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B © AT meets Theoretical Physics: machine learning assisted solution of a difficult problem in
frustrated magnetism
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Much has been made of the potential of Al to revolutionize the workplace. The range of tasks which can be performed
by machines is expanding rapidly, and in many easily-defined tasks, such as playing chess, machines now comfortably
out-perform humans. Al also brings the opportunity to automate many of the routine, repeated, tasks which arise in
scientific research. But how Al will impact on the creative, conceptual, and problem-solving aspects of science, remains
an open question.

In this talk we examine how Al contributed to the solution of a difficult problem in frustrated magnetism: the phase
transition from a spin liquid described by a tensor gauge theory into a previously unknown form of magnetic order.
This problem, which had defied conventional numerical simulation, was solved through a generative use of support
vector machine (SVM), without prior training on related problems. However, neither the contributions of the SVM,
nor that of the human researchers, proved decisive by themselves. Rather, success followed from a process resembling
a collaboration between man and machine. We argue that this kind of “collaboration” may become the norm, especially

in research involving large sets of data.

[1] “Identification of emergent constraints and hidden order in frustrated magnets using tensorial kernel methods of
machine learning” J. Greitemann et al., Phys. Rev. B 100, 174408 (2019).
[2] “Human-machine collaboration: ordering mechanism of rank—2 spin liquid on breathing pyrochlore lattice”, N.

Sadoune et al., arXiv:2402.10658
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The effective control of phonon cannot only provide a new perspective for the understanding of physical processes
such as thermal conductivity and electroacoustic coupling, but also promote the realization of related applications.
However, the fundamental properties of “zero spin” and electrical neutrality make the means of manipulation of
phonons very limited. Around 2018, with the popularization of topological band theory to solid phonon spectrum, and
the establishment of a first-principles method to calculate topological phonon in real material systems [1], the degree
of freedom of “topology” was successfully introduced into phonon systems, and it offers a way to modulate phonons. In

the first part of the talk, I will introduce the theoretical and experimental results of several topological phonon
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materials, such as the double-Weyl phonon material FeSi [1-2], the twofold quadruple Weyl phonon material BaPtGe
[3-4], and the node-line phononmaterial MoB2 [5].

In addition to “topology”, phonon can also have a degree of freedom called “chirality”. For example, chiral phonons
with non-zero circular polarization play an important role in the inter/intra-valley scattering of electron valleys and
the light selection transition in the system that breaks the time-space inversion symmetry. However, in the past, most
of the studies on chiral phonons were limited to two-dimensional systems, and the carrying group velocity was zero,
which is not conducive to the practical application of chiral phonon in information dissemination [6]. Therefore, the
second part of the report focuses on extending chiral phonon research to three-dimensional chiral crystal systems [7],
and verifies the existence of chiral phonon at the center of BZ with high group velocity in a-HgS and elemental Te [8-
9]. Finally, the talk will also explore the relationship between Weyl phonon and chiral phonon [9], as shown in the
Figure below.
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28 © Al Techniques for Materials Synthesis
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Lab tour (semi-autonomous PLD tools)
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If a physical system is perturbed from equilibrium, the rate that it equilibrates is an important measure of its physics.
In condensed matter physics, we are used to measuring such rates in the context of linear response to electromagnetic
fields. For instance, the rate that current decays in a metal after an electric field impulse can be related to the width
of its low-frequency “Drude” response in the optical conductivity. The rate that polarization decays after polling a
liquid with an E field corresponds to the width of the broad peak in the Debye relaxational functional form. In contrast,
the rate of energy relaxation is a fundamental rate that governs many processes in solids, but which is unfortunately
not measured straightforwardly via conventional electrodynamic linear response. However quite generically, this rate
can be measured in various non-linear chi3 spectroscopies. I will discuss recent technical developments in the form of
THz range 2D coherent spectroscopy (and its relatives) that allow us to get new information about energy relaxation
in correlated and topological metals, as well as disordered electron glasses. I will discuss a number of systems and
phenomena in which unconventional dynamics and energy relaxation govern their low energy behavior. I will give
number of examples of the power of these new techniques to strongly interacting metals, Dirac semimetals, collective

modes in superconductors, electron glasses, and 1D spin chains.

B8 : Generation scheme of symmetry-adapted closest Wannier model
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T.Ozaki has recently developed a new method to construct the closest Wannier (CW) orbitals to a given set of
localized guiding orbitals [1]. In the CW formalism, the disentanglement of bands is achieved with no iterative

calculations, significantly reducing computational costs. In this talk, I will present a generation scheme of the CW
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model that respects the symmetry of the system by introducing the post-processing symmetrization step based on the
symmetry-adapted multipole basis (SAMB) [2]. Since the symmetry properties of the CW orbital and its guiding atomic
orbital are equivalent, we can define SAMBs as the complete and orthonormal matrix basis set in the Hilbert space of
the CW orbitals. It is shown that the CW Hamiltonian can be expressed as a linear combination of SAMBs belonging
to the identity irreducible representation, and the symmetry of the model is fully recovered. We demonstrate how our
method works in the case of Nb. We further show an additional usefulness of the present method by modeling the
chiral Tellurium crystal. We show that the weight of the electric toroidal quadrupole (Gu) is most dominant and much
larger than that of the electric toroidal monopole (GO), and Gu plays an important role in stabilizing the helical
structure of Tellurium. The present method is implemented in the open-source Python library, SymClosestWannier

[3].
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[1]1 Y. Kato et al., J. Phys. Chem. Lett. 6, 5111-5115 (2015).
[2] K. Inoue et al., Nat. Commun. 7, 13415 (2016).
[3] K. Inoue et al., J. Phys. Chem. B 122, 6453—6461 (2018).
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P : Machine Learning for Quantum Materials
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Decades of efforts by the quantum materials research community drove a “data revolution.” Modern experimental
modalities produce high-dimensional data in large volumes. Unprecedented control and new facilities imply new
dimension and new knobs, such as time-resolved probing or scanning probing. Moreover, massive amounts of high-
throughput ab-initio data and curated experimental data are becoming accessible to researchers. Much needed are
data-centric approaches that accelerate discoveries from these data through synergetic interaction with expert human
researchers’ insights. A synergy between data science and quantum materials research is essential for such endeavors
to result in scientific progress. I will present cases of fruitful collaborations that led to new insights and started to
shape an approach to data sets of the new era. Specifically, I will discuss how to use unsupervised learning to discover
new physics from large volumes of evolving data and how to use supervised learning to uncover descriptors of emergent
properties from limited volume of expertly curated data. If time permits, I will discuss new efforts to using language

models for routine calculations such as Hartree-Fock mean field theory.

B’ : Non-Abelian Hopf-Euler insulators
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Many free-fermion topological phases of matter such as the Chern insulator are characterised by topological
quantum numbers assigned to single isolated bands. While such single-band phases are now well understood,
intriguing features remain to be explored within topological band theory. I will explain how nodes in real Bloch
Hamiltonians carry non-Abelian topological charges which arise from the geometry of the classifying space. Moreover,
by braiding these nodes around each other in reciprocal space, it is possible to induce a ‘multi-band’ topological phase,
where the two band subspace supporting the nodes is labelled with an integer, the Euler class. Another example of a
multi-band topological invariant is the Hopf invariant, which characterises three dimensional complex phases and
provides a solid state realisation of the Hopf fibration. Such systems can also host Chern numbers on each coordinate
plane within the Brillouin zone; I will describe how the presence of such subdimensional invariants influences the bulk
Hopf invariant. Finally, I will discuss a real topological phase in 3D which possesses a bulk Hopf invariant and 2D

Euler classes. These systems have nontrivial quantum geometry, and appear to host unusual nodal line structures.

[1] arXiv:2405.17305 (2024).

[2] Nat. Phys. 16, 1137—1143 (2020).
[3] Phys. Rev. Lett. 101, 186805 (2008).
[4] Phys. Rev. B 94, 035137 (2016).

[5] Phys. Rev. B 108, 125101 (2023).
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8 Network topology reveals robust adaptation phenomena in biochemical systems
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Maintaining stability is a critical issue for living systems. Robust perfect adaptation (RPA) is a control-theoretical
mechanism that enables certain output variables to attain and sustain desired values despite external disturbances
in a robust manner. RPA helps the survival of living systems in unpredictable environments, and as such there are
numerous examples of biological implementations of this feature. However, identifying RPA properties and associated
regulatory mechanisms is a highly nontrivial problem given the complexity of biological systems.

In this talk, we aim to elucidate the essential role of network topology in the phenomenon of RPA [1]. We have
recently shown that the RPA properties in a deterministic chemical reaction system can be characterized by topological
characteristics of subnetworks. This connection allows us to enumerate all the RPA properties implemented in a
reaction network efficiently. Furthermore, we explicitly identify the integral controllers that work in concert to realize

each RPA property.

Reference:
[1] Yuji Hirono, Ankit Gupta, Mustafa Khammash,

“Complete characterization of robust perfect adaptation in biochemical reaction networks,”
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There are no clean samples in nature. Therefore, can one meaningfully quantify the effects of disorder on the
entanglement structure of quantum states? In this talk, we investigate the entanglement structure of Tomonaga-
Luttinger liquids (TLL) and random singlet (RS) states in an antiferromagnetically interacting Heisenberg spin chain.
We make use of entanglement witness based measures like concurrence, tangle and quantum Fisher information (QFI),
for this task, which can be related to experimentally accessible observables like spin correlations. Using quantum
Fisher information (QFI), we demonstrate that both TLL and RS states exhibit multipartite entanglement. This result
for the RS state, we attribute to the localization of multipartite entanglement below the crossover length. Additionally,
we show that the order of disorder average matters for measures like concurrence and tangle, and this can lead to false
inferences when ruling out RS states. Finally, we show that the low-temperature behavior of these witnesses can be
utilized to characterize the effects of disorder. From the low-temperature behavior of concurrence, we extract the
central charge information for the TLL state and conjecture this could be done for the RS state as well. Furthermore,
using the equal-time structure factor as a multipartite entanglement witness, we demonstrate a distinct growth in

multipartite entanglement in the two states.
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Membrane remodeling, including fusion and fission, plays a crucial role in various cellular processes. However,
understanding the intricacies of these topological changes can be challenging due to the involvement of large-scale
membrane rearrangements and their sensitivity to small-scale molecular behavior. Moreover, these remodeling events
face significant free-energy barriers that necessitate the presence of catalytic proteins. In this work, we utilize self-
consistent field theory (SCFT) in combination with the string method to identify the Minimum Free Energy Path
(MFEP). We thereby determine the most probable pathway for specific remodeling transitions implicated in cellular
signaling and organelle division. This approach has allowed us to discover a new pathway by which the fusion of
membranes may catalyze their fission. Furthermore, we extend conventional SCFT methods, introducing proteins
inspired by the dynamin family. These proteins facilitate fission by constricting membrane tubes. We find that the
free energy barrier to fission depends strongly on membrane tension and constriction. In addition to simply constricting
the membrane, dynamin’s PH domains are inserted between lipid head groups, inducing membrane distortion. Our
results emphasize the crucial role of this distortion in reducing the free energy barrier to fission. This research sheds
light on the underlying mechanisms of membrane remodeling and provide insights into cellular processes involving

topological changes.

R © SO(5)-symmetric deconfined quantum critical point in the extended JQ-model
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Since its original proposal [1], the existence and microscopic realization of deconfined quantum critical (DQC) points
with lattice models has been under extensive debate. Field-theoretic arguments for DQC provide a plausible scenario
where the quantum phase transition between a Neel phase and a valence-bond solid phase — two most basic phases
of matter in quantum magnetism — will generically be critical (and is dubbed DQC), despite the fact that they are
both spontaneous symmetry breaking phases with a priori completely unrelated symmetries. The so-called JQ model
has always been a prominent candidate for a microscopic model exhibiting DQC, but anomalous finite-size scalings
and violations with conformal bootstrap bounds had hindered conclusive resolution.

In this talk, I will present our recent efforts to clarify this situation. By examining various correlation functions in
the JQ model, we show that the DQC point actually has an additional relevant field, which implies the need for extra
parameter tuning to arrive at the true DQC point [2]. After observing a clearly first-order transition with emergent
SO(5) symmetry in a related JQ-type model [3], we recently conducted a large-scale numerical experiment for the JQ
model with an additional parameter that extends the phase diagram [4]. Our results are consistent with the existence
of an SO(5) symmetric DQC point in the extended JQ model phase diagram, but only in the sign-problematic region
for quantum Monte Carlo. Although the true DQC point is not directly observable, we show how the extrapolated

critical exponents match very well with recently calculated values from sophisticated conformal field theoretic fuzzy
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sphere calculations [5].

[1] T. Senthil et al., Science 303, 1490 (2004).

[2] B. Zhao, JT, and A. Sandvik, PRL 125, 257204 (2020).

[3] JT and A. Sandvik, PRR 2, 033459 (2020).

[4] JT, S. Hui, B. Zhao, W. Guo, and A. Sandvik, arXiv:2405.06607 (2024).
[6] Z. Zhou, L. Hu, W. Zhu, Y-C. He, arXiv:2306.16435 (2023).

B © Anomalous crystal shapes of topological materials
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Understanding crystal shapes is a fundamental subject in surface science. It is now well-studied how chemical
bondings determine crystal shapes via the dependence of surface energies on surface orientations. Meanwhile,
discoveries of topological materials have led us to a new paradigm in surface science, and one can expect that
topological surface states may affect surface energies and crystal facets in an unconventional way.

In this talk, we show that the surface energy of glide-symmetric topological crystalline insulators (T'CI) depends on
the surface orientation in a singular way via the parity of the Miller index. This singular surface energy of the TCI
affects equilibrium crystal shapes, resulting in the emergence of unique crystal facets of the TCI [1]. Furthermore, we
study the equilibrium crystal shapes of a topological insulator (TI), a TCI protected by mirror symmetry, and a second-
order topological insulator (SOTI) protected by inversion symmetry. In terms of the calculations of the simple tight-
binding model, we show that the various boundary states of the TI, TCI, and SOTI affect the emergence of the specific
facets [2].

Reference
[1] Y. Tanaka, T. Zhang, M. Uwaha, and S. Murakami, Phys. Rev. Lett. 129, 046802 (2022).
[2] Y. Tanaka and S. Murakami, Phys. Rev. B 107, 245148 (2023).
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Non-hermiticity of evolution operators appears in a wide range of physics, from classical to quantum systems [1].
Non-Hermiticity enables macroscopic accumulation of bulk states, named non-Hermitian skin effects [2]. They are
well-established for single-particle systems, but their proper characterization for general systems is elusive.

In this talk, we propose a general criterion of non-Hermitian skin effects, which works for any finite-dimensional
system evolved by a linear operator [3]. The applicable systems include many-body systems. A system meeting the

criterion exhibits enhanced non-normality of the evolution operator [4], accompanied by exceptional characteristics
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intrinsic to non-Hermitian systems. Applying the criterion, we discover a new type of non-Hermitian skin effect in
many-body systems, which we dub the Fock space skin effect. In particular, we investigate the interacting Hatano-
Nelson model to illustrate this concept, and find a difference in the behavior of non-normality in the single-particle
case and in the many-body case. We also discuss the Fock space skin effect-induced slow transient dynamics, which

gives an experimental signal for the Fock space skin effect.

[1] Y. Ashida, Z. Gong, and M. Ueda, Adv. Phys. 69, 249, (2020).
[2] S. Yao and Z. Wang, Phys. Rev. Lett. 121, 086803 (2018).
[3] K. Shimomura and M. Sato, arXiv:2403.13595 (2024).

[4] Y. O. Nakai, N. Okuma, D. Nakamura, K. Shimomura, and M. Sato, Phys. Rev. B 109, 144203 (2024).
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B8 : Scale-invariant transport in the cuprate superconductors
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Strange-metal state in the cuprate superconductors is defined by its T-linear resistivity in a broad range of
temperatures. Such behavior is can be understood in the general language of quantum criticality where the intrinsic
infrared cutoff energy scale depends on doping and vanishes near critical doping : near critical doping, the strange
metal behavior extends to the lowest temperatures.

To explore such quantum critical picture, we have performed an-plane transport — longitudinal and Hall -
measurements on LSCO cuprate near critical doping in a broad range of magnetic fields, up to 90 T. The observed
temperature and magnetic field dependence of resistivity reveal scale-invariant behavior where temperature and
magnetic field compete to set the infrared cutoff of critical fluctuations. Hall resistivity crosses over to a scale-invariant

behavior at very high magnetic fields.
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BijE : Exploring the interface between biophysics and nonequilibrium statistical physics
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What biophysics studies are life phenomena, and therefore in most cases they are nonequilibrium. The central topic
of statistical physics is also shifting towards nonequilibrium phenomena. However, the connections between biophysics
and nonequilibrium statistical physics are still limited. One reason for this is that both fields have increasingly
specialized in different directions: In biophysics, experimental techniques allow us to measure increasing amounts of
data, so we are able to study more and more complex phenomena, while in nonequilibrium statistical physics, recent
developments in mathematical techniques have led to increasingly rigorous mathematical approaches. Thus, few
attempts have been made to find “right size” phenomena that can serve as an interface between the two fields. If a
theory at the interface is found, the exchange between the two fields will progress and physics may be able to enter a
new phase.

In this seminar, I would like to introduce two examples of our attempts to explore the interface between biophysics
and nonequilibrium statistical physics. One is the mitochondrial alignment. Mitochondria are critical organelles in
eukaryotes that produce the energy currency ATP. In nerve axons, mitochondria are known to align at almost regular
intervals to maintain a constant ATP concentration, but little is known about the mechanism. We show that ATP
production and ATP-dependent nondirectional movement of mitochondria are sufficient for alignment, even without
an explicit repulsive force between them. This is similar to thermodynamic forces driven by thermal fluctuations, even
generated by nonequilibrium processes.

Also, I introduce the new theoretical concept, the Enzymatic Mpemba effect. Increasing the enzyme concentration
generally speeds up enzymatic reactions. However, I show that increasing the enzyme concentration can also slow

down the relaxation to the equilibrium state, and mechanism for this slowing is similar the Mpemba effect.
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B8 : Dynamics in the non-equilibrium state: Towards a more complete understanding how the
charge,spin,and lattice degrees of freedom interact
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One key challenge in the analysis of ultrafast experiments is the assignment of a particular pump-induced
observation to a specific degree of freedom that may cooperate or compete with another one. A seminal example is the
analysis of e-ph interaction by Allen [1]. Using specific probing and resonant pumping methods, which are typically
available in the experimental toolbox nowadays, very detailed microscopic understanding was developed, see, for
example, the work on the interface hybrid phonons regarding energy transfer across metal-oxide interfaces [2] and hot
electron injection and transport in heterostructures [3]. In this talk recent developments exploiting ultrafast soft x-ray
spectroscopy carried out at the femtoslicing facility at BESSY II, Berlin, and the spectroscopy and coherent scattering
(SCS) instrument at the European XFEL, Hamburg, will be presented. The experimental opportunities and related
challenges [4], key observations of ultrafast spectral changes at Ni or Fe L3 and O K absorption edges in metals [5,6],
charge transfer insulators [7], and films of Fe(II) spin-crossover complexes [8] will be discussed. Thereby, the manifold
scientific opportunities which exploit the element and site specificity of the spectroscopy to shed light on non-
equilibrium dynamics in condensed matter will be highlighted. Moreover, dichroic experiments, which provide specific

access to broken symmetry ground states, will be addressed.

1] P. B. Allen, Phys. Rev. Lett. 59, 1460 (1987).
2] N. Rothenbach et al., Phys. Rev. B 100, 174301 (2019).
3] M. Heckschen et al., PRX Energy 2, 043009 (2023).
] L. Le Guyader et al., J. Synchrotron Rad. 30, 284 (2023).
] R. Y. Engel et al., Struct. Dyn. 10, 054501 (2023).
6] T. Lojewski et al., Mater. Res. Lett. 11, 655 (2023).
7] T. Lojewski et al., arXiv:2305.10145.
8] L. Kammerer et al., arXiv:2312.01483.
Acknowledgement: Funding by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) — Project-
ID 278162697 — SFB 1242 is gratefully acknowledged.
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0:30- 11:00  RAE —¥  HPR

TDDFT for nonlinear/nonlocal light-matter interaction

$11:00-11:30 i BRR SRR

First-principles electron dynamics calculations for attosecond phenomena and nonlinear optics
O11:30-12:00  fHE HEAE HAURY:

Gauge problem in light-matter interaction
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$13:00-13:30 Ak f#E AR

Simulations of intense laser-driven multielectron dynamics using classical and quantum computers
13:30-14:00 /MMZ2 K— HRAEH: Quemix/ H AR

Efficient qubit encoding using a Lorentzian basis set for molecular orbitals in real space
$14:00-14:30 WA HST EFREERIRITE B S

Eliashberg theory in the uniform electron gas revisited

>14:30-15:00  gn A FOL  BEYESAREh SFA R H AL

Machine learning exchange-correlation potential in time-dependent density-functional theory
{$16:00-17:00 & B S —ABa T AT KF

[Theory Seminar] Coupled Quantum Dynamics of Electrons and Protons in Heterogeneous Environments

B : Coupled Quantum Dynamics of Electrons and Protons in Heterogeneous Environments
HIEE 0 202448 7 H 23 HCK) 8% 4 Be~F# 5 I
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The coupled quantum dynamics of electrons and protons is ubiquitous in many dynamical processes involving light-
matter interaction including solar energy conversion in artificial photocatalytic devices and photosynthesis. A first-
principles description of such nuclear-electronic quantum dynamics requires not only the time-dependent treatment
of nonequilibrium electron dynamics but also that of quantum protons. We discuss new real-time nuclear-electronic
orbital time-dependent density functional theory (RT-NEO-TDDFT) approach to study such dynamics in complex
extended systems. We apply the new first-principles method to studying coupled quantum dynamics of electrons and
protons in complex heterogeneous systems such as semiconductor-molecule interfaces and photoactive molecules in
water. Developing the fundamental understanding for such quantum dynamical processes at the atomistic level is
central to photocatalytic CO2 reduction, as pursued in the U.S. Department of Energy’s Energy Innovation Hub,
Center for Hybrid Approaches in Solar Energy to Liquid Fuels (CHASE) headquartered at the University of North
Carolina at Chapel Hill (UNC). Our work articulates how atomistic environments such as hydrogen-bonding water
molecules and an extended material surface impact the coupled quantum dynamical process. I will conclude by

discussing outstanding challenges and other related method development efforts from my research group at UNC.
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i : New Topological Invariants for Band Topology

HIEf : 2024 4E 8 A 1 HOK) Fi& 4 BRE~"F& 5 I
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®E:

The surface states of insulators and fully gapped superconductors can be detected by topological invariants in
momentum space (k-space). Well-known topological invariants include the Chern number, winding number, and the
number of irreducible representations at high-symmetry points. However, many topological invariants remain
unknown in the presence of crystalline symmetry, representing a significant challenge in the search for topological
materials.

In this talk, I will discuss an attempt to systematically and comprehensively construct topological invariants using
K-theory and spectral sequences[1]. During the spectral sequence calculation, k-space is divided into high-symmetry
points, lines, polygons, and fundamental domain. Each region is provided with an appropriate set of irreducible
representations for the construction of topological invariants. We propose a method to construct topological invariants
defined on one-dimensional subspaces of momentum space from the spectral sequence data[2].

In particular, for time-reversal symmetric superconductors with trivial point group representations of the gap
function, detecting topological superconductors by counting the number of irreducible representations (symmetry
indicators) is silent, although many topological phases exist[3]. Using our one-dimensional subspace invariants, many
classes of topological superconductors can be numerically detected. In the seminar, I will introduce the construction

method and discuss its practical applications.

B : Field-induced Deconfined Quantum Criticality in SrCu2(B03)2
HEF : 20244 8 H 2 H(®) “Fiii 11 Ri~"F# 0 Iy

5 : Online

Al : Prof. Weigiang Yu

FilE : Renmin University of China

LH:

Landau theory predicts no continuous quantum phase transition between two ordered states with different types of
symmetry breaking. However, in recent years, field theories and many-body computations based on some specifically
designed models support the existence of a second-order phase transition through a deconfined quantum critical point
(DQCP), accompanied by enhanced symmetries and fractional excitations [1]. In this talk, I present our recent NMR
evidence of a proximate DQCP [2] revealed in a Shastry-Sutherland compound SrCu 2 (BO 3) 2 [3]. A pressure-induced
quantum phase transition from a dimerized state (DS) to a plaquette singlet (PS) state [4-7] is confirmed at pressure

above 1.8 GPa. With applied field, a weakly first-order quantum phase transition emerges from the PS to the
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antiferromagnetic (AFM) state through Bose-Einstein condensation. Duality in the power-law scaling of transition
temperatures and an anomalous quantum critical scaling in the spin-lattice relaxation rates are revealed near the
critical field. These results establish concrete experimental existence of a proximate DQCP, and provide a platform for

further investigation of the properties of deconfined quantum criticality.

I : Revealing unique light-matter interaction of the amplitude Higgs mode in superconductors by
terahertz nonlinear spectroscopy
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Light-matter interaction in quantum materials is a critical aspect that elucidate their intriguing properties. In
particular, the terahertz (THz) frequency range is of great interest as it is the natural energy scale of quantum many-
body interaction between charge, spin, orbital, and lattice degrees of freedom. Recent advancements in generating an
intense THz pulse enabled the investigations of nonlinear light-matter interaction, which can provide information
unreachable by linear light-matter coupling. However, the study of nonlinear light-matter interactions is still in its
infancy, and experimental investigation is required.

Here, we will present the recent results of THz nonlinear spectroscopy applied to superconductors. Using THz two-
dimensional coherent spectroscopy (2DCS), we identified a unique paramagnetic nonlinear response of the amplitude
collective mode of the superconducting order parameter, namely the Higgs mode, in conventional superconductors
NbN [1]. Our findings demonstrate the ability of THz 2DCS to explore collective excitations inaccessible in other
spectroscopies. We will further discuss the results of THz 2DCS in the case of a multi-gap superconductor MgB2.
Finally, given the situation that the paramagnetic light-matter interaction plays an essential role in the THz
nonlinearity in superconductors, we reexamine our previous THz pump-probe experiments in high-temperature

cuprate superconductors Bi2Sr2CaCu208+x [2].

References:
[1] K. Katsumi et al., Phys. Rev. Lett. 132, 256903 (2024)
[2] K. Katsumi et al., Phys. Rev. Lett. 120, 117001 (2018)
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iR : Correlation versus dissipation in a non-Hermitian Anderson impurity model
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Strong correlations give rise to exotic phenomena which typically originate from the electron-electron interactions
in quantum materials. One of the central problems that reflect strong correlations is the Kondo effect, where localized
impurity spins are screened by conduction electrons realizing the Kondo singlet. Meanwhile, open quantum systems
have witnessed a remarkable development in recent years. In particular, non-Hermitian (NH) physics naturally arises
such as systems with gain and loss and has been intensively investigated thanks to the advancement in dissipation
engineering with ultracold atoms. As the many-body physics of the Kondo effect in closed systems is well understood,
here we ask the following question for open systems: how does the renormalization effect due to strong correlations
affect the nature of dissipation?

In this talk, we analyze the competition between strong correlations and dissipation in quantum impurity systems
from the Kondo regime to the valence fluctuation regime by developing a slave-boson theory for a non-Hermitian
Anderson impurity model with one-body loss [1]. Notably, in the non-Hermitian Kondo regime, strong correlations
qualitatively change the nature of dissipation through renormalization effects, where the effective one-body loss is
suppressed and emergent many-body dissipation characterized by the complex-valued hybridization is generated. We

unveil the mechanism of a dissipative quantum phase transition of the Kondo state on the basis of this renormalization
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effect, which counterintuitively enhances the lifetime of the impurity against loss. We also find a crossover from the
non-Hermitian Kondo regime to the valence fluctuation regime dominated by one-body dissipation. Our results can be
tested in a wide variety of setups such as quantum dots coupled to electronic leads and quantum point contacts in

ultracold Fermi gases.

[1] Kazuki Yamamoto, Masaya Nakagawa, and Norio Kawakami arXiv:2408.XXXXX to be submitted.

B’ : Wave function geometry for bulk photovoltaics
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Steady illumination of a non-centrosymmetric semiconductor results in a bulk photovoltaic current, which is
contributed by real-space displacements (‘shifts’) of charged quasiparticles as they transit between Bloch states. The
shift induced by interband excitation via absorption of photons has received the prevailing attention. However, this
excitation-induced shift can be far outweighed (<<) by the shift induced by intraband relaxation, or by the shift induced
by radiative recombination of electron-hole pairs. This outweighing (<<) is attributed to (i) time-reversal-symmetric,
intraband Berry curvature, which results in an anomalous shift of quasiparticles as they scatter with phonons, as well
as to (i1) topological singularities in the interband Berry phase (‘optical vortices’), which makes the photovoltaic current
extraordinarily sensitive to the linear polarization vector of the light source. Both (i-ii) potentially lead to nonlinear
conductivities of order mA/V*2, without finetuning of the incident radiation frequency, band gap, or joint density of

states. A case study of BiTel showcases the anomalous shift and optical vorticity in a realistic material.

B : Exact renormalization flow for Matrix Product Density Operators
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Matrix Product Density Operators (MPDOs) provide an efficient tensor-network representation of mixed states in
one-dimensional quantum many-body systems, often used to describe thermal states and steady states in dissipative
dynamics. While MPDOs generalize Matrix Product States (MPS), which effectively describe 1D pure states and are
associated with gapped ground states, the renormalization properties of MPDOs are more complex. In this work, we
investigate real-space renormalization group (RG) transformations of MPDOs, modeled as circuits of local quantum
channels. We impose that the renormalization flow must exactly preserve correlations between coarse-grained sites,
ensuring that it is invertible through other local quantum channels. We first show that unlike MPS, which always
admit well-defined isometric renormalization flows, MPDOs generally do not exhibit such exact flows. We introduce a
subclass of MPDOs with well-defined renormalization flows, showing that these states possess a coalgebra structure
and obey generalized symmetries described by Matrix Product Operator (MPO) algebras. Additionally, we explore the
fixed points of these renormalization flows, providing insights into the classification of mixed-state quantum phases

and the role of non-invertible symmetries in this subclass of MPDOs.
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B : Specifics of spin excitations in centrosymmetric helimagnets
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Noncollinear long-range ordered magnetic structures that break chiral symmetry can arise either as a result of
Dzyaloshinskii-Moriya interactions in lattices with broken inversion symmetry or as a result of bond frustration in
structurally centrosymmetric crystals. While in the former case the spin chirality is uniquely chosen by the lattice
symmetry, in the latter case the chiral symmetry is broken spontaneously, so that both right- and left-handed magnetic
domains can coexist. Using inelastic neutron scattering, we have studied spin waves in a number of centrosymmetric
helimagnets with different magnetic ground states. The cubic spinel ZnCr2Se4 is described by frustrated interactions
and represents a perfect model system for studying the Heisenberg model on the perfect pyrochlore lattice. Here, an
emergent energy scale of the pseudo-Goldstone magnon gap leads to highly nontrivial thermodynamic and thermal
transport properties and to the appearance of a field-induced spiral spin liquid state. The iron perovskite compounds
SrFeO3 and Sr3Fe207, on the other hand, avoid the simple spin-spiral state and form multiple-q orders of various
types, whose spin-wave spectrum is still a challenge for theoretical calculations. At elevated temperatures, all the
mentioned compounds exhibit an intense quasielastic spin-fluctuation spectrum in neutron spectroscopy, which
coexists with the sharp collective spin-wave excitations and could be a universal feature of the centrosymetric
helimagnets in general. It is possible that its origin is connected with the dynamics of domain walls that separate

helimagnetic domains of opposite chirality.
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[1] K. Nihongi et al., Rev. Sci. Instrum. 94, 113903 (2023).
[2] K. Nihongi et al., Phys. Rev. B 105, 184416 (2022).
[3] K. Nihongi et al., J. Phys. Soc. Jpn. 93, 084704 (2024).

B : Unveiling the Nexus Between Real and Momentum Space skyrmion in Correlated Systems
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In this talk, I will explore the emergent physics resulting from the complex interaction between real-space and
momentum-space topology in strongly correlated quantum materials, with a particular focus on skyrmions. Using
quantum Hall and quantum spin Hall insulators as key examples, I will explain the mechanisms behind skyrmion
formation through electron doping in these correlated and gapped topological systems. We provide a detailed analysis
of the phase diagrams and the formation of skyrmion lattices within the Kane-Mele-Hubbard model, supported by
calculations from both the unrestricted real-space Hartree-Fock and density matrix renormalization group methods.
In these systems, the doped electron and skyrmion form a composite object whose density is governed by the doped
electron density. This electron-skyrmion bound state is stabilized by the coupling between the orbital magnetization
of the Chern band and the emergent magnetic flux generated by the skyrmion. Moreover, we find that doping induces
quantum anomalous Hall crystals, which exhibit quantized Hall conductance and broken translational symmetry. Our
theory offers an intrinsic mechanism for the experimentally observed robust quantum anomalous Hall insulator over

an extended doping range near a filling factor of v =1 in twisted transition metal moiré superlattices.

Reference: Miguel Gongalves and Shi-Zeng Lin, arXiv:2407.12198
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i : Chiral phononics: Controlling materials with a twist
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Chiral phononics is an emerging field, in which the angular momentum of circularly polarized lattice vibrations is
utilized to control the properties of materials. When chiral phonons are driven coherently with an ultrashort laser
pulse, the light makes the ions in the material behave like electromagnetic coils, producing circular ionic currents
around their equilibrium positions in the crystal. This induces real and effective magnetic fields that can reach the
tesla scale, providing an unprecedented means for the manipulation of magnetic order. Here, I present our recent
theoretical predictions of novel phenomena arising from chiral phonon excitation, specifically light-induced
magnetization in antiferromagnets and light-induced multiferroicity in nonmagnetic nonpolar materials. Furthermore,
I will show how light can be used to make achiral materials chiral through a phononic rectification process that breaks
all improper rotation symmetries of the crystal structure. These predictions highlight phonon chirality as a

fundamental tool to create new functional properties in solids.

i : Critical spin models from holographic disorder
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Discrete models of holographic dualities, typically modeled by tensor networks on hyperbolic tilings, produce
quantum states with a characteristic quasiperiodic disorder not present in continuum holography. In this work, we
study the behavior of XXZ spin chains with such symmetries, showing that lessons learned from previous non-
interacting (matchgate) tensor networks generalize to more generic Hamiltonians under holographic disorder: While
the disorder breaks translation invariance, site-averaged correlations and entanglement of the disorder-free critical
phase are preserved at a plateau of nonzero disorder even at large system sizes. In particular, we show numerically
that the entanglement entropy curves in this disordered phase follow the expected scaling of a conformal field theory
(CFT) in the continuum limit. This property is shown to be non-generic for other types of quasiperiodic disorder, only
appearing when our boundary disorder ansatz is described by a “dual” bulk hyperbolic tiling. Our results therefore
suggest the existence of a whole class of critical phases whose symmetries are derived from models of discrete

holography. [arXiv:2409.17235]
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