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Winning the Award of Excellence in the
poster presentation in TSQS2024

The TSQS2024, or in other words, the International
Symposium on Quantum Electronics is an annual
international workshop hosted by the Trans-Scale
Quantum Science Institute (TSQS). This workshop aims
to foster innovation by bridging a wide spectrum of
quantum science disciplines. This year, the symposium
was held from February 13 to 16 at the Ito International
Research Center at the University of Tokyo. This
program includes both an oral and a poster presentation
session, and each participant can give their talk in either
way. The program committees evaluate how the poster
and the research are innovative and well-explained to
other participants. And present an award to some

selected participants.

It was my first time joining the international workshop,
and also it was my first time presenting a poster to
audiences. Even though I was quite nervous until just
before the presentation day, I could enjoy the
atmosphere of the hall, the talk, and everything in there.
Also, it is a great honor to be selected as one of the award

winners.

Quantum Electronics, which seems to be a little vague
nomenclature, covers large research fields including
transport, magnetism, or even cosmologies. My research
was on the high-7. superconductors. A superconductor is
an exotic material that shows zero resistivity under a
critical temperature (7). This fascinating property can
be applied to ways, such as ultrahigh-efficiency electric
transport or Magnetic Resonance Imaging (MRI), so
find high-T:.

superconductors and the copper-based superconductor

there have been huge efforts to
(Cuprate) is one of the highest-7. materials so far in the
field, but nobody knows how the high-7¢ is achieved in

cuprate.

23 DMMEXVE6ABE 2 S

Junhyeok Jeong, M2, Kondo Laboratory

-

Figure 1. Me holding the award of
excellence in the poster presentation.

The most studied cuprates so far are so-called ‘single
layer’ or ‘bilayer’ which means there is one or two CuOs2
planes where the superconductivity emerges imbedded
between the dopant layers. However, my study aimed to
the ‘multilayered’ cuprate which has multiple (more than
three) CuOz layers inside one unit cell. This multilayer
cuprate includes a ‘clean’ innermost CuOz2 plane, which
is well protected from the spatial inhomogeneity that
inevitably comes from the dopant layer by the other
CuO:z planes (Figure 2. a). It means that the innermost
CuOz2 plane remains structurally flat and electronically
homogeneous hence it is suitable for studying the

intrinsic physics of the cuprate.

The intriguing feature of the innermost clean CuOz plane
is that the superconductivity coexists with the
antiferromagnetic order. It had been clearly revealed by
the study of a five-layer system. However, the observed
superconducting pairing gap in the five-layer system was
rather small, an order of a few meV. Hence I focused the

four-layer system, which may possess a slightly

increased doping level than the five-layer system.



The measured superconducting gap in the four-layer
system was around 15 meV to 30 meV within a very tiny
doping level difference. This pairing gap is actually 3 to
6 times larger than that of the five-layer system,
suggesting that the superconducting pair can stay strong
even under the presence of the antiferromagnetic order.
Moreover, since the electronic band topology of the ‘small’
Fermi pocket is quite different from the conventional
single- and bilayer systems, it is possible to discuss about
the pairing strength, which is a physical parameter
indicating how the superconducting pairs formed

strongly (Figure 2. b, c).

The pairing strength is calculated by the ratio of the

superconducting gap (A) and the Fermi energy (er).

IP : Stronger pairing

The observed pairing strength in the four-layer system
was indeed extremely large, around 0.69 at maximum.
This result suggests that the strong superconducting
pair exists in a clean- and underdoped inner plane and
will pave the way to investigate a high-Tc mechanism of

cuprates.

About this result, I want to thank all the co-authors of
the work. Without them, I would not be able to get a
fruitful result and the award. Especially, I want to take
a moment to express my sincere gratitude to Prof.
Takeshi Kondo, as my academic supervisor, and also I
am very thankful to Dr. Soonsang Huh, Dr. Kifu
Kurokawa, and Mr. Yuyang Dong for the insightful

discussion.
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Figure 2. (a)The crystal structure of a four-layer system. The inner plane (IP) is well

protected by the outer planes (OP), and hence remains clean and homogeneous. (b)The

electronic band topology of IP, which shows a small pocket at a Fermi energy. The band top

(or Fermi energy) is rather small, an order of few tens of meV. (¢)Same with (b) but of OP.

This band topology was seen in many conventional cuprates.
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Measurements under extreme conditions - high pressure,
low temperature, intense magnetic fields - often give rise
to new discoveries in solid state physics and other
scientific domains. Research infrastructures all over the
world therefore make substantial efforts to push these
conditions to unprecedented limits, while trying to cope
with the inevitable side-effect of an increasingly harsh
experimental environment. With its outstanding
facilities, the Institute for Solid State Physics is an
international reference for measurements under
extreme conditions. This notably includes the highest
indoor magnetic fields in the world, produced by Prof.
Matsuda's group in the International Megagauss Science

Laboratory (IMGSL)

Research in high magnetic fields is also the principal
activity of my home institution, the Laboratoire National
des Champs Magnétiques Intenses (LNCMI) in Toulouse,
France, and its partners of the European Magnetic Field
Laboratory (EMFL). Apart from Kashiwa, Toulouse is
currently the only other place in the world where
magnetic fields above 100 T are routinely used for
scientific experiments. As such fields can only be
produced on a microsecond timescale using high-voltage
pulsed-power equipment, researchers in either facility
are facing a common problem: to conceive measurement
techniques with adequate acquisition speed and
sufficient protection against transient electromagnetic
disturbances. Given the number of potentially
interesting techniques this represents a vast and

ambitious endeavor.

Experimental development is often exciting, sometimes
frustrating and always very time-consuming. It often

depends on the right inspiration, and what could be more

inspiring than to discuss and work side-by-side with
colleagues interested in the same domain? I have
therefore been extremely elated when, several years
back, Prof. Matsuda proposed me to visit his lab more
regularly in order to intensify our existing collaboration
and jointly promote the technical progress and use of
Megagauss fields. After a first 6-month stay in 2022 I
thus found myself again in Kashiwa for two 1-month
stays in mid-November 2023 and mid-February 2024.
The stifling heat and mistiness of the 2022 summer
months was this time replaced by Koyo, my favorite
season in Japan, and a cold winter month with clear
views of Fuji-san. By comparison, the atmosphere in the

lab was as always: companionable and most inspiring!

My work was this time dominated by a scientific project,

optical measurements on 2-dimensional organic-

inorganic perovskites, and I am grateful for the
additional machine time I was given at the end of my
stay in order to be able to finish the experiments. Of
course, this would still not have been possible without Dr.
Zhou's help and that of 2 old acquaintances, Prof. Miyata
and Dr. Yang, who respectively stayed in Toulouse for
their postdoc and PhD roughly 10 years ago. Working
with them was an immense pleasure and I apologize for

breaking their replaceable cryostats rather than building

(and breaking) my own.

Apart from scientific-technical work, my stay also
provided a good occasion to plan ahead as far as our
collaboration is concerned. As of 2024 the project will
dispose of a yearly travel budget provided by Centre
National de la Recherche Scientifique (CNRS) in the
framework of an International Research Project (IRP).

The decision how to spend this budget in the first year
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was quickly taken: a small bilateral workshop on Science
and Instrumentation for Extreme Magnetic Fields
(6MaF) organized by Prof. Matsuda and myself in
Toulouse will permit other members of the 2 groups to
get acquainted. It will put the collaboration on a broader
basis and notably motivate students and younger staff to

interact and play a more active role.

In view of the scientific-technical results I could obtain
at IMGSL, the deepening of our collaboration and the
good time I had in the Tokyo area, I consider my stay as
extremely fruitful and enjoyable. This would not have
been possible without the ISSP's generous and perfectly
well organized international visiting professors program
and the help of local staff for which I am sincerely
grateful. My thanks go of course first of all to Prof.

Matsuda for inviting me and taking care of me during my
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different stays. It is hard to imagine a better host. I am
equally indebted to Prof. Miyata, Drs. Zhou and Yang as
well as all other IMGSL members for the warm welcome
in their lab, good discussions and help whenever and
wherever I needed it. Last but not least, I would like to
thank Mrs. Ishiguchi, Mrs. Sugimoto and all other ISSP
staff involved in my stay for their untiring support with
administrative and everyday matters that made my life
in Kashiwa simple and enjoyable. I always felt perfectly
accompanied, both during my stay and the preceding

preparation phase.

At present, I am looking forward to a continued
collaboration with more exciting discussions and

experiments both in Kashiwa and Toulouse. I am sure to

be back soon ...
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Christophe Marcenat

Interdisciplinary Research Institute of Grenoble (IRIG)

Alternative Energies and Atomic Energy Commission (CEA), France

I had the great privilege of being welcomed as a visiting
professor for 2 months at the Megagauss Laboratory of
ISSP. This stay is part of a long-term collaboration with
Prof. Y. Kohama to develop and improve experimental
techniques for measuring the thermal properties of
quantum materials in intense magnetic fields, both in
pulsed fields at ISSP and in continuous fields at IMR-
Tohoku and LNCMI Grenoble. This collaboration has
already yielded significant scientific results on semi-
metals such as graphite, Kondo insulators, and certain
magnetic materials. This stay follows a project funded by
JSPS in 2023 to study the exotic superconductor UTes,
which exhibits unique and remarkable properties in

intense magnetic fields.

During this period, I had the opportunity to collaborate
with Prof. D. Aoki from Tohoku University and to visit
his laboratory in Oarai at the beginning of my stay to
characterize and pre-select several high-quality and very
homogeneous crystals. Subsequently, with the help of Y.
Kohama and his student N. Matsuyama, we improved
the technique and measurement program of specific heat
developed in Grenoble. Finally, we conducted a
measurement campaign at IMR-Tohoku with the

assistance of M. Kimata, where we obtained original

and crucial data for understanding the re-entrant

superconductivity in UTes.

This stay was therefore very enriching, rich in scientific
collaborations and interactions, rich in experimental
learning thanks to the excellence of my collaborators and
Japanese facilities. But also on a personal level, I
experienced memorable adventures such as fishing for
catfish, visiting the gates of hell at Osore-zan, playing
the koto and drums, and more. Understanding and
building bridges across different cultures is also a key
factor in developing and encouraging fruitful scientific
collaborations. And for this, I am very grateful to all the

people who helped me and made my stay unforgettable.

Domo arigato gozaimashita!
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B8 : Information loss paradox and black hole interior
HEF : 2024 4¢3 7 29 H(&) P& 4 Wi~"F#& 5 I

5391 : Online and Lecture RoomA632

M : Tomonori Ugajin

il : Rikkyo University

®E:

Hawking showed that quantum mechanically, black holes emit almost thermal radiation (called Hawking radiation)
and gradually lose mass. However, this evaporation process of black holes seems to violate the unitarity of time
evolution, one of the principles of quantum theory, leading to what is known as the black hole information paradox.
Recently, based on insights from AdS/CFT correspondence and holographic entanglement entropy, the Island formula
has been proposed to correctly calculate the entropy of Hawking radiation, offering a crucial clue towards resolving
the information loss problem. The Island formula suggests that the island region inside the black hole can be
interpreted as a quantum error correction code embedded into Hawking radiation (located sufficiently away from the
black hole). Therefore, this formula not only provides the correct calculation method for the entropy of Hawking
radiation but also offers specific clues to the larger question of how semiclassical spacetime emerges from the quantum
information-theoretic properties of quantum gravity theories. In this talk, we overview the current status of the

paradox and explain our recent study on specific reconstruction protocol of black hole interiors.

[/ : Transport properties and strong Rashba effect for ultrathin films and interfaces of conductive
perovskite oxides

HIE : 2024 4 4 H 10 HOK) F#& 1 Ri~"F#% 2 Iy

5 - IERERi AR 6 B 55 I —% (A615)

#%Wl : Dr. Hikaru Okuma

il : Department of Basic Sciences, Graduate School of Arts and Sciences, The University of Tokyo

%E:
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KTa03 SOt 8 RIS R S5 2 BT A ATIE, b T v PR Ze~T o REERIC L 5 A TR ES O
JERIZ L - T, T3 arRPIRTE D[], UK L, —RICEZEDOF v ) 7 BNEET 2 8B CILEL N
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% idenm L7,

[1] H. Nakamura et al., PRB 80, 121308 (2009).
H. Nakamura et al., PRL 108, 206601 (2012).

(2]
[3] H. Okuma et al., PRB 105, 045138 (2022).
[4] H. Okuma et al., PRMater 8, 015001 (2024).
[5] H. Okuma et al., arXiv:2403.12612.

[6] H. Okuma et al., iIWOE-29, Busan, Korea, P2-39, 15-18 Oct. 2023.
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2 ik

- Hayashi, Y., Katakami, S., Kuwamoto, S., Nagata, K., Mizumaki, M., & Okada, M. (2023). Journal of the Physical
Society of Japan, 92(094002).

+ Hayashi, Y., Katakami, S., Kuwamoto, S., Nagata, K., Mizumaki, M., & Okada, M. (2024, January). Quantitative
selection of sample structures in small-angle scattering using Bayesian methods. Journal of Applied Crystallography.

Manuscript submitted for publication. https://arxiv.org/abs/2401.10466
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J598 : Probability control nonreversible Markov chain Monte Carlo
HI : 2024 46 4 1 11 HOK) Fig 1 ~"Fi& 3 I

5 - MtEREEiABE 6 B 54 B3I —%E (A614)

#%Mi : Hidemaro Suwa

fii® : Department of Physics, The University of Tokyo

=2E:

In recent developments, Monte Carlo methods that strategically break detailed balance to manipulate the flow of
probabilities have emerged [1]. These methods include optimizing the transition probabilities during state updates.
We developed an optimization algorithm designed to minimize the rejection probability and successfully applied it to
various statistical mechanical models, such as the Potts model and quantum spin systems [2]. Further, we introduced
an algorithm capable of controlling the rejection rate through a single parameter, revealing that reducing the rejection
rate leads to an exponential increase in computational efficiency [3]. Another intriguing strategy for breaking detailed
balance is the concept of lifting, which expands the state space to introduce probability flow in the enlarged state space.
The lifting technique is particularly effective in particle systems, as demonstrated by the event chain Monte Carlo
method [4]. In this talk, reviewing these approaches to constructing nonreversible Markov chains, we will present the
lifted directed-worm algorithm [5,6] and the multi-replica swap optimization of the replica exchange method (namely,
parallel tempering). These probability control nonreversible Markov chains significantly improve the computational

efficiency of Monte Carlo sampling.

[1] H. Suwa and S. Todo, Butsuri 77(11) 731-739 (2022).
[2] H. Suwa and S. Todo, Phys. Rev. Lett. 105, 120603 (2010).
[3] H. Suwa, Physica A 633, 129368 (2024).
[4] W. Krauth, Front. Phys. 9:663457 (2021).
[5] H. Suwa, Phys. Rev. E 103, 013308 (2021).
[6] H. Suwa, Phys. Rev. E 106, 055306 (2022).
558 : Nanoscale 3D imaging through raster scan X-ray microscopy
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5 : MPERESEi AR 6 B 55 5 B3I J—%E (A615)
skl : Zirui Gao
g : Brookhaven National Laboratory, New York, USA
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We have recently developed a novel raster-scanning based X-ray microscopy method at the Hard X-ray Nanoprobe
(HXN) beamline of National Synchrotron Light Source II [1]. Our new method can achieve sub-10 nm resolution with
acquisition speed ~20 times faster than our previous approaches. The method utilizes ptychography in 2D fly-scan
mode at an acquisition frame rate of 1250 diffraction patterns per second, currently limited by the fastest frame rate
of the Eigerl 1M detector. By using ptychography, which is a coherent diffraction imaging method that reconstructs
complex images of the sample through iterative phase retrieval algorithms [2], the sample image can be reconstructed
at pixel size of 4.87 nm, providing imaging speed far beyond acquisition frame rate. As shown in Fig. 1(Left) is the
reconstructed phase image of a Siemens star sample, our method can resolve the smallest features inside the pattern
with 8 second of measurement time for a 2 um x 2 um field of view, effectively reaching an imaging speed of 23000

pixels per second.
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Our new raster scan instrument also allows tomography measurement by acquiring 2D projections of the sample at
different rotation angles. The sample stages and interferometry reference system are specially designed for precise
rotation alignment with <0.5 pm drift to minimize tomography acquisition overhead and increase imaging speed. As
shown in Fig. 1(Right) is the reconstructed phase tomogram of a cylindrical-shaped microelectronics sample extracted
from an Intel® processor, the entire tomography acquisition took 53 minutes in real time for an imaged region of 2 pm
diameter and 3 pm height. The zoom-in view in Fig. 1(Right) shows the smallest resolvable feature in the tomogram
which appears to be metallic connectors in transistors. In this talk, I will cover the key concepts and technical

implementations of our novel imaging method.

B : Operator Growth in Open Quantum Systems : Perspectives from Lindbladian SYK via Krylov
Complexity

HI : 2024 42 4 H 24 HOK) Fi#% 2 F~’Fi% 3 I
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#%Mi : Budhaditya Bhattacharjee

g : Center for Theoretical Physics of Complex Systems, Institute for Basic Science

P : Abstract:

In this talk, I will discuss some general features of operator growth in open quantum systems governed by
Lindbladian evolution. I will introduce two orthonormalization techniques, namely Arnoldi and BiLanczos algorithms,
using which I will capture the evolution of the operator in an appropriate basis. In these bases, many features of the
evolution of operators (including relevant time scales) will emerge naturally. I will motivate these bases choices from
results in closed quantum systems. I will utilize the paradigmatic setup of the Sachdev-Ye-Kitaev model to describe
the system and environment, and closely related system-environment interaction. I will present numerical results in
this setup and derive some analytical results. I will also discuss the nature of correlation function and spectral function
in such open quantum systems. Then I will discuss features of a large class of probes (that do not rely on the same
choice of basis) in such systems. I will end by mentioning implications of these results in other areas of research, and

some open questions/future directions.

References:
[1] Operator dynamics in Lindbladian SYK: a Krylov complexity perspective, JHEP 01 (2024) 094
[2] Operator growth in open quantum systems: lessons from the dissipative SYK, JHEP 03 (2023) 054

B} : Higher symmetry and logical gates of (3+1)D Z2 toric code
HEF : 2024 £ 4 7 25 HOK) PR 4 Ri~"F#& 5 I
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gl 2 A ROF
Jii® : University of Maryland
e
It has recently been understood that the complete global symmetry of topological gauge theories contains the
structure of a higher-group. In this talk, we look at the algebraic structure of symmetry in (3+1)D Z2 gauge theory
with an emergent fermion, and point out that pumping chiral p+ip topological states gives rise to a Z8 0-form symmetry

with mixed gravitational anomaly. This ordinary symmetry mixes with the other higher symmetries to form a 3-group
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structure, which we discuss in detail. We then see that in the context of stabilizer quantum codes, one can obtain
various logical non-Clifford gates of (3+1)D Z2 toric code (w/ emergent fermion) including the CCZ, CS and T gates,
which are all implemented by pumping a p+ip topological state through a 3d space. The talk is mainly based on a
recent work with Maissam Barkeshli and Po-Shen Hsin, which is found in https://arxiv.org/abs/2311.05674 .

PR : Wafer-scale CVD graphene-based Josephson field-effect transistors: toward superconducting
quantum integrated circuits
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2E:

Josephson field-effect transistors (JoFETs) are some of the most desired building blocks of superconducting
electronics. Instead of electric current or magnetic flux control of superconductivity, the superconducting proximity
coupling in JoFETs can be controlled with an electrostatic gate. Owing to its unique properties, graphene has been
identified as a promising candidate for the JoOFET channel (weak link). The all-electrical control of JoFETsS is expected
to enable a plethora of applications in graphene-based quantum coherent electronics, classical digital superconducting
electronics, microwave bolometers, non-reciprocal components, and quantum-limited parametric amplifiers [1-3].

In my talk, I will present our recent results on the scalable chemical vapor deposition CVD graphene JoFET platform
developed at VTIT [4]. A cross-sectional schematic featuring our JoFET device structure is shown in Fig. 1(a). Using
the top-down fabrication process on 6” (150 mm) wafers with optimized contact resistance and wafer-scale device yield
reaching 90% (see Fig. 1(b)), we demonstrate the local top gate tunability of superconducting proximity coupling in
aluminum-graphene-aluminum Josephson junctions (see Fig. 1(c)) and study the JoFET geometry and temperature
dependences. Building upon our unique wafer-scale JoOFET platform, I will discuss our next steps toward large-scale

classical and quantum coherent superconducting electronics.

[1] Wang et al. Nat Nano. 14, 120-125 (2019).
[2] Kokkoniemi et al., Nature 586, 47—5 (2020).
[3] Butseraen et al., Nat. Nano. 17, 1153-1158 (2022).
[4] Generalov et al. arXiv:2401.05089 (2024).
B : Anomaly, SPT, Generalized Symmetry
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In 1969, Adler and Bell-Jackiw predicted the phenomenon now called quantum (ABJ) anomaly, which is the
breaking or deformation of conservation law associated to a classical symmetry.
Fast forward to 2010s, it is understood that this phenomenon is closed related by the symmetry protected topological
phase (SPT) proposed by X.G. Wen, promoting interactions between QFT theorists and condensed matter theorists.
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In this talk I would like to review how those interdisciplinary interactions has been developed from modern

viewpoint, and also show the trend continues in the recent research.
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[1] M. Okawa et al., PRB 108, 159108 (2023).
[2] R. Nakamura et al., PRB 106, 195104 (2022).
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[1] S. Ghimire et al., Nat. Phys. 7, 138 (2011).
[2] K. Nakagawa et al., Nat. Phys. 18, 874-878 (2022).

[3] K. Nakagawa et al., under review.

I : Stars in your eyes — monodisperse macromolecules for photonic and optoelectronic applications
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We have developed a synthetic approach that allows us to synthesise monodisperse organic are semiconductor
macromolecules on the gram scale. In contrast to conjugated polymers, batches are prepared with 100% reproducibility

and the products can be isolated in high purity. These attributes are extremely well valued, because subsequent work
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towards device optimisation(design, processing, annealing, etc.) can rely on the consistent behavior of the organic
semiconductor. Such compounds have been made for photonic and optoelectronic applications, such as organic lasers,
downconvertors in hybrid LEDs, visible light communications, OLEDs and OPVs.

For the applications mentioned above, the materials have been designed to be amorphous with excellent film-forming
properties and compatibility in composites. The latter includes hybrid LED devices and as wide band gap materials in
optically transparent OPVs. This talk will highlight some of our recent work on the synthesis and application of star-

shaped organic semiconductors [1-4].

[1] H. Yang, P. J. Skabara et al., J. Mater. Chem. C, 2023, 11, 9984-9995.
[2] M. Yan, P. J. Skabara et al., J. Mater. Chem. C, 2023, 11, 8480—8485.
[3] K. Yoshida, P. J. Skabara et al., Nature 621, 746-752 (2023).

[4] L. Lozano - Hernandez a, P. J. Skabara et al., ChemPhotoChem, 2023, 7, e202200256.

B8 : Inverse Hamiltonian design of highly-entangled quantum systems
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Solving inverse problems to identify Hamiltonians with desired properties holds promise for the discovery of
fundamental principles. In quantum systems, quantum entanglement plays a pivotal role in not only characterizing
the quantum nature but also developing quantum technology like quantum computing. Nonetheless, the design
principles of the quantum entanglement are yet to be clarified.

In this talk, I will present an inverse design framework using automatic differentiation in quantum spin systems,
aiming to construct Hamiltonians with large quantum entanglement. I will show that the method automatically finds
the Kitaev model with bond-dependent anisotropic interactions, whose ground state is a quantum spin liquid, on both
honeycomb and square-octagon lattices. On triangular and maple-leaf lattices with geometrical frustration, it
generates numerous solutions with spatially inhomogeneous interactions rather than converging to a specific model,
but it still helps to construct unprecedented models.

The comparative study reveals that bond-dependent anisotropic interactions, rather than isotropic Heisenberg
interactions, amplify quantum entanglement, even in systems with geometrical frustration. The present study paves

the way for the automatic design of new quantum systems with desired quantum nature and functionality.
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