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The ISSP is

sophisticated experimental facilities

internationally well known for its
and my key
motivation to visit the institute for a research stay was
two-fold. At first the opportunity to participate in pump-
probe experiments which combine angle-resolved
photoemission with mid-infrared excitation, which is a
very recent development, got my attention. The reason is
that several years ago we speculated in a paper about
manipulation or control of the excited, non-equilibrium
response of solid-state materials that could be achieved
by tuning the excitation wavelength to suitable
resonances in comparison to unspecific laser heating of
the electron gas. Second, I had looked for an opportunity
to experience living and working Japan for a somewhat
extended time. My 6-month visit from October 2022 until
March 2023 turned out to provide exactly that and I can
now report that both goals were achieved. Together with
the “4gouki” team of Prof. Kozo Okazaki’s group we
obtained first tr-ARPES results using mid-infrared
pumping and we all hope that this collaboration will
remain fruitful in the coming time also after my

departure.

Arriving at the ISSP was very smooth and a real
pleasure due to all the preparations by the international
liaison office. My apartment and office were well
prepared, all formalities went well, and I was welcomed
in the research group. Thus, I felt home far away from
home more or less immediately, although Japan in very
different from my home country. I was stunned several
times by the overwhelming friendliness and help
provided by the Japanese people. I will never forget such

a unique experience.

Shortly after my arrival Dr. Takeshi Suzuki, the
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research associate of Prof. Okazaki, approached me with
the idea of a research seminar series to discuss the work
of the closely related researchers and on my work. This
series was not only a pleasure because I could share my
work, but in particular because of the truly exceptionally
high-quality discussion during and after the seminar. My
interaction with the participants was every time very
wide and deep. While not directly a consequence of this
seminar series the current planning of mutual exchange
of students between the ISSP and the Faculty of Physics,
University of Duisburg-Essen may have been supported
by it. Given the expertise in layered boron-based
materials Prof. Iwao Matsuda and his group proposed to
grow a crystal for a new table-top soft x-ray spectrometer
which my group in Duisburg has developed recently.
Already several weeks before my departure I received
the first crystal. What a welcome surprise! So, we still
had time for optimization and adjustment to the
experimental limitations. Furthermore, I am very
grateful for the opportunity to witness a high magnetic
field experiment in the MegaGauss laboratory which
broadened my experimental horizon considerably. This

was a truly impressive experience.

I had various opportunities to visit collaborators and

colleagues in dJapan. The discussions were very
interesting and promise to be fruitful in the future. I
visited Prof. Ryo Shimano at Hongo campus of the
University of Tokyo, who I know from his work close to
my own interest and we met at several conferences
already. The opportunity to discuss with Prof. Yoshihiro
Iwasa, Prof. Tetsuo Hanaguri, and Dr. Christopher
Butler on 17-TaS:2 was motivated by our mutual interest
and previous work on this very interesting layered

material. The chance to visit Profs. Kenta Kuroda and



Taichi Okuda in Hiroshima opened a further potential
collaboration and I am grateful for the opportunity to
visit the Peace Memorial. Furthermore, I visited with Dr.
Hiroshi Eisaki and Dr. Kunie Ishioka, who are
colleagues at the AIST and NIMS, respectively. These
visits were excellent opportunities and refresh our
collaboration and joint scientific interests. All in all, my
stay has proven to be a great opportunity to develop new
personal connections and start new collaborations. As

such it was very fruitful already.

Leaving the academic aspects aside, my visit was also an
unparalleled personal experience. The rich Japanese

culture and heritage is very impressing as I could

experience, e.g., jointly with my wife Dorte Schreinert in
Nikko. The beautiful Japanese nature is a real treasure,
which I experienced during hiking on Tsukuba mountain
jointly with the research group and on the occasion of a
bicycle tour in Ibaraki. All this is backed with an
excellent and unique cuisine and according to my own
experience it is simply impossible to get bad food in
Japan. Finally, I want to mention my various visits to
onsen places. I will miss these relaxation times and
various others, now cherished, activities. Since the
success of my efforts to learn Nihongo remains limited so
far, there are many reasons to return sometime in the

future.
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The ISSP visiting professor program opens the way not
only to establish a strong collaboration between
international research groups, but also to build a bridge

between different cultures.

I am greatly honored to take part in this program and be
a visiting professor at ISSP, the world-renowned
research institute. I was eager to start, in December 2021,
my visit of nine months in the group of Prof. Toshihito
Osada. However, due to Covid restrictions, my visit was
postponed to the beginning of June 2022. Before
arriving at Japan, the first thing which caught my
impression is the great efficiency of the ISSP
International Liaison office (ILO) staff, and in particular
Mrs. Yuko Ishiguchi and Ms. Ayano Hashiguchi, who
kindly took care of all the administrative procedures
related to my visit. Once I arrived at ISSP, I was deeply
touched by the warm hospitality of Prof. Osada and all
the members of his lab. Mrs. Hanae Ara, the secretary of
Prof. Osada-lab (Osa-lab) and Dr. Kazuhito Uchida were

of a great help and managed to smoothly organize my

stay in the lab.

During my visit, I enjoyed discussions with Osa-lab
members, especially during the weekly meetings, which
have been a nice opportunity to learn about
thermoelectric transport in Dirac materials and to
discover new topics of interest. I also leant a lot during
the seminars organized at ISSP. For my research
activities in ISSP, I first focused my priorities to conduct,
with Prof. Osada, a collaborative research on
thermoelectric transport in twisted heterostructure of
two-dimensional (2D) materials. However, Prof. Osada
introduced me, during several discussions, to spintronics

as a high-quality research area in Japan. He put me in
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contact with Prof. Takeo Kato who is leading a
theoretical group at ISSP, with a rich activity on
spintronics and mesoscopic physics. I then established
with Prof. Kato a project on spin pumping effect in
twisted bilayer graphene. We theoretically studied the
correction to the ferromagnetic resonance (FMR)
linewidth through an interface separating a ferromagnet
and a twisted bilayer graphene (TBG) adjacent to a
monolayer of a transition metal dichalcogenide, namely
the WSe2. We found that spin pumping, through such
junction, provides not only a direct probe of the flat bands
of TBG but also an accurate measurement of the magic
twist angle, at which strongly correlated electronic states
emerge. Our results have been presented during the APS
virtual March meeting 2023 and were posted recently on
arxiv. During my stay at ISSP, I also had the opportunity
to visit other Japanese universities. I am grateful to Prof.
(Professor Osaka

Metropolitan University (OMU)) and Prof. Akira Terai

Keizo Murata Emeritus at
(OMU) for organizing my visit to OMU. I am impressed
by their warm welcome and generous hospitality. I am
grateful to Prof. Murata who introduced me to the ISSP
visiting professor program. I had also the possibility to
participate in a workshop on DFT in Yukawa institute at
Kyoto University, where the organizers gathered

researchers from condensed matter and nuclear physics.



During my stay in Kyoto, I had the chance to visit the
labs of Prof. Yoshiteru Maeno and Prof. Shingo
Yonezawa. I am thankful for them for shearing their
recent research activities and giving me a deep
description of their research facilities. I had also enjoyed

a Japanese tea ceremony with Prof. Maeno in his lab.

Besides research activities, I had the chance to establish
friendships in Osa-lab. I am grateful to Dr. Andhika
Kiswandhi (Andhi) who helped me to have an easy and
friendly stay in Japan. Thank you Andhi for the cheerful
discussions. I also deeply appreciated exchanges with Dr.
Murayama Chizuko who introduced me to many

Japanese traditions.

I also enjoyed the delicious Japanese cookies brought by
Dr. Mitsuyuki Sato. I am deeply indebted to Prof.
Hatsumi Mori, the ISSP director, Prof. Osada, Prof.
Keizo Murata, the ILO and the International Lodge staff
for their priceless help and extreme kindness after my

cycling misadventure.

I had also the chance to discover, during weekends, the
amazing culture of Japan and its splendid nature. I
cannot forget the autumn colors and the amazing cherry

blossom (Sakura).
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Poster session: 2/13 14:00 - 16:00

- Non-local spin correlation as a signature of Ising anyons
Lk trapped in vacancies of the Kitaev spin liquid
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R : Functional-renormalization-group approach to classical liquids
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Accurate and efficient ways to analyze classical liquids are desired in various contexts including chemical reactions.
Traditional approaches include the renormalization-group (RG) methods such as the hierarchical reference theory.
However, these traditional approaches rely on the knowledge of hard-core reference systems to include the effect of
short-range repulsion. Recently, we have developed an RG approach that does not rely on a hard-core reference system [1].
We have introduced the functional RG to rigorously describe the RG flow and the cavity distribution functions to treat
short-range repulsion. In this talk, I will present the formulation and numerical demonstrations in a one-dimensional
solvable model, where our approach shows better accuracy than the conventional integral-equation methods such as

the hypernetted chain and the Percus-Yevick equation.

[1] T. Yokota, J. Haruyama, O. Sugino, Phys. Rev. E 104, 014124 (2021).
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B8 : Spin-derived electric polarization and chirality density inherent in localized electron orbitals
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In solid state physics, any phase transition is commonly observed as a change in the microscopic distribution of

charge, spin, or current. However, there is an exotic order parameter inherent in the localized electron orbitals that
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cannot be primarily captured by these three fundamental quantities.

This order parameter is described as the electric toroidal multipoles connecting different total angular momenta
under the spin-orbit coupling. The corresponding microscopic physical quantity is the spin current tensor on an atomic
scale, which induces spin-derived electric polarization aligned circularly and the chirality density derived from the
Dirac equation [1].

We also derive the equation of continuity for chirality density and discuss its relation to chiral anomaly and optical
chirality. These findings link microscopic spin currents and chirality in the Dirac theory to the concept of multipoles

and provide a new perspective for quantum states of matter.
This work has been done in collaboration with H. Ikeda and M.-T. Suzuki.

[1] S. Hoshino, M.-T. Suzuki, H. Ikeda, arXiv:2210.02148 (2022).
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[1] J. Otsuki, K. Yoshimi, H. Shinaoka, Y. Nomura, Phys. Rev. B 99, 165134 (2019).
[2] J. Otsuki, K. Yoshimi, H. Shinaoka, H. O. Jeschke: arXiv:2209.10429.
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B : Quantum Geometric Light-Matter Interactions and Optical Control in Correlated and Open
Quantum Systems
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Irradiation with light provides a powerful tool to interrogate, control or induce new quantum states of matter out of
equilibrium, however a microscopic understanding of dynamics and light-matter coupling in solids remains a profound
challenge. This talk will discuss three aspects for steering and probing correlated topological matter, dissipative
electron systems and superconductors with light. I will show that THz radiation can grant a new quantum-geometric
handle to steer correlated quantum materials such as magic-angle twisted bilayer graphene, whereby light
dynamically dresses the Wannier functions of interacting electrons which govern the low-energy dynamics. I will then
discuss how light can couple to open electronic quantum systems interacting with Markovian reservoirs, to permit a
spectroscopic probe of dissipation-engineered Lindbladian band structures and exceptional points in low-dimensional
systems. Finally, I will argue that dynamical symmetry breaking with tailored light pulses can explore metastable

phases in superconductors with competing instabilities, as a route to stabilize elusive triplet paired states.
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1) Science, 336, 209-213, 2012.

2) Science, 347, 6222, 646-651, 2015.

3) Nature Chem. 9, 1133-1139, 2017.

4) Nat. Mater. 21, 253-261, 2022.

5) J. Am. Chem. Soc., 142, 3326-3330, 2020.

6) Angew. Chem. Int. Ed., 60, 16377-16381, 2021.
7) Angew. Chem. Int. Ed., 60, 3261-3267, 2021.
8) Nature, 609, 502—-506, 2022.
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i : Microscopic theory of spin Hall magnetoresistance
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Magnetoresistance has been one of the important phenomena in spintronics for a long time. Recently, a novel type
of magnetoresistance called spin Hall magnetoresistance (SMR) has been observed in a bilayer system composed of a
normal metal and a ferromagnetic insulator. While its qualitative behavior has been explained well by the
semiclassical theory based on a mixing conductance [1], this theory could not describe temperature dependence of the
SMR. In this talk, I present a microscopic theory [2,3] for SMR by formulating a spin conductance in terms of spin
susceptibilities. We reveal that SMR is composed of static and dynamic parts; The static part originates from spin flip
caused by an interfacial exchange coupling. On the other hand, the dynamic part, which is induced by the creation or
annihilation of magnons, has an opposite sign from the static part. I also present the temperature dependence of SMR

derived by our theory using the spin-wave approximation [2] and a quantum Monte Carlo simulation [3].

[1]1 Y. T. Chen, et al., Phys. Rev. B 87, 144411 (2013).
[2] T. Kato, Y. Ohnuma, and M. Matsuo, Phys. Rev. B 102, 094437 (2020).
[3] T. Ishikawa, M. Matsuo, and T. Kato, Phys. Rev. B 107, 054426 (2023).

2 : Higher-group symmetry of topological order and stabilizer codes
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Topologically ordered phases can host interesting classes of non-trivial topological defects of varying codimensions.
Among the topological defects, the invertible defects form an algebraic structure called higher-group. In this talk we
explain how the higher-group structure of invertible global symmetry emerges in discrete gauge theory of generic
dimensions, and show various examples of the higher-group symmetry in topological order mainly focusing on (3+1)-
dimensional stabilizer codes. The emergent global symmetry of a stabilizer model is understood as a logical gate acting
on the logical qubits. We explain that the higher-group structure of global symmetry in general leads to non-Pauli
logical gate realized by the action of emergent global symmetry, e.g., Control-Z logical gate of (3+1)-dimensional Z2

toric code.
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PR : Error-correction assisted measurement of Membrane operators in Ultracold Atom simulators
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Exotic quantum many-body state, such as Haldane and spin liquid phases, can exhibit intriguing features like
fractional excitations and non-abelian statistics, and provide new understandings of quantum entanglement in many-
body systems. They are often indistinguishable from trivial states from the perspective of Landau’s symmetry breaking
paradigm and are classified by non-local correlators. However, the characterization of these phases is experimentally
challenging since the non-local correlators are sensitive to incoherent errors like atom losses, which suppress its
signals exponentially. Additionally, there has not been much progress in developing protocols, which systematically
identify and mitigate the incoherent errors in the analog quantum simulator. Here, we address these challenges by
developing an error correction protocol for large-scale neutral atom quantum simulators using optical lattices, which
simulate the strong-correlation physics of the paradigmatic two-dimensional Bose-Hubbard model. We develop and
apply a new error correction approach based on the Ising model, which enables us to identify and remove uncorrelated
errors in the quantum simulations. After correcting such incoherent errors, we observe a dramatic improvement of the
parity correlator and find the perimeter scaling law in two-dimensional Mott insulators. Furthermore, the error model
provides a statistical estimation of number fluctuations, from which we can measure the generalized brane order
parameter. Our work provides a promising avenue for investigating and characterizing exotic phases of matters in

large-scale quantum simulations.

i : Exploring Electron Pairing Symmetry in CsV3Sb5-Derived Kagome Superconductors Utilizing
Ultrahigh Resolution laser-ARPES
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The newly discovered kagome superconductors AV3Sb5 (A=K, Rb, Cs) represent a promising platform for
investigating the interplay between band topology, electronic order, and lattice geometry [1, 2]. Despite extensive
research efforts on this system, the nature of the superconducting ground state remains elusive and a consensus on
the electron pairing symmetry has not been achieved so far. In this talk, I will report our ultrahigh resolution and low-
temperature angle-resolved photoemission spectroscopy (ARPES) studies on two exemplary CsV3Sb5-derived kagome
superconductors — Cs(V0.93Nb0.07)3Sb5 with the appearance of charge order and Cs(V0.86Ta0.14)3Sb5 without
charge order in the normal state [3]. Additionally, I will present our studies of electronic kinks in the band structure
[4] and temperature-dependent muon spin relaxation rate, and discuss the possible pairing mechanisms for these
kagome superconductors. Overall, our findings contribute to a better understanding of the nature of superconductivity

and its intertwined orders in kagome quantum materials.

References:

[1] Neupert, T. et al., Nature Physics 18, 137 (2021).
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[2] Yin et al., Nature 612, 647-657 (2022).
[3] Zhong, Y. et al., Nature, in press, arXiv:2303.00875.
[4] Zhong. Y. et al., Nat. Commun., in press, arXiv:2207.02407.

IERE : Zeros of Green functions in topological insulators — A tool for visualizing topological phases
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Recently, we have found that the zeros of the diagonal components of the Green functions are useful quantities for
detecting a wide range of topological insulators [1]. In particular, we have shown that the zeros of the Green functions
traverse the band gap due to band inversions in the topological phases. Utilizing this feature, we can distinguish
topological phases by seeing whether the zeros traverse the band gap. For microscopic models of the conventional six
classes of topological insulators, we show that the traverses of the zeros universally occur in the topological phases.
We also show that higher-order topological insulators, which have recently attracted much attention, can also be
detected by the zeros of the Green functions.

Interestingly, the recently rediscovered eigenvector-eigenvalue identity [2], which is a simple but long-time-
overlooked mathematical formula in linear algebra, plays an important role in the analysis of the zeros of the Green
functions. Furthermore, by using the zeros of the Green function, we find that a conventional antiferromagnetic Mott

insulator in k-(BEDT-TTF)2Cu[N(CN)2]Cl can be regarded as a correlated topological insulator [3].

References

[1] T. Misawa and Y. Yamaji, Phys. Rev. Research 4, 023177 (2022).

[2] P. Denton, S. Parke, T. Tao, and X. Zhang, Bull. Am. Math. Soc. 59, 31 (2022). The story on the finding of the
eigenvector-eigenvalue identity is available at https:/www.quantamagazine.org/neutrinos-lead-to-unexpected-
discovery-in-basic-math-20191113/

[3] T. Misawa and M. Naka, arXiv:2301.04490.

B © Anomalous spin wave excitations in quantum antiferromagnets CsFeCl3 and RbFeCl3
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The alkali-metal trichloroferrates AFeCl3 (A = Cs and Rb) are prototypical S = 1 triangular quantum
antiferromagnets with strong planar magnetic anisotropy [1]. Under the influence of hydrostatic pressure [2] or
chemical composition [3], they are known to exhibit quantum phase transitions between gapped quantum-
paramagnetic and magnetically ordered states. A combination of quantum criticality and geometrical frustration
makes spin dynamics in AFeCl3 complex and intriguing. However, a comprehensive understanding is still lacking. In
this talk, I present a detailed quantitative analysis of the spin-wave excitations by neutron scattering technique [2,3]
and the extended spin-wave theory (ESWT) [4]. The spin-wave analysis seems to work reasonably well for CsFeCl3,
but the ESWT fails already on a quantitative level for RbFeCl3. The most striking finding is that the measured spin-
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wave intensity is highly anisotropic in the long-wavelength limit, whereas the ESWT simulation based on short-range
interaction alone predicts an isotropic spectrum. We conclude that this discrepancy is attributed to long-range dipolar

interactions [5].
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The precession of magnetization in a ferromagnet (FM) can transmit pure spin current into an adjacent heavy metal
(HM) via spin pumping. This pure spin current gets converted to charge current due to high spin orbit coupling (SOC)
of the HM due to the inverse spin Hall effect (ISHE). I will discuss recent ISHE results on Co2Fe0.4Mn0.6Si/Pt bilayers,
where Co2Fe0.4Mn0.68Si is a full Heusler alloy. Damping analysis indicates the presence of significant spin pumping
at the interface of Co2Fe0.4Mn0.6Si and Pt [1]. I will also discuss ISHE experiments on some other combinations such
as CoFeB/IrO2 and manganite based L.a0.66Sr0.34MnO3/Pt bilayers. [2-3] Recently AFM materials having high SOC
have been found to be a good replacement of HM in spin current based study. We have performed the ISHE study of
CoFeB (10 nm)/ AFM (d nm) where we considered various AFM such as Mn2Au, IrMn, Mn3Ga etc. The systematic
angle dependent ISHE measurements have been carried out to disentangle the different spin rectification effects viz.
anisotropic magnetoresistance and anomalous Hall effect [4 — 6]. Further I will show the ISHE study on topological
insulator (TT)/ferromagnetic Bi2Se3/CoFeB films [7,8]. ISHE experiments have also been performed to demonstrate
that TIs are potential candidates to replace HM as they possess high spin-orbit coupling.
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2 : Drude weights and f-sum rules for linear and nonlinear conductivities
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Conductivity is one of the most important characteristics of materials. Nonlinear conductivities are of increasing
experimental and theoretical interest recently, but the subject is largely open. I will discuss our recent approach to the
fundamentals of the nonlinear conductivities. An application of a spatially uniform electric field can be formulated as
an insertion of Aharonov-Bohm flux. By considering the energy gain of the system in the two opposite limits of flux
insertion — adiabatic and sudden, we can derive the two renowned formulae on linear conductivities: Kohn formula
for Drude weights and the f-sum rule, in a unified manner. Furthermore, they can be naturally generalized to all
orders of nonlinear conductivities.

The Drude weight obtained from the nonlinear generalization of Kohn formula often turns out to be divergent. We
argue that the divergence is due to the order of limits intrinsic to the Kohn formula, in which the adiabatic (zero

frequency) limit is taken before the thermodynamic limit.
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In the introduction, I will briefly explain recent improvements in the technique of modulation calorimetry which
allows ultra high sensitivity and provides a new tool for fermiology and the study of quantum oscillations.
Thereafter I will illustrate these new possibilities in 3 different cases : the (ultra) quantum limit of graphite, the

search for chargeless fermions in Kondo insulators, and the exotic superconductivity in UTe2.
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