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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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[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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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
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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)
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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.

References:

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).

4. Xue-Jia Yu, Zhiming Pan, Limei Xu, Zi-Xiang Li, Phys. Rev. Lett. 132, 116503 (2024).
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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.
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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.

i : Leveraging generalized symmetries in Quantum Matter and Quantum Codes
HIRF : 2026 4F 5 H 22 H(&) iR 4 BE~"F8& 5 I
5 - IYEDEEI AR 6 B 55 5 23— (A615)
AV R
g« RECRYE T2RRIEFERE PiBE LR Tl
i

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.
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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

57  PHWMIEELUE 66 258 e s «axmEHBNE


https://doi.org/10.1021/acs.chemmater.5c02374
https://doi.org/10.1063/5.0143387

