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* Panthera uncia
Snow leopard
£ 401 ..

Panthem tigris
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Mustela nivalis
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Clouded leopard

Panthera
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African palm civet 1
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Raccoon !
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Red fox

i "= canis lupus familiaris
Domestic dog
2

Caniformia

SYHETT TIZA LTV D R0 & el L ¢, fE
DR 7 T A% U 7 BERIEL <AThhTnd Z &3
Doz, AFEL, BIRERORITESNTY Y —HiE
EEBIZT T, 7T AZY LG R Y. F—ZDENn
ToAEE A DR 0 ERECHE L TS EWR D, ATIEOF]
X, Xy hU—IfEL S ) — RIZ 12T 2E#RINT
WD T Y NS TV DR EHENRX 7 VAT RO
BEREFRT DMEETNMIEL TWDRICH D, OF
D, ERENTT oYY —iF, EERREOETLE L
THRARETH D,

4. FLOLREE

BAEWHER TR X< VSN S TN ZFH LT, 1
WABDIZDD—DD— AR A T — L aRE LTz, (Ih
L b RAOSAGRE D bR SNt T V3 T4 e fsk
bX, TREFHL T, bLONMmMBEKEHT - FFHT
ELHTENIoTe, THUT, —ROERET L THITHO
NTEY, Ty ROREFE SRS T v 4 A i
EISGELE LTHEx 5 L, FRUC—FIV Ty FROKE
EHATHE IR ENTELZ LT LS MBEATND
DIVONDIREDEKRD S D & 72 2 DI, %”®fﬁ%
XANEE =2 —F 3y NT—27 THOW LI LIRS
BTIERL, TUYARKRRTLIZERE TR TCHDLAT
b, TOFRIE, FLIZ, VAT LEZ2HELILED
W O G WER L, R FRICERD & 5 w3 Sk

Felis catus
Domestic cat
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s
o
Acinonyx jubatus
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e
Ursus spelaeus
Cave bear (extinct) 0.2
. . 3
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-~ L Ailurus fulgens
s Red panda
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Winning the 2026 Young Scientist Award of
the Physical Society of Japan

Zhuo Yang, Project Research Associate, Miyata Laboratory

At the 2026 Spring Meeting of the Physical Society of
Japan, held on March 24, I was deeply honored to receive
the Young Scientist Award (Division 8: Strongly
Correlated Electron Systems) for my work on hidden fine
structures in the thermodynamic probing of Landau
quantization under high magnetic fields. 1 am
particularly humbled to be recognized within Division 8,
a community that places strong emphasis on the
fundamental understanding of correlated electron
systems. This recognition is especially meaningful to me,
and I would like to sincerely thank the selection

committee and the colleagues who have supported my

research over the years.

Landau quantization is a fundamental phenomenon in

which a continuous electronic spectrum becomes
discretized into Landau levels (LLs) under an external
magnetic field. As the field strength varies, the
singularities associated with these Landau levels
periodically cross the Fermi energy, leading to oscillatory
responses in a wide range of physical properties. These
quantum oscillations are most prominently observed as
the Shubnikov—de Haas (SdH) effect in electrical
transport and the de Haas—van Alphen (dHvA) effect in
magnetization. Since the first observation of SdH
oscillations in bismuth in 1929, the study of quantum
oscillations has developed into one of the most powerful
approaches for probing the electronic structure of

quantum materials.

In the early stage of my research career, I mainly used
Landau quantization as a tool to investigate the carrier
effective masses and excitonic properties of hybrid
perovskites, an emerging class of semiconductors with
considerable potential for photovoltaic applications [1].
Although the materials themselves were new and

exciting, the underlying methodology remained largely

11 MEMZEX V6o B2 5

conventional: Landau quantization was primarily
employed as a diagnostic probe of electronic structure.
During this period, I gradually began to wonder after
nearly a century of research, could there still be
unexplored physics hidden within Landau quantization
itself, rather than simply using it as a characterization

tool?

Motivated by this question, I turned my attention to
quantum oscillations in thermodynamic probes, such as
specific heat and the magnetocaloric effect, which had
long remained relatively unexplored because of their
limited experimental resolution. Previous studies of
thermodynamic quantum oscillations were largely
restricted to low magnetic fields far below the quantum
limit, typically accessible only with conventional
superconducting magnets. Against this background, I
investigated the high-field thermodynamic properties of
semimetal graphite and the Kondo insulator YbBi12 using
high-resolution specific heat and magnetocaloric effect
measurements in magnetic fields up to approximately 50
T. In both systems, I discovered previously hidden fine
structures near the quantum limit, appearing as
and developed

characteristic double-peak features,

theoretical interpretations for their origins.

In graphite, the double-peak structure that I observed
could not be explained within the conventional Lifshitz—
Kosevich (L-K) framework, the standard theoretical
description of quantum oscillations. Instead, I found that
this hidden fine structure originates from the Fermi—
Dirac distribution function itself. Remarkably, the
separation of the double peaks is directly linked to the
electron effective mass and the Landé g-factor, allowing
these quantities to be determined independently of

conventional L-K analysis [2].



A similar double-peak structure was later identified in
the high-field specific heat of the Kondo insulator YbBiz,
a system that nominally lacks itinerant charge carriers.
By combining magnetotransport, magnetocaloric effect,
and specific heat measurements under high magnetic
fields, I proposed that the observed thermodynamic
oscillations may originate from charge-neutral fermionic
excitations rather than conventional free electrons [3].
The microscopic origin of these unusual neutral fermions
remains unresolved, although theoretical considerations
suggest possible connections to composite excitons or

Majorana fermions.

Looking back, what fascinated me most throughout these
studies was not only the emergence of unexpected
physical phenomena under extreme conditions, but also
the realization that even in a field explored for nearly a
century, fundamentally new questions can still emerge

from careful thermodynamic observations.

Receiving this award is especially meaningful to me, as
it marks an important transition from an eight-year
postdoctoral journey to the next stage of my career as an
independent researcher. I would like to express my
deepest gratitude to my PhD supervisor, Prof. Duncan
Maude, which has played an essential role in sustaining
my curiosity and passion for research. I am particularly
indebted to Prof. Yoshimitsu Kohama, whose trust,
encouragement, and commitment to my research gave
me the freedom to pursue unconventional ideas in high
magnetic field physics. His support has profoundly
shaped both my scientific career and my way of thinking
as a researcher. I would also like to sincerely thank Prof.
Atsuhiko Miyata for his invaluable mentorship in grant
writing and laboratory management. My heartfelt
thanks go as well to my close collaborators and dear
friends—Prof. Amalia Patané, Prof. Laurence Eaves,
Prof. Christophe Marcenat, and Prof. Thierry Klein—for
their longstanding collaboration and support. Finally, I
am deeply grateful to ISSP for providing an outstanding
academic environment that has witnessed my growth

from a young researcher to an independent scientist.

Reference:

[1] Z. Yang et al., ACS Energy Letters 2, 1621 (2017).

[2] Z. Yang et al., Nature Communications 14, 7006
(2023).

[3] Z. Yang et al., Nature Communications 15, 7801
(2024).

Fig. 1 Dr. Zhuo Yang with the certificate of the 2026 JPS Young
Scientist Award.
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Byong-Guk Park
KAIST
bgpark@kaist.ac.kr

I had the great pleasure of visiting the group of Professor
Shinji Miwa at the Institute for Solid State Physics
(ISSP), the University of Tokyo, for four months. Prior to
joining KAIST, I worked at the Hitachi Cambridge
Laboratory in the UK and had the opportunity to visit
Tokyo on a yearly basis. However, this was my first
extended stay in Japan. During this period, I was able to
gain a deeper understanding of both Japanese daily life
and research culture, which made this visit particularly

meaningful.

During my four-month stay, I participated in two
research projects in the Miwa group. The first project,
carried out in collaboration with Jieyi Chen, focused on
the orbital torque generated in single-crystalline Ti and
its crystallographic orientation dependence. This work
took advantage of the Miwa lab’s advanced molecular
beam epitaxy (MBE) capabilities, which enabled us to
grow high-quality single-crystalline Ti (110) thin films
on MgO substrates. We quantified the orbital torques

generated in Ti and exerted on adjacent ferromagnetic

layers (Ni and NiFe) using harmonic Hall measurements.

These experiments were conducted in collaboration with
my KAIST group member. The preliminary results
revealed that the torque arising from the orbital current
exhibits a clear dependence on the crystallographic
direction. Furthermore, we observed a non-negligible
torque component along the x-direction at certain crystal
orientations, which has not been previously reported and
suggests the presence of additional mechanisms
requiring further investigation. This research has
continued even after my return to Korea. The second
project, conducted in collaboration with Xiaoyu Piao,
aimed to quantify spin currents generated in
antiferromagnetic NiO using spin diode effects. This

study was carried out using the well-established ST-
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FMR measurement technique developed in the Miwa
group. The experimental measurements have been
completed, and the data are currently under analysis.

Following this visit, I would like to continue collaborative
research on both topics with the Professor Miwa lab.
Furthermore, I hope this visit will serve as a starting
point for establishing a Korea—Japan collaborative
platform in spintronics to promote sustained research

collaboration and academic exchange.

In addition to my research, I actively engaged in
academic exchanges during my stay. First I delivered a
keynote talk at ‘International Symposium on Spintronics
with Antiferromagents and Altermagnets’, and 1 co-
organized the ISSP workshop ‘Spintronics Future
Prospects’ with Prof. Miwa, where we invited
outstanding researchers from Japan, Korea, and China
to discuss future directions in spintronic research.
Furthermore, I gave six invited seminars at major
universities and research institutes, including AIST,
Tohoku University, NIMS, Osaka University, the
University of Tokyo, and Kyoto University. These
presentations that focused on spin—orbit torque physics
and their potential applications provided valuable
opportunities for scientific discussion and collaboration.
Last, but not least, I would like to sincerely thank Ms.
Yuko Ishiguchi of the International Liaison Office at
ISSP for making my visit as smooth as possible. I am
deeply grateful for her time and effort she devoted to
helping me enjoy a comfortable and pleasant stay in
Japan. I also sincerely appreciate the support and
hospitality of Professor Shinji Miwa’s group members,
including Ms. Yukiko Kato and the students, whose
collaboration and discussions were invaluable
throughout my stay. I look forward to continuing our

collaboration and visiting ISSP again in the near future.
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Salvador Barraza-Lopez

University of Arkansas

sbarraza@uark.edu

The main outcome from my visit to the ISSP was
advancing a computational tool for calculating second-
harmonic generation (SHG) in collaboration with
Professor Taisuke Ozaki. Said tool expands wave-
functions on a basis set of localized atomic orbitals
(which are available in OpenMX), and it was developed
by Angiolo Huaman and Luis Enrique Rosas at my

research group.

The effort was supported from the beginning: Professor
Ozaki has developed this functionality on OpenMX and
was extremely kind to share unpublished results, which
gave us both a benchmark and an expectation of how our
results should look like. Angiolo, Luis Enrique and I used
most of Fall 2026 improving the methodology (which
included basic methodological changes as well as the
creation of a single parallel code) and rewriting a
manuscript. I parallelized and streamlined our code
while at the ISSP, and Luis Enrique successfully cleared
bugs in the last parts of it. Details of a proof-of-principle
code were published in early 2026 (Huaman et al., J.
Phys.: Condens. Matter 38, 045901 (2026)). Other
additions are being coded, and we intend to continue this

collaboration as I return to America.

During my time at the ISSP, I was also able to further
collaborations with experimental groups at Arkansas
(arXiv:2602.03996), (arXiv:2510.03220),
Germany and China (Chang et al., Nat. Commun. 16,
11063 (2025); Ji et al., Adv. Funct. Mater. e24380 (early

Wisconsin

view, 2026)). Professor Ozaki also supported a visit by
experimental collaborator Kai Chang in early November
of 2025; the visit was critical to finalize three papers and
set directions for further collaboration. Most especially,
Professor Ozaki also allowed me to bring PhD student

Luis Enrique Rosas to Japan for a three-week stay with
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the purpose of finalizing significant details of our code
(Luis Enrique sits at the lower left in the picture). I will

always cherish Professor Ozaki’s generosity.

The stay at Tokyo also brought a chance to present my
research and to attend some of the multiple colloquia and
events; the number of international visitors is a
Institute’s stature and

remarkable sign of the

intellectual prowess.

I wish to close this report expressing my gratitude to
additional people who helped make this stay memorable:
Yuko-san (International Liason Office), Eguchi-san, Dr.
Swati Chaudhary, and Dr. Armando Pezo. I also thank
Professors Fukuda, Oka, Tsunesugu, and Tiantian
Zhang for multiple exchanges during my visit. Last but
not least, I shall thank Dr. Babu Prasad at Professor
Ozaki’s group, whose easy smile and helpfulness were

remarkable as well.

There are multiple fond memories from my time at the

ISSP, and I look forward to the possibility of coming back.

Salvador Barraza-Lopez
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Tiantian Zhang

Institute of Theoretical Physics, Chinese Academy of Sciences

ttzhang®@itp.ac.cn

Prior to joining ITP, I worked at the Murakami Lab at
Tokyo Institute of Technology, which has since been
renamed the Institute of Science Tokyo. However, my
previous stay in Japan coincided with the COVID-19
pandemic, which limited opportunities to visit other
institutions and research groups. During this recent visit
of Professor Oka at ISSP,

understanding of both Japanese daily life and research

I gained a deeper

culture. I was also able to visit several groups in Japan,
including the Minamitani Lab and the Niimi Lab at the
University of Osaka, Murakami Lab at both the Hongo
campus and RIKEN, as well as Hirahara Lab at the
Institute of Science Tokyo. These experiences made the

visit particularly meaningful.

On the second day after my arrival, thanks to the
arrangement by Oshikawa-sensei, I had the valuable
opportunity to present my work to Prof. Haldane and
receive his feedback. This valuable opportunity marked
the beginning of my visit at ISSP. During my six-month
stay, I actively engaged with members of the Oka group
and greatly benefited from our discussions, including
those with Swati, Ziyu, Naoki, Akihiro, Yuki, etc. I am
also thankful for the kindness and support extended by
members of the Ozaki group and the Kawashima Group,

including Babu, Fengfeng, etc. It was precisely this

active and stimulating research environment that
enabled me to complete a research project in the Oka
group. In this work, we proposed an experimental
scheme for directly probing the quantum geometric
and the

tensor of bosonic collective excitations,

manuscript is currently under review.

Finally, I would like to express my sincere gratitude to
Yuko for her dedicated support in making my visit both
smooth and enjoyable. In addition, I would like to extend
my best wishes to ISSP and all its members for continued
success and prosperity. I hope we can stay in touch and

continue our collaboration, and I look forward to meeting

again in the future.
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Time Speaker Title
9:30-9:35 Taro Nakajima Introduction
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9:35-9:45 Zenji Hiroi Opening remarks and introduction of the organization of ISSP
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<Session 1: Chair T. Nakajima (ISSP)>

Yasuhiro Ishida
(RIKEN-CEMS)

9:45-10:10
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10:10-10:35

10:35-10:55

<Session 2: Chair K. Takimiya (CEMS)>

10:55-11:20

11:20-11:45

11:45-12:00
12:00-13:30

Koichi Mayumi
(ISSP)

coffee break

Hiroya Nishikawa
(RIKEN-CEMS)

Maiko Kofu
(ISSP)

Nano structure and dynamics of multi-component materials investigated
by contrast variation neutron scattering with mathematical methods,

Emergent Ferroelectric Nematic and Heliconical Ferroelectric Nematic
in Polar Fluids

Hierarchical structure and dynamics of ionic liquids studied by neutron
scattering

Photo session (+ buffer time)
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<Session 3: Chair M. Tokunaga (ISSP)>
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13:55-14:20

14:20-14:45

14:45-15:10

15:10-15:35

Shingo Toyoda
(RIKEN-CEMS)

Masaki Gen
(ISSP)

Kirill Bulgarevich
(RIKEN-CEMS)

Yoshihiko Okamoto
(ISSP)

coffee break

<Session 4: Chair T. Yokouchi (CEMS)>
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16:00-16:25

16:25-16:50
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(ISSP)

Takashi Nakajima
(RIKEN-CEMS)

Takahisa Arima
(RIKEN-CEMS)

Poster session & ##4 (Discussions with foods and drinks)

All-optical control of an antiferromagnet via an inverse optical
magnetoelectric effect

Magnetic-field-induced Jahn-Teller transition from antipolar to polar
order above 100 T

Rational Design of High-Performance Organic Semiconductors based on
Simulation-Assisted Crystal Structure Manipulation

Introduction of Center for New Materials Research and Recent Progress
on the Development of Novel Cubic Materials

Nanosculpted magnetic helices with switchable nonreciprocity
Overview of the Quantum NanoLab: Nanofabrication for
Characterization and Applications of Quantum Materials

From single-qubit to multi-qubit operations in silicon quantum dot array

Closing remarks
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#ENEH : Beyond-Hermitian Quantum Physics
HEF : 2026 4 6 H 1 H(H) & 3 Bi~F& 4 I
D MERERACEE 6 B KasEE (A632)

F T o T X

®E:

Isolated quantum systems are described by Hermitian Hamiltonians. However, when they are open to surrounding
environments or subject to quantum measurements, one should go beyond the Hermitian framework. Beyond-
Hermitian physics has recently attracted a great deal of attention due to remarkable advances in experimental
techniques and theoretical methods in AMO, condensed matter and nonequilibrium statistical physics. Complete
knowledge about quantum jumps allows a description of quantum dynamics at the single-trajectory level. A subclass
thereof without quantum jumps can be described by a non-Hermitian Hamiltonian. Here, symmetry, topology and
many-body effects are fundamentally altered from Hermitian physics. In this talk, I will discuss what new potentials
can be liberated once we go beyond the Hermitian framework. I will illustrate them in the context of the quantum
speed limit, intermediate-state engineering, continuous quantum phase transitions and non-Hermitian topological
phases. I will also discuss applications of beyond-Hermitian quantum physics to statistical physics and condensed

matter physics, such as Yang-Lee zeros, nonunitary critical phenomena and non-Hermitian BCS superconductivity.
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i : Exotic Boundaries and Interfaces of Gapless Topological Matter
HEF : 2026 4F 2 H 27 H(®)  F#& 4 Bg~FiR 5 Iy

S - DERE AR 6 B 35 5 I J—% (A615)

##fili : Saranesh Prembabu

g : Harvard University

TE:

Exotic Boundaries and Interfaces of Gapless Topological MatterWe study boundary and interface phenomena in
symmetry-enriched critical matter, including gapless symmetry-protected topological (gSPT) phases, asking how
critical correlations yield a richer bulk—boundary correspondence. First, we analyze boundaries at a transition between
distinct SPT phases: incompatible edge modes lead to highly frustrated boundary behavior, including a non-Landau
“deconfined quantum critical” transition. Second, motivated by the search for lower-dimensional signatures of gSPTs,
we initiate a study of spatial interfaces between inequivalent gapless theories. The resulting non-invertible conformal
defects, which are tightly constrained and may host localized degenerate modes or anomalies, provide both a defining
indicator of symmetry-enriched criticality and a new window into the novel phenomena that gapless topological phases

exhibit.
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e b= 7 R — L DR B RO 7,

[1] L. D. Landau and E. M. Lifshitz, Fluid Mechanics (Pergamon Press, London, 1959).
[2] K. Yokota, M. Itami, and S.-1. Sasa, arXiv:2506.16002 (2025).
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B : Critical Phenomena on the Bethe Lattice
HIE £ 2026 4E 3 A 19 HOR) 1% 2 Bg~7F& 3 ¢
5 - MPERESE AR 6 B 55 5 30 —% (A615)
%Ml © Sawato Sen
& : Okinawa Institute of Science and Technology
i

We investigate the critical behavior of a family of Z2-symmetric scalar field theories on the Bethe lattice (the tree
limit of regular hyperbolic tessellations) using both the non-perturbative Functional Renormalization Group and
perturbation theory. Due to the hyperbolic nature of Bethe lattices, the Laplacian lacks a zero mode and exhibits a
spectral gap. We demonstrate that closing the spectral gap via a modified Laplacian leads to novel critical behavior
governed by interacting fixed points. This stands in contrast to the nearest-neighbor Ising model, which exhibits a
phase transition with mean-field critical exponents. We further comment on the possible reasons for such a deviation.

Based on arxiv:2601.01961
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B © Advancing Quantum Monte Carlo: Imaginary-Time Non-Equilibrium Dynamics and Non-Hermitian
Quantum Criticality

HIF : 2026 4F 4 F 22 HOK) Fi#& 2 I~
P : Online
M : LI, Zi-Xiang
i : The Institute of Physics, Chinese Academy of Sciences
e

In this talk, I will present two recent developments in the application of quantum Monte Carlo (QMC) methods to
strongly correlated fermionic systems. First, we explore imaginary-time non-equilibrium dynamics in the context of
Dirac-fermion quantum criticality. By utilizing non-equilibrium quantum critical scaling in the short-time regime, we
propose a novel framework to extract quantum critical properties even in models severely restricted by the fermion

sign problem. Applying this framework to the SU(3) repulsive Hubbard model, we identify an antiferromagnetic (AFM)

Bl B B B OB B mecccrccrecrciremieiresiesresressessassassnssassnssnssnsnssnnssnsnnsnnsnnsnns PIHEE L 0V 66 B2 B 50



quantum critical point belonging to a new Gross-Neveu universality class. In the second part, we use QMC to
investigate the non-Hermitian Hubbard model on the honeycomb lattice featuring non-reciprocal hopping. Our results
reveal that AFM order is surprisingly enhanced by the non- Hermitian, non-reciprocal hopping. Furthermore, we
demonstrate that at the quantum critical point separating the Dirac semimetal and the AFM phase, Hermiticity is

emergent, and the transition belongs to the Hermitian chiral XY Gross-Neveu universality class.
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1. Yin-Kai Yu, Zhi-Xuan Li, Shuai Yin, Zi-Xiang Li, Science Advances 12,eadz4856 (2026).

2. Yin-Kai Yu, Zhi Zeng, Yu-Rong Shu, Zi-Xiang Li, Shuai Yin, Phys. Rev. Lett. 136, 086502 (2026).
3. Chang-Yu Shen, Shuai Yin and Zi-Xiang Li, arXiv:2512.23361 (2025).
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I shall review the recent studies conducted in Yb-based delafossite AYbSe2 (A = Cs, Na, K, Tl, etc.), a two-
dimensional triangular antiferromagnet (TLAF).

The search for a quantum spin liquid (QSL) — a highly-entangled quantum state of spins — has been a central issue
in the condensed-matter physics. The primary motivation lies in the search for entangled states of quantum spins and
novel elementary excitations such as spinons, visons, Majorana fermions, etc. Experimentally, to discover a QSL state,

research has been conducted in materials having a geometrical frustration, such as a triangular, kagome, or pyrochlore
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lattice, or anisotropic interactions such as a Kitaev material.

Recently, there has been a surge of research done in two-dimensional TLAF materials known as delafossite AYbSe2,
in which the rare-earth ion Yb3+ serves as an effective spin 1/2 due to the crystal electric field effect.

In a TLAF, it has been shown that the ground state is not a QSL, but a long-range ordered state (120-degree
structure) if the spin interaction is limited to the nearest-neighbor Heisenberg interaction (J1). One needs to suppress
this ordered state by introducing a next-nearest neighbor (J2) to realize a QSL state. Researchers hope that replacing
the A site ion of delafossite allows us to tune the J2/J1 ratio, which may achieve a QSL state.

I shall provide a brief review of the research background of the TLAF and the experimental results obtained in

several delafossite materials.

B/ : Kitaev spin liquid in tensor network representation: from loop gas construction to topological
phase identification via quantum transfer matrix
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Quantum spin liquids represent one of the most fascinating yet elusive phases of matter, characterized by long-
range entanglement and fractionalized excitations. In this seminar, I present a unified tensor network framework for
understanding Kitaev spin liquids and their neighboring phases. Starting from a compact loop gas (LG) and string gas
(SG) construction for the spin-1/2 Kitaev honeycomb model [PRL 123, 087203 (2019)], I show how the key features of
the gapless Kitaev spin liquid — including symmetries, Z, gauge structure, criticality, and vortex-freeness — emerge
naturally in the tensor network language without invoking Majorana fermions. This framework is then extended to
the star lattice, where both Abelian and non-Abelian chiral spin liquids are identified through minimally entangled
states and their entanglement spectra [PRB 101, 035140 (2020)]. I further discuss applications to realistic Kitaev
magnets under magnetic fields using infinite tensor product states, revealing novel nematic paramagnetic phases in
the K-I'-T" model [Nat. Commun. 11, 1639 (2020)], and to the spin-1 Kitaev model, where a gapped Z, spin liquid with
Abelian anyons is established [Phys. Rev. Research 2, 033318 (2020)]. Finally, I present a recent development showing
that the interplay between global and local symmetries of the quantum transfer matrix provides a powerful diagnostic
for topological phases, enabling the identification of symmetry-enriched criticality and symmetry-protected edge

modes without extensive numerical simulations [Sci. Rep. 16, 1586 (2026)].
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A large Berry curvature prevalent in graphene multilayer systems can combine with strong interaction to create a
new phase of matter: topological electron crystals. These crystals carry nonlocal topology and Hall response,
challenging our intuition that electron crystals consist of semiclassically localized particles. In this talk, I will survey
some of the unusual properties of these crystals, and discuss model Hamiltonians that shed light on the mechanism

behind these crystals.
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Over the last decade, the notion of global symmetry has undergone a broad and fruitful generalization. In this talk,
I will discuss two striking applications of generalized symmetries: first, their role in constraining the low-energy
dynamics of quantum many-body systems; and second, their utility in organizing and classifying the logical operations
of quantum error-correcting codes. I will present a microscopic characterization of 't Hooft anomalies associated with
generalized symmetries in lattice models and explain how these symmetries constrain dynamics through Lieb-Schultz-
Mattis-type constraints. I will then describe how symmetry principles can be used to understand the logical operations
of stabilizer codes, highlighting important examples such as the transversal T gate in two-dimensional non-Pauli codes
realizing non-Abelian D4 topological order. This talk is intended as a broad summary of my work over the past few

years. I will aim to emphasize the common conceptual thread connecting these developments.
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Research on spin glasses has a long history of more than half a century. While the concept and the methodology

developed in the spin glass research has had far-reaching impacts on wider areas including bioscience and information
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science, a bit surprisingly, the original problem of spin glasses as magnets has not fully been understood yet, some
unsolved puzzles still remaining. Here, I shall return the origin, and deal with the issue of what is the true nature of
the ordering of spin-glass magnets, from the viewpoint of the “chirality’ — a multi-spin quantity representing the
handedness of the noncoplanar spin structure. The chirality scenario claims that the chirality is a true but hidden
order parameter of the real-world spin glass transition of Heisenberg-like spin glasses, i.e., nearly isotropic spin glasses
with weak random magnetic anisotropy including canonical spin glasses [1,2]. The scenario indeed provides various
predictions to real spin glass ordering. The experimental data are then examined from the perspective of the chirality

scenario, which seem, overall, supportive of the scenario.

[1] H. Kawamura, PRL 68, 3785 (1992); JPSJ 79, 011001 (2010).
[2] H. Kawamura, submitted to JPCM (2026).
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In recent years, spin polarization has been observed in helical polymers despite the absence of magnetism, attracting
significant attention. This phenomenon is known as chirality-induced spin selectivity (CISS). Although CISS is
believed to originate from lack of inversion symmetry in materials, its microscopic mechanism remains poorly
understood.

In this presentation, after reviewing the current theoretical and experimental status of CISS, we discuss the
magneto-rotational effect, which describes the conversion of angular momentum between electron spins and rigid-body
rotations. We then present a mechanism for the conversion between phonons and electron spins at a normal
metal/chiral insulator junction [1]. If time permits, we will also briefly discuss calculations based on a one-dimensional

polymer model [2].

[1] T. Funato, M. Matsuo, and T. Kato, Phys. Rev. Lett. 132, 236201 (2024)
[2] R. Sano and T. Kato, arXiv:2404.19000
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The optical manipulation of the macroscopic properties of solids is one of the main research directions in
contemporary condensed matter physics. The ability to control the magnetic and ferroelectric order parameter via
laser pulses has been demonstrated. Moving beyond order-parameter control, an emerging frontier is the tailoring of
collective excitations, and ultimately their dispersion relations, as a means to achieve a deeper and more versatile

control of material functionality.

Bl B B B OB B mecccrccrecrciremieiresiesresressessassassnssassnssnssnsnssnnssnsnnsnnsnnsnns PIHEE L 0V 66 B2 B 54



In this talk, T will focus on collective magnetic excitations and begin by introducing their dispersion relations in
antiferromagnets, the most abundant class of magnetic materials. I will briefly discuss how these excitations can be
coupled to charge degrees of freedom — a key concept underlying spintronics — highlighting recent progress involving
processes at terahertz frequencies [1-2].

The main part of the talk will address the optical manipulation and renormalization of magnon spectra. I will show
how resonant excitation of specific magnetic and electronic transitions drives the system into non-equilibrium states
in which magnon modes, that are not directly excited, become activated and substantially renormalized. Two distinct
physical scenarios will be discussed. In the first, optical excitation of electronic transitions modifies the magnetic
anisotropy in a 20-nm-thick magnetic film, leading not only to the generation of coherent magnons but also to an on-
demand frequency renormalization [3]. By tuning the pump fluence and the external magnetic field, both redshifts
and blueshifts of the magnon frequency are achieved, reaching up to 40% of its equilibrium value at room temperature.
In the second scenario, I will present an approach based on high-momentum magnons with wave vectors near the
edges of the Brillouin zone, which can be resonantly driven using midinfrared laser pulses. This excitation pathway
activates distinct zone-center modes whose amplitudes and frequencies are strongly renormalized compared to their
equilibrium values [4]. I will conclude by outlining future perspectives of this research direction, with the longterm

goal of achieving arbitrary optical control over magnon dispersion relations in quantum materials.

1
2
3
4

T. Mezger et al. Physical Review Letter 135, 076702 (2025).
M. Cimander et al. Nature Communications 17, 1480 (2026).
V. Wiechert et al. Nature Communications 17, 145 (2026).
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[4] C. Schoenfeld et al. Science Advances 11, 25 (2025).
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8 : Nonadiabatic current driven by phonon-induced quantum geometry in Dirac electron systems
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Recent measurements on 2d materials tuning between fractional quantum anomalous Hall phases and a plethora
of correlated electronic states call for a detailed understanding of the dynamics of anyons. In this talk, I will develop a
general theory of the statistical mechanics of anyon gases, valid in regimes where the anyons are sufficiently dilute.
With a minimal set of universal braiding and fusion data, along with information about the hierarchy of anyon gaps,
I will discuss how it is possible to construct a distribution function for any dilute anyon gas, as well as derive
thermodynamic observables. Our results are built on a new kind of anyon exclusion principle, which arises as a
constraint on fusion outcomes of physical states, complementing earlier proposals of fractional exclusion statistics.
Our approach unifies and streamlines a range of results for itinerant anyon models, from solvable lattice Hamiltonians

to large-N field theories.
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PR : Visualization of Concerted Ion Migration by Topological Data Analysis
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Solid-state electrolytes (SSEs) are promising materials for green energy technologies, including next-generation
batteries and electrocatalysts. One of the key mechanisms underlying their high ionic conductivity is concerted ion
migration, where the hopping motion of one ion triggers successive hopping events of nearby ions. This phenomenon
is inherently a many-body process involving both ion—ion and ion—lattice interactions. As a result, a general model
capable of describing how many ions participate in concerted migration and how such chain-like migration pathways
emerge has remained elusive. In this seminar, I will present a new graph-based theory that visualizes concerted ion
migration from ionic displacement vectors obtained in molecular dynamics (MD) simulations and enables quantitative
evaluation of ionic conductivity [1]. Finally, I will discuss local interactions among mobile ions from the perspective of

persistent homology analysis [2].

[1] R. Sato et. al., Chem. Mater., 38 (2025) 287.

DOI: https://doi.org/10.1021/acs.chemmater.5c02374
[2] R. Sato et. al., J. Chem. Phys., 158 (2023) 144116.
DOTI: https://doi.org/10.1063/5.0143387
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