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I have enjoyed the visiting professorship at ISSP for
eight months from July 2019 till February 2020. What
I have benefited the most from were numerous
seminars, symposiums, meetings in many different
area of research. Somehow, my research area has never
been popular in my country and I have always had more
colleagues in Japan than in Korea. I haven’t had a
student for fifteen years, which deepened my isolation.
In this sense, a long stay of eight months at ISSP was a
precious experience to recover my enthusiasm, in
particular the connection with the outside world.

ISSP is one of the nicest place to enjoy the flow of
people and information, as was the laboratoire de
Physique des Solides in Orsay, France, where I did my
Ph.D. study. I think it is a really good atmosphere for

young people who have to find the area of research to

which they should devote their most active period of life.

I especially enjoy the discussions with Prof. Osada
who has endless enthusiasm and a broad and deep
understanding of not only organic conductors but also
many recent hot topics such as topological insulators,
Dirac electron systems, 2D systems, and so on.

I had planned to do some experiments combining my
pressure apparatus with cryogenic instruments in the
ISSP equipped with readily available liquid helium.
Some technical glitches hampered the experiment
which could not fully resolved until my departure. But,
we will certainly continue to work on it. Throughout the
experiments, Dr. Uchida’s technical assistance was
essential at every step to overcome endless problems,
for which I sincerely appreciate.

Upon arrival, it was a pleasant surprise to meet Dr.
Andhika Kiswandhi who started his postdoc at the
ISSP on the same day as mine. He made my life in
Kashiwa much easier. Dr. Uchida’s fine taste also made
life in Kashiwa easier. We often explored fine but

hidden eating places around campus for lunch.
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The stay at the ISSP was my last physical exchange.
In this new world with Covid-19, it becomes almost
impossible to travel all over the world either for
conferences or for collaborative research. An open world
suddenly turned into a closed world. Some news outlets
used to introduce the most powerful passport in terms
of number of countries one can enter without a visa.
Now even the existing visa has become void for most of
destinations.

Since the start of 2020, while I was still in Kashiwa,
there was a suspicion of a global Covid-19 pandemic,
which was not yet taken seriously at that time. The only
visible sign was the general shortage of facial masks.
As it is not uncommon to see people with masks in
Japan in spring, the environments were not necessarily
exotic and we were able to move around freely to any
location without too much worry. Based on previous
experiences with SARS and MERS, we were more or
less optimistic to wait until summer to see full
eradication of Covid-19. However, even six months after
I returned home, there is no sign of complete recovery,
but rather a grim prediction that the virus will stay on
much longer or never go away completely. Most of
lectures have been posted online. Almost all national
and international conferences have been canceled or
postponed. Some of them have survived some form of
webinar.

Any plan to return to ISSP to complete unfinished
work has to be postponed indefinitely. I again lost
almost all personal exchange that I longed so much. We
have to struggle to face a completely new world that we
never dreamed of.

However, a good memory stays forever. I sincerely
appreciate everyone at the ISSP for their hospitality,
especially the ILO staffs whose warm support made my

stay pleasant.
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Yogesh Singh
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yogesh@iisermohali.ac.in

I spent half a sabbatical at ISSP from Nov. 2019 to May
2020. My hosts at ISSP were Prof. Sakakibara and Prof.
Nakatsuji. Although I had never met them before, I had
always been following their work and it was a pleasure
to be able to visit ISSP to work with them. I was very
impressed by the range of activities and experimental
infrastructure at ISSP.

The project that I had written for my visiting
professorship was on trying to synthesize single crystals
of the Heavy Fermion material Yb2FesSis and to study
its low temperature properties as a function of field and
pressure. I was able to grow the first ever single crystals
of YbzFesSis and start a detailed low temperature study
of its magnetic, thermal, and electrical transport
properties. On this project I was able to start
collaborations with Prof. Sakakibara’s group and Prof.
Uwatoko’s group. This work is still continuing and I

at ISSP to

understand this fascinating material in as much detail

will keep collaborating with groups

as possible.

I also started working on a different topic of possible
Topological and strong correlation superconductivity in
the La-Ru-Si system. We grew high quality single
crystals and started a detailed study of the anisotropic
superconducting properties. I also started a collaboration
with Prof. Y. Kohama’s group to measure the high field
quantum oscillations to unveil the Fermiology of
electrons in this material. In addition, we started a
collaboration with Prof. R. Arita’s group at the Univ. of
Tokyo to calculate the theoretical band structure of the
material.

Thus it was academically a very fruitful stint for me
personally. The second half of my stay however, was
full of uncertainties and confusion as the world and
Japan started tackling the challenge presented by the

Corona virus which escalated into a global pandemic.
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According to the demand of the unusual situation, only a
restricted access to ISSP in the last part of my stay was
possible, which limited the measurements we were able
to do. However, I plan to continue working on the various
projects we started at ISSP.

I must convey my heartfelt gratitude to the staff at the
international liaison office for making my stay as
convenient and pleasant as possible. I specially want to
thank Yuko for her help in various matters and
situations, many times going beyond the demand of her
duties.

I also want to acknowledge the help of Kyoko Fuyjita for
her help and administrative support during my stay.

I finally would like to thank the Nakatsuji group
members who were always ready and eager to help me in
whatever way they could. I thank Nan and Akito with
whom I worked on some projects. A special mention must
be made of Hiroto Nakamura, who I worked with almost
every day. He was very patient in teaching me the use of
various instruments and equipment that I used during
my stay. I wish him all the best in his academic career.
I also must mention the company of Mayukh Ray and
Dilip Bhoi (Uwatoko group) which made coffee sessions
enjoyable. I particularly liked our discussions on physics,
politics, and almost everything under the sun.

I enjoyed and appreciate the interactions with Prof.
Nakatsuji, which were always interesting. I also enjoyed
having dinner parties with Satoru and various group
members on several occasions.

I also thank the other faculty at ISSP with whom I
interacted. These include Prof. Sakakibara, Prof. M.
Yamashita, Prof. Uwatoko, Prof. Y. Kohama, and Prof.
Masashi Takigawa.

I had a wonderful stay at ISSP and I look forward to the

opportunity to visit again.
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iR : PEEE I J — : Twisted Schwinger effect
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We study the nonperturbative pair production of particles induced by strong rotating electric fields [1]. The
excitations by tunneling become strongly chirality dependent due to nonadiabatic geometric effects. The threshold, i.e.,
Schwinger limit, even vanishes for particles with an optically allowed chirality. We explain these phenomena through
the twisted Landau-Zener model proposed by M. V. Berry, and provide a quantitative understanding in terms of the
geometric amplitude factor. As a condensed matter application, we make a nonperturbative analysis on the optically
induced valley polarization in 2D Dirac materials. Furthermore, in 3D Dirac and Weyl materials with spin-orbit

coupling, we predict the generation of a nonlinear spin or charge current in the direction of the laser propagation.

[1] Takayoshi, Wu, Oka, arXiv:2005.01755

i Bight 2 J—  Investigation of quantum spin liquids with symmetric PEPS
HEF : 2020 4F 10 H 2 H(&®) FR 4K~

P : Zoom BHfE

3P : Dr. Ji-Yao Chen

Filg : Max-Planck-Institute of Quantum Optics

®E:

Quantum spin liquid state can be represented and efficiently characterized within the symmetric Projected
Entangled Pair State (PEPS) framework. A prototypical example is the nearest neighbor (NN) resonating valence bond
(RVB) state, which has been thoroughly studied on various lattices with PEPS. Here I will show, through suitable
deformation of the local tensor of NN RVB state on square lattice, we can introduce long-range singlets into the wave
function and drive the state into a topological Z_2 phase. This approach turns out to be quite general for quantum spin
liquid problem, which I will briefly explain. Then I will present our recent work about SU(3) chiral spin liquid using
this approach, where characteristic feature of SU(3)_1 chiral topological order is observed from PEPS entanglement

spectrum.
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i Bint 3 J-— : Atomistic approach to the Nd-Fe-B magnet — Coercivity at finite temperatures —
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The magnet, i.e., the permanent magnet, is a familiar material, and various magnets play important roles in many
products such as electric motor and recording material. Analyses on its mechanism and improvements of the
performance have been studied extensively. In particular, it is very important to study its temperature dependence.
However, when we study the problem by methods of current physics, there are many interesting but difficult problems.
Here we introduce our trials on this problem for the high-performance Nd2Fe14B.

For this purpose, first we constructed an atomistic Hamiltonian to take into account the temperature property. With
it we calculated various thermodynamic quantities such as the magnetization and anisotropy energies by standard
methods of statistical physics and confirmed the model can reproduce experimental results. Moreover, the domain wall
profiles and the spectrum of FMR (ferromagnetic resonance) were also studied. As a merit of the atomistic model, we
can find anisotropy due to the crystal structure and also atom-specific ordering properties.

The most important property is the coercivity. However, in contrast to the abovementioned thermodynamic
quantities, we do not have theoretical formula and thus so far only little study has been done on the quantitative
estimation of the coercivity at finite temperatures. Coercivity is a kind of spinodal phenomena. In systems of short-
range interaction, however, there is no spinodal singularity at finite temperatures due to the nucleation. Therefore,
we must study “spinodal-like” phenomena. We first studies this problem in nano-size grains by the stochastic LLG
equation (Nishino, NIMs) and also by a method using the free-energy landscape obtained by Wang-Landau method
(Toga, ISSP), and obtained the strength of field at which the relaxation of the magnetization reverse is 1 second (a
definition of coercivity), and its temperature dependence. For larger grains, the dipole-dipole interaction plays a role
and the so-called multidomain magnetic structure appears. To study such cases, we developed a modified SCO
(stochastic cutoff) method and studied coercivity in such systems (Hinokihara, ISSP). The magnet is an ensemble of

grains. Trials for such complicated case is also introduced.

PR BRI L 7 4 —<)V X J— : Some Comments on the Anomalies of Fusion Category Symmetries
HIE : 2020 4E 10 A 13 H(K) P4 3 g~
B © Zoom Bt
#Wl © Yungin Zheng
FilE : Kavli IPMU / ISSP, The University of Tokyo
e

In $1+1$d, the fusion category symmetry generalizes the concept of global symmetry. Akin to ordinary global
symmetry, the fusion category symmetry can also suffer from ‘t Hooft anomalies.

We describe a criteria of when the ‘t Hooft anomaly is non-trivial from the data that describes the fusion category.
This criteria generalizes the one from [1802.04445]. We also comment on how the anomalous theory couples to a non-

invertible TQFT in one dimension higher.
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[1]1 Y. Ominato and M. Matsuo, J. Phys. Soc. Jan. 89, 0563704 (2020).
[2] Y. Ominato, J. Fujimoto, and M. Matsuo, Phys. Rev. Lett. 124, 166803 (2020).

B : LASOR £ 37— : Tunneling into emergent topological matter
HIEF : 2020 4E 11 A 19 HOR)  “Faii 10 B 30 43~
B Zoom PBHfE
##h : Dr. Jiaxin Yin
& : Department of Physics, Princeton University
PR

The search for topological matter is evolving towards strongly interacting systems including topological magnets
and superconductors, where novel effects emerge from the quantum level interplay between geometry, correlation, and
topology. Equipped with unprecedented spatial resolution, electronic detection, and magnetic tunability, scanning
tunneling microscopy has become an advanced tool to probe and discover the emergent topological matter. In this talk,
I will review the proof-of-principle methodology to study the elusive quantum topology in this discipline, with
particular attention on the studies under a vector magnetic field as the new direction, and project future perspectives

in tunneling into other hitherto unknown topological matter [1-7].

1. Jia-Xin Yin et al. Nature 583, 533-536 (2020).

2. Jia-Xin Yin et al. Nature 562, 91-95 (2018).

3. Jia-Xin Yin et al. Nature Physics 15, 443—448 (2019).

4. Jia-Xin Yin et al. Nature Physics 11, 543 (2015).

5. Jia-Xin Yin et al. Phys. Rev. Lett. 123, 217004 (2019).

6. Jia-Xin Yin et al. Nature Communications 11, 4003 (2020).
7. Jia-Xin Yin et al. Nature communications 11, 4415 (2020).
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R Bt X J— @ Probing Floquet topological invariants with ultracold atoms
HIEF £ 2020 4E 11 A 20 H(&)  Fi& 4 E~F# 5 Iy
5 : Zoom BilfiE
iffil : Prof. Andre Eckardt
Fig : NVY 2 LRER
e

The classification of topological Floquet systems with time-periodic Hamiltonians transcends that of static systems.
For example, spinless fermions in periodically driven two-dimensional lattices are not completely characterized by the
Chern numbers of the quasienergy bands, but rather by a set of winding numbers associated with the quasienergy
gaps [Rudner et al. PRX 3, 031005 (2013)]. I will present two schemes for probing these winding numbers in
experiments with ultracold atoms in driven optical lattices. The first one relies on the tomography of band-touching
singularities occurring when adiabatically connecting the driven system to a trivial high-frequency regime [1,2] . The
second one is based on observing the far-from-equilibrium micromotion of the driven system over two driving periods
after a sudden quench into the target Hamiltonian [3]. It relies on the identification of the winding numbers with an

Hopf invariant characterizing the micromotion operator.

[1] How to Directly Measure Floquet Topological Invariants in Optical Lattices, FN Unal, B Seradjeh, A Eckardt, Phys.
Rev. Lett. 122, 253601 (2019).

[2] Realization of an anomalous Floquet topological system with ultracold atoms, K Wintersperger, C Braun, FN Unal,
A Eckardt, M Di Liberto, N Goldman, I Bloch, M Aidelsburger, Nat. Phys. 16, 1058 (2020).

[3] Hopf characterization of two-dimensional Floquet topological insulators, FN Unal, A Eckardt, RJ Slager, Phys. Rev.
Research 1, 022003(R) (2019).
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