Imagine the Impossible

Computational Sciences

School of School of

Physics

School of
Mathematics

School of School of School of
Mathematics Physics Computational Sciences

€20¢ Hoday [pnuuy

AP”#S POUPAPY/ 10} BjNnjlsu| D3IOY

Korea
Institute for

Advanced
Study

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

www.kias.re.kr

A | DD
KIﬁS icpat

O 7.




SOYDWAYOW

sa1sAyq
jo [ooys

sa2ualdg |puoypindwo)

JO |OOLPS

}0 |OOLPS

CONTENTS

Report from the President 04
History 06
KIAS 2023 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 44
Conferences and Workshops 46
Publications 47
Faculty and Research Fellows 52
Research Activities 53
Visiting Scientists 61
Conferences and Workshops 62
Publications 63
June E Huh Center for Mathematical Challenges 66
Quantum Universe Center 72
Center for Advanced Computation 76
Center for Al and Natural Sciences 78
Open KIAS Center 82
Partnership 86
Alumni 88
Associate Members 104
Organization 112
Former Presidents 114

Imagine the Impossible

Annual Report
2023

Korea
Institute for

Advanced
Study



Report from the President

Korea Institute for Advanced Study

In pursuit of the
near-impossible solutions

04

In 2023, KIAS marked its 27th anniversary. Reflecting on our
achievements over the past quarter century and looking towards
the future, we are pleased to highlight significant developments and
recognize the direction for our institute in the new quarter century.
Notably, our esteemed Distinguished Professor, June E Huh, was
honored with the 2022 Fields Medal, representing a significant
achievement for KIAS. In addition, the expansion of the KIAS
Center for Mathematical Challenges (CMC) is setting the stage for a
quantum leap forward. The overarching goal of CMC is to become
an infernational focal point for unsolved mathematical problems,
fostering the parficipation of young postdoc mathematicians from
around the world and facilitating research exchange within the

global mathematics community.

In the spirit of progress, we are delighted to announce the expansion
of CMC into the June E Huh Center for Mathematical Challenges
(HCMC) as we usher in the new quarter century. HCMC is positioned
to attain international leadership by focusing on renowned
mathematical challenges and establishing itself as a national brand
for South Korea. This strategic move will undoubtedly bolster our
nation’s competitive edge in the basic sciences, ultimately leaving a
positive imprint on humanity. Looking ahead to 2024, we are also
dedicated to expanding the Quantum Universe Center (QUC) and
the Center for Artificial Intelligence and Natural Sciences (CAINS)
to address the evolving demands within physics and computational

sciences.

We are pleased to welcome Professor Hyun Kyu Kim to the KIAS
faculty. Professor Kim brings expertise in physical mathematics,
particularly in the quantum aspects of geometry and topology of

low-dimensional manifolds, further enriching our scholarly pursuits.

Our esteemed faculty members continue to lead and contribute to
various fields. Among the recognitions, CMC Distinguished Professor
JongHae Keum has been awarded the Order of Science and
Technology Merit ‘Changjo Medal’ for significant contributions to
national scientific and technological progress. Moreover, Professor

Kyeongsu Choi has been named a recipient of the 2023 Asian

www.kias.re.kr

Report from the President

Young Scientist Fellowship. Professor Sang-hyun Kim was selected
as one of the winners of the Choi Seok Jeong Award 2023 by the
Ministry of Science and ICT and the Korean Mathematical Society,
and Dr. Seongyeon Kim, Research Fellow of the School of Mathe-
matics, won the 2023 Excellence Award for Young Scientists from

the Korea Federation Women's Science & Technology Associations.

Furthermore, our institution boasts a rich academic landscape,
hosting 320 scholars’ visits, 675 seminars, and 101 conferences
and workshops in 2023. Moreover, 37 research fellows were
appointed, while 25 transitioned to new roles, including positions
at domestic and foreign universities and research institutes.
Notably, over the past 27 years, 566 KIAS research fellows have
seftled in new institutions, with the majority holding positions in
domestic (283) and overseas (128) universities and research

institutes.

As we embark on our new quarter century, KIAS remains steadfast
in our commitment to being a center for fundamental research
in the basic sciences, striving once again fo push the limits of
possibility. Our mission to pursue near-impossible solutions remains

encapsulated in our mottos :

Imagine the Impossible
Think the Unthinkable
Write the Immutable
Speak the Unknowable
Create the Incredible
Compute the Uncountable

See the Invisible

Jaigyoung Choe
President, Korea Institute for Advanced Study

January 2024
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History

1995

Mar.

Feasibility study

on the establishment of
KIAS

Dec.

Formation of

KIAS Establishment
Committee

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

2016

May

Appointment of

Prof. John Michael
Kosterlitz of the Brown
University

(2016 Novel Laureate
in Physics)

as Distinguished
Professor of the

School of Computational
Sciences

Korea Institute for Advanced Study

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

2014

Jan.

Introduction of
‘Quantum Universe
Center [QUC]’

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

Nov.

School of Mathematics
and School of Physics
were established.

Official scientific
operation

began with research
staff of 1 Distinguished
Professor, 2 Professors,
and 3 Research
Fellows.

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

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

1997

Dec.

Appointment of

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

2012

Aug.

Inauguration
Conference of
Transdisciplinary
Research Program

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

1998

([
Oct.

Publication of
the 1st issue of
the KIAS Newsletter

Dec.

Introduction of
'Associate Member
Program’

2011

(]
Sep

Asian Institutes for
Advanced

Study Forum

was held

Oct.

KIAS held its 1st
KIAS Advisory Board
Meeting

Oct.

Appointment of

Prof. Viatcheslav
Mukhanov of Ludwig
Maximilian University
of Munich

(2015 Max Planck
Medal) as Distinguished
Professor of the

School of Physics
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1999

Aug.

Appointment of

Prof. Leonard Susskind
of Stanford University
(1998 Sakurai

Prize Awardee) as
Distinguished
Professor of the
School of Physics

2019

([ J
Sep.

International Review

of the School of
Computational Sciences
by an external review
committee of experts

www.kias.re.kr

2000

Aug.
Stephen Hawking's
visit o KIAS

Sep.

School of
Computational
Sciences was
established.

2010

Jul.

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

Dec.

Introduction of
‘Center for Advanced
Computation (CAC)’

2020

Jan.

Appointment of

Prof. Jaigyoung Choe
of KIAS as the 8th
President

2001

Jul.

Re-appointment of

Prof. Chung Wook Kim
as the 2nd President

2009

Jan.

Introduction of
‘Open KIAS Program
(OKCY

2021

Jan.
Introducintroduction
of ‘Center for Al and
Natural Sciences

(CAINS)’

Publication of the KIAS
Expositions

The Quadran -
scentennial KIAS
Lectures

2004

Jul.

Appointment of

Prof. Mahn Won Kim
of KAIST as the

3rd President

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.

2022

Jul.

Distinguished
Professor June E Huh,
School of
Mathematics,

won the 2022 Fields
Medal

2006

Jan.

International Review
of the School of
Mathematics by

an external review
committee of experts

Introduction of the
'KIAS Scholar Program’

Oct.
The 10th Founding
Anniversary of KIAS

Nov.

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

2007

Jul.

Appointment of

Prof. Hyo Chul Myung
as the 4th President

Aug.

‘Bright Africa
Mathematics
Competition’
sponsorship

program was launched.

2023

o
Jul.

Introduction of

June E Huh Center
for Mathematical
Challenges (HCMC),
the expansion of the
former CMC



KIAS 2023

Awards & Honors

Number of Research Activities

Conferences

73

28
16 12
1 12 14
2019 2020 2021 2022 2023 2019
Math. Phys. Comp. sci. <+ Total

Korea Institute for Advanced Study

Choi, Kyeongsu
Professor
School of Mathematics

2023 Asian Young Scientist
Fellowship

Keum, JongHae

CMC Distinguished Professor
HCMC

Order of Science and
Technology Merit
‘Changjo Medal’

Visiting Faculty

Kim, Sang-hyun
Professor
School of Mathematics

2023 Choi Seok Jeong
Award

Kim, Seongyeon

Research Fellow
School of Mathematics

2023 Excellence Award for
Young Scientists

34
28

4 3
2022 2023

KIAS Visiting Professors
- Affiliate professors
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KIAS at a glance

400
350
300
250
200
150
100

50

KIAS 2023

1997 2000

Transfer Record of Alumni

128

Overseas U.

Imperial College,
Tokyo:U.

www.kias.re.kr

2005 2010

Publications

49 283

Overseas Inst.; etc National U.
MPI, CERN, SNU, KAIST
RIKEN

566

Total

2015 2020 2023

—e— Research members Professors, Research fellows

106

National Inst., etc

IBS,-ETRI
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The great success of modern science is largely attributed to mathematics in the
analysis of models arising from natural and social phenomena. The School of
Mathematics supports scholarship in a broad range of mathematical sciences in-
cluding both pure and applied mathematics such as algebraic geometry, number
theory, differential geometry, low-dimensional topology, harmonic analysis, global
analysis, mirror symmetry, and partial differential equations. The fundamental ob-
jective of the School is creating new mathematical knowledge and nurturing young

mathematicians by providing them with a vibrant environment that covers the full

spectrum of mathematical sciences. Because the most significant mathematical dis-

coveries have often benefited from cross-fertilization of ideas from different math-

ematical fields, the School conducts research on diverse areas of mathematics.

www.kias.re.kr




Faculty and Research Fellows

Position Name
Distinguished Professor Zelmanoy, Efim |
Huh, June E
Choi, Kyeongsu
Kang, Nam-Gyu
Kiem, Young-Hoon
Professors Kim Fyun Kyv
Kim, Inkang
Kim, Sang-hyun
Oh, Sung-Jin
Park, Jinsung
Catanese, Fabrizio
Ciocan-Fontanine, |.
Jang, Juhi
KIAS Scholars Kim, Henry
Lee, Kyungyong
Oh, Hee
Zhang, Genkai
Campo, Livia
Chen, HsinKu
Choa, Dongwook
Choe, Junho
Han, Jiyoung
Huang, Jiuzhou
Ji, Yong-Gwan
Jung, Mingu
Kang, Myeongju
Research Fellows Kim, Daejun
Kim, Joonhee
Kim, Junha
Kim, Minkyu
Kim, Seongyeon
Kim, Seonwoo
Lee, Jaehoon
Lee, Jaehun
Lee, Jung-Kyoung

Lee, Sanghoon

Korea Institute for Advanced Study

Research Interest

Algebra, Group Theory
Combinatorics, Algebraic Geometry
Partial Differential Equations

Analysis, Probability

Algebraic Geometry

Physical Mathematics

Hyperbolic Geometry

Geometric Group Theory

Nonlinear Partial Differential Equations
Global Analysis

Algebraic Geometry

Algebraic Geometry

Analysis, PDEs

Number Theory

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

Representation Theory

Algebraic Geometry

Algebraic Geometry

Simplectic Geometry, Algebraic Geometry
Algebraic Geometry

Homogeneous Dynamics

Nonlinear PDE, Differential Geometry
Spectral Theory, PDEs

Functional Analysis

Dynamics

Number Theory

Model Theory

Partial Differential Equations

Algebraic Topology

Harmonic Analysis, Dispersive PDE, Deep Learning
Probability Theory

Differential Geometry

Probability

Probability

Differential Geometry

School of Mathematics

Position

Research Fellows

www.kias.re.kr

Name

Lee, Sangjin
Lee, Sin-Myung
Lee, Youngmin
Moon, Hyunsuk
Park, Hyangdong
Ryu, Jaehyeon
Schippa, Robert
Seo, Jinsol
Seol, Seokbong
Song, Kyeong
Suen, Yat-Hin

Wen, Yaoxiong

Research Interest
Symplectic Topology
Representation Theory
Number theory

Algebraic Geometry

Partial Differential Equations
Harmonic analysis
Harmonic Analysis, PDE
Analysis, PDE
Noncommutative Differential Geometry, Higher Structures
Partial Differential Equations
Mirror Symmetry

Algebraic Geometry
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Research Activities

Analysis & Probability

The Analysis & Probability group works on complex analysis and
probability theory with a focus on the relationship between CFT and
SLE, stochastic PDEs, metastability, harmonic analysis associated with
properties of the projection/averaging operator, and the functional
analysis of the algebras of holomorphic functions on infinite dimen-

sional spaces and the approximation properties of Banach spaces.

Four members left the group for new academic jobs, and two new
members joined. (A former group member, Dr. Sung-Soo Byun,
moved to SNU as an assistant professor in August 2023.) Dr. Sung
Chul Park moved to the University of Michigan, and Dr. Jaeyun Yi
moved to EPFL. Dr. Sewook Oh moved to the Center for Mathemati-
cal Challenges and became a CMC Fellow. Dr. Daehan Park moved
to SNU as a postdoc and will join the faculty of Kangwon Nation-
al University in March 2024. Dr. Seonwoo Kim and Dr. Jinsol Seo
joined the group.

With Profs. Tom Alberts and Sung-Soo Byun, Prof. Nam-Gyu Kang im-
plemented a version of CFT with a central charge of one in a multiply
connected domain and proved Eguchi-Ooguri'’s version of Ward's
equations fo present its connection to SLE with parameter 4. In collab-
oration with Prof. Christian Webb et al., Dr. Sung Chul Park showed
that correlations of the massive Ising model may be bosonized and
identified with those of a massless sine-Gordon model. This result pro-
vides additional context for the field theory, whose correspondence
to the discrefe model under a scaling limit was demonstrated in joint
work with Profs. Dmitry Chelkak and Konstantin Izyurov. With Profs.
Claudio Landim and Insuk Seo, Dr. JungKyoung Lee fully character-
ized the metastable behavior of overdamped Langevin dynamics,
which possess a Gibbs invariant distribution. They identified all criti-
cal time scales, in which the behaviors are described by appropriate
Markov chains, and analyzed the dynamics at both critical and inter-
mediate time scales. With Profs. Beom-Seok Han and Kunwoo Kim,
Dr. Jaeyun Yi proved that the solution fo SPDEs with colored noise in
higher dimensions can have the compact support property. He also

studied the Lp regularity theory of SPDEs with strong dissipativity and

Korea Institute for Advanced Study

superlinear noise. With Dr. Jaehoon Kang, Dr. Daehan Park attained
Lp regularity of the solutions for parabolic PDEs with operators with
an implicit scaling condition. In addition, with Dr. Jae-Hwan Choi
and Jaehoon Kang, he attained maximal regularity of the solutions
for parabolic PDEs with anisofropic non-local operators with measur-
able coefficients. In a joint project with Prof. Geunsu Choi, Dr. Mingu
Jung investigated a quantitative approach to the localization of the
Daugavet property. With Prof. Sheldon Dantas et al., he examined
infinite-dimensional linear structures of the set of non-norm-attaining
objects and their related properties. In a joint project with Andreas
Seeger, Dr. Jaehyeon Ryu obtained a sharp range of the Lebesgue
exponent for the boundedness of the Nevo-Thangavelu maximal

operator on general two-step nilpotent groups. In a collaborative

study with Profs. Eunhee Jeong and Sanghyuk Lee, he resolved the
Bochner-Riesz summability problem for a twisted Laplacian in two

dimensions.

In 2023, the Analysis & Probability group organized 55 seminars
featuring scholars from both domestic and international institutions.
The international speakers were from Bielefeld, Bristol, Cambridge,
Carnegie Mellon, Chicago, Chung Hsing, Florence, Granada, Hel-
sinki, KTH, Madrid, Melbourne, Munich, Princeton, Reading, UIUC,
Valencia, and Washington. The seminar topics covered Banach spac-
es, C*-algebra, Fourier analysis, jump Markov processes, Lp-theory,
metastable systems, quantum information, random geometry, random

matrices, spectral theory, spin glass, and Yang-Mills theory.

www.kias.re.kr

School of Mathematics

Algebraic geometry

In addition to classical algebraic geometry, members of the Al-
gebraic Geometry group cover a wide range of research areas
including Fano varieties, K-stability, Gromov-Witten theory, and

Donaldson-Thomas theory.

In 2023, we hosted four international conferences on algebra-
ic geometry. Hyeonjun Park and Young-Hoon Kiem organized a
workshop on moduli spaces, virtual invariants, and shifted sym-
plectic structures in June that attracted internationally leading
experts on virtual invariants and derived algebraic geometry, in-

cluding Dominic Joyce, Martijn Kool and Tony Pantev. Eighteen

15



speakers delivered 32 lectures that covered most of the recent
exciting interactions between the two areas. In September, Yaox-
iong Wen and Young-Hoon Kiem, together with Sang-Bum Yoo,
organized the workshop on the geometry of the moduli spaces
of the Higgs bundle which summarized recent progress related
to the P=W conjecture and its applications. Speakers included
Tamas Hausel, Mirko Mauri and Yuuji Tanaka. In October, we
hosted the international conference Algebraic Geometry in East
Asia. In November, Livia Campo and Young-Hoon Kiem, togeth-
er with three external colleagues, organized the conference on
Fano varieties, their geometry, and moduli, which attracted major
researchers including Paolo Casini, Miles Reid and Yuri Prokhor-
ov. Furthermore, the algebraic geometry group co-organized two
workshops on interdisciplinary topics to address emerging math-
ematical challenges. Regular algebraic geometry seminar series
were also organized by Jeongseop Kim, Junho Choe, Hyunsuk
Moon, and Hyeonijun Park, which served as a meeting ground for

all members to share new developments.

Below are the individual research activities of algebraic geometry

group members in 2023 in alphabetical order.

Livia Campo published several papers concerning the birational
geometry of Fano varieties, especially in dimension 3. The papers
“Sarkisov links for index 1 Fano 3-folds in codimension 4”and
“High-pliability Fano hypersurfaces” describe the birational class
of certain families of Fano varieties in the framework of the mini-
mal model program. In “Fano 3-folds and double covers by half
elephants”, she explicitly constructed 52 deformation families of
index 2 Fano 3-folds in high codimensions. In “Non-solidity of
uniruled varieties”, in collaboration with a mathematician from
Université Paris-Saclay, she gave a criterion to determine non-so-
lidity for uniruled varieties beyond dimension 3. In 2023, she
gave talks at Chungnam National University, POSTECH, Roma
Tre University (ltaly), ICTP Trieste (ltaly), University of Nottingham
(UK), and the Italian Embassy of Seoul. In addition, she was an
invited participant to the Simons Center conference “Higher Di-

mensional Geometry”, taking place in Stony Brook (USA).

Korea Institute for Advanced Study

In collaboration with Prof. Sijong Kwak and Prof. Jinhyung Park,
Junho Choe generalized the celebrated gonality conjecture to
higher secant varieties to curves. This extension shows that the
gonality sequence of a curve can be read from the vanishing/
nonvanishing patterns of syzygies of higher secant varieties to the
curve. He also worked on two combinatorial studies. One was a
joint project with Dr. Jaewoo Jeong on a combinatorial counter-
part of the classification problem for projective varieties whose
higher secant varieties have minimal degree from the perspective
of Froberg’s theorem. The other was a joint study with Prof. Kang-
jin Han on the property N_p of reciprocal varieties for Gaussian
graphical models. Young-Hoon Kiem published three research ar-
ticles in 2023: (1) “Fano visitors, Fano dimension and Fano orbi-
folds” written jointly with Kyoung-Seog Lee in a Springer volume;
(2) “Localizing virtual cycles for Donaldson-Thomas invariants of
Calabi-Yau 4-folds” written jointly with Hyeonjun Park in Journal of
Algebraic Geometry; and (3) “Representations on the cohomolo-
gy of MOn bar” written jointly with Jinwon Choi and Donggun Lee
in Advances in Mathematics. He gave 11 invited talks at various

places including Taipei, Tokyo, and Guangzhou.

With T. Okada and J. Won, In-Kyun Kim proved that any biration-
ally superrigid quasi-smooth Fano 3-fold weighted hypersurface
of index 1 is K-stable and admits a Kaehler-Einstein metric. Ad-
ditionally, with J. Kim and J. Won, |.K Kim discovered an infinite
set of singular del Pezzo surfaces that are neither K-semistable nor
contain any anticanonical polar cylinder. Finally, with J. Park and
K. Won, |.-K Kim proved that the first secant variety of a rational
normal curve is K-polystable, hence it admits a weak Kaehler-Ein-

stein metric.

With Evisung Park, Hyunsuk Moon published a study about the
rank structure of some quadratic varieties under the tifle “On the
rank index of some quadratic varieties”. On the previous paper,
they proved that Veronese embedding is only generated by rank 3
quadrics. In this paper, they investigated the rank structure of some
classical quadratic varieties such as rational normal scrolls, Segre va-

rieties, Grassmannians of lines, and del Pezzo varieties. In addition,

Hyunsuk Moon submitted the paper “Some remarks on the Kp]
theorem” with Euisung Park and Yeongrak Kim. In this paper, the
authors completely classified varieties X with nonvanishing Befti num-
ber b_(e-1,1)(X) such that X does not lie on a variety of minimal de-
gree. They are exactly cones over smooth del Pezzo varieties whose

Picard number is less than or equal to dim(X)-1.

Hyeonjun Park gave seminar talks at ETH Zurich, Utrecht Univer-
sity, Universite Toulouse, Imperial College, and Kavli IPMU, and
invited talks at the Yeungnam Seminar on Algebraic Geometry X
and Workshop on Quantum Analysis 2023. He was a lecturer for
mini-courses at the Workshop on Moduli Spaces, Virtual Invariants
and Shifted Symplectic Structures (KIAS) and at the Hausdorff In-

stitute for Mathematics.

Yaoxiong Wen collaborated with M. Shoemaker and N. Priddis to
study generalized quiver mutations for resolutions of deferminan-
tal varieties. He also worked with X. Su, B. Wang, and X. Wen
to investigate mirror symmetries for parabolic Hitchin systems of

types B and C. In collaboration with Sanghyeon Lee, he studied

www.kias.re.kr

School of Mathematics

the Vafa-Witten invariants for smooth-fibered surfaces. Moreover,

he gave invited talks at several international conferences on gen-
eralized quiver mutations and mirror symmetries for parabolic
Hitchin systems. He also organized the conference “Concerto
in Quantum K Theory” with Professor Yongbin Ruan at Zhejiang

University.

Physical Mathematics

The Physical Mathematics group, led by Prof. Hyun Kyu Kim, who
joined the faculty of the School of Mathematics at KIAS in Septem-
ber 2023, 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 surfaces, 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.
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