Using Local Detunings © ADVANCED QUANTUM
TECHNOLOGIES

Mallis, Robert J.; Brazin, Kristine N_;

Duke-Cohan, Jonathan S.; Akitsu, Aoi;

Stephens, Hanna M.; Chang-Gonzalez, Ana C.;

Masi, Daniel J.; Kirkpatrick, Evan H.; Holliday, Elizabeth L.;
Feng, Yinnian; Zienkiewicz, Katarzyna J.; Lee, Jonathan J.;
Cinella, Vincenzo; Uberoy, Kaveri |.; Tan, Kemin;

Wagner, Gerhard; Arthanari, Haribabu; Hwang, Wonmuk;
Lang, Matthew J.; Reinherz, Ellis L.

Biophysical and Structural Features of

aBT-Cell Receptor Mechanosensing: A Paradigmatic Shift in
Understanding T-Cell Activation ® IMMUNOLOGICAL
REVIEWS

72

Moon, Sunyo; Park, Seungkook
Laplacian eigenvalue distribution for unicyclic graphs ®
APPLIED MATHEMATICS AND COMPUTATION

Cho, EunKyung; Choi, llkyoo; Kwon, Hyemin; Park, Boram
Proper conflict-free coloring of sparse graphs ® DISCRETE
APPLIED MATHEMATICS

Kang, Byungkyun; Semon, Patrick; Melnick, Corey;

Han, Mancheon; Mo, Seongjun; Lee, Hoonkyung;

Kotliar, Gabriel; Choi, Sangkook

ComDMFT v.2.0: Fully self-consistent ab initio GW plus EDMFT
for the electronic structure of correlated quantum materials ®
COMPUTER PHYSICS COMMUNICATIONS

e —
o e 24 R o i

www.kias.re.kr

it

e

X

School of Computational Sciences

73



June E Huh Center for
Mathematical Challenges

Introduction

The June E Huh Center for Mathematical Challenges (HCMC) was
established by the Korea Institute for Advanced Study (KIAS) fo re-
solve mathematical challenges and present emerging strategies in
new fields. The HCMC also seeks to serve as a global hub for solv-
ing mathematical problems and satisfying the infellectual curiosity

of young and adventurous mathematicians worldwide.

The HCMC aspires to exhibit international leadership by focusing
on well-known mathematical challenges and creating synergy as
a national brand for South Korea. It will contribute to enhancing
national competitiveness in basic science and technology, which

will ultimately have a positive impact on humanity.

The HCMC deals with problems in the following challenging and

emerging research fields:

* GROUP ACTIONS AND RIGIDITY

Research Activities

In 2025, its thirteenth year of operation, the HCMC successfully
promoted research exchanges by organizing 25 domestic and in-
ternational conferences and 83 seminars, including events focused
on a single thematic core. In doing so, the HCMC has taken anoth-
er step toward becoming a place for mathematicians to share their

research and ultimately to solve important mathematical problems.

Conferences and Workshops

m KIAS-LFANT Winter School on Number Theory

At the KIAS-LFANT Winter School on Number Theory, participants
were infroduced to recent developments in fopics such as murmu-
ration of modular forms (weight aspect), the moduli stack of elliptic
curves over function fields, and the distribution of quantum modular

forms. In addition, a graduate-level school was organized to cover

* PROFINITE RIGIDITY OF FREE GROUPS ® SCHOEN'S CONJECTURE
(REMESLENNIKOV'S CONJECTURE)

® CONWAY-SOIFER | TOTH'S ANGLE SUM | ® K-STABILITY OF FANO VARIETIES
MAHLER'S CONJECTURE

(YAU-TIAN-DONALDSON)

" EQUIDISTRIBUTION OF PERIODIC

(ZIMMER PROGRAM) TORUS ORBITS
_"No EMERGING #* STANLEY-STEMERIDGE AND HAIMAN ® GENERALIZED SERRE WEIGHT
RESEARCH FIELDS CONJECTURES BEYOND TYPE A CONJECTURES
* BOUNDARY OF CHAOS IN THE ® JOYCE CONJECTURE

HENON FAMILY

*® ENDOSCOPIC CLASSIFICATION OF ® LOCALIZATION IN STOCHASTIC PDES

AUTOMORPHIC REPRESENTATIONS

Korea Institute for Advanced Study
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more accessible topics—including murmuration of elliptic curves, the
moduli stack of elliptic curves, and modular symbols—to help partici-

pants better understand the key ideas presented in the main lectures.

The event was held over four days and three nights and was at-
tended by approximately 75 researchers and students from diverse
regions, nationdlities, and academic backgrounds. Participants en-
gaged in lively discussions during the lectures and throughout the
informal sessions of the program. The event concluded successfully,
and the research networks and active exchanges fostered during
the workshop are expected to lead to future collaborations and fur-

ther developments in these research areas.

m 2025 Spring FOA Colloquium: Function Theory, Operator
Theory and Applications

This program was organized as a series of colloquia focusing on
the inferaction between function theory and operator theory, an
area that has seen significant recent research activity. In particular,
the program aimed to invite both leading experts and emerging
scholars to discuss recent developments and explore future research
directions related to Toeplitz operators, composition operators, and

Hankel operators.

The colloquium consisted of ten lectures delivered by fen speakers.

The topics of the lectures were as follows:

KIAS-LFANT Winter School on Number Theory (January 7-10)

www.kias.re.kr

June E Huh Center for
Mathematical Challenges

(1) Vectorvalued measurable functions (In Sung Hwang, Sungkyunkwan
University)

(2) Free probability and free entropy (Jaeseong Heo, Hanyang
University)

(3) Logarithmic order in analytic function spaces (Hyungwoon Koo,
Korea University)

(4) Complex symmetric Toeplitz operators on function spaces (Ji Eun Lee,
Sejong University)

(5) Twisting in abstract harmonic analysis (Hun Hee Lee, Seoul National
University)

(6) C*-algebras of étale groupoids (Ja A Jeong, Seoul National
University)

(7) Hyponormality of Toeplitz operators on the Drury—Arveson spaces
(Jongrak Lee, Sungkyunkwan University)

(8) Fock-Sobolev spaces and their applications (Hong Rae Cho, Pusan
National University)

(9) Invariant subspaces among the linear pencil, a pair of operators,
and their operator transforms (Jasang Yoon, University of Texas—
Rio Grande Valley)

(10) Convergence of the powers of composition operators on weighted

spaces of holomorphic functions (Inyoung Park, Korea University)

There were 101 participants in the program, and the lectures generated
lively discussions that led to the emergence of many new research ques-

tions in this field.

2025 Spring FOA Colloquium: Function Theory, Operator Theory and
Applications (March 14-June 20)
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m Complex Analysis Conference: Complex Faces

From April 7 to 11, 2025, Prof. Nam-Gyu Kang (KIAS) co-orga-
nized the conference “Complex Faces” in Venice together with Nico-
la Arcozzi (University of Bolognal), llia Binder (University of Toronto),
Alexei Poltoratski (University of Wisconsin-Madison), and Stanislav
Smirnov (Université de Genéve). The conference focused on various
topics in complex analysis, a field that has had profound influence
on several areas of mathematics, including harmonic analysis, func-

tional analysis, probability theory, and mathematical physics.

The program featured 21 invited speakers, including ICM plenary
speakers Mikhail Lyubich and Greg Lawler, who delivered lectures
tiled “Mirrors of Conformal Dynamics: Julia Sets, Kleinian Groups,
Schwarz Reflections, and Correspondences” and “Exploring a Paper
of Kang and Makarov,” respectively. Other talks covered a broad
range of topics in complex analysis, such as Epstein’s construction
and holography of Loewner energy and Schwarzian action, Free
energy of constrained planar Coulomb gases, Weil-Petersson
curves, traveling salesman theorems and minimal surfaces, metrics
on non-simple conformal loop ensemble gaskets, and random walks

reflected off infinity.

In addition to the formal lectures, participants engaged in active
discussions, exchanging feedback on the presentations and sharing

insights on recent research developments in complex analysis.

Complex Analysis Conference: Complex Faces (April 7-11)

Korea Institute for Advanced Study

m Universality, Nonlinearity, and Integrability - In honor of Percy
Deift

The conference was held at the Korea Institute for Advanced Study

(KIAS) from May 12 to 16, 2025, with the aim of exploring the intersec-

tion of universality, nonlinearity, and integrability. These interconnected

areas have long provided a dynamic and fertile framework that stim-

ulates mutual development and has led to many exciting new results.

The program featured presentations on a wide range of topics, in-
cluding random matrix theory, integrable nonlinear partial differen-
tial equations, and KPZ theory. In addition, several presentations
during the conference were dedicated to celebrating the many con-
tributions of Percy Deift. Participants actively engaged in discussions
with the speakers, exchanging ideas and insights on the lectures as

well as on future research directions.

m 2nd KIAS Graduate Student Meeting in Pure Mathematics

The 2nd KIAS Graduate Student Meeting in Pure Mathematics was
held on May 23, 2025 at KIAS, organized by C.-F. Nyberg-Brodda
and Sang-hyun Kim. Eleven graduate students from all over Korea
gave 15-minute research presentations on their topics of research,
ranging from knot theory, Teichmiller theory, rerepresentation the-
ory, differential equations, category theory, and algebraic geom-
etry. A one-hour plenary lecture by Prof. Nam-Gyu Kang (KIAS)

started the event, and included both a good introduction to his
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Universality, Nonlinearity, and Integrability - In honor of Percy
Deift (May 12-16)
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area of research, including his joint work with many Fields Medal-
ists, as well as much good advice for the early career researchers
and graduate students in the audience; many participants specifi-
cally emphasized how meaningful this was for them. The event was
attended by around 40 people, with over half having registered
an interest in giving a presentation. The participants had many

opportunities fo discuss mathematics and engage in networking.

u The Future of PDEs: Interdisciplinary Connections Through
Generations

The conference “The Future of PDEs: Interdisciplinary Connections

Through Generations” was held from June 10 to 13, 2025, in

Room 8101 of Building 8 at the Korea Institute for Advanced Study

(KIAS). The four-day program consisted of 21 invited lectures and

discussion sessions by leading researchers in the field of partial

differential equations (PDEs) from Korea and abroad.

Distinguished mathematicians including Mikhail Feldman (Universi-
ty of Wisconsin-Madison), Dehua Wang (University of Pittsburgh),
and Chunjing Xie (Shanghai Jiao Tong University) presented recent
research results on topics such as transonic shocks, vortex sheets,
and the incompressible Euler system. Through active questions
and discussions, the conference fostered lively scholarly exchange

among participants and provided valuable insights into recent de-

velopments in PDE research.
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The Future of PDEs: Inferdisciplinary Connections Through Generations

(June 10-13)

m 2K-GATE Workshop |

The 2K-GATE Workshop featured invited researchers from lead-
ing institutions such as Rice University, the City University of New
York (CUNY), the University of Pisa, and KAIST, who presented
cutting-edge results in geometric group theory, low-dimensional
topology, hyperbolic geometry, and dynamics. The talks covered
a wide range of topics, including boundary theory of groups, qua-
si-isometry and rigidity, pseudo-Anosov maps, infinite-dimensional

hyperbolic spaces, and boundary reconstruction of 3-manifolds.

The academic depth and international standing of the speakers

significantly enhanced the level of the workshop and provided

2K-GATE
qorkshop ;

= L = S e

2K-GATE Workshop | (June 10-13)
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participants with a comprehensive overview of current developments
in these areas. More than fifteen lectures were delivered, each fol-
lowed by lively discussions and in-depth research exchanges. In
addition, a lightning session for early-career researchers allowed
participants to share diverse ideas and explore new research direc-
tions in this fastpaced format. By bringing together interdisciplinary
themes and intergenerational dialogue, the workshop proved to be

a highly successful event with substantial academic impact.

= Workshop on Moduli Spaces, Virtual Invariants and Shifted
Symplectic Structures 2025

The Workshop on Moduli Spaces, Virtual Invariants and Shifred Sym-

plectic Structures 2025 was held from June 15 to 20, 2025, at the

June E. Huh Center. The workshop brought together experts in enumer-

ative geometry and derived geometry, two important areas of algebra-

ic geometry, to share recent advances and developments in the field.

Workshop on moduli spaces, virtual invariants and shifted symplectic
structures 2025 (June 15-20)

Summer School on Algebraic Combinatorics (July 28-31)

Korea Institute for Advanced Study

The 19 specialists from around the world—including Japan, Ching,
Spain, France, the United States, and Australia—delivered presen-
tations to about 50 participants in the workshop. The event provid-
ed a vibrant forum for discussion and exchange on a wide range of

research topics in these areas.

® Summer School on Algebraic Combinatorics

The program consisted of three lecture series and three research pre-
sentations. The lecture series provided in-depth coverage of major
areas of algebraic combinatorics, offering a systematic introduction
ranging from fundamental background material to recent research
developments. In addition, the research presentations highlighted
cutting-edge work in progress by the speakers, providing partici-

pants with opportunities for lively discussion and engagement.

This summer school offered a rare opportunity for participants to
learn about the latest developments in core areas of algebraic com-
binatorics through lectures and presentations delivered by leading
scholars in the field. In particular, the three lecture series guided
participants from theoretical foundations to applications, helping
them develop a comprehensive understanding of current research
trends and future directions. The research presentations introduced
emerging fopics that connect algebraic combinatorics with related

areas, leading fo active discussions among participants.

The event provided a valuable platform for graduate students and
early-career researchers in Korea to interact directly with interna-
tionally renowned mathematicians. This inferaction contributed to
the development of international academic networks and helped
foster opportunities for future research collaboration. As a result, the
event strengthened the algebraic combinatorics research communi-
ty in Korea and is expected to have a positive longterm impact on

the growth and vitality of the field.

m KIAS-KAIST Workshop on Current Challenges in Mathematics
This workshop brought together three central areas of mathematics—
probability, geometry, and combinatorics—under a broad interdis-

ciplinary theme. The program achieved a high level of academic
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depth by inviting seven distinguished scholars, including June E.
Huh (Princeton University) and Michel Talagrand of the French Na-
tional Centre for Scientific Research (CNRS).

Over the course of seven lectures, participants explored advanced
research topics such as stochastic processes and geometric group
theory. These talks brought together diverse perspectives across disci-
plines, fostering lively and constructive discussions as well as mean-

ingful exchanges of research ideas.

Overall, the workshop proved to be academically very successful, in-
spiring new connections between fields while providing a valuable
forum for sharing recent developments in contemporary mathemati-

cal research.

m 2025 International Review Committee (HCMC & School of
Mathematics)

The international review committee, held for the first time since
2018, took place from September 14 to 17, 2025, with five dis-
tinguished mathematicians serving as committee members. The
reviewers conducted interviews not only with faculty members,
postdoctoral researchers, and longterm visitors from the School
of Mathematics and the June E. Huh Center for Mathematical
Challenges, but also—unexpectedly—with administrative staff. In
addition to the materials initially provided, they actively requested

supplementary data, including information on the career trajecto-

KIA

on cu challenges in mathematics

KIAS-KAIST Workshop on current challenges in mathematics
(August 25-28)

www.kias.re.kr

June E Huh Center for
Mathematical Challenges

ries of researchers trained at the institute over the past ten years,

demonstrating a highly engaged and thorough evaluation process.

Notably, the international reviews of the three divisions of KIAS—
Mathematics, Physics, and Computational Sciences—were con-
ducted simultaneously, which was unusual. Opportunities were ar-
ranged for reviewers from different divisions to exchange views and
inferact with one another, allowing the evaluation to proceed from

multiple perspectives and adding further significance to the process.

Furthermore, taking advantage of the presence of these distin-
guished scholars, additional academic events were organized af-
ter the formal review schedule. Martin Bridson and Amie Wilkinson
participated as speakers in a workshop, while Bernd Sturmfels de-
livered a seminar. These lectures provided valuable opportunities
for the institute’s researchers to engage with leading scholars and

contributed to a meaningful conclusion of the international review.

= 2025 Fall Colloquium: Challenging Mathematical Problems

This lecture series was held from September 25 to December 18,
2025, in the seminar room of the June E. Huh Center for Mathemat-
ical Challenges at Soorim Foundation. The program was designed
to infroduce major open problems from various areas of mathe-
matics—including topology, algebraic geometry, and probability

theory—to researchers from different fields.

2025 International Review Committee

September 14th ~ 17th, 2025
KOREA INSTITUTE FOR ADVANCED STUDY

International Review Committee (September 14-17)
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The speakers included Homin Lee (KIAS), Hyungryul Kim (KIAS),
Yongnam Lee (IBS-CCG), Junghwan Park (KAIST), Hyeongju Hwang
(POSTECH), Heejong Lee (KIAS), Byunghan Kim (Yonsei University),
and Jaeseong Oh (Sungkyunkwan University).

Their lectures covered a wide range of topics, including Rigidity in
group actions, Canonical bases for moduli spaces of local systems
on a surface, Deformation and moduli of varieties, four-dimensional
topology and knot theory, Physics-informed Al for learning to solve
PDEs, Families of mod p local Galois representations, model-the-
oretic perspectives on Schanuel’s conjecture for the complex field

with exponentiation, and combinatorics of knot homology.

Through the discussion of these challenging problems, the series
provided mathematicians from diverse backgrounds with valuable
opportunities to learn about important questions and perspectives

from other areas of mathematics.

Including this one, 24 conferences were held in 2025. These confer-
ences spurred the intellectual curiosity of researchers and provided
opportunities for in-depth communication and interaction between

mathematicians from all over the world.

2025 Fall Colloguium: Challenging Mathematical Problems
(September 25-December 18)

Korea Institute for Advanced Study

June E Huh Center for
Mathematical Challenges

= KIAS-LFANT Winter School on Number Theory (Jan. 7-10)

= Harmonic Anaysis Winter School (Jan. 7-10)

= The 20th IUU School of Mathematics - Banach Spaces and
Related Topics (Feb. 4-8)

= 2025 Spring FOA Colloquium: Function Theory, Operator
Theory and Applications (Mar. 14-Jun. 20)

= 2025 Spring KIAS June E Huh Center for Mathematical Chal-
lenges Public Lecture Series (Mar. 15-Jun. 14)

= 2025 Spring Colloquium: Challenging Mathematical Problems
(Mar. 20-Jun. 12)

= Complex Analysis Conference: Complex Faces (Apr. 7-11)

= Random Matrices and Related Topics in Jeju (May. 6-10)

= Universality, Nonlinearity, and Integrability - In honor of Percy
Deift (May. 12-16)

= 2nd KIAS Graduate Student Meeting in Pure Mathematics
(May 23)

= Future of Mathematics by June E Huh Fellows (Jun. 4-5)

= The Future of PDEs: Interdisciplinary Connections Through
Generations (Jun. 10-13)

= 2K-GATE Workshop | Jun. 10-13)

HCMC Faculty and Research Fellows

= Workshop on moduli spaces, virtual invariants and shifted
symplectic structures 2025 (Jun. 15-20)

= Ho-Am Prize Commemorative Colloquium by Prof. Sug Woo
Shin (Jul. 3)

= Summer School on Algebraic Combinatorics (Jul. 28-31)

= 2025 Ho-Am Prize Commemorative Public Lecture by Prof. Sug
Woo Shin, HCMC Distinguished Professor (Aug. 7)

= Quantum Analysis & Geometry (Aug. 17-20)

= KIAS-KAIST Workshop on current challenges in mathematics
(Aug. 25-28)

= 2025 Fall FOA Colloquium: Function Theory, Operator Theory
and Applications (Sep. 5-Dec. 12)

= 2025 Fall KIAS June E Huh Center for Mathematical Challenges
Public Lecture Series (Sep. 13-Dec. 13)

= 2025 International Review Committee (HCMC & School of
Mathematics) (Sep. 14-17)

= 2025 Fall Colloquium: Challenging Mathematical Problems
(Sep. 25-Dec. 18)

= Mapping Class Groups at KIAS (Oct. 13-17)

= 2025 KIAS Winter School on Mathematics and Al (Dec. 2-5)
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Cobollo, Christian; Dantas, Sheldon; Hajek, Petr; Jung, Mingu

On the strongly subdifferentiable points in Lipschitz-free spaces
* BANACH JOURNAL OF MATHEMATICAL ANALYSIS

www.kias.re.kr

June E Huh Center for
Mathematical Challenges

83



Quantum Universe Center

The Quantum Universe Center (QUC) aims to become a re-
search center that focuses on developing and sharing new insights
into the fundamental properties of matter and physical forces, con-
densed matter and emergent phenomena, quantum information,
and quantum-inspired mathematics. We hope these activities lead
to a deeper understanding of nature and result in new real-world

applications.

The QUC, established in 2014, engages in five fields of research:
cosmology and astrophysics (the Korea Dark Energy Survey [KDES]),
information science and technology, quantum gravity and super-
string and Mtheory, elementary particle physics and quantum

states of matter.

The KDES is headed by Prof. Changbom Park, along with QUC
fellow Dr. Jeong-Gyu Kim, research fellows Dr. Jie Li and Dr. Naik
Suvedha Suresh.

The Information Science and Technology Group is led by four pro-
fessors, Prof. Jaewan Kim, Prof. Hyukjoon Kwon, Prof. Sangkook
Choi and Prof. Myungshik Kim, who are aided in their work by
research fellows Dr. James Moran, Dr. Nikolaos Georgios Eftaxias,

Dr. Bagchi Shrobona, Dr. Prabuddha Roy and Dr. Sangjin Lee.

The Quantum Gravity and Superstring & M-Theory Group consists
of three fulltime faculty members, Profs. Piljin Yi, Sangmin Lee and
Sungjay Lee. The group currently includes a QUC fellow Dr. Kang-
hoon Lee as well as three research fellows Dr. Minsung Kim, Dr.

Tabasum Rahnuma, and Dr. TaeHwan Oh.

Korea Institute for Advanced Study
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The Elementary Particle Physics Group is led by Prof. Pyungwon Ko,
Prof. Eung Jin Chun, and Prof. Seung Joon Lee with research fellows
Dr. Jae Hoon Jeong, Dr. Xing-Yu Yang, Dr. Raymundo Ramos, Dr.

Flacke Thomas and Dr. Heejoo Kim.

The Quantum States of Matter Group consists of four professors —
Prof. Hyunggyu Park, Prof. Jae Sung Lee, Prof. Kwon Park and Prof.
Young-Woo Son — with QUC fellow Dr. Jinwoong Kim and research

fellow Dr. Hee Seung Kim.

The QUC hosted a wide range of academic events in 2025 to fulfill

the QUC’s main purpose of fostering collaborative research.

QUC successfully hosted 13 academic events:

- “Focused workshop on Al in High Energy Physics” (organized by
Prof. Seung Joon Lee)

- “Computational Quantum Many-Body Theory School” (organized
by Prof. Sangkook Choi)

- “Survey Science Group Workshop 2025” (organized by Prof.
Changbom Park)

- “Quantum Resources 2025" (organized by Prof. Hyukjoon Kwon)

- “Amplitudes 2025 Summer School” (organized by Prof. Sungjay Lee)

- “Quantum Information Dynamics and Non-Equilibrium Physics”
(organized by Prof. Hyukjoon Kwon)

- "KIAS Summer School 2025 on Extragalactic Astronomy and Cos-
mology” (organized by Prof. Changbom Park)

- “AstroAl Asian Network Summer School” (organized by Prof.
Changbom Park)
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- “18th International Workshop on Top Quark Physics (TOP 2025)”
(organized by Prof. Seung Joon Lee)

- “East Asia Joint Seminars on Statistical Physics 2025” (organized
by Prof. Jae Sung Lee)

- “The 9th KIAS School and Workshop on Quantum Information and
Thermodynamics” (organized by Prof. Jae Sung Lee)

-"2025 KIAS QUC Workshop” (organized by Prof. Jae Sung Lee)

- “International Conference on Quantum Technologies 2025 (ICQT

2025)" (organized by Prof. Hyukjoon Kwon)

Research Activities

The Astrophysics and Cosmology group is headed by Profs.
Changbom Park, Donghui Jeong, and Research Prof. Juhan Kim
and Jeong-Gyu Kim. Postdocs in the group include Drs. Alexandra
Dupuy, Priya Goyal, Jaewon Yoo, Preetish Mishra, Zahra Davari
Dolatabadi, Jie Li, Martha Margarita Lopez Gutierrez, Da Bi, Trupti
Patil, Boon Kiat Oh, and Naik Suvedha Suresh.

In 2025, Prof. Park, in collaboration with Dr. F. Dong (Yunnan Uni-
versity), constrained the CPL parameters of the dark energy equa-
tion of state using SDSS data and found that the equation of state is
consistent with no evolution, implying no phantom divide crossing
at redshifts below 0.7. He was also analyzing the Dark Energy
Spectroscopic Instrument (DESI) data and 56 multiverse simulations.
Using the HR5 simulation, he is involved in many scientific projects,
such as finding the mechanism and epoch of emergence of the
relation between galaxy properties and clustercentric radius. Prof.
Park is collaborating with many astronomers in Korea to conduct
multi-object spectroscopic surveys of galaxies such as A-SPEC (the
All-sky Spectroscopic Survey of the nearby universe) and the KLST
project, a plan for building a telescope system with an effective

diameter of 9.2 m that is dedicated to spectroscopic observations.

Research Professor Juhan Kim continued the scientific analysis of
the Horizon Run 5 cosmological simulation, contributing to studies
on intrahalo light formation history. In parallel, he developed La-

gEunha, a next-generation Lagrangian hydrodynamics code based
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on the Laguerre tessellation. He also developed Lumina-SN, a
GPU-accelerated Monte Carlo radiative transfer code for Type la
supernova spectral modeling, achieving automated five-dimension-

al parameter fitting and making the code publicly available.

Prof. Donghui Jeong's research in 2025 centered on the HETDEX
survey analysis, leading to the first defection of a Baryon Acoustic
Oscillation (BAO) signal in the dataset. His group played a founda-
tional role by measuring the Lyman-alpha emitter luminosity function
and constructing survey-accurate random catalogs, enabling all
subsequent cosmological clustering measurements. He contributed
to a DESI-HETDEX cross-validation study of emission-line classifica-
tion methods, and to a search for sub-solar mass compact object
using LVK O4a data. On the theoretical front, he helped validate
second-order, general-relativistic descriptions of large-scale observ-
ables, providing essential groundwork for precision cosmology

analyses.

QUC Research Professor Jeong-Gyu Kim has been developing a
new semi-analytic model of density-bounded H Il regions, work-
ing with SNU graduate student Chanijin Lee to validate the model
through numerical simulations. He has also mentored SNU grad-
uate student Gain Lee in cosmological hydrodynamic simulations
using an improved mesh refinement strategy. He has been working
with KIAS group members to develop new cosmological simulations
with the SWIFT code. In addition, he has collaborated with Lach-
lan Lancaster of Columbia University on interstellar bubbles driv-
en by stellar winds and radiation; with Samuel Crowe of Oxford
on strongly magnetized H Il regions; and with Chang-Goo Kim of
Princeton University and other researchers to quantify the role of
cosmic rays in driving galactic outflows using TIGRESS++ simula-

tions of starforming galactic disks.

Dr. Jaewon Yoo, a QUC postdoctoral fellow (until August 31,
2025), studies intracluster light (ICL) as a probe of dark matter and
the dynamical evolution of galaxy clusters. Using the Horizon Run
5 (HR5) simulation, she demonstrated that ICL effectively traces the

dark matter distribution over cosmological timescales. She analyzed

85



galaxy clusters in the lllustris TNG300 simulation, examining virial
ratios and spatial distribution similarities across radial scales. She
also investigated Cluster-EAGLE simulations under different dark
matter models, cold dark matter (CDM) and self-interacting dark
matter (SIDM) to explore how ICL properties can constrain dark

matter physics.

Dr. Alexandra Dupuy conducted research on the reconstruction of
large-scale cosmic structures using deep learning techniques. She
developed a convolutional neural network (CNN) framework to in-
fer three-dimensional dark matter density, gravitational potential,
and peculiar velocity fields from galaxy positions and radial pecu-
liar velocities. The method was trained and validated on mock data-
sets designed fo reproduce the observational geometry of Cosmic-
flows-4 and then applied to the actual Cosmicflows-4 data to probe
structures hidden in the Zone of Avoidance. The reconstruction re-
covered known galaxy clusters and revealed a mass concentration

consistent with the Great Attractor.

Dr. Priya Goyal continued her work on the morphology of galaxies
in the Horizon Run 5 (HR5) simulations. She published a study on
the redshift evolution of the Fundamental Plane of HR5 early-type
galaxies and its physical origin. She is also investigating the im-
pact of cosmological processes such as gravitational evolution,
redshiftspace distortions, and massive neutrinos on large-scale
structure morphology using Minkowski functionals, Betti numbers,
and Minkowski tensors. She contributed to a collaborative analysis
of anomalies in ACT CMB lensing convergence maps and began
exploring cross-correlations between CMB lensing and large-scale

structure tracers to improve delensing efficiency in CMB maps.

Dr. Zahra Davari has been constraining different classes of quintes-
sence potentials using Alcock-Paczynski test results. She published
a study on the impact of a modified Compton effect on CMB an-
isotropies using Planck 2018 data. She is also a collaborator in the
CosmoVerse working group WG2 (Data Analysis in Cosmology),
which addresses observational tensions in cosmology through sys-

tematics and fundamental physics.

Korea Institute for Advanced Study

Dr. Preetish Mishra is studying the fundamental scaling relations of gal-
axies using both observational and simulation data. Using the Hori-
zon Run 5 simulation, he investigated the origin of the critical mass
scale at which many galaxy scaling relations show transitions and
identified the physical processes responsible for this threshold. He also
explored optimal strategies to minimize the scatter in the Tully-Fisher
relation using data from the SDSSIV MaNGA survey. He developed
a pipeline to analyze galaxy structural properties using early data
from Rubin LSST Data Preview 1 and confributed to the detection of
a hidden dwarf galaxy embedded within a larger galaxy through its

chemical signature using MUSE integralfield spectroscopic data.

Dr. Jie Li investigated the relationship between the initial conditions
and the galactic properties across cosmic time in Horizon run 5, un-
covering the relationship between spin vectors vs. the initial angular
momentum from high redshifts to low red shifts. She is studying the

spin relations between dark matter, gas, and stellar components.

Dr. Martha Lépez joined the group in January 2025 and is working
on the evolution of galaxies in galaxy clusters using the HRS simu-
lation and the upcoming LSST data. She joined the Korean Rubin
Science Collaboration (KRSC) to use Legacy Survey of Space and
Time (LSST) data to investigate galaxy distributions and the origin of
the scaling relations, such as the Morphology-Star Formation Activi-
ty-Clustercentric Radius relation across different cosmic epochs. She
is using HRS lightcone data to implement a galaxy protoluster iden-
tification scheme based on a spherical collapse model to develop

a method applicable to observational datasets such as Rubin LSST.

Dr. Da Bi joined the group in July 2025 and started the develop-
ment and optimization of a high-performance cosmological hydro-
dynamics simulation framework for next-generation high-resolution
simulations. Since joining the group, he has initiated a rigorous
evaluation and selection process for an appropriate cosmological
hydrodynamics code, with SWIFT currently emerging as the prima-
ry candidate. This process has involved comprehensive benchmark-
ing focused on numerical accuracy, computational efficiency, and

suitability for high-resolution applications.
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Dr. Trupti Patil joined KIAS in July 2025 and initiated a theorefical
investigation of quintessence dark energy perturbations with non-zero
sound speed and a parameterized equation of state. Her work ex-
tends the standard clustering quintessence framework by incorporat-
ing pressure perturbations through an effective sound speed. She has
developed the linear perturbation theory for a two-component cosmo-
logical fluid comprising dark matter and quintessence, deriving the full
set of evolution equations for density perturbations within the Newto-
nian sub-horizon regime. She has extended the analysis to compute

the linear growth function for the variable sound speed scenario.

Dr. Boon Kiat Oh joined the group in October 2025 and is develop-
ing the black hole physics module in Enzo. He leads two projects in
the AGORA collaboration: investigating dwarf-galaxy simulations
across multiple codes to address the core—cusp problem and com-
paring black hole physics implementations between codes. He is
designing and running next-generation cosmological simulations in
KIAS. He also collaborates on filament properties in CAMELS, en-
vironmental impacts on galaxy properties, high-redshift simulations,

and a fully automated optimization pipeline for simulations.

Dr. Naik Suvedha Suresh joined KIAS in November 2025. She has
been working on inflation and testing models using cosmological
observations. She completed her work on the morphological anal-
ysis of inflationary signatures using 21 cm simulations during the
epoch of reionization. At KIAS, she will focus on detailed investiga-
tions of dark energy models using the Alcock-Paczynski (AP) test in
light of the latest observations from DESI.

During the year, the Statistical Physics Group held regular internal
group meetings. These meetings were held every two weeks on
Thursday at KIAS and provided an opportunity for in-depth discus-
sions on current issues and recent progress in stochastic and quan-
tum thermodynamics. The meetings were open to both KIAS mem-
bers and external scholars. In addition, the Statistical Physics Group
organized the 9th KIAS School and Workshop on Quantum Infor-
mation and Thermodynamics (November 2-5), providing a platform

for the next generation of students and researchers to understand the
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significant recent progress in our comprehension of nonequilibrium

thermodynamics within the context of quantum information.

The Condensed-Matter Physics Group regularly holds meetings or-
ganized by Prof. Kwon Park. During these meetings, group mem-
bers discuss their research progress on topics such as quantum Hall
effects, topological insulators, strongly correlated superconductivity,

nonequilibrium physics, and more.

In addition to group meetings, the group hosted speakers from other

institutions to present their research and exchange ideas.

Quantum Gravity and Superstring & M-Theory Group has been
actively engaged in research on various topics in quantum field
theory, string theory, and gravitational physics, including supersym-
metric field theories, scattering amplitudes, classical double copy,

and the AdS/CFT correspondence.

Dr. Kanghoon Lee joined the group as a QUC Fellow in September
2025, bringing expertise in scattering amplitudes. He has been
pursuing research on the classical double copy and perturbative
approaches to general relativity, building on his earlier work that
derived the Schwarzschild black hole metric to all orders in pertur-

bation theory.

Dr. Minsung Kim studied codimension-2 defect partition functions
and quantum Seiberg-Witten curves in 5d rank-1 supersymmetric
QFTs using generalized blowup equations. He showed that these
defect partition functions satisfy difference equations encoding the
quantization of classical Seiberg-Witten curves, and explored nov-
el transitions related to SL(2,Z) transformations and Hanany-Witten

transitions.

Dr. Tabasum Rahnuma extended the “AdS S-matrix” formulation
from massive scalars to massive vector fields on Anti-de Sitter space-
times, recovering the flat-space S-matrix with subleading curvature
corrections. She derived massive vector propagators and computed

the AdS S-matrix for processes in the Abelian Higgs Model.
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The Elementary Particle Physics Group at KIAS has been actively
engaged in research on various topics in theoretical and computa-

tional high-energy physics during 2025.

Prof. Pyungwon Ko continued his research program on dark sector
phenomenology, applying advanced machine learning techniques
including Transformer architectures and deep learning-based pao-
rameter space scanning to collider searches for dark Higgs bosons
and leptophobic dark photons. He also explored quantum comput-
ing algorithms for event topology analysis in high-energy collider
signals and machine learning methods for efficient integration of
multibody phase space in Monte Carlo simulations. Dr. Jae Hoon
Jeong extended his work on electroweak precision observables,
further developing the general vertex structure for HELZ interactions
and investigating new physics implications of the Higgs boson cou-
pling measurements at the LHC. Dr. Raymundo Ramos continued his
studies on dark matter phenomenology and Standard Model exten-
sions with new scalar particles, addressing dark matter relic abun-
dance calculations, baryon asymmetry, and neutrino mass gener-

ation mechanisms through coupled Boltzmann equation analyses.

Prof. Seung J. Lee pursued a broad research program spanning
cosmology, particle physics, and interdisciplinary applications
of quantum field theory. In collaboration with Jay Hubisz, He Li,
and Bharath Sambasivam, he advanced the quasi particles and
cosmological collider—modeling a strongly coupled sector with a
5D holographic (AdS/CFT) realization—developing how strongly
coupled conformal fields coupled to inflaton can be probed via cos-
mological collider. With Thomas Flacke (also with Benjamin Fuks,
Jinheung Kim, and Dongchan Kim), he developed a theoretical esti-
mate of BSM interpretation for newly discovered toponium at LHC.
The paper will be published in Physics Letter B. With Heejoo Kim,
he has been developing an effective field theory (EFT) for cosmic
axion strings based on a Kalb-Ramond formalism. In collaboration
with Benjamin Fuks, Dongchan Kim, and Dongwoo Kang, he re-
fined the ttH coupling form factor analysis bridging strongly cou-

pled Higgs dynamics to the quantum critical Higgs framework.

Korea Institute for Advanced Study

Current research directions include Composite Inflaton, Dark en-
ergy phenomenology based on recent DESI data, continuum dark
matter scenarios through unparticle decay mechanisms, thermal
WIMP revival via dark sector phase transitions, and the develop-

ment of Rydberg sensor for axion detection.

The group continued to actively organize and participate in aca-
demic events, including workshops on amplitude methods, Al ap-
plications in high energy physics, and dark matter phenomenology,

fostering interdisciplinary research collaborations across these fields.

Researchers in the QUC Quantum Information Group have conducted
research on various topics in quantum information theory, including
quantum state discrimination, quantum nonlocality, quantum commu-
nication, and quantum metrology. The members are Hyukjoon Kwon
(HK), James Moran (M, QUC Junior Fellow), Giorgos Eftaxias (GE),
Shrobona Bagchi (SB), Prabuddha Roy (PR), and Myungshik Kim
(MK, QUC Distinguished Professor). In particular, two QUC Scholars,
Prof. Isaac H. Kim (UC Davis) and Prof. Jong Yeon Lee (University of
llinois Urbana-Champaign), joined KIAS and conducted research

on quantum information theory and quantum many-body systems.

QUC organized Quantum Resources 2025 (March 17-21, Jejy,
Korea, organized by Prof. Hyukjoon Kwon). More than 100 re-
searchers from around the world participated in the workshop,
which included 10 invited presentations, 28 contributed presenta-
tions, and more than 50 poster presentations. The QUC Scholars,
Prof. Jong Yeon Lee and Prof. Isaac H. Kim, organized the Quantum
Information Dynamics and Non-Equilibrium Physics workshop (June
23-27, Seoul, Korea). During the workshop, 18 invited talks were

presented, along with active discussions and networking.
HK and MK published a paper on experimental demonstration of
quantum fluctuation theorems [Sci. Adv. 11, eadqé014] in collab-

oration with Lijian Zhang at Nanjing University.

JM became a QUC Junior Fellow this year and conducted research on

coherentstate discrimination using continuously labelled non-Gauss-
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ian measurements, which was recently accepted in Quantum. Work
toward a more fundamental understanding of differences between
discretely labelled measurements (e.g., photon counting) and continu-

ously labelled measurements (e.g., homodyne detection) is underway.

GE and HK have been collaborating with Roger Colbeck (King's
College London, UK) and Mirjam Weilenmann (Inria Institute,
France). They constructed algorithms discovering depolarization
protocols for multipartite non-signaling correlations, and they devel-
oped theory- and device-independent techniques finding quantum

bounds of multipartite Bell inequalities.

SB and HK have conducted research on noise-robust snapshotting
for obtaining multitime quantum correlation functions throughout
quantum dynamics that can be performed under depolarizing error
channels. SB, PR, GE, and HK also studied the Bell non-locality
in triangle network scenario and thought of a way to derive new
inequalities in this scenario. SB also finished work on the interac-
tion of pre- and postselected quantum systems with collaborators
based at Tel Aviv University (Israel) and LMU (Germany) [arX-
iv:2512.18907, accepted in PRA].

PR conducted research on unitary operations certification in pre-
pare-measure communication complexity games [Phys. Rev. A 112,
062216], as well as on selftesting protocols in Bell nonlocal sce-
narios. PR and HK have been working on multiparameter estimation

in quantum metrology using a sequential measurement framework.

Prof. Young-Woo Son of the Quantum States of Matter Group has
investigated the development of first-principles computational meth-
ods aimed at understanding quantum materials in which strong lo-
cal Coulomb interactions, covalent bonding, and electron-phonon
inferactions coexist. His group has developed a new computational
framework that incorporates the ab initio determination of nonlocal
Hubbard inferactions together with strong electron-phonon cou-
pling. This approach enables predictive calculations of intrinsic pho-
non-limited carrier mobility and phonon-assisted optical absorption

without relying on empirical parameters or prior input. Furthermore,
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these methodological advances provide a powerful computational

platform for the study of strongly correlated metal-oxide compounds.

The Computational Quantum Many-Body Theory Group led by
Prof. Sangkook Choi focuses on advancing classical and quantum
methodologies for quantum many-body problems. This year, our
on-going achievement is the development of qSHIFT, a new sam-
pling-based quantum simulation algorithm. Standard approaches
face significant hurdles: Suzuki-Trotter formulas require deep circuits
that accumulate hardware noise, while qDRIFT reduces circuit depth
but suffers from fixed sampling probabilities and limited O(t2) error
scaling. gSHIFT solves these issues by adaptively updating sampling
probabilities at each step, achieving a superior, tunable algorithmic
error scaling of O(tt1+) while keeping gate counts independent of
the number of terms in the Hamiltonian. We are finalizing numerical
demonstrations to validate qSHIFT's practical advantages on near-

term quantum devices.

Visiting Scientists

- Hong Hyunsuk / Jeonbuk National University

- Jaegon Um / POSTECH

- Minjin Kim / Kyungpook National University

- Tae-Hyon Kim / Kyungpook National University

- Lancaster, Lachlan / Columbia University

- Jihye Hwang / KASI

- Hae-Young Kee / University of Toronto

- Lake, Ethan / UC Berkeley

- Schuster, Thomas / California Institute of Technology

- Hsieh, Min-Hsiu / Foxconn Research

- Hyowon Kim / Departamento de Fisica, Universidad Tecnica
Federico Santa Maria

- Mitsuru Kakizaki / Toyama University

- Hongchul Choi / MPK-POSTECH

- Dong Woo Kang / Jeonbuk National University

- Dong, Fuyu / South-Western Institute for Astronomy Research
(SWIFAR), YNU

- P. Chingangbam / Indian Institute of Astrophysics
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Conferences and Workshops

QUC has organized 13 conferences, and a few representative ones

will be highlighted.

m Focused Workshop on Al in High Energy Physics

The “Focused Workshop on Al in High Energy Physics” addressed
the unique challenges of analyzing particle physics data, charac-
terized by its immense size and complex quantum structure. This
workshop played a role to foster the development of innovative Al
techniques for future physics discoveries. It focused on surveying key
questions in new physics searches, leveraging cutting-edge advance-
ments in arfificial intelligence. The workshop's structure prioritized
stimulating intense discussions and collaborative efforts among par-
ticipants. Ultimately, the goal was to advance the field’s ability to

explore new physics through the strategic application of Al.

= Computational Quantum Many-Body Theory School
We organized a five-day theory school with lectures by one interna-
tional speaker and one domestic speaker on functional approaches

to quantum many-body theory.

Approximately 70 students and early-career researchers attended, and
the speakers covered topics including the fundamentals of many-body sys-

tems and computational techniques for analyzing quantum phenomena.

Informal inferactions during breaks and banquets provided opportuni-

ties for the exchange of ideas and discussions on research challenges.

The event served as a venue for disseminating knowledge and fos-

tering a community within the field of quantum many-body theory.

= Amplitudes 2025 Summer School
This summer school is part of the Amplitudes series, which has been the big-

gest and best wellknown conference in the field of scattering amplitudes.
As the flagship educational component of the annual Amplitudes

conference, the summer school represents one of the most presti-

gious events for young researchers in this area. The Amplitudes
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Spin analyzing power

Focused Workshop on Al in High Energy Physics (January 6-7)

Effective Field Theory of the Many-Electron Problem
Topic 3: Numerical Effective Field Theory

KUN CHEN
chenkun@itp.ac.cn
Institute of Theoretical Physics, Chinese Academy of Science

Computational Quantum Many-Body Theory Conference

KIAS, 01/15/2025

Amplitudes 2025 Summer School (June 9-13)

2025 Summer School was held at the Korea Institute for Advanced
Study (KIAS) in Seoul, from June 9 to 13, 2025, just ahead of the
main conference at Seoul National University (June 16-20). Ap-
proximately 120 participants, primarily PhD students and early-ca-
reer postdocs from across the globe, attended the School. The event
served to boost international collaboration, deepen technical exper-

tise, and prepare attendees for cutting-edge research.

m AstroAl Asian Network Summer School
The second A3 Net Summer School was held to educate students
and researchers on artificial intelligence and machine learning

(Al/ML) methods for astrophysics from August 18-22, 2025 at the
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Korea Institute for Advanced Study in Seoul, the Republic of Ko-
rea. About 60 undergraduate, graduate students and early-career
researchers have participated from Korea, Japan, China, Taiwan,
Philippines, Indonesia, Australia, India, Iran, and Cambodia. Six
presenters gave lectures and hands-on training courses for five

days. The school was co-hosted by KIAS and KASI in Korea.

In this one-week program, participants learned about the latest
advancements in Al/ML techniques and their applications in solv-
ing complex astrophysical problems through theoretical lectures,
hands-on exercises, and collaborative projects. The school is also

expected to help build an Al sciences network in Asia.

u The 9th KIAS School and Workshop on Quantum Information
and Thermodynamics

At the 9th “KIAS School and Workshop on Quantum Information

and Thermodynamics,” which was held from November 2 to 5,

about 40 interested students and researchers gathered to attend lec-

tures and engage in open discussions on the latest research topics.

For this event, two tutorial lectures for students were prepared. First,
Professor Gentaro Watanabe delivered a lecture titled “Theoretical
Tools for Quantum Batteries: Basic Concepts and Their Applica-
tions.” Professor Joonhyun Yeo gave a lecture entitled “Quantum
Master Equations: Methods and Properties.” In addition, seven
speakers presented recent research topics on quantum machine
learning, quantum error correction, quantum information theory,
quantum thermodynamic inequalities, and quantum batteries, fol-

lowed by active and enthusiastic discussions.

AstroAl Asian Network Summer School (August 18-22)
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The 9th KIAS School and Workshop on Quantum Information and
Thermodynamics (November 2-5)

International Conference on Quantum Technologies 2025 (ICQT 2025)
(December 8-10)

In particular, many students participated in this event, making it
a valuable opportunity for key research themes in this field to be

infroduced to the next generation of researchers.

® International Conference on Quantum Technologies 2025
(ICQT 2025)

ICQT 2025 was hosted by Korea University from December 8 to
10. The conference invited internationally renowned researchers
in the field of quantum information science, providing a platform
to present cutting-edge research achievements and to foster aca-
demic exchange. In particular, the event brought together leading
researchers from top universities around the world, as well as scien-
tists from industry leaders in quantum computing such as Google,
offering a valuable opportunity to examine the remarkable prog-
ress and future prospects of quantum science and technology. In
addition, poster presentations by student researchers provided an
opportunity to showcase domestic research achievements to inter-

national participants and to promote active scholarly interactions.
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QUC Faculty and Research Fellows

Park, Hyunggyu Lee, Kanghoon
QUC Distinguished Professor QUC Fellow

Kim, Jaewan Kim, Jinwoong
QUC Distinguished Professor QUC Fellow

Kim, Myungshik Moran, James
QUC Distinguished Professor QUC KIAS Junior Fellow

Kim, Isaac H. Jeong, Jae Hoon
QUC KIAS Scholar QUC Research Fellow

Jong Yeon Lee Yang, Xing-Yu
QUC KIAS Scholar QUC Research Fellow

Kim, Jeong-Gyu Ramos, Raymundo
QUC Fellow QUC Research Fellow
Publications

Paul, Rajdeep; Roy, Prabuddha; Pan, A. K.
Semi-device-independent self-testing of unitary operations ®

PHYSICAL REVIEW A

Lee, Dongkyu; Yang, Wooil; Son, Young-Woo; Jung, Jeil
Self-consistent tight-binding calculations with extended Hubbard
inferactions in rhombohedral multilayer graphene ®

PHYSICAL REVIEW B

Kim, Hee-Cheol; Kim, Minsung; Kim, Sung-Soo; Lee, Kimyeong;
Wang, Xin

Probing quantum curves and transitions in 5d SQFTs via defects
and blowup equations ® JOURNAL OF HIGH ENERGY PHYSICS

Hong, Hyunsuk; Lee, Jae Sung; Park, Hyunggyu
Coherence enhanced by detrained oscillators: Breaking
m-reflection symmetry © CHAOS

Kim, Jeong Han; Yang, Xing-Yu

Gravitational wave duet by resonating binary black holes within

ultralight dark matter ¢ PHYSICAL REVIEW D
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Eftaxias, Nikolaos Georgios Lee, Sangjin
QUC Research Fellow QUC Research Fellow

Kim, Minsung Kim, Hee Seung
QUC Research Fellow QUC Research Fellow

Oh, TaeHwan Kim, Heejoo
QUC Research Fellow QUC Research Fellow
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Introduction

The Center for Advanced Computation (CAC) has played a key role
in providing high-performance computing resources to outstanding
basic science researchers at KIAS. Since its foundation in 2010,
CAC has installed eight Linux clusters (six CPU-based and two GPU-
based) and massively parallel storage systems. These resources are
vital to advancing research in key fields of basic sciences, including
biophysics, material science, statistical physics, cosmology, and

condensed matter physics.

Recognizing the crucial importance of parallel computing and super-
computing in both current and future scientific research tools, CAC
annually hosts summer schools. These programs aim to inspire junior
researchers by providing them with the knowledge and skills to ef-
fectively utilize significant computing power in their respective fields
of research. To achieve this goal, senior researchers are invited to
deliver lectures on parallel computing and machine learning. These
sessions are designed for graduate students seeking to enhance their

research skills with cutting-edge computational technologies.

CAC fully understands the importance of machine learning and Al
in basic sciences. It therefore seeks to collaborate with Al experts
outside KIAS and support related research activities, including joint

workshops and training programs.

m New Account Applications in 2025
In 2025, CAC received 43 new account applications (24 KIAS
members and 19 external researchers), reflecting continued de-

mand for high-performance computing resources across diverse sci-

Korea Institute for Advanced Study

entific disciplines. Applications were submitted throughout the year,
with the highest numbers in July (9) and May (7), coinciding with

the start of new research projects and visiting scholar programs.

Table 1. New Account Applications by Month (2025)

Month  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Count 1 2 6 3 7 2 9 4 5 0 3 1 43

Table 2. New Account Applications by Research Field (2025)

Research Field Count Ratio
Condensed Matter Physics / Materials Science 13 30.2%
Al / Machine Learning / Deep Learning 10 23.3%
Astrophysics / Cosmology 8 18.6%
Mathematics / Applied Mathematics 6 14.0%
Particle Physics 2 4.7%
Quantum Computing 1 2.3%
Computational Chemistry 1 2.3%
Others 2 4.7%
Total 43 100%

Table 3. Cluster Usage Requests by New Users (2025)

Cluster Requests Type
Grammar 27 CPU
Syntax 26 CPU
Baekdu 18 CPU
Lexicon 18 CPU
RNA 16 GPU
DNA 6 GPU
Abacus5 6 CPU
Hyper 4 CPU
Others (e.g., Atom, Gate, Annapurna) 12

Total 133
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Table 4. Applicant Affiliation (2025)

Category Count Ratio
KIAS Members (Research Fellow, Fellow) 24 55.8%
External Researchers 19 44.2%
Total 43 100%

The research fields represented by new applicants in 2025 high-
lights several notable trends. Condensed matter physics and mate-
rials science remained the dominant areas, together accounting for
30.2% of all applications, consistent with KIAS's traditional strength
in these fields. Notably, Al and machine learning applications rose
to 23.3%, reflecting the growing importance of Al-based compu-
tational methods across basic sciences, including Aldriven ap-
proaches in mathematics, medicine, and neural network research.
Astrophysics and cosmology continued to represent a significant
share (18.6%), with researchers utilizing the clusters for large-scale
cosmological simulations and observational data analysis. The
presence of emerging fields such as quantum computing and Al
safety further demonstrates the broadening scope of computational

research supported by CAC.

The high proportion of external users (44.2%) underscores CAC's
role as a shared national resource, attracting researchers from in-
stitutions including Konkuk University, POSTECH, Yonsei University,
Sejong University, KIST, and international institutions such as Institut
Teknologi Bandung (Indonesia), Sun Yatsen University (China), and
the University of Connecticut (USA).

Research Activities

m 16th CAC Summer School

The 16th KIAS CAC Summer School on Atrtificial Intelligence and
Parallel Computing was held from June 23 to 27, 2025, in Room
1503 of the KIAS Main Building. This program was designed for
graduate students and researchers in the natural sciences, provid-
ing comprehensive training on the latest developments in artificial
intelligence, GPU computing, and parallel computing, along with

their practical applications in scientific research.
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Approximately 120 graduate students and researchers from diverse
fields participated in the program. The summer school featured a
structured curriculum combining theoretical lectures and hands-on
training. Participants were given direct access to cluster computing
systems and GPU resources via network connections, allowing them
to execute their own programs in a practical environment. Through
these sessions, aftendees gained practical insights into how ad-
vanced computational techniques, including Al-driven methods and
parallel computing, can be effectively applied to their research

problems.

The lecture program covered a wide range of topics, including
Neural ordinary differential equation (ODEs) and physics-informed
neural networks, natural language processing and its applications,
CUDA programming with Python, diffusion and flow matching mod-
els, MPlbased parallel programming for scientific computing, and
foundational concepts in artificial infelligence, such as Bayesian
methods and information theory. In addition, sessions on paral-
lel GPU-based Al training provided more advanced instruction in

high-performance Al workflows.

The 16th KIAS CAC Summer
School on Artificial Intelligence
and Parallel Computing

~and mare

The 16th CAC Summer School
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Complementing the lectures, invited talks addressed applied re-
search topics such as Aldriven high-speed scanning, proteindligand
interaction prediction using vision transformers and graph neural
networks, and challenges in plasma chemistry modeling. Partici-
pants also engaged in group projects that promoted collaboration
and practical problem-solving skills. Outstanding teams were recog-

nized through an awards program.

Overall, the summer school provided a rigorous and immersive
learning experience, equipping participants with both theoretical
knowledge and hands-on expertise necessary to advance their re-

search using modern computational and Al fechniques.

= Deployment and Expansion of the Multiverse Storage System
for Cosmological Simulation Data

A high-capacity storage system, named Multiverse, was procured

and deployed in January 2025 to support large-scale cosmologi-

cal simulations, particularly those related to accelerating universe

expansion. The system was designed fo handle the increasing vol-

ume of simulation data generated by high-resolution computational

models.

In September 2025, the storage infrastructure was further expand-
ed to accommodate growing data demands. The Multiverse system
consists of a total of 60+48 drive bays, providing an overall stor-

age capacity of approximately 1.6 PB.

This enhanced storage capability enables more efficient manage-
ment, storage, and analysis of largescale cosmological simulo-
tion datasets. It supports high-throughput data workflows, allowing
researchers to sfore massive outputs from accelerating universe
expansion simulations and perform subsequent analysis with im-

proved performance and scalability.

m Addition of High-Performance Syn104 Node to the Syntax
Cluster
In December 2025, a new compute node, Syn104, was added to

the Syntax cluster to enhance computational capabilities for both
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scientific simulations and Al workloads. The node is equipped with
dual Intel® Xeon® 6737P processors, 4 TB of system memory, and
eight NVIDIA H200 NVL GPUs, providing a highly optimized archi-

tecture for mixed HPC and Al applications.

The system delivers a theoretical peak performance of approximate-
ly 272 TFLOPS in double-precision (FP64) based on GPU compu-
tation, significantly improving capabilities for large-scale numerical
simulations. In addition, it provides up to 32 PFLOPS of Al compute
performance (FP8 Tensor Core), enabling highthroughput deep

learning and Al-driven scientific workloads.

With its balanced architecture combining large memory capacity,
high FP64 performance, and state-ofthe-art Al acceleration, the
Syn104 node has substantially enhanced the overall performance
of the Syntax cluster. This upgrade has contributed significantly to
advancing research activities at the Center for Al and Basic Sci-
ence, enabling more efficient large-scale simulations and accelerat-

ing Al-based scientific discovery.

Maijor Achievement of the Year

m Redshift Evolution of the Intrinsic Alignments of Early-type
Galaxies and Subhalos in the Horizon Run 5 Simulation

o Title: Redshift Evolution of the Intrinsic Alignments of Early-type
Galaxies and Subhalos in the Horizon Run 5 Simulation

e Authors: Sanghyeon Han, Motonari Tonegawa, Ho Seong
Hwang, Yohan Dubois, Juhan Kim, Yonghwi Kim, Oh-Kyoung
Kwon, Jaehyun Lee, Owain N. Snaith, Brad K. Gibson, Chang-
bom Park (11 authors)

e Journal / Publication Date: The Astrophysical Journal, 990, 197
(September 2025)

1) Background and Obijectives

Intrinsic alignment (IA) of galaxies is a major source of systemat-
ic uncertainty in weak gravitational lensing analyses, directly im-
pacting precise measurements of dark energy in next-generation
cosmological surveys such as Euclid and the Rubin Observatory

LSST. However, the redshift evolution of IA signals—particularly the
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evolution of misalignment between galaxy shapes and their corre-
sponding dark matter subhalos over cosmic time—has not been

fully understood.

This study aims to systematically investigate the redshift evolution of
IA for early-type galaxies and their host subhalos over the range of
z=0.62510 z = 2.5, dtilizing the large-scale cosmological hydro-

dynamical simulation Horizon Run 5 (HR5).

2) Methods

Early-type galaxies were selected from the HR5 simulation (a 717
h-1 cMpc box using the RAMSES adaptive mesh refinement code)
based on stellar mass M* > 71070 M® and a kinematic morpholo-

gy criterion of [V, /0,] < 0.42.

The shapes of galaxies and subhalos were determined by iteratively
computing the mass-weighted inertia tensor until convergence of
the axis ratios was achieved within 0.1%. The nonlinear alignment
(NLA) model was applied to compute the galaxy—density correla-
tion function (£ g+) over scales of 1-80 h-! cMpc. The redshift
dependence of the IA amplitude (A_NLA) was then quantified using

a power-law relation.

z=3.0 2=2.0 2=1.0

100 ckpc

Stellar particle distribution of the most massive galaxy M =
1.436 x 10'2 M®) in the HR5 simulation. The figure illustrates its
evolutionary sequence from z = 3.0to z = 0.625. The blue dashed
circles indicate the 3R1,/2% boundary, while the cyan ellipses repre-
sent the galaxy shapes measured using the inertia tensor. (Figure 5

in Han et al. 2025, ApJ, 990, 197)
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3) Key Results

- The galaxy IA amplitude (A_NLA) shows little to no redshift evolu-
tion (powerlaw slope: 0.187 + 0.159), whereas the subhalo 1A
exhibits significant redshift dependence (slope: 0.509 = 0.127).
This indicates that the alignment physics of baryonic matter and
dark matter are fundamentally different.

- The positional angle misalignment between galaxies and their cor-
responding subhalos decreases over cosmic time, demonstrating
that their shapes gradually converge at lower redshifts.

- The |A signal increases monotonically with both stellar mass and
halo mass, indicating that more massive galaxies exhibit stronger
alignment with the surrounding tidal field.

- The HR5 results are broadly consistent with previous observational
studies (including CFHTLenS, KiDS, and six others). Discrepancies
with some high-redshift observations can be explained by differ-

ences in sample mass distributions.

4) Significance of the Achievement

This study represents the first systematic investigation, based on a
large-scale cosmological hydrodynamical simulation, demonstrating
that intrinsic alignments of early-type galaxies and dark matter sub
halos evolve differently with redshift. The finding that galaxy IA shows
weak redshift dependence while sub halo IA exhibits strong evolution
provides critical theoretical constraints for modeling |1A-related system-

atic uncertainties in next-generation weak lensing surveys.

In particular, these results can directly contribute to improving the
accuracy of IA correction models in upcoming large-scale cosmo-
logical surveys such as Euclid, the Rubin Observatory LSST, and
the Roman Space Telescope. This work was published in The Astro-

physical Journal, one of the leading journals in astrophysics.

m DeepFold-PLM: Development of an Efficient Protein Structure
Prediction Framework Using Protein Language Models

The Al-based Computational Biophysics Research Team at KIAS de-

veloped Deepfold-PIM, a protein structure prediction framework

that leverages protein language models (PLMs) to overcome the

bottleneck of traditional multiple sequence alignment (MSA)-based
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DeepFold-PLM: High-Efficiency Protein Structure Prediction Pipeline

homology search and significantly accelerate GPU-based computa-
tions. Conventional structure prediction pipelines require extensive
computational resources and time to search for homologous se-
quences within massive sequence databases. In contrast, this study
infroduces large-scale PLM embedding fechniques to dramatically

improve the efficiency of remote homology detection.

Through this approach, the framework maintains a level of structur-
al prediction accuracy comparable to state-ofthe-art models while
substantially reducing computational costs by optimizing the search

process. By flexibly integrating PLM-based modules into existing
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Served
as templates

Multi-GPU Engine

Templates

CRF align

PDB70
66k Structures

structure prediction pipelines, this work demonstrates the feasibility
of processing large-scale protein datasets and performing structure

prediction even at the level of individual research labs.

This study establishes a hybrid Al-based protein structure prediction
methodology that simultaneously considers computational efficiency
and predictive performance. It is expected to serve as a core tech-
nology in data-intensive fields such as drug target discovery and
protein design. The work was published in Bioinformatics in 2025,
and further details can be found at the following link: https://doi.
org/10.1093/bioinformatics/btaf579
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® Launch of the New CAC Website and Management System
In 2025, the Center for Advanced Computation (CAC) at KIAS
launched a newly redesigned website (https://cac.kias.re.kr) to en-

hance user experience and promote research outcomes.

The new website was developed with a strong focus on usability,
accessibility, and effective dissemination of research achievements.
It provides intuitive access to high-performance computing (HPC) re-
sources, system status, user guides, and administrative services, en-

abling researchers to utilize computational resources more efficiently.

® Key Improvements

1. Unified Cluster Account System
The cluster account management system has been consolidat-
ed info a unified framework, allowing users to access multiple
computing resources through a single account. This integration

improves both user convenience and administrative efficiency.

2. Support for Collaborative Research
The new platform facilitates collaborative research by enabling
external collaborators to obtain projectbased access to CAC
resources. This enhancement promotes inter-institutional collabo-

ration and expands research opportunities.

3. Enhanced VPN and Security Infrastructure
To ensure secure and stable access, CAC has strengthened its
VPN-based access system and overall security policies. Users
can now access cluster resources safely from external environ-

ments while maintaining high security standards.

4. Improved Research Output Visibility
The website now includes dedicated sections for showcasing re-
search outcomes achieved using CAC resources, increasing the

visibility and impact of computational research.
m Development of an In-house Cluster Management System

In addition, CAC has developed a proprietary management system

to improve operational efficiency and monitoring capabilities.
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Dashboard displaying realtime CAC cluster utilization

This management platform enables centralized control and realime

monitoring of cluster resources, including:

* Integrated cluster account management
* Realtime system and node status monitoring
* Resource utilization tracking

« Operational visibility for administrators
The system significantly enhances the ability fo manage large-scale

HPC infrastructure, ensuring stability, efficiency, and rapid response

to system events.

99



m List of Papers Utilizing CAC Computing Resources

No.

Title

An efficient forgetting-aware fine-tuning framework for pretrained universal machine-learning

inferatomic potentials

Atomistic Insights into Cu/Amorphous-Ta x N Inferfacial Adhesion via Machine Learning Inter-
atomic Potentials: Effects of Stoichiometry and Interface Construction

Benchmarking First-Principles Approaches for the Band Gap Prediction of Nanoporous Materials
Controlling 2D Nanoparticle Self-Assembly Mesophases via Symmetry Breaking Driven by Single
Bottlebrush Polymer Conjugation

DeepFold-PLM: accelerating protein structure prediction via efficient homology search using

protein language models
Depletion Interaction between Cylindrical Inclusions in Polymer Brushes

Dynamic Programming for Chain Propagator Computation of Branched Block Copolymers in

Polymer Field Theory Simulations

Effects of structural distortions and charge transfers on the ferroelectric and ferromagnetic In2Se3/
CrBr3 twisted moiré heterobilayer

Electronic structures of crystalline and amorphous GeSe and GeSbTe compounds using machine

learning empirical pseudopotentials
Emergence of metachronal waves in a chain of symmetrically beating filaments

Evolution of phonon, magnetism, and electronic excitations across the insulator-to-metal fransition
in Ru(Br1-xIx)3

Exploring the Reaction Network of Acetic Acid in Supercritical Water via Machine Learning

Interatomic Potential

First principles study of dielectric properties of ferroelectric perovskite oxides with extended Hub-

bard interactions

Firstprinciples electron-phonon interactions with self-consistent Hubbard interaction: Application to

transparent conducting oxides

Fluctuation-Response Inequalities for Kinetic and Entropic Perturbations

Hidden Effects of Anharmonic Bath on the Excitation Energy Transfer in the Light Harvesting 2
Complex of Purple Bacteria

Homotopy reservoir computing: Harnessing chaos for computation

How Dust Models Shape High-z Galaxy Morphology: Insights from the NewCluster Simulation
Interplay between intraspecific suppression and environment in shaping biodiversity

lterative annealing mechanism for protein and RNA chaperones
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Journal

npj Computational Materials

ACS Applied Electronic Materials

Journal of Chemical Theory and

Computation

Langmuir

Bioinformatics

Macromolecules

Journal of Chemical Theory and

Computation

Physical Review B

APL Machine Learning
Physical Review Research
Physical Review B

Journal of Chemical Information and

Modeling

npj Computational Materials

Physical Review B

Physical Review Letters

The Journal of Physical Chemistry

Letters

Chaos: An Inferdisciplinary Journal

of Nonlinear Science
The Astrophysical Journal
Physical Review E

Biophysical Journal
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21

22

23

24

25
26
27

28

29
30

31

32

33

34

35

36

37

38
39
40
41

42

43

Title

Layer-controlled orbital-selective Mott transition in monolayer nickelate

Light-Wave Engineering for Selective Polarization of a Single Q Valley in Transition Metal Dichal-

cogenides

Microscopic origin of the spin-splitting in altermagnets
Multi-Class Support Vector Machine with Differential Privacy

Nonlocal Coulomb Interaction in Mixed-Valence Material LiCu202
On the CP Nature of the ‘95 GeV’ Anomalies
On the Information Processing of One-Dimensional Wasserstein Distances with Finite Samples

Polymer Field Theory for Multimonomer Incompressible Models: Symmetric Formulation and ABC

Systems
Probing intrinsic elastic properties of multilayer graphene — a new mechanical constant
Quantum Zeno Monte Carlo for computing observables

RAMSES-yOMP: Performance Optimizations for the Astrophysical Hydrodynamic Simulation Code
RAMSES

Redshift evolution of the fundamental plane up to z ~6

Redshift Evolution of the Intrinsic Alignments of Early-type Galaxies and Subhalos in the Horizon

Run 5 Simulation

Safeguarding Privacy of Refrieval Data against Membership Inference Attacks: Is This Query Too

Close to Home?

Self-consistent tight-binding calculations with extended Hubbard interactions in rhombohedral
multilayer graphene

Signal-noise separation using unsupervised reservoir computing

Strain engineering of van Hove singularity and coupled itinerant ferromagnetism in quasi-2D
oxide superlattices

Thermodynamic uncertainty relation of a quantum mechanically coupled two-qubit system
Tracing the Formation History of Intrahalo Light with Horizon Run 5

Unconventional domain tessellations in moiré-of-moiré lattices

Unsupervised reservoir computing for multivariate denoising of severely contaminated signals
Unveiling Defect Motifs in Amorphous GeSe Using Machine Learning Interatomic Potentials

Variations of the Depletion Zones around Inclusions Explain the Complexity of Brush-Induced

Depletion Inferactions
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Journal

Physical Review Research
Nano Letters

Current Applied Physics

Advances in Neural Information

Processing Systems (NeurlPS)
Nano Letters

Physics Letters B
arXiv:2511.12881

Macromolecules

Materials &amp; Design

npj Quantum Information
The Astrophysical Journal
Astronomy &amp; Astrophysics
The Astrophysical Journal

Findings of the Association for

Computational Linguistics: EMNLP
Physical Review B

Chaos: An Interdisciplinary Journal

of Nonlinear Science
Applied Physics Reviews

Physical Review Research

The Astrophysical Journal
Nature

Knowledge-Based Systems
ACS Applied Materials &amp;

Interfaces

Journal of Chemical Theory and

Computation
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CAC Faculty and Research Fellows

Kim, Juhan Joo, Keehyoung
Research Professor Research Professor
Publications

Goyal, Priya; Park, Changbom; Lee, Jaehyun; Hong, Sungwook E.;
Gibson, Brad K.; Pichon, Christophe; Kim, Juhan

Redshift evolution of the fundamental plane up to z ~6

Insights from Horizon Run 5 simulations ® ASTRONOMY &
ASTROPHYSICS

Kim, Minsoo; Bae, Hanijin; Jo, Gyeongpil; Kim, Kunwoo;
Lee, Sung Jong; Yoo, Jejoong; Joo, Keehyoung
DeepFold-PLM: accelerating protein structure prediction via
efficient homology search using protein language models ®
BIOINFORMATICS

Garg, Vrinda; Mathew, Rejoy; Rai, Kunal; Shin, Jaeoh;
Ghosh, Surya K.

Interplay of tail length and confinement in the formation of
interior loops in flexible chains © JOURNAL OF CHEMICAL
PHYSICS

Byun, Gyeong-Hwan; Jang, J. K.; Scofield, Zachary P.;

Ahn, Eunmo; Baes, Maarten; Dubois, Yohan; Han, San;

Jeon, Seyoung; Kim, Juhan; Pichon, Christophe; Rhee, Jinsu;
Rodriguez Montero, Francisco; Yi, Sukyoung K.

How Dust Models Shape High-z Galaxy Morphology: Insights
from the NewCluster Simulation ® ASTROPHYSICAL JOURNAL

Korea Institute for Advanced Study

Joo, Hyungiin; Jee, M. James; Kim, Juhan; Lee, Jaehyun;

Ko, Jongwan; Park, Changbom; Shin, Jihye; Snaith, Owain;
Pichon, Christophe; Gibson, Brad; Kim, Yonghwi

Tracing the Formation History of Intrahalo Light with Horizon
Run 5 © ASTROPHYSICAL JOURNAL

Han, Sanghyeon; Tonegawa, Motonari; Hwang, Ho Seong;
Dubois, Yohan; Kim, Juhan; Kim, Yonghwi; Kwon, Oh-Kyoung;
Lee, Jaehyun; Snaith, Owain N.; Gibson, Brad K.;

Park, Changbom

Redshift Evolution of the Intrinsic Alignments of Early-type
Galaxies and Subhalos in the Horizon Run 5 Simulation ®

ASTROPHYSICAL JOURNAL

Han, San; Dubois, Yohan; Lee, Jaehyun; Kim, Juhan;
Cadiou, Corentin; Yi, Sukyoung K.

RAMSES-yOMP: Performance Optimizations for the
Astrophysical Hydrodynamic Simulation Code RAMSES e
ASTROPHYSICAL JOURNAL
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Center for
Al and Natural Sciences

Introduction

Intelligence is a phenomenon that emerges from the activity of the
neural networks that make up the brains of living organisms. Founded
in 2021, the Center for Artificial Intelligence and Natural Sciences
(CAINS) at the Korea Institute for Advanced Study aims to develop
and utilize Al algorithms based on a fundamental understanding of
mathematics and physics. The two primary objectives of this research
are understanding the emergence of infelligence and Al's application

in individual fields of basic science.

The main focus of artificial intelligence (Al) research, largely driven
by computer scientists and engineers, is currently on its application in
industry. However, it is equally important to explore a new class of Al
by asking fundamental questions about its mathematical foundations

and physical principles. Basic sciences have advanced Al, and Al

KIAS Center for Al and Natural Sciences Workshop

Mar28-30,2005  Park Rach eset, Josenn

2025 KIAS Center for Al and Natural Sciences Workshop
(May 28-30)

Korea Institute for Advanced Study

has in turn provided new insights into challenging problems in mao-
terials science, biology, and cosmology. This symbiotic relationship
between Al and fundamental sciences promotes progress and the
exchange of ideas across science disciplines. Based on an array
of ideas and tools developed in advanced mathematics, theoretical
physics, and computational sciences, CAINS aims to develop an in-
terprefable and controllable Al. As an Al hub where experts from di-
verse backgrounds engage in interdisciplinary discussions, the center

is laying the foundation for pioneering Al innovation.

Conferences and Workshops

m 2025 KIAS Center for Al and Natural Sciences Workshop

The 2025 KIAS CAINS Workshop was held at the Park Roche Resort
in Jeongseon from May 28 to 30, 2025. In this three-day workshop,

Machine Learning and Mathematics (July 7-11)

104

18 seminars were held with keynote presentations by members of

CAINS and external institutes.

The aim of the workshop was to learn the latest research topics of Al
and its application to basic sciences. Speakers invited from external
institutes delivered in-depth lectures, which offered a forum for the
development of the center and promoted communication among the

participants.

® Machine Learning and Mathematics

The Machine Learning and Mathematics workshop was held from
July 710 11, 2025, at the Korea Institute for Advanced Study (KIAS),
highlighting the rapid emergence of Al as a transformative tool in
mathematical research. The program showcased significant scientif-
ic advancements, including data-driven approaches to knot theory
and representation theory, the discovery of the murmuration phe-
nomenon in arithmetic, and the construction of new singular solu-
tions to the Euler equations. By bringing together world-class experts
from institutions such as Caltech, Princeton University, and Meta, the
event provided a comprehensive overview of how leading research
groups around the world are using machine learning to tackle com-

plex problems in mathematics.

The weeklong workshop was strategically designed to offer math-

ematics researchers practical, actionable insights through tailored

KIAS Lecture Series on Computational Neuroscience and Al
(Aug 4-6)
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hands-on tutorials and problem-solving sessions. Beyond the tech-
nical exchange, the event successfully catalyzed the formation of a
robust domestic research community and laid the groundwork for
future international collaborations. This initiative culminated in the
establishment of a dedicated online collaboration platform, ensuring
that the insights gained during the sessions translate into sustained
joint research efforts and longterm academic growth in the field of

Alintegrated mathematics.

m KIAS Lecture Series on Computational Neuroscience and Al

The KIAS Lecture Series on Computational Neuroscience and Al was
held from August 4 to 6, 2025, at the Korea Institute for Advanced
Study (KIAS). Organized by Distinguished Prof. Daniel D. Lee (of Cor-
nell Tech and KIAS) and Prof. Changbong Hyeon (KIAS), this lecture
series provided a premier platform for exploring the transformative
intersection of biological intelligence and artificial neural networks.
The program featured distinguished experts, including Prof. SueYeon
Chung (Harvard University), who discussed neural representation;
Prof. Hannah Choi (Georgia Tech), who presented on neural dynam-
ics and networks; and Dr. Kisuk Lee and Dr. Alexander Bae (Zetta
Al), who shared insights info building the connectome. The lectures
examined how the brain processes sensory information through pre-
dictive coding across excitatory and inhibitory neuron subtypes, and
explored how biologically plausible models could help bridge the

gap between natural and arfificial systems.

Throughout the three-day event, the lectures showcased how deep
learning can analyze large-scale electron microscopy data to recon-
struct neural circuits, revealing how structural connectivity dictates
functional outcomes. The speakers also examined how neural man-
ifold structures relate to the efficiency of information representation
and task performance. By comparing the representational geometry
of the brain with that of artificial neural networks, the series estab-
lished a rigorous framework for designing next-generation Al mod-
els. This event promoted a deeper understanding of biological in-
telligence through the lens of predictive encoding mechanisms and
structuralfunctional mapping, fostering a new level of dialogue be-

tween computational neuroscience and Al research.
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= Seminars

The main purpose of the seminar program was to identify the out-
standing issues in Al-related research and to engage with new
researchers exploring emerging areas. CAINS aims to develop a
research network through in-depth discussions with experts from a

wide range of disciplines on current research topics.

On average, 3-4 seminars and special gatherings were held each
month. In 2025, CAINS organized 37 seminars presented by its
members and invited speakers, as well as one colloquium, to en-
courage discussions on topics related to the principles and appli-

cations of Al.

CAINS Faculty and Research Fellows

Hyeon, Changbong Lee, Deok-Sun
Director / Professor Professor

Choi, Kyeongsu Lee, Jae Sung
Professor Professor

Choi, Sangkook Lee, Sungjay
Professor Professor

Kang, Nam-Gyu Park, Changbom
Professor Professor

Kiem, Young-Hoon Son, Young-Woo
Professor Professor

Kim, Jeong Han Yoo, Jejoong
Professor Professor

Kim, Sang-hyun Lee, Daniel D.
Professor Professor

Ko, Pyungwon Choi, Jaesung
Professor Al KIAS Junior Fellow
La, Joonhyun Yu, Ji woong
Professor Al KIAS Junior Fellow

Korea Institute for Advanced Study

Visiting Program
KIAS Scholars

- Lee, Daniel D. / Cornell University

- Lee, Kyu-Hwan / University of Connecticut

- Hayat, Amaury / Ecole des Ponts

Affiliated Professors

- Han, Seungwu / Seoul National University

- Kwon, Dohyun / University of Seoul

- Noh, Yung-kyun / Hanyang University

- Yoon, Hongkee / Kangwon National University

- Hong, Youngjoon / Seoul National University

Visiting Professors

- Yun, Gunsu / Pohang University of Science and Technology

Cho, Kwang Hyun
Al Research Fellow

Choi, Jaewoong
Al Research Fellow

Chung, Jaehoon
Al Research Fellow

Flacke, Thomas Dieter
Al Research Fellow

Hwang, Geonho
Al Research Fellow

Kim, Jinsook

Al Research Fellow
Kim, Sejin

Al Research Fellow

Kim, Dongwon
Al Research Fellow

Ko, Joon-Hyuk
Al Research Fellow

Lee, Hyunwoo
Al Research Fellow

Lee, Yonghyeon
Al Research Fellow

Park, Jinseong
Al Research Fellow

Park, Jun Sur
Al Research Fellow

Park, Yeachan
Al Research Fellow

Yoon, Sangwoong
Al Research Fellow

Choi, Jaewoong
Project Research Fellow

Yong, Daeseong
Project Research Fellow
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Publications

Lee, Yeon-Hee; Jeon, Seonggwang; Kim, Tae-Seok;
Kim, Hee-Sung; Auh, Q-Schick; Noh, Yung-Kyun
Clinical features and subgroup patterns in elderly and
super-elderly TMD patients ® SCIENTIFIC REPORTS

Kim, Jisu; Lee, Jiho; Oh, Sangmin; Park, Yutack;

Hwang, Seungwoo; Han, Seungwu; Kang, Sungwoo;

Kang, Youngho

An efficient forgetting-aware fine-tuning framework for
pretrained universal machine-learning interatomic potentials

NPJ COMPUTATIONAL MATERIALS

Choi, Jeong Min; Kim, Jaehoon; Lee, Ji-Hwan; Son, Won-Joon;
Han, Seungwu

Atomistic Insights into Cu/Amorphous-TaxN Interfacial
Adhesion via Machine Learning Interatomic Potentials: Effects
of Stoichiometry and Interface Construction ® ACS APPLIED
ELECTRONIC MATERIALS

Lee, Yeon-Hee; Kim, Hee-Sung; Jeon, Seonggwang; Auh,
Q-Schick; Hong, Il Ki; Choi, Sunju; Guastaldi, Fernando;
Im, Hyungsoon; Noh, Yung-Kyun; Chaurasia, Akhilanand
Deep learning-based diagnosis of temporomandibular joint
osteoarthritis using whole-body bone scans ® ISCIENCE

Park, Seokju; Park, Seong-Ho; Oh, Jin-Seon; Hong, Sumin;
Been, Kyung Wook; Noh, Yung-Kyun; Hur, Junho K_;

Nam, Jin-Wu

shRNAI: A deep neural network for the design of highly potent
shRNAs ¢ MOLECULAR THERAPY NUCLEIC ACIDS

Choi, Jaesung; Kim, Pilwon
Unsupervised reservoir computing for multivariate denoising of
severely contaminated signals © KNOWLEDGE-BASED SYSTEMS

Kim, Purun-hanul; Choi, Jeong Min; Han, Seungwu;

Kang, Youngho

Neural network-driven molecular insights into alkaline wet
etching of GaN: toward atomistic precision in nanostructure
fabrication ® NPJ COMPUTATIONAL MATERIALS

Cho, Kwang Hyun; Jang, Seogjoo J.; Rhee, Young Min
Hidden Effects of Anharmonic Bath on the Excitation Energy
Transfer in the Light Harvesting 2 Complex of Purple Bacteria ®
JOURNAL OF PHYSICAL CHEMISTRY LETTERS

Moon, Minseok; Hwang, Seungwoo; Kim, Jaesun; Park, Yutack;
Hong, Changho; Han, Seungwu

Unveiling Defect Motifs in Amorphous GeSe Using Machine
Learning Interatomic Potentials ® ACS APPLIED MATERIALS &
INTERFACES

www.kias.re.kr

Center for Al and Natural Sciences

Choi, Jaesung; Kim, Pilwon
Homotopy reservoir computing: Harnessing chaos for
computation ® CHAOS

Lee, Yeon-Hee; Jeon, Seonggwang; Jung, Junho;

Auh, Q. Schick; Lee, Jae Seo; Chaurasia, Akhilanand;

Noh, Yung Kyun

DCNN models with posthoc interpretability for the automated
detection of glossitis and OSCC on the tongue ® SCIENTIFIC
REPORTS

He, Yang-Hui; Lee, Kyu-Hwan; Oliver, Thomas;
Pozdnyakov, Alexey
Murmurations of Elliptic Curves ® EXPERIMENTAL MATHEMATICS

Choi, Jaesung; Kim, Pilwon
Signal-noise separation using unsupervised reservoir computing
e CHAOS

Ryu, Jae Hyun; Kim, Soohee; Kim, Minwoo; Yu, Ji Woong;
Yoon, Tae Jun; Lee, Won Bo

Exploring the Reaction Network of Acetic Acid in Supercritical
Water via Machine Learning Interatomic Potential © JOURNAL
OF CHEMICAL INFORMATION AND MODELING

Kim, Purun-hanul; Han, Seungwu; Kang, Youngho

BaGe2P2 and BaGe2As2 pnictides as promising ferroelectric
semiconductors for thin film solar cell ® PHYSICAL CHEMISTRY
CHEMICAL PHYSICS

Yu, Ji Woong; Yong, Daeseong; Ha, Bae-Yeun; Hyeon, Changbong
Depletion Interaction between Cylindrical Inclusions in Polymer

Brushes ® MACROMOLECULES

Lim, Dae Hyun; Noh, Yung-Kyun; Son, Byoung Kwan;

Kim, Dong-Hoon; Min, Kyueng-Whan; Chae, Seoung Wan;
Kim, Hyung Suk; Kwon, Mi Jung; Pyo, Jung Soo;

Byun, Yoonhyeong

Activated cancer-associated fibroblasts correlate with poor
survival and decreased lymphocyte infiltration in infiltrative type
distal cholangiocarcinoma © SCIENTIFIC REPORTS

Yong, Daeseong; Yu, Ji Woong; Ha, Bae-Yeun; Hyeon, Changbong
Variations of the Depletion Zones around Inclusions Explain the
Complexity of Brush-Induced Depletion Interactions ®

JOURNAL OF CHEMICAL THEORY AND COMPUTATION

Kim, Seoyeun; Seo, Myungeun; Yu, Ji Woong; Kim, Yongjoo
Controlling 2D Nanoparticle SelfAssembly Mesophases via
Symmetry Breaking Driven by Single Bottlebrush Polymer
Conjugation ® LANGMUIR
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An, Hyungmin; Kim, Jisu; Kim, Gijin; Han, Seungwu

Atomistic simulation of HF diffusion on ammonium fluorosilicate
surface using neural network potential ¢ MODELLING AND
SIMULATION IN MATERIALS SCIENCE AND ENGINEERING

Hur, Joon Young; Min, Kyueng-Whan; Noh, Yung-Kyun;
Won, Young-Woong; Yeo, Yoomi; Kim, Dong-Hoon;

Son, Byoung Kwan; Kwon, Mi Jung; Pyo, Jung Soo
CLDN18: Clinical, Pathological, and Genetic Signatures with
Drug Screening in Gastric Adenocarcinoma © CURRENT ME-
DICINAL CHEMISTRY

Yong, Daeseong; Kim, Jaeup U.

Dynamic Programming for Chain Propagator Computation of
Branched Block Copolymers in Polymer Field Theory
Simulations © JOURNAL OF CHEMICAL THEORY AND
COMPUTATION

Lee, Kyu-Hwan; Liu, Dongwen; Oliver, Thomas
Convergence of Kac-Moody Eisenstein series over a function

field « SELECTA MATHEMATICA-NEW SERIES

Park, Hyun-Su; Park, In Woo; Kim, Dowoo; Nah, Ha-Yoon;
Yang, Junho; Yeo, Jisoo; Choi, Jaesung; Choi, Jungsik;

Park, Hyung-Ho; Choi, Heon-Jin

Pd-Modified Microneedle Array Sensor Integration with Deep
Learning for Predicting Silica Aerogel Properties in Real Time

e ACS APPLIED MATERIALS & INTERFACES

Kim, Wan-Tae; Lee, Weon-Gyu; An, Hong-Eun;

Furukawa, Hiroyasu; Jeong, Wooseok; Kim, Sung-Chul;

Long, Jeffrey R.; Jeong, Sohee; Lee, Jung-Hoon

Machine learning-assisted design of metal-organic frameworks
for hydrogen storage: A high-throughput screening and
experimental approach ¢ CHEMICAL ENGINEERING JOURNAL

Choi, Seokjin; Lee, Yonghyeon; Kim, Seungyeon;

Park, Che-Sang; Hwang, Himchan; Park, Frank C.

Diverse Policy Learning via Random Obstacle Deployment for Zero-
Shot Adaptation ® |[EEE ROBOTICS AND AUTOMATION LETTERS

Yu, Ji Woong; Yoo, Changsu; Cho, Suchan;

Seo, Myungeun; Kim, Yongjoo

Selfassembly of architected macromolecules: Bridging a gap between
experiments and simulations ® CHEMICAL PHYSICS REVIEWS

Korea Institute for Advanced Study

Zhang, Yong-Wei; Sorkin, Viacheslav; Aitken, Zachary H.;
Politano, Antonio; Behler, Joerg; Thompson, Aidan;

Ko, Tsz Wai; Ong, Shyue Ping; Chalykh, Olga; Korogod, Dmitry;
Podryabinkin, Evgeny; Shapeev, Alexander; Li, Ju; Mishin, Yuri;
Pei, Zongrui; Liu, Xianglin; Kim, Jaesun; Park, Yutack;

Hwang, Seungwoo; Han, Seungwu; Sheriff, Killian;

Cao, Yifan; Freitas, Rodrigo

Roadmap for the development of machine learning-based
interatomic potentials ¢ MODELLING AND SIMULATION IN
MATERIALS SCIENCE AND ENGINEERING

Rho, Seunghyok; Koh, Heeyuen; Yu, Ji Woong; Koo, Hye Been;
Kim, Sebin; Jung, Je-Yeon; Jung, Eunyeong; Nam, Chongyong;
Lee, Jae Young; Jeon, Kyounghwa; Chang, Jae-Byum;

Kim, Do-Nyun; Lee, Won Bo

Elasticity of Swollen and Folded Polyacrylamide Hydrogel
Using the MARTINI Coarse-Grained Model ® ACS APPLIED
MATERIALS & INTERFACES

Morse, David; Yong, Daeseong; Chen, Kexin
Polymer Field Theory for Multimonomer Incompressible Models:
Symmetric Formulation and ABC Systems ® MACROMOLECULES

Lee, Kyu-Hwan; Oliver, Thomas; Pozdnyakov, Alexey
Murmurations of Dirichlet Characters ® INTERNATIONAL
MATHEMATICS RESEARCH NOTICES

Choi, Jaewoong; Hwang, Geonho; Cho, Hyunsoo;

Kang, Myungjoo

Analyzing the latent space of GAN through local dimension
estimation for disentanglement evaluation ® PATTERN RECOG-
NITION

Yi, Woobin; Kim, Dae Yeon; Jin, Howon; Yoon, Sangwoong;
Ahn, Kyung Hyun

Early detection of pore clogging in microfluidic systems with 3D
convolutional neural network ® SEPARATION AND
PURIFICATION TECHNOLOGY
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Open KIAS Center

Outreach Program

m Overview of the Outreach Program

The Korea Institute for Advanced Study (KIAS) is dedicated to achiev-
ing excellence in fundamental and theoretical scientific research
while also engaging in public outreach to enhance the awareness
of foundational science. As part of this commitment, KIAS organizes
various programs aimed at bridging the gap between the scientific
community and the public. These initiatives provide opportunities
for people to explore cutting-edge scientific discoveries and under-

stand their sociefal impact.

The KIAS Outreach Program has been designed to achieve a num-

ber of goals:

- Promote scientific literacy and curiosity among the general public

- Provide in-depth explanations of groundbreaking research and its
implications

- Foster engagement between researchers and the community

- Inspire young students and aspiring scientists by infroducing them

to leading experts in various fields.

m 2025 Nobel Prize Commentary Lecture

KIAS and the Chaos Foundation jointly hosted the 2025 Nobel Prize
Commentary Lecture on November 1 in the Auditorium of the KIAS
Main Building 1. The lecture was organized for students and members
of the general public interested in the Nobel Prizes and contemporary
scientific research. In addition to the in-person event, the lecture was

livestreamed online to broaden public accessibility and participation.

The 2025 Nobel Prize Commentary Lecture featured three sessions

Korea Institute for Advanced Study
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Nobel Prize Commentary Lecture (November 1, 2025)

covering the Nobel Prize-winning achievements in Physiology or Med-
icine, Physics, and Chemistry. Each session was presented by distin-
guished scholars who explained the scientific background and signif-

icance of the awarded research in a clear and accessible manner.

Professor Kwon Park (KIAS School of Physics) presented the session
on the Nobel Prize in Physics, focusing on macroscopic quantum
phenomena observed in superconducting circuits. His lecture ex-
plored how superconducting electronic circuits with zero electrical
resistance can behave like giant atoms that are observable and
even fangible at the macroscopic scale. He further explained how
these discoveries have expanded the principles of quantum me-

chanics into the field of quantum computing.

Professor Eui-Cheol Shin (KAIST Graduate School of Medical Sci-

ence and Engineering) delivered the session on the Nobel Prize in
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Physiology or Medicine. His lecture focused on the mechanisms that
regulate and suppress immune responses, emphasizing the discov-
ery and medical significance of regulatory T cells. He explained
why immune suppression is essential for preventing excessive im-
mune reactions and autoimmune diseases, while also discussing

future therapeutic applications.

Professor Hoiri Moon (Ewha Womans University) led the session
on the Nobel Prize in Chemistry, discussing the structural charac-
teristics and applications of metal-organic frameworks (MOFs). Her
lecture highlighted how MOFs can be designed to store gases and
separate molecules, while also exploring their potential contribu-

tions to future energy and environmental technologies.

The event contributed to enhancing public interest in basic science,
expanding scientific culture, and strengthening the public role and
visibility of KIAS. In addition, lecture recordings and secondary dig-
ital content produced from the event achieved strong public engage-
ment on social media platforms, accumulating over 100,000 views.
Building on these results, KIAS plans to continue expanding public
outreach by developing accessible science communication content

based on its unique research strengths.

m 2025 Summer Science Academy with Dongdaemun-gu

KIAS hosted the 2025 Summer Science Academy with Dongdae-
mun-gu Office on August 13 at the KIAS Main Building 1. Designed
for upper-grade elementary school students and their parents, the
program provided opportunities to explore mathematics and arti-
ficial intelligence (Al) through lectures, hands-on activities, and a
guided visit to one of Korea's leading institutes for basic science

research.

Organized in collaboration with the Dongdaemun-gu Office, the
academy aimed to inspire young students to develop an interest in
basic science and to encourage future scientific talent development.
The program also sought to expand public awareness of KIAS and
contribute to the spread of scientific culture within the local com-

munity.

www.kias.re.kr
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The academy featured lectures and activities led by researchers and
professors from KIAS and Seoul National University. Researcher
Joon-Hyuk Ko (KIAS Center for Al and Natural Sciences) delivered
two sessions introducing the principles behind Al and its practical
applications in everyday life. Through interactive examples and ac-
tivities, participants learned how Al systems classify information,

generate responses, and assist in real-world situations.

Professor Gye-seon Lee (Seoul National University) presented a lecture
on tiling and mathematics, infroducing students fo mathematical patterns
and geometric structures found in everyday environments. Participants
explored how mathematical ideas emerge through repeated shapes and

tessellation, gaining insight into the creative aspects of mathematics.

The program concluded with a hands-on spatial reasoning work-
shop led by Researchers Carl-Fredrik Nyberg Brodda (KIAS June
E Huh Center for Mathematical Challenges) and David Xu (KIAS
School of Mathematics). Using geometric puzzles and tiling activ-
ities, students engaged in collaborative problem-solving exercises
involving symmetry, rotation, and pattern construction, including

Penrose tiling and Einstein tile puzzle.

Through this event, KIAS strengthened its mission of fostering future

talent in basic science and technology while expanding opportunities
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2025 Summer Science Academy with Dongdaemun-gu
(August 13, 2025)
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for public engagement with mathematics and Al research. The
academy also demonstrated the value of collaboration between
research institutions and local communities in promoting science

education and outreach.

m Science with Citizens

The Open KIAS Center initiated the Science with Citizens program
in March 2023, providing opportunities for citizens to actively
engage in scientific research. This initiative allows participants to
contribute to data generation and analysis, fostering scientific think-
ing and cultural benefits while advancing scientific development

through the collection of fundamental research data.

Growing public interest in science has led fo increased demand
for platforms offering hands-on scientific experiences, high-level
lectures, and direct participation in research. The Science with Cit-
izens program aligns with these trends, moving beyond passive
knowledge consumption to enable active engagement in the re-
search process. Participants benefit from a deeper understanding
of science, an appreciation for the creation of new knowledge, and

enhanced critical thinking skills.

= Mission Galaxy

The Mission Galaxy project is a citizen science initiative that in-
vites the public to classify galaxy morphologies and contribute to
astronomical research. The project aims to classify approximately
800,000 galaxies, generating research-ready datasets while pro-

moting public engagement in science.

Launched in 2023, the project developed its galaxy classification
website in December 2023, and the platform officially opened on
February 5, 2024. The operational goal is to obtain at least nine

classifications for each of 310,000 galaxies.

As of December 14, 2025, 2,328 citizens have participated in the
project. About 265,085 galaxies (75%) have been classified at
least once, while approximately 8% of the nine-classification target

has been achieved.

Korea Institute for Advanced Study

To broaden participation, the project organized educational pro-
grams with the Gwacheon National Science Museum, introduced
the activity in university astronomy courses, and promoted the proj-
ect through public lectures and the science YouTube channel Science

with People.

Research using the collected data has also begun, including a study
published in the Publications of the Korean Astronomical Society

examining the educational impact of citizen science participation.

19 and Under
20s
30s

o 40s
8.3% 50s

Total Members 60 and Over

2,328 | s00%

3.5%
7.7%

28.9%

Participation statistics and galaxy classification progress of Everyone's
Galaxy Lab (as of December 14, 2025).

Exhibition-linked educational program at the Gwacheon National
Science Museum: The Mission Galaxy project

m Me Too, Searching for Cosmic Particles
The project “Me Too, Searching for Cosmic Particles” aims to man-
ufacture and distribute muon detectors to citizens and utilize the col-

lected data for science education and research. In 2025, the project
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Operational status of detectors on  MuonPi detection device
the map

focused on establishing a stable defector manufacturing process and

data management system prior to large-scale public distribution.

Prototype detectors were produced and tested to ensure reliability.
Previous tests revealed that the detector circuit (HAT) is highly sensi-
tive fo electromagnetic noise, heat, and electrostatic discharge, which
can cause malfunction. Accordingly, the project prioritized improving
the defector case design rather than mass production. Tests with an
acrylic case confirmed the need for a hybrid structure combining

internal visibility and metal shielding to ensure operational stability.

In addition, a map-based visualization system for realtime detec-
tor data was developed, and a standardized installation guide for
participants was prepared. Future plans include mass-producing hy-
brid-shielded detectors and distributing them to universities and re-

search institutions while gradually expanding citizen participation.

m Sori Explorer

Sori Explorer is a citizen-science project of the Korea Institute for
Advanced Study (KIAS) that investigates the relationship between
urban landscape features and biodiversity using ecoacoustic data.
Citizens install automatic sound-recording devices in residential ar-
eas and upload recordings to the Sori Explorer web platform, en-

abling long-term monitoring of urban soundscapes and biodiversity.
Since its launch in July 2024, the project has established an op-

erational framework including participant recruitment, equipment

deployment, and website development. Approximately 60 citizen-
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scientist teams have participated in recording activities, with 37
teams regularly uploading data. To date, about 380,000 audio
files (2.1 TB) have been collected.

To support participation and learning, the project organized field-
based programs such as the Sori Explorer Camp and Sori Explorer
Workshop, where participants received training in recording tech-

niques and sound analysis.

The project has also developed a web platform for data upload
and crowdsourced species classification, while initiating Al-based
noise filtering and automated analysis systems. These efforts estab-
lish a foundation for longterm research on urban biodiversity and
ecoacoustic monitoring, with plans to expand the platform and inte-

grate automated analysis in 2026.

Citizen scientists participating in Sori Explorer Al-Based Sound
Sori Explorer field activities. Analysis Platform

Transdisciplinary Research Program

m Overview of KIAS Transdisciplinary Research Program

The KIAS Transdisciplinary Research (TDR) Program, which has been
running since 2012, aims to broaden the horizons of knowledge by
fostering dynamic inferactions among scholars in several disciplines
related to the sciences, arts, and humanities. The TDR program consists
of the Annual Theme Research Program and the Independent Research
Group Program, which aim to help diverse groups of scholars gain
new insights info nature and the essence of life. It is hoped that the

science community can gain new perspectives from these interactions.

As of 2025, there are four research groups in operation.
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= Slow Science, Low Technology, and Inverted Art

The research group Slow Science, Low Technology, and Inverted Art is
a fransdisciplinary program at the Korea Institute for Advanced Study
(KIAS). The group aims to explore new possibilities of thought at the in-
tersection of science, technology, and art. It seeks points of convergence
where these three domains may co-evolve, and investigates the problem

of “the real” and its latent possibilities within this shared terrain.

In 2024, the group’s discussions focused on the concept of “poten-
tial reality.” In 2025, the research was further developed by ap-

|n

proaching “the real” from the perspective of materiality. To pursue
this inquiry, the group organized seminars in which each research-
er presented an object carrying personal meaning. These objects
functioned as mediating elements that revealed fragments of poten-
tial reality, allowing the group to expand its reflections on the real

through the concepts of potentiality and possibility.

A small radio introduced by researcher Byungjun Kwon, together
with the work of the Swedish artist Friedrich Jirgenson (1903-
1987), became an important catalyst for the group’s discussions.
Jirgenson’s recordings—capturing faint sounds through radio
frequencies and recording devices—raised the question of what
constitutes “noise,” offering a new perspective on the material na-
ture of sound and voice. Based on this discussion, the research

group formulated the concept of “voice-ness,” which approach-
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A conceptual model of “voiceness” as a relational, material entangle-
ment of events (E) and voices (V).
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The Performance

“What Flower Did the Cheshire Cat Bite?”

es the voice as a material phenomenon separated from linguistic
meaning or social context. In this process, the group also revisited
philosophical discussions such as Aristotle’s distinction between
phone (sound) and logos (speech), as well as later reflections by
Jacques Derrida and Nick Couldry, while examining the historical
and cultural meanings of voice across literature, philosophy, and

the arts.

Based on the outcomes of this research, the group organized a
performance program in December 2025 at the Seoul Museum of
Art Archive Multipurpose Hall. The performances were held twice —
on December 24 and 25—with approximately 70 attendees per
session. The program presented the concept of “voice-ness” as an
artistic practice, sharing with the audience an exploration of the

materiality of sound and the latent possibilities of the voice.

® The Nonhuman: Exploring Technological Beings Beyond Humanity
The KIAS Transdisciplinary Research Program “The Nonhuman:
Exploring Technological Beings Beyond Humanity” continued its re-
search activities through the latter half of its first year and the first
half of its second year in 2025. While the first year explored diverse
interdisciplinary approaches to the concept of the nonhuman, the
second year focused on examining nonhuman beings from the per-
spectives of art, technology, and their convergence, exploring how

nonhumans form cooperative relationships with humans in reality.
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In February, the Research and Planning Committee held a work-
shop at the Busan Museum of Contemporary Art to plan activities
for 2025 and explore possibilities for collaboration with external
institutions. The workshop included meetings with museum curators,
viewing related exhibitions, and research presentations by commit-

tee members.

Throughout the year, the group continued its public seminar series.
Presentations addressed topics such as nonhuman representations in
film and literature, the history of life through concepts like symbiofic
evolution and entanglement, nonhuman characters in science fiction,

and the role of artistic practice in responding to environmental crises.

Two symposia were also held. The first, The Age of Entanglement: Sym-
biosis with the Non-Human, brought together researchers from various
fields to discuss human-nonhuman entanglement. The second, Aesthet-
ics of the Nonhuman: Nonhuman Senses and Art Beyond the Human,
focused on artistic and technological practices that attempt to extend hu-

man sensory limits and explore connections with nonhuman perception.

Finally, the group's research outcomes were compiled and published
in the book Nonhuman: Thinking with Objects, Life, Machines, and
Planets, the 12th volume of the Transdisciplinary Research Series.
The collected essays emphasize that human existence itself is con-

stituted through entanglements with numerous nonhuman entities.

u In the Age of Al, Focus on Humans Again: A Transdisciplinary
Approach to Human Motivation and Desire
The Motivation and Desire Research Group examines how rapidly
evolving technological and sociocultural environments—particularly
the emergence of generative Al—are reshaping contemporary hu-
man behavior. As human emotions, decision-making, and actions
become increasingly intertwined with technological infrastructures,
the group seeks to explore what remains uniquely human and how
motivation and desire are constructed, expressed, and transformed
within these changing contexts. As an Independent Research Group
within the KIAS Transdisciplinary Research Program, the team con-

ducts integrated discussions across disciplines including neurosci-
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ence, psychology, philosophy, computational science, the social
sciences, and the arts in order to develop a broader understanding
of human behavior beyond narrowly defined instinctual or psycho-

logical explanations.

Throughout 2025, the group held monthly online seminars that pro-
vided a forum for researchers to present ongoing work, exchange
disciplinary perspectives, and foster interdisciplinary collaboration.
In addition to these regular meetings, the group organized internal
seminars, invited lectures, a public seminar, and a research work-
shop, further strengthening collaboration within the research team

and expanding its academic network.
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Alongside its academic activities, the group has also sought to com-
municate its research outcomes to the public by producing YouTube
content that presents complex academic ideas in an accessible and
engaging format. Five videos have been released on the official
KIAS YouTube channel, and two additional videos are currently in
post-production for release in January 2026. By translating interdis-
ciplinary research concepts into visual narratives, these videos help
broaden public understanding while increasing awareness of the

group’s research mission.

The research project will continue through April 2026. Based on
the insights gained over the past two years, the group plans to
develop a more comprehensive interdisciplinary research proposal
to be submitted to organizations that support convergence-oriented

research. During the early months of 2026, the team will refine its
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research framework through infernal discussions and consultations
with external experts. The group also plans to organize offline col-
loquia at KIAS to share research outcomes and encourage in-depth
discussions, while continuing to produce additional YouTube con-
tent to present the group’s research achievements to a wider public

audience.

m Old Yet New Gugak Reimagined

The KIAS Transdisciplinary Research Group “Old Yet New Gugak
Reimagined” was launched on July 1, 2025, to explore new per-
spectives and research directions in Gugak. Building on earlier ini-
tiatives such as “Scientific Understanding of Gugak and Al Gugak”
and “Large-Scale Gugak Data,” the group continues to expand pre-
vious research while developing interdisciplinary approaches to the

study of traditional Korean music.

YouTube Content Series by the Motivation and
Desire Research Group
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In November 2025, the group published the paper “Persistent Homol-
ogy of Music Networks with Three Different Distances” in the Journal
of Mathematics and Music. The study applies persistent homology
to music graphs to examine how different definitions of distance in-
fluence topological characteristics in musical data. Using Yeongsan-
hoesang performed on geomungo and haegeum as case studies,
the research demonstrates that certain distance orderings produce
an injection relationship in firstdimensional homology, showing that
such topological structures also appear in Gugak data and providing

a foundation for further mathematical analysis of Gugak.

On November 15, the group held a workshop titled “Gugak in the
Era of Data & Computation |,” focusing on the relationship between
Gugak, technology, and education. About 70 participants attend-
ed, reflecting strong academic interest in scientific approaches to
Gugak. The workshop included lectures on information theory in
music and music cognition experiments using EEG measurements,
as well as discussions on the scientific study of historical Korean

musical notation.

The group also plans to release a music album featuring record-
ings from the KIAS Transdisciplinary Al Gugak Concert held on
December 18, 2024. The album will include six works and serve
both as a musical release and as an archive of research-related

performance data.

In addition, the group is currently conducting research on large-scale
Gugak datasets developed in earlier projects. By applying the Zipf—
Mandelbrot law to the analysis of Jeong-ak, the researchers aim to
identify structural and semantic patterns within Gugak music. Build-
ing on these efforts, the group is preparing future research plans for
2026, including studies using information theory, EEG-based inves-

tigations of musical perception, and Al-based research on Sanjo.

m Advancing Transdisciplinary Research at KIAS: Highlights of
the 2025 Transdisciplinary Research Program
Throughout 2025, researchers participating in the KIAS Transdis-

ciplinary Research Program actively pursued its mission through
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a wide range of seminars, workshops, symposia, collaborative
research projects, and public engagement initiatives. Several re-
search groups explored diverse and timely themes, including the
relationship between humans and nonhumans, interdisciplinary in-
vestigations of motivation and desire in the age of generative Al,
and the scientific and computational analysis of Gugak (traditional

Korean music).

These activities produced a variety of meaningful outcomes, rang-
ing from academic publications, workshops, and public seminars
to creative outputs such as concerts and album releases, as well
as widely accessible YouTube content designed to communicate re-
search to broader audiences. Through these dynamic efforts, the
KIAS Transdisciplinary Research Program not only advanced cut-
ting-edge interdisciplinary scholarship but also strengthened its role
as a vibrant platform for intellectual exchange, expanding both the

academic impact and the public visibility of its research.
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1999 Korea University Seoul
Ewha Womans University Seoul
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2001 Yonsei University Seoul
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KAIST Department of Mathematical Sciences Daejeon
2016 Institute for Basic Science (IBS) Daejeon
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Lee, Seunghun
UT Univ.

Lee, Yongnam
KAIST

Moon, Dongho
Sejong Univ.

Byeon, Jaeyoung
KAIST

Oleg, Emanouilov

Colorado State Univ.

Potemine, Igor
Universite Grenoble

Kim, In Kang
KIAS
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School of Physics

Pal, Priyo Shankar
KIAS

Lu, Yongchao
Dutka, Tomasz P.
Yu, Bingrong
Kim, Suro

Ewha Womans Univ.

Kim, Youngjae
KIAS

Hwang, Kyusung
Kyung Hee Univ.

Lee, Sangyun

Johannes Gutenberg Univ. Mainz
Ho, Shu-Yu

Academia Sinica

Singh, Ankit

Qiang, Jia

KAIST

Qin, Fei
Aix-Marseille Univ.

Lee, Kimyeong
BIMSA

Choi, Sunjin
IPMU

Sun, Rui
Univ. of Chinese Academy of

Sciences

Park, Jaehong
KASA(Korea AeroSpace Administration)

Tian, Jighua
East China Normal Univ.

Korea Institute for Advanced Study

Duan, Zhihao
Queen Mary Univ. of London

Kang, Dong Woo
Jeonbuk Nat'l Univ.

Janagal, Lavneet
Wells Fargo, India

Kim, Jongkuk
KIAS

Dong, Fuyu
Yunnan Univ.

Gouin, Celine
Institut d’ Astrophysique
Spatiale

Jung, Tae Hyun
IBS

Park, Jong-Min
APCTP

Okazaki, Tadashi
Southeast Univ.

Kim, Yonghwi
Yonsei Univ.

Ghim, Dongwook
Kyoto Univ.

Mukheriee, Sutirtha

Leem, Jae Hoon
Samsung Electronics Co.

Yoon, Yongmin
KASI

Kang, Byungmin
Massachusetts Institute of Technology

Su, Wei
Sun Yat-Sen Univ.

Shim, Junsup
Academia Sinica

Mondal, Tanmoy
Osaka Univ.

Hwang, Kyusung
KIAS

Lu, Chih-Ting
Nanjing Normal Univ.

Jun, Hyunsung
Seoul Nat'l Univ.
Dashti-Naserabadi, Hor

KENTECH

Sarkis, Matthieu
Univ. of Luxembourg

Kaneta, Kunio
Tokyo Woman'’s Christian Univ.

Park, Miok
IBS

Papadimitriou, loannis
BIMSA

Yoon, Junggi
APCTP

Lee, Jae Hyun
KIAS

Nahmgoong, June
December & Company Inc.

Yi, Sudo

KIAS

Eager, Richard
Ebrahimnazhad Rahbari S.H.
Seoul Nat'l Univ.

Han, Chengcheng
Zhongshan Univ.

Nomura, Takaaki
Sichuan Univ.
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Poggi, Matteo
SISSA

Rosa, Dario
KAIST

Tonegawa, Motonari
APCTP

Yun, Seokhoon

Univ. of Padova

Appleby, Stephen Andrew
KIAS QUC

Bae, Jin-Beom
Univ. of Oxford

Chen, Junmou
Jinan Univ.

Evans, Jason L.
Shanghai Jiao Tong Univ.

Hong, Sungryong
KASI

Kim, Joonho
IAS

Matsui, Toshinori
KAIST

Munir, Shoaib
ICTP-EAIFR

Noh, Changsuk
Kyungpook Nat'| Univ.

Nosaka, Tomoki
SISSA

Park, Sang-A
Yonsei Univ.

Saulder, Christoph

Sciarappa, Antonio
SISSA
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Snaith, Owain Nicholas

Observatoire de Paris

Song, Jaewon
KAIST

Suzuki, Ryo
Shing-Tun Yau Center of
Southeast Univ.

Winding, Jacob

Wu, Peiwen
Southeast Univ.

Zheng, Yi
Sun Yat-Sen Univ.

Baek, Seungwon
Korea Univ.

Cho, Gil Young
POSTECH

Das, Arindam
Osaka U.

Hwang, Chiung
Univ. of Milano-Bicocca

Kim, Kun Woo
IBS

Lee, Sang Hoon
GNTECH

Li, Jinmian
Sichuan Univ.

Natale, Alexander

Nishiwaki, Keniji
Rudjer Boskovic Institute

Biswas, Sanjoy
Ramakrishna Mission
Vivekananda Univ.
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Durang, Xavier
Univ. of Seoul

Gobat, Raphael
PUCV

Jain, Bithika
ICTP-SAIFR

Kang, Zhaofeng

Huazhong Science and
Technology Univ.

Khalilian, Hamid Reza

Institute for Advanced Studies in

Basic Sciences (IASBS)

Li, Xiao Dong
Sun Yat-Sen Univ.

Lim, Jongsoo

Park, Chan Beom

IBS

Shin, Jihye

KASI

Chung, Hee Joong
Tsinghua Univ.

lto, Yuto

Jeon, Imtak

King's College London

Jeon, Jae-Hyung
POSTECH

Lee, Seokcheon
Gyeongsang Nat'| Univ.

L'Huillier, Benjamin
KASI

Salmi, Fadia

Seong, Rak-Kyeong
Tsinghua Univ.
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Tang, Yong
Univ. of Chinese Academy of Science

Yagi, Futoshi
Southwest Jiaotong Univ. (China)

Yoshida, Yutaka
IPMU

Ahn, Yang Hwan
Institute of High Energy Physics, China

Cervantes Sodi, Bernardo
CR,A,UNAM

Jeong, Jae-Seung
Samsung Electronics Co.

Jung, Sunghoon
Seoul Nat'l Univ.

Kim, Sung-Soo
Univ. of Electronic Science and
Technology of China (UESTC)

Okada, Hiroshi
APCTP

Qi, Wanming
China Univ. of Mining and
Technology

Rhim, Jun Won
Seoul Nat'l Univ.

Wan, Luping

Institute of High Energy Physics,
China

Yu, Chaehyun

Korea Univ.

Gang, Dongmin

APCTP

Hou, Annie
Sandtable, London

Hwang, Jeong-Sun
Sejong Univ.

Korea Institute for Advanced Study

Kim, Sang-Woo
Institute of Theoretical Physics, CAS

Lahiri, Sourabh
Birla Institute of Technology, Mesra

Lee, Hyunjung
Seoul Science
High School

Lee, Seung-Joo
CERN

Lee, Woo-Ram
The Univ. of Alabama

Ogawa, Noriaki
RIKEN Mochizuki Laboratory

Park, Wanil
Chonbuk Nat'l Univ.

Sabiu, Cristiano
Yonsei Univ.

Sharma, Pankaj
The Univ. of Adelaide

Wang, Zhaolong
Northwest normal Univ.

Yoon, Yeo Woong
Konkuk Univ.

Baek, Seung Ki
Pukyong Nat'l Univ.

Hayashi, Hirotaka
Tokai Univ.

Hong, Sungwook
Univ. of Seoul

Kim, Hee Cheol
POSTECH

Kim, Kwangmoo
Seoul Nat'l Univ.

Koh, Eunkyung
Samsung Display

Lee, Hyun Min
Chung-Ang Univ.

Nam, Seung-il
Pukyong Nat'l Univ.

Park, Jong-Chul
Chungnam Nat'l Univ.

Senaha, Eibun
IBS

Um, Jaegon
POSTECH

Cho, Myoung Won

Sungshin Women'’s Univ.

Choi, Kang Sin
Ewha Womans Univ.

Kim, Chul
Seoul Nat'l Univ. of
Science and Technology

Kumar, Jaswant
Harish Chandra Research Institute

Lee, Choongki
Yonsei Univ.

Lee, Seong-Kook
Seoul Nat'l Univ.

Omura, Yuji
Nagoya Univ.

Rossi, Graziano
Sejong Univ.

Van Putten, Maurice
Sejong Univ.

Bandyopadhyay, P.
Indian Institute of
Thechnology Hyderabad

Lu, Hantao
Lanzhou Univ.
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Medved, A.J. M.
Rhodes Univ.

O Colgain, Eoin
APCTP

Song, Yong-Seon
KASI

Chingangbam, P.
Indian Institute of
Astrophysics

Ham, Seung Woo
Huang, Qing-Guo
Institute of Theoretical Physics, CAS

Jo, Hang-Hyun
POSTECH

Kang, Hyuk
NIMS

Kim, Yeong Gyun
Gwangju Nat'l Univ. of Education

Kim, Yong Woon
KAIST

Lee, Jae Yong
Korea Univ.

Lee, Jong-Phil
Korea Univ.

Lee, Sungjay
KIAS

Wu, Jun-Bao
Institute of High Energy Physics,
China

Yavartanoo, Hossein
Institute of Theoretical Physics, CAS

Zaballa, Ignacio
Lancaster Univ.

www.kias.re.kr

Dutta, Sreedhar B.
IISER

Hibon, Pascale
European Southern Observatory

Hwang, Ho Seong
KASI

Jeong, Kwang Sik
Pusan Nat'l Univ.

Kihara, Hironobu
Seikei Univ.

Kim, Youngman
IBS

Kim, Young-Rae

Yang, Hyun Seok

Sogang Univ.

Zhov, Yufeng

Institute of Theoretical Physics, CAS
Araya, P.

Jacobs Univ.

Choi, Yun-Young
Kyung Hee Univ.

Hosomichi, Kazuo
Japanese Nat'l
Defense Academy

Jia, Cheng long
Lanzhou Univ.

Kim, Juhan
KIAS

Kim, Mun Dae
Hongik Univ.

Kyae, Bumseok
Pusan Nat'| Univ.

Lee, Hyun Keun
Sungkyunkwan Univ.
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Mawatari, Kentarou
Osaka Univ.

Nagar, Apoorva
Indian Institute of
Space Science and Technology

Park, Kwon
KIAS

Scopel, Stefano
Sogang Univ.

Wu, Xiaohong
ECUST (East China Univ. of
Science and Technology)

Jung, Dong-Won
Korea Univ.

Kim, Ki-Seok
POSTECH

Kim, Seok
Seoul Nat'l Univ.

Lee, Ji-Woo
Myongji Univ.

Park, Chan-Gyung
Chonbuk Nat'l Univ.

Park, Tae-Sun
Sungkyunkwan Univ.

Yee, Ho-Ung
Univ. of lllinois at Chicago
Ha, Meesoon

Chosun Univ.

Kimura, Tetsuji
Keio Univ.

Park, Su-Chan
The Catholic Univ. of Korea

Borzumati, Francesca
Tohoku Univ.
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Kang, Gung Won
KISTI

Lee, Jounghun
Seoul Nat'l Univ.

Okamura, Naotoshi
International U. of
Health and Welfare

Park, Jae-Suk
POSTECH

Park, Seong Chan
Yonsei Univ.

Raeymaekers, Joris
Czech Academy of Science

Suyama, Takao
KEK

Yi, Sang-Heon
Univ. of Seoul
Ahn, Sang-Hyeon
KASI

Cornell, Alan
MITP Univ. of

the Witwatersrand

Hong, Hyunsuk
Chonbuk Nat'l Univ.

Kwon, Hwang-hyun
Korea Development Bank

Michishita, Yoji
Kagoshima Univ.

Sim, Heung-Sun
KAIST

Yee, Jung-Tay
Saxo Bank

Yi, Hangmo
Soongsil Univ.

Korea Institute for Advanced Study

Akeroyd, Andrew
Univ. of Southampton

Chang, Heon-Young
Kyungpook Nat'l Univ.

Kim, Hyung Do
Seoul Nat'l Univ.

Lee, Kang Young

Gyeongsang Nat'l Univ.

Park, Jeong-Hyuck
Sogang Univ.

Rho, Mannque

Song, Jeong-hyeon
Konkuk Univ.

Choi, Mahn-Soo
Korea Univ.

Lee, Chang-Hwan
Pusan Nat'| Univ.

Lee, Hyunwoo
POSTECH

Lee, Sang-Min
Seoul Nat'l Univ.

Liv, Qiu-Yu

Univ. of Science and Technology,

China

Park, Sung Yong
Northwestern Univ.

Shin, Hyeonjoon
POSTECH

Yi, Insu

Guslienko, Kostyantyn
Universidad del
pais vasco

Hyun, Seungjoon
Yonsei Univ.

Kang, Sin-Kyu
Seoul Nat'l Univ. of
Science and Technology

Kim, Chanju
Ewha Womans Univ.

Lee, In-Ho
Korea Research Institute of
Standards and Science

Choi, Seong-Youl
Chonbuk Nat'l Univ.

Chun, Eung-Jin
KIAS

Kiem, Youngijai
KAIST

Kim, Jaekwon

Lee, Jaesik
Chonnam Nat'l Univ.

Chen, Xiao-Shuang
Shanghai Institute of
Technical Physics

Deng, Zhen-Yan
Shanghai Univ.

Kim, Jihn-Evi
Kyung Hee Univ.

Kim, Tae Suk
Harvard Univ.

Liv, Chun

ITP, Chinese Academy of
Science

Kim, Se Yong
Sejong Univ.
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Kim, Choong Hyun
Ajou Univ.

Moon, Sunyo
Kumoh Nat'| Institute of Technology

Kim, Minjae
Chonbuk Nat'l Univ.

Oh, Jaeseong
Yonsei Univ.

Ahn, Jungho
Durham Univ.

Lee, Changmin
Korea Univ.

Park, Changwon
Ewha Womans Univ.

Yi, Sudo
KENTECH

Lim, Youngrong
Chungbuk Nat'l Univ.

Goh, Segun
Sejong Univ.

Heo, Cheolwon

The State Univ. of New York, Korea
Jonsson, Johan

Nicolaus Copernicus Univ.

Chae, Min-Kyung

Korea Disease Control and

Prevention Agency (KDCA)

Lee, Jeeun
AlpacaX

Kim, Won Kyu
KIAS

Yang, Seong-Gyu
Umed Univ.

Yoo, Semin
IBS
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Rondon, Irving
Pinellas County Schools

Das, Tamoghna
Kanazawa Univ.

Bae, Eunok
ETRI

Choi, Kiri
Keimyung Univ.

Kim, Jaewan
KIAS

Kim, Pureun

Oh, Jaeseong
Sungkyunkwan Univ.

Kim, Minsung
Seoul Nat'| Univ of
Science and Tech.

Ha, Seungwoong
Santa Fe Institute

Kim, Rokyeon
Ko, Eunjung
Soongsil Univ.

Choi, Wonseok

Purdue Univ.
Kim, BeomHyun
Seoul Nat'l Univ.
Park, Jungjun

LG Electronics

Lee, Jaehak
Seoul Nat'l Univ.

Hussain, Dildar
Sejong Univ.

Ahn, JinHoo

Alumni

Sohbi, Adel
ORCA Computing

Park, Jejune
Samsung Electronics Co.

Kim, Seonghoon
MolCube

Kim, Jiseung
Jeonbuk Nat'l Univ.

Baek, Kyunghyun
Yonsei Univ.

Song, Yonghyun
Harvard Univ.

Mand, Davinder Singh
Univ. of Toronto

Dutta, Arijit
Goethe-Universitdt Frankfurt am Main

Lee, Sanghoon
Samsung Display

Park, Jimin
DEARGEN

Kang, Seoung-Hun
Kyung Hee Univ.

Bang, Jeongho
Yonsei Univ.

Huh, Jeonggyu
Sungkyunkwan Univ.

Kim, Chanul
Samsung Electronics Co.

Kosterlitz, John M.
Brown Univ.

Tom, Anvy Moly

Devaswom Board College

Bak, Ji Hyun
Univ. of California, Berkeley
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Chae, Kisung
UCSD

Heo, Seungryong
Ngenebio

Kim, Heejung
Kim, Hyun-Jung
LG Display

Kim, Min Hyeok
Samsung SDS

Lee, Hyungjun
Univ. of Texas, Austin

Lee, Su-Yong
Agency for Defense Development

Liv, Lei
Zhejiang Univ.

Nam, Gi-Moon

Srivastava, Amit
Siti Raudah Mohamed Lazim
Ewha Womans Univ.

Nam, Sun-Young
Sogang Univ.

Lee, Yuno
Korea Research Institute of

Chemical Technology

Lee, Jun-Ho
Lawrence Berkeley Nat'| Laboratory

Lee, Chang-Woo
Aimble Inc.

Krah, Alexander
Kim, Hyunjin

Korea Univ.

Korea Institute for Advanced Study

Jo, Junghyo
Seoul Nat'l Univ.

Hwang, Wonseok
Univ. of Seoul

Baik, Seung Su

Yonsei Univ.

Syed Islamuddin Shah
Univ. of South Florida

Park, Jongyook
Kyungpook Nat'l Univ.

Ok, Seongmin
Samsung Electronics Co.

Na, Joohan
Samsung Advanced Institute of

Technology

Joo, Jaewoo
Univ. of Oxford

Jin, Sung-Tae
Seoul Nat'l Univ.

Hong, Seung Hwan
KAIST

Flores-Canales, Jose
Aarhus Univ.
Yun, Sang Jae

Lacomtech

Son, Younghwan
POSTECH

Qianyi Cheng
Univ. of Memphis

Kim, Songmi
Kim, Ho-Joon
Kyung Hee Univ.

Joung, In Suk
Sookmyung Women’s Univ.

Jeong, Kabgyun
Seoul Nat'l Univ.

Woo, Hyenkyun
Korea Univ. of
Technology and Education

Park, Hee Chul
IBS

Oh, Se-Jin
Ewha Womans Univ.

Danil Bukhvalov
Hanyang Univ.

Choi, Chulho
Samsung SDI

Cho, Jaeyoon
APCTP

Balachandran M.
Ajou Univ.

Yoon, Jeseong
Seoul Nat'l Univ.
Park, Jung Mee
Moon, Pilkyung
NYU Shanghai
Lee, Juhui

Kim, Sejoong
Hongik Univ.
Hermant Srivastava
CSIR-Institute of
Microbial Technology
Choi, Seon-Myeong

Samsung Advanced Institute of
Technology

Woo, Sungjong
Pukyong Nat'l Univ.
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Sathiyamoorthy
Hanyang Univ.

Park, Kihyun
KAERI

Ji, Se-Wan
NSR

Huichung Tai
Academia Sinica

Arash Azari
Lund Univ.

Yun, Sangwoon
Sungkyunkwan Univ.

Yumlembam Hemajit
Nat'| Institute of
Biomedical Innovation

Adeel Malik

Univ. Center for Bioinformatics

Park, Seungkook
Sookmyung Women's Univ.

Muddassar, Muhammad
COMSATS Institute of
Information Technology,
Islamabad, Pakistan

Lee, Ki Ho
Sungkyunkwan Univ.

Kim, Jeenu

SK Hynix
Semiconductor Inc.
Bae, Joonwoo
KAIST

Woo, Youngho
NIMS

Shin, Yong Hyun
Sookmyung Women's Univ.
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Oh, Mina
Medical Device Information and
Technology Assistance Center

Lee, Jinhyuk
Korean Bioinformation Center

Joo, Keehyoung
KIAS

Hur, Jin
Agency for
Defense Development

Eo, Hae-Seok
LG Electronics

Baek, Chang-Ki
POSTECH

Song, Daegene

Shin, Seungwoo
Soon Chun Hyang Univ.
Hospital

Park, Poo-Sung
Kyungnam Univ.

Park, Hyungju
Ajou Univ.

Lee, Jae Weon
Jungwon Univ.

Lee, Dong-il
Seoul women'’s Univ.

Kim, Bomsoo
Samsung Electronics Co.
Podoshvedov, Sergey

Southern Ural State Univ.

Lee, Kwankyu
Chosun Univ.

Lee, Eunjeong

Alumni

Chang, Jaeeon
Univ. of Seoul

Tarakeshwar, P.
Arizona State Univ.

Son, Young-Woo
KIAS

Pae, Sung-il
Hongik Univ.

Nha, Hyon Cheol
Texas A&M Univ.

Lee, Jinwoo
Kwangwoon Univ.

Ahn, Jeaman
Kongju Nat'l Univ.

Oh, Sangchul
Qatar Environment and Energy
Research Institute

Lee, Kyoungrim
Hanyang Univ.

Kwon, DoYong
Chonnam Nat'l Univ.

Kim, Yong-Hoon
KAIST

Kim, Hyung-Rae
Max Planck Institute

Choi, Kyoung Jin
Univ. of Calgary
Song, MeeKyung
Sogang Univ.
Nguyen, Ba An
Vietnam Academy of

Science and Technology

Lee, Jawoong
ZeeAnn
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Koh, Eunhee
Seoul Nat'l Univ.

Kim, Seung-Yeon
Korea Nat'l Univ. of

Transportation

Katarzyna Maksimiak
Univ. College London

Choi, Sung Woo
Duksung Women's Univ.

Choi, Hyoung Joon
Yonsei Univ.

Yu, Hoseog

Sejong Univ.
Quan, WuYan

Lee, Soojoon
Kyung Hee Univ.
Kim, Saejoon
Sogang Univ.

Oh, Byeong-Kweon

Seoul Nat'l Univ.

Lee, Julian
Soongsil Univ.

Kwon, Sungchul

Park, Kibeom
STEPI

Kim, Jaewan
KIAS

Hong, Sung-Joon
Samhwa Sukyou Co.

Korea Institute for Advanced Study

June E Huh Center for
Mathematical Challenges

Oh, Jaeseong
Sungkyunkwan Univ.

Jung, Mingu
Hanyang Univ.

Ryu, Jaehyeon
Ewha Womans Univ.

Kim, Seonwoo
Yonsei Univ.

Kwak, Sanghoon
Seoul Nat'l Univ.
Kim, Chan-Ho
Jeonbuk Nat'l Univ.

Kim, Minhyong
Univ. of Edinburgh

Shin, Jinwoo
Sookmyung Women's Univ.
Byun, Sung-Soo

Seoul Nat'l Univ.

Lee, Jungin
Ajou Univ.

Lee, Junguk
Changwon Univ.

Song, Jongbaek
Pusan Nat'l Univ.
Kim, Jeongho

Kyung Hee Univ.

Kim, Joontae
Sogang Univ.

Won, Joonyeong
Ewha Womans Univ.

Yu, Myungjun
Yonsei Univ.

Koh, Kyewon
Choi, Beomjun
POSTECH

Lodha, Yash
Univ. of Hawaii at Manoa

Haan, Jae-ho
Yonsei Univ.
Hong, Jaehyun

IBS

Kim, Sung Yeon
IBS

Scarinci, Carlos
DGIST

Oh, Sung-Jin
UC Berkeley

Park, Chol
UNIST

Park, Jinhyung
Sogang Univ.

Kim, lldoo
Korea Univ.

Kuessner, Thilo
Kwon, Sanghoon

Catholic Kwandong Univ.

Lee, Hojoo
Jeonbuk Nat'l Univ.

Shin, YongJoo
Chungnam Nat'l Univ.

Yoon, Youngho
Chungbuk Nat'l Univ.
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Cho, Hyun Woong

Eum, Ick Sun
Dongguk Univ.

Chan, Mario
Pusan Nat'l Univ.

Choi, Jinwon

Sookmyung Women's Univ.

Jung, Soyeun
Kongju Nat'l Univ.

Kim, Sungwoon

Jeju Nat'l Univ.

Pang, Chao
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Quantum Universe
Center

Kim, Jaewan
KRISS

Yang, Wooil
The Univ. of Texas at Austin

Yoo, Jaewon
KASI

Hhan, Minki

The Univ. of Texas at Austin

Wang, Xin
Max Planck Institute

Sun, Kaiwen
Max Planck Institute

Choi, Ena
Univ. of Seoul

Kim, Minho
Samsung Electronics Co.

Jang, Bo Gyu
Los Alamos Nat'| Laboratory

Jueid, Adil
IBS

Lee, Changhyoup
KRISS

Lee, Jae Sung

KIAS

Appleby, Stephen A.

APCTP

Bourgine, Jean-Emile
Univ. of Melbourne

Kim, Hyun-Jung
Forschungszentrum Jiilich

Lee, Seung-Woo
KIST
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Mukheriee, Sutirtha
KIAS

Gang, Dongmin
APCTP

Kwon, HyunWoong
Li, Xiaolei

Hebei Normal Univ.

Park, Jae-hyeon
KIAS

Tang, Yi-Lei
Sun Yat-Sen Univ.

Yang, Runqiu

Tianjin Univ.

Aluri, Pavan Kumar
Indian Institute of Technology

(BHU)

Kim, Jinsu
Georg-August Univ.
Gottingen

Yokoya, Hiroshi

Kang, Seoung-Hun
KIAS

Song, Hyunmi
KASI
Jung, Dong-Won

Korea Univ.

Lee, Kanghoon
IBS

Lee, Woo-Ram
Univ. of Alabama

Park, Jubin
Chonnam Nat'l Univ.
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Parolini, Alberto
Korea Univ.

Shimizu, Yusuke

Mishima, Satoshi

Korea Institute for Advanced Study

Center for Al and Natural

Sciences

Yu, Ji Woong
Ajou Univ.

Cho, Kwang Hyun
Univ. of Rochester

Yoon, Sangwoong
Univ. College London

Choi, Jaewoong
Sungkyunkwan Univ.

Park, Yeachan
Sejong Univ.

Park, Jun Sur
Korea Univ.

Lee, Yonghyeon
Massachusetts Institute of
Technology

Hwang, Geonho
GIST

Flacke, Thomas Dieter
KIAS QUC
Lee, Jaeyong

Chung-Ang Univ.

Koo, Eunho
Chonnam Nat'l Univ.

Choi, Jaewoong
KIAS

Lee, Sungyoon
Hanyang Univ.
Lee, Jongmin
Pusan Nat'l Univ.
Jeong, Wooseok

KIER

Kim, Eugenia H.
Samsung Electronics Co.

Song, Taegeun
Kongju Nat'l Univ.
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Kang, Moon-Jin
KAIST

Kang, Soon-Yi
Kangwon Nat'l Univ.

Kang, Jungsoo
Seoul Nat'| Univ.

Koh, Youngwoo
Kongju Nat'l Univ.

Kwak, Sanghoon
Seoul Nat'| Univ.

Kwak, Si-Jong
KAIST

Kwak, Chulkwang

Ewha Womans Univ.

Kwon, Yehyun
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Kim, Kunwoo
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Kim, Kwang-Seob
Chosun Univ.

Kim, Namkwon
Chosun Univ.

Kim, Daehwan
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Kim, Doheon
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Kim, Dong Han
Dongguk Univ.

Kim, Min Hoon
Ewha Womans Univ.

Kim, Byungchan
Seoul Nat'l Univ. of

Science and Technology

Kim, Sangjib
Korea Univ.
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Kim, Seonwoo
Yonsei Univ.

Kim, Seonja
Chungwoon Univ.

Kim, Sun-Chul
Chung-Ang Univ.

Kim, Seon-Hong
Sookmyung Women'’s Univ.

Kim, SeongYeon
Jeonju Univ.

Kim, Sungwoon
Jeju Nat'l Univ.

Kim, Seongchan
Kongju Nat'l Univ.

Kim, Seongtag
Inha Univ.

Kim, Seonghak
Konkuk Univ.

Kim, Se-Goo
Kyung Hee Univ.

Kim, Seung Won
Kyungsung Univ.

Kim, Seungwon
Sungkyunkwan Univ.

Kim, Seunghyeok
Hanyang Univ.

Kim, Yeansu
Chonnam Nat'l Univ.

Kim, Young Rok
Hankook Univ. of Foreign Studies

Kim, Youngju
Konkuk Univ.

Kim, Wansu
KAIST

Kim, Yong-Cheol
Korea Univ.

Kim, Youchan
Univ. of Seoul

Kim, lldoo
Korea Univ.

Kim, Jeongah
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Kim, Jeongho
Kyung Hee Univ.

Kim, Joontae
Sogang Univ.

Kim, Junha
Ajou Univ.

Kim, Chan-Ho
Jeonbuk Nat'l Univ.
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