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We would like to present the annual activity report
of the Institute for Solid State Physics (ISSP) for the
academic year 2023. ISSP was established in 1957
as a joint usage/research institute affiliated with
the University of Tokyo. In every era, we strive to
lead the frontiers of condensed matter physics and
materials science and contribute to the development
of science and technology from a basic research
perspective. In this report, we present a selection of
research outcomes produced by ISSP members and
other researchers from our community who partici-
pated in joint research programs.

The first section of the report includes 27 research highlights from ISSP groups,
and the second section contains 14 highlights from joint research conducted by outside
researchers with the assistance of ISSP members using the joint-use program. The third
section details the development of the following facilities: Supercomputer Center, Neutron
Science Laboratory, International MegaGauss Science Laboratory, Center of Computational
Materials Science, Laser and Synchrotron Research Center, and Synchrotron Radiation
Laboratory. The fourth section provides a summary of 17 conferences/workshops held by
ISSP in 2023. The publication and joint-use research topics lists conclude the document.

These activities demonstrate ISSP’s position as the global center of excellence in
condensed matter physics and materials science and we appreciate the ongoing support and
cooperation of the community to continue our activities.

October 2024

HIROI Zenji

Director of the Institute for Solid State Physics
The University of Tokyo
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Research Highlights

Metallic State of Sequence-Controlled
Oligomer Conductor that
Models Doped PEDOT Family

Mori and Ozaki Groups

Organic conducting materials are attracting attention
because of their flexibility and solution processability,
characteristics not found in inorganic semiconductors
and metals which are currently the mainstream materials.
Among them, conductive polymers such as doped poly(3,4-
ethylenedioxythiophene) (PEDOT) are widely used organic
conducting materials because of their easy solution-
processability and high conductivity. However, the large
molecular-weight distribution of polymers during processing
causes less-crystallinity and less-accessible to atomic-level
structural information and makes it difficult to elucidate
the conduction mechanism and design polymers based on
the crystal structure. In this study, we focused on oligomers
to challenge these issues. Oligomers have high degrees
of freedom in molecular design controlling three param-
eters (hetero-sequence, chain length, and terminal group).
In addition, since oligomers possess single-crystallinity,
detailed structural information can be accessible, the conduc-
tion mechanism based on crystal structures can be clarified
and materials design are possibly proposed.

So far, Mori group has developed 3,4-ethylenedioxy-
thiophene (EDOT, O) oligomeric salts nO-X [1-3]. EDOT
dimer salts 20X (X = BF4, ClO4, PF¢) have a relatively
wide calculated bandwidth of around 1 eV [1], but are Mott
insulators with 1/2-filled band structure. To deviate from
the Mott insulating state and to improve the conductivity,
two strategies for reducing the Coulomb repulsion (Ukfr)
between carriers have been reported. The first is band-filling
modulation from the 1/2-filled state [2]. The second strategy
is the extension of conjugate length, namely elongation of
oligomer length. The trimer salt 30°PFs(CH2Cl2) has been
synthesized for oligomer-length elongation, which leads the
reduction of resistivity by about one order of magnitude than
that of dimer salt 20°PFg [3]. From the above results, the
realization of high conductivity and metallic state in oligo-
meric organic conductors can be achieved by reducing Uksr
through conjugate expansion, band-filling modulation, and
suppressing stacking dimerization with improving dimen-
sionality of the electronic structure.

Although conjugate-length expansion of oligomers is
effective in reducing Uk, it has been difficult to synthesize
long-chain oligomers without introduction of solubility
auxiliary groups due to instability against oxidation and
solubility issues of oligomers consisting of a single EDOT
unit. In this study, we utilized heterogenious units, i.e.,
3,4-ethylenedithiothiophene / 3,4-(2',2'-dimethylpropylene-
dioxy)thiophene (S/P), to synthesize long chain oligomers
in solid state. The long-chain oligomers were designed and
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Fig. 1. Chemical structures, molecular arrangements, and tempera-
ture dependence of resistivities for doped oligomers, a Mott
insulator 20-PFgs and metallic 4PS-(PF¢)i.2(solvent)y,, modeled
the famous conductive polymer PEDOT-PSS. The resistivity of
4PS-(PF¢)1 2(solvent)y reached 36 Scem!, which is lower by 10 than
that of 20-PFe.

newly synthesized without the introduction of solubility-
supporting groups that inhibit intermolecular interactions in
solids. In the neutral 4PS (P-S-S-P), stability and solubility
can be imparted by introducing an S-S structure in the center,
which is a truncated and twisted structure of the conjugated
system. This twisted structure is eliminated by oxidation.
By introducing bulky unit P at both ends, dimerization is
suppressed by increasing the dimensionality of the electronic
structure, and band-filling modulation is achieved by
creating a space where excess anions can exist (Fig. 1).

Subsequently, single crystals of 4PSe(PFg); 2(solvent)n
were prepared by constant-current electrochemical oxidation
of tetramer donor 4PS. Band calculations show a quasi-one-
dimensional band structure (W = 0.41 eV) with band disper-
sion mainly in the stacking direction, confirming the acquisi-
tion of dimensionality. The room temperature resistivity in
the stacking direction is 36 S cm’!, which is six orders of
magnitude lower than that of 20°PFs, and metallic conduc-
tion behavior is observed in the high temperature region
above 280 K (Fig. 1). The IR reflection spectrum reveals a
plasma edge, and the first metallic state in a single-crystal-
line EDOT-based oligomeric organic conductor is observed
[4].

This result demonstrates that molecular arrangements and
electronic functionalities in the solid state can be controlled
by the type and sequence of oligomer units, which is a
characteristic molecular design freedom of oligomers, and
realizes a new concept in the development of conductor
materials. This concept is expected to create a new trend in
the development of organic conducting materials.
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Broken-Symmetry Quantum Hall States
in Organic Dirac Fermion Systems

Osada Group

Recently, the v=1 quantum Hall (QH) plateau was
observed in the Hall resistance of an organic conductor
o-(BETS),I3, which has been known as a two-dimensional
(2D) massless Dirac fermion (DF) system with finite spin-
orbit coupling (SOC), under high pressure [1]. In general, the
2D DF systems show the QH effect at the LL fillings v = 42,
+6, £10, ... when their Landau levels (LLs) have four-fold
spin and valley degeneracy. The v = 1 QH effect is expected
only when both spin and valley degeneracy are broken in
the N = 0 LL. The spontaneous valley symmetry breaking
is caused by the exchange interaction. We have studied the
spatial order of the broken-symmetry QH states in a-type
organic DF systems, a-(ET)I3 and a-(BETS),I3.

In order to clarify the broken-symmetry QH state of
the a-type organic DF system with four molecular sites (A,
A', B, and C) in the unit cell, we have studied its electronic
state under magnetic fields using the four-band tight-binding
model including Peierls phase factors. Figure 1 shows the
magnetic field dependence of the energy levels (Hofstadter
butterfly) for the spinless case (no Zeeman effect and no
SOC). The Chern number for each gap confirms the validity
of the conventional DF picture in these materials.

The four-component envelope functions of the N = 0
LL with valley degeneracy were investigated based on the
Hofstadter calculation. The site-resolved probability density
of the LLs is shown in Fig. 2. When the SOC is considered,
it breaks the spin degeneracy of the N = 0 LL and opens a
spin-split gap. We can see that the degenerating —ko- and
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Fig. 1. (left) Band dispersion of an a-type organic conductor a-(ET)I3
under pressure at zero magnetic field. (right) Magnetic field depen-
dence of energy levels (Hofstadter butterfly) in an a-type organic
conductor a-(ET),l3 for the spinless case. The energy gap between
quantized levels is colored according to the Chern number Nch.
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Fig. 2. (left) Probability densities of LLs under the SOC at four
molecular sites of a-(ET)2l3 at about 33 T. Zeeman shift is not
included. The zero-field gapped dispersion is also shown over them.
(right) Schematics of spontaneous valley splitting of the "N = 01" and
"N =0]" LLs and the examples of the charge and spin density patterns
of the broken-symmetry v ==+1 QH states when the SOC is dominant
for the spin splitting.

+ko-valley states have different probability weights on the
A and A' molecules, which are connected by the inversion
operation. This valley-site correspondence is recognized
independently of the presence of the Zeeman effect or the
SOC. When the spontaneous valley symmetry breaking,
which is equivalent to the inversion symmetry breaking in
this case, occurs due to the exchange interaction in the N =0
LLs, their valley splitting leads to the v = £1 QH effects.
These broken-symmetry QH states are accompanied by the
spatial modulation of charge and spin densities at A and A'
sites in a unit cell, as shown in the right panel of Fig. 2.

In graphene, which is the typical 2D DF system, the
broken-symmetry QH states, especially the v = 0 QH states
have been intensively studied both theoretically and experi-
mentally. Since graphene has the ten times larger group
velocity than the a-type organics, the spin splitting is almost
negligible compared to the LL spacing, so that we have to
consider the SU(4) symmetry breaking of the N = 0 LL.
In fact, various QH states, the QH ferromagnet (QHF), the
canted antiferromagnet, the charge order, the Kekule distor-
tion, etc. have been proposed as the v = 0 QH state. On
the other hand, in the a-type organic DF system, the spin
splitting resulting from the Zeeman effect and the SOC is
sufficiently large compared to the LL spacing. The v =0 QH
state is considered to be the QHF state without spontaneous
symmetry breaking (SSB) as previously pointed out [3].
Therefore, only the v =41 QH states are accompanied by the
SSB in the organic DF system.
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Magnetic Modulation and Thickness
Dependence of Second Harmonic
Generation in Two-Dimensional
Multiferroic CuCrP,S¢

Ideue Group

Two-dimensional van der Waals multiferroics are
emerging material platforms for realizing unique magne-
toelectric/ magneto-optical properties and also important
building blocks for functional van der Waals devices.
Although they provide a new opportunity of controlling
multiferroic properties in the atomic layer limit, research on
few-layer multiferroic crystals is limited and the effect of
thickness dependent symmetries on multiferroic properties
are less explored.

In this work, we studied the symmetries and magneto-
electric responses in exfoliated samples of novel van der
Waals multiferroic CuCrP2S¢ by optical second harmonic
generation (SHG).

CuCrP2S¢ is a layered material composed of the honey-
comb lattice of distorted CrSe octahedra and CuS; triangles
and pairs of P ions inside the honeycomb, and shows the
structural and magnetic phase transition at 7¢c = 190 K and
Tn =32 K, respectively. At 7> Tc, it shows centrosymmetric
crystal structure with C2/c space group (Fig. 1 (c)), in which
Cu ions can move and ion conductor behaviors have been
reported. With decreasing the temperature, movement of
Cu ions start to freeze at 7= 190 K and is completely settle
down at T = 145 K, which cause the structural transition to
the non-centrosymmetric phase with Pc space group (Fig. 1
(b)). Below T < Tn, A-type antiferromagnetic order develops,
in which spins of Cr*" align along the a-axis (Fig. 1 (a)).
Because both the spatial inversion symmetry and time-
reversal symmetry are broken, CuCrP2Se shows the magne-
toelectric effect in this low-temperature phase.

Figures 1 (d)-(e) show the polarization-resolved SHG
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Fig. 1. (a-c) Crystal and magnetic structures of CuCrP;Se at 7' < TN
(a), In < T < Tc (b), and Tc < T (c). (d-f) Polarization-resolved SHG
patterns in CuCrP2Sg¢ at 7= 5 K (d), 7= 100 K (e), and 7= 300 K (f).
g) Temperature dependence of SHG intensity along the polarization
angle = 10" and 90°. AFM indicates antiferromagnetic phase.
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patterns at 7= 5 K (Fig. 1 (d)), T =100 K (Fig. 1 (e)), and
T =300 K (Fig. 1 (f)), respectively. At 7 = 300 K, small
SHG signal has been observed (Fig. 1 (f)), which can be
attributed to the surface or electric quadrupole terms. In the
intermediate temperature region, SHG intensity along the
a-axis is enhanced (Fig. 1 (e)). Since inversion symmetry is
broken in this phase, electric dipole term of SHG is allowed
and this additional component is generated in the SHG. In
the antiferromagnetic phase, SHG intensity along the b-axis
is also developed (Fig. 1 (d)), which can be explained by
the magnetic dipole term. In Fig. 1 (g), we plot the tempera-
ture dependence of the SHG intensity along the polarization
angle 8 = 10° and 90°. Here, § = 0° is defined as a-axis. This
temperature variation clearly indicates that SHG intensity
along the g-axis (b-axis) originating from electric dipole
(magnetic dipole) term reflect the structural (magnetic) phase
transition in CuCrP»Se.

In order to understand the effect of magnetoelectric
properties on SHG, we measured SHG under the magnetic
field. Figure 2 (a) (red) shows the SHG pattern under the
magnetic field (B = 1.2 T) at T = 5 K. The magnetic field
is applied to the b-axis. SHG pattern changes dramati-
cally, showing the large enhancement along the g-axis. In
CuCrP>Se, the application of the magnetic field along the
b-axis will generate the electric polarization along the a-axis
due to the magnetoelectric effect. This electric polariza-
tion induced by the magnetoelectric effect is considered to
generate a large SHG. Furthermore, the thickness depen-
dence of the SHG induced by the magnetoelectric effect was
investigated. Figure 2 (b) shows the SHG patterns under
magnetic field (B=1.2T) along the b-axis for samples of
various thicknesses. For thicker samples, the SHG pattern is
mirror symmetric with respect to the a-axis. This is because
that bulk sample has the glide symmetry with respect to the
ac-plane. However, as the thickness is reduced, this glide
symmetry is lost, resulting in modulation of the SHG pattern.
These results indicate that symmetry change by thinning can
modulate the magnetoelectric effect in two-dimensional van
der Waals multiferroics.

(a)

=
s
Z 100 35
v
g
< |0
£ Lo
[©)
T
7
225°
b
a

(b) 270°
oz 90 %0° %0°
S5 1013 1350 45 135 45
o c
58
E‘E 180 0° 180° W 0° 180 0° 180" o
o ©
Z I

7]

270° 270°

58 nm 11 nm

270°

I

5nm

Fig. 2. (a) Polarization-resolved SHG patterns in CuCrP>Sg under the
magnetic field (B = 1.2 T) along the b axis (red). SHG measured under
zero magnetic field (black) is also shown. Insets show the schematics
of magnetic structures and directions of the magnetic field and electric
polarization induced by the magnetoelectric effect. (b) Thickness
dependent SHG patterns under the magnetic field (B = 1.2 T) along the
b-axis. All the data were measured at 7= 5 K.



In summary, we have observed magnetic modulation and
its thickness dependence of SHG in CuCrP;Se. This work
clarifies the unique magnetoelectric properties in CuCrP>Sg
and also provide a new design principle of two dimensional
multiferroics.
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Chirality-Induced Phonon-Spin
Conversion at an Interface

Kato Group

Chirality has been an important concept not only in high-
energy physics but also in solid state physics for long time.
The chirality in materials has attracted much attention after
the discovery of chirality-induced spin selectivity (CISS)
in DNA and peptides [1]. Indeed, the discovery of CISS
has stimulated many theoretical and experimental studies
on spin-related phenomena in chiral materials since it may
reveal a way of developing spintronic devices without using
heavy elements.

Recently, thermal phonon transport in a chiral crystal,
a-quartz (Si0O2), induces spin current into an adjacent normal
metal [2] as shown schematically in Fig. 1 (a). This observa-
tion is quite remarkable since o-quartz is nonmagnetic and
includes no heavy elements, which induce spin-orbit interac-
tions. While this CISS phenomenon due to phonon transport
is naively explained by angular momentum transfer from
chiral motion of nuclei to spins of conduction electrons, its
microscopic origin remains unanswered because of the lack
of understanding of the microscopic description underlying
interfacial phonon-spin conversion.

The key idea to solve this problem is reconsideration on
microscopic spin-phonon coupling. Usually, it is derived
from energy change of electrons induced by lattice displace-
ment in combination with the spin-orbit interaction. In our
work [3], we focused on a previously overlooked mecha-
nism derived from the gyromagnetic effect [4], considering
the coupling between local microrotations and electron
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Fig. 1. (a) Schematic setup. Heat current in the chiral insulator gener-
ates a spin current in the normal metal through an interface. The gener-
ated spin current can be observed by a voltage in the NM induced
by the inverse spin Hall effect. (b) Schematic illustration of energy
dispersion splitting for chiral phonons. The red and blue lines represent
the energy of the right-handed (4 = +) and left-handed (1 = —) chiral
phonon modes, respectively.

spins. The gyromagnetic effect has been studied originally as
the interconversion phenomenon between spin and macro-
scopic mechanical rotation. We have now extended it to
microscopic rotation, revealing a nontrivial spin-phonon
coupling. Starting with a microscopic model for a bilayer
system composed of a normal metal and chiral insulator, we
derived the effective Hamiltonian describing the interfacial
coupling between the electron spins and chiral phonons due
to the spin-microrotation coupling. In our study, chirality
is characterized by time-reversal symmetry and lack of the
parity(mirror) symmetry with respect to spatial inversion.
This feature is reflected by splitting of the phonon disper-
sion wg as schematically shown in Fig. 1(b), where ¢ is the
wavenumber and 4 = =+ is the chirality of phonons. When
the phonons propagate along the chiral axis, their energy
becomes different (wg+ # wq-) due to the chirality of the
crystal. The phonon dispersion lacks the parity symmetry
(wgr # w—4;), while it keeps the time-reversal symmetry (wg;
= w-¢7) where A = T indicates the chirality opposite to 4.

By treating this interfacial coupling perturbatively, we
formulated the spin current injected from the chiral insulator
into the normal metal. The results suggest that an imbal-
anced distribution among the chiral phonon modes, e.g., due
to a temperature gradient, drives the interfacial spin current
into the normal metal. By a simplified calculation assuming
the relaxation time approximation, the spin current into the
normal metal is obtained as

d a,T
re S ol mute) (%)
q (qz>0)

Combining this result with chiral property of phonons
described above, we can show that nonzero spin current is
generated across the interface only for chiral insulators.

Our findings clearly illustrate the microscopic origin of
the spin current generation by chiral phonons without the
spin-orbit interaction and may lead to a breakthrough in the
development of spintronic devices without heavy elements.
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Gapless Detection of Broadband
Terahertz Pulses Using a Metal Surface
in Air Based on Field Induced
Second-Harmonic Generation

Yoshinobu and Matsunaga Groups

Terahertz (THz) time-domain spectroscopy has been
attracting much attention in many research areas such as
imaging, molecular spectroscopy, and solid-state physics
because the energy covers various elementary excitations
in solids and molecules. Various methods for detecting
the phase-locked THz electric field have been developed,
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such as electro-optic (EO) sampling and photoconductive
antennas. Because most of these detection methods use
insulating solid crystals, phonon absorptions and the phase
matching condition in the crystals largely disturb the time-
domain waveform of the THz pulse, particularly between
5 and 15 THz. To realize a gapless detection for broadband
THz pulses, Air-Biased Coherent Detection (ABCD) has
been utilized; it is based on the interference between the THz
electric field-induced second harmonic (TFISH) light from
air molecules and an electric-field-induced second harmonic
light by the electrodes with high bias voltage above 1 kV.
Recently, to reduce the voltage value, Solid-State-Biased
Coherent Detection (SSBCD) using insulators such as silica
or diamond instead of air was developed; however, it still
requires sub-kV bias and microfabrication processes. There-
fore, a much simpler geometry for gapless broadband THz
pulse detection is highly demanded.

We have developed a new detection method, termed as
Air-Metal Coherent Detection (AMCD), where we utilize
a metal surface instead of the vias voltage in ABCD. The
schematic of our experimental setup is depicted in Fig. 1(a).
Second-harmonic generation (SHG) light from a Pt surface
in air under broadband THz pulse irradiation was investi-
gated. An output of the Ti:sapphire regenerative amplifier
was divided into two beams for THz generation and for a
near-infrared pulse as a fundamental light of SHG lights.
Here, the THz pulse was generated from the two-color laser-
induced air plasma filamentation, and we confirmed its
broad bandwidth up to at least several tens of THz by using
mid-infrared-sensitive power meters. Both P-polarized pulses
were collinearly focused on the Pt surface in air, and THz
pulse-modulated SHG intensity Aly, was measured by a
photomultiplier tube. The time profile of Al and the ampli-
tude spectrum obtained by fast Fourier transform of the time
trace were shown in Figs. 1(b) and 1(c), respectively. For
comparison, the spectrum evaluated by using a conventional
EO sampling method with a GaP crystal is also added in
Fig. 1(c). The spectrum evaluated by EO sampling (red) was
restricted only below 7 THz due to the phonon resonances
and phase-matching conditions in the GaP crystal. By clear
contrast, the spectrum obtained from the time trace of Alyg
measurement (blue) detected the broadband frequency
components without gaps. Because the THz field inside the
metal is sufficiently weak, the TFISH generation in the metal
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Fig. 1 (a) Schematic illustration of the experimental setup. (b) The time
profile of Alx,, measured for the Pt single crystal using the broadband
THz pulse. (¢) The blue line corresponds to the amplitude spectra
obtained by fast Fourier transformation of the time trace of (b). As a

reference, the amplitude spectrum detected by the EO sampling method
with the GaP crystal was added as the red line.
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is negligible. As a result, the effect of phonons is absent
for the Alp, measurements, enabling a gapless detection of
broadband THz pulses in the region of 0.2-20 THz as shown
in Fig. 1(c). We also confirmed that this method works well
even with a gold mirror instead of the Pt surface.

In this study, a new gapless detection method was devel-
oped for broadband THz pulses by using a metal surface in
air without any high voltage electrodes. The present AMCD
method does not suffer from phonons or phase matching in
insulating solid-state optics and does not require any power
supply, bias voltage, or fabrication process, but offers a
simple and gapless sampling method for broadband THz
pulses.
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Fabrication of Orientation-Controlled
Orthoferrite Films

Lippmaa and Nakatsuji Groups

YFeO3 is an orthorhombic antiferromagnet with a
distorted pseudocubic perovskite structure. The spins are
slightly canted, giving the material a small spontaneous
residual magnetic moment. Single crystals of YFeOs have
been shown to have a magnon decay length of several
hundred nm. As the spin ordering temperature is about 640 K
and YFeOs has no spin-flop transitions below the ordering
temperature, it can be a useful material for designing room-
temperature antiferromagnetic spintronic devices. The
choice of suitable antiferromagnets is small, with most
experimental work focusing on hematite a-Fe;O3;. However,
device design generally requires thin films and it is known
for a-Fe;O3 that the magnon decay length in a thin film is
much shorter than in a single crystal. In Fe;O3, this reduc-
tion of the decay length may be related to the small grain
size and high defect density, which is an intrinsic problem
with iron oxides due to the existence of multiple crystalline
phases with the same nominal film composition. Compared
to hematite, the orthoferrite phase is more stable and it
should thus be possible to fabricate films with single-crystal-
like quality, at least in terms of the magnetic structure. In
particular, large magnetic domains are desirable with few
grain boundaries. However, when orthorhombic films are
grown on common cubic substrates, such as SrTiO3, the film
would spontaneously form various twinned structures due to
the unequal lengths of the pseudocubic in-plane axes of the
film. We have successfully grown YFeOs films with large
magnetic domains and a well-defined in-plane orientation of
the crystallographic axes by using an orthorhombic NdGaO3
substrate. The (110) surface of a NdGaOs3 crystal has a
tetragonal in-plane unit cell, which can work as a growth
template for a fully-strained epitaxial film, ensuring that
the orthorhombic c-axis is in the plane of the film and that
there are no 90° in-plane twin boundaries. To achieve such
growth, the substrate has to have an atomically flat surface.
The substrates were therefore annealed in air at 1000°C to



2um

Fig. 1. Atomic force microscope image of a YFeO3 film surface. A
defect-free step-and-terrace surface was observed over large length
scales. X-ray reciprocal space mapping of a YFeOs3 film on a NdGaO3
substrate shows that the film does not contain twin domains.

360 Oe

Fig. 2. MOKE imaging of the direction switching of the weak residual
magnetic moment of a YFeO3 film during a gradual increase of an
external magnetic field. The magnetic domain size appears to be larger
than 100 pm.

obtain a step-and-terrace NdGaO3(110) surface. The YFeO3
films grown by pulsed laser deposition also exhibited a clean
long-range step-and-terrace morphology (Fig. 1a), indicating
that the films did not have 90° twin grain boundaries. The
structural quality was confirmed through x-ray reciprocal
space mapping (Fig. 1b), which showed that the films did
not have a multi-domain structure. The magnetic ordering
temperature of the films was verified to be close to 640 K
by measuring the small residual ferromagnetic component
of the canted spin structure. Hysteresis loops associated with
the switching of the spontaneous residual magnetic moment
were only observed when the magnetic field was applied in
the plane of the film along the YFeO3 c-axis. The magnetic
domain size was analyzed by magneto-optic Kerr rotation
(MOKE) imaging. By slowly increasing the magnitude of
the applied field, a gradual domain formation and domain
wall movement could be observed in a narrow field range
of 342 to 360 Oe (Fig. 2). The MOKE imaging showed that
the magnetic domain size was on the scale of 100 um or
more. The magnon decay length in single crystals has been
shown to be on the order of 0.5 um, which means that for
the purpose of device design, the films can be considered to
have a single-domain structure. The well-ordered flat surface
of the films provides a good starting point for constructing
devices with very well defined interfaces. The YFeOs films
can be easily combined with various oxide ferromagnets,
such as (La,Sr)MnO3 or metal layers.
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Coupled Electron-Proton Transfer
Dynamics in Electrochemical Media

Sugino Group

Protons couple with water molecules in solution to form
a hydronium ion (H30%(aq)), which is sometimes regarded
as a small polaron. At low voltages, instead, they prefer to
combine with an electron near the electrode and are adsorbed
thereon as a neutral species (H(ads)). This is a proto-
typical electrochemical reaction called Volmer step. This
change in the proton state is called coupled electron-proton
transfer dynamics; its microscopic elucidation, however,
has long been a challenge of theoreticians. A few decades
ago, Schmickler modeled it by adding solvent phonons
coupled harmonically with protons to a surface adsorption
model called Newns-Anderson model. The resulting Newns-
Anderson-Schmickler model, consisting of a hydrogen atom,
electrons in electrode, and solution, has been regarded as one
of the standard models for the electrochemical step.

It is found that the terms added to consider the solva-
tion effect can be apparently removed by applying the
Lang-Firsov transformation, often used in studying polaron
dynamics. This technique allows us to apply the non-equilib-
rium approaches so far developed for the Newns-Anderson
model. Based on this recognition, we provided an analyt-
ical expression for the Volmer dynamics and revealed the
non-adiabaticity caused by the moving hydrated protons, i.c.
the deviation from the adiabatic Born-Oppenheimer (BO)
state [1]. This is an extension of our previous work on the
Volmer dynamics based on first-principles BO dynamic
simulation [2] although the model used therein has been
greatly simplified in the present Schmickler model. Impor-
tantly, however, it is possible for the model to consider the
energy dissipation channels; (a) electron-hole excitation
in the electrode or the electronic friction channel, and (b)
vibrational excitation in the solvents. The former channel
opens mainly when the proton affinity level aligns with the
Fermi level and is increasingly important as the velocity of
the proton increases, while the latter channel is constantly
active under the conditions we have assumed. Our solution to

+
Transferring e~ H;0
e .

-

Moving H*

Solution

Electrode

Fig. 1. Electrode-solution interface. Green circles represent the atoms
constituting the electrode, and the red and while circles represent,
respectively, the oxygen and hydrogen atoms constituting the hydro-
nium ion. The hydrogen atom nearest to the electrode is moving
towards the electrode, and this motion is coupled to transfer of an
electron in the electrode. The Newns-Anderson-Schmickler model
represent the coupled proton-electron transfer dynamics, for which an
analytical solution has been provided in our research.
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the time-dependent News-Anderson-Schmickler model can
be used to explain qualitatively the experiments regarding
how the reaction rate depends on the electrode potential. The
solution can also be used to show how the kinetic energy
of the hydrated protons is dissipated into the dissipation
channels, which should be important for the chemical-to-
electric energy conversion efficiency. As far as we know, the
two channels have not been studied together although each
of them has been studied separately; the electrode problem
thus provides a novel target for non-equilibrium statistical
physicists.

Our simulation is currently based on assumed trajectories
of the proton although the trajectory can be assumed only for
fast-moving protons; in the present case, however, protons
are moderately accelerated in the electric double layer,
possibly on the order of several tens of meV. In the future
step, therefore, the trajectory will be determined by solving
the proton's equation of motion considering self-consistently
the two dissipation channels as described above. We will
consider in addition the quantum effect of protons, such as
tunneling and interference, that may play a role as discussed
in the literature. Those are the target of our long-term project
“Establishing a Quantum Theory of Electrodes”. Our study
has enabled us to take an important step in this direction.
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Extremely Large Magnetoresistance in
Multipolar Kondo System PrTizAlzo

Nakatsuji Group

The multipolar Kondo systems Pr(Ti, V)2Alx provide
unprecedented opportunities to design new quantum phases
and functionalities beyond the spin-only paradigm. They host
a nonmagnetic crystal-electric-field ground state in which
the magnetic dipole moment is absent while higher-order
quadrupolar and octopolar moments are active; the substan-
tial Kondo entanglement between these multipolar moments
and the conduction electron sea serves as the root for strange
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Fig. 1. Transverse magnetoresistance (MR) curves of PrTizAlyg

obtained at various temperatures. While conventional B2 behavior is
observed at high 7 (inset), unsaturated quasi linear MR is observed at
low T'up to 16 T (main panel).
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Fig. 2. Low-T Hall coefficient Ry (a) and y, yp and sz (b) as a function
of B. Ry cannot be scaled by either y, yp and yp?, indicating the anoma-
lous Hall component associated with the magnetization is negligibly
small.

metal behavior, quantum criticality, and exotic supercon-
ductivity observed in these systems. Here, we discover
extremely large magnetoresistance (XMR) exceeding ~103%
in the pure ferroquadrupolar ordered state of PrTipAlyg and
identify the key role of Fermi surface topology in generating
this XMR. Large magnetoresistance lays the foundation for
various technological applications; a well-known example is
the magnetic field sensor based on giant magnetoresistance
(GMR). Our findings demonstrate that a multipolar ordered
state, without involving spin degrees of freedom, can realize
large magnetoresistance. These findings provide essential
insights that may facilitate revealing unified mechanisms
behind large magnetotransport phenomena and thereby
widen the material platforms for their applications.
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Giant Anomalous Nernst Effect in
Polycrystalline Thin Films of CooMnGa

Nakatsuji Group

Co2MnGa is a Heusler compound that exhibits the largest
anomalous Nernst effect at room temperature. This effect
arises from its topological band structure, namely, the Weyl
cone. Previously, the large anomalous Nernst effects in
thin films of CooMnGa were obtained via epitaxial growth
using a single-crystal substrate or an interface with an easily
crystallized material such as AIN. Here, by improving
the deposition process, we have succeeded in obtaining
the anomalous Nernst effect of —5.4 pV/K in Co2MnGa
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Fig. 2. Column chart of absolute values of room-temperature anoma-
lous Nernst effect (|S)x[)) obtained in magnetic materials. Each group is
categorized as follows: bulk single crystals (green), bulk poly-crystals
(brown), film deposited on a single crystalline substrate (blue), single-
layer films deposited on an amorphous template (red), and multilayer
films deposited on an amorphous template (purple).

polycrystalline films directly deposited on an amorphous
template of SiO2/Si substrates, which are cheaper and readily
available. The key aspect of this method is that CooMnGa
grains with the L2 structure were realized by high-temper-
ature deposition. This film deposition technique can facili-
tate the commercial advancement of thermoelectric devices
using the anomalous Nernst effect and the development of
spintronics devices by interfacing with widened material
classes.
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Magnetic Anisotropy of Fe/MgO Interfaces
Inserted with Alkali Halide Layers

Miwa Group

Fe/MgO-based systems have attracted attention for
magnetic tunnel junction applications because of the
simultaneous existence of robust perpendicular magnetic
anisotropy (PMA) and giant tunnel magnetoresistance
(TMR). Recently, it was demonstrated that a few
monolayers of LiF insertion can enhance the interfacial
PMA at the Fe/MgO interface while TMR and the voltage-

controlled magnetic anisotropy effect are maintained [1].
It was also shown the PMA enhancement originates from
increased Fe orbital magnetic moment anisotropy, and a
higher electronegativity of F compared with O seems to
contribute to the enhancement [2]. Motivated by these
findings, in this study, we investigate the influence of alkali
halide layers with different anion electronegativity and
spin-orbit interaction on the magnetic anisotropy at the Fe/
MgO interface [3]. Here we chose LiF, Csl, and NaCl as a
fluoride, an iodide, and a chloride since they could be grown
epitaxially on Fe, considering their similar lattice constants
(are=0.286 nm, arip/N2 = 0.285 nm, acsy/N2 =0.318 nm,
anac/2 = 0.282 nm).

The schematic of the samples is shown in Fig. 1(a).
Epitaxial multilayers consisting of MgO (5 nm)/V (30 nm)/
Fe (tre=0.3 — 0.9 nm)/Alkali halide (0, 0.1, 0.2, 0.4,
0.6, and 1 nm)/MgO (5 nm)/SiO; (5 nm) were grown on
single-crystalline MgO (001) substrates by molecular
beam epitaxy, where LiF, Csl and NaCl were introduced as
alkali halide layers. The crystallinity of each surface was
evaluated by performing reflection high-energy electron
diffraction (RHEED) measurements. The RHEED patterns
of the 0.2-nm-thick LiF, Csl, and NaCl layers are shown in
Fig. I(b), 1(c), and 1(d), respectively. The streaky pattern
in LiF indicates the epitaxial growth because of the good
lattice matching. The spotty pattern in CsI represents a
rough surface, and the additional 2x2 streaks may originate
from only half Cs/I atoms in the CsI monolayer compared
to the Fe layer. The pattern of NaCl shows a superlattice
because of two models of pseudo epitaxial growth of NaCl:
either NaClI[110] or [100] direction is parallel to the Fe[100]
direction.

The magnetic properties were characterized by using
the polar magneto-optical Kerr effect (polar-MOKE). The
LiF thickness dependence of the normalized magnetization
curves for the Fe 0.7-nm region is shown in Fig. 2(a). The
shape of the magnetization curves is modified by the inserted
LiF layers, revealing that the LiF insertion strengthens PMA,
and the PMA becomes the strongest at a LiF thickness of
0.4 nm.

We estimated the total PMA energy (Kefr) from
the magnetization curves, and we characterized the
contribution from the interfacial magnetic anisotropy
(K1) to the PMA energy by employing the linear fitting:

1 i . .
Kesttess = (Kv — gﬂoMesz test + K. The interfacial magnetic

LiF 0.2 nm

NaCl 0.2 nm

Fig. 1. (a) Schematic of the multilayers. RHEED patterns of the alkali
halide layers: (b) LiF 0.2 nm, (c) CsI 0.2 nm, and (d) NaCl 0.2 nm
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NaCl samples.

anisotropy energies as a function of alkali halide thickness
for the LiF, Csl, and NaCl samples are shown in Fig. 2(b).
For the LiF sample, the K slightly increases in the 0—0.4-nm
regions but starts to decrease in the 0.4—1.0-nm regions. It
is suggested that the high electronegativity of F is beneficial
for interfacial PMA probably because of the weaker Fe-F
hybridization and stronger electron localization at the
interface. For the Csl and NaCl cases, the interfacial PMA
decreases monotonically with Csl or NaCl thickness. Despite
their strong spin-orbit interactions, the finite magnetic dead
layers suggest an intermixing of the alkali halide and Fe
layers, which contributes to the interfacial PMA degradation.

In summary, we studied the effect of alkali halide
insertions on magnetic anisotropy at the Fe/MgO interface,
and our study shall serve as a guiding principle for designing
a new dielectric layer to achieve stronger PMA in ultrathin
Fe films.
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X-Ray Magnetic Circular Dichroism
Study of Enhanced Interfacial
Perpendicular Magnetic Anisotropy
in LiF-Inserted Fe/MgO Interface

Miwa Group

Fe(CoB)/MgO interfaces are crucial for spintronics appli-
cations such as magnetoresistive random access memories
(MRAMs) due to their giant tunneling magnetoresistance
(TMR) effect and strong interfacial perpendicular magnetic
anisotropy (PMA). Strong PMA is key to shrinking the size
of magnetic cells while keeping thermal stability intact, and
improving PMA is one of the most significant challenges in
MRAM development.

Recently, Nozaki et al. demonstrated that inserting
an ultrathin LiF layer between the MgO and Fe layers
significantly boosts interfacial PMA while preserving or
even enhancing TMR ratio [1]. Although this discovery is
promising, the cause of the enhancement remains elusive,
and clarifying its origin is of great importance for further
improvements in PMA. For such purpose, we conduct x-ray
magnetic circular dichroism (XMCD) measurements on Fe/
LiF/MgO multilayers [2].

The Fe/LiF/MgO structures were grown on single-
crystalline MgO (001) substrates using molecular beam
epitaxy. The sample structure is illustrated in Fig. 1(a).
XMCD measurements were conducted at the BL-16A
beamline in the Photon Factory.

Figure 1(b) presents an out-of-plane magnetic hysteresis
loop measured with the magneto-optical Kerr effect. The
loops are perfectly square, indicating that the Fe/LiF/MgO
multilayers exhibit PMA. The coercive field becomes larger
with LiF thickness up to 0.4 nm but slightly declines when
the LiF layer reaches 0.6 nm, in agreement with the previous
study [1]. This suggests that PMA energy increases with LiF
insertion.

To uncover the origin of the enhanced PMA, we
measured XMCD spectra with both out-of-plane and nearly
in-plane (70°) magnetic fields. Figure 2(a) compares the
XMCD spectra for samples without LiF and with a 0.4-nm-
thick LiF layer. The XMCD spectra are normalized to the
Fe L;-edge maxima. The XMCD spectra consists of broad
single peak for each L3 and L, edge, confirming the absence
of Fe oxides or fluorides at the interface. The intensity of the
XMCD is stronger for the out-of-plane magnetic fields than
for the in-plane magnetic fields. This intensity anisotropy
becomes more pronounced with LiF insertion, indicating that
the orbital magnetic moment becomes more anisotropic.

To be more quantitative, we estimated spin and orbital
magnetic moments using XMCD sum rules. Figure 2(b)
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Fig. 1. (a) Schematic sample structure. (b) Hysteresis curves measured
using magneto-optical Kerr effect.
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Fig. 2. (a) X-ray magnetic circular dichroism spectra for the samples
without LiF and with 0.4-nm-thick LiF, measured with out-of-plane
(6 =0°) and nearly in-plane (0 =70°) magnetic fields. The measure-
ment geometry is depicted in the inset. (b) Anisotropy in the ratio of
the Fe orbital magnetic moment to the Fe spin magnetic moment as
a function of LiF thickness. The coercive fields are also plotted for
comparison.

shows the obtained anisotropy of the orbital to spin magnetic
moment ratio, defined as A(morb/mspin) = (Morb/Mspin)e=0° —
(morb/mspin)e=70°. This anisotropy increases with LiF thick-
ness. This strengthened orbital moment anisotropy is consis-
tent with the PMA enhancement because the PMA energy is
proportional to the orbital moment anisotropy in the simplest
approximation. Indeed, the coercive fields behave similarly
to the orbital moment anisotropy, as displayed in Fig. 2(b).
The A(morw/mspin) values seem saturated at the LiF thickness
of 0.2 nm, the origin of which may be attributed to the fact
that the Fe layer is almost fully covered by a monolayer of
LiF (~0.2 nm).

We infer that the enhancement of the orbital moment
anisotropy arises from the more robust interfacial electron
localization and electron-electron correlation, due to the
highly ionic nature of LiF and weak Fe-F hybridization, or
from improved interface quality with fewer defects.
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Influence of Alkali-Fluoride Insertion
Layers on the Perpendicular Magnetic
Anisotropy at the Fe/MgO Interface

Miwa Group

Fe/MgO-based systems have attracted significant
attention because of their strong perpendicular magnetic
anisotropy (PMA) and giant tunneling magnetoresistance
(TMR). Recently, it was reported that an ultrathin LiF
layer insertion at the Fe/MgO interface could enhance the
interfacial PMA while maintaining the TMR ratio [1, 2],
and the following study showed that inserting other alkali-
halide layers, such as NaCl and Csl, degrades the interfacial
PMA [3]. Such findings suggest the importance of the strong
electronegativity of fluorine atoms. However, since LiF has
better lattice matching with Fe than MgO (arir = 0.403 nm,
amgo = 0.421 nm, 2 are = 0.405 nm), it remains unclear
whether the presence of fluorine atoms on the Fe atoms or
the improved lattice matching between Fe and LiF layers
contributes more significantly to the PMA enhancement. In
this study, we insert an ultrathin NaF layer with suboptimal
lattice matching to Fe at the Fe/MgO interface and
characterize the PMA energy to disentangle the effects of
strong electronegativity and lattice matching [4]. NaF, LiF,
and MgO share the same NaCl-type crystal structure with
lattice constants of 0.462, 0.403, and 0.421 nm, respectively.

The schematic of the multilayer structure is shown
in Fig. 1(a). The multilayers consist of single-crystal-
line MgO (001) substrate/MgO (5 nm)/V (30 nm)/Fe
(tre = 0.3—0.9 nm)/NaF (0—1 nm)/MgO (5 nm)/SiO; (5 nm).
We performed reflection high-energy electron diffraction
(RHEED) measurements to examine the surface crystal-
linity. The RHEED images of the 0.6-nm-thick Fe layer,
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Fig. 1. (a) Schematic of the multilayers. (b) RHEED patterns of the
multilayers: 0.66-nm-thick Fe layer, 0.1- and 0.6-nm-thick NaF layers,
and MgO overlayer on 0.1-nm-thick NaF layer. (c) Normalized recip-
rocal of the distance between streaks (1/d) in V, Fe, and NaF epilayers
obtained from pixel analysis.
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0.1- and 0.6-nm-thick NaF layers, and the corresponding
MgO cap layer on the 0.1-nm-thick NaF layer, are shown
in Fig. 1(b), respectively. The sharp streaks observed in the
RHEED pattern indicate the well-epitaxial deposition of each
layer.

To evaluate the lattice matching properties, we estimated
the in-plane lattice constants of the NaF with various
thicknesses by measuring the distance between the streaks
in the RHEED patterns [represented as d in Fig. 1(b)]. As
the in-plane lattice constant is inversely proportional to d,
we plotted 1/d values for the Fe and NaF layers normalized
to that for the V layer in Fig. 1(c). The lattice constant of the
Fe underlayer is plotted in blue at a NaF thickness of 0 nm.
The 1/d value remained constant with a 0.1-nm-thick NaF
insertion but drastically increased when the NaF thickness
exceeded 0.1 nm. The in-plane lattice constant of the 0.6-nm-
thick NaF layer is estimated as ~0.323 nm, approaching its
unconstrained bulk lattice constant (aNaF/\/z =0.327 nm).
These results indicate that a NaF layer epitaxially forms
islands on the Fe layer when the NaF layer is thinner than
a monolayer. However, for thicker NaF layer insertions,
accumulated internal stress overcomes the epitaxial stress
and creates interfacial defects, and therefore, the lattice
constant approaches the bulk lattice constant.

The magnetic properties were characterized by polar
magneto-optical Kerr effect (polar-MOKE) measurement.
The magnetic dead layer thickness of the NaF sample and
the compared LiF sample are shown in Fig. 2(a). The dead
layer exhibits robustness after LiF insertion and remains
unchanged with a 0.1-nm-thick NaF insertion. However, it
drastically increases as the NaF thickness becomes thicker,
suggesting interlayer mixing between NaF and Fe layers. We
estimated the magnetic anisotropy energies from magnetiza-
tion curves and extracted the interfacial magnetic anisotropy
from the fitting. The interfacial magnetic anisotropy energies
(K1) of NaF and the compared LiF samples are shown in
Fig. 2(b). The 0.1-nm-thick NaF insertion shows a slight
enhancement of K which is similar to the LiF case, except
for the critical thickness difference probably originating from
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the difference in lattice matching conditions. Despite the
suboptimal lattice matching, the Kj enhancement in the Fe/
NaF interface underscores the importance of fluorine atoms
on the Fe atoms.

In summary, we have investigated the influence of NaF
insertion on magnetic anisotropy at the Fe/MgO interface
to disentangle the effects of fluorine electron negativity and
lattice matching. Our result deepens the understanding of the
effects of fluorine insertion on magnetic anisotropy at the
Fe/MgO interface.
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Pressure-Induced Superconductivity
in Polycrystalline La3Ni;O7-5

Uwatoko Group

High-T¢; superconductors have been at the forefront of
scientific exploration due to their immense potential for
transformative technological applications. The ground-
breaking discovery of high-7. cuprates, where supercon-
ductivity (SC) emerges through doping Mott insulators
with strong electron correlations, has motivated numerous
endeavors in the past decades to unveil its mechanism and to
find more superconducting families with high 7c. Through
sharing striking structural and electronic similarities with
cuprates, the nickelates with Ni*(3d°) electron configuration
offer a tantalizing avenue for uncovering new high-T7¢ super-
conductors. However, SC was not experimentally realized in
nickelates until 2019, when the infinite-layer Nd;—,SrxNiO2
thin films were found to show SC with 7. = 9-15K [I1].
Since then, considerable dedication has been directed toward
finding more nickelate superconductors with higher 7.

Recently, Sun et al. reported the signature of high-
temperature SC in La3NipO7 crystals with 7¢ up to 80 K at
pressures above 14 GPa [2]. In contrast to the infinite-layer
Nd;xSrxNiO,, La3NioO7 exhibits an exceptionally unique
electronic configuration with the nominal oxidation state of
Ni2>" as a mixed valence state of NiZ"(34®) and Ni3"(3d7).
According to the structural study under high pressure, a
structural phase transition from the orthorhombic Amam to
Fmmm space group occurs at about 10-15 GPa, where the
interlayer Ni-O-Ni bond angle changes from 168° to 180°
[2]. Subsequent high-pressure studies on LazNipO7 crystals
confirmed the presence of a zero-resistance state under
better hydrostatic pressure conditions, yet revealed also
some issues related with sample-dependent behaviors that
remain unclear so far [3,4]. Such a remarkably high 7. has
immediately ignited widespread theoretical investigations on
the mechanism of high-7¢ SC. The significance of interlayer
exchange between the d.2 orbitals and intra-layer hybridiza-
tion of the d>2 and dy2-2 orbitals on the nearest neighbor sites
has received substantial attention. In contrast to the extensive



theoretical investigations, experimental progress appears
to have lagged behind, presumably due to the challenges
associated with obtaining high-quality La3Ni,O7 single
crystals with controlled and homogeneous stoichiometry.
Depending on the post-annealing process, the oxygen content
of LazNi»O7 can vary from Og 35 to O7,0s5. In addition, other
competitive Ruddlesden-Popper phases are ecasily formed
in the crystals grown using the optical image floating-zone
furnace under moderate oxygen pressures. It thus becomes
an important issue to perform a comprehensive study on
the samples with well-controlled quality. Additionally, an
open question remains concerning whether superconduc-
tivity can be achieved in La3Ni2O7 polycrystalline samples
subjected to high pressure. Therefore, we are motivated to
prepare phase-pure polycrystalline LazNi;O7.5 samples in
which oxygen content and chemical homogeneity can be
easily controlled, and then to study the pressure effects on its
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Fig 1. (a) Rietveld refinements on the room temperature XRD pattern
of LazNipO7-s. The obtained lattice parameters are shown in the figure.
The bottom marks and line correspond to the calculated Bragg diffrac-
tion positions and the difference between observed and calculated data,
respectively. (b) Thermogravimetric curves for LazNipO7.5 in 10% Ho/
Ar. (c) Rietveld refinements on the NPD pattern of LazNi2O7-s. (d) The
SEM-EDS elemental mapping of La3zNixO7.5.

200
10P ? Tgw, PCC and CAC
[ Tconset’ CAC o
® T.Z10 CAC 4
| ® Ty, CAC
150 H sm . 8
ISSP O Tgws MA 4
o TCO“S“, MA [ ]
_ O T2 MA ) |
& 100 O Ty MA Strange-Metal-like behavior
&
(w]
o og o
DD. o n B m
]
DW-like order Superconductivity % (o)
8 o
L ]
[
o e ?
Baamanana ERamanaa R R R T
3 6 9 12 15 18
P (GPa)

Fig. 2. The T-P phase diagram of the La3Ni2O¢93 polycrystalline.
The solid and open circles represent the DW-like transition measured
at various pressures using PCC, CAC and MA. The solid and open
squares and pentagons represent the onset and zero-resistance super-
conducting transition temperatures determined from the present
measurements in CAC and MA. The solid and open hexagon represent
the critical temperature for the strange-metal-like behavior, above
which the (T) curve deviates from linearity.

electrical transport properties under high pressure.

In this work [5], we synthesized high-quality LazNi»O7-5
(6 = 0.07) polycrystalline samples by using the sol-gel
method without post-annealing under high oxygen pressure
(Fig. 1), and then measured temperature-dependent resis-
tivity under various hydrostatic pressures up to 18 GPa by
using the cubic anvil and two-stage multi-anvil apparatus.
We find that the density-wave-like anomaly in resistivity is
progressively suppressed with increasing pressure and the
resistivity drop corresponding to the onset of superconduc-
tivity emerges at pressure as low as 6 GPa. Zero resistivity
is achieved at 9 GPa below T.2°™ = 6.6 K, which increases
quickly with pressure to 41 K at 18 GPa. However, the
diamagnetic response was not detected in the ac magnetic
susceptibility measurements up to 15 GPa, indicating a
filamentary nature of the observed superconductivity in the
studied pressure range. The constructed T-P phase diagram
(Fig. 2) reveals an intimate relationship between supercon-
ductivity, density-wave-like order, and the strange-metal-
like behaviors. The observation of zero resistance state in
the polycrystalline LazNiO7-5 samples under high pressures
not only corroborates the recent report of superconductivity
in the pressurized LazNipO7-5 crystals but also facilitates
further studies on this emerging family of nickelate high-Tc
superconductors.
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Investigation of the Atomic Coordinates of
CeNiC; under Pressure: Switching of the
Ce-Ce First Nearest Neighbor Direction

Uwatoko Group

CeNiCy is notable for its unique properties, including
heavy fermion behavior and multiple magnetic orderings. As
the temperature decreases, CeNiC, undergoes an incommen-
surate antiferromagnetic transition (ICAF) at Ticar ~ 20 K,
followed by a commensurate antiferromagnetic transition at
Tcar ~ 10 K, and ferromagnetic ordering below 2.2 K. Ticar
increases with pressure, reaching a maximum around 7 GPa.
Beyond 11 GPa, the ICAF order is suppressed, and a SC
dome with a maximum T, ~ 3.5 K appears. This SC state has
a large upper critical field, Hc2(0) ~18 T, nearly three times
the Pauli paramagnetic limiting field, indicating an uncon-
ventional nature of the SC state. CeNiC, has the highest
Tc among Ce-based heavy fermion superconductors [1]. In
NCS superconductors, antisymmetric spin-orbit coupling
can occur due to the lack of inversion symmetry, favoring
spin-triplet Cooper pairing with large Hc2(0). Also, NCS
superconductors can host a mix of spin-triplet and singlet
pairing. While CeNiC; has an NCS crystal structure at
ambient pressure, it is unclear if this structure is maintained
across the pressure range where the SC state appears. Subtle
variations in interatomic distances under pressure can signifi-
cantly affect the magnetic and electronic properties of heavy
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fermion materials. However, obtaining precise structural
information under pressure is essential for understanding
CeNiCy’s properties, although challenging. This study inves-
tigates the effect of pressure on CeNiC,’s atomic coordinates
using single crystal X-ray diffraction (XRD) measurements
at room temperature up to 18.6 GPa.

High-quality single crystals of CeNiC, were grown
using the Czochralski pulling method in an Argon gas
environment, with high-purity Ce, Ni, and C atomes. Single
crystal X-ray diffraction at 293(2) K was conducted using
a Rigaku XtalL.ab MicroMax007 HFMR with Mo-Ka radia-
tion and a HyPix6000 diffractometer. The crystal structure
was solved using Olex2 with SHELXT 2018/2 and refined
with SHELXL 2018/3. High-pressure experiments utilized
a diamond anvil cell (DAC) with a 300 pm culet size. A
CeNiC; single crystal (~100 um) was loaded into the DAC
with a ruby pressure manometer, and a 4:1 methanol-ethanol
mixture served as the pressure transmitting medium.

Figure 1(b) shows the normalized unit-cell parameters
and unit-cell volume of CeNiC; in the pressure range from
0 to 18.6 GPa. The normalized unit-cell parameters show
anisotropic compressibility under pressure; the length of
the a-axis decreases at a much faster rate compared to
the b- and c-axes. The compressibility of the a-axis (ka=
d(a/ag)/dP = —3.70 x 1073) is the highest, whereas the b-axis
is the lowest (kp = d(b/bg)/dP = —1.39 x 103 GPa!). The
unit-cell parameters decrease linearly with pressure, showing
no structural phase transition. Compressibility is anisotropic,
with the a-axis compressing fastest. The bulk modulus By is
~134 + 3 GPa with By’ =0.75 + 0.05.

The anisotropic compressibility of CeNiC,, with higher
compressibility along the a-axis than along the b- and c-axes,
likely causes this behavior. The stiffness of the NiC, layer,
attributed to strong C-C bonds and Ni-C interactions in
the bc plane, hinders compression along these axes. This
results in different responses of interatomic distances under
pressure. Similar effects on magnetic exchange interac-
tions have been observed in other CeT2X> compounds, like
CeRhyGer and CeCuyGep, where interatomic distances
govern the c-f interaction strength.

Figures 2(a), (b) and (c) show the interatomic distances
between Ce-Ce, Ni-Ni and Ni-Ce atoms. Atomic coordinates

5 10 15 20
P (GPa)

Fig. 1. (a) The positions of C, Ni, and Ce atoms in the unit cell are
illustrated with red, blue, and black dashed circles, respectively. (b)
The pressure dependence of normalized lattice parameters and unit cell
volume. The error bars are smaller than the symbols. The dashed lines
are the linear fittings to the pressure dependence of the lattice param-
eters used for estimating the compressibility. The solid line represents a
fit of the Birch-Murnaghan equation of state to the normalized unit cell
volume [2].
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Fig. 2. The pressure dependence of interatomic distances between the
(a) Ce-Ce atom, (b) Ni-Ni atom, and (c) Ni-Ce atom is illustrated.
The dashed lines in (c) represent the linear fitting results. The red and
black dot-dashed lines in the inset illustrate the direction of interatomic
distances 1 and 2 in the unit cell. The solid symbol shows the ambient
condition data [2].

of Ce, Ni, and C, and interatomic distances were measured
under pressure, revealing changes primarily in the y-coordi-
nate of C and the C-C bond length, especially around 7 GPa.
The interatomic distances between Ce-Ce, Ni-Ni, Ni-Ce, and
C-C exhibit notable changes with pressure, indicating aniso-
tropic compressibility and bond length variations, particu-
larly highlighting the unique behavior of C-C and C-Ni
bonds around 7 GPa.

Nonmonotonic pressure dependencies in C-C, C-Ni,
and C-Ce distances, particularly around 7 GPa, indicate
anomalies that may result from increased Ce-Ce interaction
along the a-axis penetrating the NiC, layer. These findings
highlight the intricate relationship between pressure, atomic
distances, and magnetic properties in CeNiCp, providing
critical insights into the behavior of heavy fermion materials.
As shown in Fig. 2 the first and second nearest neighbor
directions of Ce-Ce and Ni-Ni atoms interchange around
7 GPa, with nonmonotonic pressure dependence observed
for interatomic distances between C-Ce, C-Ni, and C-C
atoms at this pressure. Increasing pressure causes these
distances to decrease and become equal around 7 GPa.
Above this pressure, the FNN and SNN directions inter-
change; the FNN aligns along the a-axis, and the SNN lies in
the be-plane. This interchange correlates with the weakening
of incommensurate antiferromagnetic (ICAF) order and the
emergence of the Kondo effect above 7 GPa, suggesting
increased interplanar Ce-Ce interaction influences the spin
structure of CeNiCy [2].

In summary, we investigated the crystal structure of
CeNiC; from 0 to 18.6 GPa by using single crystal X-ray
diffraction with a laboratory X-ray source. Our results reveal
a large Bulk modulus ~ 134 GPa and anisotropic linear
compressibility following the relationship |ka| > [ke| > [kb.
Although, we do not detect any signature of structural phase
transition, the direction of FNN and SNN between the Ce-Ce
and Ni-Ni atoms interchanges near the pressure where the
antiferromagnetic ordering temperature reaches a maximum
in the pressure temperature phase diagram of CeNiCp. Our
results suggest that the direction of nearest neighbors interex-
change might play a key role in the suppression of magnetic
order and the enhancement of the Kondo effect.
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Dynamics in Active Cyclic Potts Model
Noguchi Group

Spatiotemporal patterns, such as traveling waves, have
been observed in nonequilibrium active systems. Many
phenomena are well-captured by a description in terms of
nonlinear but deterministic partial differential equations.
However, noise effects are not understood so far. We focused
on the effects of thermal fluctuations, since they are signifi-
cant on a molecular scale.

We simulated the nonequilibrium dynamics of a Potts
model with three cyclic states (s =0, 1, and 2) [1]. The
neighboring sites of the same states have an attraction to
induce a phase separation between different states, and they
have a cyclic state-energy-difference in the rock—paper—
scissors manner. Both forward and backward flips are
considered by the Monte Carlo method. It is a model system
for chemical reactions on a catalytic surface or molecular
transport through a membrane. For the reaction case, the
three states are reactant, product, and unoccupied sites. For
the transport case, the molecule can bind to both surfaces
and flip between these two states. For one cycle, a reaction
proceeds in bulk in the former case, and a molecule is trans-
ported across the membrane in the latter case. In this study,
we consider the cyclically symmetric condition, i.e., the
self-energy difference of the successive states is constant as
g0 - &1 =¢1-& =¢& -¢& = h. This model can be tuned from
thermal-equilibrium to far-from-equilibrium conditions and
corresponds to the standard Potts model at # = 0.

We found two dynamic modes: homogeneous cycling
mode and spiral wave mode. At a low cycling energy #4
between two states, the homogeneous dominant states cycli-
cally change as s = 0 — 1 — 2 — 0 via nucleation and
growth, as shown in Fig. 1(a). In contrast, spiral waves are
formed at high energy 4, as shown in Fig. 1(b). The waves
are generated from the contacts of three states and rotate
around them. The homogeneous cycling mode is newly
found in this study, whereas the spiral waves have been

(a)

Fig. 1. Sequential snapshots of active cyclic Potts model. (a) Homoge-
neous cycling mode at 2= 0.8. (b) Spiral wave mode at #=1.1. The
states, s = 0, 1 and 2, are displayed in gray, blue, and red colors, respec-
tively.

reported in continuum models and other lattice models.

For large systems, a discontinuous transition occurs from
these cyclic homogeneous phases to spiral waves, while the
opposite transition is absent. Conversely, these two modes
can temporally coexist for small systems, and the ratio of
the two modes continuously changes with increasing /. The
transition from the homogeneous cycling to spiral wave
modes occurs by the nucleation of the third state during the
domain growth, i.e., it is determined by the competition of
the nucleation and growth. The opposite transition from the
spiral wave to homogeneous cycling modes occurs through
the stochastic disappearance of three-state contacts. With
increasing system size, the former transition rate increases,
but the latter rate exponentially decreases. The transition
character is changed by these size dependencies.
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A New Superconductor Family
with Various Magnetic Elements

Okamoto Group

There is a complex relationship between superconduc-
tivity, where the electrical resistance of a material becomes
completely zero at low temperatures, and magnetism, which
is the property of a material as a magnet. Generally, super-
conductivity is destroyed by strong magnetism, so super-
conductivity does not often appear in materials containing
magnetic elements such as iron. In rare cases, however,
materials containing magnetic elements exhibit unconven-
tional superconductivity with very high critical temperature
or unusual properties that cannot be explained within the
framework of existing theories. Uncovering the complex
relationship between superconductivity and magnetism may
be important for the realization of room-temperature super-
conductivity. The discovery of unique superconductors is
essential for elucidating this relationship.

We discovered that the ternary telluride series SceMTe: is
a unique family of d-electron superconductors incorporating
various magnetic elements [1]. SceMTez compounds with
M = Mn, Fe, Co, Ni, Ru, Rh, Os, and Ir have been synthe-
sized and reported to crystallize in the hexagonal ZrsCoAls-
type structure, but their physical properties have not been
reported thus far [2,3]. A characteristic point of this crystal
structure is the fact that the M atoms are trigonal prismati-
cally coordinated by six Sc atoms and form one-dimensional
chains along the ¢ axis, as shown in Fig. 1(a). Polycrystal-
line samples of SceMTer with various transition metal M
were synthesized by the arc-melting method and the bulk
superconducting transitions in seven M cases were confirmed
based on the electrical resistivity, magnetization, and heat
capacity measurements on the obtained polycrystalline
samples. A Sce¢FeTey sample is shown in the lower right
panel of Fig. 1(a).

Figure 1(b) shows the electrical resistivity at low temper-
atures for various M cases. The seven M cases except for
M = Mn, the resistivity shows a sharp drop to zero above
2 K. They also show large diamagnetic signal and clear heat
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Fig. 1. (a) Crystal structure of SceMTey. The lower right panel shows
a polycrystalline sample of SceFeTer synthesized by the arc-melting
method. (b) Temperature dependence of electrical resistivity of
SceMTe; polycrystalline samples.

capacity jump, indicating the bulk superconducting transi-
tion occurs in them. A characteristic feature of the super-
conductivity in SceMTe; is the M dependence of the super-
conducting transition temperature 7c. Four compounds with
M =4d and 5d elements displayed almost the same Tt
of approximately 2 K, but those with M = 3d elements
displayed higher values and increased in the order of Ni, Co,
and Fe. Therefore, SceFeTe, showed the highest T of 4.7 K.

These results strongly suggest that the 3d electrons of M
atoms play an important role in realizing the superconduc-
tivity in this system. First principles calculations indicate
the presence of significant contribution of Fe 3d orbitals
at the Fermi energy, which most likely enhance the T¢ of
SceFeTez. The heat capacity data of SceFeTe, indicate that
the electronic specific heat in ScgFeTe; is strongly enhanced
by some reason. At present, the origin of this enhancement is
still unclear, but it might be interesting if the strong electron
correlation of Fe 3d electron plays an important role in this
enhancement.

Another important point of this SceMTe; family is that all
of Sc, M, and Te sites can be replaced by various elements
and physical properties of almost all of them have not been
investigated thus far. In fact, following SceMTe,, we recently
discovered superconductivity in a Zr analogues ZreMTe)
[4]. The T¢ values in ZreMTe, is much lower than those
for SceMTen, but the highest 7. was realized in ZrsFeTe:
as in the case of Sc¢MTey. ZrgFeSby is also found to show
superconductivity at 1.3 K [5]. It is expected that more new
superconductors will be found in this family and the future
research on this family will contribute to a complete under-
standing of the relationship between superconductivity and
magnetic elements.
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Dynamics of Acetonitrile Absorbed in
a Metal-Organic Framework MIL-101
with Mg-Ion Conduction

Yamamuro Group

MIL-101 is a kind of Metal-Organic Framework (MOF),
which contains numerous pores and attracts great attention
for various applications, e.g., gas reservoirs, filters, reaction
fields, ionic conductors, etc. Recently, the group of Prof.
Sadakiyo (our collaborator and visiting professor of ISSP)
discovered that MIL-101 containing Mg(TFSI), (TFSI:
Bis(trifluoromethanesulfonyl)imide) exhibits superionic
conductivity of around 10 S cm™! after absorbing acetoni-
trile (AN) vapor [1]. This discovery may contribute to the
development of Mg-ion batteries, which are promising candi-
dates for non-lithium-ion solid-state batteries.

To clarify the effect of AN on Mg-ion conduction, we
conducted a quasielastic neutron scattering (QENS) experi-
ment using AGNES at JRR-3 and DNA at J-PARC for three
samples: bulk AN, MIL-101 with absorbed AN (AN-MOF)
and MIL-101 with absorbed AN and Mg(TFSI), (AN-Mg-
MOF). The QENS spectra observed by AGNES and DNA
were Fourier transformed into intermediate scattering
functions /(Q,f)s and smoothly joined as shown in Fig. 1.
As shown in Fig. 2, the /(Q,f) of bulk AN is fitted well by
a single Kohlrausch-Williams-Watts (KWW) function as
ordinary o relaxations of molecular liquids, while those of
AN-MOF and AN-Mg-MOF by the sum of a KWW function,
a constant (elastic component) which corresponds to the
stational hydrogen atoms in MIL-101, and an exponential
function which may correspond to a methyl rotation decou-
pled from the a-relaxation.

To investigate the a-relaxation expressed by the KWW
function, we examine the Q*-dependence of the inverse of
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Fig. 1. Intermediate scattering functions of AN-MOF obtained from the
Fourier transformation of the QENS data at 7=300K and 0 = 1 A"L.
The /(Q,f) data from the standard (ST) and high-resolution (HR) modes
of AGNES and the low-resolution (LR) and high-resolution (HR)
modes of DNA are smoothly joined.
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Fig. 3. Fitting of the Arrhenius plots of the diffusion constants of bulk
AN, bulk AN/Mg(TFSI)2, AN-MOF, and AN-Mg-MOF.

the average relaxation time <¢>"1. The plots for bulk AN and
AN-MOF show continuous diffusion (<z>"! = DQ?, D: diffu-
sion constant), whereas that for AN-Mg-MOF is represented
by the jump-diffusion model (<r>' = DQ%(1 + ©0DQ?),
70: mean residence time). This jump may be related to the
connection/disconnection process of AN molecules to Mg?*.
Figure 3 displays the Arrhenius plots of D comparing the
three samples. The plots for bulk AN and AN-MOF are
classified to Arrhenius type, while that for AN-Mg-MOF
is non-Arrhenius type. This may be because AN molecules
coordinate to Mg?" ions and the number of the coordinated
AN molecules increases as temperature is lowered. The
diffusion constants become smaller in order of bulk AN,
AN-MOF and AN-Mg-MOF, indicating that the diffusion of
AN is hindered by the pore walls of MIL-101 and further by
Mg?" ions. The mean jump distance </> was calculated by
<I> = (6D19)"2 to be 1.6 A. The results shown above should
provide important information to clarify the mechanism of
Mg?* conduction.
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Field Control of Quasiparticle Decay
in a Quantum Antiferromagnet

Masuda Group

The concept of a quasiparticle has been successful in
explaining various types of low-energy excitations in many-
body systems including charge, spin, and lattice. Using a
spectroscopic approach, a weakly coupled quasiparticle with
a long lifetime can be probed as a well-defined excitation,
allowing identification of the effective Hamiltonian and basic
understanding of the system. Momentum-resolved spectros-
copy has permitted investigations into the intricate structure
of spectra, revealing the effect of quasiparticle interactions
that results in the renormalization of the dispersion and insta-
bility of the quasiparticle.

The microscopic phenomena in the spectra affect bulk
properties of materials. In the thermoelectric material PbTe,
the interaction between longitudinal acoustic and transverse
optical modes (here, the quasiparticles are phonons) induces
the decay and overdamping of the former phonon in the low
energy region, leading to low conductivity of thermal current
[1]. The instability of the quasiparticle is key for the current
to exist in bulk property.

Two examples illustrate that the instability of the quasi-
particle is changed by the interaction between the one-quasi-
particle and two-quasiparticle continuum [2]. An example for
a case of the strong interaction is found in the longitudinal
sound wave, phonon, in superfluid “He [3]. The spectrum
in low energy exhibits a local minimum with energy A,
called a roton, for which qualitative behavior is explained by
Feynman and Cohen (FC) harmonic dispersion. However,
the spectrum does not exceed a critical energy of 2A, which
is the lower boundary of the two-phonon continuum. The
strong interaction between the one-phonon and continuum
pushes one-phonon energy downwards, and the one-phonon
stays at 2A outside the continuum. On the FC dispersion
beyond the critical energy, the bare one-phonon decays
into a pair of rotons, and a remnant of one-phonon which
is ascribed to the bound state of two-phonon was observed.
The phenomenon is considered universal in bosonic systems
and has also been observed in a spin-gap antiferromagnet
BiCuxPOg [4].

An example for the weak interaction is found in a
two-dimensional quantum magnet, piperazinium hexachlo-
rodicuprate (PHCC) [3]. This case is simple; the quasipar-
ticle decays in the continuum, and a remnant one-magnon is
probed as a broad excitation. The conjecture which this work
tests is that if one tunes the interaction between a quasipar-
ticle and the continuum in an identical material by applying
external field, would the quasiparticle decay behavior
change?

This study [5] examines magnon decay in a triangular
lattice quantum antiferromagnet RbFeCl;. Magnetism of
Fe?" ion surrounded by Cl octahedra with trigonal distor-
tion is effectively described by an S=1 spin with strong
easy-plane anisotropy. Fe?' ions form a one-dimensional
ferromagnetic chain along the crystallographic c-axis, and
the interchain interaction in the triangular lattice in the
ab-plane is antiferromagnetic. At low temperatures the
compound exhibits a non-collinear 120° structure due to the
frustration. The spectrum was qualitatively similar to that
of the pressure-induced ordered state in the isostructural
compound CsFeCl3 near the quantum critical point (QCP)
[6], which cannot be explained by standard linear spin wave
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Fig. 1. False color map of inelastic neutron scattering (INS) spectra

and calculated two-magnon density of state in RbFeCls. a-l: Magnetic
field (H // c-axis) dependences of false color maps for observed (a-f)
and calculated (g-1) INS spectra. Red arrows in a-f indicate broadening
linewidth. White arrows in e and f indicate magnons avoiding decay.
White and red solid curves in g-1 are one-magnon dispersion relations
of hwy and %wz modes calculated using linear extended spin wave
theory (LESW) using the best fit parameters. The calculated spectra are
convoluted by the instrumental resolution.

theory. Instead, the strong hybridization of the transverse and
longitudinal fluctuations resulting from the non-collinear
magnetic structure renormalizes the magnetic excitation, as
explained by the linear extended spin wave theory (LESW)
[3]. Because a non-colinear magnetic structure is realized
near the QCP and the excitation is strongly hybridized with
longitudinal fluctuation, the magnon decay is anticipated in
wide four-dimensional momentum-energy space. Further-
more, gapless behavior and a large dispersion perpendicular
to the triangular lattice yield a two-magnon continuum
covering the whole region of one-magnon excitation.

In this study, we performed inelastic neutron scattering
(INS) measurements in the magnetic field on RbFeCl; to
study the magnon decay and the interaction between single
magnons and the two-magnon continuum. We observed a
simple magnon decay in a low field where the interaction is
small and a magnon avoiding decay in high field where the
interaction was large as shown in Fig. 1. Thus, we succeeded
in controlling the magnon decay using the field. In contrast
with the avoided phonon decay in superfluid “He and
magnons in magnetic materials previously reported [2,4], the
phenomenon was observed in the presence of a two-quasi-
particle continuum, indicating that the phenomenon is not
limited to outside the continuum, but also occurs inside.
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Single-q and Multi-q Magnetic Orders
in the Collinear Commensurate
Antiferromagnet CeRh;Si;

Nakajima Group

Since the discovery of magnetic skyrmion lattice (SkL)
in MnSi[1], magnetic orders described by multiple magnetic
modulation wave vectors (g-vectors), which are referred to
as multi-g magnetic orders, have been attracting remarkable
attention. In the early stage of the magnetic skyrmon studies,
the Dzyaloshinskii-Moriya (DM) arising from the broken
inversion symmetry of the crystal structure was considered
to be one of the most important ingredients for realizing
the SkL states. Thus, non-centrosymmetric magnets were
intensively investigated. This trend has changed since the
discovery of the SKL state with a large topological Hall effect
in GdyPdSiz [2], which has the centrosymmetric crystal
structure. It was also theoretically pointed out that the biqua-
dratic interaction term derived from the perturbative expan-
sion for the Kondo lattice Hamiltonian can stabilize a variety
of multi-¢ states even in centrosymmetric systems [3]. In the
present study, we applied this model to the centrosymmetric
collinear-commensurate antiferromagnet CeRhySiy [4].

CeRh2Siz has a ThCraSiz-type centrosymmetric tetrag-
onal crystal structure and is known to have two antiferro-
magnetic phases at low temperatures in zero magnetic field
[5]. Both magnetic phases are characterized by commen-
surate g-vectors. Specifically, the high-temperature phase
(AF1) has a single g-vector of ¢ = (1/2,1/2,0). This g-vector
breaks the fourfold rotational symmetry of the crystal struc-
ture, and thus results in two magnetic domains character-
ized by ¢ =(1/2,1/2,0) and (1/2,-1/2,0). On the other hand,
the low-temperature phase (AF2) is characterized by four
g-vectors of g =(1/2,1/2,0), (1/2,-1/2,0), (1/2,1/2,1/2), and
(1/2,-1/2,1/2). In contrast to the AF1 phase, AF2 phase was
reported to be a multi-g phase, i.e., the magnetic structure is
described by a superposition of the four magnetic modula-
tions. This means that the AF2 phase retrieves the fourfold
rotational symmetry of the crystal, although it was lost in
the high-temperature AF1 phase. This distinct change in
symmetry should be seen in bulk properties such as magne-
tization, resistivity etc. as well as the neutron diffraction
intensities. However, they were not observed because the
AF1 phase exhibits a multi-domain state, in which the two
single-¢g magnetic domains coexist. The intrinsic anisotropy
of the magnetic order and associated physical properties
were not macroscopically observed.

We thus applied a weak uniaxial stress to a single crystal
of CeRh,Si, and performed magnetization, resistivity and
neutron diffraction measurements. The direction of the
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Fig. 1. (a) Temperature dependence of magnetization M at poH=0.2 T
and 6 =0, 20 MPa. M ||H ||c ||[1-10]. M is normalized by M at 40 K.
(b) Temperature dependence of the difference of magnetization AM.
(c) Temperature dependence of resistivity p at ppH =0T and ¢ =0,
20 MPa. Electric current / is applied along o || [1-10]. (d) Temperature
dependence of the difference of resistivity Ap. The measurements were
performed under cooling condition. A schematic of the geometry for
each measurement are shown in inset. Black arrows indicate ordering
temperature. This figure is taken from Ref. 4.

uniaxial stress was selected to be the [1-10] direction of
the crystal to lift the degeneracy between the two magnetic
domains. In Fig. 1, we show temperature variations of
magnetization and resistivity measured at ambient pressure
and under uniaxial stress of 20 MPa. In both the measure-
ments, the applications of the uniaxial stress induced the
difference in magnetization and resistivity only in the AF1
phase. We also performed neutron diffraction measurements
with uniaxial stress. We measured temperature variations
of the magnetic Bragg peaks at (1/2,1/2,0) and (1/2,1/2,1),
which correspond to the two g-vectors of (1/2,1/2,0) and
(1/2,-1/2,0) respectively. Similarly to the magnetization
and resistivity measurements with the uniaxial stress, we
observed significant uniaxial-stress dependence of the
intensity only in the AF1 phase. Specifically, the magnetic
scattering corresponding to the g-vector of (1/2,-1/2,0)
completely suppressed by the application of uniaxial stress,
demonstrating that the system exhibits a single-domain AF1
phase under uniaxial stress. Interestingly, the magnetic Bragg
peak at (1/2,1/2,1) reappeared in the AF2 phase even in the
finite uniaxial stress. In addition, the temperature depen-
dence of the magnetic peak at (1/2,1/2,1/2), which is charac-
teristic of the AF2 phase, was not affected by the uniaxial
stress. These observations mean that the AF2 phase indeed
has the multi-g magnetic order with fourfold symmetry.
This is also consistent with the fact that the bulk properties
of the AF2 phase are insensitive to the uniaxial stress. We
also performed neutron inelastic scattering experiments and
determined the exchange interactions between the magnetic
moments. We calculated the exchange energies for the AF1
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Fig. 2. Temperature dependence of integrated intensity at ¢ = 0 and
~25 MPa at Q = (a) (1/2, 1/2,0), (b) (1/2, 1/2,1), and (c) (1/2, 1/2, 1/2),
respectively. Open (closed) symbols are the data at 6 = 0 Pa (~25 MPa).
The experimental geometry is shown in inset of (c). k; and ks indicate
the incident and reflection neutron, respectively.

and AF2 phases and found that they are equal. By intro-
ducing the biquadratic interaction term mentioned above,
the degeneracy is lifted, and the multi-g state is stabilized as
the ground state. The present results demonstrated that the
biquadratic term, which was originally introduced to explain
the SkLs in centrosymmetric magnets, is also applicable to
collinear commensurate multi-g orders. We also emphasize
here that an application of uniaxial stress is quite useful to
investigate magnetic materials exhibiting both single-¢g and
multi-g orders.
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Stiff and Tough Ion Gels for Electrolyte
Membranes of Flexible Batteries

Mayumi Group

Gel electrolytes consist of polymer network and
ion-conductive liquids as solvent. Due to their flexibility,
they have been applied for electrolyte membranes of flexible
Li ion batteries that can be attached to our skin or clothing.
Electrolyte membranes require a high elastic modulus to
prevent Li metal crystals from growing at the electrode
surface during charging and discharging, causing a short
circuit in the batteries. Previous research has reported that
the formation of lithium metal crystal is suppressed for
electrolyte membranes with an elastic modulus of 10 MPa or
more. In addition, to prevent crack growth during repeated
deformation of flexible batteries, gel electrolyte membranes
need to exhibit high fracture toughness. For conventional
gel electrolytes, polymer crystallization was used to increase
stiffness. However, hard gel electrolytes tend to become
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Fig. 2. Schematic illustration of flexible battery containing a stiff and
tough gel electrolyte membrane.

brittle, and it has been difficult to achieve both stiffness and
toughness. Although various high-strength gel electrolytes
have been developed, no gel electrolytes achieved high
elastic modulus (over 10 MPa) and fracture toughness. In
our laboratory, by combining phase separation and strain-
induced crystallization, we have succeeded in developing
a gel electrolyte that exhibit a high elastic modulus of over
10 MPa and high toughness of about 100 MJ/m3 (Fig. 1)
[1]. When our gel electrolyte is deformed, stretched polymer
chains form crystals, which improvs the mechanical tough-
ness [2]. To homogenize chain deformation in the gel
electrolytes, we used slide-ring (SR) network in which
polymer chains are connected by ring molecules. The ring
molecules of the SR network are aggregated to form a hard
continuous phase, which resulted in a high elastic modulus
(70 MPa). Our gel electrolytes are sufficiently stiff to
prevent short circuits during charging and discharging of the
batteries, and are also tough enough to withstand repeated
deformation, which leads to improved durability of flexible
batteries (Fig. 2).

References

[1] K. Hashimoto, T. Shiwaku, H. Aoki, H. Yokoyama, K. Mayumi,
and K. Ito, Sci. Adv. 9, eadi8505 (2023).

[2] C. Liu, N. Morimoto, L. Jiang, S. Kawahara, T. Noritomi, H.
Yokoyama, K. Mayumi, and K. Ito, Science 372, 1078 (2021).

Author
K. Mayumi

20 ISSP Activity Report 2023

Hyperoctagon Cobalt Oxalate MOF as a
Platform for Kitaev Spin Liquid Physics

Kindo, Yamashita, and Yamaura Groups

Water becomes vapor or ice when the temperature
changes. In the same way, spins change the state and exhibit
various magnetic properties when the environment such as
temperature and magnetic field changes. Generally, at suffi-
ciently low temperatures, the orientation of the spins aligns
like a solid. On the other hand, a state where the spins are
not ordered down to the lowest temperatures, despite the
presence of sizable interactions between the spins to order
their orientations, can be viewed as a liquid state that does
not solidify. Such a state is called a quantum spin liquid and
has attracted condensed matter physicists as a new state of
matter. The most promising theoretical model for realizing
a quantum spin liquid state is the honeycomb lattice model
proposed by Kitaev [1]. A worldwide research competi-
tion involving both physics and chemistry communities
is underway to create a material that realizes the Kitaev’s
honeycomb model. Thus far, simple inorganic compounds
with a two-dimensional honeycomb lattice and their deriva-
tives have been studied exhaustively. On the other hand, it
has been pointed out that there are small number of varia-
tions of materials and the effect of disorder can be problem-
atic in the layered compounds. Therefore, the development
of materials from a new perspective has been desired.

We focus on a three-dimensional honeycomb lattice
called a hyperoctagonal lattice realized in a Metal Organic
Framework (MOF), which has been studied as an ionic
conductor previously. In this MOF, metal ions are linked
by the oxalic acid molecules to form a three-dimensional
network. A similar situation was theoretically studied in
2017 by M. Yamada, H. Fujita, and M. Oshikawa in the
Institute for Solid State Physics at the University of Tokyo,
who proposed the realization of a quantum spin liquid [2].
However, no experimental studies have been conducted to
date. We selected cobalt as the magnetic element because the
effect of the spin-orbit coupling is prominent. We synthe-
sized the crystals of the MOF and investigated the magnetic
properties down to low temperatures and in the strong
magnetic fields [3].

Our experiments revealed that the MOF with a hyperoc-
tagonal lattice exhibits various spin states as the temperature
and magnetic field change. In particular, as the temperature
is lowered, a peculiar intermediate temperature state where
the spins are not ordered appears, despite the fact that inter-
actions between spins are active. Interestingly, the entropy
of the spin is released by about a half around the interme-
diate temperature region, which is similar to the behavior
expected in the theory. This interesting magnetic property
should be attributed to the unique cobalt network connected

Hyperoctagon

I &
I o

Fig. 1. (Left) Hyperoctagon lattice in the cobalt oxalate MOF. (Right)
Image of the quantum spin liquid state.
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by the oxalic acid molecules, which generates the magnetic
interactions to align the spins in different directions for each
bonding direction of the hyperoctagon lattice.

It has been proposed that the properties of the quantum
spin liquids can be used to perform quantum computation.
Our results represent a totally new direction in the develop-
ment of materials that can be the platform for the quantum
computation. The development of MOFs is expected to
accelerate the development of materials of the research area.
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Quantum Liquid-Quantum Liquid
Transition in a Strong Magnetic Field

Kindo and Tokunaga Groups

In recent years, quantum liquids of quasiparticles,
which are disordered states by quantum fluctuations, has
attracted much attention. The similarities and differences
between quantum and classical liquids are an interesting
topic. In the case of classical liquids, the absence of order
typically suggests the existence of only a single liquid phase.
However, some anomalous molecules, such as H,O, which
have locally stable structures, exhibit multiple liquid phases,
and liquid-liquid phase transitions have been observed. Due
to the involvement of various degrees of freedom in liquid-
liquid transitions, its complete understanding is still elusive.
For quantum liquids, it has not even been clear whether a
quantum liquid state can exhibit athermal transition to a
distinctly different quantum liquid state.

We have investigated the organic charge-transfer
complex, TTF-QBr3I (tetrathiafulvalene-2-iodo-3,5,6
-tri-bromo-p-benzoquinone) that simultaneously exhibits
ferroelectric and spin-Peierls (FSP) transition at 5.6 K. As
the one-dimensional alternate stack of ionic TTF (cation)
and QBr3l (anion) molecules, spin solitons are excited
as topological defects in the FSP ordered state, as shown
in Fig. 1. Our earlier research in zero magnetic field [1]
demonstrated that spin solitons traverse potential barriers
by quantum tunneling even at extremely low temperatures.
In this study [2], we performed magnetization, dielectric
property, and ultrasound measurements of this salt in pulsed
high magnetic fields. Given the density and dynamics of spin
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Fig. 1. Schematic illustration of one-dimensional chain of TTF and
QBr3I molecules and creation of spin solitons at the domain walls in
the ferroelectric spin-Peierls (FSP) state. Green arrows represent spins,
while the site colors indicate the ion type (red: cation, blue: anion).
Thick arrows show the electric polarization of the dimers.

solitons, we demonstrated that these solitons can be regarded
as a quantum liquid at zero field. TTF-QBr3l positions near
the quantum critical point in its electronic phase diagram,
and the FSP state is strongly influenced by strong quantum
fluctuations. We revealed that the quantum liquidity origi-
nates from the developed quantum fluctuations.

When a strong magnetic field of 40 T is applied, an
anomaly was observed in all measured physical quantities,
indicating the emergence of an additional FSP state. In the
case of a conventional spin-Peierls state, the strong Zeeman
effect leads to a transition to an incommensurate state with
an emergent distortion wave vector, known as the soliton-
lattice state. Given this analogy, the solidification of solitons
due to the lattice formation would be expected. Nevertheless,
our results suggested that the presence of the strong quantum
fluctuations in TTF-QBr3l preclude the formation of such
a soliton lattice, causing the dense solitons to remain in a
quantum-mechanically melted state even in high magnetic
fields. Namely, the observed transition indicates the realiza-
tion of a quantum liquid-quantum liquid transition of
topological particles by the application of a strong magnetic
field.

Even in classical liquids, since liquid-liquid phase transi-
tions appear only in anomalous systems, their origins are still
mysterious. In this study, we have for the first time discov-
ered the phenomenon where quasiparticles drifting quantum
mechanically undergo a phase transition from one quantum
liquid state to another under the influence of a magnetic
field. This discovery not only represents a novel phenom-
enon but also holds potential to contribute to the under-
standing of classical liquids.
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Discovery of superconductivity in LazIOs;
with 54 Honeycomb Lattice

Kindo Group

5d transition metal compounds have gained consider-
able interest in the condensed matter community in the last
decade. The combination of strong spin-orbit coupling and
Coulomb interactions may stabilize a Mott insulating state
with nontrivial ground states such as a quantum spin liquid
on the honeycomb lattice. In metallic compounds, the spin-
orbit coupling and electron-electron interactions may cause a
Fermi surface instability that gives rise to various electronic
orders and exotic superconductivity.

We focus on the intermetallic compound LaIOs; with
GdyIFex-type, which is known as the intermediate between
cluster compounds and intermetallic phases. The crystal
structure (Fig. 1) features a two-dimensional slab made of a
transition-metal-centered trigonal prism of lanthanum, where
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the Os form the honeycomb network. We have prepared the
pure polycrystalline and ~100 pum size single crystal samples
of LaylOsy and investigate its physical properties by the
resistivity, torque, and specific heat measurements.

We have demonstrated the bulk superconductivity at
T. = 12 K in LaIOs; by the physical property measurements.
Despite the heavy constituent elements, which are generally
unfavorable for a phonon mediated mechanism, 7¢ is the
highest among lanthanoid iodides made of lighter elements
such as LazIRur with T, =4.8 K. Moreover, electronic
anomalies are observed at 60 K and 30 K, which are similar
to those observed in isostructural LasIRuy at 140 K and
85 K, pointing to the presence of the common electronic
instability inherent to the GdxIFex-type crystal structure.
We consider the fluctuations relevant to the electronic insta-
bility enhances the superconductivity in LaIOsp, while this
point should be clarified in the future work. Furthermore,
we observed that the superconductivity is robust against the
magnetic field especially when the magnetic field is applied
parallel to the honeycomb layer. We observed zero resistivity
at least up to 12 T and the estimated upper critical field is
around 40 T.

Our discovery indicates that LayIOs; is a layered 5d
electron system providing a platform to investigate the inter-
play between the electronic anomaly, superconductivity, and
strong magnetic field. Further investigations to understand
the superconducting pairing mechanism and the origin of
the unusual properties are ongoing. Besides the interest
from the physical perspective, our first-principles electronic
structure calculations reveal the effective valence of Os is
-1, indicating the Os is anionic. Examples of transition metal
anions in solids are limited to a few intermetallic compounds
including platinum or gold. Exploring the d-electron physical
properties of relative compounds with anionic transition
metals are also of interest.
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Possible Intermediate Quantum Spin
Liquid Phase in a-RuCl3 under
High Magnetic Fields up to 100 T

Y. Matsuda and Kindo Group

Quantum spin liquid (QSL) constitutes a topological
state of matter in frustrated magnets, where the constituent
spins remain disordered even down to absolute zero tempera-
ture and share long-range quantum entanglement. Due to
the lack of rigorous QSL ground states, such ultra quantum
spin states are less well-understood in systems in more than
one spatial dimension before Alexei Kitaev introduced the
renowned honeycomb model with bond-dependent exchange.

The 4d spin-orbit magnet a-RuClz has been widely
accepted as a prime candidate for Kitaev material. This
compound is now believed to be described by the K-J-I'-I"
effective model that includes the Heisenberg J(1, 3), Kitaev
exchange K, and the symmetric off-diagonal exchange terms.
The Kitaev interaction originates from chlorine-mediated
exchange through edge-shared octahedra arranged on a
honeycomb lattice. Similar to most of Kitaev candidate,
additional non-Kitaev terms, unfortunately, stabilize a zigzag
antiferromagnetic order below 7y~7 K in the compound.
Given that, a natural approach to realizing the Kitaev QSL is
to suppress the zigzag order by applying magnetic fields to
the compound.

Recently, the theoretical studies point out an interesting
two-transition scenario with a field-induced intermediate
QSL phase under the out-of-plane magnetic field [1], which
is later confirmed by a large Kitaev-term spin Hamiltonian
also based on the K-J-I'-I” model [2]. With the precise
model parameters determined from fitting the experimental
thermodynamics data, they theoretically reproduced the
suppression of zigzag order under the 7-T in-plane field,
and find a gapless QSL phase located between two out-of-
plane transition fields that are about 35 T and of 100-T class,
respectively. However, because theoretical studies predict
very high critical fields—where HCI ~32.5 T and H} is in
100-T range—they are challenging to observe experimentally.

In this work, we report the magnetization (M) process
of a-RuCl3 by applying magnetic fields (H) in various
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Fig. 1. The field-angle phase diagram that summarizes the values
of transition fields determined from both the experimental (black
solid markers) and the calculated (grey open ones) Ho, Hoand H.
We also plot the low-field results (blue stars) taken from ref. [3] as
a supplement. The zigzag antiferromagnetic, quantum paramagnetic
(QPM), and the quantum spin liquid (QSL) phases are indicated.
Here, H. denotes the critical field from zigzag order to the QPM state,
Hl.indicates the transition from zigzag order to the QSL phase, and HZ’.
represents the critical field from the QSL to the QPM state.



directions within the honeycomb plane and along the c¢”
axis (out-of-plane) up to 100 T, and find clear experimental
evidence supporting the two-transition scenario. Here, the
¢” axis is the axis perpendicular to the honeycomb plane.
Under fields applied along and close to the ¢* axis, an inter-
mediate phase is found bounded by two transition fields
Hé and Hg . In particular, besides the previously reported
Héz 32.5 T [3], remarkably we find a second phase transi-
tion at a higher field H{ (higher than 83 T) [4]. Below Hg
and above H( there exists an intermediate phase, i.e. the
predicted field-induced QSL phase. When the field tilts an
angle from the ¢” axis by 9°, only the transition field H, is
observed, indicating the intermediate QSL phase disappears.
Accordingly, we also perform the density-matrix renormal-
ization group (DMRG) calculations based on the previously
proposed K-J-I'-I"” model of a-RuCls, and find the simulated
phase transitions and extended QSL phase are in agreement
with experiments. Therefore, we propose a complete field-
angle phase diagram (as shown in Fig. 1) and provide the
experimental evidence for the field-induced QSL phase in
the prominent Kitaev compound a-RuCls [4].
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Double-Peak Specific Heat Anomaly
in Quantum Oscillation

Kohama Group

Quantum oscillation phenomenon is an essential tool for
understanding the electronic structure of a metal. The origin
of the quantum oscillation is the Landau quantization of
the carrier motion, which gives rise to a series of quantized
singularities in the density of states (DOS) that cross the
Fermi level. The Lifshitz—Kosevich (LK) theory has been
widely used to describe the behavior of the quantum oscil-
lation, notably to extract parameters such as the effective
mass and Landé g-factor. Although the theory is remark-
ably successful in the most of metals over a wide range of
magnetic fields and temperatures, there is growing evidence
to suggest that experiment often deviates from the predicted
LK behavior [1]. Although the oscillatory magnetoresistance,
magnetization, and thermopower exhibit a clear departure
from LK theory at the high-magnetic field limit called the
quantum limit, the oscillatory behavior of the specific heat
(Cp) in the quantum limit has yet to be fully explored. In this
research, we have measured C, of graphite as a function of
the magnetic field and demonstrated that the crossing of a
single spin Landau level and the Fermi energy gives rise to a
double-peak structure in Cp, in striking contrast to the single-

peak expected from LK theory.

When a Landau level crosses the Fermi energy, the
occupation of the Landau level changes rapidly, inducing
large changes in the entropy of the system, which can be
probed using thermodynamic measurements, such as magne-
tocaloric effect (MCE) and C,. To follow the evolution of the
entropy in a metal sample, we show the MCE trace (1/7) of
the natural graphite as a function of the magnetic field taken
at an initial temperature of 0.7 K (Fig. 1a). The entropy is
proportional to the logarithm of the number of states within
the Fermi edge, and therefore shows a maximum when a
Landau level is located at the Fermi level, resulting in a
series of well-defined single peaks labeled as N*e=h (see
Fig. 1a). Here, N is the Landau index, e/h indicates if the
Landau level originates from the electron or hole pocket, and
+ indicate the spin up/down levels. For better comparison,
Fig. 1b shows background removed magnetoresistance ARxx
at 0.5 K. These results are in stark contrast to the electronic
specific heat divided by temperature Ce/T which is propor-
tional to the temperature derivative of entropy (Fig. lc).
Crucially, when low-index Landau levels (Ngm < 3) cross the
Fermi energy, Cel/T exhibits a series of double-peak struc-
ture, as indicated by the double arrows in Fig. 1c.

In order to elucidate the origin of the double-
peak structure, it is necessary to consider the exact
expression for the specific heat. For electronic quasipar-

. . . 5] dF
ticles, Cel/T is given by, Co /T =k} [_. D(E) (—xz %) dx,

where F(x)=1/(1 + ¢*), x=E/kpT and kp is the Boltzmann
constant. The specific heat depends on the convolution of
the Landau level DOS D(E) and a kernel term —x2dF(x)/dx,
which involves the first derivative of the Fermi-Dirac distri-
bution function. Importantly, the double-peak structure in
Cel/T originates from the temperature-dependent splitting of
the double maxima in the kernel term -x?dF(x)/dx. In Ref. 2,
we show that there is a quantitative agreement between the
observed double-peak structure and calculated Ce)/T curve.

In summary, we demonstrate that, as the quantum limit is
approached in high-quality graphite, Landau levels crossing
the Fermi energy give rise to single features in MCE and
magnetoresistance, while simultaneously a novel double-
peak structure is observed in the specific heat Ce/T. The
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Fig. 1. Comparison of quantum oscillations in MCE, resistivity

and specific heat. (a) Reciprocal temperature (1/7) of graphite as a
function of applied magnetic field in a quasi-adiabatic condition. (b)
Background removed resistance as a function of magnetic field. (c)
Field sweep electronic specific heat divided by temperature.
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calculation based on the exact form of the free electron
expression successfully reproduces the double-peak struc-
ture in specific heat. The specific heat, which depends on an
integral involving the kernel term, represents a spectroscopic
tuning fork of width 4.8 kgT that can be tuned at will to
resonance.
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Quasi-Periodic Growth of One-Dimensional
Copper Boride on Cu(110)

I. Matsuda, Hasegawa, and Oshikawa Groups

A surface, located between a vacuum and a crystal
substrate, forms a unique two-dimensional (2-D) lattice.
By depositing atoms on the surfaces, adsorbate overlayers
grow commensurately or incommensurately with respect to
the substrate 2-D lattice, depending on a balance between
adsorbate-adsorbate and adsorbate-substrate interactions.
Such a degree of freedom, being specific to the surface
system, results in formation of exotic long-range ordered
phases, so-called surface superstructures or Moir¢ patterns.
The unique environment has recently developed new
research fields, such as twistronics, and has provided a space
to examine interface materials that cannot be explored in
a pure 2-D system. One of the notable findings is a long-
range ordered layer of copper boride (Cu-Boride) that was
grown incommensurately on the (111) surface of a fcc copper
crystal. This was unexpected since it has been known that
the bulk boron hardly forms compounds with the Group-11
elements. Structural analysis by diffraction unveiled that the
2-D copper boride on Cu(111) was composed of an alter-
nating array of atomic boron and copper chains. This has
indicated an intriguing relationship between the 2-D and 1-D
atomic structures at the surface. Since the (110) surface of a
fcc copper crystal is the well-known 1-D template in surface
science, one can expect formation of a unique 1-D system at
the B/Cu(110) surface.

In the present research, we experimentally examined
a Cu(110) surface after boron deposition and discovered a
new ordered phase, 3x’1’ by low-energy electron diffrac-
tion[1]. In the following observation by scanning tunneling
microscope, we found that the 3x’1°-B/Cu(110) surface
has a 1-D atomic structure of Cu-Boride [1,2]. As shown
in an STM image of the 3x’1’ phase (Fig. 1(a)), the 1-D
structures grow along the [110] axis, separated by trenches.
The 1.1-nm trench interval corresponded to 3ajgo1], where
afoo1] is a size of the Cu(110) unit cell along the [001] axis.
This indicates the origin of the three-fold periodicity of the
3x’1°-B phase. The 1-D structure is composed of two types
of unit lengths along the 1-D direction, one commensurate
and the other incommensurate with respect to the substrate
lattice. A Fourier transform spectrum shows apparent signals
that are ascribed to the two wavenumber units, a and b, along
the 1-D direction. In the regular crystal, the number of a rank
is mathematically equal to the number of dimensions of the
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Fig. 1. Quasi-periodic 1-D structure in the B/Cu(110) system. (a) A
scanning tunneling microscopy image (20 x 20 nm?, tunneling current
: 100 pA, Bias : 1.5 V.). (b) The 2-D power spectrum obtained by fast
Fourier transform with line profiles crossing the origin in [001] and
[110] direction.

structure due to its translational symmetry. When the rank
is higher than the dimension of the structure, the structure
is called quasi-periodic. The two vectors, given in Fig.1(b),
cannot be described by one another. The existence, thus,
verifies the quasi-periodicity of the 1-D system. Namely, we
can designate that the B/Cu(110) surface as an array of quasi-
periodic chains[2]. Such a long-range 1-D quasi-periodic
surface structure has been modeled as a 1-D quasi-crystal
and the structural parameters, obtained experimentally, satis-
fied formation conditions predicted by the theory [2]. This
system provides an actual interface material to examine 1-D
quasicrystals.
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Nondestructive Visualization of
Breakdown Process in Ferroelectric
Capacitors Using in situ Laser-Based
Photoemission Electron Microscope

Okazaki and Kobayashi Groups

HfO»-based ferroelectrics are one of the most actively
developed functional materials for memory devices because
of its high scalability and compatibility with complementary
metal-oxide-semiconductor (CMOS) technology and with
back-end-of-line (BEOL) process [1]. In HfO»-based ferro-
electric devices, dielectric breakdown is a main failure origin
during repeated polarization switching. Elucidation of the
breakdown process may broaden the scope of applications
for the ferroelectric HfO;.

In situ laser-based photoemission electron microscope
(laser-PEEM) has emerged as a powerful technique for
studying dynamic processes in materials and devices at
the nanoscale. By a laser with an energy comparable to
the typical work function of materials, we can observe a
bulk electronic structure over the depth of 50 nm [2]. This
allows to reveal the chemical-state distribution in a dielectric
embedded through a top electrode, nondestructively.

This report presents nondestructive analyses of
HfO»-based ferroelectric capacitors using a laser-PEEM
system with an in situ voltage application and characteriza-
tion system.

We fabricated crossbar-type HfO»-based metal-ferroelec-
tric-metal (MFM) capacitors on an N* Si substrate as shown
in Fig. 1. We used Hfy 5Zr9 502 with 10-nm thickness as a
ferroelectric layer which is sandwiched by TiN with 30-nm
thickness.

Figure 2(a) shows cycling characteristics of leakage
current measured in our in situ laser-PEEM system. The
leakage current began to increase above the detection limit
from 1x 10° cycles. Then, the leakage current reached a
local maximum at 4 x 10% cycles, which corresponds to
a soft dielectric breakdown (SDB). After that, the MFM
capacitor was completely metalized at 7.4 x 10° cycles,
which corresponds to hard dielectric breakdown (HDB). This
leakage current behavior during the application of cycling
stress has been reported as that of typical of MFM capacitors
with HZO [3]. This indicates that the waveform was applied

TiN (30 nm)

TiN (30 nm)

SiO; (200 nm)

n-Si substrate

Fig. 1. Structure of the sample used for in situ laser-PEEM measure-
ments. The values in brackets indicate the thick- ness of each film.
DUT and Ref. indicate device under test and reference capacitor,
respectively.
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Fig. 2. Breakdown process visualized by in situ laser-PEEM. (a)
Leakage current at 2.4 V on return of voltage sweep as a function of
stress cycle. (b—e) Dependence of detailed PEEM images focused on
the device under test on the number of cycling stresses.

to the MFM capacitor as designed in the source measure unit
implemented in our PEEM system and also suggests that
damages caused by laser irradiation during the image acqui-
sitions can be regarded as negligible.

Figures 2(b)—(e) show PEEM images taken after 1 x 10°
cycle, 1 x 100 cycles, 4 x 10° cycles, and 7.4 x 10° cycles,
respectively. We found no significant difference between the
PEEM image after 1 cycle of the square wave application
and that after 1 x 10° cycles, except for an increase in inten-
sity from the bottom electrode (BE). However, after applying
4 x 10% cycles, the PEEM image shows a slight increase
in intensity at the corner of the MFM capacitor. From the
PEEM image after HDB (Fig. 2(e)), a low- intensity spot was
clearly observed near the center of the capacitor. The appear-
ance of this spot just after the occurrence of HDB indicates
that this spot is the conduction filament responsible for HDB.
The result that the HDB spot was observed in the flat region
is reproducible for the samples with the same dimension.
This is because the electric field concentration near the edge
of BE is suppressed by the voids incidentally formed at both
ends of BE.

Figures 3(a) and 3(b) demonstrate that the HDB spot
clearly observed by laser-PEEM is not found in the scanning
electron microscope (SEM) image. This indicates that
significant structural changes, such as a hillhock formation
due to dielectric breakdown induced epitaxy (DBIE) of the
top electrode, did not occur. It is also shown that laser-PEEM
can observe changes in electronic states deeper than the
probing depth of SEM. Furthermore, laser-PEEM can even
investigate the electronic states in the regions where HDB
and SDB have occurred. The ability to nondestructively
observe not only the device topography but also the DOS
distribution that dominates the functionality of materials will
be indispensable for the research and development and mass
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(a) Laser-PEEM TE
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Fig. 3. Comparison of micrographs acquired by laser-PEEM and SEM.
(a) PEEM micrograph after HDB, which is a magnified image of Fig.
2(e). TE and BE indicate the top and bottom electrode, respectively. (b)
SEM micrograph after HDB of the sample from the in situ laser-PEEM
experiment. The acceleration voltage was set to 4 kV.

production of devices that implement functional materials.

In summary, we have proposed in situ laser-PEEM as
a tool for observing the breakdown process of HfO>-based
MEFM capacitors. We observed an increase in photoelectron
intensity in a region of the MFM capacitor with the onset of
SDB. This corresponds to a precursory defect enhancement
of HDB, which has not been clearly observed in previous
TEM studies. Furthermore, we have clearly visualized
the post-HDB breakdown spot. Ability of laser-PEEM to
visualize the DOS distribution will be a key technology for
accelerating the control of properties of functional materials
and their implementation in CMOS circuits, thereby short-
ening time to market.
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Joint Research Highlights

Twisted Bilayer Graphene Reveals
its Flat Bands under Spin Pumping

Stacking two graphene layers with a relative twist angle
6 results in a moiré superstructure which is found to host, in
the vicinity of the so-called magic angle 0 1.1°, unconven-
tional superconductivity and strongly correlated insulating
states [1,2]. Such strong electronic correlations originate
from the moiré flat bands emerging at the magic angle
around the charge neutrality point. The tantalizing signature
of the flat bands have been experimentally demonstrated
by probing the corresponding peaks of the density of states
using transport, electronic compressibility measurements,
scanning tunneling microscopy (STM) and spectroscopy
(STS). The direct evidence of these flat bands has been
reported by angle resolved photoemission spectroscopy
(ARPES). However, spectroscopic measurements on magic-
angle twisted bilayer graphene (TBG) raise many technical
challenges related to the need of an accurate control of the
twist angle, and the necessity to have non-encapsulated
samples which can degrade in air.

Recently, we proposed a noninvasive method to probe
the flat bands of TBG and accurately determine the magic
angle [3]. This method is based on spin pumping induced
by ferromagnetic resonance, where the increase in the FMR
linewidth provides insight into the spin excitations of the
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Fig. 1. (a) Schematic representation of the junction between a ferro-
magnetic insulator (FI) and a heterostructure of a twisted bilayer
graphene (TBG) adjacent to a monolayer of WSe>. The red arrow
indicates the spin orientation of the FI characterized by an average
spin. The bottom line represents the boron-nitride (hBN) layers encap-
sulating the TBG/WSe; heterostructure. (b) Increase of the Gilbert
damping coefficient, dog, as a function of the twist angle at different
temperature ranges.
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nonmagnetic material adjacent to the ferromagnet. The
linewidth increase is given by the Gilbert damping (GD)
coefficient.

We theoretically study a planar junction of a ferromag-
netic insulator (FI) and a TBG adjacent to a monolayer of
transition metal dichalcogenides (TMD), as WSe; (TBG/
WSez). We show a schematic figure of a FI/TBG planar
junction adjacent to WSe under a microwave of a frequency
Q in Fig. 1 (a). We consider the case where a microwave of a
frequency @ is applied to this junction and focus on the twist
angle dependence of the FMR linewidth. We calculated the
correction to the Gilbert damping (GD) coefficient, induced
by the adjacent heterostructure TBG/WSe,. We take into
account the relatively strong spin-orbit interaction (SOI)
induced by the WSe; in TBG.

We formulated the FMR linewidth based on the perturba-
tion method with respect to an interfacial exchange coupling
in this setup and discussed its twist angle dependence. We
described the heterostructure TBG/WSe; by the continuum
model including the SOI based on Ref. [4] and evaluated the
increase of the effective Gilbert damping coefficient of the
FMR linewidth.

In Fig. 1(b) we depicted the behavior of da; as a function
of the twist angle & for several temperatures for a clean inter-
face. This figure shows that regardless of the temperature
range, Jo,; increases by decreasing 6 but drops sharply at the
magic angle, where it exhibits a relatively small peak which
is smeared out at low temperature. We also discussed the
case of a dirty interface and showed that the Gilbert damping
correction drops at the magic angle as found in the case of a
clean interface.

Our result provides an accurate determination method
of the magic angle and an estimation of the SOC induced
in TBG by its proximity to the TMD layer. Our proposed
setup can be readily implemented regarding the state-of-the
art of the experimental realizations of spin pumping in 2D
materials and TBG-based heterostructure. Our work opens
the gate to a twist tunable spintronics in twisted layered
heterostructures.

This project has been performed as a joint study with
Sonia Haddad, who was a visiting professor of ISSP in the
academic year 2022.
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Element-Specific Cluster Growth
on the Two-Dimensional
Metal-Organic Network

Solid surfaces provide a platform to fabricate various
low-dimensional structures, and the formation of surface-
supported two-dimensional metal-organic networks
(2D-MONs) based on supramolecular chemistry is also
achieved on the substrate. Porous two-dimensional metal—
organic network (2D-MON) on a substrate could capture
deposited metal atoms and metal clusters growing in the
pores of the 2D-MON. Growth of a metal cluster in a pore of
the 2D-MON requires that the pore is a local minimum of the
potential energy surface, that is, a potential well for the metal
adatoms. By arranging nanometer-scale potential wells on
the substrate, deposited metal atoms form metal nanoclusters
spontaneously.

We investigated the growth of Ag, In, and Pd nanoclu-
sters in the 2D-MON by scanning tunneling microscopy
(STM) measurements and density functional theory (DFT)
calculations, and found that the growth mechanisms of
Ag, In, and Pd clusters in the 2D-MON synthesized from
1,3,5-tris(4-bromophenyl) benzene molecules on Ag(111)
are different from each other. From the STM measurement,
Ag and Pd clusters grow from the 2D-MON, especially
two-coordinated Ag atoms in the 2D-MON. Indium clusters
grow in the center of pores. Based on our DFT calcula-
tions, the total energy of an adatom in a pore depends on
the position of the adatom, and the interaction of Ag and Pd
adatoms with the 2D-MON is attractive. On the other hand,
the interaction between an In adatom and the 2D-MON
is repulsive. Since the net-charges of Ag, In, Pd adatoms
on Cu(111), and two-coordinated Ag in the 2D-MON are
—0.01le, 0.38e, and —0.14¢, and 0.23e, respectively, the
electrostatic interaction between In and Pd adatoms and
the 2D-MON may play a significant role. For Ag, the DFT
calculation without van-der Waals correction results in repul-
sive interaction with the 2D-MON. We think that van-der
Waals interaction plays an important role in the Ag nanoclu-
ster formation in the 2D-MON. The growth process of metal
clusters is determined by the element-specific behavior of
metal adatoms in the pores, taking into account the various
interactions with the 2D-MON.

Deposition of metal atoms
ﬁ ﬁ

Fig. 1. (Left) An STM image of the 2D-MON on Ag(111). (Right) STM
images of Ag (gray), In (red), and Pd (green) clusters on the 2D-MON/
Ag(111) surface and their schematic drawings. The size of all STM
images is 4 nm x 4 nm.
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Y203 Phosphor Thin Films

When thin film materials are grown by physical vapor
deposition methods, such as sputtering or pulsed laser
deposition (PLD), the kinetic energy of the adatoms arriving
on the film surface has a significant effect on the crystal-
linity and defect density of thin films. In the PLD process,
the incident adatom kinetic energy can reach 100 eV or
more. The kinetic energy is increased at higher ablation laser
energy density (laser pulse energy) due to a larger energy
transfer from the laser beam to the ablated plasma. The
kinetic energy is also dependent on the temporal ablation
laser pulse shape. For typical excimer gas lasers, the pulse
length is 20 ns, while solid-state garnet (YAG) lasers
generate around 4 ns pulses, which means that the pulse
rise time is faster for YAG lasers, leading to higher plasma
kinetic energies. One of the advantages of PLD is the ability
to use a very broad background gas pressure range, from a
typical base pressure of 108 Torr to about 1 Torr. Increasing
the process pressure of a background gas, such as oxygen,
above 1 mTorr will increase the number of gas-phase colli-
sions between ions in the ablation plume and the ambient
gas, reducing the kinetic energy of the plume. However,
high-pressure ablation also strongly reduces the growth rate,
as many atoms colliding with the ambient gas are deflected
from the plume and do not reach the film surface. We have
developed an energy-moderated PLD technique using He as
a buffer gas in the PLD chamber to reduce the kinetic energy
of the plume. Due to the small mass of He, the gas-phase
collisions reduce the plasma energy but do not deflect the
atoms away from the plume, allowing films to be grown
at the desired growth rate, but at a lower incident kinetic
energy of deposited atoms, reducing the density of point
defects in the film. The point defect density is a particularly
serious problem for optical materials, such as phosphors,

034 036 038 040 034 036 038 040
q,(1/A) q,(1/A)

Fig. 1. X-ray reciprocal space maps of Y203 films grown on SrTiO3 at
an oxygen pressure of 10 Torr (a) and in a mixture of 10 Torr O, and
100 mTorr He. The addition of the He buffer increased the film peak
intensity, reduced the peak width, and shifted the film peak close to the
expected bulk lattice parameter (marked with a white cross).
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Fig. 2. Cross-sectional transmission electron microscope images of a
film grown in oxygen (a), showing distinct columnar grains, and in an
oxygen/helium mixture (b), showing that the grain boundaries were
eliminated in the presence of the energy-moderating He buffer gas in
the PLD chamber.

where defects reduce the intensity and the lifetime of the
luminescence signal. We have explored the effect of plume
energy moderation on the properties of PLD-grown Y>03
phosphors. The effect of the energy moderation can be seen
in the x-ray reciprocal space maps of two films (Fig. 1),
both grown at an oxygen partial pressure of 10 Torr. A film
grown in a conventional process (Fig. 1a) shows diffuse film
scattering that is systematically shifted from the expected
lattice parameter (marked with a white cross). When the
PLD chamber is additionally filled to 100 mTorr with He, the
film peak becomes much narrower and shifts to the expected
bulk lattice parameter position, indicating that the crystalline
defect density was dramatically reduced by the plume energy
reduction. The microstructure change is clearly visible in
cross-sectional transmission electron microscope images of
films grown in a low-pressure oxygen environment and in
the presence of He gas at a pressure of 100 mTorr (Fig. 2).
When a Y703 film was grown under conventional condi-
tions, without the He moderator, the film formed columnar
grains that extend through the thickness of the film. Such
grain boundaries can effectively quench the light output of a
phosphor material. This columnar structure was completely
eliminated when a film was grown in a He/O> gas mixture at
a total pressure of 100 mTorr. Time-of-flight measurements
indicated that the kinetic energy of the plume was reduced
by a factor of about 7 at 100 mTorr of He. The reduction of
the defect density of the films significantly increased the
photoluminescence intensity of the Eu-doped yttria phosphor
films.
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Spin fluctuations from Bogoliubov Fermi
Surfaces in the Superconducting State
of S-substituted FeSe

The study of the iron-based superconductor, FeSej.,Sy,
has resulted in various topics. Recently, topologically
protected nodal Fermi surfaces, referred to as Bogoli-
ubov Fermi surfaces (BFSs), have garnered much atten-
tion [1,2]. A theoretical model for FeSei.,.Sy demonstrated
that BFSs can manifest under the conditions of spin-orbit
coupling, multi-band systems, and superconductivity with
time-reversal symmetry breaking [1]. Here we report the
observation of spin fluctuations originating from BFSs via
77Se-nuclear magnetic resonance (NMR) measurements
to 100 mK [3]. We found an anomalous enhancement of
low-energy spin fluctuations deep in the superconducting
(SC) state for x =0.18, which gives evidence for strong
Bogoliubov quasiparticles interactions in addition to the
presence of BFSs.

We performed 77Se-NMR measurements using a
single crystal for each S-substitution level. Typical size is
approximately 1.0 x 1.0 x 0.5 mm. We applied a magnetic
field of 6.0 T parallel to the FeSe planes. Figure 1 shows
1/TT below T for several S-substitution levels crossing the
nematic quantum critical point, xc ~0.17. As seen from
77Se-NMR spectra in Fig. 2, the double-peaks struc-
ture observed in the nematic phase disappears above x.
I/ThT provides a measure of low-energy spin fluctuations
and is expressed as 1/T17 o< ) q/my(q), where y(q) is the
wave-number (q)-dependent susceptibility. The decrease in
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Fig. 1. 77Se-nuclear relaxation rate divided by temperature, 1/T;T for
FeSe1Sy (x=0.05, 0.10, and 0.18) [3]. Arrows indicate supercon-
ducting transition temperature (7;) measured at 6.0 T.
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Fig. 2. 77Se-NMR spectra for x = 0.05, 0.12, and 0.18 [3]. Two

peaks appearing for x =0.05 and 0.12 merge into a single peak with
increasing S-substitution level over x¢ (= 0.17).



I/ThT just below T¢ is due to the opening of the SC gap. In
conventional clean superconductors, 1/717 should decrease
to zero with decreasing temperature. However, 1/717T for
x=0.05 and 0.10 became constant at low temperatures.
With further substitution over x, 1/717 exhibited an upturn
with decreasing temperature and the values became signifi-
cantly larger than those for x =0.05 and 0.10. Upturns of
I/ThT observed below and above 7. are exceedingly rare
in SC systems. The behavior of 1/71T = constant suggests
a residual DOS. In most cases, the following effects may
be expected: (1) the impurity effect, (2) the Volovik effect,
and (3) the coexistence of SC and normal states. However,
the first two cases are ruled out because the values of
1/T\T change almost one order of magnitude between
x=0.05 and 0.10, and the last case is also ruled out consid-
ering the high sample quality. Furthermore, the upturn of
I/ThT is difficult to be explained by these possibilities.
Instead of the coexistence in real space, the coexistence in
momentum space such as the formation of BFSs would be
promising as shown in Fig. 3. The appearance of BFSs with
two-hold rotational symmetry has been observed by laser
ARPES measurements [4] and time-reversal-symmetry
breaking required for the appearance of BFSs has been
suggested from recent pSR measurements [5].

Recently, Y. Cao et al. theoretically calculated y(q)
and 1/TT for the ultranodal states in a minimal two-band
model, where the interband non-unitary spin-triplet pairing
is responsible for BFSs [6]. In this model, they assumed
double hole pockets at the I" point and BFSs with two-fold
rotational symmetry like the schematic diagram shown in
Fig. 3. By adding a Hubbard interaction in the particle-
hole channel, they found that an enhancement of y(q) at low
temperatures at q~(0.4w, 0) connecting coherent segments/
spots on the BFSs when the interaction is strong. This leads
to an upturn of 1/71T at low temperatures like experimental
results of x =0.18. In this model, the upturn can be derived
based on the minimal two-band model at the I point, while
the 7 dependence of 1/717T below Tt is similar to that above
Te, implying that the nesting between the hole and electron
pockets would be responsible for the upturn of 1/717 below
Tc [3]. It remains a future problem whether the nesting
contributes to the upturn of 1/717.

The presence of BFSs below x. makes it easy to compre-
hend 1/TT =constant. The values of 1/T1T for x=0.05 or
0.10 are one or two orders of magnitude smaller than those
for x = 0.18, implying that the BFSs should be much smaller
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Fig. 3. Schematic diagram of two-dimensional Fermi surfaces for
the tetragonal phase. The contributions from three orbitals, dxy,
dy, and dx are colored in blue, red, and green, respectively. Suffi-
ciently expanded BFSs expected below T; are colored in purple
[2.,6].

(@)

and the interactions should be suppressed. In such case, the
upturn of 1/7)T is hardly expected and 1/71T =constant is
attributed to the scattering between a nucleus and almost
free Bogoliubov quasiparticles like the Korringa relation in
conventional metals. It should be noted that such relaxation
process is realized not in the normal state but in the SC state.
In the Korringa relation, 1/7T is proportional to square of
the DOS. The difference of 1/71T in one order of magnitude
between x = 0.05 and 0.10 implies that the quasiparticle DOS
differs almost three times between them. Our results suggest
that BFSs exist even below xc.~ 0.17 and expand with
increasing S-substitution level.

In conclusion, we have observed the upturn of 1/717 deep
in the SC state from 7’Se-NMR measurements down to 100
mK. The upturn can be explained by the minimal two-band
model, where the interband spin-triplet pairing is respon-
sible for BFSs. The appearance of the upturn of 1/7T gives
evidence for strong Bogoliubov quasiparticles interactions in
addition to the presence of BFSs.
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Development of a Magnetic-Susceptibility-
Measurement Apparatus Used under High
Pressure in Pulsed High Magnetic Fields

The combination of extreme conditions such as low
temperature, high magnetic field, and high pressure provide
insights into electrical and magnetic physical properties in
condensed-matter materials. To date, magnetization measure-
ments have been reported with an induction method using a
non-destructive pulse magnet and a metallic piston-cylinder
cell (PCC) made by Cu-Be or Ni-Cr-Al alloy under high
pressure of up to 0.95 GPa in pulsed high magnetic fields
of up to 50T [1-3]. In this method, magnetization signal
was detected by winding pick-up coils with approximately
100 turns around the exterior of the PCC (left panel of
Fig. 1). This measurement apparatus is an effective tool
for observing large abrupt transition phenomena, but the
following factors may interfere with accurate measure-
ments: (a) low sample-filling rate inside the pick-up coil,
(b) extrinsic magnetization signals from the pressure cell,
and (c) Joule heating caused by eddy currents in the metallic
parts of the pressure cell in pulsed high magnetic fields.
To deal with these problems, we have designed a new
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Fig. 1. Magnetic field and pressure range of magnetic-susceptibility-
measurement techniques using the induction and LC methods. The
schematic views below 1 GPa and above 1 GPa are the piston-cylinder
cells around the sample for the induction and LC methods, respectively.

PCC in use for pulsed high magnetic fields and developed
a magnetic-susceptibility-measurement apparatus using a
proximity detector oscillator (PDO) under high pressures in
pulsed high magnetic fields [4].

The PDO is an inductance (L)-capacitance (C) self-
resonating LC tank circuit based on a widely available
proximity detector chip used in modern metal detectors
[5,6]. When a magnetic insulator is put into the sensor
coil, this circuit detects the change in the resonance
frequency (Af’) corresponding to the change in the dynamic
magnetic susceptibility ((AM/AH). Hereafter, we refer
to this technique as an LC method. The absolute value of
Af increases as the sample filling rate increases against
the sensor coil. The sensor coil is typically wound only
5-30 turns with a diameter as small as 300 um. Therefore,
the sensor coil including the sample can be inserted in the
pressure cell as shown in the right panel of Fig. 1. This
setting prevents the magnetization signal of the pressure cell
from being superimposed to the measurement signal.

The PCC used in our magnetic-susceptibility measure-
ments in pulsed high magnetic fields was made of Ni-Cr-Al
alloy with a low conductivity and high tensile strength
compared with a PCC made of Cu-Be alloy. The sensor coil
is put into the PCC in this LC method, and therefore the
outer diameter of the PCC can be expanded up to 8.6 mme,
resulting in increasing the applied pressure of up to 2.10 +
0.02 GPa.

To evaluate the effect on the Joule heating at the sample
position in pulsed high magnetic fields, we investigated the
temperature change in the sample space using a magnetic-
field and temperature-calibrated thermometer. Figure 2
shows the temperature changes at the sample position inside
the PCC, starting from an initial temperature of 1.4 K,
in pulsed high magnetic fields as a function of time. For
the maximum field of 51 T, the temperature at the sample
position remained almost 1.4 K until nearly 6.5 ms (approxi-
mately 40 T during the field-ascending process). After
approximately 6.5 ms, the temperature slowly increased,
reaching approximately 8 K at 40 ms (around 0 T). Since
the sample is covered with a Teflon tube and immersed in
Daphne 7373 as a pressure medium, the Joule heating from
the metallic parts of the PCC is transmitted to the sample
position with some delay.

To verify the performance of our developed magnetic-
susceptibility-measurement apparatus in pulsed high
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Fig. 2. Temperature change at the sample position inside the PCC
starting at 7= 1.4 K in various maximum magnetic fields. The red, blue
and green lines with filled circles represent the temperature changes
inside the PCC for the cases of Hyax = 51.0, 41.6, and 27.1 T, respec-
tively.

magnetic fields under high pressures, we investigated the
pressure dependence of the magnetic susceptibility of
Ba3CoSby09, which is one of the typical S= 1/2 triangular
lattice antiferromagnets and exhibits successive phase transi-
tions below the Néel temperature 7n= 3.8 K [7]. Figure 3
shows the A feub-H curve of BazCoSbaQOg for H || ab plane in
pulsed magnetic fields of up to 51 T under pressures of up
to 1.97 GPa. Afwp is the frequency difference obtained by
subtracting the frequency at 7= 10 K as background from
Af at 1.4 K. At ambient pressure in the PCC during the field-
ascending process, Afsup-H curve was in good agreement
with the field derivative magnetization dM/dH in a previous
report [7]. Under several pressures, we also observed the
anomalies at phase transition fields in the field-ascending
process. In the field-descending process at ambient pressure
in PCC and at 1.10 GPa, Afsb-H curves did not show any
anomalies at phase transition fields observed in the field-
ascending process owing to the temperature increase of the
sample above Tn. As aforementioned, A fsub up to the satura-
tion field (Hsat) of approximately 32 T in the field-ascending
process (Fig. 3(a)) is not affected by the increase in the
sample temperature due to Joule heating. The present study
demonstrated that our developed magnetic-susceptibility-
measurement apparatus is a powerful tool for investigating
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Fig. 3. (a) Afsub-H curves for H||ab plane of BazCoSbaO9 at 1.4 K
at various pressures. Gray lines show Afsup-H curves in the field-
descending process at ambient pressure in PCC and at 1.10 GPa. Other
lines are Afsup-H curves in the field-ascending process. The dotted
lines are guidelines indicating the pressure dependence of transition
fields (Hc1, He2, Hez and Hgyt). (b) Enlarged view of the A fsun-H curves
around 22 T. The curves in Figs. 3(a) and 3(b) are arbitrarily shifted
from the ambient-pressure curve with increasing pressure for clarity.



magnetic properties of a frustrated magnet with a small spin
value at low temperatures down to 1.4 K in pulsed high
magnetic fields of up to 40 T under high pressures of up to
2.1 GPa. We hope that this apparatus will help us discover
unconventional physical phenomena in quantum and
frustrated spin systems.
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Theoretically Predicted Collective
Excitation Modes in the Quadruple-Q
Magnetic Hedgehog Lattices

The Kondo-lattice magnets are recently attracting
enormous research interest as hosts of rich topological
magnetism. This class of magnets have localized spins
coupled to itinerant electrons via exchange interactions, and
the itinerant electrons mediate long-range RKKY-type inter-
actions among the localized spins. A variety of topological
magnetic textures, e.g., skyrmion crystals, meron crystals,
hedgehog lattices, emerge as superpositions of multiple spin
helices or spin-density waves with different wavevectors
determined by the Fermi-surface nesting.

Recent intensive studies have rapidly clarified equilib-
rium phases and static properties of the Kondo-lattice
magnets, and several new materials have been discovered
and synthesized experimentally. However, their nonequi-
librium properties and dynamical phenomena remain
unclarified yet. Under these circumstances, we have started
the research for their spin-charge dynamics and related
phenomena based on large-scale numerical simulations using
the supercomputer facilities in ISSP, University of Tokyo.
Through these studies, we have revealed many interesting
dynamical phenomena, e.g., microwave-induced magnetic
topology switching [1], unexpected spin-charge segrega-
tion in the low-energy excitations of a zero-field skyrmion
crystal phase [2], photoinduced magnetic phase transitions
to 120-degree order [3], and peculiar collective excitation
modes of hedgehog lattices [4].

Among them, the last one is the most recent achieve-
ment. Three-dimensional topological magnetic structures
called magnetic hedgehog lattices (Figs. 1(a) and (b)) have
been discovered recently in several itinerant magnets such as
MnGe, MnSi|xGex and SrFeOs. The research on magnetic
hedgehog lattices to date has focused mainly on their proper-

(a) Hedgehog lattice
(Low-field phase)

(c) Hedgehog

(e) Dirac string A

(b) Hedgehog lattice

(High-field phase) (d) Antihedgehog

Fig. 1. (a), (b) Spatial arrangement of hedgehogs and antihedgehogs
in magnetic hedgehog lattices. The magenta and cyan dots represent
the hedgehogs and antihedgehogs, respectively. The lines connecting
them represent Dirac strings. There are two types of Dirac strings (red
line: Dirac string A, blue line: Dirac string B) with distinct magnetiza-
tion winding senses. In the zero-field and low-field hedgehog lattice,
both Dirac strings A and B exist (a). On the contrary, when the applied
magnetic field exceeds a certain threshold value, the Dirac strings B
disappear, and a hedgehog lattice with only Dirac strings A appears (b).
(c), (d) Magnetization configurations (red and blue arrows) and distri-
butions of emergent magnetic fields (green arrows) for a hedgehog and
an antihedgehog. The hedgehog behaves as a source of the emergent
magnetic fields, while the antihedgehog behaves as a sink of the fields.
(e) Magnetization configuration of the magnetic vortex (Dirac string A)
connecting the hedgehog and antihedgehog.

ties at equilibrium. On the other hand, according to the
fundamentals of electromagnetism, magnetic (anti)hedge-
hogs, which behave as emergent (anti)monopoles, should
generate emergent electric fields when they move. Therefore,
clarification of their excitation dynamics will directly lead to
the discovery and exploration of new emergent phenomena
and device functions of topological spin textures in dynam-
ical regimes.

Motivated by this aspect, we investigated the nature and
properties of collective excitation modes expected when the
quadratic-Q hedgehog lattices realized in MnSi;xGex and
SrFeOs are irradiated by light by means of numerical simula-
tions using a microscopic theoretical model. In the magnetic
hedgehog lattices, hedgehogs (Fig. 1(c)) and antihedgehogs
(Fig. 1(d)) are connected by a magnetic vortex called Dirac
string (Fig. 1(e)). As shown in Fig. 1(e), the spins below the
magnetic hedgehog go rotating down to the antihedgehog
to form a vortex structure connecting the hedgehog and the
antihedgehog. Because the rotating sense of the vortex is
two-fold, there are two types of Dirac strings, which are
right-handed and left-handed. Although two types of Dirac
strings do not necessarily appear in a single material, in the
case of the hedgehog lattices realized in MnSi;xGey, there
are indeed two types of Dirac strings (A and B) with different
winding senses.

In the theoretical work reported in Ref. [4], we discov-
ered that there exist three collective excitation modes (spin-
wave modes) in terahertz to sub-terahertz frequency regime,
which we named L1, L2 and L3 modes (Figs. 2(a) and (b)).
Further analyses revealed that for the L2 and L3 modes,
in-phase oscillations of the hedgehog and antihedgehog
located at upper and lower ends of the Dirac string occur
to exhibit translational oscillation, that is, the Dirac strings
move upwards and downwards in an oscillatory manner
(Figs. 2(c) and (d)). It is well-know that when a bar magnet
is moved closer to or further away from a metallic coil, an
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electric voltage is generated. It is interesting that the collec-
tive translational oscillations of the Dirac strings discovered
here are the equivalent motion as that of the bar magnet
in this case. In other words, in light-irradiated magnetic
hedgehog lattices, a huge number of nano-sized bar magnets
show such oscillatory motion at high frequencies of terahertz
or sub-terahertz orders.

More interestingly, among the three oscillation modes,
we found that the L2 mode corresponds to the oscillations
of the Dirac strings B (Fig. 2(c)), while the L3 mode corre-
sponds to those of the Dirac strings A (Fig. 2(d)). Conse-
quently, we expect that the L2 (L3) mode vanishes when
the Dirac strings B (A) disappear. In fact, application of a
magnetic field can realize the selective disappearance of the
Dirac strings B through inducing hedgehog-antihedgehog
pair annihilations (Figs. 1(a) and (b)). We indeed observed
that the L2 mode vanishes upon this field-induced annihila-
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Fig. 2. (a) Phase diagram as a function of the external magnetic field
H.. At zero and low magnetic field, a hedgehog lattice with both
Dirac strings A and B appears. As the magnetic field is increased, the
hedgehog and antihedgehog belonging to the Dirac string B annihilate,
and a phase transition occurs to a hedgehog lattice consisting of only
the Dirac strings A. (b) Calculated optical absorption spectra. Three
peaks correspond to collective excitation modes (named L1, L2, and
L3) at the eigenfrequencies. The values of frequencies are written
in normalized units, and these modes appear in a frequency range of
approximately several hundred gigahertz or sub-terahertz. Looking at
the L2 and L3 modes corresponding to the Dirac-string oscillations,
both L2 and L3 modes appear in the low-field hedgehog-lattice phase
where both Dirac strings A and B exist. On the contrary, in the high-
field hedgehog-lattice phase without Dirac strings B, the L2 mode
originating from the Dirac strings B disappears and only the L3 mode
originating from the Dirac strings A remains. (c) Translational oscilla-
tions of the Dirac string B in the L2 mode. (d) Those of the Dirac string
A in the L3 mode. The hedgehog and antihedgehog at the upper and
lower ends of the string exhibit in-phase oscillations, which cause verti-
cally translational oscillations of the strings.
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tion of the Dirac strings B as seen in Fig. 2(b). This means
that the external magnetic field can switch these collective
oscillation modes, which enables us to realize on-off of the
emergent electric fields and transmission of microwaves at
corresponding frequencies.

Our discovery of the collective excitation modes of
emergent magnetic (anti)monopoles in condensed matters is
of importance from the viewpoint of fundamental science.
Moreover, the discovery is expected to open the way to
designing the optical/microwave device functions and
spintronics functions of the three-dimensional topological
magnetism that can be controlled and switched by external
fields.
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Odd-Parity Multipole Order
in the Spin-Orbit Coupled
Metallic Pyrochlore PbaRe>O07-5

Transition metal compounds containing 4d and 5d
electrons have attracted attention for their novel physical
properties resulting from their strong spin—orbit interac-
tion (SOI) [1,2]. L. Fu pointed out that SOI induces Fermi-
liquid instability in metals, leading to the formation of
various electronic phases, and proposed the concept of
spin-orbit-coupled metals (SOCM) [3]. In SOCM, the strong
SOI induces a structural phase transition with spontaneous
spatial-inversion-symmetry breaking (ISB), which is associ-
ated with an unconventional odd-parity multipole ordering
[4]. To date, the candidate compounds of SOCM are limited
and only few of them have been experimentally verified.
Progress in material development is key to reveal the diver-
sity of electronic orders formed in SOCM and further scruti-
nize the physics of SOCM.

So far, many studies have focused on a-pyrochlore
oxide CdyRe>O7 (CRO), the most investigated candidate
for SOCM [4]. Three successive structural phase transitions
occur in CRO; an ISB transition from the regular pyrochlore
structure (phase I) to the tetragonal phase II occurs at Tsi;
on further cooling, transitions to an orthorhombic phase
XI at Ts; and to the tetragonal phase III at 73 occur. A
theoretical work suggests that, in the phases II and III, the
electronic order associated with ISB can be described by
an odd-parity multipole order [3]. As depicted in Fig. 1, the
displacements of Re atoms in phase II and III can be viewed
as electric dipoles, certain pairs of which generate electric
toroidal moments. These virtual electric toroidal moments
are organized as x> — y? and 3z2 — 72 configurations, respec-
tively. Thus, the emerged electronic orders are regarded
as electric toroidal quadrupole (ETQ) orders [2]. This
unconventional odd-parity multipole ordering will induce
ETQ-driven phenomena, such as the spin-split Fermi surface,
the magneto-current effect, and nonreciprocal transport in an
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Fig. 1. Schematic figure of the deformation of Re tetrahedron in
phases II and III of CdRexO7 (CRO), with red arrows representing
the displacements of Re atoms (black balls). The Re displacements
generate virtual electric toroidal moments (blue arrows) of the x2 — )2
and 322 — 2 types, respectively. The colors of the connecting rods
between Re atoms differentiate identical bonds in each phase.

applied magnetic field.

The relevant rhenium-containing pyrochlore oxide,
PbaRe207.5 (PRO), has also been reported to exhibit an ISB
phase transition from the a-pyrochlore structure (phase I)
to a noncentrosymmetric structure (phase II) at 75 =300 K
[5,6]. Based on the ISB transition and similarity in the
physical properties with CRO, PRO likely to be a SOCM.
Therefore, an odd-parity multipole order may be realized.
However, the crystal structure of phase II, which is crucial to
identify the multipole order, is contradicting; two different
structures, a cubic F4-3m and a tetragonal /-4m2 structures
are proposed [5,6]. Both crystal structures differ from that
of CRO in the lowest temperature phase, which suggest a
different multipole order is formed in PRO.

In this study, we investigated the low temperature phase
of a SOCM candidate PRO by temperature-dependent
synchrotron x-ray diffraction (XRD) measurements using
single crystals [7]. As shown in Fig. 2, the appearance of
superlattice peaks in the diffraction data of phase II indicates
the violation of the d-glide plane derived extinction rule.
To obtain more evidence for a lower crystal symmetry, we
probed the temperature dependence of the two Bragg reflec-
tions (18 0 0) and (20 0 0) in phase I, as shown in Fig. 2 (c).
Below T, the (18 0 0) reflection emerges upon cooling,
indicating structural transition at Ts. In addition, the (20 0 0)
reflection splits into two peaks (a low-angle and a high-angle
peaks at an intensity ratio of approximately 2:1) demon-
strating a cubic to tetragonal transition. It is noted that the
(18 0 0) reflection is a single peak, not a double peak like
the (20 0 0) reflection, demonstrating the presence of an
additional extinction rule in phase II.

Since the phase transition at 75 is of second order, the
group-subgroup relation of the space group is applied to
deduce the space group of phase II. Based on the observed
reflection conditions, we propose the /4122 space group for
the phase II. This space group is identical to that of CRO in
phase III.

The electronic order emerging in phase III of CRO
is considered to be ETQ order with 322 — %> component.
Since the lowest temperature structure of CRO and PRO is
revealed to be identical, 3z2 — r2-type ETQ is likely formed
in the phase II of PRO. Here, 322 — r2-type order is selected
as the ground state from the doubly degenerate x* —y? and
322 — r2-type ETQ orders. Electronic details about the origin
of this symmetry breaking are of interest for future studies.
Further comparison of the ISBs with respect to their origin
and final manifestation in CRO and PRO would be useful for
fundamental understanding of SOCM.
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Fig. 2. Diffraction data of the 4k0 plane for PboRe2O7.5 (PRO) in (a)
phase I and (b) II. The appearance of superlattice peaks in (b) indicates
the violation of the d-glide plane derived extinction rule. (c) . Tempera-
ture variation of XRD patterns near the (20 0 0) and (18 0 0) reflections
of PRO. Solid black lines represent fitting curve. The transition temper-
ature 75 = 300 K is marked with an arrow.
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New Intermetallic Compounds
in Sm-Fe System Alloys

High-performance neodymium-iron-boron (Nd-Fe-B)
magnets are applied to various advanced electromagnetic
devices, including hard disk drives, electric vehicles, and
medical equipment [1]. In particular, the production of
electric cars equipped with Nd-Fe-B magnet motors has
significantly increased, reflecting that regulations on internal
combustion engines emitting large quantities of greenhouse
gases have been proposed or enacted in many countries.
The continuously growing demand for high-performance
Nd-Fe-B magnets has raised severe concerns over their price
and availability [2]. Under such circumstances, the develop-
ment of permanent magnets using the relatively abundant
rare-earth element Sm has become a focus of attention.
Therefore, we have continued searching for new Sm-based
rare-earth intermetallic compounds.

This study chose Sm-Fe system alloys as new Sm-based
rare-earth intermetallic compounds. Although only three
intermetallic compounds, SmzFe17, SmFe3, and SmFe;
phases are found in the Sm-Fe phase diagram [3], the forma-
tion of new intermetallic compounds, such as SmFej,
SmFes, and SmsFe7 phases, has been reported in thin film
processing [4-6]. It is necessary to obtain these materials
in bulk form to evaluate the magnetic properties of these
phases. This study investigates the possibility of producing
these new intermetallic compounds through rapid solidifica-
tion processing using a melt-spinning technique. The struc-
tures and magnetic properties of the melt-spun ribbons were
investigated.

Since the new intermetallic compounds are metastable,
it is impossible to produce alloys with these phases using
the conventional casting method. Thus, the specimens were
prepared by rapid solidification processing using melt-
spinning. Figure 1 shows the transmission electron micro-
scope (TEM) micrograph of the as-quenched SmFes melt-
spun ribbon and the corresponding selected electron diffrac-
tion pattern. The electron diffraction pattern indicates that
the fine grains in the TEM micrograph were in the SmFes
phase. This confirms that the as-quenched SmFes melt-spun
ribbon consisted of SmFes fine grains. Heat treatment of the
as-quenched melt-spun ribbon resulted in crystal growth of
the SmFes grains [7]. On the other hand, the SmFej> and
SmsFe17 phases were not obtained by rapid solidification
processing using melt-spinning. These as-quenched melt-

o
Fig. 1. TEM micrograph of the as-quenched SmFes melt-spun ribbon
and the corresponding selected electron diffraction pattern.
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Fig. 2. Hysteresis loops of SmFej;, SmFes, and SmsFei7; melt-spun
ribbons. The hysteresis loops were measured by VSM with a maximum
applied magnetic field of 25 kOe.

spun ribbons were amorphous. Although the SmsFe17 phase
was produced by melt-spinning followed by optimal heat
treatment, the SmFej, phase was not obtained by annealing
the SmFe > melt-spun ribbon. The SmFe;> phase was found
to be obtained by adding small elements, such as Ti or V, to
the SmFej, phase.

The magnetic properties of the new intermetallic
compounds were evaluated by the vibrating sample magne-
tometer (VSM). Figure 2 shows the typical magnetic
hysteresis loops of these phases. These new intermetallic
compounds exhibited hysteresis loops as magnetic materials.
The SmFes melt-spun ribbon showed a narrow hysteresis
loop with moderate coercivity, and the SmFej> melt-spun
ribbon showed a wide hysteresis loop with high coercivity.
On the other hand, the SmsFej7 melt-spun ribbon exhib-
ited a minor loop, not a hysteresis loop. The coercivity of
the SmsFej7 melt-spun ribbon was extremely high, over
the applied field of 25 kOe in the VSM measurement, and
only the minor loop was obtained in the SmsFe;7 melt-spun
ribbon.

This study obtained the new intermetallic compounds
of the SmFejz, SmFes, and SmsFe 7 phases. However, the
magnetic properties of these compounds are not yet compa-
rable to those of high-performance Nd-Fe-B magnets.
Further optimization of the annealing conditions and compo-
sitional modifications may improve the magnetization of
these new intermetallic compounds.
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Structural Study of Perovskite-type
RbNbOj3 Prepared at High Pressure

We successfully synthesized a perovskite-type RbNbO3
compound by subjecting the non-perovskite RbNbO3 [1,2]
to high temperature (1173 K) and high pressure (4 GPa)
using a cubic-type high-pressure press. We investigated the
temperature dependence of crystal structure associated with
dielectric properties. Base on the powder X-ray diffraction
patterns collected at ISSP under the collaborative program,
we determined lattice parameters of the temperature depen-
dence of perovskite RbNbO3 at 4-300 K. Our objective in
this project is to discover novel ferroelectrics that are equal
to or beyond BaTiOs, which is often utilized in a range of
electrical devices. KNbOj3 is a widely recognized displace-
ment-type ferroelectric material, and we aimed to replace
the potassium (K) ion with rubidium (Rb) ion, which belong
to the same group of alkali metals but have a greater ionic
radius. RbNbO3 has a complex quasi one-dimensional struc-
ture under normal conditions, unlike the perovskite-type
structure found in KNbO3. We synthesized RbNbO3 with
the perovskite structure using the high pressure technique.
Detailed study was published in the reference [2].

The high-pressure phase of RbNbO3 at 300 K was found
to have an orthorhombic cell with a perovskite-type struc-
ture. The crystal structure was determined by single-crystal
X-ray diffraction analysis at Tohoku University. The space
group was identified as Amm2, with a lattice parameter of
a=3.9937(2) A, b=5.8217(3) A, and ¢ =5.8647(2) A.
The non-centrosymmetric space group of RbNbO3 is same
as that of the ferroelectric compounds BaTiO3 and KNbOs.
The degree of distortion in RbNbO3 is more pronounced
than in KNbO3, perhaps because of the larger ionic radius
of Rb. The transitions from an orthorhombic structure to
two sequential tetragonal phases (Tetral at 493 K, Tetra2
at 573 K) were observed. The perovskite framework was
maintained during both phases before returning to the
triclinic ambient phase at 693 K, as seen in Fig. 1. The first
transition is similar to that observed in KNbOs3, however the
subsequent transition from the Tetral phase to the Tetra2
phase is distinct, characterized by elongation along the c-axis
and a notable increase in the c¢p/ap ratio (cp and ap are taken
with perovskite basic cell) from 1.07 to 1.43. This distortion
indicates a transition that is comparable to the one observed
in PbVO3 [3], where the oxygen atoms of an octahedron
move apart along the c-axis, resulting in the formation of
a pyramid as shown in Fig. 1. The permittivity exhibits a
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Fig. 1. Temperature dependence of crystal structure of RbNbO; at
300-800 K [2]. The lattice parameters, ap, bp and cp, are taken with
perovskite basic cell. The figure was reprinted from the graphical index
of Ref. 2 published by the Royal Society of Chemistry.
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Fig. 2. Temperature dependence of lattice parameters of perovskite-type
RbNbO3 at 4-300 K.

discontinuous increase at the orthorhombic to tetragonal
phase transition, however this enhancement is not observed
for the Tetral and Tetra2 transitions due to the collapse of the
bulk sample caused by abrupt volume expansion during the
transition.

There were no observable alterations in the structure
between temperatures of 4 and 300 K. The lattice parameters,
a, b, ¢, and V exhibited consistent decreases with decreasing
temperature, as seen in Fig. 2. A contrasting structural phase
shift from orthorhombic to rhombohedral occurs at 220 K in
KNbOs3. This aligns with the findings reported by Fukuda et
al. [1]. Nevertheless, the theoretical calculations regarding
phase stability indicate that the orthorhombic structure with
Amm?2 is the most stable phase in RbNbOs3, exhibiting the
lowest energy [2]. It is contrast to that the stable space group
in KNbO3 at low temperature is R3m.

In addition, we conducted thermal property measure-
ments using a combination of thermogravimetry (TG),
differential thermal analysis (DTA), and differential scanning
calorimetry (DSC). Furthermore, we assessed the optical
characteristics using second harmonic generation (SHG)
[2]. We further synthesize a solid solution of RbNbO3; and
KNbOs3 by using the high pressure method, and investi-
gate the structural studies with wide range of temperature.
Ongoing research involves doing structural studies at various
temperatures.
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Implementation of Finite-Temperature
Calculation in TeNeS

In quantum many-body problems, such as quantum spin
systems and strongly correlated electron systems, the dimen-
sion of the Hilbert space increases exponentially with the
number of spins or particles, making precise analysis of
large systems difficult. The tensor network method, which
is one technique to overcome such difficulties, represents
quantum states as a network constructed by the contraction
of small tensors, thereby reducing the effective degrees of
freedom and enabling the computation of large systems. The
infinite projected entangled pair state/infinite tensor product
states (iPEPS/iTPS) is a tensor network that can directly
represent the ground state of an infinitely large system. We
are developing a tensor network library Tensor Network
Solver (TeNeS) based on iPEPS/iTPS[1, 2]. TeNeS supports
MPI and OpenMP hybrid parallelization, and enables us to
calculate the ground states of various two-dimensional lattice
models.

This year, through the support of Project for Advance-
ment of Software Usability in Materials Science (PASUMS),
we have implemented the finite-temperature calculation in
TeNeS. The finite-temperature calculation is essential for
the analysis of the physical properties of quantum many-
body systems, such as the specific heat, and magnetiza-
tion. The finite-temperature calculation is performed by the
imaginary time evolution of the density matrix represented
by the infinite projected entangled pair operator/infinite
tensor product operator (iIPEPO/iTPO) [3] (See Fig. 1). Such
imaginary time evolution for iPEPO/iTPO is algorithmically
similar to the ground state calculation based on iPEPS/iTPS,
and we can easily implement the finite-temperature calcula-
tion in TeNeS.

In addition to the finite-temperature calculation, we also
implemented the real-time evolution of a pure state using
TeNeS. The algorithm of the real-time evolution is essen-
tially the same as the imaginary time evolution. However,
usually approximation based on iPEPS/iTPS becomes less
accurate for longer time evolution due to the increase of
quantum entanglement. Thus, real-time evolution approxi-
mated by iPEPS/iTPS is limited to short time evolution.

The finite-temperature calculation and the real-time
evolution implemented in TeNeS are useful for the analysis
of the physical properties of quantum many-body systems.
We hope that TeNeS can enhance research in the field of
quantum many-body systems.

TeNeS was developed with Yuichi Motoyama, Kazuyoshi
Yoshimi, Satoshi Morita, Tatsumi Aoyama, Takeo Kato, and
Naoki Kawashima.

Fig. 1. Tensor network diagram of a density matrix p represented as an
iPEPO/iTPO. Vertical open legs stand for indices of local Hilbert space.

38 ISSP Activity Report 2023

References

[17 Y. Motoyama, T. Okubo, K. Yoshimi, S. Morita, T. Kato, and N.
Kawashima, Comput. Phys. Commun. 279, 108437 (2022).

[2] https://github.com/issp-center-dev/TeNeS )

[3] A. Kshetrimayum, M. Rizzi, J. Eisert, and R. Oru s, Phys. Rev. Lett.
122 070502(2019).

Author
T. OKUBO?
nstitute for Physics of Intelligence, the University of Tokyo

PI of Joint-use project: T. Okubo
Host lab: Supercomputer Center

Magnetic Field Induced
Insulator-to-Metal Mott Transition
in A-Type Organic Conductors

The Mott transition is a key issue in condensed matter
physics. Mott transitions give rise to novel physical
phenomena, including unconventional superconductivity and
quantum criticality. The interest in this research is the effects
of the magnetic field on the Mott transition. To thoroughly
investigate the effects of the magnetic field on the Mott
transition, it is necessary to apply a magnetic field compa-
rable to the energy scale of the Mott gap. However, the
energy scale of the Mott gap is usually much larger than the
practical limits of experimentally feasible magnetic fields. To
avoid this problem, it is necessary to prepare materials near
the Mott boundary region to reduce the Mott gap.

For studying the magnetic field effects on the Mott transi-
tion, we focused on A-type organic conductors. Figure 1
shows the pressure-temperature (p - 7') phase diagram of
Atype BETS salts A-(BETS),GaBr,Cls.y, where BETS is
bis(ethylenedithio)tetraselenafulvalene. It has been reported
that the increase in Br content works as a negative pressure
effect and that the compound with x ~ 0.75 is located near
the Mott boundary [1]. These indicate that by controlling the
Br content x, we can access the Mott boundary region under
ambient conditions, which allows us to study the magnetic
field effects on the Mott transition over a wide temperature
and magnetic field ranges using pulsed magnetic fields.

In this study, we performed magnetoresistance measure-
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Fig. 1. p - T phase diagram of A-(BETS)>GaBrCls.,. The red horizontal
axis indicates the unit cell volume at room temperature [1]. The points
marked with blue diamonds, green triangles, and red circles were deter-
mined in this study.
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compound with x = 0.75 and 0.65.

ments using a 60 T pulse magnet at the International
MegaGauss Science Laboratory. We synthesized A-type
organic conductors with x =0.65, 0.75, and 0.8, which
are located near the Mott boundary. Figures 2 (a) and 2(b)
show the temperature dependence of the magnetoresistance
for compounds with x=0.75 and 0.65 [2]. We confirmed
that in the compound with x =0.75, a sharp drop with
hysteresis in resistivity was observed at a certain magnetic
field, suggesting that a first-order magnetic field induced
insulator-to-metal Mott transition occurs. Interestingly, in the
compound with x = 0.65, the suppression of the supercon-
ducting state at low magnetic fields and a Mott transition at
high magnetic fields were observed, indicating a successive
superconductor-to-insulator-to-metal transition. These results
are summarized as a color plot of the field-temperature
(H - T) phase diagram shown in Figs. 2 (c¢) and 2(d). We note
that the magnetic field induced Mott transition observed
previously in k-type organic conductors is a transition from
the metallic to the insulating state by applying a magnetic
field, whereas the Mott transition observed in A-type salts in
this study is a transition from the insulating to the metallic
state, that is, the opposite magnetic field response was
observed [3].

We proposed that the difference in magnetic suscep-
tibility between the insulating and metallic phases across
the Mott boundary is key to explaining the opposite
magnetic field effects on the Mott transition. The previous
studies reported that the magnetic susceptibility of
A-(BETS)2GaBrxCls.x decreases with increasing Br content
at low temperatures [2]. This suggests that the magnetization
of the metal phase is larger than that of the insulator phase.
Since the spin state with larger magnetization is more stabi-
lized under magnetic fields, the metallic state is stabilized in
magnetic fields.

In this study, we have experimentally verified a
magnetic-field-induced insulator-to-metal Mott transi-
tion and a successive superconductor-to-insulator-to-metal
transition from magnetoresistance measurements for A-type

organic Mott insulators. These experimental results not only
provide new insight into the magnetic field effects on the
Mott transition but also highlight that the Mott transition
can be induced in experimentally feasible magnetic fields at
ambient pressure conditions through the control of chemical
pressure in A-type organic conductors, thereby paving the
way for future microscopic investigations of the field-
induced Mott transition.
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Search for Valence and Structural
Transition in Eu Alloy in Magnetic Field

The 122-type intermetallic compound Euy(Co;—Niy)2P2
shows a correlation between multiple degrees of freedom in
the solid resulting in various phenomena such as isostructural
transition between the collapsed tetragonal (cT) and uncol-
lapsed tetragonal (ucT) structures, 3d magnetism, and the
formation of P-P dimers. To gain insights on the correlated
behavior and to search for magnetic-field-induced phase
transitions, we investigate the effect of high magnetic fields
on the samples of x = 0.4 and 0.5. As the samples are in the
Eu valence fluctuating regime, the structural phase transition
from cT to ucT may be induced by the Eu valence change
under the strong magnetic fields. We have performed the
magnetostriction and magnetization measurements up to
60 T in the pulsed high field generated at the IMGSL in ISSP.

Figure shows the magnetic field dependence of the
magnetostriction and magnetization of the sample of x = 0.4.
The magnetostriction smoothly increases with increasing
magnetic fields. The behavior is in good agreement with the
calculated results using the inter-configurational fluctua-
tion model that describes the Eu valence change. This
indicates that magnetostriction represents the change of the
Eu valence state in the compound. The magnetization curve
also shows relatively good agreement with the model at
high magnetic fields. In contrast, in the low-magnetic-field
region below 20 T, magnetization curves do not agree with
the model. The anomalies in the magnetization at around
10 and 15 T are likely attributed to the spin-flop transitions
of the 3d electrons. These results indicate that the changes
in the Eu valence manifest themselves in the magnetiza-
tion curves at high magnetic fields, while the magnetism of
the 3d electrons manifests itself in the magnetization at low
magnetic fields. We conclude that the valence change occurs
within the Eu valence fluctuation regime coupled with the cT
structure.

The absence of the abrupt changes in the magnetostric-
tion should indicate that the transition to ucT structure,
which is firmly coupled with the divalent Eu state, does not
occur within the magnetic field range of the present study.
Even higher magnetic fields or pulsed magnetic fields with
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Fig. 1. Magnetic field dependence of the magnetostriction and magneti-
zation of Eug.4(Coo.6Nio.4)2P2

slower pulse durations may induce such large state changes
in the present material, which is triggered by the Eu valence
change under high magnetic fields. Searching for such phase
transition in higher magnetic fields using the destructive
magnetic field generation method in ISSP should be an inter-
esting future work.

Reference

[1] R. Nakamura, A. Ishita, J. Nakamura, H. Ohta, Y. Haraguchi, H.
Aruga Katori, H. Ishikawa, A. Matsuo, K. Kindo, M. Nohara, and A.
Ikeda, Phys. Rev. B 107, 235110 (2023).

Authors

R. Nakamura®, A. Ishita?, J. Nakamura?, H. Ohta®, Y. Haraguchi®, H.
Aruga Katori®, H. Ishikawa, A. Matsuo, K. Kindo, M. Noharad, and A.
[keda?

3University of Electro-Communications

"Doshisha University

“Tokyo University of Agriculture and Technology

dHiroshima University

PI of Joint-use project: A. Ikeda
Host lab: Kindo Group

Nonvolatile Magnetothermal
Switching Induced by Flux Trapping
in Sn-Pb Solder

High-performance and high-density electronic devices
require improvement of thermal management, especially
thermal switch technology for controlling heat flow.
Spintronic multilayer films [1] and superconductors [2] can
control their thermal conductivity (x) using only a magnetic
field (H) without the mechanical motion. However, neither
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spintronic nor superconducting materials achieved nonvola-
tile magnetothermal switching (MTS). This study shows
nonvolatile MTS in commercial Sn-Pb solder and discuss the
origin of its nonvolatility.

We used commercially available flux-core-free solder
Sn45-Pb55 (mass ratio Sn : Pb=45:55, ¢1.6 mm, TAIYO
ELECTRIC IND. CO., LTD.). The chemical composi-
tion and surface of Sn45-Pb55 solder was investigated by
scanning-electron microscope and energy-dispersive X-ray
spectroscopy, revealing that the Sn45-Pb55 solder is a
completely phase-separated composite. Thermal conductivity
(x) was measured using the Physical Property Measure-
ment System (PPMS, Quantum Design) with the four-probe
steady state method. Specific heat (C) was measured using
PPMS by a relaxation mode. Magnetization was measured
using a superconducting quantum interference device
magnetometer on the Magnetic Property Measurement
System (MPMS3, Quantum Design) with a VSM mode.
We performed magneto-optical (MO) imaging at Tokunaga
laboratory to observe magnetic flux trapping of Sn45-Pb55
solder in superconducting state [3]. The H dependence of the
MO images at 2.5 K was observed, and all the images were
temperature difference images at 2.5 K (superconducting
state) and 8 K (normal state), and then normalized to the 8 K
images.

Figure 1(a) displays the H dependence of x at 2.5 K.
After zero field cooling (ZFC), x shows a low value of
10 WK''m'!. However, when the magnetic field is increased
from 0 Oe to 1700 Oe, x rises to 35 WK'm'!. Notably, x
does not return to its initial value when the magnetic field
is decreased from 1700 Oe to 0 Oe, and x maintains a high
value throughout any magnetic field process. The initial
increase in x by the magnetic field is conventionally under-
stood to be due to the transition of Sn and Pb from the super-
conducting state to the normal state.

To discuss the nonvolatility of MTS in solder, we first
examine the temperature dependence of C. Figure 1(b)
shows the temperature dependence of specific heat in form
of C/T at H=0 after ZFC and field cooling (FC) under
1500 Oe. The C values of the ZFC and FC data is estimated
as C(0 Oe) - C(1500 Oe) to eliminate the specific heat of
normal states. The ZFC data show a sharp peak due to the
superconducting transition of Sn at 3.7 K and Pb at 7.2 K.
However, in the FC data, while the sharp peak corresponding
to the superconducting transition of Pb is observed, no peak
appears near the superconducting transition temperature of
Sn.

The upper panel of Fig. 2. shows the H dependence of
the magnetic flux density (B) at 2.5 K. B is the sum of H and
the magnetization 4nM: B = H+ 4nM. Below H =300 Oe,
B =0 G because both Sn and Pb are in the Meissner state.
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Fig. 1. (a) Magnetic field dependence of x at 2.5 K. (b) Temperature
dependence of residual specific heat estimated by C(0 Oe)-C(1500 Oe)
in the form of C/T. Both ZFC and FC data are taken at H =0 Oe ZFC
and after FC under 1500 Oe, respectively.
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Fig. 2. The upper panel is the B-H curve at 2.5 K. The lower panels are
MO images at 2.5 K. An image (i) is taken after ZFC. Images (ii) and
(iv) are taken at H = 1500 Oe and H =-1500 Oe, respectively. Images
(iii) and (v) are taken at =0 Oe after positive or negative magnetic
field, respectively.

When H exceeds 300 Oe which is the critical field of Sn,
magnetic flux penetrates and B shows a finite value. In the
vicinity of the critical field of Pb at 700 Oe, the magnetic
flux penetrates the entire Sn-Pb solder, and B = H. After
H return to 0 Oe, a magnetic flux of about B=400G is
trapped. The specific heat results show that the super-
conducting state of Sn is suppressed by FC condition.
This suggests that the superconducting bulkiness of Sn is
suppressed due to trapping the magnetic flux in Sn region.
The lower panels of Fig.2 show a MO images of Sn-Pb
solder. Bright areas indicate positive magnetic flux, and dark
areas indicate negative magnetic flux. In the initial state (i),
the MO image is uniform as there is no magnetic flux in the
solder. In states (ii) and (iv), the magnetic flux penetrates the
entire solder. In images (iii) and (iv) at H =0, after experi-
encing the magnetic field, bright or dark regions in certain
clusters indicate that magnetic flux is trapped in specific
region.

The findings of this study are summarized with the
schematic images in Fig. 3. After ZFC, both Sn and Pb are
in the superconducting state, resulting in low « (Fig. 3(a)).
When a magnetic field above the critical field of Sn and Pb
is applied, both Sn and Pb transition to the normal state,
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Fig. 3. Schematic images of nonvolatile magnetothermal switching in
Sn-Pb solder. (a) The initial state of thermal conductivity (x) after ZFC.
(b) A state in which a magnetic field exceeding the critical field (H.) of
Sn and Pb is applied. (c) State of Sn-Pb solder in H = 0 Oe after experi-
encing He.

causing x to increase. Then, at H=0, Pb returns to the
superconducting state while Sn traps the magnetic flux,
suppressing its superconductivity. Consequently, since the
thermal conductivity in the Sn region remains high, the
solder shows nonvolatile MTS. In this study, we focused on
Sn-Pb solder as a phase-separated superconductor. Interest-
ingly, the solder exhibited the nonvoblatile MTS, and we
clarified that the flux trapping played a crucial role in this
nonvolatility.
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Magnetic Superstructure Phase Induced
by Ultrahigh Magnetic Fields

Magnetic superstructures, where the magnetic unit cell
is an integer multiple of the original crystallographic unit
cell, have received considerable attention. For frustrated
spin systems, a variety of quantum-entangled magnetic
superstructures can appear in an external magnetic field.
Of particular interest are a series of magnon crystals in the
spin-1/2 kagome Heisenberg antiferromagnet [1] and succes-
sive transformations of singlet-triplet superstructures in the
spin-1/2 orthogonal-dimer Heisenberg antiferromagnet [2].
Furthermore, the interplay between spin and lattice degrees
of freedom can induce spin—lattice-coupled magnetic super-
structures, as theoretically proposed for the Heisenberg
antiferromagnet on the breathing pyrochlore lattice, where
neighboring tetrahedra differ in size in an alternating pattern
[3]. In this study, we verify this theoretical prediction in
a model compound of the breathing pyrochlore antiferro-
magnet, LiGaCr4Og, by means of state-of-the-art magneti-
zation and magnetostriction measurements under ultrahigh
magnetic fields up to 600 T [4].

Figure 1(a) summarizes the magnetization data of
LiGaCr4Og measured at ~ 5 K. In the single-turn coil (STC)
system, we observe a linear increase in the magnetiza-
tion M with respect to the external magnetic field B up to a
maximum field of 145 T, suggesting that spins are smoothly
canting from the 2-up-2-down collinear ground state. Upon
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Fig. 1: (a) Magnetization curve of LiGaCr4Og at 7'~ 5 K. Field deriva-
tive of the magnetization, dM/dB, is displayed in the right axis. (b)
Magnetostriction curve of LiGaCrsOg at 7~ 5 K.
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Fig. 2. (a) Site-phonon model taking account of the independent site
displacement u;. (b) Calculated magnetization curve with the exchange
parameter J’ /J = 0.1 and the spin—lattice coupling parameter b = 0.2
(see details for Ref. [4]). ] (¢) Schematics of the magnetic structures in
Phases I ~ III.

the application of a higher magnetic field using the electro-
magnetic flux compression (EMFC) system, we observe a
dramatic magnetization increase between 150 and 200 T,
followed by a half plateau at M ~ 1.5 ug/Cr, as reported in
conventional chromium spinel oxides [5]. Notably, a double-
hump structure can be seen in dM/dB, indicating a two-step
metamagnetic transition at B¢y =159 T and B =171 T.
The existence of an intermediate-field phase is supported
by the magnetostriction measurement. Figure 1(b) shows
the magnetostriction data measured at ~ 5 K using the STC
system. The sample length starts to rapidly increase at B,
then the lattice expansion accelerates above Bc. We also
measured the magnetostriction up to 600 T using the EMFC
system, as shown in the inset of Fig. 1(b). A plateau-like
behavior is observed from 200 T up to Bc3 ~ 420 T, followed
by an upturn behavior up to the saturation around 550 T. The
observation of a wide plateau suggests the strong spin—lattice
coupling inherent in LiGaCr4Os.

To understand these observations, we perform the
classical Monte-Carlo simulations for a magnetoelastic
Hamiltonian on the breathing pyrochlore lattice, incor-
porating the Einstein site-phonons [3,4]. Figure 2 shows
the calculated magnetization curve obtained for a typical
parameter set with relatively large breathing anisotropy and
strong spin—lattice coupling. In addition to the low-field
phase (Phase I) with an 8-sublattice canted 2-up-2-down
state and the 1/2-plateau phase (Phase I1I) with a 16-sublat-
tice 3-up-1-down state, an intermediate-field phase (Phase
II) appears, associated with a two-step metamagnetic transi-
tion. The magnetic structure of phase II is characterized by
a three-dimensional periodic array of canted 2-up-2-down
and 3-up-1-down tetrahedral clusters in a 1:2 ratio, forming a
magnetic superstructure with a 6 x 6 x 6 magnetic unit cell.

In summary, we experimentally demonstrate that the
breathing pyrochlore antiferromagnet exhibits unconven-
tional field-induced phase transitions, which could signal the
emergence of a magnetic superstructure phase. The present
work, combining the exotic experimental observations with
the microscopic magnetoelastic theory in a complicated
three-dimensional frustrated magnet, paves the way for
further verifications of intriguing physical phenomena origi-
nating from the spin—lattice coupling and/or breathing anisot-
ropy, both of which can be relevant in magnetic materials
regardless of the geometry of the underlying crystalline
lattice.
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Progress of Facilities

Supercomputer Center

The Supercomputer Center (SCC) is a part of the
Materials Design and Characterization Laboratory (MDCL)
of ISSP. Its mission is to serve the whole community of
computational condensed-matter physics of Japan, providing
it with high performance computing environment. In partic-
ular, the SCC selectively promotes and supports large-scale
computations. For this purpose, the SCC invites proposals
for supercomputer-aided research projects and hosts the
Steering Committee, as mentioned below, that evaluates the
proposals.

The ISSP supercomputer system consists of two subsys-
tems: System B, which was last replaced in Oct. 2020, is
intended for larger total computational power and has more
nodes with relatively loose connections whereas System C
is intended for higher communication speed among nodes.
System B (ohtaka) consists of 1680 CPU nodes of AMD
EPYC 7702 (64 cores) and 8 FAT nodes of Intel Xeon
Platinum 8280 (28 cores) with total theoretical performance
of 6.881 PFlops. System C was replaced in June 2022 and
the current system (kugui) consists of 128 nodes of AMD
EPYC 7763 (128 cores) and 8 nodes of AMD EPYC 7763
(64 cores) with total theoretical performance of 0.973
PFLOPS.

In addition to the hardware administration, the SCC
puts increasing effort on the software support. Since 2015,
the SCC has been conducting “Project for advancement of
software usability in materials science (PASUMS).”In this
project, for enhancing the usability of the ISSP supercom-
puter system, we conduct several software-advancement
activities: developing new application software that runs
efficiently on the ISSP supercomputer system, adding new
functions to existing codes, help releasing private codes for
public use, creating/improving manuals for public codes, etc.

Two target programs were selected for fiscal year 2023: (1)
Enhancement of TeNeS for finite-temperature calculation
(proposed by T. Okubo (U. Tokyo)), and (2) First-princi-
ples high-throughput computation for database generation
(proposed by K. Yoshimi (ISSP)). In addition, since 2021, we
have been maintaining the data repository service for secure
storage and enhanced usability of results of numerical calcu-
lation.

All staff members of university faculties or public
research institutes in Japan are invited to propose research
projects (called User Program). The proposals are evaluated
by the Steering Committee of SCC. Pre-reviewing is done
by the Supercomputer Project Advisory Committee. In fiscal
year 2023, totally 345 projects were approved including the
ones under the framework of Supercomputing Consortium
for Computational Materials Science (SCCMS), which
specially supports FUGAKU and other major projects in
computational materials science. The total points applied and
approved are listed on Table. 1 below.

The research projects are roughly classified into the
following three (the number of projects approved, not
including SCCMS):

First-Principles Calculation of Materials Properties (178)
Strongly Correlated Quantum Systems (36)

Cooperative Phenomena in Complex, Macroscopic
Systems (119)

In all the three categories, most proposals involve both
methodology and applications. The results of the projects are
reported in 'Activity Report 2023' of the SCC. Every year 3-4
projects are selected for “invited papers” and published at the
beginning of the Activity Report. In the SCC Activity Report
2023, the following four invited papers are included:

Total Points
Max Points Number -
Class Application of Applied Approved
System System Projects System System System System
B C B C B C

A 100 50 any time 24 2.4k 1.2k 2.4k 1.2k
B 1k 100 twice a year 99 58.1k 7.3k 38.5k 6.5k
C 10k 1k twice a year 185 996.9k 58.4k 513.6k 45.8k
D 10k 1k any time 8 47.5k 2.3k 40.6k 1.9k
E 30k 3k twice a year 17 317.0k 25.5k 185.0k 20.7k
S twice a year 0 0k 0Ok Ok 0k
SCCMS 12 27.0k 2.6k 27.0k 2.6k
Total 345 1448.9k 97.3k 807.1k 78.7k

Table 1. Research projects approved in Academic Year 2023.

The maximum points allotted to the project of each class are the sum of the points for the two systems; Computation of
one node for 24 hours corresponds to one point for the CPU nodes of System B and System C. The FAT nodes require
four points for a 1-node 24-hours use.
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1. “Density functional theory calculations of H,O
adsorption monolayer on a Pt(111) surface”, Jun
HARUYAMA, Osamu SUGINO (ISSP), and Toshiki
SUGIMOTO (Institute for Molecular Science, JST)

2. “Theoretical studies on the spin-charge dynamics in
Kondo-lattice models”, Masahito MOCHIZUKI, and
Rintaro ETO (Waseda Univ.)

3. “Mixing Free Energy and Molecular Dynamics
Simulations”, Naoko NAKAGAWA and Akira
YOSHIDA (Ibaraki Univ.)

4. “Ab initio optical calculation by RESPACK”,
Kazuma NAKAMURA (Kyutech)

Neutron Science Laboratory

The Neutron Science Laboratory (NSL) has been playing
a central role in neutron scattering activities in Japan since
1961 by performing its own research programs as well as
providing a strong General User Program (GUP) for the
university-owned various neutron scattering spectrometers
installed at JRR-3 (20 MW) operated by Japan Atomic
Energy Agency (JAEA) in Tokai, Ibaraki (Fig. 1). In 2003,
the Neutron Scattering Laboratory was reorganized as the
Neutron Science Laboratory to further promote the neutron
science with use of the instruments in JRR-3. Under GUP
supported by NSL, 12 university-group-owned spectrom-
eters in the JRR-3 reactor are available for a wide scope
of research on material science. The submitted proposals
were about 300 and the visiting users reached over 6000
person-day in FY2010. In 2009, NSL and Neutron Science
Division (KENS), High Energy Accelerator Research
Organization (KEK) built a chopper spectrometer, High
Resolution Chopper Spectrometer, HRC, at the beam line
BL12 of MLF/J-PARC (Materials and Life Science Experi-
mental Facility, J-PARC) (Fig. 2). HRC covers wide energy
transfer (100 peV </w < 0.5 eV) and momentum transfer
(0.03 A1 <9 <30A") ranges, and therefore becomes
complementary to the existing inelastic spectrometers at
JRR-3. HRC has accepted general users through the J-PARC
proposal system since FY2011.

Triple axis spectrometers, HRC, a four-circle diffrac-
tometer, and a high resolution powder diffractometer are
utilized mainly for a conventional solid state physics and a
variety of research fields on hard-condensed matter, while
in the field of soft-condensed matter science, researches are
mostly carried out by using a small angle neutron scattering
(SANS-U) and/or neutron spin echo (iNSE) instruments. The

BT~ / Sl oy S :
Fig. 1. Reactor hall of JRR-3. Three triple axis spectrometers are shown
in the photo.

Fig. 2. Schematic view of HRC.

upgraded time-of-flight (TOF) inelastic scattering spectrom-
eter, AGNES, is available both for hard- and soft-matter
science. Our GUP has produced 2137 publications and 319
dissertations until April 23, 2024. Their lists for the last 10
years are given in Activity Report on Neutron Scattering
Research which is available in ISSP and NSL web pages.

As for international cooperative programs, NSL operates
the U.S.-Japan Cooperative Program on neutron scattering,
providing further research opportunities to material scien-
tists who utilize the neutron scattering technique for their
research interests. In 2010, relocation of the U.S.-Japan
triple-axis spectrometer, CTAX, was completed, and it is
now open to Japanese users. In March 2024, we had an inter-
national review for the renewal of the cooperative program
which is mandated by the MEXT every 10 years. The review
and contract renewal were successfully completed and the
cooperation program is now entering a new phase. Here,
as proposed by the review committee, we plan to further
revitalize soft matter science.

After the resumption of JRR-3 operation in 2021, many
instrumental advances have been made. First, improvements
to the instruments and guide tubes during the beam shutdown
period (2011-2021) resulted in a 10-fold increase in the
intensity of GPTAS (4G) and an 8-fold increase in AGNES
(C3-1-1). Next, a new multiflex-type triple-axis spectrometer
HODACA was constructed at C1-1. This spectrometer is
40 times more efficient than the conventional spectrometer
(HER). The development and improvement of these instru-
ments and the latest status of the other university spectrome-
ters at JRR-3 are described in detail in a special topics of the
Journal of the Physical Society of Japan (JPSJ) (Vol. 93(9)).
Some improvements have also been made to the proposal
adoption system: multibeam proposals (in cooperation
with PF at KEK) were launched in 2022, student proposals
(doctor-course students can apply as PIs) in 2023, inter-
national proposals (researchers from overseas institutions
can apply as PIs) in 2024. Industrial proposals (in which
researchers from industry can apply as PIs) are scheduled to
begin in 2025.

We had conducted 84 experiments for 155 approved
proposals in 2021 (reactor operation: 4 cycles, 92 days), 123
experiments for 166 approved proposals in 2022 (reactor
operation: 7 cycles, 152 days), and 122 experiments for 154
approved proposals in 2023 (reactor operation: 6 cycles, 143
days). For these experiments, about 70 papers, including
those under review, have been obtained as of May, 2024.
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International MegaGauss
Science Laboratory

The objective of this laboratory (Fig. 1) is to study the
physical properties of solid-state materials (such as metals,
semiconductors, insulators, superconductors, and magnetic
materials) in a high magnetic field of 100 T or even higher.
Such a high magnetic field can control material phases and
functions. Our pulsed magnets, at the moment, can generate
up to 88.6 Tesla (T) in a non-destructive manner and up to
1200 T in a destructive manner. The world record for an
indoor magnetic field of 1200 T was achieved in 2018. The
laboratory is open for scientists both domestic and overseas.
Lots of fruitful results have come out from the collaborative
researches and our in-house activities.

Fig. 1. The building C of the IMGSL.

Our interests cover the studies on quantum phase
transitions (QPT) induced by high magnetic fields. Field-
induced QPT has been explored in various materials, such as
quantum spin systems, strongly correlated electron systems,
and other magnetic materials. One of our ultimate goals is to
provide joint-research users with a 100 T millisecond-long
pulse using a non-destructive magnet and to offer versatile
high-precision physical measurements. Measurable physical
quantities or properties are magneto-optical spectra, magne-
tization, magnetostriction, electrical transport, specific heat,
nuclear magnetic resonance, and ultrasound propagation.
They can be carried out with sufficiently high accuracy.
Another ultimate goal is to extend the magnetic field region
and discover novel phenomena happening only in extremely
strong magnetic fields exceeding 100 T. Recent technical
developments allow us to even measure magnetostriction and
ultrasound propagation in destructive magnetic fields over
100 T, which can directly reach potential structural changes
in the ultrahigh magnetic fields. The recent discovery of
magnetic field-induced insulator-metal transitions of strongly
correlated materials in 500 T would open a new direction
of the megagauss field research, namely the exploration of
field-induced novel phases in materials with strong interac-
tions comparable to the thermal energy at room temperature.

A set of supercapacitor power supplies with a total
accumulation energy of 150 MJ (Fig. 2) was installed in
2023 and used as an energy source for super-long pulse
magnets. The magnet technologies are intensively devoted
to the quasi-steady long pulse magnet (an order of 1-10 sec)
energized by the giant DC power supply. The supercapacitor

. Pulse width o
Alias Type Bimax B Power source Applications Others
ore
) 3us Magneto-Optics
ElectroMagnetllc Destructive 1200 T (100-1200T) 5MJ, 50 kV Magnetlzat.lop 5K —room
Flux Compression 2MJ, 50 kV Magneto-Striction temperature
10 mm Magneto-Transport
Magneto-Optics
Building C Horizontal 300 T bus Magnetization 5 K —room
Destructive 5 mm 0.2 MJ, 50 kV Magneto-Striction
Room : : ’ g
OL113 Single-turn Coil 200T 10 mm Magneto-Transport temperature
) Ultrasound
Magneto-Optics
Vertical . 300 T Bus Magnetizat.iop 2 K —room
ol 1 Destructive 5 5 mm 0.2 M1J, 40 kV Magneto-Striction
Single-turn Coi 00T 10 mm Magneto-Transport temperature
Ultrasound
Magneto-Optics
40 ms Magnetization Independent
60T Magneto-Transport ) ) .
Building C 18 mm Electric-Polarization Experiment in 5 site
Room Mid-pulse Magnet | Non-destructive 0.9MJ, 10 kV Magneto—Strlct.lon
114-120 Magneto-Imaging
0T 40 ms M tTo(r:qlie et Lowest temperature
agneto-Calorimetry
10'mm Heat Capacity 0.1K
Ultrasound
PPMS Steady 14T Resistance Down t0 0.3 K
Building C Heat Capacity
Room 121
MPMS Steady 7T Magnetization Down to 2K
2.5 ms izati 1.4 K — room
Short-Pulse Magnet| Non-destructive 86 T 0.5M1J,20kV Magnetization
Building K 12 mm Magneto-Transport temperature
uilding
1 i 0.5K-
Long-Pulse Magnet| Non-destructive 40T s 150 MJ, 2.4 kV R651stanc§ room
30 mm Magneto-Calorimetry temperature

Table 1. Available Pulse Magnets, Specifications
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The Institute for Solid State Physics
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Fig. 2. Upper: The K-building for the supercapacitor power supply
(left-hand side) and a long pulse magnet station (right-hand side).
Lower: The supercapacitors have a total accumulation energy of
150 MJ installed in 2023 and are planned to drive the long pulse
60 T magnet and the first stage of the dual-coil 100 T non-destructive
magnet.

power source will also be used for the giant outer magnet
coil to realize a 100 T nondestructive magnet by inserting a
conventional pulse magnet coil in its center bore. Recently,
the super-long pulsed magnet has been intensively used
to investigate thermal properties such as specific heat and
magnetocaloric effects.

Magnetic fields exceeding 100 T can only be obtained
with the destruction of a magnet coil. The ultrahigh magnetic
fields are obtained in a microsecond time scale. The project,
financed by the Ministry of Education, Culture, Sports,
Science and Technology aiming to generate 1000 T with the
electromagnetic flux compression (EMFC) system (Fig. 3),
has been completed. Our experimental techniques using the
destructive magnetic fields have intensively been developed.
The system, which is unique to ISSP on the world scale,
is comprised of a power source of 5 MJ main condenser
bank and 2 MJ condenser bank. Two magnet stations are
constructed, and both are energized by each power source.
Both systems are fed with another 2 MJ condenser bank
used for a seed-field coil, the magnetic flux of which is to
be compressed. The 2 MJ EMFC system can generate 450 T.
The 5 MJ system is used for the generation of a 1000 T-class
magnetic field. For the research in the magnetic field range

Fig. 3. View of the coil setup of the electromagnetic flux compres-
sion inside of an anti-explosive house. The world's strongest indoor
magnetic field of 1200 T was achieved in 2018.

Indium-

A N

Diameter:6.4 mih FRP
—

Fig. 4. Schematic picture of the V-type single-turn coil equipped with
a 40 kV, 200 kJ fast capacitor bank system. The liquid-helium-bath
cryostat with a plastic tail is also shown.

of 100-300 T, we have two single-turn coil (STC) systems
that have a fast-capacitor bank system of 200 kJ for each.
One is the horizontal type (H-type), and the other is a
vertical type (V-type, Fig. 4). Various kinds of laser spectros-
copy experiments, such as the cyclotron resonance and the
Faraday rotation, are possible using the H-type STC, while a
stable low-temperature condition of 2 K is available for the
V-type STC.

Center of Computational
Materials Science

With the advancement of hardware and software technol-
ogies, large-scale numerical calculations have been making
important contributions to materials science and will have
even greater impact on the field in the near future. CCMS
is a specialized research center established in 2011 for
promoting computer-aided materials science with massively
parallel computers, such as the Fugaku supercomputer,
which has been developed in Kobe as the core of a billion-
dollar national project. Activities of CCMS are divided into
the following three categories: (1) highly efficient and large-
scale use of the Fugaku supercomputer and its application
to grand-challenge problems in computational materials
science, (2) activities as the center for the community of
computational condensed matter physics and materials
science, and (3) computational physics research aiming to
solve intriguing physics emerged from strongly correlated
systems.

For the first category, each group in CCMS is carrying
out various individual research projects in its own exper-
tise to efficiently utilize large-scale parallel computers. For
example, the Ozaki group has been developing efficient
and accurate methods and software packages to extend the
applicability of DFT to more realistic systems, and inves-
tigated the structural and electronic properties of various
2D materials in successful collaboration with experimental
groups and industrial companies. There are other activities
such as development of Tensor Network (TN) based numer-
ical methods and Markov-chain Monte Carlo methods by the
Kawashima group and the Todo group.

As for the activities in the second category, apart from
major annual conferences and formal international meetings,
the CCMS provided a series of lectures and training sessions
at Kashiwa. For example, training sessions "Kashiwa Hands-
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On" for getting accustomed to various application programs,
such as OpenMX, Hphi, mVMC, AkaiKKR, and Materi-
Apps LIVE!, as shown in Fig. 1, have been held monthly.
Each session is designed for more than 10 trainees and takes
4-5 hours. We also coordinate the use of the computational
resources available to our community, and support commu-
nity members through various activities such as adminis-
trating the website "MateriApps" for information on applica-
tion software in computational science as shown in Fig. 2.

For the third category, the Misawa group addressed
searching for topological insulators in solids which is one
of the main issues of modern condensed-matter physics
since robust gapless edge or surface states of the topological
insulators can be used as building blocks of next-generation
devices, and showed a way to realize a topological state
characterized by the quantized Zak phase, termed the Zak
insulator with spin-polarized edges in organic antiferro-
magnetic Mott insulators without relying on the spin-orbit
coupling. The finding provides an unprecedented way to
realize a topological state in strongly correlated electron
systems. Prof. Misawa was also involved in the Data genera-
tion and utilisation materials Research and development
projects (DxMT).

These activities are supported by funds for various
governmental projects including the DxMT project and the
Program for Promoting Researches on the Supercomputer
Fugaku.

The following is the selected list of meetings organized
by CCMS in recent years:

o 2023/3/29 DxMT workshop: recent progresses in

m/€ AkaiKKR

Fig. 1. Software in the CCMS community

MateriApps T

...............

Revien

News / Event

Meonthly ranking has been

Fig. 2. MateriApps Website
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machine-learning potentials.

« 2023/4/3-4 ISSP joint workshop for ISSP
Supercomputer Co-use and CCMS.

e 2023/6/1 Matching Workshop for industries &
graduate students/ postdocs.

e 2023/6/26 Symposium of the Division of
Data-Integrated Materials Science, Social
Cooperation Research Department at ISSP.

« 2023/12/19-20 MP-CoMS lecture series for
OpenMX Workshop: Fundamentals and Practice.

e 2024/2/12-14 MaterialAI2023: utilization of Al
technologies in computational materials science

o 2024/2/19-20 ISSP workshop for Integration of
Materials Science Simulations and Advanced
Experimental Data.

In addition to the events listed above, we organize

regular hands-on program for various application, such as
RESPACK and SALMON.

Laser and Synchrotron Research Center
(LASOR Center)

Laser and synchrotron research center (LASOR Center)
was established in October 2012 to push the frontiers of
the photon and materials science. LASOR has 10 groups
in 2023, which is the largest division in ISSP. Most of
the research activities on the development of new high-
power lasers and their application to materials science are
conducted in specially designed buildings D and E with large
clean rooms and vibration-isolated floors at the Kashiwa
campus. We also have a clean room for a laser processing
platform at the Kashiwa II campus. On the other hand, exper-
iments using synchrotron radiation are conducted at SPring-8
and SACLA (Hyogo). Recently, a new beamline has been
developed at Nano Terasu in Sendai.

The development of new laser light sources in the
vacuum ultraviolet to soft x-ray range has revolutionized
materials research, represented by high energy resolution
photoelectron spectroscopy, ultrafast time domain spectros-
copy, and ultrafast nonlinear spectroscopy. Materials science
research with lasers has entered a new era. The ultrashort and
high-power lasers are becoming an increasingly attractive
light source for both basic research and industry. The state-
of-the-art laser source and spectroscopy are being intensively
explored.

Synchrotron-based research is another area of activity

Fig. 1. Optical frequency comb



Fig. 2. Close look of a high-peak-power ultrashort-pulse laser

at the ISSP. The dramatic increase in the brilliance of
synchrotron radiation has also opened up a new field of
photon science. In 2018, the Japanese government has
announced the construction of a new synchrotron facility in
Tohoku (Nano Terasu). LASOR has decided to subjectively
contribute to this facility from design to operation, and Nano
Terasu is now under construction.

Lasers and synchrotrons have developed independently;
today, both light sources cover a wide range of photon
energies with an overlap in the vacuum-ultraviolet to soft
X-ray regions. Recognizing their common interests in
research areas and technologies, ISSP integrated the two
streams, extreme lasers and synchrotron radiation, into a
common platform. Through the mutual interactions between
the frontiers of lasers and synchrotrons, LASOR will be the
center of innovation in light and materials science through
worldwide collaborative research and close cooperation
with other divisions of ISSP such as New Materials Science,
Nanoscale Science, and Condensed Matter Theory.

The mission of LASOR is to cultivate and advance the
following three scientific fields:

1. Laser Science,
2. Synchrotron radiation science,
3. Extreme Spectroscopy,

* Laser science group
We have continued to develop various state-of-the-art
laser systems, such as high-power solid-state or gas lasers,

Fig. 3. Spin-resolved photo-emission spectroscopy.
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Fig. 4. Phase-dependence of high harmonic spectra in soft X rays.

high-intensity lasers, ultra-short pulse lasers down to the
attosecond time scale (peta-Hz linewidth), ultra-stable 1-Hz
linewidth lasers, optical frequency combs, mid-infrared
lasers, THz light sources, and semiconductor lasers. The
technology of high-power and ultrashort pulse lasers has
progressed during these 10 years. It has opened two research
directions. One is a coherent extreme ultraviolet light source
realized by a high harmonic generation (HHG) scheme. The
average power of HHG became high enough to be used for
photoemission spectroscopy. Photon energies from 7 eV to
60 eV are now available. They can be either very narrow
bandwidth or ultrashort pulse. The other is an industrial
science such as laser processing. Variable pulse duration,
100 W average power, femtosecond laser is now available at
LASOR for any collaborative research, including companies.
We have a laser processing platform for both industrial and
scientific applications.

We also aim to develop novel laser spectroscopy and
coherent nonlinear optical physics enabled by emerging
lasers and optical science/technology, and to comprehen-
sively study fundamental light-matter physics, optical
materials science, and applied photonics. Such research
includes ultrafast spectroscopy for excited state dynamics,
terahertz magnetic field spectroscopy for spin dynamics,
quantitative microspectroscopy of semiconductor lasers,
and nanostructured photonic devices such as quantum wire
lasers, gain-switched semiconductor lasers, multi-junction
solar cells, and bioluminescent systems.

* Synchrotron radiation science group

By inheriting and developing the synchrotron techniques
culBy inheriting and developing the synchrotron techniques
cultivated for more than 20 years, we are continuously
developing world-class spectroscopies such as time-resolved

hybrid Xe/Ar gas.

Fig. 5. Generation of 7-eV, femtosecond light with (a) Xe and (b) Xe/Ar
gases.
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photoemission/diffraction, ultra-high-resolution soft X-ray
emission, 3D (depth + 2D microscopy) nano-ESCA, and
X-ray magneto-optical effect, and providing these techniques
for both basic materials science and applied science that
contributes to the instrument applications in collaboration
with outside researchers. In order to pioneer new spectrosco-
pies for next-generation light sources, we are improving the
fast polarization switching of the undulator light source in
collaboration with SPring-8. In addition, we are promoting
frontier work on the use of X-ray free-electron lasers,
SACLA, with high spatial and temporal coherence compa-
rable to optical lasers in collaboration with scientists of laser
light sources and spectroscopy.

* Extreme spectroscopy group

The advent of laser-based light sources in the soft X-ray
region opens a new stage in the field cultivated by synchro-
tron radiation. One of the milestones was the development of
a laser-based light source of ~7 eV for sub-meV resolution
photoemission spectroscopy. In the last five years, the avail-
able photon energy has been increased to 11 eV using Yb
fiber laser technology. It has high photon flux(10'# photons/
sec) with sub-picosecond time resolution. Laser-based
spin-resolved ARPES is realized in LASOR with 11 eV
laser. This technology would open up a whole new field of
spectroscopy. High-harmonic-generation based photoemis-
sion spectroscopy in the 20-60 eV region is another direc-
tion to be pursued. Femtosecond time domain spectroscopy
has been achieved. Combined with picosecond time-domain
spectroscopy using the pulsed light delivered by synchro-

Firefly luciferase

ey ({
HD-2700 200kV x10.0k TE

HD-2700 200kV x100k TE
Fig. 7. Photonics devices under study: (left panel) semiconductor

quantum wires and (right panel) firefly-bioluminescence system
consisting of light emitter (oxyluciferin) and enzyme (luciferase)
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trons, we are investigating the electronic structures and
dynamics of matter in the bulk, on the surface, and down
to the nanoscale. The ultimate goal is to extend soft x-ray
operando methods to lasers. Diffractions, magneto-optical
effects, and inelastic scattering now performed at synchro-
trons will be performed by lasers to access the real-time
dynamics of chemical reactions and phase transitions down
to femtoseconds.

State-of-the-art laser-based organismal spectroscopy
is a new direction in LASOR. The ISSP research field is
shifting from simple materials and science to a complex one
involving living bodies and functional materials with excited
state physics.

Synchrotron Radiation Laboratory

The Synchrotron Radiation Laboratory (SRL) was estab-
lished in 1975 as a research division dedicated to solid
state physics using synchrotron radiation. Currently, SRL
is composed of three research sites, the Sendai office, the
Harima office and the E-building of the Institute for Solid
State Physics.

* Synchrotron soft X-ray experimental stations at
Sendai office and Harima office

In 2009 SRL established the Harima branch laboratory
in SPring-8 and operated a high brilliant and polarization-
controlled 25-m long soft X-ray undulator beamline,
BLO7LSU until August 2022 in collaboration with Synchro-
tron Radiation Research Organization (SRRO) of the
University of Tokyo. The management of the beamline was
transferred to the RIKEN SPring-8 Center in September
2022. In November 2022, the Sendai office was formed
on the Aobayama campus of Tohoku University under
the auspices of a new SRRO launched in April 2022 and
includes six departments of the University of Tokyo. At the
end of FY2022, three endstations, ambient pressure X-ray
photoemission (APXPS) (Fig. 1a), nanoESCA (Fig. 1¢c), and
high resolution soft X-ray emission spectroscopy (HORNET)
(Fig. 1d) stations were relocated to the new 3 GeV synchro-
tron facility NanoTerasu in Sendai, which started commis-
sioning of the storage ring in early 2023. On March 25,
2022, the Sendai office relocated to the SRIS (Interna-
tional Center for Synchrotron Radiation Innovation Smart)
building of Tohoku University which is one of the closest
buildings to NanoTerasu. The three endstations, APXPS,
nanoESCA and HORNET stations resumed commissioning
in the summer of 2023 and were realigned to the beamlines
BLO7U (nanoESCA and HORNET) and BLO8U (APXPS)
by the end of FY 2023. During commissioning, the APXPS
system achieved 10-100 Torr for XPS measurement; the
3DnanoESCA station obtained a spatial resolution of roughly
100-200 nm; and the HORNET station provided spectra
with the energy resolution around 500 meV at 500 eV. All of
achievements in NanoTerasu are still considerably below the
standards established in SPring-8; however, they will recover
and even exceed the criteria once the beamlines are aligned
after official operation begins in April, 2024.

The Harima office at SPring-8 continues in 2023 and the
soft X-ray imaging (ptychography) (Fig. 1b) station is being
developed in collaboration with the RIKEN SPring-8 Center.
The novel soft X-ray ptychography system, which uses a
total-reflection Wolter mirror, has a resolution of approxi-



Fig. 1 Soft X-ray advanced experimental stations (a) Ambient pressure
photoemission (APXPS) (b) Soft X-ray imaging (c) 3DnanoESCA (d)
Soft X-ray emission (HORNET). APXPS, 3DnanoESCA and HORNET
stations were transferred to the new 3 GeV synchrotron facility
NanoTerasu at the end of FY2022 and installed in BLO7U (3Dnano-
ESCA, HORNET) and BLO8U (APXPS) at the end of FY2023.

mately 50 nm and its long working distance allows for stereo
imaging with a high rotation angle.

* High-resolution Laser SARPES and ARTOF systems
at E-building

High-resolution Laser Spin- and Angle-Resolved Photo-
emission Spectroscopy (SARPES) is a powerful technique
to investigate the spin-dependent electronic states in solids.
In FY2014, LASOR and SRL staffs constructed a new
SARPES apparatus (Fig. 2a), which was designed to provide
high-energy and -angular resolutions and high efficiency
of spin detection using a laser light at E-building. The
achieved energy resolution of 1.7 meV in SARPES spectra
is the highest in the world at present. From FY2015, the
new SARPES system has been opened the joint-research
program. The Laser-SARPES system consists of an analysis
chamber, a carousel chamber connected to a load-lock
chamber, and a molecular beam epitaxy chamber, which
are kept ultra-high vacuum (UHV) environment and are
connected to UHV gate valves. The electrons are excited
with 6.994 eV photons, yielded by 6th harmonic of a
Nd:YVO4 quasi-continuous wave laser with a repetition
rate of 120 MHz, and 10.7 eV photons, driven by the third
harmonic radiation at 347 nm of an Yb:fiber chirped pulse
amplifier laser, which was developed by Kobayashi's lab in
LASOR. The hemispherical electron analyzer is a custom-
made Scienta Omicron DA30-L, modified for installing
the spin detectors. The spectrometer is equipped with two

Fig. 2 (a) Laser-SARPES system and (b) ARTOF system at E-building.

high-efficient spin detectors orthogonally placed each other,
associating very low energy electron diffraction, which
allows us to analyze the three-dimensional spin polariza-
tion of electrons. At the exit of the hemispherical analyzer,
a multi-channel plate and a CCD camera are also installed,
which enables us to perform the angle-resolved photoelec-
tron spectroscopy with two-dimensional (energy-momentum)
detection. The laser-SARPES with 7 ¢V laser can provide
both high-resolution spin-integrated and spin-resolved photo-
emission spectra in various types of solids, such as spin-orbit
coupled materials and ferromagnetic materials. In addition,
using the 10.7 eV makes it possible to follow their ultrafast
spin dynamics in the time domain by pump-probe scheme.
A spectroscopy system using a dichroic mirror (SiO2/HfO;
multilayer) was introduced for a stable switching of the 7 eV
and 10.7 eV lasers. In 2023, an autocollimator and a laser
evaluation system such as FROG have also been assembled
to improve the instability of the light source (color disper-
sion and multi-pulse). In addition, the introduction of a new
amplifier (rod fiber) has made it possible to use higher-power
light. At present, the pulse laser and the optical system are
being adjusted to stably use high-power, high-quality light by
using the assembled laser evaluation system. This will enable
stable operation of pump-probe time-resolved SARPES as
well as wavelength conversion of pump light.

The time-resolved soft X-ray spectroscopy (TR-SX)
station was moved from SPring-8 BLO7LSU to the
E-building in 2020. The measurement chamber is equipped
with a unique electron spectrometer, the two-dimensional
(2D) angle-resolved time-of-flight (ARTOF) analyzer
(Fig. 2b). The system is currently operational for measure-
ments of 2D angle-resolved photoemission spectroscopy
with pulsed laser of 6 eV photon energy supplied by Itatani’s
lab in LASOR. Time-resolved measurements can also be
conducted with temporal resolution of 600 fs. An ultra high-
speed reading and visualization program is currently in
development to enhance usability.
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Conferences and Workshops

9th International Discussion Meeting on Relaxations in Complex Systems (9IDMRCS)

August 12-18, 2023
O. Yamamuro, K. Mayumi, H. Noguchi, H. Tanaka, and H. Shirota

9IDMRCS was co-sponsored by ISSP (as ISSP International Workshop) and held at the Makuhari Messe International
Conference Center. The number of registered participants was almost the expected number of 621, but it was gratifying to see
that more than half (347) were non-Japanese, despite the fact that COVID-19 was still in effect. The conference was a very
successful and financially sound one, supported by 10 academic societies, 41 companies and research institutes (including
financial support), and generous financial support from Chiba Prefecture, Chiba City, the Japan Tourism Agency. The first
day of the conference opened with keynote lectures by five distinguished researchers on the main themes of the conference,
i.e., the glass transition and the dynamics of polymers, proteins and granular materials. This was followed by a symposium (3
speakers) in honor of Professor Austen Angell, who passed away in 2021, and a memorial lecture for Professor Uri Buchenau,
who passed away just before the conference. Both have contributed greatly to the conference over the years. Parallel sessions
in seven rooms were held over the second through the seventh days. The number of presentations was 354 invited talks and
102 general presentations. Poster sessions (146 presentations in total) were held in the afternoons of days 4 and 6. The program
consisted of 40 symposia which were organized by about 100 symposium leaders. In addition to the previous topics such
as glass transition, water/hydrogen-bonded liquids, ionic liquids, polymers, gels, colloids, bio-related materials, surfaces,
ion-conductive solids, intermediate phases (liquid crystals and plastic crystals), high-pressure measurements, and state-of-
the-art measurements, this conference added new topics that have rarely (or never) covered inorganic glasses, metal glasses,
spin glasses, electronic glasses, granular materials, active matter, pharmaceuticals, foods, MOFs, energy storage/conversion
materials, etc., providing a forum for comprehensive discussion of relaxation phenomena in an increasingly diverse range of
subjects. This conference also focused on booth exhibitions. 22 booths were set up in the same main hall as the poster area (and
rest area), where companies, research facilities, and Grant-in-Aid groups introduced their products and activities. The social
program was also well organized, with a Welcome Party on the first day, a tea ceremony and Ukiyo-e viewing tour for the
accompanying guests on the third and fourth days, an excursion (3 courses: Tokyo, Nokogiri-Mt., Sawara) on the fifth day. The
Banquet, which was held on the 6th day, was a groundbreaking event in which we rented out the Mihamaen Japanese garden to
enjoy the beautiful garden and festival night stalls together, which was appreciated by many participants.
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Hlerarchical Structure and Machine Learning 2023
October 2-13, 2023
O. Sugino, J. Haruyama, R. Akashi, T. Yokota, and R. Nagai

The physics of interacting particle systems is characterized by a hierarchical structure of many-body correlation functions.
Density functional theory (DFT), one of the central themes of this workshop, has been developed independently for classical,
electronic and nuclear systems, but they are all based on this hierarchical structure, and it is believed that common techniques
hidden in these systems can be shared for their development. The aim of the workshop was to discuss and deepen under-
standing of this issue, and various techniques for overcoming hierarchy-based complexity were presented. The workshop
featured 11 speakers working at the cutting edge of research, offering the audience two lectures a day on topics ranging from
the fundamentals of the research field to recent findings. Among the topics covered were function renormalization group
(FRG) methods that link different hierarchical levels and scales; applications of FRG methods to classical fluid and electronic
systems were discussed, and the theory was compared with powerful DFT-based nonperturbative and time-dependent power
functional approaches. Another important topic was dynamic mean-field theory (DMFT), which can handle many-body corre-
lations beyond the typical two-particle level of conventional DFT. Applications to cuprate and nickelate superconductivity
were discussed. For superconductivity, some of the refinements to the DFT approach were also presented: the diagrammatic
approach as well as the path integral approach for phonon-mediated superconductivity were discussed. Particular attention
was also paid to the hierarchical equations of motion developed for non-equilibrium systems. Numerically rigorous methods
were developed to overcome the complexity inherent in the Feynman-Hibbs-type path integral approach due to its hierarchical
nature. Finally, new theoretical schemes based on Al and machine learning were discussed. Breakthroughs in density functional
development and materials design were presented. The symposium part of the workshop enabled young researchers to present
their results in oral or poster form. Intensive discussions took place between young and established researchers. Researchers
from different disciplines focused on the specific topics and learned the different computational schemes developed, stimulating
speakers and audience alike to take new leaps forward.

Hierarchical Equations and Machine Learning
October 6-10, 2023
O. Sugino, J. Haruyama, R. Akashi, T. Yokota, and R. Nagai

This workshop was organized as a satellite of the international workshop entitled Hlerarchical Structure and Machine
Learning (HISML2023). It enabled young researchers to present and discuss their results with the professors invited to
HISML2023. The central theme of this year's workshop was the numerical study of many-body correlation problems. Active
discussions took place on problems such as (a) superconductivity vs. hyperperiodicity, (b) finite-temperature geometry optimi-
zation, (c) structure determination based on data assimilation, (d) machine learning beyond neural networks and kernels, (e)
inverse Hamiltonian design, (f) superconductivity in iron-based materials, (g) antiferromagnetism in high-throughput calcula-
tions, (h) DFT studies of exitonic insulators, (i) studies of vibrational properties using machine learning, (j) non-equilibrium
energy flows using dynamic mean fields, and (k) DFT studies of solid oxygen. These studies include new research topics made
possible for the first time by data . _
science-based approaches and/or new ‘ H l“‘ |
developments in many-body theory.
The activities of young researchers,
who represent the promise of the
future, received particular attention at
the workshop.
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Annual Meeting of MDCL Supercomputer Center and CCMS
—Condensed Matter Physics in the Era of Computation—

April 3-4, 2023
N. Kawashima, T. Ozaki, O. Sugino, H. Noguchi, T. Fukushima,
K. Ido, H. Nakano, J. Haruyama, M. Fukuda, and K. Yoshimi

This is an annual meeting where the uses of ISSP joint-use supercomputers (currently, "ohtaka" and "kugui'") meet each
other where a member of the institute's computer-related staff takes turns serving as the representative organizer. The current
total theoretical computing power of the ISSP joint-use supercomputer is about 8 PF. This year, it was the first time in three
years that the meeting was held completely on-site, and there was some concern that the number of participants would be too
high or low, as the rules on the maximum number of people allowed in the conference room still remained. It turned out that 60
people actually attended on April 3rd and 55 on the 4th. There was lively discussion following each presentation. There were 16
invited oral presentations, including two special talks by Arita (The University of Tokyo) and Furuya (NVIDIA), and 25 poster
presentations. The poster session and a small social gathering that followed provided a good opportunity for the first time in
a long time to promote in-person interaction among community members. For the posters, the three posters were selected by
a vote of all participants as the winners of the Excellent Poster Award, and an awards ceremony was held at the end of the
meeting. We would like to thank the external members of the program and organizing committees: T. Uneyama (Nagoya U.),
Y. Hatsugai (U. Tsukuba), S. Watanabe (U. Tokyo), M. Kawamura (U. Tokyo) and S. Morita (Keio U.)

Frontier of New Materials Research: Novel Electronic Properties and Functions Based

on Characteristic Approaches
May 15-16, 2023
Y. Okamoto, T. Ideue, J. Yamaura, and H. Kageyama

This workshop was organized for participants to share the new methods, approaches, and directions that have recently
been found in the research on materials science. The impact of the discovery of unprecedented new materials is significant
for materials science. New materials can generate novel phenomena and functions, propelling materials science research and
inspiring the next generation of researchers. However, it is not easy to get an overall picture of which studies in a wide range of
research fields are generating innovations related to new materials. Research on new materials frequently divides and organizes
itself based on functions, phenomena, and target material systems. Therefore, we organized a hybrid-style workshop focusing
on recent materials research related to new materials spanning
a wide range of fields on May 15th and 16th. As many as 145
people registered for the workshop and 45 attended on-site,
where participants engaged in lively discussions. In addition to
18 invited talks and 3 comments, a special lecture was given by
Prof. Takehiko Yagi.
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Recent Developments in Measurement Techniques with Pulsed Magnetic Fields for

Condensed Matter Physics
June 22-23, 2023
K. Kindo, Y. H. Matsuda, M. Tokunaga, and Y. Kohama

This workshop was organized for the high magnetic field research community, especially for the users of the International
MegaGauss Science Laboratory (IMGSL) in ISSP. We had some comments from the Advisory Committee for Joint Usage in
ISSP that it would be necessary for users to have some tutorial lectures and some practice of the experiment. This workshop
was planned to address the comments. The program consists of (1) the lecture part and (2) the experiment part. Basics of the
experimental techniques required to use pulsed magnetic fields were first given. Subsequently, several specific measurement
techniques for thermal, magnetic, electrical, and mechanical properties of matter. Several means using electric, optical, and
acoustic signals were introduced. in the second part of the workshop, four kinds of pulsed-field experiments were demonstrated
with attendees. Two of them were done with non-destructive magnets, and the other two utilized destructive magnets, namely
the horizontal and vertical single-turn coils. The number of participants was limited to around 50 so that the experiments were
conducted safely. According to the questionnaire, it seemed that attendees felt they had valuable time to experience real pulsed
magnetic field experiments.

Metastability from an Interdisciplinary Perspective
July 4, 2023
T. Oka, R. Takagi, and H. Oike

The recent workshop on metastability brought together researchers, including 7 invited speakers, from different disciplines
to explore this complex phenomenon. Metastability, which manifests differently across various fields, is crucial in both solid
state physics and chemistry. In solid state physics, it appears in photo-induced phase transitions and hysteresis during param-
eter sweeps (temperature, magnetic field, pressure). In chemistry and metallurgy, metastable phases are achieved through
low-temperature synthesis, rapid cooling, and high-pressure synthesis. Understanding metastability across different time and
spatial scales in various materials remains a significant challenge in non-equilibrium systems physics. The workshop aimed to
bridge the gaps in understanding by fostering interdisciplinary discussions and collaborations.

The talks covered metastable states induced by
light, heat, magnetic fields and strain, as well as general
laws for metastable materials based on first-principles
calculations and data science. There were 15 on-site
participants and about 30 online participants, and
active discussions continued after lunch and the talks,
generating many ideas for collaborative research. A
highlight of the workshop was a tour at the International
MegaGauss Science Laboratory at ISSP. This tour intro-
duced participants, especially those less familiar with
condensed matter experiments, to cutting-edge facilities.
The workshop underscored the growing synergy between
materials science and physics, emphasizing that the field
of metastability would benefit from greater involvement
of condensed matter physicists for further advancements.
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ISSP Joint Research Results Presentation Meeting 2023
September 7, 2023
Joint Research Program Office (Kyodo Riyou Gakari)

Joint Research Program is one of the most crucial functions of the Institute for Solid State Physics (ISSP). This symposium
was organized to share the results achieved through the Joint Research Program at ISSP and to foster future collaborations.
The program included four invited lectures: two by external and two by internal speakers. From outside ISSP, Prof. Kanazawa
from the Institute of Industrial Science at The University of Tokyo presented his research on the properties of magnetic devices
in collaboration with the Neutron Science Laboratory. Prof. Hashimoto from the Graduate School of Frontier Sciences at The
University of Tokyo discussed his research on superconductivity under high pressure, conducted in collaboration with the
Materials Design and Characterization Laboratory. From within ISSP, Dr. Imajo from the International MegaGauss Science
Laboratory and Prof. Kondo from the Laser and Synchrotron Research Center showcased their work on ultra-high magnetic
fields and angle-resolved photoemission spectroscopy, respectively.

Spectroscopic Revolution by Cooperative and Constructive Relationships between High

Harmonic Laser and Synchrotron Radiation
September 30, 2023
Y. Harada, Y. Kobayashi, I. Matsuda, T. Kimura, T. Kondo, K. Okazaki, R. Matsunaga,
K. Inoue, T. Taniuchi, T. Kisu, K. Ishizaka, Y. Tezuka, and T. Yokoya

In 2012, Laser and Synchrotron Research (LASOR) center was established to promote collaborative research among high-
harmonic laser and synchrotron radiation communities. Prof. Shik Shin, who played a crucial role in LASOR's establish-
ment and development, passed away in June 2022. This workshop was held to honor his contributions and discuss the future
of materials research. The first part of the workshop focused on his achievements from the SOR-RING in the early days of
Japanese synchrotron radiation to the birth of LASOR, and in particular discussed the development of synchrotron radia-
tion soft X-ray spectroscopy and high-harmonic laser photoelectron spectroscopy. The second part explored the potential
of combining laser and accelerator technologies for materials research. Special attention was given to Laser PEEM, a next-
generation microscope combining high-order harmonic lasers and photoelectron microscopes, which was the final project
of Prof. Shin. The workshop concluded with discussions and proposals on the future of LASOR at ISSP and the direction of
Japanese photonics research, emphasizing the importance of continued innovation and collaboration in this field. Following the
six invited lectures, a memorial event was held, attended by approximately 130 researchers who had been associated with Prof.
Shin.
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3rd Workshop on the Frontier and Future Trends in Nanoscale Science
October 6, 2023
M. Hashisaka, T. Ideue, Y. Otani, T. Osada, T. Kato, Y. Hasegawa, R. Matsunaga, and S. Miwa

Advances in nanoscale fabrication and measurement techniques have led to cutting-edge experiments that capture the
essence of microscopic phenomena in condensed matter. We organized this workshop to provide an overview of this ever-
growing research field, following the first and second workshops held in 2020 and 2021. This workshop consisted of three
sessions, and ten young researchers were invited to give talks. The first session focused on quantum information technology,
the second on the novel functionalities of new materials and devices for future technologies, and the third on signal processing
using new device architectures. Although all the lectures were at the cutting edge of research in their respective fields, the
speakers were considerate to the audience, which included individuals with a wide range of backgrounds, and provided clear
explanations. Thanks to their efforts, the objective of this workshop, which aimed to facilitate cross-disciplinary informa-
tion exchange with nanoscale science as the keyword, was fulfilled. A total of 138 people, including 42 on-site and 96 online,
attended the workshop. Active discussions between the participants, particularly on-site, provided great opportunities to
exchange information, which will stimulate and advance extensive studies in the future.

ISSP Women’s Week 2023
November 25-December 1, 2023
I. Matsuda, T. Ideue, Y. Otani, T. Oka, K. Okazaki, M. Oshikawa, M. Tokunaga,
T. Nakajima, T. Fujino, M. Horio. J. Yamaura, and M. Lippmaa

In promoting diversity activities, ISSP organized "ISSP Women's Week 2023" from November 25 — December 1, 2023.
The week focused on active participation of women in the workforce as well as work-life balance. It started with an event for
female undergraduate and graduate students, followed by FD/SD training and division/facility seminars with female researchers
as instructors. On the last two days, a workshop was held with invited lectures by researchers active in various fields, round-
table discussions, and poster sessions. When the workshop concluded, a ISSP tour was held according to the participants'
wishes. Through the week, the events were held with various styles, face-to-face, online, and hybrid. There were over 300
participants who discussed various topics, including interdisciplinary research, life event, and work efficiency. The week was
supported by KIOXIA Holdings Corporation and by the MEXT Academic Transformative Research (A) project "Chemical
Catastrophe in Ultra-Strong Magnetic Fields of 1000 Tesla: Science of Chemical Bonding in Non-Perturbative Magnetic
Fields".
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How High Can We Raise Thermoelectric Performance?
December 5-6, 2023
T. Mori

This Workshop dealt with recent experimental and theoretical advances in thermoelectric materials research based on the
understanding of condensed matter properties. There was a Keynote Talk by Prof. Hidetoshi Fukuyama and 28 Invited Talks
and 9 Poster Presentations. In addition to Peltier cooling, thermoelectric materials can directly convert thermal energy into
electricity due to the Seebeck effect. They can be valuable for energy saving via waste heat power generation and as stand-
alone power sources for innumerable sensors. There are paradoxical requirements between the physical parameters, namely
between the Seebeck effect and electrical conductivity, and between the thermal and electrical conductivity. Therefore, it is
generally not easy to improve performance. Various novel thermoelectric enhancement strategies leading to extremely high
figure of merits and power factors were presented at the Workshop. Theoretical advances, for example, a quantum mechanical
approach, the “thermoelectric linear response theory” (Kubo-Luttinger theory) were also presented, together with progress
made in novel material systems such as topological materials, carbon nanotubes, and organic materials. At the Workshop there
were intensive and exciting discussions, with around 100 participants in a full room, and new challenging perspectives in the
field were opened up.

Surface and Interface Spectroscopy 2023
December 20-21, 2023
R. Arafune, H. Okuyama, Y. Kim, T. Komeda, T. Kondo, T. Sugimoto, N. Takagi, A. Nakajima,
T. Yokoyama, K. Watanabe, T. Ozaki, O. Sugino, Y. Hasegawa, I. Matsuda, and J. Yoshinobu

Surfaces and interfaces are becoming increasingly important not only from the viewpoint of basic science such as the
surface states of topological materials but from the applications such as catalysts, solar cells, fuel cells, secondary batteries and
various devices that can solve the issues in the global environment, energy, information technology, etc. This is because the
surface and interface are the fields of energy exchange and reactions. Recent advances in experimental techniques and first-
principles calculations have made it possible to investigate not only the ideal model surfaces but also the complex surfaces
of real materials under the operating conditions in atomic scale. This ISSP workshop featured the recent experimental and
theoretical studies on surface and interface spectroscopy, including surface vibrational spectroscopy, local probe microscopy/
spectroscopy, surface nonlinear spectroscopy, photoelectron spectroscopy, and synchrotron radiation spectroscopy. The purpose
of the workshop was to promote mutual understanding among researchers with diverse backgrounds through discussion and to
generate new collaborative research.

We had 5 invited lectures, 8 contributed talks, 8 oral presentations for student award applications, and 47 poster presenta-
tions. 128 people registered in advance; the actual number of participants was 110 on December 20 and 81 on December 21.

The program and abstracts can be downloaded from https://yoshinobu.issp.u-tokyo.ac.jp/ISSPWS_SIS2023.html
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The 1st U-Tokyo ISSP - RIKEN CEMS Collaboration Workshop
January 24, 2024
Z. Hiroi, T. Arima, M. Tokunaga, T. Nakajima, M. Hahsisaka, and Y. Otani

The Institute for Solid State Physics (ISSP), established in 1957, has long been a central player in Japan's condensed matter
science research. The RIKEN Center for Emergent Matter Science (CEMS), founded in 2013, brings together top researchers in
physics, chemistry, and electronics to study emergent phenomena and their applications. Both institutes are dedicated to devel-
oping innovative materials and theories for the benefit of future society.

This workshop emphasized the importance of ISSP and CEMS collaborating to enhance Japan's research capabilities amidst
growing international competition. Another goal was to identify potential research projects that could gain global recognition.
Given the significant number of foreign researchers at CEMS, English was chosen as the workshop's common language, facili-
tating participation from Japanese and international researchers and students.

The event began with remarks from the ISSP director, followed by research presentations from both institutes highlighting
their joint research achievements. Recent research results were shared, sparking extensive discussions. The afternoon session
focused on recent findings in each institute's specialized fields, clarifying strengths and common research themes. Active
exchanges of ideas on new research directions were held, aiming to foster new collaborative projects. Post-conference,
exchanging opinions among organizers and speakers reinforced the decision to hold future workshops alternately at ISSP and
CEMS.

Data Integration between Simulations and Advanced Experiments in Materials Science
February 19-20, 2024
T. Hoshi, I. Matsuda, T. Misawa, K. Yoshimi, T. Ozaki, and N. Kawashima

A current trend in material science is the data integration between simulations and advanced experiments. The aim of this
workshop is an overview of the data integration in materials science and its future prospects. The workshop is composed of
11 invited talks, 2 contributed talks and 18 poster presentations. The number of applicants is 78, including 28 on-site partici-
pants. The number of participants in the reception was 20. The plenary talk was given by Masahiko Demura (NIM) with the
title of 'Towards the realization of the Materials DX platform concept'. The other invited talks were focused on the system-
atic data collection and application studies using simulations by Yu Kumagai (Tohoku U.), Tetsuya Fukushima (AIST),
Takashi Koretsune (Tohoku U.) and Masahiro Fukuda
(U. Tokyo) and on two-dimensional materials by
Tadashi Abukawa (Tohoku U.), Yuki Fukaya (JAEA),
Shu-Jung Tang (National Tsinghua U.), Junji Yuhara
(Nagoya U.), Takeshi Nakagawa (Kyushu U.) and
Takeo Hoshi (NIFS). There were presentations from
both experimental and computational research and
lively discussions took place. The co-organizers of the
workshop are National Institute for Fusion Science
(https://www.nifs.ac.jp/) and DxMT CoLabo (https://
dxmt.mext.go.jp/).
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Interdisciplinary Collaboration between Theoretical and Experimental Approach:

Luciferin-Luciferase Reaction
March 8-9, 2024
M. Hiyama, T. Nakatsu, S. Maki, Y. Noguchi, O. Sugino, O. Yamamuro, and H. Akiyama

Bioluminescence, which is the luminescence reaction between a substrate (luciferin) and an enzyme (luciferase), is widely
used for investigation of temporal changes in cell proliferation, observation of drug and cancer cell metastasis pathways,
detecting microbial pollutions in food hygiene testing, and so on. Because of their usefulness, protein mutants and substrate
analogues for different emission color have been developed as luminescence probes using bioluminescence. In this ISSP
workshop, the experts in organic synthesis, theoretical calculations, and quantitative measurements introduced the latest
research results on luciferin-luciferase reactions for not only extant fireflies but also ancient fireflies and other luminescent
organisms. The methods to detect pesticide residues by firefly bioluminescence and the development of immunoassay elements
using bioluminescent enzymes of marine organisms were also presented. In the last session, there were presentations for the
studies on cell experiments and experiments using human models and the issues for new applications of bioluminescence were
pointed out. There were 15 invited lectures and eleven poster presentations were given as general lectures. Total attendance of
this workshop was 76.
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Future of Organic Conductors through Device Applications
March 26-27, 2024
T. Ideue, H. Oike, Y. Okamoto, R. Takagi, T. Fujino, and S. Miwa

Organic conductors have been extensively investigated because their low dimensionality and strong electron correlations
give rise to emergent phenomena. In organic semiconductors and organic polymers, device fabrications have been developed to
realize organic electronics. Recently, such device technology has been applied to organic conductors, enabling electrical control
of emergent phenomena. Because organic conductors are difficult to synthesize, measure, and microfabricate, collaborations,
and also because emergent phenomena are difficult to understand and predict, collaboration among the fields of chemistry,
physics, and engineering is essential for the future development of the research of organic conductors.

This workshop invited 29 speakers, mainly young researchers from a wide range of research fields relating to "molecule",
such as organic conductors and semiconductors, organic electronics and spintronics, inorganic van der Waals crystals, and
graphite. Each lecture covered cutting-edge topics as well as the basic research concept in the respective fields. The workshop
aimed to promote close discussion and interaction among researchers with diverse backgrounds in physics, chemistry, and
engineering. On the day of the event, many questions were asked by participants from different research fields, and active
discussions were held after the lectures and during the breaks. There were also some occasions when new perspectives and
research directions emerged from simple questions posed by audience members outside of their fields of expertise. There were
35 on-site participants and about 50 online participants.
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Publications (2023.1 - 2024.4)

Division of Condensed Matter Science

Mori group

We have successfully developed and unveiled unprecedented functional properties for the molecular materials and systems. The
major achievements in 2023 are to develop the metallic oligomer conductors that models doped PEDOT [poly(3,4-ethylene-
dioxythiophene)] family and (2) to discover the high conductive mixed-stack complexes via orbital hybridization of donor and
acceptor.

1. ™ Ambipolar Nickel Dithiolene Complex Semiconductors: From One- to Two-Dimensional Electronic Structures Based
upon Alkoxy Chain Lengths: M. Ito, T. Fujino, L. Zhang, S. Yokomori, T. Higashino, R. Makiura, K. J. Takeno, T. Ozaki
and H. Mori, J. Am. Chem. Soc. 145, 2127-2134 (2023).

2. ™Metallic State of a Mixed-Sequence Oligomer Salt That Models Doped PEDOT Family: K. Onozuka, T. Fujino, R.
Kameyama, S. Dekura, K. Yoshimi, T. Nakamura, T. Miyamoto, T. Yamakawa, H. Okamoto, H. Sato, T. Ozaki and H.
Mori, J. Am. Chem. Soc. 145, 15152-15161 (2023).

3. TNeutral Radical Molecular Conductors Based on a Gold Dimethoxybenzenedithiolene Complex with and without
Crystal Solvent: S. Yokomori, S. Dekura, A. Ueda, T. Higashino and H. Mori, Chem. Lett. 52, 25 (2023).

4. TPrecise Control of the Molecular Arrangement of Organic Semiconductors for High Charge Carrier Mobility: R. Akai,
K. Oka, S. Dekura, K. Yoshimi, H. Mori, R. Nishikubo, A. Sacki and N. Tohnai, J. Phys. Chem. Lett. 14, 3461 (2023).

5. TOrbital hybridization of donor and acceptor to enhance the conductivity of mixed-stack complexes: T. Fujino, R.
Kameyama, K. Onozuka, K. Matsuo, S. Dekura, T. Miyamoto, Z. Guo, H. Okamoto, T. Nakamura, K. Yoshimi, S.
Kitou, T.-H. Arima, H. Sato, K. Yamamoto, A. Takahashi, H. Sawa, Y. Nakamura and H. Mori, Nat Commun 15, 3028
(2024).

6. Single-crystalline oligomer-based conductors modeling the doped poly(3,4-ethylenedioxythiophene) family: T. Fujino,
R. Kameyama, K. Onozuka, K. Matsuo, S. Dekura, K. Yoshimi and H. Mori, Faraday Discuss. 250, 348 (2024).

7. @R DO RELE 5T v A R — TGy FPEER MR OBRSE « RS &, OV e, AR PR, TSRO
LERTENIA ), B ZEETWR , (v —av—Hil, 2024), 154-163.

Osada group

The electronic state under magnetic fields in the a-type organic Dirac fermion systems, a-(ET)2Iz and a-(BETS)2l3, was
studied to clarify the spatial order in the quantum Hall state. The four-band tight-binding model with Peierls phase factors was
employed, and the generated Hofstadter butterfly and its Chern numbers confirmed the validity of the Dirac fermion picture
in these materials. The four-component envelope function of the N = 0 Landau level with valley degeneracy was investigated.
It was found that the two degenerate valley states have different weights on A and A' molecules connected by inversion. This
valley-site correspondence is also recognized for the N = 0 spin-split Landau levels under the Zeeman effect and the spin—orbit
interaction. The spontaneous valley symmetry breaking in the N = 0 Landau levels due to the exchange interaction results in the
v ==+1 quantum Hall states accompanied by the spatial modulation of charge and spin densities at A and A’ sites in a unit cell.

1. Magnetic-field periodic quantum Sondheimer oscillations in thin-film graphite: T. Taen, A. Kiswandhi and T. Osada,
Phys. Rev. B 108, 235411(1-9) (2023).

2. Quantized thermoelectric Hall plateau in the quantum limit of graphite as a nodal-line semimetal: A. Kiswandhi, T.
Ochi, T. Taen, M. Sato, K. Uchida and T. Osada, Phys. Rev. B 107, 195106(1-5) (2023).

3. Broken-Symmetry Quantum Hall State in an Organic Dirac Fermion System: T. Osada, JPSJ News Comments 20, 06
(2023).

4. Hofstadter Butterfly and Broken-Symmetry Quantum Hall States in a -Type Organic Dirac Fermion Systems: T. Osada,

* Joint research among groups within ISSP.
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J. Phys. Soc. Jpn. 93, 034711(1-6) (2024).

Yamashita group

We have been studying (1) quantum criticality in heavy-fermion materials by ultralow temperature cryostat, (2) thermal-Hall
conductivity of exotic excitations in frustrated magnets and (3) a new technique for the study of strongly-correlated electron
systems. In this year, we have performed (1) low-temperature thermal conductivity and magnetization measurements of a
quantum spin ice candidate CeoHf207 (2) spontaneous thermal Hall measurements of candidate materials of chiral superconduc-
tivity, and (3) NMR measurements of CdyReO7.

1. ™Modulation vector of the Fulde-Ferrell-Larkin-Ovchinnikov state in CeColIn5 revealed by high-resolution magneto-
striction measurements: S. Kittaka, Y. Kono, K. Tsunashima, D. Kimoto, M. Yokoyama, Y. Shimizu, T. Sakakibara, M.
Yamashita and K. Machida, Phys. Rev. B 107, L220505 (2023).

2. Magnon thermal Hall effect via emergent SU(3) flux on the antiferromagnetic skyrmion lattice: H. Takeda, M. Kawano,
K. Tamura, M. Akazawa, J. Yan, T. Waki, H. Nakamura, K. Sato, Y. Narumi, M. Hagiwara, M. Yamashita and C. Hotta,
Nature Communications 15, 566 (2024).

Ideue group

We have studied novel transport and optical properties of two-dimensional materials. We have successfully observed circular
bulk photovoltaic effect at heterointerfaces of two-dimensional materials with different symmetries, which reflect the geometric
nature of the electronic state. We have also shown that the anisotropy of transport and optical properties can be controlled in
such symmetry-engineered van der Waals interfaces. Furthermore, we have reported a giant modulation of second harmonic
generation in layered multiferroic CuCrP2S¢ and its unique thickness dependence.

1. Valley-dimensionality locking of superconductivity in cubic phosphides: L. Ao, J. Huang, F. Qin, Z. Li, T. Ideue, K.
Akhtari, P. Chen, X. Bi, C. Qiu, D. Huang, L. Chen, R. V. Belosludov, H. Gou, W. Ren, T. Nojima, Y. Iwasa, M. S.
Bahramy and H. Yuan, Sci. Adv. 9, eadf6758 (2023).

2. An anisotropic van der Waals dielectric for symmetry engineering in functionalized heterointerfaces: Z. Li, J. Huang,
L. Zhou, Z. Xu, F. Qin, P. Chen, X. Sun, G. Liu, C. Sui, C. Qiu, Y. Lu, H. Gou, X. Xi, T. Ideue, P. Tang, Y. Iwasa and H.
Yuan, Nat Commun 14, 5568 (2023).

3. Low-temperature phase transition in polar semimetal Td—MoTe2 probed by nonreciprocal transport: Y. M. Itahashi, Y.
Nohara, T. Ideue, T. Akiba, H. Takahashi, S. Ishiwata and Y. Iwasa, Phys. Rev. Research 5, L.022022 (2023).

4. Berry curvature dipole generation and helicity-to-spin conversion at symmetry-mismatched heterointerfaces: S. Duan, F.
Qin, P. Chen, X. Yang, C. Qiu, J. Huang, G. Liu, Z. Li, X. Bi, F. Meng, X. Xi, J. Yao, T. Ideue, B. Lian, Y. Iwasa and H.
Yuan, Nat. Nanotechnol. 18, 867 (2023).

5. Giant bulk piezophotovoltaic effect in 3R-MoS2: Y. Dong, M.-M. Yang, M. Yoshii, S. Matsuoka, S. Kitamura, T.
Hasegawa, N. Ogawa, T. Morimoto, T. Ideue and Y. Iwasa, Nat. Nanotechnol. 18, 36-41 (2023).

6. Continuous manipulation of magnetic anisotropy in a van der Waals ferromagnet via electrical gating: M. Tang, J.
Huang, F. Qin, K. Zhai, T. Ideue, Z. Li, F. Meng, A. Nie, L. Wu, X. Bi, C. Zhang, L. Zhou, P. Chen, C. Qiu, P. Tang, H.
Zhang, X. Wan, L. Wang, Z. Liu, Y. Tian, Y. Iwasa and H. Yuan, Nat. Electron. 6, 28-36 (2023).

7. Giant Modulation of the Second Harmonic Generation by Magnetoelectricity in Two-Dimensional Multiferroic
CuCrP2S6: S. Aoki, Y. Dong, Z. Wang, X. S. W. Huang, Y. M. Itahashi, N. Ogawa, T. Ideue and Y. Iwasa, Advanced
Materials 36, 2312781 (2024).

Takagi group

We have been exploring new properties and functions related to topological magnetic structures, and novel electronic phases in
strongly correlated electron systems. This year, we investigated the spontaneous topological Hall effect induced by non-coplanar
antiferromagnetic order in intercalated van der Waals compounds. We also revealed the contribution of lattice degree of freedom
to the rhombic and square lattice states of skyrmions in EuAly.

1. "Nonreciprocal Phonon Propagation in a Metallic Chiral Magnet: T. Nomura, X. -X. Zhang, R. Takagi, K. Karube, A.
Kikkawa, Y. Taguchi, Y. Tokura, S. Zherlitsyn, Y. Kohama and S. Seki, Phys. Rev. Lett. 130, 176301(1-6) (2023).

2. “Spontaneous topological Hall effect induced by non-coplanar antiferromagnetic order in intercalated van der Waals
materials: H. Takagi, R. Takagi, S. Minami, T. Nomoto, K. Ohishi, M. -T. Suzuki, Y. Yanagi, M. Hirayama, N. D.

T Joint research with outside partners.
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Khanh, K. Karube, H. Saito, D. Hashizume, R. Kiyanagi, Y. Tokura, R. Arita, T. Nakajima and S. Seki, Nat. Phys. 19,
961-968 (2023).

3. SP-STM study of the multi-Q phases in GdRu2Si2: J. Spethmann, N. D. Khanh, H. Yoshimochi, R. Takagi, S. Hayami,
Y. Motome, R. Wiesendanger, S. Seki and K. von Bergmann, Phys. Rev. Materials 8, 064404 (2024).

Division of Condensed Matter Theory

Tsunetsugu group

We have studied various quadrupole orders on face center cubic lattice. This system has a few important points characteristic to
quadrupole degrees of freedom. One is the presence of anisotropic interactions reflecting tensorial nature of the order param-
eter. Another is the third-order anisotropy, which exists only for degrees of freedom with even parity concerning time reversal
symmetry. We have found various types of antiferro orders and discussed their stability based on phonemenological Landau
theory. We have also studied a quadrupole impurity embedded in a host metal. Using the Wilson-type numerical renormalization
technique, we have examined the related two-channel Kondo problem with taking account of the third-order local anisotropy
taken into account. We have found two fixed points; one is the conventional local Fermi liquid and the other is the non-Fermi
liquid, which is stable in a finite region of the parameter space. We have performed detailed analysis about the Kondo tempera-
ture in the local Fermi liquid phase. The Kondo temperature has a scaling behavior that differs from the conventional form,
and the determined scaling function demonstrates the relevance of multiple coupling constants in the renormalization group
equation.

1. TTheory of Energy Dispersion of Chiral Phonons: H. Tsunetsugu and H. Kusunose, J. Phys. Soc. Jpn. 92, 023601
(2023).

2. Quadrupole partial orders and triple-q states on the face-centered cubic lattice: K. Hattori, T. Ishitobi and H. Tsunetsugu,
Phys. Rev. B 107, 205126 (2023).

3. All Local Conserved Quantities of the One-Dimensional Hubbard Model: K. Fukai, Phys. Rev. Lett. 131, 256704
(2023).

4. Matrix product operator representations for the local conserved quantities of the Heisenberg chain: K. Yamada and K.
Fukai, SciPost Phys. Core 6, 069 (2023).

5. Numerical Renormalization Group Study of Quadrupole Kondo Effect with the Crystal-Field Excited State: Y. Kaneko
and H. Tsunetsugu, J. Phys. Soc. Jpn. 93, 033705 (2024).

6. On correlation functions in models related to the Temperley-Lieb algebra: K. Fukai, R. Kleinemiihl, B. Pozsgay and E.
Vernier, SciPost Phys. 16, 003 (2024).

Kato group

The main research subject of Kato Lab. is transport properties in mesoscopic and spintronic devices. We studied (1) spin
pumping into two-dimensional electron gas and current induced by it, (2) ultrafast rotation of nanoparticles driven by ferro-
magnetic resonance and its quantum fluctuation, (3) spin pumping into twisted bilayer graphene and carbon nanotubes, (4)
minimum ac injection into one-dimensional electron systems. We also published collaborated work with experimental group in
ISSP about ac spin Hall effect.

1. Effect of vertex corrections on the enhancement of Gilbert damping in spin pumping into a two-dimensional electron
gas: M. Yama, M. Matsuo and T. Kato, Phys. Rev. B 107, 174414(1-15) (2023).

2. Gyromagnetic bifurcation in a levitated ferromagnetic particle: T. Sato, T. Kato, D. Oue and M. Matsuo, Phys. Rev. B
107, L180406(1-6) (2023).

3. Minimal alternating current injection into carbon nanotubes: K. Fukuzawa, T. Kato, T. Jonckheere, J. Rech and T.
Martin, Phys. Rev. B 108, 125307(1-12) (2023).

4. Quantum fluctuation in rotation velocity of a levitated magnetic particle: T. Sato, D. Oue, M. Matsuo and T. Kato, Phys.
Rev. B 108, 094428(1-10) (2023).

5.  *Shear-strain controlled high-harmonic generation in graphene: T. Tamaya, H. Akiyama and T. Kato, Phys. Rev. B 107,
L081405 (2023).

* Joint research among groups within ISSP.
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10.

11.

12.

13.

14.

15.

Spin Hall magnetoresistance in quasi-two-dimensional antiferromagnetic-insulator/metal bilayer systems: T. Ishikawa,
M. Matsuo and T. Kato, Phys. Rev. B 107, 054426 (2023).

Spin Hall magnetoresistive detection of easy-plane magnetic order in the van der Waals antiferromagnet NiPS3: K. Sugi,
T. Ishikawa, M. Kimata, Y. Shiota, T. Ono, T. Kato and T. Moriyama, Phys. Rev. B 108, 064434 (2023).

Spin pumping into carbon nanotubes: K. Fukuzawa, T. Kato, M. Matsuo, T. Jonckheere, J. Rech and T. Martin, Phys.
Rev. B 108, 134429(1-9) (2023).

Theory of inverse Rashba-Edelstein effect induced by spin pumping into a two-dimensional electron gas: M. Yama, M.
Matsuo and T. Kato, Phys. Rev. B 108, 144430 (2023).

Twisted bilayer graphene reveals its flat bands under spin pumping: S. Haddad, T. Kato, J. Zhu and L. Mandhour, Phys.
Rev. B 108, L121101 (2023).

Nonequilibrium noise as a probe of pair-tunneling transport in the BCS—-BEC crossover: H. Tajima, D. Oue, M. Matsuo,
T. Kato and D. Abbott, PNAS Nexus 2, pgad045 (2023).

*Observation of Terahertz Spin Hall Conductivity Spectrum in GaAs with Optical Spin Injection: T. Fujimoto, T.
Kurihara, Y. Murotani, T. Tamaya, N. Kanda, C. Kim, J. Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev.
Lett. 132, 016301 (2024).

TSub-photon accuracy noise reduction of a single shot coherent diffraction pattern with an atomic model trained
autoencoder: T. Ishikawa, Y. Takeo, K. Sakurai, K. Yoshinaga, N. Furuya, Y. Inubushi, K. Tono, Y. Joti, M. Yabashi, T.
Kimura and K. Yoshimi, Opt. Express 32, 18301 (2024).

TH-wave — A Python package for the Hartree-Fock approximation and the random phase approximation: T. Aoyama, K.
Yoshimi, K. Ido, Y. Motoyama, T. Kawamura, T. Misawa, T. Kato and A. Kobayashi, Computer Physics Communica-
tions 298, 109087(1-10) (2024).

Bk S S 2 08 U TR AR SR PR E 2 2 — BB ME LI 2 2 e A7 ba2av——: KGR K, I M, Mg &
A, WA T, SRR 58, 433-440 (2023).

Kawabata group

Recent years have seen remarkable progress in the physics of open quantum systems. In view of the recent rapid development
of quantum information science and technology, it seems urgent to develop a general theory of open quantum systems. In our
group, we are broadly interested in theoretical condensed matter physics, with a particular focus on nonequilibrium physics,
to establish new foundations and principles in contemporary physics. Our recent research highlights topological phases of
open quantum systems, as well as dissipative quantum chaos and lack thereof. On the basis of fundamental concepts such as
symmetry and topology, we aim to uncover new physics intrinsic to far from equilibrium.

1.

“Dynamical quantum phase transitions in Sachdev-Ye-Kitaev Lindbladians: K. Kawabata, A. Kulkarni, J. Li, T.
Numasawa and S. Ryu, Phys. Rev. B 108, 075110 (2023).

Non-Hermitian boost deformation: T. Guo, K. Kawabata, R. Nakai and S. Ryu, Phys. Rev. B 108, 075108 (2023).

Symmetry classification of typical quantum entanglement: Y. Liu, J. Kudler-Flam and K. Kawabata, Phys. Rev. B 108,
085109 (2023).

Anisotropic Topological Anderson Transitions in Chiral Symmetry Classes: Z. Xiao, K. Kawabata, X. Luo, T. Ohtsuki
and R. Shindou, Phys. Rev. Lett. 131, 056301 (2023).

Hermitian Bulk — Non-Hermitian Boundary Correspondence: F. Schindler, K. Gu, B. Lian and K. Kawabata, PRX
Quantum 4, 030315 (2023).

Singular-Value Statistics of Non-Hermitian Random Matrices and Open Quantum Systems: K. Kawabata, Z. Xiao, T.
Ohtsuki and R. Shindou, PRX Quantum 4, 040312 (2023).

*Symmetry of Open Quantum Systems: Classification of Dissipative Quantum Chaos: K. Kawabata, A. Kulkarni, J. Li,
T. Numasawa and S. Ryu, PRX Quantum 4, 030328 (2023).

Topological enhancement of nonnormality in non-Hermitian skin effects: Y. O. Nakai, N. Okuma, D. Nakamura, K.
Shimomura and M. Sato, Phys. Rev. B 109, 144203 (2024).

Lieb-Schultz-Mattis Theorem in Open Quantum Systems: K. Kawabata, R. Sohal and S. Ryu, Phys. Rev. Lett. 132,
070402 (2024).
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Division of Nanoscale Science

Otani group

Our research in 2023 spans diverse investigations on spin-mediated quasiparticles' interconversions and their intricate inter-
actions. One study dissects the efficiency of orbital torque within ferromagnet/Cu/oxide heterostructures, emphasizing the
pivotal role of oxide layers in this process. Another delves into the domain evolution and structure of Mn3Ge, an intriguing
noncollinear Weyl antiferromagnet, spotlighting the presence and behavior of magnetic octupole domains. Acoustic waves are
scrutinized for their impact on magnon dynamics in layered antiferromagnets, revealing acoustically induced magnon-phonon
coupling phenomena. Furthermore, we explored the manipulation of magnon transport through valley-selective phonon-magnon
scattering in magnetoelastic superlattices, offering a pathway for controlling magnetic information transfer. The investiga-
tion extends to nonlinear acoustic spin pumping driven by temperature-dependent surface acoustic wave frequency shifts,
elucidating nuanced spin-phonon interactions. Additional studies employ innovative techniques like tip-induced temperature
gradients in atomic force microscopy to map magneto-thermoelectric effects, providing insights into magnetic domain structure
consisting of antiferromagnetic octupoles. These findings collectively advance our comprehension of noncollinear antiferro-
magnetic materials and their multifaceted behaviors, contributing to the evolution of spintronics and related fields.

1. Nonlinear Acoustic Spin Pumping Caused by Temperature-Dependent Frequency Shifts of Surface Acoustic Waves: Y.
Hwang, J. Puebla, K. Kondou, C. S. Muiioz and Y. Otani, J. Phys. Soc. Jpn. 92, 094702 (2023).

2. Acoustically Driven Magnon-Phonon Coupling in a Layered Antiferromagnet: T. P. Lyons, J. Puebla, K. Yamamoto, R.
S. Deacon, Y. Hwang, K. Ishibashi, S. Mackawa and Y. Otani, Phys. Rev. Lett. 131, 196701 (2023).

3. Valley-Selective Phonon-Magnon Scattering in Magnetoelastic Superlattices: L. Liao, J. Puebla, K. Yamamoto, J. Kim,
S. Maekawa, Y. Hwang, Y. Ba and Y. Otani, Phys. Rev. Lett. 131, 176701 (2023).

4. “High-resolution magnetic imaging by mapping the locally induced anomalous Nernst effect using atomic force micros-
copy: N. Budai, H. Isshiki, R. Uesugi, Z. Zhu, T. Higo, S. Nakatsuji and Y. Otani, Appl. Phys. Lett. 122, 102401 (2023).

5. Mid-infrared optical properties of non-magnetic-metal/CoFeB/MgO heterostructures: J. M. Flores-Camacho, B. Rana,
R. E. Balderas-Navarro, A. Lastras-Martinez, Y. Otani and J. Puebla, J. Phys. D: Appl. Phys. 56, 315301 (2023).

6. “Temperature-induced anomalous magnetotransport in the Weyl semimetal Mn3Ge: M. Wu, K. Kondou, T. Chen, S.
Nakatsuji and Y. Otani, AIP Advances 13, 045102 (2023).

7. Emergence of spin—charge conversion functionalities due to spatial and time-reversal asymmetries and chiral symmetry:
K. Kondou and Y. Otani, Front. Phys. 11, 1140286 (2023).

8. T*Oxide layer dependent orbital torque efficiency in ferromagnet/Cu/oxide heterostructures: J. Kim, J. Uzuhashi, M.
Horio, T. Senoo, D. Go, D. Jo, T. Sumi, T. Wada, I. Matsuda, T. Ohkubo, S. Mitani, H.-W. Lee and Y. Otani, Phys. Rev.
Materials 7, L111401 (2023).

9. Magnetic octupole domain evolution and domain-wall structure in the noncollinear Weyl antiferromagnet Mn3Ge: M.
Wu, K. Kondou, Y. Nakatani, T. Chen, H. Isshiki, T. Higo, S. Nakatsuji and Y. Otani, AIP Publishing 11, 081115 (2023).

Hasegawa group

We implemented the potentiometry function, which enabled us to observe the surface electrochemical potential profile and
spatial distribution of resistance at sub-nanometer spatial resolution, using low-temperature scanning tunneling microscopy
(STM). Using this setup, we can investigate potential profiles in a more stable manner under various temperatures and magnetic
fields (up to 7 T). The temperature profile of the surface can also be investigated by detecting the Seebeck thermoelectric
power. Using this system, we investigated the striped incommensurate (SIC) phase of a Pb monolayer formed on a non-doped
Si(111) substrate. The structure is known to be metallic and exhibit superconductivity at low temperatures. Our previous study
observing vortices pinned at steps demonstrated that the resistivity across a single height step is small. The small resistivity was
proved directly through the observation of potential differences across single-height steps. We also performed magnetic-field-
dependent potential profile measurements and successfully probed the Hall voltage locally in the nanoscale area, providing
information on the charge carrier and density of the two-dimensional monolayer metallic states. We plan to investigate quantum
nonlocal potential phenomena, as well as classical local phenomena in real space.

1. Squeezed Abrikosov-Josephson Vortex in Atomic-Layer Pb Superconductors Formed on Vicinal Si(111) Substrates: Y.
Sato, M. Haze, R. Nemoto, W. Qian, S. Yoshizawa, T. Uchihashi and Y. Hasegawa, Phys. Rev. Lett. 130, 106002(1-6)
(2023).

2. ™Quasi-Periodic Growth of One-Dimensional Copper Boride on Cu(110): Y. Tsujikawa, X. Zhang, K. Yamaguchi, M.
Haze, T. Nakashima, A. Varadwaj, Y. Sato, M. Horio, Y. Hasegawa, F. Komori, M. Oshikawa, M. Kotsugi, Y. Ando, T.
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Kondo and I. Matsuda, Nano Lett. 24, 1160 (2024).

Lippmaa group

We are developing a new autonomous synthesis method for thin films. Structural information on a thin film is obtained during
growth by monitoring RHEED patterns. The diffraction images are semantically segmented using a neural network to locate
various diffraction features, such as surface streaks, surface diffraction spots, bulk diffraction spots, the direct electron beam
location, the Kikuchi lines, etc. The extracted data is used for periodicity analysis and lattice parameter data clustering, which
produces a phase composition estimate of a growing crystal. This information is used in a Gaussian process optimization to
predict the best process parameters for the film growth to obtain the desired crystalline phase.

1. *Semiconducting Electronic Structure of the Ferromagnetic Spinel HgCr,Ses Revealed by Soft-X-Ray Angle-Resolved
Photoemission Spectroscopy: H. Tanaka, A. V. Telegin, Y. P. Sukhorukov, V. A. Golyashov, O. E. Tereshchenko, A. N.
Lavrov, T. Matsuda, R. Matsunaga, R. Akashi, M. Lippmaa, Y. Arai, S. Ideta, K. Tanaka, T. Kondo and K. Kuroda, Phys.
Rev. Lett. 130, 186402(1-6) (2023).

2. “Fabrication of single-crystalline YFeOs films with large antiferromagnetic domains: C. Wang, M. Lippmaa and S.
Nakatsuji, J. Appl. Phys. 135, 113901(1-8) (2024).

3. TThe use of He buffer gas for moderating the plume kinetic energy during Nd:YAG-PLD growth of EuxY2 O3
phosphor films: S. Suzuki, T. Dazai, T. Tokunaga, T. Yamamoto, R. Katoh, M. Lippmaa and R. Takahashi, J. Appl. Phys.
135, 195302 (2024).

4. "Broken Screw Rotational Symmetry in the Near-Surface Electronic Structure of AB-Stacked Crystals: H. Tanaka, S.
Okazaki, M. Kobayashi, Y. Fukushima, Y. Arai, T. [imori, M. Lippmaa, K. Yamagami, Y. Kotani, F. Komori, K. Kuroda,
T. Sasagawa and T. Kondo, Phys. Rev. Lett. 132, 136402(1-6) (2024).

5. BEWCERICK 2 BEIEL T =S IRIR  WEEH ST A=Y OfcE e in situ JIERE RO ABIENT . KA B and M.
Lippmaa, "7 €A V742 T4 7 AICB T 57— Y WEEDRE LT TR, 5, (RRSHLEAMiE# 2 , Tokyo, 2023),
359-366.

Hashisaka group

Our group was newly inaugurated at ISSP in April 2023. We are working on setting up equipment for electrical transport
measurements at cryogenic temperatures, and the experimental environment is being prepared. While working on these startups,
we also worked on the edge transport mechanism at a fractional-integer quantum Hall junction and the evaluation of supercon-
ducting nonreciprocal transport phenomena in few-layer Td-MoTe2. We also studied the single-electron coherence in interacting
copropagating integer quantum Hall edge channels, where an electron experiences fractionalization due to the Tomonaga-
Luttinger liquid nature.

1. Coherent-Incoherent Crossover of Charge and Neutral Mode Transport as Evidence for the Disorder-Dominated
Fractional Edge Phase: M. Hashisaka, T. Ito, T. Akiho, S. Sasaki, N. Kumada, N. Shibata and K. Muraki, Phys. Rev. X
13, 031024 (2023).

2. Gate-tunable giant superconducting nonreciprocal transport in few-layer Td-MoTe2: T. Wakamura, M. Hashisaka,
S. Hoshino, M. Bard, S. Okazaki, T. Sasagawa, T. Taniguchi, K. Watanabe, K. Muraki and N. Kumada, Phys. Rev.
Research 6, 013132 (2024).

Yoshinobu group

We conducted several research projects in the fiscal year 2023: (1) The hydrogenation of formate species on the H-Cu(997)
surface was studied by HREELS and TPD. Desorption of formaldehyde was observed by TPD, and a possible intermediate
species was investigated. (2) The adsorption and decomposition of methanol on the Cu(977) and Pd-Cu(977) surfaces were
studied by TPD, IRAS and SR-XPS. (3) The reactive desorption of CO + O -> CO; on Pt(111) was studied using ab-initio
molecular dynamics (AIMD) with van der Waals DFT functionals. The desorption dynamics of CO; including kinetic energy,
angular distribution and vibrational excitation were analyzed. (4) The chemical states and reactions on the basal plane and the
edge plane of MoS; were studied in vacuum and under the exposure to water or CO, by SR-XPS. (5) Gapless detection of
broadband terahertz pulses using a metal surface was newly developed. (6) SFG spectroscopy was developed using broadband
terahertz and visible ultra-short pulse laser.

1. “Disentangling the Competing Mechanisms of Light-Induced Anomalous Hall Conductivity in Three-Dimensional Dirac
Semimetal: Y. Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer
and R. Matsunaga, Phys. Rev. Lett. 131, 096901 (2023).
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10.

11.

12.

13.
14.

fTermination of graphene edges created by hydrogen and deuterium plasmas: T. Ochi, M. Kamada, T. Yokosawa, K.
Mukai, J. Yoshinobu and T. Matsui, Carbon 203, 727-731 (2023).

fCarbon Nitride Loaded with an Ultrafine, Monodisperse, Metallic Platinum - Cluster Cocatalyst for the Photocatalytic
Hydrogen - Evolution Reaction: D. Yazaki, T. Kawawaki, D. Hirayama, M. Kawachi, K. Kato, S. Oguchi, Y. Yamaguchi,
S. Kikkawa, Y. Ueki, S. Hossain, D. J. Osborn, F. Ozaki, S. Tanaka, J. Yoshinobu, G. F. Metha, S. Yamazoe, A. Kudo, A.
Yamakata and Y. Negishi, Small 19, 2208287 (12 pages) (2023).

The quantitative study of methane adsorption on the Pt(997) step surface as the initial process for reforming reactions:
Y. H. Choi, S. E. M. Putra, Y. Shiozawa, S. Tanaka, K. Mukai, I. Hamada, Y. Morikawa and J. Yoshinobu, Surface
Science 732, 122284 (2023).

*Gapless detection of broadband terahertz pulses using a metal surface in air based on field-induced second-harmonic
generation: S. Tanaka, Y. Murotani, S. A. Sato, T. Fujimoto, T. Matsuda, N. Kanda, R. Matsunaga and J. Yoshinobu,
Applied Physics Letters 122, 251101 (6 pages) (2023).

*Hydrogen - induced Sulfur Vacancies on the MoS; Basal Plane Studied by Ambient Pressure XPS and DFT Calcu-
lations: F. Ozaki, S. Tanaka, Y. Choi, W. Osada, K. Mukai, M. Kawamura, M. Fukuda, M. Horio, T. Koitaya, S.
Yamamoto, I. Matsuda, T. Ozaki and J. Yoshinobu, ChemPhysChem 24, €202300477 (2023).

In Situ Electrical Detection of Methane Oxidation on Atomically Thin IrO> Nanosheet Films Down to Room Temper-
ature: Y. Ishihara, T. Koitaya, Y. Hamahiga, W. Sugimoto, S. Yamamoto, I. Matsuda, J. Yoshinobu and R. Nouchi, Adv.
Materials Inter. 10, 2300258 (2023).

*Observation of Terahertz Spin Hall Conductivity Spectrum in GaAs with Optical Spin Injection: T. Fujimoto, T.
Kurihara, Y. Murotani, T. Tamaya, N. Kanda, C. Kim, J. Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev.
Lett. 132, 016301 (2024).

*Anomalous Hall Transport by Optically Injected Isospin Degree of Freedom in Dirac Semimetal Thin Film: Y.
Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer and R.
Matsunaga, Nano Lett. 24, 222 (2024).

Low-temperature dissociation of CO2 molecules on vicinal Cu surfaces: T. Koitaya, Y. Shiozawa, Y. Yoshikura, K.
Mukai, S. Yoshimoto and J. Yoshinobu, Phys. Chem. Chem. Phys. 26, 9226-9233 (2024).

resr L& EEmz AL 72A 4% THz 2SVADX Yy 7V ARl B2, WK B, 518 5, 26t
72, 199-202 (2023).

NI LRSI DIRRRIL L 72 e 7OVIBER NS 6510 5 KB OWEIE(LE AEVA — = R ¥, B SCZ, Hh B,
{8 I, Acc. Mater. Surf. Res. 8, 147-158 (2023).

BIE THEEOEMZB I TIERwn ! HE E, RiMEEZ 67,99 (2024).

HERSGIENE TR k2 LR TR FALDA T > FBIH : AMBA B, (LA 22, I i, &1 7, Bl flE,
FM EELZE 67, 117-122 (2024).

Functional Materials Group

Akiyama group

In 2023, we accomplished ultra-fast gain-switching experiment in 30GHz-modulation-bandwidth 1270nm DFB-type single-
mode laser diodes (LDs) with and without chirp compensation, and analyzed generated 5.3 ps short pulses near the Fourier
transform limit via rate equations and other laser theory framework. We developed our original 10 ps LD-seed-pulse prototype
modules with improvements in packaging and software. We extended our high-efficiency-solar-cell study to efficient power
conversion of laser light, and achieved high conversion efficiency of about 50%. Collaboration work and papers with Hiyama-
team in Gunma University were accomplished on quantitative spectroscopy on bioluminescence quantum yield of new luciferin
analogs.

L.

*Shear-strain controlled high-harmonic generation in graphene: T. Tamaya, H. Akiyama and T. Kato, Phys. Rev. B 107,
L081405 (2023).

*Twisting and Protonation of Retinal Chromophore Regulate Channel Gating of Channelrhodopsin C1C2: K. Shibata,
K. Oda, T. Nishizawa, Y. Hazama, R. Ono, S. Takaramoto, R. Bagherzadeh, H. Yawo, O. Nureki, K. Inoue and H.
Akiyama, J. Am. Chem. Soc. 145, 10779-10789 (2023).
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10.

11.

12.

13.

14.

15.

16.

Gain-switched pulse generation of 5.3 ps from 30 GHz-modulation-bandwidth 1270 nm DFB laser diode: M.
Kobayashi, T. Nakamura, H. Nakamae, C. Kim and H. Akiyama, Opt. Lett. 48, 6344-6347 (2023).

Output-power equivalence of two- and four-terminal photovoltaic-thermoelectric hybrid tandems: J. Sakuma, K.
Kamide, T. Mochizuki, H. Takato and H. Akiyama, Appl. Phys. Express 16, 014003 (2023).

Optimisation of Sb,S3 thin-film solar cells via SbySe; post-treatment: R. Wang, D. Qin, X. Ding, Q. Zhang, Y. Wang, Y.
Pan, G. Weng, X. Hu, J. Tao, J. Chu, H. Akiyama and S. Chen, Journal of Power Sources 556, 232451 (2023).

Impacts of SiO -Buried Structure on Performances of GaN-Based Vertical-Cavity Surface-Emitting Lasers: R. Xu, H.
Akiyama and B. Zhang, IEEE Trans. Electron Devices 70, 5701 (2023).

Crystallization mechanism and lasing properties of CsPbBr3 perovskites by chemical vapor deposition: Z. Su, Z. Cao,
F. Cao, Y. He, J. Zhang, G. Weng, X. Hu, J. Chu, H. Akiyama and S. Chen, Chemical Engineering Journal 472, 144906
(2023).

Influence of S-content ratios on the defect properties of Sba(S , Sel—)3 thin-film solar cells: R. Wang, D. Qin, S. Zheng,
G. Weng, X. Hu, J. Tao, J. Chu, H. Akiyama and S. Chen, Solar Energy Materials and Solar Cells 260, 112501 (2023).

Temperature sensitivity of adjustable band gaps of Sba(S, Se); solar cells via vapor transport deposition: D. Qin, X. Pan,
R. Wang, Y. Pan, Y. Wang, J. Zhang, X. Ding, Y. Chen, S. Zheng, S. Ye, Y. Pan, G. Weng, X. Hu, J. Tao, Z. Zhu, J. Chu,
H. Akiyama and S. Chen, Solar Energy Materials and Solar Cells 263, 112582 (2023).

TPhoto-cleaving and photo-bleaching quantum yields of coumarin-caged luciferin: R. Kumagai, R. Ono, S. Sakimoto, C.
Suzuki, K.-I. Kanno, H. Aoyama, J. Usukura, M. Kobayashi, H. Akiyama, H. Itabashi and M. Hiyama, Journal of Photo-
chemistry and Photobiology A: Chemistry 434, 114230 (2023).

fQuantum yield of near-infrared bioluminescence with firefly luciferin analog: AkaLumine: R. Ono, K. Osawa, Y.
Takahashi, Y. Noguchi, N. Kitada, R. Saito-Moriya, T. Hirano, S. A. Maki, K. Shibata, H. Akiyama, K.-I. Kanno, H.
Itabashi and M. Hiyama, Journal of Photochemistry and Photobiology A: Chemistry 434, 114270 (2023).

Lasing properties and carrier dynamics of CsPbBr3 perovskite nanocrystal vertical-cavity surface-emitting laser": Y. He,
Z. Su, F. Cao, Z. Cao, Y. Liu, C. Zhao, G. Weng, X. Hu, J. Tao, J. Chu, H. Akiyama and S. Chen, Nanophotonics 12,
2133 (2023).

*Observation of Terahertz Spin Hall Conductivity Spectrum in GaAs with Optical Spin Injection: T. Fujimoto, T.
Kurihara, Y. Murotani, T. Tamaya, N. Kanda, C. Kim, J. Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev.
Lett. 132, 016301 (2024).

Regulating the crystal orientation of vapor-transport-deposited GeSe thin films by a post-annealing treatment: S. Zheng,
D. Qin, R. Wang, Y. Pan, G. Weng, X. Hu, J. Chu, H. Akiyama and S. Chen, Appl. Opt. 63, 2752 (2024).

Subnanosecond Marx Generators for Picosecond Gain-Switched Laser Diodes: F. Cao, D. Jiang, Y. Liu, Y. Tian, X. Ran,
Y. Long, T. Ito, X. Hu, G. Weng, H. Akiyama and S. Chen, IEEE Photonics J. 16, 1 (2024).

Carrier tunneling and transport in coupled quantum wells: Modeling and experimental verification: F. Cao, Z. Su, C.
Wang, Y. Chen, G. Weng, C. Wang, X. Hu, H. Akiyama, J. Chu and S. Chen, Appl. Phys. Lett 124, 161106 (2024).

Sugino group

This year, this group performed first-principles calculations of the structure of water-Pt(111) interface, oxygen reduction
reaction on a defective ZrO; surface, quantum mechanical hydrogen diffusion on noble metal surfaces, magnetic structure of a
supercondunting cuprate material Sri.xLaxCuO;. In addition, a model Hamiltonian was used study the nonadiabatic quantum
dynamics of an electrochemical reaction on a metal surface.

1.

Theoretical calculation and comparison of H diffusion on Cu(111), Ni(111), Pd(111), and Au(111): Y. Kataoka, J.
Haruyama and O. Sugino, Phys. Rev. B 107, 205414 (2023).

TSuppression of atomic displacive excitation in photo-induced A 1, phonon mode of bismuth unveiled by low-temper-
ature time-resolved x-ray diffraction: Y. Kubota, Y. Tanaka, T. Togashi, T. Ebisu, K. Tamasaku, H. Osawa, T. Wada, O.
Sugino, I. Matsuda and M. Yabashi, Appl. Phys. Lett. 122, 092201 (2023).

TFirst-principles study of water adsorption monolayer on Pt(111): Adsorption energy and second-order nonlinear suscep-
tibility: J. Haruyama, T. Sugimoto and O. Sugino, Phys. Rev. Materials 7, 115803 (2023).

TElucidation of Spin-Correlations, Fermi Surface and Pseudogap in a Copper Oxide Superconductor: H. Kamimura, M.
Araidai, K. Ishida, S. Matsuno, H. Sakata, K. Sasaoka, K. Shiraishi, O. Sugino, J.-S. Tsai and K. Yamada, Condensed
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Matter 8, 33 (2023).

5. Magnetic phases of electron-doped infinite-layer Srj_xLaxCuO; from first-principles density functional calculations: A.
N. Tatan, J. Haruyama and O. Sugino, Phys. Rev. B 109, 165134 (2024).

6. Time-dependent electron transfer and energy dissipation in condensed media: E. F. Arguelles and O. Sugino, J. Chem.
Phys. 160, 144102 (2024).

Oka group

Oka group has worked on Nonequilibrium quantum materials including Floquet engineering of Dirac semimetals, spin systems,
and many-body systems.

1. "Dynamical quantum phase transitions in Sachdev-Ye-Kitaev Lindbladians: K. Kawabata, A. Kulkarni, J. Li, T.
Numasawa and S. Ryu, Phys. Rev. B 108, 075110 (2023).

2.  Mott memristors based on field-induced carrier avalanche multiplication: F. Peronaci, S. Ameli, S. Takayoshi, A. S.
Landsman and T. Oka, Phys. Rev. B 107, 075154 (2023).

3. Phase transition and evidence of fast-scrambling phase in measurement-only quantum circuits: Y. Kuno, T. Orito and 1.
Ichinose, Phys. Rev. B 108, 094104 (2023).

4. "Disentangling the Competing Mechanisms of Light-Induced Anomalous Hall Conductivity in Three-Dimensional Dirac
Semimetal: Y. Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer
and R. Matsunaga, Phys. Rev. Lett. 131, 096901 (2023).

5. Demonstration of geometric diabatic control of quantum states: K. Sasaki, Y. Nakamura, T. Teraji, T. Oka and K.
Kobayashi, Phys. Rev. A 107, 053113 (2023).

6. “Symmetry of Open Quantum Systems: Classification of Dissipative Quantum Chaos: K. Kawabata, A. Kulkarni, J. Li,
T. Numasawa and S. Ryu, PRX Quantum 4, 030328 (2023).

7. "Anomalous Hall Transport by Optically Injected Isospin Degree of Freedom in Dirac Semimetal Thin Film: Y.
Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer and R.
Matsunaga, Nano Lett. 24, 222 (2024).

Inoue group

In 2023, we studied the ion-transporting mechanism of channelrhodopsin C1C2 using time-resolved Raman spectroscopy in
collaboration with Prof. Akiyama's laboratory. We clarified that the highly twisted retinal chromophore drives the channel
opening. We also successfully converted the function of the outward proton-pumping rhodopsin, PspR, into an inward proton-
pumping one by mutating three residues in PspR to mimic those in the natural inward proton-pumping rhodopsin, SzR. This
study revealed that the directionality of proton transport in rhodopsins is determined by just a few residues. Furthermore, we
identified new rhodopsins homologous to TAT rhodopsin in several marine bacteria and classified them into a new family,
TwR. Additionally, we investigated the photoreaction cycle of a new class of outward proton-pumping rhodopsin that binds
to antennae 3-OH type carotenoids, previously considered incapable of binding to rhodopsins. Moreover, we reported on the
photochemical properties of the Retinal G protein-coupled receptor, a new rhodopsin family with a DSE motif, and the struc-
tural dynamics of heliorhodopsin.

1. Converting a Natural-Light-Driven Outward Proton Pump Rhodopsin into an Artificial Inward Proton Pump: M. D. C.
Marin, M. Konno, H. Yawo and K. Inoue, J. Am. Chem. Soc. 145, 10938-10942 (2023).

2. *Twisting and Protonation of Retinal Chromophore Regulate Channel Gating of Channelrhodopsin C1C2: K. Shibata,
K. Oda, T. Nishizawa, Y. Hazama, R. Ono, S. Takaramoto, R. Bagherzadeh, H. Yawo, O. Nureki, K. Inoue and H.
Akiyama, J. Am. Chem. Soc. 145, 10779-10789 (2023).

3. Phototrophy by antenna-containing rhodopsin pumps in aquatic environments: A. Chazan, 1. Das, T. Fujiwara, S.
Murakoshi, A. Rozenberg, A. Molina-Mérquez, F. K. Sano, T. Tanaka, P. Goémez-Villegas, S. Larom, A. Pushkarev, P.
Malakar, M. Hasegawa, Y. Tsukamoto, T. Ishizuka, M. Konno, T. Nagata, Y. Mizuno, K. Katayama, R. Abe-Yoshizumi,
S. Ruhman, K. Inoue, H. Kandori, R. Ledn, W. Shihoya, S. Yoshizawa, M. Sheves, O. Nureki and O. Béja, Nature 615,
535-540 (2023).

4. Difference FTIR Spectroscopy of Jumping Spider Rhodopsin-1 at 77&nbsp;K: S. Hanai, T. Nagata, K. Katayama, S.
Inukai, M. Koyanagi, K. Inoue, A. Terakita and H. Kandori, Biochemistry 62, 1347-1359 (2023).
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5. Reversible Photoreaction of a Retinal Photoisomerase, Retinal G-Protein-Coupled Receptor RGR: N. Morimoto, T.
Nagata and K. Inoue, Biochemistry 62, 1429-1432 (2023).

6. Time-resolved detection of light-induced conformational changes of heliorhodopsin: Y. Nakasone, Y. Kawasaki, M.
Konno, K. Inoue and M. Terazima, Phys. Chem. Chem. Phys. 25, 12833-12840 (2023).

7. Effects of the Unique Chromophore—Protein Interactions on the Primary Photoreaction of Schizorhodopsin: C.-F.
Chang, M. Konno, K. Inoue and T. Tahara, J. Phys. Chem. Lett. 14, 7083 (2023).

8. Biophysical characterization of microbial rhodopsins with DSE motif: M. D. C. Marin, A. L. Jaffe, P. T. West, M.
Konno, J. F. Banfield and K. Inoue, Biophys. Physicobiol. 20, €201023 (2023).

9. Structural basis for ion selectivity in potassium-selective channelrhodopsins: S. Tajima, Y. S. Kim, M. Fukuda, Y. Jo, P.
Y. Wang, J. M. Paggi, M. Inoue, E. F. X. Byrne, K. E. Kishi, S. Nakamura, C. Ramakrishnan, S. Takaramoto, T. Nagata,
M. Konno, M. Sugiura, K. Katayama, T. E. Matsui, K. Yamashita, S. Kim, H. Ikeda, J. Kim, H. Kandori, R. O. Dror, K.
Inoue, K. Deisseroth and H. E. Kato, Cell 186, 4325.e26 (2023).

10. Protein dynamics of a light-driven Na®™ pump rhodopsin probed using a tryptophan residue near the retinal chromo-
phore: A. Otomo, M. Mizuno, K. Inoue, H. Kandori and Y. Mizutani, Biophysics. Physicobiol. 20, e201016 (2023).

11. Characterization of retinal chromophore and protonated Schiff base in Thermoplasmatales archacon heliorhodopsin
using solid-state NMR spectroscopy: S. Suzuki, S. Kumagai, T. Nagashima, T. Yamazaki, T. Okitsu, A. Wada, A. Naito,
K. Katayama, K. Inoue, H. Kandori and 1. Kawamura, Biophysical Chemistry 296, 106991 (2023).

12. Functional characterization of four opsins and two G alpha subtypes co-expressed in the molluscan rhabdomeric photo-
receptor: R. Matsuo, M. Koyanagi, T. Sugihara, T. Shirata, T. Nagata, K. Inoue, Y. Matsuo and A. Terakita, BMC Biol
21,291 (2023).

13. Multiple roles of a conserved glutamate residue for unique biophysical properties in a new group of microbial rhodop-
sins homologous to TAT rhodopsin: K. Mannen, T. Nagata, A. Rozenberg, M. Konno, M. D. C. Marin, R. Bagherzadeh,
0. B¢ja, T. Uchihashi and K. Inoue, Journal of Molecular Biology 436, 168331 (2023).

14. Chromophore—Protein Interactions Affecting the Polyene Twist and m—n* Energy Gap of the Retinal Chromophore
in Schizorhodopsins: T. Urui, T. Shionoya, M. Mizuno, K. Inoue, H. Kandori and Y. Mizutani, J. Phys. Chem. B 128,
2389-2397 (2024).

15. Cis — Trans Reisomerization Preceding Reprotonation of the Retinal Chromophore Is Common to the Schizorhodopsin
Family: A Simple and Rational Mechanism for Inward Proton Pumping: T. Urui, K. Hayashi, M. Mizuno, K. Inoue, H.
Kandori and Y. Mizutani, J. Phys. Chem. B 128, 744-754 (2024).

16. Molecular Mechanisms behind Circular Dichroism Spectral Variations between Channelrhodopsin and Heliorhodopsin
Dimers: K. J. Fujimoto, Y. A. Tsuzuki, K. Inoue and T. Yanai, J. Phys. Chem. Lett. 15, 5788-5794 (2024).

17. Photochemistry of the Retinal Chromophore in Microbial Rhodopsins: K. Inoue, J. Phys. Chem. B 127, 9212-9222
(2023).

18. 7AHNE7—F7DE >HNAE 7 ury Ry 7 Mar ey ovyuar sy b f—, 20 fEE, I {65, M. D. C.
Marin, E¥¥H 63, 257-260 (2023).

19. TIron-limitation light switch: O. Béja and K. Inoue, Nature Microbiology 295, 1942-1943 (2023).
20. 7/ LRRICED ORI Ty il I b - BER T =22 90, 6-12 (2023).

21, aR 7 v ZOIoZELT a7y 773 — JE k£, DREPERBCEYINMEORFTEIN ), T Fid, (> —
Ty —{hhi, 2023), 74-81.

Hayashi group

After transferring from Tohoku University to the Institute for Solid State Physics in 2023, we spent this year summarizing
experiments performed at Tohoku University. Transport phenomena such as heat conduction, electric current, and diffusion
are the subjects of non-equilibrium statistical mechanics. There are also transport phenomena in the body, and we specifically
focus on axonal transport by motor proteins (kinesin and dynein) in neurons as subjects of mathematics and physics research.
Last year, we performed fluorescence imaging of axonal transport in neurons of C. elegans worms at Tohoku University. We
measured the transport velocity data from the recorded movies of the fluorescence imaging. This year, we analyzed the transport
velocity of axonal transport obtained last year using extreme value statistics [1]. Applying extreme value statistics to nanoscale
biological systems is novel, and we presented the results at a research meeting at the Institute of Statistical Mathematics on
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"Applications of Extreme Value Theory in Engineering," discussing the validity of its application. Mutations in motor proteins
can lead to axonal transport disorders, leading to the death of neurons and associated with neurological diseases [3]. We
presented the results of our lab's physical measurements at the annual meeting of the Japan Neuroscience Society, aiming to
elucidate the mechanisms of neurological diseases. Because it's important for doctors, patients, and researchers to consider these
issues together, the discussions with doctors at the annual meeting were fruitful. Motor protein research is actively conducted in
the United States, so to deepen academic exchange with the US, we organized a joint Japan-US symposium at the Japan Society
for Biophysics [2]. Additionally, we gave an oral presentation at the Biophysical Society (USA) annual meeting.

1. The third Japan-U.S. symposium on motor proteins and associated single-molecule biophysics: T. Shima and K.
Hayashi, Biophysics and Physicobiology 20, €200037 (2023).

2. Extreme Value Analysis of Intracellular Cargo Transport by Motor Proteins: T. Naoi, Y. Kagawai, K. Nagino, S. Niwa
and K. Hayashi, Communications Physics 7, Article number: 50 (2024).

3. Number of kinesins engaged in axonal cargo transport: A novel biomarker for neurological disorders: K. Hayashi and K.
Sasaki, Neuroscience Research 197, 25-30 (2023).

Quantum Materials Group

Oshikawa group

We have reformulated the Kennedy-Tasaki duality mapping, which was originally proposed in 1992, based on the modern
understanding of the Symmetry-Protected Topological (SPT) phases. The duality maps between a SPT phase and a Sponta-
neous Symmetry Breaking (SSB) phase; a non-local "string" order parameter is mapped to a conventional correlation function
of a local order parameter. Although it was originally defined only on open chains, we have generalized it to closed chains as a
non-invertible transformation. Applying our reformulated version of the duality to various simple systems, we have constructed
numerous SPT phases systematically, including new types of "gapless SPT" phases.

1. Drude weights in one-dimensional systems with a single defect: K. Takasan, M. Oshikawa and H. Watanabe, Phys. Rev.
B 107, 075141 (2023).

2. Duality, criticality, anomaly, and topology in quantum spin-1 chains: H. Yang, L. Li, K. Okunishi and H. Katsura, Phys.
Rev. B 107, 125158 (2023).

3. Finite-size and finite bond dimension effects of tensor network renormalization: A. Ueda and M. Oshikawa, Phys. Rev.
B 108, 024413(1-13) (2023).

4. TMany-body multipole index and bulk-boundary correspondence: Y. Tada and M. Oshikawa, Phys. Rev. B 108,
235150(1-12) (2023).

5. Noninvertible duality transformation between symmetry-protected topological and spontaneous symmetry breaking
phases: L. Li, M. Oshikawa and Y. Zheng, Phys. Rev. B 108, 214429(1-19) (2023).

6. Subsystem non-invertible symmetry operators and defects: W. Cao, L. Li, M. Yamazaki and Y. Zheng, SciPost Phys. 15,
155 (2023).

7. Fermionization of fusion category symmetries in 1+1 dimensions: K. Inamura, JHEP 2023, 101(1-63) (2023).

8. Symmetry TFTs and anomalies of non-invertible symmetries: J. Kaidi, E. Nardoni, G. Zafrir and Y. Zheng, JHEP 2023,
53 (2023).

9. Symmetry TFTs for Non-invertible Defects: J. Kaidi, K. Ohmori and Y. Zheng, Commun. Math. Phys. 404, 1021
(2023).

10. T*Quasi-Periodic Growth of One-Dimensional Copper Boride on Cu(110): Y. Tsujikawa, X. Zhang, K. Yamaguchi, M.
Haze, T. Nakashima, A. Varadwaj, Y. Sato, M. Horio, Y. Hasegawa, F. Komori, M. Oshikawa, M. Kotsugi, Y. Ando, T.
Kondo and 1. Matsuda, Nano Lett. 24, 1160 (2024).

Nakatsuji group

The myths of quantum mechanics render electronic, magnetic, and optical properties in materials that defy common sense while
inspiring future technologies. Through decades of effort, researchers studying quantum materials have uncovered a wealth of
fascinating properties, ranging from superconductivity that allows electric current to flow without any resistance to topolog-
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ical insulators whose surface states serve as superhighways for electrons to flow freely. Discoveries in the field of quantum
materials offer a central thread linking the previously disparate fields, like condensed matter physics, high-energy physics,
quantum computing, and cosmology. Moreover, the functionalities of quantum materials provide the basis for emerging trans-
formational technologies, such as antiferromagnetic memory. Our vision is to lead the quest for functional quantum materials to
bear a groundbreaking impact on fundamental science and benefit humanity in the future. The main research topics in our group
are (1) Quantum transport in topological materials; (2) Coherent quantum transport in antiferromagnetic spintronics; (3) Strange
metal and exotic superconductivity in strongly correlated electron systems; (4) Long-range quantum entanglement in topologi-
cally ordered states.

1. *Ultrafast Dynamics of Intrinsic Anomalous Hall Effect in the Topological Antiferromagnet Mn3Sn: T. Matsuda, T.
Higo, T. Koretsune, N. Kanda, Y. Hirai, H. Peng, T. Matsuo, N. Yoshikawa, R. Shimano, S. Nakatsuji and R. Matsunaga,
Phys. Rev. Lett. 130, 126302 (2023).

2. "High-resolution magnetic imaging by mapping the locally induced anomalous Nernst effect using atomic force micros-
copy: N. Budai, H. Isshiki, R. Uesugi, Z. Zhu, T. Higo, S. Nakatsuji and Y. Otani, Appl. Phys. Lett. 122, 102401 (2023).

3. *Octupole-driven magnetoresistance in an antiferromagnetic tunnel junction: X. Chen, T. Higo, K. Tanaka, T. Nomoto,
H. Tsai, H. Idzuchi, M. Shiga, S. Sakamoto, R. Ando, H. Kosaki, T. Matsuo, D. Nishio-Hamane, R. Arita, S. Miwa and
S. Nakatsuji, Nature 613, 490-495 (2023).

4. “Temperature-induced anomalous magnetotransport in the Weyl semimetal Mn3Ge: M. Wu, K. Kondou, T. Chen, S.
Nakatsuji and Y. Otani, AIP Advances 13, 045102 (2023).

5. “Fabrication of single-crystalline YFeOs films with large antiferromagnetic domains: C. Wang, M. Lippmaa and S.
Nakatsuji, J. Appl. Phys. 135, 113901 (1-8) (2024).

Miwa group

This year we have worked on the following topics: (1) chirality-induced spin selectivity in the absence of bias current, (2)
tunneling magnetoresistance using the chiral antiferromagnet Mn3Sn, and (3) interfacial magnetic anisotropy of the Fe/MgO
system. In topic (1), we have summarized our recent work and published a review paper (J. Magn. Magn. Mater. 585, 171157.
In topic (2) we find a novel tunneling magnetoresistance effect in an all antiferromagnetic Mn3Sn/MgO/Mn3Sn junction. This is
a collaboration work with the groups of Nakatsuji and Otani (Nature 613, 490). In topic (3), we find that among various alkali
halides, fluoride insertion is effective in enhancing the perpendicular magnetic anisotropy of the Fe/MgO system (Phys. Rev. B
107, 094420).

1. Magnetic anisotropy of Fe/MgO interfaces inserted with alkali halide layers: J. Chen, S. Sakamoto, H. Kosaki and S.
Miwa, Phys. Rev. B 107, 094420 (2023).

2. "Octupole-driven magnetoresistance in an antiferromagnetic tunnel junction: X. Chen, T. Higo, K. Tanaka, T. Nomoto,
H. Tsai, H. Idzuchi, M. Shiga, S. Sakamoto, R. Ando, H. Kosaki, T. Matsuo, D. Nishio-Hamane, R. Arita, S. Miwa and
S. Nakatsuji, Nature 613, 490-495 (2023).

3. Observation of large spin conversion anisotropy in bismuth: N. Fukumoto, R. Ohshima, M. Aoki, Y. Fuseya, M.
Matsushima, E. Shigematsu, T. Shinjo, Y. Ando, S. Sakamoto, M. Shiga, S. Miwa and M. Shiraishi, Proceedings of the
National Academy of Sciences 102, €2215030120 (2023).

4. Influence of alkali-fluoride insertion layers on the perpendicular magnetic anisotropy at the Fe/MgO interface: J. Chen,
S. Sakamoto and S. Miwa, Phys. Rev. B 109, 064413 (2024).

5. Spontaneous spin selectivity in chiral molecules at the interface: K. Kondou, S. Miwa and D. Miyajima, Journal of
Magnetism and Magnetic Materials 585, 171157 (2023).

Materials Design and Characterization Laboratory

Hiroi group

The nodal-line semimetals NaAlSi and NaAlGe have significantly different ground states despite having similar electronic
structures: NaAlSi exhibits superconductivity below 7 K, while NaAlGe exhibits semiconductive electrical conductivity at
low temperatures, indicating the formation of a pseudogap at approximately 100 K. The origin of the pseudogap in NaAlGe is
unknown but may be associated with excitonic instability. We investigated hole-doping effects on the ground state in the solid
solution Na(All-xZnx)Ge and discovered that the pseudogap is suppressed continuously with increasing Zn content, followed
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by the appearance of a superconducting dome with the highest transition temperature of 2.8 K. This superconductivity most
likely results from excitonic fluctuations.

1. ™Fermi surface and light quasi particles in hourglass nodal chain metal f-ReO>: D. Hirai, T. Anbai, T. Konoike, S. Uji,
Y. Hattori, T. Terashima, H. Ishikawa, K. Kindo, N. Katayama, T. Oguchi and Z. Hiroi, J. Phys.: Condens. Matter 35,
405503 (2023).

2. Anomalous Diamagnetic Torque Signals in Topological Nodal-Line Semimetal NaAlSi: S. Uji, T. Konoike, Y. Hattori,
T. Terashima, T. Oguchi, T. Yamada, D. Hirai, T. Ikenobe and Z. Hiroi, J. Phys. Soc. Jpn. 92, 074703 (2023).

3. "Large magnetic-field-induced strains in sintered chromium tellurides: Y. Kubota, Y. Okamoto, T. Kanematsu, T.
Yajima, D. Hirai and K. Takenaka, Appl. Phys. Lett. 122, 042404 (2023).

4. Superconductivity induced by doping holes in the nodal-line semimetal NaAlGe: T. Ikenobe, T. Yamada, D. Hirai, H.
Yamane and Z. Hiroi, Phys. Rev. Materials 7, 104801 (2023).

5. Nonmagnetic Ground State in RuO2 Revealed by Muon Spin Rotation: M. Hiraishi, H. Okabe, A. Koda, R. Kadono, T.
Muroi, D. Hirai and Z. Hiroi, Phys. Rev. Lett. 132, 166702 (2024).

Kawashima group

We developed efficient methods, algorithms, parallelized programs, and sometimes new concepts, based on novel numerical
techniques such as the tensor network (TN) method and quantum Monte Carlo (QMC). We then applied them to relevant
physical problems. To list subjects of our research in 2023: (1) Classical spin systems with novel phase transitions and excita-
tions [Okubo and Kawashima, JPSJ92; Tu, et al, PRB107; Watanabe, et al, PTP2023, PRR5], (2) Data-scientific approach to
material design [Kavacs, et al, Front.Mater.9], (3) Development of open-source software for condensed matter calculations
[Kurita, CPC292], (4) Down-folding method for strongly correlated electron systems such as superconductors [Ido, et al,
JPSJ92]

1. *Data Analysis of Ab initio Effective Hamiltonians in Iron-Based Superconductors — Construction of Predictors
for Superconducting Critical Temperature: K. Ido, Y. Motoyama, K. Yoshimi and T. Misawa, J. Phys. Soc. Jpn. 92,
064702(1-13) (2023).

2. Possibility of a Topological Phase Transition in Two-dimensional RP3 Model: T. Okubo and N. Kawashima, J. Phys.
Soc. Jpn. 92, 114701 (2023).

3. Cubic ferromagnet and emergent U(1) symmetry on its phase boundary: W.-L. Tu, X. Lyu, S. R. Ghazanfari, H.-K. Wu,
H.-Y. Lee and N. Kawashima, Phys. Rev. B 107(1-14) (2023).

4. “Interface tool from Wannier90 to RESPACK: wan2respack: K. Kurita, T. Misawa, K. Yoshimi, K. Ido and T. Koret-
sune, Comput. Phys. Commun. 292, 108854(1-7) (2023).

5. Non-monotonic behavior of the Binder parameter in discrete spin systems: H. Watanabe, Y. Motoyama, S. Morita and
N. Kawashima, Prog. Theor. Exp. Phys. 2023, 033A02 (2023).

6. Ashkin-Teller phase transition and multicritical behavior in a classical monomer-dimer model: S. Morita, H.-Y. Lee, K.
Damle and N. Kawashima, Physical Review Research 5, 043061(1-12) (2023).

7. Physics-informed machine learning combining experiment and simulation for the design of neodymium-iron-boron
permanent magnets with reduced critical-elements content: A. Kovacs, J. Fischbacher, H. Oezelt, A. Kornell, Q. Ali, M.
Gusenbauer, M. Yano, N. Sakuma, A. Kinoshita, T. Shoji, A. Kato, Y. Hong, S. Grenier, T. Devillers, N. M. Dempsey, T.
Fukushima, H. Akai, N. Kawashima, T. Miyake and T. Schrefl, Front. Mater. 9, 1094055 (2023).

8. T"H-wave — A Python package for the Hartree-Fock approximation and the random phase approximation: T. Aoyama, K.
Yoshimi, K. Ido, Y. Motoyama, T. Kawamura, T. Misawa, T. Kato and A. Kobayashi, Computer Physics Communica-
tions 298, 109087(1-10) (2024).

9. ™Update of H® : Newly added functions and methods in versions 2 and 3: K. Ido, M. Kawamura, Y. Motoyama, K.
Yoshimi, Y. Yamaji, S. Todo, N. Kawashima and T. Misawa, Comp. Phys. Commun. 298, 109093(1-15) (2024).

Uwatoko group

MnP is found to be superconducting below ~ 1 K around 8 GPa. To elucidate the magnetic ground state adjacent to the super-
conducting phase first discovered in Mn-based materials, high-pressure neutron diffraction measurements have been performed
at hydrostatic pressures up to 7.5 GPa. Combining the experimental and theoretical results, the details of exchange interactions
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in the vicinity of the superconducting phase are described, which is critical to understanding the pairing mechanism of the
unconventional superconductivity in MnP. The study of the iron-based superconductor, FeSe, has resulted in various interesting
topics. We present the observation of spin fluctuations originating from Bogoliubov Fermi surfaces in the superconducting
state via ’’Se-nuclear magnetic resonance measurements to 100 mK. In S-substituted FeSe, an abnormal enhancement of
low-energy spin uctuations deep in the SC state is established, which cannot be explained by an impurity effect. The recently
discovered CsV3Sbs is a new family of kagome superconductors with the superconducting transition temperature Tc of 2.5 K.
Our results support that material is a non-chiral, anisotropic s-wave superconductor with no sign change both at ambient and
under pressure. CeNiC; features unique properties such as heavy fermionic behavior and multiple magnetic ordering. With
applying pressure, a superconducting dome with a maximum Tc ~ 3.5 K emerges in a narrow pressure range of around 11
GPa. We investigate its crystal structure from ambient pressure to 18.6 GPa via single crystal x-ray diffraction. The pressure
dependence of unit-cell parameters reveals anisotropic linear compressibility k, following [ka| (3.70x103 GPa™!) > k| (1.97 x
103 GPa™") > [kp| (1.39 x 107 GPa™!), and a bulk modulus, Bg ~ 134 + 3 GPa. The directions of the first nearest and the second
nearest neighbors between both the Ce-Ce and Ni-Ni atoms switch at ~ 7 GPa. The 12442-type hybrid structure compound
BaThyFesAsa(Nag 700.3)2 shows the superconducting transition at Tc°™ ~ 30 K and T?°™ ~ 20 K. We found that Tc(P) exhibits
a nonmonotonic variation with pressure, forming a dome-shaped superconducting temperature at optimal values of - 46 K at
2.6 GPa. We have measured the high-pressure experiments of La3NipO7 polycrystalline samples. The constructed T-P phase
diagram shares similar features with that of LazNi,O7 crystals and reveals the close relationship between superconductivity,
density wave order, and strange-metal-like behavior in this system.

1. Pressure-induced linear enhancement of the superconducting transition in Ndo gSro2NiO; thin films: N. N. Wang, G.
Wang, Q. Gao, K. Y. Chen, J. Hou, X. L. Ren, Y. Uwatoko, B. S. Wang, Z. H. Zhu, J. P. Sun and J.-G. Cheng, J. Phys.:
Condens. Matter 36, 125601(1-6) (2023).

2. Destabilization of Excitonic Phase by Elemental Substitution in (Ta;—xMx)2NiSes(M=V, Nb) and Taz(Nii.yTy)Ses(T=
Fe, Co): Y. Hirose, S. Sano, T. Hirahara, Y. Uwatoko, J. Gouchi, T. Takeuchi and R. Settai, J. Phys. Soc. Jpn. 92,
084705(1-7) (2023).

3. Pressure-induced Structural Phase Transition and New Superconducting Phase in UTe,: F. Honda, S. Kobayashi, N.
Kawamura, S. I. Kawaguchi, T. Koizumi, Y. J. Sato, Y. Homma, N. Ishimatsu, J. Gouchi, Y. Uwatoko, H. Harima, J.
Flouquet and D. Aoki, J. Phys. Soc. Jpn. 92, 044702(1-10) (2023).

4. Pressure-Induced Structural Phase Transition in EuzBiaS4F4: K. Ishigaki, H. Ma, H.-F. Zhai, Y. Jing, H. Kobayashi and
Y. Uwatoko, J. Phys. Soc. Jpn. 92, 075001 (2023).

5. Atomic coordinates of CeNiCz under pressure: Switching of the Ce-Ce first nearest neighbor direction: H. Ma, D. Bhoi,
J. Gouchi, H. Sato, T. Shigeoka, J. -G. Cheng and Y. Uwatoko, Phys. Rev. B 108, 064435(1-6) (2023).

6. Complex evolution of the magnetic transitions and unexpected absence of bulk superconductivity in chemically precom-
pressed NaMngBis: P. F. Shan, Q. X. Dong, P. T. Yang, L. Xu, Z. Y. Liu, L. F. Shi, N. N. Wang, J. P. Sun, Y. Uwatoko, G.
F. Chen, B. S. Wang and J. -G. Cheng, Phys. Rev. B 107, 094519(1-7) (2023).

7. Effect of hydrostatic pressure on the unconventional charge density wave and superconducting properties in two distinct
phases of doped kagome superconductors CsV3—TixSbs: J. Hou, K. Y. Chen, J. P. Sun, Z. Zhao, Y. H. Zhang, P. F. Shan,
N. N. Wang, H. Zhang, K. Zhu, Y. Uwatoko, H. Chen, H. T. Yang, X. L. Dong, H. -J. Gao and J. -G. Cheng, Phys. Rev.
B 107, 144502(1-8) (2023).

8. Pressure-driven evolution of upper critical field and Fermi surface reconstruction in the strong-coupling superconductor
Tiglr2O: L. Shi, B. Ruan, P. Yang, N. Wang, P. Shan, Z. Liu, J. Sun, Y. Uwatoko, G. Chen, Z. Ren, B. Wang and J.
Cheng, Phys. Rev. B 107, 174525(1-7) (2023).

9. “Piston-cylinder cell made of Ni-Cr—Al alloy for magnetic susceptibility measurements under high pressures in pulsed
high magnetic fields: K. Nihongi, T. Kida, Y. Narumi, N. Kurita, H. Tanaka, Y. Uwatoko, K. Kindo and M. Hagiwara,
Rev. Sci. Instrum. 94, 113903(1-7) (2023).

10. Mgnetic ground state of YbCo02Zn2p probed by muon spin relaxation: W. Higemoto, K. Satoh, T. U. Ito, K. Ohishi, Y.
Saiga, M. Kosaka, K. Matsubayashi and Y. Uwatoko, J. Phys.: Conf. Ser. 2462, 012039(1-5) (2023).

11. Pressure-enhanced superconducting transition in the inter-block-layer electron-transfer superconductor
BaThaFe4As4(No 700.3)2: P. Shan, P. Yang, Y. Shao, Z. Liu, J. Hou, B. Wang, Y. Uwatoko, G. Cao, J. Sun and J. Cheng,
Phys. Rev. Materials 7, 124801(1-8) (2023).

12. Bulk evidence of anisotropic s-wave pairing with no sign change in the kagome superconductor CsV3Sbs: M.
Roppongi, K. Ishihara, Y. Tanaka, K. Ogawa, K. Okada, S. Liu, K. Mukasa, Y. Mizukami, Y. Uwatoko, R. Grasset, M.
Konczykowski, B. R. Ortiz, S. D. Wilson, K. Hashimoto and T. Shibauchi, Nat Commun 14, 667(1-8) (2023).

13. *Helical magnetic state in the vicinity of the pressure-induced superconducting phase in MnP: S. E. Dissanayake, M.
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Matsuda, K. Yoshimi, S. Kasamatsu, F. Ye, S. Chi, W. Steinhardt, G. Fabbris, S. Haravifard, J. Cheng, J. Yan, J. Gouchi
and Y. Uwatoko, Phys. Rev. Research 5, 043026(1-13) (2023).

14. Spin fluctuations from Bogoliubov Fermi surfaces in the superconducting state of S-substituted FeSe: Z. Yu, K.
Nakamura, K. Inomata, X. Shen, T. Mikuri, K. Matsuura, Y. Mizukami, S. Kasahara, Y. Matsuda, T. Shibauchi, Y.
Uwatoko and N. Fujiwara, Commun Phys 6, 175(1-6) (2023).

15. Emergence of High-Temperature Superconducting Phase in Pressurized La3zNi2O7 Crystals: J. Hou, P.-T. Yang, Z.-Y.
Liu, J.-Y. Li, P.-F. Shan, L. Ma, G. Wang, N.-N. Wang, H.-Z. Guo, J.-P. Sun, Y. Uwatoko, M. Wang, G.-M. Zhang, B.-S.
Wang and J.-G. Cheng, Chinese Phys. Lett. 40, 117302(1-6) (2023).

16. Pressure-induced Superconductivity in BiS;-based Superconductors EupSrBi2Sz s5Sei sF4: K. Ishigaki, J. Gouchi, K.
Torizuka, S. Arumugam, A. K. Ganguli, Z. Haque, K. Ganesan, G. S. Thakur and Y. Uwatoko, J. Phys. Soc. Jpn. 93,
024706(1-4) (2024).

17. From semiconductor to Fermi metal and emergent density-wave-like transition in the quasi-one-dimensional n-type
Bi19S2713 under hydrostatic pressure: S. Xu, Z. Liu, P. Yang, B. Ruan, Z. Ren, J. Sun, Y. Uwatoko, B. Wang and J.
Cheng, Phys. Rev. B 109, 144107(1-10) (2024).

18. Quantum criticality in YbCusNi: K. Osato, T. Taniguchi, H. Okabe, T. Kitazawa, M. Kawamata, Z. Hongfei, Y. Ikeda,
Y. Nambu, D. P. Sari, I. Watanabe, J. G. Nakamura, A. Koda, J. Gouchi, Y. Uwatoko and M. Fujita, Phys. Rev. B 109,
024435(1-6) (2024).

19. Pressure-Induced Superconductivity In Polycrystalline LazNiO7-5: G. Wang, N. N. Wang, X. L. Shen, J. Hou, L. Ma,
L. F. Shi, Z. A. Ren, Y. D. Gu, H. M. Ma, P. T. Yang, Z. Y. Liu, H. Z. Guo, J. P. Sun, G. M. Zhang, S. Calder, J. Q. Yan,
B. S. Wang, Y. Uwatoko and J. -G. Cheng, Phys. Rev. X 14, 011040(1-8) (2024).

20. Pressure Effect on the Magnetic Properties of the Heusler Alloy CooNbGa: Y. Adachi, Y. Ogi, T. Osaki, T. Eto, T.
Kihara, H. Nishihara, T. Sakon, J. Gouchi, Y. Uwatoko and T. Kanomata, J Supercond Nov Magn 37, 249-254 (2024).

Ozaki group

For more than last 5 years, we have been collaborating with the Sugimoto laboratory in the graduate school of frontier sciences,
the University of Tokyo to unveil surface structures and their electronic structures of silicene and diamond surface, which have
been investigated by scanning tunneling microscopy (STM) and atomic force microscopy (AFM). Our role in the collaboration
is to theoretically understand their experimental observation by making use of first-principles calculations. We have established
computational schemes to calculate the force spectroscopy, in which perpendicular forces acting on model tips consisting of
silicon atoms and the surfaces are directly calculated, and compared calculated force spectroscopy data with the experimental
data. The comparison leads to excellent agreement with the experimentally data not only qualitatively and but also quantita-
tively. In the fiscal year, our special focus was to investigate detailed structures of Si adatoms on silicene on Ag(111) surface
and the surface structures of diamond(001). These studies provided clear pictures for the thermodynamic energetics of the
surface structures, and an evidence that the high resolution of AFM image in the experiments should be attributed to bond
formation between the tip and surface atoms which is far from the non-contact regime.

1. ™Ambipolar Nickel Dithiolene Complex Semiconductors: From One- to Two-Dimensional Electronic Structures Based
upon Alkoxy Chain Lengths: M. Ito, T. Fujino, L. Zhang, S. Yokomori, T. Higashino, R. Makiura, K. J. Takeno, T. Ozaki
and H. Mori, J. Am. Chem. Soc. 145, 2127-2134 (2023).

2. Metallic State of a Mixed-Sequence Oligomer Salt That Models Doped PEDOT Family: K. Onozuka, T. Fujino, R.
Kameyama, S. Dekura, K. Yoshimi, T. Nakamura, T. Miyamoto, T. Yamakawa, H. Okamoto, H. Sato, T. Ozaki and H.
Mori, J. Am. Chem. Soc. 145, 15152-15161 (2023).

3. Atomically thin metallic Si and Ge allotropes with high Fermi velocities: C. -E. Hsu, Y. -T. Lee, C. -C. Wang, C. -Y.
Lin, Y. Yamada-Takamura, T. Ozaki and C. -C. Lee, Physical Review B 107, 115410 (2023).

4. Atomic arrangement of Si adatom on the Silicene/Ag (111) surface: Y. Adachi, R. Zhang, X. Wang, M. Fukuda, T. Ozaki
and Y. Sugimoto, Applied Surface Science 630, 157336 (2023).

5. "Hydrogen - induced Sulfur Vacancies on the MoS; Basal Plane Studied by Ambient Pressure XPS and DFT Calcu-
lations: F. Ozaki, S. Tanaka, Y. Choi, W. Osada, K. Mukai, M. Kawamura, M. Fukuda, M. Horio, T. Koitaya, S.
Yamamoto, I. Matsuda, T. Ozaki and J. Yoshinobu, ChemPhysChem 24, ¢202300477 (2023).

Noguchi group

We have studied (1) microphase separation with checkerboard and kagome lattice patterns induced by the binding of curvature-
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inducing proteins onto both sides of a membrane, (2) excitable waves on a deformable membrane tube, (3) estimation of
anisotropic bending coefficients of crescent proteins from experimental data, and (4) the effects of interfacial tension of phase
boundary on membrane rupture.

1.

Phase-Separated Giant Liposomes for Stable Elevation of a-Hemolysin Concentration in Lipid Membranes: M.
Kobayashi, H. Noguchi, G. Sato, C. Watanabe, K. Fujiwara and M. Yanagisawa, Langmuir 39, 11481-11489 (2023).

Estimation of anisotropic bending rigidities and spontaneous curvatures of crescent curvature-inducing proteins from
tethered-vesicle experimental data: H. Noguchi, N. Walani and M. Arroyo, Soft Matter 19, 5300-5310 (2023).

Membrane domain formation induced by binding/unbinding of curvature-inducing molecules on both membrane
surfaces: H. Noguchi, Soft Matter 19, 679-688 (2023).

Disappearance, division, and route change of excitable reaction-diffusion waves in deformable membranes: H. Noguchi,
Sci Rep 13, 6207(1-8) (2023).

Curvature sensing of curvature-inducing proteins with internal structure: H. Noguchi, Phys. Rev. E 109, 024403/1-10
(2024).

Yoshimi group

We have developed and enhanced the usability of programs adopted in the project for advancement of software usability in
materials science (PASUMS). Our group's activity of 2023 include functional and usability enhancement of (1) TeNeS and
making new tools (2) cif2x and Moller. We published five papers about the developed software packages (abICS,H-wave, and
He) in PASUMS. In addition, using the software packages developed by PASUMS, we have studied electronic properties of
organic conductors such as a-(BEDT-TTF),I3, a-(BEDT-TSeF),l3, and TM salts.

1.

10.

11.

12.

*Data Analysis of Ab initio Effective Hamiltonians in Iron-Based Superconductors — Construction of Predictors
for Superconducting Critical Temperature: K. Ido, Y. Motoyama, K. Yoshimi and T. Misawa, J. Phys. Soc. Jpn. 92,
064702(1-13) (2023).

t*Gap opening mechanism for correlated Dirac electrons in organic compounds a-(BEDT-TTF),I3 and o-(BEDT—
TSeF),lI3: D. Ohki, K. Yoshimi, A. Kobayashi and T. Misawa, Phys. Rev. B 107, L041108(1-6) (2023).

t*Comprehensive Ab Initio Investigation of the Phase Diagram of Quasi-One-Dimensional Molecular Solids: K.
Yoshimi, T. Misawa, T. Tsumuraya and H. Seo, Phys. Rev. Lett. 131, 036401(1-7) (2023).

*Metallic State of a Mixed-Sequence Oligomer Salt That Models Doped PEDOT Family: K. Onozuka, T. Fujino, R.
Kameyama, S. Dekura, K. Yoshimi, T. Nakamura, T. Miyamoto, T. Yamakawa, H. Okamoto, H. Sato, T. Ozaki and H.
Mori, J. Am. Chem. Soc. 145, 15152-15161 (2023).

t*Precise Control of the Molecular Arrangement of Organic Semiconductors for High Charge Carrier Mobility: R. Akai,
K. Oka, S. Dekura, K. Yoshimi, H. Mori, R. Nishikubo, A. Sacki and N. Tohnai, J. Phys. Chem. Lett. 14, 3461 (2023).

*Interface tool from Wannier90 to RESPACK: wan2respack: K. Kurita, T. Misawa, K. Yoshimi, K. Ido and T. Koret-
sune, Comput. Phys. Commun. 292, 108854(1-7) (2023).

*Helical magnetic state in the vicinity of the pressure-induced superconducting phase in MnP: S. E. Dissanayake, M.
Matsuda, K. Yoshimi, S. Kasamatsu, F. Ye, S. Chi, W. Steinhardt, G. Fabbris, S. Haravifard, J. Cheng, J. Yan, J. Gouchi
and Y. Uwatoko, Phys. Rev. Research 5, 043026(1-13) (2023).

sparse-ir: Optimal compression and sparse sampling of many-body propagators: M. Wallerberger, S. Badr, S. Hoshino,
S. Huber, F. Kakizawa, T. Koretsune, Y. Nagai, K. Nogaki, T. Nomoto, H. Mori, J. Otsuki, S. Ozaki, T. Plaikner, R.
Sakurai, C. Vogel, N. Witt, K. Yoshimi and H. Shinaoka, SoftwareX 21, 101266 (2023).

fConfiguration sampling in multi-component multi-sublattice systems enabled by ab Initio Configuration Sampling
Toolkit (abICS): S. Kasamatsu, Y. Motoyama, K. Yoshimi and T. Aoyama, Science and Technology of Advanced
Materials: Methods 3, 2284128 (2023).

T Compensated Ferrimagnets with Colossal Spin Splitting in Organic Compounds: T. Kawamura, K. Yoshimi, K. Hashi-
moto, A. Kobayashi and T. Misawa, Phys. Rev. Lett. 132, 156502(1-6) (2024).

™Sub-photon accuracy noise reduction of a single shot coherent diffraction pattern with an atomic model trained
autoencoder: T. Ishikawa, Y. Takeo, K. Sakurai, K. Yoshinaga, N. Furuya, Y. Inubushi, K. Tono, Y. Joti, M. Yabashi, T.
Kimura and K. Yoshimi, Opt. Express 32, 18301 (2024).

T™H-wave — A Python package for the Hartree-Fock approximation and the random phase approximation: T. Aoyama, K.
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Yoshimi, K. Ido, Y. Motoyama, T. Kawamura, T. Misawa, T. Kato and A. Kobayashi, Computer Physics Communica-
tions 298, 109087(1-10) (2024).

13. TOrbital hybridization of donor and acceptor to enhance the conductivity of mixed-stack complexes: T. Fujino, R.
Kameyama, K. Onozuka, K. Matsuo, S. Dekura, T. Miyamoto, Z. Guo, H. Okamoto, T. Nakamura, K. Yoshimi, S.
Kitou, T.-H. Arima, H. Sato, K. Yamamoto, A. Takahashi, H. Sawa, Y. Nakamura and H. Mori, Nat Commun 15, 3028
(2024).

14. ™ Update of H® : Newly added functions and methods in versions 2 and 3: K. Ido, M. Kawamura, Y. Motoyama, K.
Yoshimi, Y. Yamaji, S. Todo, N. Kawashima and T. Misawa, Comp. Phys. Commun. 298, 109093(1-15) (2024).

Okamoto group

The discovery of a new material has a potential to trigger the evolution of condensed matter physics. We aim at discovering
new materials of crystalline solids that exhibit novel quantum phenomena and innovative electronic functions. In this year,
we reported the results of our research on new superconductors ScsMTez, ZrgMTen, ScPdGe, and ScPdSi, where M is transi-
tion metal elements, and a frustrated spin system NaLnTe». In these materials, SceMTe; is a unique d-electron superconducting
family incorporating 3d, 4d, and 5d electrons systems. The critical temperatures 7¢ for M = 3d elements are higher than those
for 4d and 5d elements and increase in the order of M = Ni, Co, and Fe with the highest 7, of 4.7 K in SceFeTey, suggesting that
the Fe 3d electrons play important roles in realizing the highest 7¢. On the other hand, Sc¢OsTe, and ScelrTes show a supercon-
ductivity with a high upper critical field Hc, violating the Pauli limit, caused by the strong spin-orbit coupling of Os and Ir 54
electrons. It is rare that such 3d and 5d electron features play major roles in an isostructural d-electron superconductor family.

1. ™Structural and Electronic Properties of a Triangular Lattice Magnet NaPrTe; Compared with NaNdTe, and NaTbTex:
K. Eto, Y. Okamoto, N. Katayama, H. Ishikawa, K. Kindo and K. Takenaka, J. Phys. Soc. Jpn. 92, 094707(1-6) (2023).

2. Superconductivity in Ternary Scandium Telluride SceMTer with 3d, 4d, and 5d Transition Metals: Y. Shinoda, Y.
Okamoto, Y. Yamakawa, H. Matsumoto, D. Hirai and K. Takenaka, J. Phys. Soc. Jpn. 92, 103701(1-5) (2023).

3. 7uMLEYRIERICE T G FHREIE « BA EEGE , b B, [ AL 58, 273-282 (2023).

4. *Large magnetic-field-induced strains in sintered chromium tellurides: Y. Kubota, Y. Okamoto, T. Kanematsu, T.
Yajima, D. Hirai and K. Takenaka, Appl. Phys. Lett. 122, 042404 (2023).

5. T*Signatures of a magnetic superstructure phase induced by ultrahigh magnetic fields in a breathing pyrochlore
antiferromagnet: M. Gen, A. Ikeda, K. Aoyama, H. O. Jeschke, Y. Ishii, H. Ishikawa, T. Yajima, Y. Okamoto, X.
Zhou, D. Nakamura, S. Takeyama, K. Kindo, Y. H. Matsuda and Y. Kohama, Proc. Natl. Acad. Sci. U.S.A. 120,
€2302756120(1-7) (2023).

6. Superconductivity in Ternary Germanide ScPdGe and Silicide ScPdSi: Y. Shinoda, Y. Okamoto, Y. Yamakawa, H.
Takatsu, H. Kageyama, D. Hirai and K. Takenaka, J. Phys. Soc. Jpn. 93, 023701(1-4) (2024).

7. Superconductivity in Ternary Zirconium Telluride ZrsMTe, with 3d Transition Metals: H. Matsumoto, Y. Yamakawa, R.
Okuma, D. Nishio-Hamane and Y. Okamoto, J. Phys. Soc. Jpn. 93, 023705(1-5) (2024).

8. TAnisotropic Optical Conductivity Accompanied by a Small Energy Gap in One-Dimensional Thermoelectric Telluride
TasSiTes: F. Matsunaga, Y. Okamoto, Y. Yokoyama, K. Takehana, Y. Imanaka, Y. Nakamura, H. Kishida, S. Kawano, K.
Matsuhira and K. Takenaka, Phys. Rev. B 109, L161105(1-6) (2024).

9. 1XIu7 7> T —)ILVARE LY TasSiTeq 1B ZEVERIR « A by, ()l PE—, A7vh BREA], EARPEE 59, 95-105
(2024).

10. 70 L7 WALIIBERS RIS 2 EOR 7255 AR AL « WA fiklti , A7vh BER], FC Report 42, 7-12 (2024).

Yamaura group

Our laboratory started in 2023, and this year we used quantum beams to determine the structures of various materials from basic
to applied sciences, including magnetic nanowires, novel ferroelectrics, novel high dielectrics, novel thermoelectric materials,
magnetic thin films, nodal line semimetals, and more. Moreover, the joint use operation of the X-Ray Diffraction Section at the
Materials Design and Characterization Laboratory (MDCL) is progressing smoothly, providing not only user support to various
users inside and outside the institute, but also analytical advice, new research proposals, and even paths to quantum beam appli-
cations. In addition, the radiation safety laboratory was operated to educate and control radiation workers at the facility, control
nuclear fuel materials, and conduct periodic inspections of X-ray generators.

1. "Distinctive doping dependence of upper critical field in iron-based superconductor LaFeAsO;.xHy: S. Kawachi, J.-I.
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Yamaura, Y. Kuramoto, S. limura, T. Nomura, Y. Kohama, T. Sasaki, M. Tokunaga, Y. Murakami and H. Hosono, Phys.
Rev. B 108, L100503(1-5) (2023).

2. "Local spin dynamics in the geometrically frustrated Mo pyrochlore antiferromagnet LuyM0,0Os.yN2: S. K. Dey, K.
Ishida, H. Okabe, M. Hiraishi, A. Koda, T. Honda, J. Yamaura, H. Kageyama and R. Kadono, Phys. Rev. B 107, 024407
(2023).

3. *Jeg=1/2 Hyperoctagon Lattice in Cobalt Oxalate Metal-Organic Framework: H. Ishikawa, S. Imajo, H. Takeda, M.
Kakegawa, M. Yamashita, J.-I. Yamaura and K. Kindo, Phys. Rev. Lett. 132, 156702 (2024).

4. Phonon drag thermopower persisting over 200K in FeSby thin film on SrTiOj3 single crystal: C. Yamamoto, X. He, K.
Hanzawa, T. Katase, M. Sasase, J.-1. Yamaura, H. Hiramatsu, H. Hosono and T. Kamiya, Appl. Phys. Lett. 124, 193902
(2024).

5. T™Crystal structure and properties of perovskite-type rubidium niobate, a high-pressure phase of RbNbO3: A. Yamamoto,
K. Murase, T. Sato, K. Sugiyama, T. Kawamata, Y. Inaguma, J.-I. Yamaura, K. Shitara, R. Yokoi and H. Moriwake,
Dalton Trans. 53, 7044 (2024).

Neutron Science Laboratory

Yamamuro group

Our laboratory is studying chemical physics of complex condensed matters by using neutron scattering, X-ray diffraction,
calorimetric, dielectric, and viscoelastic techniques. Our target materials are glasses, liquids, and various disordered systems.
In 2023, we have measured the heat capacities of vapor-deposited H>O and CS; by using a custom-made adiabatic calorimeter.
Their heat capacities were consistent with the inelastic neutron scattering data obtained before. We have also measured the
X-ray (BL04B2@SPring-8) and neutron (BL21@J-PARC) diffractions and quasielastic neutron scattering (AGNES@JRR-3)
data of vapor-deposited amorphous methane hydrate. These data revealed that methane molecules are accommodated in cage-
like spaces in an amorphous structure, and they exhibit a classical rotation at higher temperatures and a quantum (tunneling)
rotation at lower temperatures. The quasielastic neutron scattering using AGNES@JRR-3 and BLO2@J-PARC were conducted
also for a typical metal-organic framework MOF-101 including acetonitrile molecules and Mg(TFSI), in the pores. This
material is a good candidate of future solid batteries because of its higher volumetric capacity than lithium-ion batteries and the
abundancy of Mg. The motion of acetonitrile molecules was quite high, being associated with the high mobility of Mg ions.

1. Nanoscale structure of a hybrid aqueous—nonaqueous electrolyte: M. -L. Saboungi, O. Borodin, D. Price, B. Farago, M.
A. Gonzalez, S. Kohara, L. Mangin-Thro, A. Wildes and O. Yamamuro, J. Chem. Phys. 158, 124502 (2023).

2. Quasielastic Neutron Scattering Study on Thermal Gelation in Aqueous Solution of Agarose: N. Onoda-Yamamuro, Y.
Inamura and O. Yamamuro, Gels 9(11), 879 (2023).

3. Reversible Transition between Discrete and 1D Infinite Architectures: A Temperature-Responsive Cu(I) Complex with
a Flexible Disilane-Bridged Bis(pyridine) Ligand: Y. Zhao, T. Nakae, S. Takeya, M. Hattori, D. Saito, M. Kato, Y.
Ohmasa, S. Sato, O. Yamamuro, T. Galica, E. Nishibori, S. Kobayashi, T. Seki, T. Yamada and Y. Yamanoi, Chemistry-A
European Journal 29, €202204002 (8 pages) (2023).

4. The phase diagram of the API benzocaine and its highly persistent, metastable crystalline polymorphs: 1. B. Rietveld, H.
Akiba, O. Yamamuro, M. D. Barrio, R. Céolin and J. L. Tamarit, Pharmaceutics 15, 1549 (17 pages) (2023).

5. Ice-Like Dynamics of Water Clusters: K. Oka, H. Akiba, N. Tohnai, T. Shibue and O. Yamamuro, J. Phys. Chem. Lett.
15,267-271 (2024).

6. Non-Newtonian Dynamics in Water-in-Salt Electrolytes: T. Yamaguchi, A. Dukhin, Y. -J. Ryu, D. Zhang, O. Borodin,
M. A. Gonzélez, O. Yamamuro, D. L. Price and M. -L. Saboungi, J. Phys. Chem. Lett. 15, 76-80 (2024).

7. FNHE &P EGELIC X EMERERT R OMITEDTAL - 1L &, BWHIE 50(3), 89-95 (2023).

Masuda group

The goal of our research is to discover a new quantum phenomenon and to reveal the mechanism of it. In this fiscal year we
studied the following topics; Inelastic neutron scattering in the weakly coupled triangular spin tube candidate CsCrF4, Magnetic
structure of the magnetoelectric material BaxMnGeO7, Spin excitation in the coupled honeycomb lattice compound Ni2InSbOg,
Magnetic Resonance in the Quasi-2D Square Lattice Easy-Plane Antiferromagnet BaxMnGe207, and so on.
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1. [Inelastic neutron scattering in the weakly coupled triangular spin tube candidate CsCrF4: H. Kikuchi, S. Asai, H.
Manaka, M. Hagihala, S. Itoh and T. Masuda, Phys. Rev. B 107, 184405(1-8) (2023).

2. Magnetic structure of the magnetoelectric material BaoMnGeO7: A. Sazonov, H. Thoma, R. Dutta, M. Meven, A.
Gukasov, R. Fittipaldi, V. Granata, T. Masuda, B. Nafradi and V. Hutanu, Phys. Rev. B 108, 094412(1-8) (2023).

3. Spin excitation in the coupled honeycomb lattice compound Ni2InSbOg: Z. Liu, Y. Araki, T.-H. Arima, S. Itoh, S. Asai
and T. Masuda, Phys. Rev. B 107, 064428(1-8) (2023).

4. Magnetic Resonance in the Quasi-2D Square Lattice Easy-Plane Antiferromagnet Ba,MnGe>O7: V. N. Glazkov, Yu. V.
Krasnikova, I. K. Rodygina, M. Hemmida, M. Hirrle, H. -A. Krug von Nidda and T. Masuda, J. Exp. Theor. Phys. 137,
542-554 (2023).

5. Magnetic Excitations of the Spin-Chain Compound Tb3RuO7: M. Hase, A. Donni, V. Yu. Pomjakushin, K. Nawa, D.
Okuyama, T. J. Sato, S. Asai and T. Masuda, JPS Conf. Proc. 38, 011129(1-5) (2023).

6. Q-dependent electron-phonon coupling induced phonon softening and non-conventional critical behavior in the CDW
superconductor LaPtxSia: E. Nocerino, U. Stuhr, I. San Lorenzo, F. Mazza, D. G. Mazzone, J. Hellsvik, S. Hasegawa,
S. Asai, T. Masuda, S. Itoh, A. Minelli, Z. Hossain, A. Thamizhavel, K. Lefmann, Y. Sassa and M. Mansson, Journal of
Science: Advanced Materials and Devices 8, 100621(1-10) (2023).

7. A New Inelastic Neutron Spectrometer HODACA: H. Kikuchi, S. Asai, T. J. Sato, T. Nakajima, L. Harriger, I. Zaliznyak
and T. Masuda, J. Phys. Soc. Jpn. 93, 091004(1-11) (2024).

8. Inelastic neutron scattering studies on the eight-spin zigzag-chain compound KCu4P3012 : Confirmation of the validity
of a data-driven technique based on machine learning: M. Hase, R. Tamura, K. Hukushima, S. Asai, T. Masuda, S. Itoh
and A. Donni, Phys. Rev. B 109, 094434(1-8) (2024).

9. Neutron scattering study on dimerized 4fl intermetallic compound Ce5Si3: D. Ueta, Y. Iwata, R. Kobayashi, K.
Kuwahara, T. Masuda and S. Itoh, Phys. Rev. B 109, 205127(1-8) (2024).

10. *Sample Environment of the HRC Spectrometer at J-PARC: D. Ueta, S. Itoh, T. Masuda, T. Yokoo, T. Nakajima, S.
Asai, H. Saito, D. Kawana, R. Sugiura, T. Asami, S. Yamauchi, S. Torii, Y. Thata and H. Tanino, JPS Conf. Proc. 41,
011008(1-5) (2024).

11. Field control of quasiparticle decay in a quantum antiferromagnet: S. Hasegawa, H. Kikuchi, S. Asai, Z. Wei, B. Winn,
G. Sala, S. Itoh and T. Masuda, Nat Commun 15, 125(1-7) (2024).

12. Spin Dynamics in Equilateral Triangular Spin Tube Material CsCrF4: H. Kikuchi, S. Asai, H. Manaka, M. Hagihala, S.
Itoh and T. Masuda, Neutron News 35, 13-14 (2024).

Nakajima group

Nakajima group is studying magnetic materials with cross-correlated phenomena associated with the symmetry of the magnetic
structures by means of neutron and X-ray scattering techniques. We are also responsible for a polarized-neutron triple-axis
neutron spectrometer PONTA in the research reactor JRR-3 in Tokai, which restarted in 2021 after the long shutdown since
the east Japan great earthquake in 2011. As the instrument team of PONTA, we have been supporting the users of the joint-use
program, and have collaborated in their researches. One of the successful experiments at PONTA in the fiscal year of 2023 is the
observation of the incommensurate magnetic modulation associated the charge density wave in UPt;Sia. Prof. Amitsuka's group
in the Hokkaido university grew single crystal of this compound, which was known to exhibit a commensurate antiferromag-
netic (AF) order and incommensurate charge density wave (CDW). They found that the commensurate AF order was affected
by the CDW, and that the incommensurate magnetic modulations appear below the transition temperature. By utilizing the
polarized neutron scattering technique, they successfully observed incommensurate magnetic reflections appearing at the same
position as nuclear superlattice reflection associated with the CDW. Nakajima group is also working on developing new neutron
scattering techniques in extreme conditions. Since 2019, we have been collaborating with Prof. Kohama’s group in IMGSL of
ISSP to realize stroboscopic neutron diffraction in long pulsed magnetic fields. We recently employed this technique to explore
field induced magnetic phases in a triangular lattice antiferromagnet CuFe;.xGaxO2. We are planning to apply this technique to
various magnetic materials in the future.

1. TDirect observations of spin fluctuations in hedgehog—anti-hedgehog spin lattice states in MnSi;.xGex (x = 0.6 and 0.8)
at zero magnetic field: S. Aji, T. Oda, Y. Fujishiro, N. Kanazawa, H. Saito, H. Endo, M. Hino, S. Itoh, T.-H. Arima, Y.
Tokura and T. Nakajima, Phys. Rev. B 108, 054445 (2023).

2. TIn-plane anisotropy of single-g and multiple-q ordered phases in the antiferromagnetic metal CeRh,Si»: H. Saito, F.
Kon, H. Hidaka, H. Amitsuka, C. Kwanghee, M. Hagihala, T. Kamiyama, S. Itoh and T. Nakajima, Phys. Rev. B 108,
094440 (2023).

* Joint research among groups within ISSP.
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10.

11.

12.

13.

Polarized neutron scattering study of the centrosymmetric skyrmion host material GdoPdSis: J. Ju, H. Saito, T.
Kurumaji, M. Hirschberger, A. Kikkawa, Y. Taguchi, T.-H. Arima, Y. Tokura and T. Nakajima, Phys. Rev. B 107,
024405 (2023).

fColossal negative magnetoresistance in field-induced Weyl semimetal of magnetic half-Heusler compound: K. Ueda, T.
Yu, M. Hirayama, R. Kurokawa, T. Nakajima, H. Saito, M. Kriener, M. Hoshino, D. Hashizume, T.-H. Arima, R. Arita
and Y. Tokura, Nat Commun 14, 6339 (2023).

*Spontaneous topological Hall effect induced by non-coplanar antiferromagnetic order in intercalated van der Waals
materials: H. Takagi, R. Takagi, S. Minami, T. Nomoto, K. Ohishi, M. -T. Suzuki, Y. Yanagi, M. Hirayama, N. D.
Khanh, K. Karube, H. Saito, D. Hashizume, R. Kiyanagi, Y. Tokura, R. Arita, T. Nakajima and S. Seki, Nat. Phys. 19,
961-968 (2023).

TCrystal electric field level scheme leading to giant magnetocaloric effect for hydrogen liquefaction.: N. Terada, H.
Mamiya, H. Saito, T. Nakajima, T. D. Yamamoto, K. Terashima, H. Takeya, O. Sakai, S. Itoh, Y. Takano, M. Hase and
H. Kitazawa, Commun. Mater. 4, 13 (2023).

Polarized and Unpolarized Neutron Scattering for Magnetic Materials at the Triple-axis Spectrometer PONTA in
JRR-3: T. Nakajima, H. Saito, N. Kobayashi, T. Kawasaki, T. Nakamura, H. Kawano-Furukawa, S. Asai and T. Masuda,
J. Phys. Soc. Jpn. 93, 091002 (2024).

fPolarized Neutron Diffraction Study on UPt,Siy: F. Kon, C. Tabata, H. Saito, T. Nakajima, H. Hidaka, T. Yanagisawa
and H. Amitsuka, J. Phys. Soc. Jpn. 93, 044701 (2024).

Development of Polarization Analysis at TAIKAN under Magnetic Field at Low Temperature: T. Morikawa, K. Ohishi,
K. Hiroi, Y. Kawamura, S.-I. Takata, J.-I. Suzuki and T. Nakajima, JPS Conf. Proc. 41, 011012 (2024).

*Sample Environment of the HRC Spectrometer at J-PARC: D. Ueta, S. Itoh, T. Masuda, T. Yokoo, T. Nakajima, S.
Asai, H. Saito, D. Kawana, R. Sugiura, T. Asami, S. Yamauchi, S. Torii, Y. Thata and H. Tanino, JPS Conf. Proc. 41,
011008(1-5) (2024).

fNon-coplanar helimagnetism in the layered van-der-Waals metal DyTe3: S. Akatsuka, S. Esser, S. Okumura, R. Yambe,
R. Yamada, M. M. Hirschmann, S. Aji, J. S. White, S. Gao, Y. Onuki, T.-H. Arima, T. Nakajima and M. Hirschberger,
Nat Commun 15, 4291 (2024).

Stroboscopic time-of-flight neutron diffraction in long pulsed magnetic fields: T. Nakajima, M. Watanabe, Y. Inamura,
K. Matsui, T. Kanda, T. Nomoto, K. Ohishi, Y. Kawamura, H. Saito, H. Tamatsukuri, N. Terada and Y. Kohama, Phys.
Rev. Research 6, 023109 (2024).

TMultistep topological transitions among meron and skyrmion crystals in a centrosymmetric magnet: H. Yoshimochi, R.
Takagi, J. Ju, N. D. Khanh, H. Saito, H. Sagayama, H. Nakao, S. Itoh, Y. Tokura, T. Arima, S. Hayami, T. Nakajima and
S. Seki, Nat. Phys. 20, 1001-1008 (2024).

Mayumi group

For separator membranes of flexible batteries, mechanical stiffness (high Young's modulus) and toughness (high fracture
energy) are required. Mayumi group has successfully developed tough and stiff ion gels using phase separation and strain-
induced crystallization. In addition, we have investigated network structure of polysaccaride hydrogels for food applications by
using SANS. The rigidity and size of chain aggregates dominate their macroscopic rheological properties.

1.

Epoxy resins containing epoxy-modified polyrotaxanes: A. Hanafusa, S. Ando, T. Yuge, S. Ozawa, M. Ito, R. Hasegawa,
H. Yokoyama, K. Mayumi and K. Ito, Polymer 278, 126007 (2023).

TElaborating Spatiotemporal Hierarchical Structure of Carrageenan Gels and Their Mixtures during Sol-Gel Transition:
L. C. Geonzon, K. Hashimoto, T. Oda, S. Matsukawa and K. Mayumi, Macromolecules 56, 8676 (2023).

Fabrication of Polyelectrolyte Sheets of Unimolecular Thickness via MOF-Templated Polymerization: A. Nishijima, Y.
Hayashi, K. Mayumi, N. Hosono and T. Uemura, Macromolecules 56, 3141-3148 (2023).

THeterogeneities at the Onset of Reaction Acceleration during Bulk Polymerization of Methyl Methacrylate Investigated
by Small-Angle Neutron Scattering: Y. Suzuki, Y. Doi, R. Mishima, K. Mayumi and A. Matsumoto, Macromolecules 56,
3731 (2023).

Phantom-Chain Simulations for the Effect of Node Functionality on the Fracture of Star-Polymer Networks: Y.
Masubuchi, Y. Doi, T. Ishida, N. Sakumichi, T. Sakai, K. Mayumi, K. Satoh and T. Uneyama, Macromolecules 56, 9359
(2023).

T Joint research with outside partners.

ISSP Activity Report 2023 81



10.

11.

12.

13.

Phantom Chain Simulations for the Fracture of Energy-Minimized Tetra- and Tri-Branched Networks: Y. Masubuchi, Y.
Doi, T. Ishida, N. Sakumichi, T. Sakai, K. Mayumi and T. Uneyama, Macromolecules 56, 2217-2223 (2023).

Strain-induced crystallization and phase separation used for fabricating a tough and stiff slide-ring solid polymer
electrolyte: K. Hashimoto, T. Shiwaku, H. Aoki, H. Yokoyama, K. Mayumi and K. Ito, Sci. Adv. 9, eadi8505 (2023).

Mechanochromic luminescence of phase-separated hydrogels that contain cyclophane mechanophores: S. Shimizu, H.
Yoshida, K. Mayumi, H. Ajiro and Y. Sagara, Mater. Chem. Front. 7, 4073 (2023).

Strain-Induced Crystallization in Tetra-Branched Poly(ethylene glycol) Hydrogels with a Common Network Structure:
K. Hashimoto, T. Enoki, C. Liu, X. Li, T. Sakai and K. Mayumi, Macromolecules 57, 1461 (2024).

lonic Conductive Organogels Based on Cellulose and Lignin-Derived Metabolic Intermediates: H. Jia, K. Jimbo, K.
Mayumi, T. Oda, T. Sawada, T. Serizawa, T. Araki, N. Kamimura, E. Masai, E. Togawa, M. Nakamura and T. Michi-
nobu, ACS Sustainable Chem. Eng. 12, 501 (2024).

Understanding the rheological properties from linear to nonlinear regimes and spatiotemporal structure of mixed kappa
and reduced molecular weight lambda carrageenan gels: L. C. Geonzon, T. Enoki, S. Humayun, R. Tuvikene, S. Matsu-
kawa and K. Mayumi, Food Hydrocolloids 150, 109752 (2024).

Mechanical properties of polymer networks with polyrotaxane crosslinkers with different molecular structures based
on polyethylene glycol and a-cyclodextrin: S. Liu, K. Watanabe, E. Miwa, M. Hara, T. Seki, K. Mayumi, K. Ito and Y.
Takeoka, Giant 17, 100224 (2024).

Composites with aligned and plasma-surface-modified graphene nanoplatelets and high dielectric constants: K.
Nagayama, T. Goto, K. Mayumi, R. Maeda, T. Ito, Y. Shimizu, K. Ito, Y. Hakuta and K. Terashima, Materials Letters: X
22, 100233 (2024).

International MegaGauss Science Laboratory

Kindo group

A better Cu-Ag magnet wire was developed. Our mono-coil renewed the world record of the non-destructive pulsed field.
88.6 T was generated by using the new Cu-Ag wire.

1.

T Fermi surface and light quasi particles in hourglass nodal chain metal B-ReO »: D. Hirai, T. Anbai, T. Konoike, S. Uji,
Y. Hattori, T. Terashima, H. Ishikawa, K. Kindo, N. Katayama, T. Oguchi and Z. Hiroi, J. Phys.: Condens. Matter 35,
405503 (2023).

Erratum: “Electrical and Magnetic Properties of New Yb-based Compound YbPdsAly” [J. Phys. Soc. Jpn. 81, SB057
(2012)]: Y. Hirose, N. Nishimura, K. Enoki, F. Honda, T. Takeuchi, K. Sugiyama, M. Hagiwara, K. Kindo, R. Settai and
Y. Onuki, J. Phys. Soc. Jpn. 92, 018001 (2023).

T*Gradual Charge Order Melting in Bips5CapsMnOs3 Induced by Ultrahigh Magnetic Fields: Y. Ishii, A. Tkeda, M.
Tokunaga, K. Kindo, A. Matsuo and Y. H. Matsuda, J. Phys. Soc. Jpn. 92, 074702(1-6) (2023).

Magnetic Excitation in the S = 1/2 Ising-like Antiferromagnetic Chain CsCoCl 3 in Longitudinal Magnetic Fields
Studied by High-field ESR Measurements: S. Kimura, H. Onishi, K. Okunishi, M. Akaki, Y. Narumi, M. Hagiwara, K.
Kindo and H. Kikuchi, J. Phys. Soc. Jpn. 92, 094701 (2023).

Magnetic Properties of Single Crystalline TbsSb3: A. Kitaori, N. Kanazawa, T. Kida, Y. Narumi, M. Hagiwara, K.
Kindo, T. Takeuchi, A. Nakamura, D. Aoki, Y. Haga, Y. Kaneko, Y. Tokura and Y. Onuki, J. Phys. Soc. Jpn. 92, 024702
(2023).

TSingle Crystal Growth, Magnetic Anisotropy, Specific Heat, and High-Field Magnetization in RInCus, R = Gd, Tb: T.
Waki, F. Kihara, Y. Tabata, T. Takeuchi, Y. Narumi, M. Hagiwara, K. Kindo and H. Nakamura, J. Phys. Soc. Jpn. 92,
104706(1-7) (2023).

*Structural and Electronic Properties of a Triangular Lattice Magnet NaPrTe, Compared with NaNdTe; and NaTbTes:
K. Eto, Y. Okamoto, N. Katayama, H. Ishikawa, K. Kindo and K. Takenaka, J. Phys. Soc. Jpn. 92, 094707(1-6) (2023).

t*High-field magnetization and magnetic phase diagrams for three symmetry axes in single-crystal CeAlp: T. Ebihara, J.
Jatmika, A. Miyake, M. Tokunaga and K. Kindo, Phys. Rev. B 108, 205148(1-8) (2023).
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fLadder-based two-dimensional spin model in a radical-Co complex: H. Yamaguchi, Y. Tominaga, A. Matsuo, S.
Morota, Y. Hosokoshi, M. Hagiwara and K. Kindo, Phys. Rev. B 107, 174422 (2023).

TMagnetic-ﬁeld—induced valence change in Eu(Co1—xNix)2P2 up to 60 T: R. Nakamura, A. Ishita, J. Nakamura, H. Ohta,
Y. Haraguchi, H. A. Katori, H. Ishikawa, A. Matsuo, K. Kindo, M. Nohara and A. Ikeda, Phys. Rev. B 107, 235110
(2023).

fMixed-spin two-dimensional lattice composed of spins 1/2 and 1 in a radical-Ni complex: Y. Tominaga, A. Matsuo,
K. Kindo, S. Shimono, K. Araki, Y. Iwasaki, Y. Hosokoshi, S. Noguchi and H. Yamaguchi, Phys. Rev. B 108, 024424
(2023).

Quantum oscillations in the centrosymmetric skyrmion-hosting magnet GdRu,Si>: N. Matsuyama, T. Nomura, S.
Imajo, T. Nomoto, R. Arita, K. Sudo, M. Kimata, N. D. Khanh, R. Takagi, Y. Tokura, S. Seki, K. Kindo and Y. Kohama,
Phys. Rev. B 107, 104421 (2023).

Thermodynamic properties of the Mott insulator-metal transition in a triangular lattice system without magnetic order:
E. Yesil, S. Imajo, S. Yamashita, H. Akutsu, Y. Saito, A. Pustogow, A. Kawamoto and Y. Nakazawa, Phys. Rev. B 107,
045133 (2023).

*Liquid helium-cooled high-purity copper coil for generation of long pulsed magnetic fields: Y. Kohama, Y. Thara, Z.
Yang, K. Matsui and K. Kindo, Rev. Sci. Instrum. 94, 074701 (2023).

*Piston-cylinder cell made of Ni-Cr—Al alloy for magnetic susceptibility measurements under high pressures in pulsed
high magnetic fields: K. Nihongi, T. Kida, Y. Narumi, N. Kurita, H. Tanaka, Y. Uwatoko, K. Kindo and M. Hagiwara,
Rev. Sci. Instrum. 94, 113903(1-7) (2023).

*Simultaneous measurement of specific heat and thermal conductivity in pulsed magnetic fields: T. Nomoto, C. Zhong,
H. Kageyama, Y. Suzuki, M. Jaime, Y. Hashimoto, S. Katsumoto, N. Matsuyama, C. Dong, A. Matsuo, K. Kindo, K.
Izawa and Y. Kohama, Rev. Sci. Instrum. 94, 054901 (2023).

T™Signatures of a magnetic superstructure phase induced by ultrahigh magnetic fields in a breathing pyrochlore
antiferromagnet: M. Gen, A. lkeda, K. Aoyama, H. O. Jeschke, Y. Ishii, H. Ishikawa, T. Yajima, Y. Okamoto, X.
Zhou, D. Nakamura, S. Takeyama, K. Kindo, Y. H. Matsuda and Y. Kohama, Proc. Natl. Acad. Sci. U.S.A. 120,
€2302756120(1-7) (2023).

TEnhanced Superconducting Pairing Strength near a Pure Nematic Quantum Critical Point: K. Mukasa, K. Ishida, S.
Imajo, M. Qiu, M. Saito, K. Matsuura, Y. Sugimura, S. Liu, Y. Uezono, T. Otsuka, M. Culo, S. Kasahara, Y. Matsuda, N.
E. Hussey, T. Watanabe, K. Kindo and T. Shibauchi, Phys. Rev. X 13, 011032 (2023).

t*Breathing pyrochlore magnet CuGaCr4S8: Magnetic, thermodynamic, and dielectric properties: M. Gen, H. Ishikawa,
A. Miyake, T. Yajima, H. O. Jeschke, H. Sagayama, A. Ikeda, Y. H. Matsuda, K. Kindo, M. Tokunaga, Y. Kohama, T.
Kurumaji, Y. Tokunaga and T.-H. Arima, Phys. Rev. Materials 7, 104404(1-12) (2023).

Field-induced quantum phase in a frustrated zigzag-square lattice: H. Yamaguchi, K. Shimamura, Y. Yoshida, A.
Matsuo, K. Kindo, K. Nakano, S. Morota, Y. Hosokoshi, T. Kida, Y. Iwasaki, S. Shimono, K. Araki and M. Hagiwara,
Phys. Rev. Materials 7, L091401(1-5) (2023).

Pseudogap formation in organic superconductors: S. Imajo, T. Kobayashi, Y. Matsumura, T. Maeda, Y. Nakazawa, H.
Taniguchi and K. Kindo, Phys. Rev. Materials 7, 124803 (2023).

Superconductivity at 12 K in LayIOs: A 5d metal with osmium honeycomb layer: H. Ishikawa, T. Yajima, D. Nishio-
Hamane, S. Imajo, K. Kindo and M. Kawamura, Phys. Rev. Materials 7, 054804 (2023).

‘LExpanded quantum vortex liquid regimes in the electron nematic superconductors FeSe;—xSx and FeSej—Tex: M.
Culo, S. Licciardello, K. Ishida, K. Mukasa, J. Ayres, J. Buhot, Y. -T. Hsu, S. Imajo, M. W. Qiu, M. Saito, Y. Uezono, T.
Otsuka, T. Watanabe, K. Kindo, T. Shibauchi, S. Kasahara, Y. Matsuda and N. E. Hussey, Nat Commun 14, 4150 (2023).

TPossible intermediate quantum spin liquid phase in a-RuCl3 under high magnetic fields up to 100 T: X.-G. Zhou,
H. Li, Y. H. Matsuda, A. Matsuo, W. Li, N. Kurita, G. Su, K. Kindo and H. Tanaka, Nat Commun 14, 5613 (7 pages)
(2023).

*Dimerization-enhanced exotic magnetization plateau and magnetoelectric phase diagrams in skew-chain Co2V207: Z.
H. Li, X. T. Han, C. Dong, H. W. Wang, Z. Z. He, R. Chen, W. X. Liu, C. L. Lu, Y. Kohama, M. Tokunaga, K. Kindo, Z.
W. Ouyang, J. F. Wang and M. Yang, Phys. Rev. B 109, 094432 (2024).

*Quantum Liquid States of Spin Solitons in a Ferroelectric Spin-Peierls State: S. Imajo, A. Miyake, R. Kurihara, M.
Tokunaga, K. Kindo, S. Horiuchi and F. Kagawa, Phys. Rev. Lett. 132, 096601(1-6) (2024).
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Tokunaga group

In the quantum limit state realized in high field limit, we can increase the effect of electron correlation by applied magnetic
fields. In our study on BiSb alloys, we induced transitions from topological insulator to topologically non-trivial semimetal
by magnetic fields applied along the trigonal axis. In addition, we found the system changes into insulator again by further
increasing applied field in the quantum limit state of the field-induced semimetallic state. We discussed possibility of the
excitonic insulator state that has been anticipated over half a century.

1.

10.

11.

12.

13.

14.

15.

16.

*Gradual Charge Order Melting in Bips5CapsMnOs3 Induced by Ultrahigh Magnetic Fields: Y. Ishii, A. ITkeda, M.
Tokunaga, K. Kindo, A. Matsuo and Y. H. Matsuda, J. Phys. Soc. Jpn. 92, 074702(1-6) (2023).

fCoherent description of the magnetic properties of SeCuQs versus temperature and magnetic field: X. Rocquefelte,
M. Herak, A. Miyake, W. Lafargue-Dit-Hauret, H. Berger, M. Tokunaga and A. Satl, Phys. Rev. B 107, 054407(1-8)
(2023).

Field-induced reentrant insulator state of a gap-closed topological insulator (BijxSbyx) in quantum-limit states: Y.
Kinoshita, T. Fujita, R. Kurihara, A. Miyake, Y. Izaki, Y. Fuseya and M. Tokunaga, Phys. Rev. B 107, 125140(1-9)
(2023).

Field-tunable Weyl points and large anomalous Hall effect in the degenerate magnetic semiconductor EuMgyBip: M.
Kondo, M. Ochi, R. Kurihara, A. Miyake, Y. Yamasaki, M. Tokunaga, H. Nakao, K. Kuroki, T. Kida, M. Hagiwara, H.
Murakawa, N. Hanasaki and H. Sakai, Phys. Rev. B 107, L121112(1-7) (2023).

t*High-field magnetization and magnetic phase diagrams for three symmetry axes in single-crystal CeAlp: T. Ebihara, J.
Jatmika, A. Miyake, M. Tokunaga and K. Kindo, Phys. Rev. B 108, 205148(1-8) (2023).

*High-field phase diagram of the chiral-lattice antiferromagnet Sr(TiO)Cu4(PO4)4: T. Nomura, Y. Kato, Y. Motome,
A. Miyake, M. Tokunaga, Y. Kohama, S. Zherlitsyn, J. Wosnitza, S. Kimura, T. Katsuyoshi, T. Kimura and K. Kimura,
Phys. Rev. B 108, 054434 (2023).

TIsing-type quasi-one-dimensional ferromagnetism with anisotropic hybridization in UNi4P2: A. Maurya, A. Miyake, H.
Kotegawa, Y. Shimizu, Y. J. Sato, A. Nakamura, D. Li, Y. Homma, F. Honda, M. Tokunaga and D. Aoki, Phys. Rev. B
107, 085142(1-6) (2023).

TVariation of Landau level splitting in the Fermi level controlled Dirac metals (Eu,Gd)MnBi2: H. Sakai, K. Nakagawa,
K. Tsuruda, J. Shiogai, K. Akiba, M. Tokunaga, S. Kimura, S. Awaji, A. Tsukazaki, H. Murakawa and N. Hanasaki,
Phys. Rev. B 108, 115142(1-7) (2023).

tMagnetic field-induced phase transition in ilmenite-type CoVO3: H. Yamamoto, H.-C. Wu, A. Miyake, M. Tokunaga,
A. Suzuki, T. Honda and H. Kimura, Appl. Phys. Lett. 123, 132404(1-4) (2023).

TMagnetoelectricity Enhanced by Electron Redistribution in a Spin Crossover [FeCo] Complex: X. Zhang, W.-H.
Xu, W. Zheng, S.-Q. Su, Y.-B. Huang, Q. Shui, T. Ji, M. Uematsu, Q. Chen, M. Tokunaga, K. Gao, A. Okazawa, S.
Kanegawa, S.-Q. Wu and O. Sato, J. Am. Chem. Soc. 145, 15647-15651 (2023).

T*Breathing pyrochlore magnet CuGaCr4S8: Magnetic, thermodynamic, and dielectric properties: M. Gen, H. Ishikawa,
A. Miyake, T. Yajima, H. O. Jeschke, H. Sagayama, A. Ikeda, Y. H. Matsuda, K. Kindo, M. Tokunaga, Y. Kohama, T.
Kurumaji, Y. Tokunaga and T.-H. Arima, Phys. Rev. Materials 7, 104404(1-12) (2023).

t*One-dimensional magnetism in synthetic Pauflerite, B~VOSO4: D. L. Quintero-Castro, G. J. Nilsen, K. Meier-
Kirchner, A. Benitez-Castro, G. Guenther, T. Sakakibara, M. Tokunaga, C. Agu, I. Mandal and A. A. Tsirlin, Phys. Rev.
Materials 7, 045003(1-7) (2023).

fOrdered and disordered variants of the triangular lattice antiferromagnet CasNiNbyOo: Crystal growth and magnetic
properties: D. Rout, R. Tang, M. Skoulatos, B. Ouladdiaf, Y. Kinoshita, A. Miyake, M. Tokunaga, S. Mahapatra and S.
Singh, Phys. Rev. Materials 7, 024419(1-14) (2023).

fDouble dome structure of the Bose-Einstein condensation in diluted S=3/2 quantum magnets: Y. Watanabe, A.
Miyake, M. Gen, Y. Mizukami, K. Hashimoto, T. Shibauchi, A. Ikeda, M. Tokunaga, T. Kurumaji, Y. Tokunaga and
T.-H. Arima, Nat Commun 14, 1260(1-9) (2023).

Low-temperature hysteresis broadening emerging from domain-wall creep dynamics in a two-phase competing system:
K. Matsuura, Y. Nishizawa, Y. Kinoshita, T. Kurumaji, A. Miyake, H. Oike, M. Tokunaga, Y. Tokura and F. Kagawa,
Commun Mater 4, 71(1-8) (2023).

fPd;MnGa Metamagnetic Shape Memory Alloy with Small Energy Loss: T. Ito, X. Xu, A. Miyake, Y. Kinoshita, M.
Nagasako, K. Takahashi, T. Omori, M. Tokunaga and R. Kainuma, Advanced Science 10, 2207779(1-12) (2023).
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17. TPhysical Properties of a New Ternary Compound RPt3Als (R = rare earth): H. Fukuda, T. Koizumi, Y. J. Sato, Y.
Shimizu, A. Nakamura, D. Li, Y. Homma, A. Miyake, D. Aoki, M. Tokunaga, R. Kato, M. Shiga, T. Kawae and F.
Honda, New Physics: Sae Mulli 73, 1135-1139 (2023).

18. TEdge and Bulk States in Weyl-Orbit Quantum Hall Effect as Studied by Corbino Measurements: Y. Nakazawa, R.
Kurihara, M. Miyazawa, S. Nishihaya, M. Kriener, M. Tokunaga, M. Kawasaki and M. Uchida, J. Phys. Soc. Jpn. 93,
023706(1-5) (2024).

19. *Dimerization-enhanced exotic magnetization plateau and magnetoelectric phase diagrams in skew-chain Co2V207: Z.
H. Li, X. T. Han, C. Dong, H. W. Wang, Z. Z. He, R. Chen, W. X. Liu, C. L. Lu, Y. Kohama, M. Tokunaga, K. Kindo, Z.
W. Ouyang, J. F. Wang and M. Yang, Phys. Rev. B 109, 094432 (2024).

20. Field-induced electric polarization and elastic softening caused by parity-mixed d-p hybridized states with electric
multipoles in BaxCuGexO7: R. Kurihara, Y. Sato, A. Miyake, M. Akaki, K. Mitsumoto, M. Hagiwara, H. Kuwahara and
M. Tokunaga, Phys. Rev. B 109, 125129(1-26) (2024).

21. Multiple magnetoelectric plateaus in the polar magnet FeoMo030g: Q. Chen, A. Miyake, T. Kurumaji, K. Matsuura, F.
Kagawa, S. Miyahara, Y. Tokura and M. Tokunaga, Phys. Rev. B 109, 094419(1-7) (2024).

22. *Quantum Liquid States of Spin Solitons in a Ferroelectric Spin-Peierls State: S. Imajo, A. Miyake, R. Kurihara, M.
Tokunaga, K. Kindo, S. Horiuchi and F. Kagawa, Phys. Rev. Lett. 132, 096601(1-6) (2024).

23. TMagnetic properties and magnetocaloric effect of DyCooSis: N. Tsujii, A. Miyake, M. Tokunaga, J. Valenta and H.
Sakurai, Journal of Alloys and Compounds 980, 173653(1-7) (2024).

24. Novel anisotropy of upper critical fields in Fej+yTeo.¢Seo.4: Y. Pan, Y. Sun, N. Zhou, X. Yi, Q. Hou, J. Wang, Z. Zhu, H.
Mitamura, M. Tokunaga and Z. Shi, Journal of Alloys and Compounds 976, 173262(1-6) (2024).

25. THigh-field immiscibility of electrons belonging to adjacent twinned bismuth crystals: Y. Ye, A. Yamada, Y. Kinoshita,
J. Wang, P. Nie, L. Xu, H. Zuo, M. Tokunaga, N. Harrison, R. D. McDonald, A. V. Suslov, A. Ardavan, M.-S. Nam, D.
LeBoeuf, C. Proust, B. Fauqué, Y. Fuseya, Z. Zhu and K. Behnia, npj Quantum Mater. 9, 12(1-9) (2024).

26. TObservation of nonvolatile magneto-thermal switching in superconductors: H. Arima, Md. Riad Kasem, H. Sepehri-
Amin, F. Ando, K.-I. Uchida, Y. Kinoshita, M. Tokunaga and Y. Mizuguchi, Commun Mater 5, 34(1-8) (2024).

27. TPeculiar magnetotransport properties in epitaxially stabilized orthorhombic Ru3+ perovskite LaRuO3 and NdRuO3:
L. Zhang, T. C. Fujita, Y. Masutake, M. Kawamura, T.-H. Arima, H. Kumigashira, M. Tokunaga and M. Kawasaki,
Commun Mater 5, 35(1-8) (2024).

Y. Matsuda group

We have investigated magnetic states in several frustrated spin systems such as breathing pyrochlore, Kitaev, and Shastry-
Sutherland systems with ultrahigh-magnetic fields exceeding 100 T. In the breathing pyrochlore systems, the strong spin-
lattice coupling was found to be important. The magnetic field-induced quantum spin liquid state appeared in a Kitaev system
RuCl3; when the field was perpendicular to the honeycomb plane, which was in good agreement with a theoretical calculation.
An unusual decrease in the sound velocity was observed at the 1/2 plateau in the Shastry-Sutherland system SrCu(BO3); in
addition to the success of having a saturation at around 140 T. The electronic structure in a functional semiconductor Inj_xAsxP
has been revealed by using cyclotron resonance in magnetic fields of up to 140 T. The strongly correlated transition metal
perovskite oxides, Bip.sCagsMnO3 and LaCoO3; were also studied. The charge order in Big sCagsMnO3 gradually melts with
the increasing magnetic field, while the re-order occurs rather sharply, which indicates an interesting metastable state that
appears in magnetic fields fastly varying with time. As for LaCoO3, the quantum condensed exciton state is indicated at ultra-
high magnetic fields up to 600 T. The spin-state transition with a strong quantum entanglement occurs in the ultrahigh magnetic
fields.

1. ™Gradual Charge Order Melting in BigsCagsMnOj3 Induced by Ultrahigh Magnetic Fields: Y. Ishii, A. Ikeda, M.
Tokunaga, K. Kindo, A. Matsuo and Y. H. Matsuda, J. Phys. Soc. Jpn. 92, 074702(1-6) (2023).

2. ™Band structure, g-factor, and spin relaxation in n-type InAsP alloys: S. K. Thapa, R. R. H. H. Mudiyanselage, T. Paleo-
logu, S. Choi, Z. Yang, Y. Kohama, Y. H. Matsuda, J. Spencer, B. A. Magill, C. J. Palmstrom, C. J. Stanton and G. A.
Khodaparast, Phys. Rev. B 108, 115202(1-12) (2023).

3. ""Signatures of a magnetic superstructure phase induced by ultrahigh magnetic fields in a breathing pyrochlore
antiferromagnet: M. Gen, A. lkeda, K. Aoyama, H. O. Jeschke, Y. Ishii, H. Ishikawa, T. Yajima, Y. Okamoto, X.
Zhou, D. Nakamura, S. Takeyama, K. Kindo, Y. H. Matsuda and Y. Kohama, Proc. Natl. Acad. Sci. U.S.A. 120,
€2302756120(1-7) (2023).
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4. T"Breathing pyrochlore magnet CuGaCr4Sg: Magnetic, thermodynamic, and dielectric properties: M. Gen, H. Ishikawa,
A. Miyake, T. Yajima, H. O. Jeschke, H. Sagayama, A. Ikeda, Y. H. Matsuda, K. Kindo, M. Tokunaga, Y. Kohama, T.
Kurumaji, Y. Tokunaga and T.-H. Arima, Phys. Rev. Materials 7, 104404(1-12) (2023).

5. T Possible intermediate quantum spin liquid phase in a-RuCls under high magnetic fields up to 100 T: X.-G. Zhou,
H. Li, Y. H. Matsuda, A. Matsuo, W. Li, N. Kurita, G. Su, K. Kindo and H. Tanaka, Nat Commun 14, 5613 (7 pages)
(2023).

6. T*Signature of spin-triplet exciton condensations in LaCoOs3 at ultrahigh magnetic fields up to 600 T: A. Ikeda, Y. H.
Matsuda, K. Sato, Y. Ishii, H. Sawabe, D. Nakamura, S. Takeyama and J. Nasu, Nat Commun 14, 1744(1-6) (2023).

7. T™Unveiling new quantum phases in the Shastry-Sutherland compound SrCux(BO3), up to the saturation magnetic field:
T. Nomura, P. Corboz, A. Miyata, S. Zherlitsyn, Y. Ishii, Y. Kohama, Y. H. Matsuda, A. Ikeda, C. Zhong, H. Kageyama
and F. Mila, Nat Commun 14, 3769(1-7) (2023).

Kohama group

We have investigated high-field properties on various compounds. In magnetic materials, such as CuGaCrsSg, Sr(TiO)
Cus(PO4)s, LiGaCr4Og, and SrCuz(BO3),, the field-induced phase transitions have been investigated by magnetization and
thermodynamic experiments using non-destructive and destructive magnetic fields. In two dimensional conductors, graphite,
high-Tc cuprates, and Iron based superconductors, we have investigated the quantum transport properties. Here, the TDO,
torque magnetometry, and specific heat measurements have revealed rich quantum phenomena. We have also succesfully
develop rf transport measurement technique and field generatoin technique for further detailed investigations in high magnetic
fields.

1. TBand structure, g-factor, and spin relaxation in n-type InAsP alloys: S. K. Thapa, R. R. H. H. Mudiyanselage, T. Paleo-
logu, S. Choi, Z. Yang, Y. Kohama, Y. H. Matsuda, J. Spencer, B. A. Magill, C. J. Palmstrem, C. J. Stanton and G. A.
Khodaparast, Phys. Rev. B 108, 115202(1-12) (2023).

2. "High-field phase diagram of the chiral-lattice antiferromagnet Sr(TiO)Cus(PO4)s: T. Nomura, Y. Kato, Y. Motome,
A. Miyake, M. Tokunaga, Y. Kohama, S. Zherlitsyn, J. Wosnitza, S. Kimura, T. Katsuyoshi, T. Kimura and K. Kimura,
Phys. Rev. B 108, 054434 (2023).

3. T Quantum oscillations in the centrosymmetric skyrmion-hosting magnet GdRu»Si»: N. Matsuyama, T. Nomura, S.
Imajo, T. Nomoto, R. Arita, K. Sudo, M. Kimata, N. D. Khanh, R. Takagi, Y. Tokura, S. Seki, K. Kindo and Y. Kohama,
Phys. Rev. B 107, 104421 (2023).

4. "Random singlets in the s = 5/2 coupled frustrated cubic lattice Lu3SbsMn;014: C. Lee, S. Lee, H.-S. Kim, S. Kittaka, Y.
Kohama, T. Sakakibara, K. H. Lee, J. van Tol, D. I. Gorbunov, S.-H. Do, S. Yoon, A. Berlie and K.-Y. Choi, Phys. Rev.
B 107, 214404 (2023).

5. Rhombic skyrmion lattice coupled with orthorhombic structural distortion in EuAl4: M. Gen, R. Takagi, Y. Watanabe, S.
Kitou, H. Sagayama, N. Matsuyama, Y. Kohama, A. Ikeda, Y. Onuki, T. Kurumaji, T.-H. Arima and S. Seki, Phys. Rev.
B 107, L020410 (2023).

6. “Liquid helium-cooled high-purity copper coil for generation of long pulsed magnetic fields: Y. Kohama, Y. Ihara, Z.
Yang, K. Matsui and K. Kindo, Rev. Sci. Instrum. 94, 074701 (2023).

7. Radio frequency electrical resistance measurement under destructive pulsed magnetic fields: T. Shitaokoshi, S.
Kawachi, T. Nomura, F. F. Balakirev and Y. Kohama, Rev. Sci. Instrum. 94, 094706 (2023).

8. “Simultaneous measurement of specific heat and thermal conductivity in pulsed magnetic fields: T. Nomoto, C. Zhong,
H. Kageyama, Y. Suzuki, M. Jaime, Y. Hashimoto, S. Katsumoto, N. Matsuyama, C. Dong, A. Matsuo, K. Kindo, K.
Izawa and Y. Kohama, Rev. Sci. Instrum. 94, 054901 (2023).

9. Nonreciprocal Phonon Propagation in a Metallic Chiral Magnet: T. Nomura, X. -X. Zhang, R. Takagi, K. Karube, A.
Kikkawa, Y. Taguchi, Y. Tokura, S. Zherlitsyn, Y. Kohama and S. Seki, Phys. Rev. Lett. 130, 176301 (1-6) (2023).

10. 7 OVATREES COBGHIE @ /ANE 50, 394 214, G 8E 58(8), 411-417 (2023).

11. 79 by 7S % BT OVARES T NMR JIGE « B B, /AN F5 70, EIAYPE 58, 89-98 (2023).
12. HL AL ZVESGEBREM « BPR 5872, BHAPEE 58, 41-45 (2023).

13. BRREES FOYITERISRICE T 5+ 7L 7 7 DRFFEEA : Y. Kohama, A 92(9), 556-559 (2023).

14. T™Signatures of a magnetic superstructure phase induced by ultrahigh magnetic fields in a breathing pyrochlore
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antiferromagnet: M. Gen, A. lkeda, K. Aoyama, H. O. Jeschke, Y. Ishii, H. Ishikawa, T. Yajima, Y. Okamoto, X.
Zhou, D. Nakamura, S. Takeyama, K. Kindo, Y. H. Matsuda and Y. Kohama, Proc. Natl. Acad. Sci. U.S.A. 120,
€2302756120(1-7) (2023).

15. Critical Current Measurements of HTS Tapes Using Pulsed Current in High Fields at Low Temperatures: Y. Tsuchiya, 1.
Sakai, K. Mizuno, Y. Kohama, Y. Yoshida and S. Awaji, IEEE Trans. Appl. Supercond. 33, 1 (2023).

16. T Breathing pyrochlore magnet CuGaCr4S8: Magnetic, thermodynamic, and dielectric properties: M. Gen, H. Ishikawa,
A. Miyake, T. Yajima, H. O. Jeschke, H. Sagayama, A. Ikeda, Y. H. Matsuda, K. Kindo, M. Tokunaga, Y. Kohama, T.
Kurumaji, Y. Tokunaga and T.-H. Arima, Phys. Rev. Materials 7, 104404(1-12) (2023).

17. Correlation-driven organic 3D topological insulator with relativistic fermions: T. Nomoto, S. Imajo, H. Akutsu, Y.
Nakazawa and Y. Kohama, Nat Commun 14, 2130 (2023).

18. ™ Unveiling new quantum phases in the Shastry-Sutherland compound SrCux(BO3); up to the saturation magnetic field:
T. Nomura, P. Corboz, A. Miyata, S. Zherlitsyn, Y. Ishii, Y. Kohama, Y. H. Matsuda, A. Ikeda, C. Zhong, H. Kageyama
and F. Mila, Nat Commun 14, 3769(1-7) (2023).

19. ™Unveiling phase diagram of the lightly doped high-Tc cuprate superconductors with disorder removed: K. Kurokawa,
S. Isono, Y. Kohama, S. Kunisada, S. Sakai, R. Sekine, M. Okubo, M. D. Watson, T. K. Kim, C. Cacho, S. Shin, T.
Tohyama, K. Tokiwa and T. Kondo, Nat Commun 14, 4064 (2023).

20. Unveiling the double-peak structure of quantum oscillations in the specific heat: Z. Yang, B. Fauque, T. Nomura,
T. Shitaokoshi, S. Kim, D. Chowdhury, Z. Pribulova, J. Kacmarcik, A. Pourret, G. Knebel, D. Aoki, T. Klein, D. K.
Maude, C. Marcenat and Y. Kohama, Nat Commun 14, 7006 (2023).

21. Analytical model for a hydrogen atom in a magnetic field: Implications for the diamagnetic shift: D. K. Maude, P.
Plochocka and Z. Yang, Phys. Rev. B 109, 155201 (2024).

22. *Dimerization-enhanced exotic magnetization plateau and magnetoelectric phase diagrams in skew-chain Co,V,07: Z.
H. Li, X. T. Han, C. Dong, H. W. Wang, Z. Z. He, R. Chen, W. X. Liu, C. L. Lu, Y. Kohama, M. Tokunaga, K. Kindo, Z.
W. Ouyang, J. F. Wang and M. Yang, Phys. Rev. B 109, 094432 (2024).

23. Magnetic anisotropy of CeCoSi under high magnetic field: T. Kanda, H. Ishikawa, S. Imajo, K. Kindo, H. Tanida and Y.
Kohama, Phys. Rev. B 109, 174402 (2024).

24. Characterization of In-Field Critical Currents in REBCO Tapes Over Wide Temperature Range by Pulsed Current
Source With Supercapacitor: Y. Tsuchiya, K. Mizuno, Y. Kohama, A. Zampa, T. Okada and S. Awaji, IEEE Trans. Appl.
Supercond. 34, 1 (2024).

Miyata group

We have worked on magneto-optical experiments under pulsed magnetic fields to search for exotic magneto-optical phenomena
in van der Waals magnets. The vdW magnet FePS3, which has a zigazag magnetic order below TN ~ 120 K, exhibits giant
linear dichroism, i.e., linearly polarized lights parallel and perpendicular to the zigzag chain direction show different responses.
Magnetic fields can quench the giant linear dichroism in a wide energy range from 1.6 to 2.0 eV by collapsing the robust zigzag
magnetic order.

Center of Computational Materials Science

Misawa group

We have developed numerical methods and software packages for strongly correlated electron systems. We have updated H®
(software for exact diagonalization), released H-wave (software for Hartree-Fock calculations and random phase approxima-
tions), and wan2respack (an interface tool from Wannier90 to RESPACK). Using these software packages, we have performed
ab initio calculations for molecular solids, such as TMTTF/TMTSF salts.

1. *Data Analysis of Ab initio Effective Hamiltonians in Iron-Based Superconductors — Construction of Predictors
for Superconducting Critical Temperature: K. Ido, Y. Motoyama, K. Yoshimi and T. Misawa, J. Phys. Soc. Jpn. 92,
064702(1-13) (2023).

2. TCorrelated Zak insulator in organic antiferromagnets: T. Misawa and M. Naka, Phys. Rev. B 108, L081120(1-7) (2023).
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3. "Gap opening mechanism for correlated Dirac electrons in organic compounds a-(BEDT-TTF),I3 and o-(BEDT—
TSeF),I3: D. Ohki, K. Yoshimi, A. Kobayashi and T. Misawa, Phys. Rev. B 107, L041108(1-6) (2023).

4. TInteredge spin resonance in the Kitaev quantum spin liquid: T. Misawa, J. Nasu and Y. Motome, Phys. Rev. B 108,
115117(1-11) (2023).

5. T Comprehensive Ab Initio Investigation of the Phase Diagram of Quasi-One-Dimensional Molecular Solids: K.
Yoshimi, T. Misawa, T. Tsumuraya and H. Seo, Phys. Rev. Lett. 131, 036401(1-7) (2023).

6. “Interface tool from Wannier90 to RESPACK: wan2respack: K. Kurita, T. Misawa, K. Yoshimi, K. Ido and T. Koret-
sune, Comput. Phys. Commun. 292, 108854(1-7) (2023).

7. T™onte Carlo study on low-temperature phase diagrams of the J1-J2 classical XY kagome antiferromagnet: F.
Kakizawa, T. Misawa and H. Shinaoka, Phys. Rev. B 109, 014439(1-15) (2024).

8. 1"Compensated Ferrimagnets with Colossal Spin Splitting in Organic Compounds: T. Kawamura, K. Yoshimi, K. Hashi-
moto, A. Kobayashi and T. Misawa, Phys. Rev. Lett. 132, 156502(1-6) (2024).

9. 1"H-wave — A Python package for the Hartree-Fock approximation and the random phase approximation: T. Aoyama, K.
Yoshimi, K. Ido, Y. Motoyama, T. Kawamura, T. Misawa, T. Kato and A. Kobayashi, Computer Physics Communica-
tions 298, 109087(1-10) (2024).

10. ™Update of H® : Newly added functions and methods in versions 2 and 3: K. Ido, M. Kawamura, Y. Motoyama, K.
Yoshimi, Y. Yamaji, S. Todo, N. Kawashima and T. Misawa, Comp. Phys. Commun. 298, 109093(1-15) (2024).

Laser and Synchrotron Research Center

Kobayashi group
Laser processing and artifitial intelligence

1. T Observation of infrared interband luminescence in magnesium by femtosecond spectroscopy: T. Suemoto, S. Ono, A.
Asahara, T. Okuno, T. Suzuki, K. Okazaki, S. Tani and Y. Kobayashi, J. Appl. Phys. 134, 163105 (2023).

2. "Disentangling the Competing Mechanisms of Light-Induced Anomalous Hall Conductivity in Three-Dimensional Dirac
Semimetal: Y. Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer
and R. Matsunaga, Phys. Rev. Lett. 131, 096901 (2023).

3. "litter correction for asynchronous optical sampling terahertz spectroscopy using free-running pulsed lasers: M.
Nakagawa, N. Kanda, T. Otsu, I. Ito, Y. Kobayashi and R. Matsunaga, Opt. Express 31, 19371 (2023).

4. *Anomalous Hall Transport by Optically Injected Isospin Degree of Freedom in Dirac Semimetal Thin Film: Y.
Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer and R.
Matsunaga, Nano Lett. 24, 222 (2024).

Harada group

In 2023, we made significant progress in the analysis of single crystalline LiFeosMng4POs4 (LFMP) nanowires with carbon
sheath using scanning transmission X-ray microscopy (STXM) with a spatial resolution of around 130 nm. The pinpoint Fe
L-edge and O K-edge X-ray absorption spectroscopy (XAS) spectra revealed the natural oxidation of Fe?* to Fe3" near the tip of
the nanowire by air exposure, while the Mn L-edge XAS spectra showed a stable Mn?" state throughout the nanowires. We also
investigated the spatial distributions of the chemical states in prototypical layered LiCoO> cathode particles at different charging
conditions using STXM. The Co LL3- and O K-edge XAS spectra demonstrated the spatial distribution of the chemical state
changes depending on individual particles, and the element maps derived from the STXM stack images revealed the inhomoge-
neous reactions and the existence of non-active particles. Furthermore, we applied microscopic resonant photoelectron spectros-
copy with a spatial resolution of 100 nm (3DnanoESCA system) to study the electronic structure of different facets of LiCoO»
cathode particles, detecting differences in the binding energies of the dominant Co 3d bands at the valence band of the (001),
(104), and (012) facets. Lastly, we prepared for the operation of the next generation synchrotron radiation facility NanoTerasu
starting from April 2024 by setting up the RIXS and 3D nanoESCA stations.

1. TR EHR X AT FEEHOCE F 0 CHED 720D 75 2 a DRFZEEA : MEF &5, JFHE ZEA, ISHYE 92,
438-442 (2023).
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2. oy — 35— X 854 227 71 B OBITE « AN Bk, 1R Bre, BEE B, s 8, WI1E,
E SR, I BfEy , 0K (R, =0 AL, SR X0, K§ TR, A e, JRUH 2K, B 36, 10 (2023).

3. TFacet-dependent electrochemical performance and electronic structure of LiCoO, polyhedral particles revealed by
microscopic resonant X-ray photoelectron spectroscopy: W. Zhang, E. Hosono, D. Asakura, S. Tanaka, M. Kobayashi,
N. Nagamura, M. Oshima, J. Miyawaki, H. Kiuchi and Y. Harada, CrystEngComm 25, 183-188 (2023).

4. TVisualization of air-induced oxidation in single crystalline LiFep¢Mng4PO4 nanowires with carbon sheath using soft
X-ray spectromicroscopy: W. Zhang, E. Hosono, D. Asakura, H. Yuzawa, T. Ohigashi, M. Kobayashi, H. Kiuchi and Y.
Harada, Journal of Electron Spectroscopy and Related Phenomena 266, 147338(1-6) (2023).

5. TChemical-state distributions in charged LiCoO; cathode particles visualized by soft X-ray spectromicroscopy: W.
Zhang, E. Hosono, D. Asakura, H. Yuzawa, T. Ohigashi, M. Kobayashi, H. Kiuchi and Y. Harada, Sci Rep 13, 4639(1-8)
(2023).

I. Matsuda group

We have conducted instrumentations at the new synchrotron radiation (SR) facility, NanoTerasu, at Sendai in Miyagi-prefec-
ture. We have updated our experimental station of ambient-pressure X-ray spectroscopy and developed a system of process-
informatics robot units. We have also devoted ourselves in supporting the beamline construction. On December 7, 2023, the
first beam was successfully achieved in NanoTerasu. Tuning of the SR beam has been carried out at the beamline and at the
end-station. At the X-ray free electron laser (XFEL) beamline, SACLA BL-1, we have succeeded in observing the magneti-
zation-induced second harmonic generation. Based on results of the SR and XFEL experiments, we discovered new 2D boron
materials and examined the properities.

1. tResonant photoemission spectroscopy of atomic layer Fe;N on Cu(111) with continuous angular rotation of linearly
polarized light: M. Horio, Y. Kudo, T. Wada, T. Sumi, Y. Hirata, M. Niibe, F. Komori and I. Matsuda, J. Phys.: Condens.
Matter 35, 425001 (2023).

2. Influence of oxygen coordination number on the electronic structure of single-layer La-based cuprates: M. Horio,
X. Peiao, M. Miyamoto, T. Wada, K. Isomura, J. Osiecki, B. Thiagarajan, C. M. Polley, K. Tanaka, M. Kitamura, K.
Horiba, K. Ozawa, T. Taniguchi, M. Fujita and 1. Matsuda, Phys. Rev. B 108, 035105 (2023).

3. “Ultrafast control of the crystal structure in a topological charge-density-wave material: T. Suzuki, Y. Kubota, N. Mitsu-
ishi, S. Akatsuka, J. Koga, M. Sakano, S. Masubuchi, Y. Tanaka, T. Togashi, H. Ohsumi, K. Tamasaku, M. Yabashi, H.
Takahashi, S. Ishiwata, T. Machida, I. Matsuda, K. Ishizaka and K. Okazaki, Phys. Rev. B 108, 184305 (2023).

4. Element-selective magnetization states in a Gd23Fes7Co1¢ alloy, probed by soft X-ray resonant magneto-optical Kerr
effect: T. Sumi, T. Senoo, M. Horio, S. E. Moussaoui, E. Nakamura, K. Tanaka, A. Tsukamoto and 1. Matsuda, Jpn. J.
Appl. Phys. 62, SB8001 (2023).

5. Detecting driving potentials at the buried SiO2 nanolayers in solar cells by chemical-selective nonlinear x-ray spectros-
copy: M. Horio, T. Sumi, J. Bullock, Y. Hirata, M. Miyamoto, B. R. Nebgen, T. Wada, T. Senoo, Y. Tsujikawa, Y.
Kubota, S. Owada, K. Tono, M. Yabashi, T. limori, Y. Miyauchi, M. W. Zuerch, I. Matsuda, C. P. Schwartz and W. S.
Drisdell, Appl. Phys. Lett. 123, 031602 (2023).

6. Observing soft x-ray magnetization-induced second harmonic generation at a heterojunction interface: T. Sumi, M.
Horio, T. Senoo, Y. Kubota, G. Yamaguchi, T. Wada, M. Miyamoto, K. Yamaguchi, Y. Tsujikawa, Y. Sato, M. Niibe, Y.
Hirata, Y. Miyauchi, D. Oshima, T. Kato, S. Owada, K. Tono, M. Yabashi and I. Matsuda, Appl. Phys. Lett. 122, 171601
(1-5) (2023).

7. T™Suppression of atomic displacive excitation in photo-induced A 1 phonon mode of bismuth unveiled by low-temper-
ature time-resolved x-ray diffraction: Y. Kubota, Y. Tanaka, T. Togashi, T. Ebisu, K. Tamasaku, H. Osawa, T. Wada, O.
Sugino, I. Matsuda and M. Yabashi, Appl. Phys. Lett. 122, 092201 (2023).

8. TNy —37—%RMLIMK X127 77 L EOMS « AN W&, TR B, B e, s %, 10101, 1l
FT SR, I BfEr , 0K R, =0 AL, SR £0 , KI§ TR, I e, JRUH 2K, BdRE 36, 10 (2023).

9. Effective treatment of hydrogen boride sheets for long-term stabilization: S.-1. Ito, M. Hikichi, N. Noguchi, M. Yuan, Z.
Kang, K. Fukuda, M. Miyauchi, I. Matsuda and T. Kondo, Phys. Chem. Chem. Phys. 25, 15531 (2023).

10. TOxide layer dependent orbital torque efficiency in ferromagnet/Cu/oxide heterostructures: J. Kim, J. Uzuhashi, M.
Horio, T. Senoo, D. Go, D. Jo, T. Sumi, T. Wada, I. Matsuda, T. Ohkubo, S. Mitani, H.-W. Lee and Y. Otani, Phys. Rev.
Materials 7, L111401 (2023).

11. ™Developing a Simple Scanning Probe System for Soft X-ray Spectroscopy with a Nano-focusing Mirror: H. Ando, M.
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27

Horio, Y. Takeo, M. Niibe, T. Wada, Y. Ando, T. Kondo, T. Kimura and 1. Matsuda, e-J. Surf. Sci. Nanotechnol. 21, 200
(2023).

Orbital-selective metal skin induced by alkali-metal-dosing Mott-insulating CaRuQO4: M. Horio, F. Forte, D. Sutter,
M. Kim, C. G. Fatuzzo, C. E. Matt, S. Moser, T. Wada, V. Granata, R. Fittipaldi, Y. Sassa, G. Gatti, H. M. Rennow, M.
Hoesch, T. K. Kim, C. Jozwiak, A. Bostwick, E. Rotenberg, I. Matsuda, A. Georges, G. Sangiovanni, A. Vecchione, M.
Cuoco and J. Chang, Commun Phys 6, 323 (2023).

t*Observing an ordered surface phase by B deposition on Cu(110): Y. Tsujikawa, X. Zhang, M. Horio, T. Wada, M.
Miyamoto, T. Sumi, F. Komori, T. Kondo and I. Matsuda, Surface Science 732, 122282 (2023).

Probing lithium mobility at a solid electrolyte surface: C. Woodahl, S. Jamnuch, A. Amado, C. B. Uzundal, E. Berger,
P. Manset, Y. Zhu, Y. Li, D. D. Fong, J. G. Connell, Y. Hirata, Y. Kubota, S. Owada, K. Tono, M. Yabashi, S. G. E. T.
Velthuis, S. Tepavcevic, . Matsuda, W. S. Drisdell, C. P. Schwartz, J. W. Freeland, T. A. Pascal, A. Zong and M. Zuerch,
Nat. Mater. 22, 848 (2023).

Enhanced Superconductivity and Rashba Effect in a Buckled Plumbene - Au Kagome Superstructure: W. Chen, C. Chen,
G. Chen, W. Chen, F. R. Chen, P. Chen, C. Ku, C. Lee, N. Kawakami, J. Li, I. Matsuda, W. Chang, J. Lin, C. Wu, C.
Mou, H. Jeng, S. Tang and C. Lin, Advanced Science 10, 2300845 (2023).

T Accelerated Synthesis of Borophane (HB) Sheets through HCl-Assisted Ion-Exchange Reaction with YCrB4: X.
Zhang, M. Hikichi, T. limori, Y. Tsujikawa, M. Yuan, M. Horio, K. Yubuta, F. Komori, M. Miyauchi, T. Kondo and 1.
Matsuda, Molecules 28, 2985(1-15) (2023).

Prediction of a Cyclic Hydrogenated Boron Molecule as a Promising Building Block for Borophane: Y. Ando, T.
Nakashima, H. Yin, I. Tateishi, X. Zhang, Y. Tsujikawa, M. Horio, N. T. Cuong, S. Okada, T. Kondo and I. Matsuda,
Molecules 28, 1225(1-13) (2023).

Controlling Photoinduced H » Release from Freestanding Borophane Sheets Under UV Irradiation by Tuning B—
H Bonds (Adv. Mater. Interfaces 25/2023): M. Hikichi, J. Takeshita, N. Noguchi, S. Ito, Y. Yasuda, L. T. Ta, K. I. M.
Rojas, 1. Matsuda, S. Tominaka, Y. Morikawa, I. Hamada, M. Miyauchi and T. Kondo, Adv Materials Inter 10, 2370074
(2023).

Ultrafast Subpicosecond Magnetization of a 2D Ferromagnet: L. D. Anh, M. Kobayashi, T. Takeda, K. Araki, R. Okano,
T. Sumi, M. Horio, K. Yamamoto, Y. Kubota, S. Owada, M. Yabashi, I. Matsuda and M. Tanaka, Advanced Materials
35, 2301347 (2023).

*Hydrogen - induced Sulfur Vacancies on the MoS; Basal Plane Studied by Ambient Pressure XPS and DFT Calcu-
lations: F. Ozaki, S. Tanaka, Y. Choi, W. Osada, K. Mukai, M. Kawamura, M. Fukuda, M. Horio, T. Koitaya, S.
Yamamoto, I. Matsuda, T. Ozaki and J. Yoshinobu, ChemPhysChem 24, €202300477 (2023).

In Situ Electrical Detection of Methane Oxidation on Atomically Thin IrO> Nanosheet Films Down to Room Temper-
ature: Y. Ishihara, T. Koitaya, Y. Hamahiga, W. Sugimoto, S. Yamamoto, I. Matsuda, J. Yoshinobu and R. Nouchi, Adv.
Materials Inter. 10, 2300258 (2023).

Phase stability and band degeneracy of quasi-one-dimensional boron chain polymorphs embedded in LiB crystals: T.
Nakashima, I. Tateishi, Y. Tsujikawa, M. Horio, T. Kondo, I. Matsuda and Y. Ando, Phys. Rev. B 109, 165104 (2024).

Pioneering preparation and analysis of a clean surface on a microcrystal, mined by a focused ion beam: Y. Guan, F.
Komori, M. Horio, A. Fukuda, Y. Tsujikawa, K. Ozawa, M. Kamiko, D. Nishio-Hamane, T. Kawauchi, K. Fukutani, Y.
Tokumoto, K. Edagawa, R. Tamura and I. Matsuda, Jpn. J. Appl. Phys. 63, 030906 (2024).

T Quasi-Periodic Growth of One-Dimensional Copper Boride on Cu(110): Y. Tsujikawa, X. Zhang, K. Yamaguchi, M.
Haze, T. Nakashima, A. Varadwaj, Y. Sato, M. Horio, Y. Hasegawa, F. Komori, M. Oshikawa, M. Kotsugi, Y. Ando, T.
Kondo and I. Matsuda, Nano Lett. 24, 1160 (2024).

fStructure and Electronic State of Boron Atomic Chains on a Noble Metal (111) Surface: Y. Tsujikawa, X. Zhang, M.
Horio, F. Komori, T. Nakashima, Y. Ando, T. Kondo and I. Matsuda, e-J. Surf. Sci. Nanotechnol. 22, 1 (2024).

New Science of Boron Allotropes, Compounds, and Nanomaterials: 1. Matsuda, T. Kondo and J. M Oliva-Enrich ed.,
(MDPI AG, Basel, Switzerland, 2023).

Nonlinear X-ray Spectroscopy for Materials Science: I. Matsuda and R. Arafune ed., (Springer, Berlin, 2023).

Itatani group

90

* Joint research among groups within ISSP.

ISSP Activity Report 2023



We have promoted soft X-ray attosecond spectroscopy by using a thin flat water jet introduced into a newly developed
attosecond beamline in collaboration with RIKEN. An optical parametric amplifier was also installed in the beamline for
various pump-probe experiments. We have also developed a new optical parametric amplifier in the infrared (wavelength
around 2 micrometers) pumped by a compact Yb:KGW laser system at 1030 nm with a repetition rate of 100 kHz. The output
pulse duration is 16 fs with an extremely stable carrier-envelope phase. This system is designed as a front-end for future high-
power ultrafast light sources for high-throughput attosecond soft-X-ray spectroscopy. We have also pursued the ultrafast strong
field phenomena in liquids using a thin flat jet setup with an improved intense MIR source. With the sub-cycle spectroscopy
experiment, unusual superluminal propagation of MIR pulses was observed due to strong resonance absorption. High harmonic
generation with resonant MIR pulses in water was studied and a novel thermal enhancement was observed for the first time,
opening a new direction in strong-field attosecond science in condensed matter.

1.

10.

11.

12.

13.

14.

15.
16.

™Quasi One-Dimensional Band Structure of Photoinduced Semimetal Phase of Ta;Nij—xCoxSes (x = 0.0 and 0.1): T.
Mitsuoka, Y. Takahashi, T. Suzuki, M. Okawa, H. Takagi, N. Katayama, H. Sawa, M. Nohara, M. Watanabe, J. Xu, Q.
Ren, M. Fujisawa, T. Kanai, J. Itatani, K. Okazaki, S. Shin and T. Mizokawa, J. Phys. Soc. Jpn. 92, 023703 (2023).

Temporal Evolution and Fluence Dependence of Band Structure in Photoexcited Ta;Nig9Coo.1Ses Probed by Time-
and Angle-Resolved Photoemission Spectroscopy: Y. Takahashi, T. Suzuki, M. Hattori, M. Okawa, H. Takagi, N.
Katayama, H. Sawa, M. Nohara, Y. Zhong, K. Liu, T. Kanai, J. Itatani, S. Shin, K. Okazaki and T. Mizokawa, J. Phys.
Soc. Jpn. 92, 064706 (2023).

*Phase-resolved frequency-domain analysis of the photoemission spectra for photoexcited 17-TaS, in the Mott
insulating charge density wave state: Q. Ren, T. Suzuki, T. Kanai, J. Itatani, S. Shin and K. Okazaki, Appl. Phys. Lett.
122,221902 (2023).

Comparative study of photoelectron momentum distributions from Kr and CO» near a backward rescattering caustic by
carrier-envelope-phase mapping: T. Mizuno, T. Yang, T. Kurihara, N. Ishii, T. Kanai, O. I. Tolstikhin, T. Morishita and J.
Itatani, Phys. Rev. A 107, 033101 (2023).

Highly CEP-stable optical parametric amplifier at 2 pm with a few-cycle duration and 100 kHz repetition rate: T.
Kurihara, T. Yang, T. Mizuno, T. Kanai and J. Itatani, Opt. Express 31, 11649 (2023).

£100-mJ class, sub-two-cycle, carrier-envelope phase-stable dual-chirped optical parametric amplification: L. Xu, B.
Xue, N. Ishii, J. Itatani, K. Midorikawa and E. J. Takahashi, arXiv 2202, 03658 (2023).

*IThree-wave mixing of anharmonically coupled magnons: Z. Zhang, F. Y. Gao, J. B. Curtis, Z.-J. Liu, Y.-C. Chien, A.
von Hoegen, T. Kurihara, T. Suemoto, P. Narang, E. Baldini and K. A. Nelson, arXiv 2301, 12555 (2023).

iUltrafast spontaneous spin switching in an antiferromagnet: M. A. Weiss, A. Herbst, J. Schlegel, T. Dannegger, M.
Evers, A. Donges, M. Nakajima, A. Leitenstorfer, S. T. B. Goennenwein, U. Nowak and T. Kurihara, arXiv 2301, 02006
(2023).

TReal-time observation of the Woodward—Hoffmann rule for 1,3-cyclohexadiene by femtosecond soft X-ray transient
absorption: T. Sekikawa, N. Saito, Y. Kurimoto, N. Ishii, T. Mizuno, T. Kanai, J. Itatani, K. Saita and T. Taketsugu,
Phys. Chem. Chem. Phys. 25, 8497 (2023).

™Direct observation of multiple conduction-band minima in high-performance thermoelectric SnSe: M. Okawa, Y.
Akabane, M. Maeda, G. Tan, L.-D. Zhao, M. G. Kanatzidis, T. Suzuki, M. Watanabe, J. Xu, Q. Ren, M. Fujisawa, T.
Kanai, J. Itatani, S. Shin, K. Okazaki, N. L. Saini and T. Mizokawa, Scripta Materialia 223, 115081 (2023).

Discovery of ultrafast spontaneous spin switching in an antiferromagnet by femtosecond noise correlation spectros-
copy: M. A. Weiss, A. Herbst, J. Schlegel, T. Dannegger, M. Evers, A. Donges, M. Nakajima, A. Leitenstorfer, S. T. B.
Goennenwein, U. Nowak and T. Kurihara, Nature Commun. 14, 7651(1-9) (2023).

*IObservation of terahertz-induced dynamical spin canting in orthoferrite magnon by magnetorefractive probing: T.
Kurihara, M. Bamba, H. Watanabe, M. Nakajima and T. Suemoto, Commun Phys 6, 51 (2023).

*Observation of Terahertz Spin Hall Conductivity Spectrum in GaAs with Optical Spin Injection: T. Fujimoto, T.
Kurihara, Y. Murotani, T. Tamaya, N. Kanda, C. Kim, J. Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev.
Lett. 132, 016301 (2024).

DG OV X B IREEE RO EHIE (DE L E DR T AR AN F 7y 7 058 3 5 9 ) A H—, B 10EE,
JRNAE B, (=X - T4 — - X, JUEHEETREX, 2023).
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17. 2023 4E ) —~)LY B2 E © Pierre Agostini X , Ferenc Krausz X , Anne L'Huillier [& - Y& & 794 F 7 A%01%
T27:0D7 M ASVANDERICBIT 2 EBRNFIEOZHEM (FR=2—R) I B, THARYI LGS, HARY
e, (HAYRY 2, R CORX , 2024), 36.

18. EfEDIRL 7 MLIRDOBATE L Z DIBH  (RHE - TER ST E 7 MOEREORER ) FrE) - B 168, THTIA 7 b=
22, RREHA T n= s 24k, (R aHA 7 hn=s 24t 2024), 153-158.

Kondo group

We revealed the semiconducting electronic structure of the ferromagnetic spinel HgCr2Se4 and determined the phase diagram
of the lightly doped high-Tc cuprate superconductors with disorder removed via observing six-layered cuprates.

1. “Semiconducting Electronic Structure of the Ferromagnetic Spinel HgCr,Ses Revealed by Soft-X-Ray Angle-Resolved
Photoemission Spectroscopy: H. Tanaka, A. V. Telegin, Y. P. Sukhorukov, V. A. Golyashov, O. E. Tereshchenko, A. N.
Lavrov, T. Matsuda, R. Matsunaga, R. Akashi, M. Lippmaa, Y. Arai, S. Ideta, K. Tanaka, T. Kondo and K. Kuroda, Phys.
Rev. Lett. 130, 186402 (1-6) (2023).

2. "Nodeless electron pairing in CsV3Sb5-derived kagome superconductors: Y. Zhong, J. Liu, X. Wu, Z. Guguchia, J. -X.
Yin, A. Mine, Y. Li, S. Najafzadeh, D. Das, C. Mielke, R. Khasanov, H. Luetkens, T. Suzuki, K. Liu, X. Han, T. Kondo,
J. Hu, S. Shin, Z. Wang, X. Shi, Y. Yao and K. Okazaki, Nature 617, 488 (2023).

3. Testing electron-phonon coupling for the superconductivity in kagome metal CsV3Sbs: Y. Zhong, S. Li, H. Liu, Y.
Dong, K. Aido, Y. Arai, H. Li, W. Zhang, Y. Shi, Z. Wang, S. Shin, H. N. Lee, H. Miao, T. Kondo and K. Okazaki, Nat.
Commun. 14, 1945 (2023).

4. T Unveiling phase diagram of the lightly doped high-Tc cuprate superconductors with disorder removed: K. Kurokawa,
S. Isono, Y. Kohama, S. Kunisada, S. Sakai, R. Sekine, M. Okubo, M. D. Watson, T. K. Kim, C. Cacho, S. Shin, T.
Tohyama, K. Tokiwa and T. Kondo, Nat Commun 14, 4064 (2023).

5. "Broken Screw Rotational Symmetry in the Near-Surface Electronic Structure of AB-Stacked Crystals: H. Tanaka, S.
Okazaki, M. Kobayashi, Y. Fukushima, Y. Arai, T. [imori, M. Lippmaa, K. Yamagami, Y. Kotani, F. Komori, K. Kuroda,
T. Sasagawa and T. Kondo, Phys. Rev. Lett. 132, 136402 (1-6) (2024).

Matsunaga group

We have studied light-matter interactions and light-induced nonequilibrium phenomena in solids by utilizing terahertz (THz)
pulse. By using polarization-resolved THz spectroscopy, we have reported ultrafast dynamics of the anomalous Hall effect in a
magnet with sub-100 fs time resolution for the first time. We also observed the light-induced anomalous Hall effect in a Dirac
semimetal and succeeded in providing classification of the competing mechanisms. Our THz polarimetry technique offers a
unique pathway to disentangle the microscopic mechanisms of anomalous transport in solids.

1. “Disentangling the Competing Mechanisms of Light-Induced Anomalous Hall Conductivity in Three-Dimensional Dirac
Semimetal: Y. Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer
and R. Matsunaga, Phys. Rev. Lett. 131, 096901 (2023).

2. *Semiconducting Electronic Structure of the Ferromagnetic Spinel HgCr,Ses Revealed by Soft-X-Ray Angle-Resolved

Photoemission Spectroscopy: H. Tanaka, A. V. Telegin, Y. P. Sukhorukov, V. A. Golyashov, O. E. Tereshchenko, A. N.
Lavrov, T. Matsuda, R. Matsunaga, R. Akashi, M. Lippmaa, Y. Arai, S. Ideta, K. Tanaka, T. Kondo and K. Kuroda, Phys.
Rev. Lett. 130, 186402 (1-6) (2023).

3. “*Ultrafast Dynamics of Intrinsic Anomalous Hall Effect in the Topological Antiferromagnet Mn3Sn: T. Matsuda, T.

Higo, T. Koretsune, N. Kanda, Y. Hirai, H. Peng, T. Matsuo, N. Yoshikawa, R. Shimano, S. Nakatsuji and R. Matsunaga,
Phys. Rev. Lett. 130, 126302 (2023).

4. T4 7v7¥4@E CdsAs2 [T 2RIAHISHEEBINE E AT —F A4 MK« B K, sl S0, MK Bl WY

¥ 58, 457 (2023).

5. "litter correction for asynchronous optical sampling terahertz spectroscopy using free-running pulsed lasers: M.

Nakagawa, N. Kanda, T. Otsu, I. Ito, Y. Kobayashi and R. Matsunaga, Opt. Express 31, 19371 (2023).

6. “Gapless detection of broadband terahertz pulses using a metal surface in air based on field-induced second-harmonic

generation: S. Tanaka, Y. Murotani, S. A. Sato, T. Fujimoto, T. Matsuda, N. Kanda, R. Matsunaga and J. Yoshinobu,
Applied Physics Letters 122, 251101 (6 pages) (2023).

7. "Pump-probe spectroscopy for non-equilibrium condensed matter: R. Matsunaga and K. Okazaki, Encyclopedia of
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Condensed Matter Physics, Second Edition 1, 981 (2023).

8. “Observation of Terahertz Spin Hall Conductivity Spectrum in GaAs with Optical Spin Injection: T. Fujimoto, T.
Kurihara, Y. Murotani, T. Tamaya, N. Kanda, C. Kim, J. Yoshinobu, H. Akiyama, T. Kato and R. Matsunaga, Phys. Rev.
Lett. 132, 016301 (2024).

9. 3XILTHA 7y 7HRBICKDT I~ VYRGBT - K BEG, s B, Gl R, HAYBESAREE 79, 12
(2024).

10. JEFHREE R — VR ZBENT T 7~ V2 EGEH - =25 Ok, il B, Mk B, 67747V R 35, 44
(2024).

11. “Anomalous Hall Transport by Optically Injected Isospin Degree of Freedom in Dirac Semimetal Thin Film: Y.
Murotani, N. Kanda, T. Fujimoto, T. Matsuda, M. Goyal, J. Yoshinobu, Y. Kobayashi, T. Oka, S. Stemmer and R.
Matsunaga, Nano Lett. 24, 222 (2024).

12. Time-domain characterization of electric field vector in multi-terahertz pulses using polarization-modulated electro-
optic sampling: N. Kanda, M. Nakagawa, Y. Murotani and R. Matsunaga, Opt. Express 32, 1576 (2024).

13. T@E ). CEWEORMAEMAYE 7y (g RIIRE) B3 B 118 ik G, &K &8, (NTS,
2023).

Okazaki group

We have investigated the superconducting-gap structures of unconventional superconductors by a low-temperature and high-
resolution laser ARPES apparatus and transient electronic structures in photo-excited non-equilibrium states by a time-resolved
ARPES apparatus using EUV and SX lasers. In the academic year 2023, we have successfully observed the superconducting
gap in a pristine sample of the Kagome superconductor CsV3Sbs by high-resolution laser ARPES. In addition, we have success-
fully observed the pump-wavelength-dependent photoexcited electron dynamics in a rare-earth trichalcogenide material exhib-
iting a CDW by HHG laser time-resolved ARPES.

1.

*Quasi One-Dimensional Band Structure of Photoinduced Semimetal Phase of TaNij—xCoxSes (x = 0.0 and 0.1): T.
Mitsuoka, Y. Takahashi, T. Suzuki, M. Okawa, H. Takagi, N. Katayama, H. Sawa, M. Nohara, M. Watanabe, J. Xu, Q.
Ren, M. Fujisawa, T. Kanai, J. Itatani, K. Okazaki, S. Shin and T. Mizokawa, J. Phys. Soc. Jpn. 92, 023703 (2023).

T*Temporal Evolution and Fluence Dependence of Band Structure in Photoexcited TazNip 9Cog.1Ses Probed by Time-
and Angle-Resolved Photoemission Spectroscopy: Y. Takahashi, T. Suzuki, M. Hattori, M. Okawa, H. Takagi, N.
Katayama, H. Sawa, M. Nohara, Y. Zhong, K. Liu, T. Kanai, J. Itatani, S. Shin, K. Okazaki and T. Mizokawa, J. Phys.
Soc. Jpn. 92, 064706 (2023).

T Observation of infrared interband luminescence in magnesium by femtosecond spectroscopy: T. Suemoto, S. Ono, A.
Asahara, T. Okuno, T. Suzuki, K. Okazaki, S. Tani and Y. Kobayashi, J. Appl. Phys. 134, 163105 (2023).

Pure nematic state in the iron-based superconductor FeSe: Y. Kubota, F. Nabeshima, K. Nakayama, H. Ohsumi, Y.
Tanaka, K. Tamasaku, T. Suzuki, K. Okazaki, T. Sato, A. Maeda and M. Yabashi, Phys. Rev. B 108, L100501 (2023).

*Ultrafast control of the crystal structure in a topological charge-density-wave material: T. Suzuki, Y. Kubota, N. Mitsu-
ishi, S. Akatsuka, J. Koga, M. Sakano, S. Masubuchi, Y. Tanaka, T. Togashi, H. Ohsumi, K. Tamasaku, M. Yabashi, H.
Takahashi, S. Ishiwata, T. Machida, I. Matsuda, K. Ishizaka and K. Okazaki, Phys. Rev. B 108, 184305 (2023).

*Coexistence of Bulk-Nodal and Surface-Nodeless Cooper Pairings in a Superconducting Dirac Semimetal: X. P. Yang,
Y. Zhong, S. Mardanya, T. A. Cochran, R. Chapai, A. Mine, J. Zhang, J. S\'anchez-Barriga, Z. -J. Cheng, O. J. Clark,
J. -X. Yin, J. Blawat, G. Cheng, 1. Belopolski, T. Nagashima, S. Najafzadeh, S. Gao, N. Yao, A. Bansil, R. Jin, T. -R.
Chang, S. Shin, K. Okazaki and M. Z. Hasan, Phys. Rev. Lett. 130, 046402 (2023).

*Phase-resolved frequency-domain analysis of the photoemission spectra for photoexcited 17-TaS, in the Mott
insulating charge density wave state: Q. Ren, T. Suzuki, T. Kanai, J. Itatani, S. Shin and K. Okazaki, Appl. Phys. Lett.
122, 221902 (2023).

*Nodeless electron pairing in CsV3Sb5-derived kagome superconductors: Y. Zhong, J. Liu, X. Wu, Z. Guguchia, J. -X.
Yin, A. Mine, Y. Li, S. Najafzadeh, D. Das, C. Mielke, R. Khasanov, H. Luetkens, T. Suzuki, K. Liu, X. Han, T. Kondo,
J. Hu, S. Shin, Z. Wang, X. Shi, Y. Yao and K. Okazaki, Nature 617, 488 (2023).

*Testing electron-phonon coupling for the superconductivity in kagome metal CsV3Sbs: Y. Zhong, S. Li, H. Liu, Y.
Dong, K. Aido, Y. Arai, H. Li, W. Zhang, Y. Shi, Z. Wang, S. Shin, H. N. Lee, H. Miao, T. Kondo and K. Okazaki, Nat.
Commun. 14, 1945 (2023).
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10.

11.

TDirect observation of multiple conduction-band minima in high-performance thermoelectric SnSe: M. Okawa, Y.
Akabane, M. Maeda, G. Tan, L.-D. Zhao, M. G. Kanatzidis, T. Suzuki, M. Watanabe, J. Xu, Q. Ren, M. Fujisawa, T.
Kanai, J. Itatani, S. Shin, K. Okazaki, N. L. Saini and T. Mizokawa, Scripta Materialia 223, 115081 (2023).

*Pump-probe spectroscopy for non-equilibrium condensed matter: R. Matsunaga and K. Okazaki, Encyclopedia of
Condensed Matter Physics, Second Edition 1, 981 (2023).

Kimura group

In FY2023, we developed soft X-ray optics techniques using BLO7LSU, which is now owned by RIKEN. In particular, we
worked on the construction of a soft X-ray microscope using a total reflection mirror, the development of a lensless imaging
technique, the ptychography method, and an ultrafast imaging technique using magnification imaging optics. Using such
soft X-ray microscopes, we were engaged in the observation of mouse neurons and pancreatic cells and the development of
operando measurement techniques for device evaluation.

1.

P an g — 27— MM X 542777 BB OB « AN BE&, TR B, B9E P, e 8, Il 5, L
FTSER, IR B, 20K R, =R AL, B8R 0, KNS IR, I Bk, JRHH S5, B 36, 10 (2023).

Development of soft X-ray ptychography and fluorescence microscopy system using total-reflection wolter mirror
and application to measurement of drug-treated mammalian cells: Y. Takeo, K. Sakurai, N. Furuya, K. Yoshinaga, T.
Shimamura, S. Egawa, H. Kiuchi, H. Mimura, H. Ohashi, Y. Harada, M. Shimura and T. Kimura, Journal of Electron
Spectroscopy and Related Phenomena 267, 147380 (2023).

Fabrication of ultrashort sub-meter-radius x-ray mirrors using dynamic stencil deposition with figure correction: T.
Shimamura, Y. Takeo, T. Kimura, F. Perrin, A. Vivo, Y. Senba, H. Kishimoto, H. Ohashi and H. Mimura, Review of
Scientific Instruments 94, 043102 (2023).

Developing a Simple Scanning Probe System for Soft X-ray Spectroscopy with a Nano-focusing Mirror: H. Ando, M.
Horio, Y. Takeo, M. Niibe, T. Wada, Y. Ando, T. Kondo, T. Kimura and I. Matsuda, e-J. Surf. Sci. Nanotechnol. 21, 200
(2023).

Propagation-based phase-contrast imaging method for full-field X-ray microscopy using advanced Kirkpatrick—Baez
mirrors: Y. Tanaka, J. Yamada, T. Inoue, T. Kimura, M. Shimura, Y. Kohmura, M. Yabashi, T. Ishikawa, K. Yamauchi
and S. Matsuyama, Optics Express 31(16), 26135-26135 (2023).

Design of soft x-ray fluorescence microscopy beyond 100-nm spatial resolution with ultrashort Kirkpatrick-Baez
mirror: T. Shimamura, Y. Takeo, F. Moriya, T. Kimura, M. Shimura, Y. Senba, H. Kishimoto, H. Ohashi, K. Shimba, Y.
Jimbo, H. Mimura, H. Mimura, C. Morawe and A. M. Khounsary, Advances in X-Ray/EUV Optics and Components
XVII 12240, 20-33 (2023).

Soft-X-ray nanobeams formed by aberration-reduced elliptical mirrors with large numerical aperture.: T. Shimamura, Y.
Takeo, T. Kimura, Y. Senba, H. Kishimoto, H. Ohashi and H. Mimura, Optics express 31(23), 38132-38145 (2023).

T Sub-photon accuracy noise reduction of a single shot coherent diffraction pattern with an atomic model trained
autoencoder: T. Ishikawa, Y. Takeo, K. Sakurai, K. Yoshinaga, N. Furuya, Y. Inubushi, K. Tono, Y. Joti, M. Yabashi, T.
Kimura and K. Yoshimi, Opt. Express 32, 18301 (2024).

Ultracompact mirror device for forming 20-nm achromatic soft-X-ray focus toward multimodal and multicolor
nanoanalyses: T. Shimamura, Y. Takeo, F. Moriya, T. Kimura, M. Shimura, Y. Senba, H. Kishimoto, H. Ohashi, K.
Shimba, Y. Jimbo and H. Mimura, Nat Commun 15, 665 (2024).
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No. |HREFS A K4 il xiEt:] Title Name Organization FEE =)
project
. N _ . N o High-sensitive magnetization measurements at Tohoku University, Institute
11202304-CMBXX-0029 | WRAKIRIC #51F % iR HEREAL Tk i AR ERIE MR Yusei Shimizu I i
ultra-low temperatures for Materials Research
TNy FT—= T IHEDS | TFRYILVN | B N Finite temperature support in tensor network
2[202304-CMBXX-0030 ARH T BEER I Satoshi Morita |Keio University JIJE T
TeNeSDA IR RIS solver TeNeS for quantum lattice models
L 8 o e 8 Study of High Pressure X-ray diffraction Kurume Institute of
3[202211-CMBXX-0017  [FHE FHAS A X HRIEHTRIE L OBFFE VLR BB N TR Tetsujiro Eto g St
measurements on single crystal Technology
o . N Development of refrigerant type Multi-anvil high |Hiroki .
4(202211-CMBXX-0018  [#E5M~ LT 7 > C)VIE I DR kR HAKRY: Nihon University LR St
pressure apparatus Takahashi
. B . N Study of pressure effect on the &nbsp;low N
5(202211-CMBXX-0019  [{RZCABEEAKIC IS 2 ENRIROBITE It 7R HATHERITR Miho Itoi Tokyo City University R St
dimension organic materials
Research Institute for
Takeshi
6(202211-CMBXX-0020  |3d:ERALEWNICEIS 2 EHRIROMIE X K HLABERSE: TR ST Pressure Effect on the 3d magnetic metals Engineering and Technology, IR St
Kanomata
Tohoku Gakuin University
N o . . ~ Development of high pressure measurement Kazuyuki The University of Electro-
7(202211-CMBXX-0021  [FHUGHBIREIC IS0 % @ L FYPERIEIEORIFE | Fbk s ERUEERY FIR St
technique under low temperature Matsubayashi | Communications
. _ . Development of pressure medium for good .
8(202211-CMBXX-0023 | FCREFKEMEMERF 9 2 11RO RHFE R = PNEUNTY S Keizo Murata |Osaka Metropolitan University TR
hydrostatic under high pressure
. o . . Kiyoshi )
9/202211-CMBXX-0024 [ FfGi T OBEALIIE LRI S5 R TR Development of magnetic measurement method Chiba Institute of Technology bk Stk
Torizuka
10(202211-CMBXX-0025 | /5 PRI T ONMRIEEOWIZE RIS TECS} SRR Study of NMR measurement under high pressure |Naoki Fujiwara |Kyoto University bR St
» N . o N High-quality single crystal samples growing of N
111202211-CMBXX-0026 | ##7 LRk &) B HASSEUR O/ E LR Toru Shigeoka |Yamaguchi University R St
light rare earth compounds
. . ) Study of the strongly spin-lattice-coupled systems University of Electro-
12(202211-CMBXX-0001 | B3RS 1) % A ¥ S F3fs R OB I B HAGHIE A Akihiko Ikeda R HEsh
in ultrahigh magnetic fields Communications
13(202211-CMBXX-0003 | bsRB &2 VAR IAD IR PLEUN Panved Search for topological insulators masato sakano | The University of Tokyo SR 3
TGk O Ic &R PR O IR . N Research on electron state of molecular crystals Osaka University, Graduate B
14[202211-CMBXX-0004 ) A KBR Kisu Takayuki ML 5
DR ORI using photoemission spectroscopy School of Engineering Science
Hiroshima University,
15|202211-CMBXX-0005 | bRo1 ¥ ALl 1IRAED A AR HEF JRERE Electronic-structure study of topological insulators |akio kimura |Graduate School of Advanced bl A
Science and Engineering
L—H'— 2 7508 K % Kl . SARPES studies of atomic layer materials at National Institute for Materials -
16(202211-CMBXX-0006 it 1 Y - MR TR Koichiro Yaji ST Sl
FAIRREDWIZE surfaces Science
. . . X N Laser-Photoemission Study on antiferromagnetic Shunsuke National Institute for Materials N
17(202211-CMBXX-0008 | S5l 72 7= 9 3Bl kG bt O RO 1) EillE TRE {2 WIET - FERHIFZERERS SR A
approximant crystals Tsuda Science
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18(202211-CMBXX-0009 SRR TR Studying spin-orbit dynamics for opt-spintronics  [Kenta Kuroda |Hiroshim University ST S
7 AOWSE
ERE L — P — R R o Ve | o HHG laser time-resolve ARPES Study on strongly o
19(202211-CMBXX-0015 iR & ¥ BRE kyoko Ishizaka |The University of Tokyo e éf 5 =
SRAHBIVIEL DI correlated materials
—fi##i / General Research Project
. - . Member of reseach
No. |REES Y K4 Fils Parite<] Title Name Organization YR
project
Study of effects of substituent modulation and
1614 SRR 249 % H— 0 7 TSR 35U element substitution in single-component )
11202212-GNBXX-0047 R fil NHRF So Yokomori |Rikkyo University A& IR
% L - TURE RO molecular conductors with canted
antiferromagnetism
High-resolution magnetization measurements for
TR Z WY 5 U RAE Y ZHIAL EE | 5 B Tohoku University, Institute
2[202212-GNBXX-0042 7K 1K FHERZE RIS R K uranium-based multiple spin-triplet Yusei Shimizu Hiroto Fukuda IR R
(RGBS % i R LIE for Materials Research
superconductors using dilution refrigerators
. . B Superconducting properties and search for
R s S R LIRS & B R RRE O 7=
. ) . N B hidden symmetry in Ce-based multiple-phase Tohoku University, Institute
3|202212-GNBXX-0043 | CeR% MHTMAE ORI L NI FHIEDLR Wik 10 AR ERIBM R Yusei Shimizu I A
- superconductor using high-resolution for Materials Research
#
magnetization measurements
o o X . Nuclear magnetic resonance measurements on  |Kazuya
41202306-GNBXX-0137 SR I G & U TR SHISIE =N AT B A The University of Tokyo EENEES
organic conductors Miyagawa
IR SR Fumio Komori
Si(111)y 3%/ 3MEERAR IR L72Bi(110) . e IR H Electronic structure of Bi(110) ultra-thin films Rio Kawazoe
5[202210-GNBXX-0001 ) it % HUR TR Kan Nakatsuji |Tokyo Institute of Technology
O TR = grown on Si(111)y 3%y 3 superstructures Orita Takayuki
B PERS Yoshida Rikuma
IR SR Fumio Komori
SICEMR LICRE L2 7 2 UNORIBFETA > | e Intercalation of metal atoms into graphene .
6(202210-GNBXX-0002 it $1 HU LR P RER Kan Nakatsuji |Tokyo Institute of Technology [KATANO TATSUKI w5
2—Hl—rav grown on a SiC substrate
TR B Rio Kawazoe
i . . Observation of structure of self-assembled
RS FHRIEITIC X B 1 CHHERE ) O AT . § 5k s Rena Moue .
7(202210-GNBXX-0005 B FURBIR Kagome lattice Mn3C606 using low energy Kaname Kanai |Tokyo University of Science ClCRES
Mn3C606 DAIED B 1Ly AN Hiroto Yamazaki
electron diffraction
ZE FTIR 12 & B0 A B ARSI TOK . Transmission FTIR spectroscopy of hydrogen Shogo L
8[202304-GNBXX-0065 i W PVl FiibH SR The University of Tokyo Inada Shiori w5
FWAHRIER T adsorbed on olivine single crystals Tachibana




Crystal Growth and Physical Properties at low

T IHGEEE AT X OCRRE RO | . /I AL Kazu Kobayashi
9/202211-GNBXX-0014 HEES i [P temperatures in rare earth intermetallic Takao Ebihara |Shizuoka University KAy 6l
R EARIRE Sl s Naoya Arakawa
compounds and metallic superconductors
ono masaki
N s . KEF Electronic structure of plumbene on metal
10(202211-GNBXX-0053  |®J@&ili DTS Ry OB IREOMHERE | M ) E v Junji Yuhara |Nagoya University Shota Maeda EX 1
[IEN¥N surfaces
. Fluorescence spectra of seMpai in aqueous
11[202211-GNBXX-0024 |2 VAW CILE AU Ase MpaiD HEHIE Bl 0T RS RE M 40 Miyabi Hiyama |Gunma University masahiro harada Fhilr 952
solution
X . . HE s Resonant excitation of isoelectronic traps formed |Hiroyuki Kengo Takamiya
12(202211-GNBXX-0037  |Z# I K 2HE T T v T O KOz RERE Saitama University Bhly 532
THE Pkt by nitrogen pairs Yaguchi Wagatsuma Riki
DFRIE R F =2 O TER L 72GaN/AIN Mitaka Nishiyama
. N PEIL O Optical properties of GaN/AIN superlattices grown
13(202212-GNBXX-0056 | fAliE 10> 7+ MV I 3w Y RIS K B0 /N 18 IR Shyun Koshiba |Kagawa University Maeyama Ryota Bhilr 92
o i A1 by MBE
REPERTT
” . . . N . Study of the superconducting properties on Masanobu .
14(202210-GNBXX-0003 | /K#Wyk X £ 7= PR OB RS RMEIC B9 2 % |51 i JUbRE Tk 8% Kyushu University Ryoma Kato =i Fi
hydrogen absorbed Pd thin film Shiga
A ¥ B—H L— b HRCo2+/N\Z A WG TREMER DY) | L § Physical Properties of Intercalated Co2+ Yuya Tokyo University of )
15|202211-GNBXX-0035 BRI #hisk HAUR TR i 1EH Masaaki Ito JEH
TEARHA Honeycomb Lattice Magnets Haraguchi Agriculture and Technology
N B 5h= Search for pressure-induced superconductivity by
BT A A< —F MHURIK B - Hiromi Taniguchi
L . . el — applying quasi-hydrostatic ultra-high pressures to [ Takuya )
16/202211-GNBXX-0008 (ET)2SF5CF2SO3 Dl FKIEHINMS X 858 |/ % RIER Saitama University Keiichi Sato bpR FEth
) 1L 954 charge-ordered dimer-Mott insulator B'- Kobayashi
HHORSRE Yamada Hidetoshi
(ET)2SF5CF2S03
. . Kiyoharu Uchima
I S i) 2 b
. - 8 . (Okinawa Christian
17(202211-GNBXX-0009  |CeNiC2 D& I & VIER il 3 Ev LR B - WPEEF ) R R | Crystal growth and characterization of CeNiC2 3 | Toru Shigeoka | Yamaguchi University bR St
Institute Okinawa
FRAE)
christian junior College)
N Kiyoharu Uchima
) P Qi) 2 b
=t BPICe 1- x La x NiC2 OfE S E K & P aT . § . Crystal growth and characterization of pseudo- (Okinawa Christian N
18]202211-GNBXX-0010 5] 3B iimpNes BeEBE - ) X R Toru Shigeoka |Yamaguchi University bR
fifli 4 _ N ternary compounds Cel-xLa x NiC2 4 Institute Okinawa
FIREE)
christian junior College)
Fuminori Honda(Central
&% B OUNKET A Institute of Radioisotope
Y b= TR ENY Science and Safety
L Pressure-induced Valence Fluctuation in Yoshichika
19(202211-GNBXX-0016  |Eulr2Ge2 O 1Akl fiikihEh KE e FUHARL R >a—) Tokyo Metropolitan University |Management, Kyushu | FJ& 4th
X Eulr2Ge2 Onuki
FAH SRS University)
fiith 37 Tatsuma D. Matsuda
nakachi ryu
Central Institute of
Eu2+{KA8Z H 5 DEu-T-X{L Y DL Rk %7 FUNRET AV b —THERE| N Electronic properties of Eu-T-X compounds with | Fuminori Radioisotope Science and Hiroto Fukuda (Tohoku
20(202211-GNBXX-0018 ES S R K GRAERZ) bR St
BRI Y 2 — Eu2+ state under high pressures Honda Safety Management, Kyushu [University)

University




Central Institute of

B B TUNKEET AV s =T Hfites| N Effect of Pressure on the magnetism of uranium |Fuminori Radioisotope Science and Hiroto Fukuda (Tohoku
21)|202211-GNBXX-0019 |7 T LB OREMEDIES IS ES S R RH GRIERS) bR St
E s 2— compounds Honda Safety Management, Kyushu | University)
University
. Reproducibility of the Solidification Pressure of
22|202211-GNBXX-0023 [ JE /s @ADL 700 FF BT R = INIUNY S Keizo Murata |Osaka Metropolitan University bR St
Pressure Medium
. Pressure effects on the spontaneous
23|202211-GNBXX-0026 | Ni2InBUsfi A oD 1 FER LT /189 LE it 1B Yoshiya Adachi|Yamagata University Lk SEth
magnetization for Ni2In-type ferromagnets
10GPaADEEFERTREIR T ) w = v 7 Ve . X Parts production for Bridgman-type high pressure N
24(202211-GNBXX-0049 K B BIRKE AN AR Masashi Ohashi|Kanazawa University Yuta Ogasawara FIR St
WY 5T D IO clamp cell which can apply above 10 GPa
X . . Structural Refinement of Single Crystal CeMnSi | Yukihiro Muroran Institute of
25|202211-GNBXX-0050 [ HifFACeMnSiOE T FRHA AT IR =2 LR Ll Y Sae Nishiyama bR St
under pressure Kawamura Technology
Okinawa Christian Institute
X . ERIE N ) R S AR - § Magnetic characteristics of polymorphic Kiyoharu Toru Shigeoka y
26|202211-GNBXX-0052 | ZHULEY) RIr2Si2 (R=75 145) ORESURFE 8 AR R % B (L) Okinawa christian junior IR St
PR R S BUEIAR S compounds RIr2Si2 (R=Rare earth) 8 Uchima Col (Yamaguchi University)
ollege
o X . Magnetic phase transitions under pressure in Masahiko N
27]|202212-GNBXX-0029 | KA AT —{L&Fe3-xMnxSIDIE )] FREGHHERR | i BuZ HEVL SR A 3 Kagoshima University Tsubasa Takamoto R St
Heuser compounds Fe3-xMnxSi HIROI
Elucidating confinement effect of ionic liquids in
BIRESXFNEANTIC X 2 B A G A X . N i Kentaro »
28)202212-GNBXX-0030 AR AER BRI K —% metal-organic framework Cu3 (btc)2 using single Tokyo University of Science  [Ichiro Ohira W/ REST
Cu3 (btc) 2 \D 1 A > HIAFEHTN R OfiRHA Kinoshita
crystal X-ray diffraction analysis
. , N o . Single Crystal growth of non stoichiometric Tetsuya »
29(202212-GNBXX-0031 AREHALBPIErCrxGe 2 D HASFHE K eI 1t IR b EaR il Yamaguchi University reo niiya bR St
compounds ErCrxGe2 Fujiwara
i ot (L Magnetization measurements of non Tetsuya
30(202212-GNBXX-0032 | FEHALAYIHOCrxGe 2 Hf% S DR LIlE BRI H [llEp2 B A Yamaguchi University reo nilya IR #th
stoichiometric HoCrxGe2 single crystals Fujiwara
Development of high-pressure cell for low-
R B AL FHE 2V O BHFE & IR S | N - - temperature dc magnetization measurements Tohoku University, Institute
31|202212-GNBXX-0048 K g HERZE RIS RIS R KA Yusei Shimizu Hiroto Fukuda bR St
HANDIEH] and application to unconventional for Materials Research
superconductors
Search for the pressure-induced quantum critical
WAL Y HRA 2T —BRICBT B E iR o .
32]202212-GNBXX-0054 HH H N T S phenomenon in highly spin-polarized Heusler Iduru Shigeta  [Kagoshima University Aoshima Hideki EAR et
THRSBIR OB
alloys
o o » N NMR studies on S-substituted FeSe at high
33|202303-GNBXX-0058  |Siit#f L 7zFeSe d i E{Kili FNMR#IE TN RS SR Yu Zhongyu Naoki Fujiwara |Kyoto University Zhongyu Yu ER el
pressures and &nbsp;low temperatures
o Kazuyuki Matsubayashi
Fivbk sz (EAGES A
L i = § Development of the quantum oscillation Hitoshi (The University of
34(202304-GNBXX-0063 | H: FatFRENQRAE R E OBIFE A R %) Kobe university R
measuring system under the ultra high pressure [Sugawara Electro-Communications)
T it
Takuya Komoda
. N Search for pressure-induced superconductivity by
WA A~ —F v Mifgik&beta;- A= Hiromi Taniguchi
. B . . applying quasi-hydrostatic ultra-high pressures to | Takuya »
35]/202306-GNBXX-0138 (ET)2SF5CF2SO3 D#EFF/KERIING & 28158 |/IVA $hik W ERE: i 2 — Saitama University Keiichi Sato FIR th
charge-ordered dimer-Mott insulator &beta;'- Kobayashi
FHOTER (1) 1L et Yamada Hidetoshi

(ET)2SF5CF2503 (II)




Measurement of single crystal Eu3Bi2S4F4

36(202306-GNBXX-0140 | HiAs#Eu3Bi2S4F4 D& [E FYEMIE e B HOFIRR Kento Ishigaki |Tokyo University of Science LR et
under high pressure
15 W Taka-hisa Arima
BN R 27 VBEAEERIm O Bk & RGO . N Magnetic structure analysis of novel magnetic Takashi
37(202211-GNBXX-0006 Hith 52 PR Bk #Hm The University of Tokyo Yusuke Tokunaga A B
] topological semimetals Kurumaji
LB EA Masato Ueno
3ILRICHIT B L— Y =il Ao, )V AR ) . 1 2 Pulse duration dependence of laser induced 3-
38202211-GNBXX-0013 B S TR Takuro Tomita |Tokushima University Hiroto Seki ANBK PR
AL elemental alloy
HAYEY R RIS LI Bific s 5 L— N Laser-induced phase transformation of iron thin | Tatsuya )
39|202211-GNBXX-0015 FH R R 5455 Tokushima University Kishida Takahide IR PET
PR E film deposited on diamond OKADA
AT Takada Hideyuki
R 5 Aiko Narazaki
NI ] Hiroshi Ogawa
National Institute of Advanced
N . . EPY ER Basic research on next generation laser systems Tatsunori Shibuya
40(202211-GNBXX-0020 [ R L—H'—& L—F—h LORBEEIIIE |26 K FESELARE B BT Dai Yoshitomi |Industrial Science and INBK PET
[ PN and laser machining technology Daisuke Satoh
Technology
SR Bz ) Ryunosuke Kuroda
A FTA Masahito Tanaka
HUAEAR Sena Maru
AATYIPER ) IS B B L— P — G L B Tl ‘ Control of Microscopic Crystallinity in Yamaguchi
41202211-GNBXX-0021 [if= FRERT Akita University ANBK PR
TS SR LE D Thermoplastic Polymers by Laser Irradiation Makoto
42]202212-GNBXX-0044 | A A=YV T DIzoDT 7 A )3—L—F—DfER | KR 1 [T NS Development of fiber laser for optical imaging ~ [Junko Omachi |Kwansei Gakuin University AR PR
L . § Research on laser processing application by Yasushi o
43]202212-GNBXX-0045 |50 L—Y =)tz FHW = IS s A Ui TR Chiba Institute of Technology AR PET
ultraviolet laser light source Fujimoto
Real-space observation of electronic nematicity in
o fRAE L — W — D T BB W TR . iron-based superconductors by using a high- Yoichi
44202211-GNBXX-0011 Sl T HHRY: PRk The University of Tokyo Asato Onishi
HHRSHADE A XX T 1 v 7 RAEDFZEMIBIZEVT resolution laser photoemission electron Kageyama
microscope VI
Analysis of Break-down Phenomena for
HIO2RSRA (/83 2 DfFHEr i 7 .
451202211-GNBXX-0036 K i HHRY Improving the Reliability of Ferroelectric Yuki Itoya The University of Tokyo
WHEBISR O fiRHT
HfO2 &nbsp;Capacitors
A1) A S VIT K BRI T/ RGO ARSI ) Measurement of infrared absorptivity on metal The University of Electro-
46202304-GNBXX-0061 TE il EAUB{E R R A Suemoto Tohru Haruki Morino e 3t =
E nanostructures by calorimetry Communications
FIVT Y LAY 57 = v OB TR AR O . N Pk Study of electron-phonon interaction in Ca- Satoru Tatsuya Nakamura N
47]202304-GNBXX-0062 — /B8 FUR TR Tokyo Institute of Technology iy 375 =
e Fali sz intercalated graphene Ichinokura Ryosuke Akiyama
N S5 Graduate School of Science  [Seira Naito BRI /R
FER T —— VI & > CGEEIR—)V F—7 LTz . § Hall coefficient measurement of Bi(Pb)2223
48(202304-GNBXX-0060 A g IR g EER Shiro Kambe |and Engineering, Yamagata  [Takahiro Kato SR RE
Bi(Pb) 2223 B {rii{AD R — L FREGIE superconductors over-doped byoxygen annealing
T HiR University OGINO TAKUYA 2 (BRES)
N . Fabrication and transport measurement of
49202304-GNBXX-0064 (i 757 x »FFOIFH L AREIIE i IER HEART: s Masahiro Hara |Kumamoto University Tsutsumi Kojiro

suspended graphene devices
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No. |RREE~ EEEiEd i) i Pagize<] Title Name Organization FEEES
project
HERKENAIC X % BaTIO3 ML - BRI d51F B i ~ o Synthesis and growth control of BaTiO3 by . .
1[202211-MCBXG-0017 BAE TR "B+ Makoto Akizuki | The University of Tokyo SIQI XU [{=or e
7 & RO supercritical hydrothermal method
SRR 2 ) — )b L S SR N TR A . . . Synthesis of biodiesel fuels in supercritical .
2|202211-MCBXG-0013 A AE PVl U S5k Makoto Akizuki | The University of Tokyo Nobuhiro TOGO Xz
T4 —EIVREL G R methanol using solid base catalysts
JERIEEYINC BT 208 - Ko 2 )Lt IO Investigation for novel topological quantum .
3/202212-MCBXG-0007 KL HER HER PN INY Yuta Mizukami | Tohoku University ryotaro ono Xl
ES phases in layered compounds
UK Hifr Yusuke Tokunaga
B - i . JREE Kl Taka-hisa Koto Daisuke o
4(202212-MCBXG-0030 [ Mn3WO6 D&k M ki A 2 PR Spin-driven Ferroelectricity in Mn3WO06 The University of Tokyo XE =
VHI FER Arima Shota Nishida
YAN ZHICHEN ZHICHEN YAN
Kumpei Imamura
SLUESA
Shengjie Fan
TrvrYr & €
FRLT i AY VIRRME Y O R H RS X o Single crystal growth and characterization of Kenichiro SUPENG LIU o
51202212-MCBXG-0033 AR BB LUK 2 RS The University of Tokyo XHpillE =
R & RN Kitaev quantum spin liquid materials Hashimoto Yusei Yoshida
T A
. Ryuichi Namba
S B —
LY FRE—R)L b A FOYIE LRSS e Relationship between physical properties and Ayako Shibaura Institute of "
6]202212-MCBXG-0037 A 2R S XHE R
DREROARIA crystal structure in high-entropy chalcogenides | Yamamoto Technology
ColbhA AT —BRICHBIF BV T YA FEHE . Search for materials with the Martensitic o
71202212-MCBXG-0038 FH H SRR T Sk Iduru Shigeta  [Kagoshima University Aoshima Hideki XHE =
MRl OEEER transformation in Co-based Heusler alloys
A2 R Ryota Uesugi
81202212-MCBXG-0040 bR Y A VREPERZ O T B REME R O B FE % At UK WA Fabrication of thin films of topological magnets  [Tomoya Higo |The University of Tokyo Mihiro Asakura UM
SR B Shunichiro Kurosawa
+ e Yangming Wang
Feng Zili Zili Feng
FRBE YAV E FREEICED BRI OB | . LE RN Search for the functional material based on the yuto kajiwara o
9(202212-MCBXG-0042 W A PR Akito Sakai The University of Tokyo P EIMEE
£ SRR BB topological electronic structure Shunichiro Kurosawa
/NI ikt Yuki Koike
BZH Zhiyi Duan
Magnetism and thermoelectric properties at high
Nd1-x(Ba0.10Sr0.65Ca0.25)xFe03-&delta; (0.1
. R . § temperature in Nd1- Hiroshi .
10[202210-MCBXG-0001 [=x=0.9) O@Eikic I HHEME & BVEREEICBId [l 14 [ e R NE Yokohama National University FEREIES
x(Ba0.10Sr0.65Ca0.25)xFe03-&delta; (0.1 =x= |Nakatsugawa
SH7e
0.9))
Graduate School of Science
. X . Magnetic susceptibility measurement of 2D N .
11]202211-MCBXG-0005 | “Jocl (LY OREALHMIE IV i aR=w: IR AT HhiR Shiro Kambe |and Engineering, Yamagata  |OGINO TAKUYA TR SE =
oxides IV
University
) . . . X Study on antiferromagnetism in Heusler Masahiko . X
12(202212-MCBXG-0009  [RA X T — (L&Y T O FERMEDRTZE FEH BuZ LR A 7 Kagoshima University Tsubasa Takamoto FEREIES
compounds HIROIL




temperature phase

. . Hiffh 5% Magneto-Thermal Transport in Honeycomb Taka-hisa Takashi Kurumaji o
202212-MCBXG-0010  |/N= 71 LNEIREIE RO RSB RIA B S HIE EiH Finved The University of Tokyo AREEOAE S
kB EA Magnets Arima Masato Ueno
JEIT Hhitk Yuya Haraguchi
. . Magnetism of frustrated magnetic materials Tokyo University of .
202212-MCBXG-0011  |[fRIRCEHMRENT T A b L— MEMERORLE HI T PR TR Jek Bk Hiroko Katori masahiro kitamura TEREUE R
synthesized at low temperatures Agriculture and Technology
i W) Masaaki Ito
FSEW/S Hiroshi Yaguchi
Ryosuke
202212-MCBXG-0012 | #REHAEMAIC S B 77 = — )LRNRORRGE Eoe e dE SRR INEL B Annealing effect on iron-based superconductors Tokyo University of Science  |Ryusuke Kogure AREE
Kurihara
SRS Ota Tomotaka
Study on analysis of magnetic properties for
BAE Y HARA AT — B ROBARHED A Y .
202212-MCBXG-0039 HH JEENLES R R highly spin-polarized Heusler alloys by the spin  [Iduru Shigeta |Kagoshima University Aoshima Hideki TEREUE R
WP 5 FHIEGHIC X 2 MATIC BT 5 WF%E
fluctuation theory
SEUR K Satoshi Terasaka
High-pressure synthesis and multipole properties
R T2 ZO AR v TV EA MEBYIOR » Rl wEth Muroran Institute of Tatsuya Nagase o
202211-MCBXG-0006 B 505 E{ R Y] of filled skutterudite compounds containing heavy | Chihiro Sekine FEE R
JER R & AT EL N Technology Hiroto Sono
rare earths
el e Sora Ozaki
R FIC B B Fe-S-H = /eI 354 Bk o o o
202212-MCBXG-0026 ) o PVl [ELIEEPN Masahiro Takano Hiroyuki Kagi | The University of Tokyo Masahiro Takano EA
TOEEYA b EKEFEARIZ R OMI
Development of novel organic synthesis process
HERSTUK & AR O A A DRI & B BT . . ) XAz
202211-MCBXG-0015 X A = HHURE F —EB with a combination of subcritical water and solid |Makoto Akizuki [ The University of Tokyo Yigi Wang
HHEEGR T T XOBHFE L2293
base catalyst
HEAREZE W ie =4 LMEAYIRU(Brl-x1x)3 . High pressure synthesis of powder samples of XHlE =
202212-MCBXG-0008 S B HALRE /iR i Yoshinori Imai |Tohoku university Fuki Sato
AR OE R honeycomb compounds Ru(Br1-xIx)3 FIEAIE
IKFALSISIT V2 AY R=F A V) 71 RIiFE |7 AT T+ Synthesis and structural characterization of
Etty Nurlia
1[202212-MCBXG-0025 | UL7eA A VIR EH/SA A ZOURO GRS [Ty T+ XV | GEFRE bimetallic catalysts containing ionic liquids on Iwate University XHlE =
Kusumawati
s Va7 mesoporous silica for hydrogenation reaction
i YL KAICHAO ZHANG XHE R
202212-MCBXG-0046 |&&T /HifOFv I 720 =gy AR E Enved ER S Characterization of alloy nanoparticles Takehiko Sasaki| The University of Tokyo Haoran Xu LRGeS
] Hu Ningrui JeAE R
. i NS BER Structural properties of group 9 spinel Keita Kojima
AR RS R IE R 2 R § 9 A ¥ U e i N . Naoyuki Xl =
202211-MCBXG-0044 Friln e Bl TR 75t compounds showing pressure-induced Nagoya University Masatoshi Emi
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4/202211-MCBXG-0045 - Fridu iz R NG BER linear trimer at low temperature in high Nagoya University Keita Kojima
A R FITRE S AT Katayama FEREIES
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[N e Shigetada Yamagishi
A7 UN Masato Moromizato
L . il I Synthesis and characterization of ferroaxial Tsuyoshi Tomoki Yoshioka Xl =
25]202211-MCBXG-0031 T a7 F v )VIEOEKER K Wl PR The University of Tokyo
A B materials Kimura Takayuki Nagai WHEAERE
AR R CRBRAYIK Kenta Kimura (Osaka
%) Metropolitan University)
A E— Yoichi Kajita
Preparation Of Silver Nanoparticles Via Lo
26/202211-MCBXG-0016  [5diexCllGAUKFAGIGEIC L 28/ KT ofi#d |#A 5 FUKE Ee S Continuous Supercritical Hydrothermal Synthesis |Makoto Akizuki | The University of Tokyo LI Yanchen PR
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27/202212-MCBXG-0023 il # 5 FOR B2 22052 > % — [WU Fan Teppei Nunoura WU FAN
{Eic B9 ¢ water The University of Tokyo Xl =
Removal of heavy metal ions from electroplating
BIFAAT RSB KB Ay FFElI b OESE: _ . Environmental Science Center, B
28(202212-MCBXG-0024 il #5 PR BB 2 2209t >~ % — [WANG Jiagi wastewater by blast furnace slag based modified |Teppei Nunoura WANG Jiaqi
JEA A > DbRZ The University of Tokyo XHE =
materials
X EiR (6
V7= Y OHTMEEMINOZRZ ST B ER | . ) Study on solid catalysts and reaction conditions Environmental Science Center, N
29|202212-MCBXG-0020 KT 732 FEORPEET L Rt 2 — |4l K& Teppei Nunoura Taishi Dowaki XHlE =2
SR O BB O M for lignin conversion into valuable chemicals The University of Tokyo N
(=N
ERRBLAMORMGIEIC BT 2 B T-KED N Electronic states of transition metal compounds in ARG
30|202210-MCBXG-0002 ST KIBER HtERY Daigorou Hirai |Nagoya University
e the vicinity of molecular orbital crystallization FEAIKE
15 i Taka-hisa Arima
L . . N Synthesis of novel magnetic topological Takashi TREER
31)|202211-MCBXG-0003 |kl kA0 2 A1) UGB Im O Arak & WITEbh Hifh £ inbNed K #ift The University of Tokyo Yusuke Tokunaga )
semimetals Kurumaji WEAKE
¥ EA Masato Ueno
Photocatalytic degradation of organic dyes by MR AE
R R LIRE AR L) T TS E B | o . Environmental Science Center, ) .
32]202212-MCBXG-0021 i $kix FRPEEIZ Rty a— | hy v supercritical carbon dioxide processed Teppei Nunoura HAN Zixin {L2En T
RO R B9 % Bt The University of Tokyo S
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TT7ATAT Department of Precision
N N KEEBET2ERIIFERE R 12 Jarred Fastier- -
1]1202308-MCBXU-0106 | A — kY v 7 ADBITA X Mt == v - Smart sock gait event detection Engineering, Graduate School XlE =
S8 Wooller
Ly F of Engineering
~ . . B Development of continuous process for ceramics
2|202303-MCBXU-0047 &5 X v & A/ ki T Ol B H AR 7 [ PR WS Kiwamu Sue  |AIST TR
nanoparticles production
ST Murohara Masaya
VAR FFARE Shotaro Nishimura
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Synthesis and characterization of Single
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4|202303-MCBXU-0049 [ PE3#ifk « BEFERD IR & Z D HIES O CEAR | Bik A1 SHRT from Open-Shell and Closed-Shell Molecular So Yokomori |Rikkyo University LRGeS
Feofiit Species, and Elucidation of Elemental Composition
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AV T LNTEET VI 2 LEREANOEITE T - Incorporation of noble gases into K-rich Riko lizuka- L X
5/202305-MCBXU-0051 R B UG Waseda University M GE
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. Relationship between unconventional
HOETFRIEATAR T ISR & it 75 . . Makoto .
11202211-HMBXX-0012 Rl P vl Wik P11 superconductivity and quantum critical behavior Ibaraki University Teppei Takahashi i i
SRR E OFH Yokoyama
in heavy-fermion compounds
8 . ) Magnetization measurements of the frustrated — [Hikomitsu
2(202211-HMBXX-0015  [#{a*#1)7 5 A b L— MRHEAROMEREGRUGIE |4t 2 fHARE University of Fukui B
magnets Kikuchi
LWL 7 Z A~ L— MRS 35U % i . High Magnetic Field Properties in Sulfide Yuya Tokyo University of .
3]202211-HMBXX-0022 JRIET #itk AL TR ek BR masahiro kitamura il i
St Frustrate Magnets Haraguchi Agriculture and Technology
L L . ) Magnetic and transport properties in high fields
b ART 29 VR YDB1 2 & R
. of topological Kondo insulator YbB12 and novel .
4(202212-HMBXX-0020 |[R7{L¥RBn (n=12, 25, 50, 66) Oiffdift |HH o Py )] Fumitoshi Iga |Ibaraki University Kamijo Riki B 1
. rare earth borides RBn (n=12, 25, 50, 66)
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produced by high pressure synthesis
Study of field-enhanced atomic ordering
SRR IC X 2 Ni2MnAS S ORES (R i Ryota
5(202212-HMBXX-0027 N REAS R phenomena in Ni2MnAl crystal by High field Kagoshima university ESERE
AHEBISOfRIA Kobayashi
magnetization measurement
. _ X . . . High field magnetometry in organic quantum spin Institute for Materials .
6/202303-HMBXX-0039  [fifhtT A ¥ > A LSRRGSR LlE 21l HER HERE GBI PN Shiori Sugiura Daisuke Takahashi i 1
liquid system Research, Tohoku University
. ) . FrE -t Anomalous superconducting properties Makoto Kaede Inoh
7(202305-HMBXX-0046 |SFEisd 5 EWE 7z 53 BB S i (ITREA RIRKF Ibaraki University Sl
ke P originating from quantum critical fluctuations Yokoyama Teppei Takahashi
N L N Magnetic properties in high fields of topological
BRI VIR IAY DB 2 & BRI FE R
§ Kondo insulator YbB12 and novel rare earth
8(202212-HMBXX-0021 [RBn (n=12, 25, 50, 66) D100T TOTRMIM, |14 S Pel v Fumitoshi Iga [Ibaraki University ARH HESA
borides RBn (n=12, 25, 50, 66) produced by
fLis
high pressure synthesis
. . . Exploration of metastable materials with pulsed
9]202303-HMBXX-0036 | /$)L Rl & sz I Ui eeemiaoms [k ks A Hiroshi Oke |The University of Tokyo AT R
high magnetic field and rapid cooling
Magnetic properties of hexagonal QS-type iron
7ITEQSTUEKE(LY) Ba2Me 1+xSn2+xFe10- ) Kenji o
1020221 1-HMBXX-0005 i R B EKE JiiE 75 oxide Ba2ZMe 1+xSn2+xFe10-2x022 under high Saitama University Harasawa Hideaki K F
2x022 O5RRESIERHE Kamishima
magnetic fields
INEE BifY Observations of magnetic-field distributions in Ryusuke Kogure
PR DOREOEEA A= > T K B . . ) Hiroshi R
11(202211-HMBXX-0007 ENEN FUHIRIR T R iron-based superconductors using an MO imaging Tokyo University of Science  |Ryosuke Kurihara Tk R
SR OBIN Yaguchi
KM F1# technique Ota Tomotaka
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Observation&nbsp;of the dynamics of

Yuki Fuseya (University

12202211-HMBXX-0013 ) FHE INIv~d Koichi Izawa |Osaka university of Electro- K 158
D% ) intermediate states in type I superconductors
Communications)
. Quantum states in strongly-correlated electron
Al e LIz ElEic & 2 sspd e 7 L N YN Ryosuke Hiroshi Yaguchi o
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N . N X . Observation of trapped magnetic flux in Yoshikazu o
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superconducting solder Mizuguchi
Observation of development of magnetic domain
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microscopy
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21)202211-HMBXX-0003 - N F I kAR KEE IR magnetic fields in metallic superconductors and | Takao Ebihara |Shizuoka University Yuta Okubo /N D5 FE
TESHYIERTS
’ /IR strongly correlated electron system Kazu Kobayashi
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Magnetization Plateaus in a Pyrochlore

Los Alamos National

Magnetization Plateaus in a Pyrochlore

Los Alamos National
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Construction of magnetic field-temperature phase
RInCud 07 )L A5 72 R U 7= RESHEE AR 0 L . IR B (ORI
1[202210-HMOXX-0011 A5 Wl JrtivNed diagram using pulsed high magnetic field in Takeshi Waki |Kyoto University Ko
RInCu4
22022 N e P p o - ) Tetsuya - e ) M EE (KR
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Takafumi Ishibe

. N Enhancement of anomalous Nernst coefficient Yoshiaki HE e (KR
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Study of the electromagnon in Sr2CoSi207 by
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5[202211-HMOXX-0008 HA Wi HERY: using the light-polarization dependence ESR Mitsuru Akaki |Tohoku University o)
Lo saxy s Uk N
measurement
Development of the cryostat for pulsed high £ : 0
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magnetic field )
Transport measurements on micro-structured
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71202211-HMOXX-0033 7 —5h SRR unconventional superconductors under pulsed Kyoto University j—
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high magnetic fields
Optical selection rule of the string excitation in
S = 1/2—Rtlsing K5 AACsCoCI3Ic 513 % . ol B (KB
8(202212-HMOXX-0016 . AR HIRER HIERE the S = 1/2 one-dimensional Ising-like Shojiro Kimura | Tohoku University oz
A8 Y S EDH S
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) . Study on the origin of the non-monotonic x
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91202212-HMOXX-0018 B —1% KPR dependence of the superconducting transition Kazutaka Kudo |Osaka University j—
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IZDWT DR superconductivity by chemical doping in PtBi2 K
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. Magnetic properties of two-leg ladder copper R B (KR
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71 A AR I THRBIS 2 Hiad i ACRIE O L High-field control and NMR study of exotic Yoshihiko »
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Interdisciplinary Research Interdisciplinary Research
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1{202305-CMBXX-0073  [)VF7 ¥ IV FAEREEOW R kT HAKRY: Improvement of multi-anvil pressure apparatus Nihon University LR St
Takahashi
Development of physical property measurement
2|202305-CMBXX-0074 | RET/xiff7K I IBEEC OYITERIE L DR FE R = PN TN method in high-quality hydrostatic pressure Keizo Murata |Osaka Metropolitan University bk St
environment
. . X Development of measurement system for )
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physical properties under high pressure
N . . N N Research on purification methods for single
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Research Institute for
N . . Effect of pressure on the 3d transition Takeshi
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14(202305-CMBXX-0051 [ 6G, T1-2, T1-3I¥13 % HFEMHHEE (A) JHRH 25k JUERE Masaki Fujita | Tohoku University 5
2 and T1-3 (A)
. N - Research and Support of General-Use at 6 G, T1- Institute for materials _
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. Research and Support of General-Use at C1-2 Masaaki
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Research and Support of General-Use at C3-1-2
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TIRREDRFSE surfaces Science
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T2 = KEATYIANOEE R TORH AHLD - Incorporation of noble gases into new hexagonal [Riko lizuka- » X
26(202305-MCBXG-0084 fRig B ARRH AR Waseda University FEATREE
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8 8 8 Y 8y
BUF B YTERH inorganic hybrid perovskite lead halides
. Magnetization measurement of defect-induced N .
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ESR system Sakurai KF)
I Putu Abdi Karya Magnetic properties of inorganic materials under I Putu Abdi Karya
; ; . . Takayuki HoR B (K
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55— TIRIERHET 7 1 OpenMXDGPU & )
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IKINIERRET SRS F DR FEAFTIT A R N i B, SR s, 1A [T, nEL |Effect of water on the molecular dynamics of Takeshi Yamada, Tomochika Sogabe, Takumi
85 NI ] JRER: Kiyoshi Kawai |Hiroshima University AGNES [C3-1-1
ICRIE TR 7w HE amorphous amylopectin Mochizuki, Yuki Kagaya
IRFT Ry BT — 7 OUNEEENERRRES) | . - . Molecular origin of viscoelastic sub-relaxation in The University of
86 RIS Pvd e WA, = &, FRIE i Koichi Mayumi Akihiro Hanafusa, Osamu Yamamuro, Hiroshi Akiba ~ |AGNES |C3-1-1

IS5 A 5o

epoxy resins with different cross-linking densities

Tokyo




TENT 7 ABLUHEA X NA FL—FD

Dynamics of methane in amorphous and

The University of

87| FE i Fnved Zhang Menghan, L= & Hiroshi Akiba Menghan Zhang, Osamu Yamamuro AGNES [C3-1-1
BAF IV AT B crystalline methane hydrate Tokyo
PEFHEIEIC K B LY VBRI LOL A ) X [ 3= PN 375N ) . Study of dynamics and fracture resistance of Sumitomo Rubber
88 Kt HEgR SR U, IR K Tatsuya Kikuchi Akihiko Koizumi, Tomomi Shiozawa AGNES [C3-1-1
2 A L WO W P resin-containing rubber by neutron scattering Industries, Ltd.
F 3 2 L— b OFAGEIAIC I B HillF O
X . N N Incoherent Quasi-Elastic Neutron Scattering of
89 | LHEEZIGICI S 2 P EHEE P L [ S PNTN AGNES [C3-1-1
fats during Chocolate Aging process
| NEY 0
FRPEHESE P RIGRLIEIC K B AL A S R N N X Neutron Quasi Elastic Scattering Study of Glassy
90 R sEA R I SR IR RE Koji Ohara Shimane University Satoshi Hiroi, Kentaro Kobayashi AGNES [C3-1-1
DI Sulfide Electrolytes
Gangoji institute for
N N TERRF S LTS Observation of the boson peak in excavated Shigeo
91 |HEBADRY Y E— S filiE [y research of cultural AGNES [C3-1-1
7t amber. Yamaguchi
property
S RIVADS BN B 77V a— VIO e Effect of additive alcohols on molecular motion in National Defense
92 A ety B2 Fumiya Nemoto AGNES  |C3-1-1
b7 micelles Academy
MINE GiIKMEEHF @ ZREBE - E! - K o LY WIS, R 3], (LR $EE]. B0 |MINE (Multilayer neutron interferometer and Ryuto Fujitani, Seiji Tasaki, Kenji Yamaoka, Takashi C3-1-2-
93 . o HEF  E# SR Masahiro Hino |Kyoto University MINE
SIRED IRTAE T /N EEER reflectmeter) Higuchi, Tatsuro Oda 2
BGaNH 238k A XA — > J e 9 —Iicii ) . Neutron detection characteristics for BGaN Takayuki C3-1-2-
94 LIS vl [ilrNed ik O, B RK Shizuoka University ~ |Kosuke Ando, Tatsuhiro Sakurai MINE
U Fe i AR R MR A neutron semiconductor imaging sensor Nakano 2
. . N N . § Development of neutron devices for fundamental | Masaaki C3-1-2-
95 | T SEREV IR SEER D T2 b D T/ A ABHFE dern e Al ERY: RS R, D RER Nagoya University Takuhiro Fujiie, Taro Nambu MINE
physics Kitaguchi 2
BT ERBE S A P R R T O RFEfR o Characterization of Self-Driven Thin-Film C3-1-2-
96 PLIE St Y L2ARESERT Yasuki Okuno  |RIKEN MINE
] Semiconductor Neutron Detection Devices 2
X . High energy
ik 7 SRMINEL & % A TiliKEM b &4 LAV —hnd X Evaluation of the structure of bi-layers of Fe/TiN |Masako C3-1-2-
97 i e HE E# accelerator research  |Masahiro Hino MINE
% JE % [Fe/TiN] 0 JERESE DA E ARt TR using the neutron reflectometer MINE Yamada 2
organization
High energy
~ [ 1 Development of a Spin Analyzer for Ultra-Cold  [Shinsuke C3-1-2-
98 [T A R HT AR OO BH 7E Jli 3T BEIT W, 5% AV, PR fBSR accelerator research | Takashi Higuchi, Sohei Imajo, Ikuo Ide MINE
ARTIZE R Neutrons Kawasaki 2
organization
LRBHEIET 25— DR L HDETRA ) e Development of multilayer neutron mirrors and €3-1-2-
99 HE EH# SR b §¢w) Masahiro Hino |Kyoto University Kenji Yamaoka MINE
e focusing devices 2
" o X ) - Application of the weak measurement to a C3-1-2-
100 [T 2 2 F it D 358lE D BEIT W prtive g JHETY RS Takashi Higuchi | Kyoto University Ryuto Fujitani MINE
neutron spin interferometer 2
R A o EBIG e W T2 30U TR . o . 3D polarization analysis using resonance neutron C3-1-2-
101 FERS 3] SR LY B, SR MEth Seiji Tasaki Kyoto University Ryuto Fujitani, Takaya Suzuki MINE
FihobHF spin interferometry 2
X . L Development of reflective Talbot-Lau
SR 2OUR - m—FEHc X B &R - . C3-1-2-
102 . B 8l HER interferometer for surface/interface structure Yoshichika Seki | Tohoku University MINE
SRR T D BFE 2

analysis




O 75, 7R ISR, R BT, R
BERER, i R, TRET AL, KK
2 NI e N R )
TR B BUL L R AL
AR s, /N BT, RRE B, PR s

Yuki Igura, Kohta Saito, Takayuki Asano, Keitaro
Kuwahara, Yuta Miyachi, Kaito Utsuno, Ayumu Ohashi,
Takehito Nakano, Takanobu Kumada, Teppei
Takahashi, Hayao Fujimoto, Makoto Yokoyama, Hideki

Ebisawa, Azumi Yashiro, Ryosuke Koizumi, Kaede Inoh,

103|T1-1 HQR IRTAHE PN ] P v IRT project of HQR Kenji Ohoyama |Ibaraki University HQR T1-1
o TR R AR BHEL VR R kouki abe, Tomoko Kuroume, Yuka Tomimatsu, Yodai
TR EE, WM i, A KR SRk Kobayashi, Masakatsu Takita, Setsuo Mitsuda, Yui
VS SN N ZZN N R Uramoto, Kanta Suzumura, Karen Tsuge, Yotaro
FE. OB i, @ A )L B Suzuki, Yui Uramoto, Wataru Kurosawa, Koki Aizawa,
ke fs Shuta Kawakami, Kazuaki Iwasa
A iy W REE, BRF DRI, A B8 Hajime Yamamoto, Keigo Tokita, Komei Okano, Ayaka
AP BRES, HE B, NENLBER, Matsumoto, Kenta Nakagawa, Toru Asahi, Yota
Saha Suvayan, Yan Pandu Akbar Komiyama, Suvayan Saha, Mochammad Yan Pandu
Mochammad, Agung Nugroho Akbar, Agustinus Agung Nugroho, Masaki Fujita,
Agustinus, B 42k, REES MESE. i Yusuke Nambu, Yoichi Ikeda, Yo Kawamoto, Yifei Tang,
AKANE (HUEASHE : S8R5 ) N . Takanori
104 eI S Ul sl F5—. JIIA B, Tang Yifei, Jti# 5432, |IRT project of AKANE Tohoku University Takafumi Kitazawa, Peiao Xie, Xiaoqi Pang, Tong Wang,|AKANE [T1-2
IRTRRE Taniguchi
’ Xie Peiao, Pang Xiaogi, Wang Tong., 8 Takahisa Kitazawa, Nobuhiro Araki, Ashita Takemoto,
AR EVAL SR S, AR 1. Zhao hongfei Zhao, Hirotaka Okabe, Yuta Oki, Masahiro
Hongfei, B %, K (iR, )15 HE Kawamata, Jiajie Zheng, Yoshihiko Umemoto, Shusuke
Jie B REGE MEA BFEEL A Takada, Saiki Futami, Shinnosuke Kitayama, Kaede
TURLRA, b BUZAY R B Isomura
Pressure dependence of the charge and spin N Pressure dependence of the charge and spin
105 WANG TONG | sJbR2 P s, R L AR PR Tong Wang Tohoku University Ashita Takemoto, Masaki Fujita, Takanori Taniguchi AKANE [T1-2
density waves in Lal.875Ba0.125-xSrxCu04 density waves in La1.875Ba0.125-xSrxCuO4
T2 L 72 Nd3 +LaAlO3#E I 3513 B Wk o Structure analysis of twin domains in
106 FEHY AR Pl ERY: [P NEY Tkuo Ide Nagoya University Taro Nambu AKANE |T1-2
R AL > OREIEARHT Nd3+LaAlO3 crystal using neutrons
. . Study on magnetic structure of a molecular-
73 T VR KL B O (R RS o . ) Akira
107 U=y e} SERRYRAT A JEREH P, WAL it based chiral magnet, copper L-tartrate at low University of Hyogo ~ |Wataru Fujita, Rinya Akematsu AKANE [T1-2
DhfgE Yamaguchi
temperatures
. Magnetic Excitations in a Hexagonal La3FeGaS7
FE—DITh DA ZIVIsRERREEZ D755 L .
108 AR A& SRR HiR @k, #diE K— with a quasi-one-dimensional and chiral crystal ~ |Yu Yamane University of Hyogo ~ |Makoto Hisaka, Taichi Nagoya AKANE [T1-2
La3FeGaS7Ic $51) % R Ui
structure
. X o . e KL, Xie Peiao. [ 1§42, @1 |The neutron determination of the order Takanori Masaki Fujita, Peiao Xie, Hirotaka Okabe, Shusuke
109 | BREEHE %2773 YbCud AuDFRI P AR DIRE B/ ER HAER Tohoku University AKANE [T1-2
Flli, TR B parameters in YbCudAu Taniguchi Takada, Kaede Isomura
PP RELEIC K BNDGR S a7 a 7B | N . Neutron Defraction Study on Magnetic Properties
110 I Dl PYLARETET Shakuur Abdan Isao Watanabe [RIKEN Shakuur Abdan AKANE [T1-2

SRR IRAEDRFZE

of Nd-Based Pyrocholore Oxides




JIIVG #6T-, #3 B3, Wei Zefeng, Zhu
Tong, fAiH &, Avdeev Maxim,
Nilsen Goeran Jan, AZilI fIiE, #EHI i
17, L5 SR, kP2 STk, TR KR,
Tl =, BT 0, JIXE, HH

Shohei Kawanishi, Yang Yang, Zefeng Wei, Tong Zhu,
Satoshi Tsutsui, Maxim Avdeev, Goeran Jan Nilsen,
Kazumasa Sugiyama, Takayuki Fujitat, Miho Ueno,
Ryota Fujio, Yuki Sasahara, Masugu Sato, Mayu Morita,

Toru Kawamata, Noriyuki Yoshimura, Masaki Fujita, Yo

111 |T1-3 HERMES IRT#f& S e ALK 2. WEH A25E JIAR 5. Tang Yifei. dt [IRT project of HERMES Yusuke Nambu | Tohoku University Kawamoto, Yifei Tang, Takafumi Kitazawa, Peiao Xie, |HERMES|T1-3
i S4, Xie Peiao, Pang Xiaogi, Wang Xiaogi Pang, Tong Wang, Takahisa Kitazawa, Nobuhiro
Tong. dLIR FA. FiK W%, T4 #. Araki, Ashita Takemoto, Hongfei Zhao, Hirotaka Okabe,
Zhao Hongfei, R 1%, K ik, Yuta Oki, Masahiro Kawamata, Jiajie Zheng, Yoshihiko
JISCHEIR, 56 SR MA b, wm Umemoto, Shusuke Takada, Saiki Futami, Shinnosuke
Filhi. —HORE, dul BUeA, BER A Kitayama, Kaede Isomura
§ . . Magnetic structure of the Au65Ga21Dy14 1/1 Tokyo University of
112 [Au65Ga2 1Dy 1 43RS SO RE U Labib FARID |HUsUHRA TR R Farid Labib Kazuhiro Nawa HERMES [T1-3
approximant crystal Science
FYET RIS K % HTBILI-P-S-CIS (AR AR ET L N Neutron diffraction structural analysis of Li-P-S- Tokyo Institute of
113 R SONG SUBIN  [H{ TR Sl MR, CEE TR Subin Song Masaaki Hirayama, Ryoji Kanno HERMES |T1-3
DR Cl solid electrolyte Technology
T ZF Y RA = BB FIERORMIE - 1 e Structural and Magnetic Investigation of Some
114 Zhu Tong SRR Tong Zhu Kyoto University HERMES [T1-3
Wit Molecular Solids Containing Anion Dimers
X . 3 i Evaluation of atomic order of Heusler alloys
115 [SREES K LTe R A AT —BROBRIRETE [ = dFdy EENLES R Yoshifuru Mitsui| Kagoshima University HERMES [T1-3
prepared by in-magnetic-field annealing
M (A, FEM #i—. LEF AR, 3R | Crystal Structure Analysis of Novel lon- Kensei Umeda, Yuichi Sakuda, Nachi Ueno, Yusuke
ANIROT AN A+ BIEME 2 FFORRIA 4> | . ) ) . Masatomo Tokyo Institute of
116 JE; TER FOTHER Y M, 750 . 4% SRR, KA BT, B | Conducting Hexagonal Perovskite-Related Kanenori, Kei Saito, Jiachen Li, Kohei Matsuzaki, Ryo ~ [HERMES|T1-3
{EEARDOREE MAT Yashima Technology
7, HA 9 B R0 Materials Maeda, Nozomi Aoki, Kotaro Fujii
SCN7 =4 V2 NAT ZHHBAT =4 Le e ) The crystal structure of a new mixed anion
117 I K SR EH A P R Daichi Kato Kyoto University Kento Yoshii, Shohei Kawanishi HERMES [T1-3
YIRS S compound with SCN anion
Magnetic structure of the honeycomb rare-earth
118 75N = 71 AL B PITOP6 AI3 D B Ui Ke &7 JRER: Ryohei Oishi  |Hiroshima University HERMES [T1-3
compound ThPt6AI3
R o IR 2R =il w0 HEHL 528 I | Crystal structure analysis of 143-Zintl phase Aichi Yamashita, Akira Miura, Asato Seshita, Yuto
119 (BRI 4327 2 R IVAHORS SREE AT N B PEMEF AR Keigo Ono Keio University HERMES [T1-3
A thermoelectric compounds Watanabe
. N L _ The magnetic structure of Cr substituted Tokyo Institute of
120 [CriF##SrV0.3Fe0.702.8 DRGXUEIE Rl v P TR A FHRE, (LA BESC Teppei Nagase Masaaki Iwamoto, Takafumi Yamamoto HERMES [T1-3
SrV0.3Fe0.702.8 Technology
Takanobu Kumada, Yui Uramoto, Kanta Suzumura,
Fu3T4Sn13 (T = Rh, Ir) D /11 Z )L L ks i § FEFH B, A A5BE. 894 EDR. 5 % | Antiferromagnetic ordered states in chiral
121 B R P VN Kazuaki Iwasa |Ibaraki University Karen Tsuge, Yotaro Suzuki, Yui Uramoto, Wataru HERMES [T1-3
JEH T O R R &R T LB BEKER. A R5FE Wi |structure phases of Eu3T4Sn13 (T = Rh, Ir)
Kurosawa
PRRTE(LI b BTG R LAY . N Verification of the valence transition in the super- [ Yasuyuki
122 ) R ANE NV Hiroshima University HERMES [T1-3
YbCo2Zn2 0 DAL DRGE heavy fermion YbCo2Zn20 by volume change Shimura
PRSP PAR = /= Wik & B FTi {1 AL . ) . i PR, Liu Zheyuan, 3§H ##5, 2 |Neutron diffraction on breathing pyrochlore The University of Takatsugu Masuda, Zheyuan Liu, Hodaka Kikuchi, Zijun
123 W S FULRAE Shinichiro Asai HERMES [T1-3
LilnCr4 S8 D - [El47 B 3 magnet LilnCr4S8 Tokyo Wei
FCCT Z A b L— M EPEARTbINCud DS . N Magnetic structure analysis of the FCC frustrated | Yoshikazu
124 FEH et HHRA: A A Kyoto University Subaru Yoshimoto HERMES [T1-3
it magnet ThInCu4 Tabata




K R, PR #hi—. L7 AR, e

Crystal Structure Analysis of Oxychloride Ionic

Tokyo Institute of

Kensei Umeda, Yuichi Sakuda, Nachi Ueno, Yusuke

125 [FERALI A A AR A DS SRS AT W ZRER | TR LN N R N N O RN 1 Kotaro Fujii Kanenori, Kei Saito, Jiachen Li, Kohei Matsuzaki, Ryo ~ [HERMES|T1-3
. ) ) . Conductors Technology
M, SR 9 s R Maeda, Nozomi Aoki, Masatomo Yashima
. i N The elemental substitution study of quantum Takanori
126 | B FERAWEYbCud TOEHiE AR A it PEloed TR Axhk Tohoku University Masaki Fujita HERMES [T1-3
materials YbCu4T Taniguchi
i . Antiferromagnetic state of Heusler alloy Ru2-
127 [ 54 AT —EBRu2-xCrxSiod g RRE HE EENLES R D S50 Iduru Shigeta  [Kagoshima University |Kazuhiro Fuchizaki HERMES [T1-3
xCrxSi
) Successive phase transitions in a magnetic
REPERY = fi % O SRR Yb2Cu2nSns3 o ] Takahiro
128 L JRER e 5 TG semiconductor Yb2Cu2nSn+3 with a deficient Yb Hiroshima University ~|Satoshi Okajima HERMES [T1-3
12 34F B B RAHLRS Onimaru
triangle lattice
M AR, (R . B3PI e Kensei Umeda, Yuichi Sakuda, Nachi Ueno, Yusuke
) . » . N . o . o Crystal Structure Analysis of Novel Proton Tokyo Institute of
129 [l 7 T b AREARORE SR E AT 7R HR TR Wil 2 SR A TR BTH % 7 Kei Saito Kanenori, Jiachen Li, Kohei Matsuzaki, Ryo Maeda, HERMES |T1-3
) ) Conductors Technology
AL\ IERL E ZEREE Nozomi Aoki, Masatomo Yashima, Kotaro Fujii
. ) . Magnetic structures of magnetic refrigeration National Institute for
130 | Er(Ho) Co2 RS0 AHbA R DR <UE SEF ik PIEAEIZERERE | Larsen Simon Noriki Terada Simon Larsen HERMES [T1-3
Er(Ho)Co2-based materials Materials Science
AR A B pER AL A Hatsumi Mori, Shun Dekura, Kaito Nishioka, Yoshihiro
. . . ) _ |IRT proposal for FONDER (Neutron 4-circle Miwako
131 | FONDER (HPE:7-4 il 147 1) IR TR sk SRR [ R . KA HER, ol . )1 & Tsukuba University Tsujimoto, Tatsuki Ogoda, Terutoshi Sakakura, FONDER |T2-2
. diffractometer) Takahashi
NN S SN i ) Yoshihisa Ishikawa, Satoru Kobayashi, Yukio Noda
Quantitative Estimation of the DM vector in a B Quantitative Estimation of the DM vector in a
132 PANG XIAOQI [sHALAY NISCHEIE, Sk 555 Xiaoqi Pang Tohoku University Masahiro Kawamata, Nobuhiro Araki FONDER |T2-2
Dresselhaus magnet Dresselhaus magnet
— RS )1 RIS 351 % Pt3Fe SRk (A D A N Bekhbaatar Enkhmend. 18 75, Jkfi|Magnetic structural analysis of Pt3Fe Satoru
133 AN EFRYE Iwate University Enkhmend Bekhbaatar, Ayumi Nakano, Hiroki Hojo FONDER |T2-2
SESREHT PN antiferromagnet under uniaxial pressure Kobayashi
Th0.5Gd0.5Mn205 D5 /5 B AU SRR O . . Microscopic mechanism of isotropic magneto-
134 (SRS R VN Fslved Yuta Ishii Tohoku University FONDER [T2-2
BB R electric effect of Th0.5Gd0.5Mn205
AEV1/27F5 A s L— MESRE TR . i Crystal structure of the spin-1/2 frustruated
135 AR R LSlwed LR Kazuhiro Nawa | Tohoku University Ryo Murasaki FONDER |T2-2
2V0S04_H2S04_nH200D#: stk square lattice magnet 2V0S04_H2S04_nH20
B B N N . Lattice deformation and the Invar effect in Fe-Ni- [Miwako
136 [Fe-Ni-CuiBIC B M8 FEL A 2= [Ele e | Bl K ek Tsukuba University Tatsuki Ogoda FONDER |T2-2
Cu alloy Takahashi
. Comprehensive
INAIS—H T ARSI B AN B RS . Incommensurate magnetic structure in a Shinichi
137 A B ORI | Chang Lieh-Jeng Research Organization |Lieh-Jeng Chang FONDER [T2-2
ORI hyperkagome lattice Shamoto
for Science and Society
75 A b L— MiglEkBaFe 1 2Se7 06 O M Single-crystal neutron diffraction study of a spin- | Yoshihiro National Institute for
138 R A VTR FONDER [T2-2
eSS AT frustrated antiferromagnet BaFe 12Se706 Tsujimoto Materials Science
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1+ >/ SAEM / Laser and Synchrotron Radiation Laboratory in Kashiwa

wi—% / Joint Research List of Synchrotron Radiation Research Project 2023

ML, PRI RO T — X

Member of reseach

No. |HREFS A K4 il i GHRmZEE) Title Name Organization FEE =)
project
Observation of electronic structure of self-
1[202210-GNBXX-0004 | CHHEkE A T AMFMn3CoOs DFEFHEE DB | & % SUBRLRE 1B EmA Kaname Kanai |Tokyo University of Science ~ [Rena Moue it
assembled Kagome lattice Mn3CsOs
T4 Ty 7R o -SniiBIc B B MR YAy . L Elucidation of surface topological states in Dirac | Masaki B
21202301-GNBXX-0057 ANy N R B 2 The University of Tokyo Takahito Takeda Bl
KIRAE DR semimetal a-Sn Kobayashi
L—Y—2 ¥ Vi EE TN & B REE TR . » HEH SARPES studies of atomic layer materials at National Institute for Materials | Shunsuke Tsuda
3|202305-CMBXX-0043 Kk O—E | WOE - BRI Koichiro Yaji b 3
fEDYE TrITAY R surface Science PHAN DINH THAN
ESV Wataru Norimatsu
BALR Y T AT VLT 5T 2 Y DA 53R ) N Ni Yuanzhi Spin- and angle-resolved photoemission Ni Yuanzhi )
4(202306-GNBXX-0097 i Pk 2248 iR Takahiro Ito Nagoya University B T
A RER R T8 IOEIRIN spectroscopy of Graphene on WC thin film Kento Kawano
FillJsE 5URER Ryotaro Sakakibara
Time and spin-resolved high-resolution
IN=T A B VSRRENEAR DI 73 2 2 3 e 5y N X § Takayoshi 3
5[202306-GNBXX-0124 ) B Wl Fe L LIRS S Fks photoemission spectroscopy of half metallic Okayama University Tomoki Higashikawa Bl
FRREYEHE 5 Yokoya
ferromagnet
=V IR EOZRE S 5T = v O TIREDW | JAR —HB Electronic structure of multilayer graphene on a National Institute for Materials | Koichiro Yaji )
6(202306-GNBXX-0133 HEEH Pl YE - MIRHIZE RS Shunsuke Tsuda S A
7% Tr7IT4Y B Ni substrate Science PHAN DINH THAN
SRR SR B EYISTRUOSHEIKIC 351 2 F 1Ry . Unveiling quantum transport property of Masaki 7
7(202310-GNBXX-0146 /MR B JULRE HH 54 The University of Tokyo Takahito Takeda HE S
PEDfiFHH ferromagnetic metallic oxide SrRuOs3 Kobayashi
MEFAE TP HWTT MR FLA T3 L W Study of attosecond photoemission dynamics Takuma Iwata
8[202311-GNBXX-0147 ] L LiRivN IN=y N Kenta Kuroda |Hiroshima University Bliv
I ANDRYE ke ki through photoelectron spin interference Towa Kosa
Huh Soonsang (The
Investigation of magnetization response in the Huh Soonsang (50K |Investigation of magnetization response in the University of Tokyo)
nearly half-metallic ferromagnet CoSz using #) nearly half-metallic ferromagnet CoSz using Ryo Mori (The
9|rrN Changyong Kim [Seoul National University o Changyong Kim |Seoul National University S A
spin- and angle-resolved photoemission 5t GRY) spin- and angle-resolved photoemission University of Tokyo)
spectroscopy JIET ik GRECRA) [ spectroscopy Kaishu Kawaguchi (The
University of Tokyo)
Ryo Mori (The
o University of Tokyo)
&5t GEIRY)
Investigation of spin propaty in quantum . . Investigation of spin propaty in quantum Kaishu Kawaguchi (The
10 AT Hugo Dil PSI(Paul Scherre Institut) JHIET HE - GREURE) Hugo Dil PSI(Paul Scherre Institut) Tk

materials

i S GRETRY)

materials

University of Tokyo)
Yuto Fukushima (The

University of Tokyo)
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1. 55— [FIERIE / First-Principles Caleulation of Materials Properties,

REEARE L, TR RO T — 2

No. RS R i iz Title Name Organization
SRR NIRRT 7 4 VR T — 2N — 2D X o
1{2023-Eb-0003 K EA HaHERRZE T Construction of anharmonic phonon database with first-principles calculations Masato Ohnishi The Institute of Statistical Mathematics
iR
BT HABIGETIC X 2 EE AT R & 7731 2R TE . o Clarification of Microscopic Mechanisms of Semiconductor Epitaxial Growth and Device-
2|2023-Ea-0004 b B R AEARAMEL & 2T LTI Atsushi Oshiyama |Institute of Materials and Systems for Sustainability
FROBUBIHIRE R Interface Formation by Large-Scale Quantum-Theory-Based Computations
FEF BB & B PREC & B A — Al OB . N . Theoretical study on dynamical processes in heterogeneous catalysis using density functional |Yoshitada Department of Precision Engineering, Graduate School of
3[2023-Eb-0007 I R KBRS RAFBELAER PPEsR iy
DILHIITE theory and machine learning methods Morikawa Engineering, Osaka University
FEE BB & B BIEIC X B A — i O B . N . Theoretical study on dynamical processes in heterogeneous catalysis using density functional |Yoshitada Department of Precision Engineering, Graduate School of
4[2023-Ea-0007 I R KBRS RAFBELAEGER PPEsR iy
DILHIITE theory and machine learning methods Morikawa Engineering, Osaka University
. . N . . Shusuke
5|2023-Ea-0010 B E AT E O T, I T LA\ DIER] Sk F IR 2l Tee Equilibrium/nonequilibrium electrochemistry of disordered solid-state interfaces Academic Assembly, Yamagata University
Kasamatsu
IR - WARFER S O — FRSPACEDRFE & ) X ) Development of first-principles calculation code RSPACE and design of highly functional Department of Electrical and Electronic Engineering,
6]2023-Ca-0101 NP At HHF K2Rt LR S Lo Tomoya Ono
BREREI O TV 1 >~ interface Graduate School of Engineering, Kobe University
BRI L 2T A R . . . Electronic structure of wide-gap semiconductors based on first-principles calculations: from | Yu-Ichiro
7(2023-Eb-0009 WF HUUTRERY Tokyo Institute of Technology
R ST =TI, AME R TNA ZAET power devices to quantum devices Matsushita
. . N i . . N Graduate School of Engineering, Yokohama National
8[2023-ca-0016 SETRAEE T 0 Y S LOWK LISH KE hEd BRI R AT T2t Improvement and application of all-electron mixed basis program Kaoru Ohno
University
9(2023-Ca-0099 I TR ORGSR & R T HiT A FUSURERE G B R B R B R Structural exploration and prediction of dielectric properties of molecular materials Shinji Tsuneyuki | Department of Physics, University of Tokyo
AR 2RI U Tzy A 2 M EIRMEOKZ 7 —)L ik ) . Large-scale simulations based on machine learning for thermal transport in twisted layered
10/2023-Ca-0056 HR EE FOURZE TR IR Junichiro Shiomi | School of Engineering, The University of Tokyo
Yial—varv materials
7 4 /¥ BORO SRR RO FERRLI R L ) 781 ) . . O Quasi-harmonic approximated and molecular dynamic calculations for phonon-induced Yasuhide School of Materials and Chemical Technology, Tokyo
11(2023-Ca-0057 YA AR HUSCTSR A B T2
A negative-thermal-expansion materials Mochizuki Institute of Technology
> )V T - S - RIGSFOBME | . N N Analyses on local properties at complex structures such as surfaces, interfaces and defects Department of Materials Engineering, School of
12(2023-Ca-0084 L HOREREGE TR~ 7 U 7 )V T2AR Satoshi Watanabe
WHEI 35V 2 R AT B S 2 AT via machine-learning potentials Engineering, The University of Tokyo
13]2023-Fa-0011 FRRBSEARBIE MR ORI A Y Y — = 5 P RAN AN It 2 Computational screening of giant magnetocaloric materials Hung Tran Ba Tohoku University
70y RO Y — (i A 7 YRR O S R | . o Development and applications of first-principles computational methods using Berry phase of
1412023-Ca-0135 i iz BIRK2EF /=79 7 VTR Fumiyuki Ishii Kanazawa University
RHRTERTE LIS Bloch wavefunctions
7w ¥ a XEVIEMZ AU za-SiNHiOFloating State . I Theoretical Studies on New Types of Point Defects Origninated from Floating States in a-SiN Institute of Materials and Systems for Sustainability,
15|2023-Ca-0054 [SESI e B R - 2 2T LT Keniji Shiraishi
PR D HTHLUR B D BRI towards Flash Memories Applications Nagoya University
. i Department of Materials Science and Engineering, Tokyo
16/2023-Ca-0013 T B %7+ / V3R am o #ih FU TR L2 RR Phonon effects in phase equilibria Yoshihiro Gohda
Institute of Technology
PR R T o v Ve SHET 4/ VEHRIC & B B D _ ) Elucidation and prediction of thermal properties of solids using machine-learning interatomic
17(2023-Ca-0082 W Juy YIEL - AORHZE R Terumasa Tadano |National Institute for Materials Science
B & T potentials integrated with advanced phonon calculation methods
FbUEPEREIR 72 A L7e_a 7 R h A ARl . ) First-principles analysis of perovskite semiconductors toward improving photocatalytic
182023-D-0007 PR [iEPNS Seiichiro Ten-No ~ [Kobe University
- R performance
. . . . Kazuma
19(2022-D-0005 PR A T MRS T — 2 X — 2R PR S JUN TSR Construction of thermal conductivity database from first principles Kyushu Institute of Technology
Nakamura
20(2023-Cb-0006 TR eAT RO — BRI (2 a1 FCRAAWINERRZET First-principles calculation of adsporption on electrode sufaces Osamu Sugino Institute for Solid State Physics, University of Tokyo
77 VTN T — LRI 513 B BRSO A o
21(2023-Cb-0046 ke BIRKEF /=70 7 VIRFEHR First-principles calculation of van der Waals magnet Fumiyuki Ishii Kanazawa University
=
- o Theoretical study of visible-light-driven semiconductor photocatalysts using first-principles
22|2023-Ca-0059 £ RIS & B ATHDER OO BIRIGITZE | RAE RSB TR Seiichiro Ten-No ~ [Kobe University
calculations
23|2023-Ca-0063 VT LA A VR TERR TR O 2 E RS R IR B RIBEARRE R AR BT T iR Crystal structure prediction of Li-ion solid electrolyte materials Tomoki Yamashita |Nagaoka University of Technology
24(2023-Ca-0114 F /U5 T 2 VETREEDOINIE B i— TR Response of nanographene device structures to external fields Koichi Kusakabe |Graduate School of Science, University of Hyogo




25(2023-Ca-0005 LB & B —FEEY 7 by 2 7 ORI |BE B2 PNTS Development of a first-principles calculation software for a many-body wave function theory |Masayuki Ochi Osaka University
X N - Department of Materials Science and Engineering, Tokyo
26(2023-Cb-0002 RESL PR BB O T LI 7N U LAY T2 e R Electron theory of magnetocrystalline anisotropy Yoshihiro Gohda
Institute of Technology
27(2023-Ca-0051 WO BT L2 FOCRZEITERR ST Quantum theory of electrode Osamu Sugino Institute for Solid State Physics, University of Tokyo
GaN MOSFETH] 0 GaN/4ltfa 5 i o 5 — Bt Eic & ik . Institute of Materials and Systems for Sustainability,
28|2023-Cb-0019 [SESI o HERAY: ARBR - 2 2T LT First Principles Design of GaN/Insulator Interface for GaN MOSFET Keniji Shiraishi
it Nagoya University
HIEN BB W 7o RIS RIENC B0 5 70 FIAG RIS | . RBORFRABE LARTER PR sR i R 7 Department of Precision Engineering, Graduate School of
29]2023-Ca-0085 AR Density functional theory study of adsorption and reaction of molecules on metal surfaces Tkutaro Hamada
OWFE a—2 Engineering, Osaka University
HPCERA L LIcRTY I a L— 3 v - KRN - 7— & B BRI 7 5 A 77 ok 212y Plasma Quantum Processes Unit, Department of
30(2023-Ca-0122 ik HPC-based fusion of quantum simulation, experiment analysis and data-driven science Takeo Hoshi
EREREEO e b Research, National Institute for Fusion Science
31(2023-Ca-0025 2ROCWE T R— VT HAEFIRO RS & I T R TR T2 Development of second-order GW electron-hole interaction kernel Yoshifumi Noguchi | Graduate School of Engineering, Shizuoka University
_ . . § T Department of Chemistry, Faculty of Science, Hokkaido
32(2023-Ca-0034 WIS X 20/ W OIS - BREOMIT L TRl KX fid S eS| Ab initio study on the structure and functions of nanomaterials Tetsuya Taketsugu
University
MBREREE R I I 2 MG BIIROME & e § First-Principles Molecular-Dynamics Study of Structural and Electronic Properties of
33(2023-Ca-0050 TR A NN S S S L e Fuyuki Shimojo | Department of Physics, Kumamoto University
JFEEEFRE Disordered Materials under Extreme Conditions
HRPEEARS I BT =T/ UGEEELES | o . First-principles bandstructure calculation with electron-phonon interactions in organic Susumu Department of Physics and Earth Sciences, Faculty of
34|2023-Ca-0089 Wi BB B LI ER SUIEN
—JFENY REH semiconductor crystals Yanagisawa Science, University of the Ryukyus
B 1537 N T 2 ORI N % SMRSIEG S y Thermal Conductivity calculation with machine-learning interatomic potential for multi- Faculty of Advanced Science and Technology, Kumamoto
35(2023-Ca-0017 R 7 HEA KR A et B g Kohei Shimamura
)i component heterogeneous materials II University
. . . Satoshi
36(2023-Ca-0115 FFR 7 B2 AU 35U B R RIGHET R KIS T2A7ERY Surface reaction analyses for atomic layer processes Graduate School of Engineering, Osaka University
Hamaguchi
W B IV AR K U7 5 A~ T — 4 ) . Kazuma
37|2023-Ca-0012 A R JUNTRER: Construction of thermal conductivity and plasma frequency database from first principles Kyushu Institute of Technology
N—Z{FR Nakamura
) . . . Kunihiko
38(2023-Ca-0037 FSERETEAIC 50 B SE R — VAR OB — AL WA B KRIRRAFERE T 2A 0 5ER First-principles calculation of anomalous Hall effect in antiferromagnets Graduate School of Engineering Science, Osaka University
Yamauchi
) . ) JEHRE R AR T A ST L+ — - <7 Center for Advanced Research of Energy and Materials,
39|2023-Ca-0049 B & PR R OB B m b W Al Reduction of Rare Metals in Fuel Cell and Formic Acid Decomposition Catalysts Norihito Sakaguchi
U 7 VRS RS > 2 — Faculty of Engineering, Hokkaido University
) . ) JEHRER AR T A ST L+ — - <7 Center for Advanced Research of Energy and Materials,
40(2023-Cb-0033 ) P Rt & PR RA I O Bl W Al Reduction of Rare Metals in Fuel Cell and Formic Acid Decomposition Catalysts Norihito Sakaguchi
U 7 VRS RS > 2 — Faculty of Engineering, Hokkaido University
RETRAAA RGN X A AT AR H—FEHE . First-principles analysis of artificial photosynthesis using perovskite semiconductor
41(2023-Cb-0021 RHE  RE—HD MR Seiichiro Ten-No | Kobe University
fEHT photocatalysts
EH RIS R VI EHIEIC B B RAT | o . Department of Materials Engineering, School of
42(2023-Cb-0028 LR PR TR IR~ 7 7 )V T2 Analyses on local properties at complex structures via ab-initio-based methods Satoshi Watanabe
YIPEIZ B9 B AT Engineering, The University of Tokyo
5 U TIRIE - WA REIER 5O — FRSPACEDRFE & R § Development of first-principles calculation code RSPACE and design of highly functional Department of Electrical and Electronic Engineering,
43(2023-Cb-0047 Nt B R R TR A T T AL Tomoya Ono
BHRERT DTV A~ interface Graduate School of Engineering, Kobe University
) . R : . . . N Nobuhiko
44(2023-Ca-0129 KB — [ UL RIS & B SIS K IR BEIER YR Quantum transport theory by large scale first-principles electron transport calculations Department of Applied Physics, University of Tsukuba
Kobayashi
45(2023-Ca-0038 F-HRERICHT B 7 OB TS R | Vobk SR PR FR A > 2 — First-principles analysis on attosecond transient absorption spectroscopy for FePt alloy Shunsuke Sato Center for Computational Sciences, University of Tsukuba
AL ORMEREBI 5 K U R O 95 (L . § Center for Computational Sciences, The University of
46|2023-Ca-0092 KB #= R AR AR o 2 — Exploring the mechanism of catalytic activity and degradation of electrodes Minoru Otani
Ofigi Tsukuba
o . ) . N ~ Advanced Institute for Materials Research (WPI-AIMR),
47(2023-Ca-0108 R O — I & B3R BRI At O |2 = HULR AR i S 0T Design of Effective Electrocatalysts by Theory and Ab Initio Computations Hao Li
Tohoku University
X . . — . ) . Improvement of accuracy and software development for the first-principles wave function
48(2023-Cb-0003 BB ECTRO MR LB XUV 7 b 2 TR MY E2 KRR Masayuki Ochi Osaka University
theory
X B . ) . § Structural analysis and property prediction of grain-boundary segregation by first-principles
49(2023-Cb-0013 RIS K B RIFURATRES AT & BhE T MR I HUTRA R 1 Yuichi Ikuhara Institute of Engineering Innovation, University of Tokyo

calculations
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Analyses on electronic/magnetic structures in high-performance spintronics magnetic

Faculty of Mathematics and Physics, Institute of Science

50(2023-Ca-0035 § NI BIRKAFL T IF Rl 50 Tatsuki Oda
K OHERT T H QIS CWIE DS LBIZE - IGH materials and parallelization development/application in quasi-particle self-consistent GW code and Engineering, Kanazawa University
HIEN BB IV 7o RIS RIENC B0 570 FIAG RIS | . RBORFRABE LARTER W sReig R L7 Department of Precision Engineering, Graduate School of
51(2023-Cb-0018 T ERES Density functional theory study of adsorption and reaction of molecules on metal surfaces Tkutaro Hamada
DOWJE a—2 Engineering, Osaka University
RESHIRLERBERR 1T A7 U 7o S i ELA R I B D S — R FR . " First-principles calculations of exchange coupling constants dependent on magnetic short- School of Materials and Chemical Technology, Tokyo
52(2023-Cb-0007 e A FORTHER AP T2 2t Tomonori Tanaka
At range order Institute of Technology
. o . N Electrochemical reaction analysis using density functional calcula- tion + implicit solvation
53[2023-Ca-0088 HEENBIEGE L AW AW I BRI A RIS ORET 5 | &L ¥ LA B R E A Jun Haruyama RIKEN Cluster for Pioneering Research
model 5
7/ RT3 K UBEMERTRIRI - S B9 2 55— St |
54(2023-Ca-0015 ” VI B EA TN Ab-initio research on nano particles, and surfaces and grain boundaries of magnetic materials | Yasutomi Tatetsu [Meio University
7%
. - . § Department of Chemical System Engineering, The
55[2023-Ca-0079 DFT-MD35 & U'NNP-MDIC & % [E{AR LYkl O BERERRIA |l £ HUTRA R 1 DFT-MD and NNP-MD simulations for metal-oxide catalysis Akira Nakayama
University of Tokyo
56(2023-Ca-0086 SEALA 7 LY R & K L s TR A FRURA R B R R S Search for high temperature superconductivity in hydrides Takahiro Ishikawa | Department of Physics, The University of Tokyo
) L—esi— nv |
57|2023-Ca-0124 Y MERADOF YU T F—E T LB LY R BHEENT RS RS T2AWE T2 a— R Carrier doping of Mott insulators: chemical trends Hannes Raebiger |Depertment Physics, Yokohama National University
ES
58|2023-Ca-0008 P BRI X B YA BB O iR LH Bk IR Study of the principle of photothermal conversion by ab initio calculations Hiroki Gonome | Yamagata University
59(2023-Ca-0032 IF R OF— R R KF - -V SERRTERE First-principles calculations for molecular junctions Tatsuhiko Ohto Graduate School of Engineering, Nagoya University
BIEMEOEOHRIEZERT 51T 3 v 7 ZRHEIO . JEHRE R ARG T2EM e MUS T3 V+— + <7  [Development of Ceramic Protective Coating for High Corrosion Resistance of Metallic Center for Advanced Research of Energy and Materials,
60(2023-Ca-0048 qu  HEA Yuji Kunisada
Pi%E U 7 VRS RS > 2 — Materials Faculty of Engineering, Hokkaido University
SR P 2 RTESICHIBEIC 150 B T80 o o —
61]2023-Ca-0131 Lk fee JCHEERAR A LA First-principles electron-transport study on 2-dimensional SiC materials Yoshiyuki Egami | Faculty of Engineering, Hokkaido University
i
BIEMEOEOHRIEZERT 51T 3 v 7 ZRHEIO . JEHRE R AR T2EM e MUS T3 )V+— + <7  [Development of Ceramic Protective Coating for High Corrosion Resistance of Metallic Center for Advanced Research of Energy and Materials,
62(2023-Cb-0034 qu  HEA Yuji Kunisada
Pi%E U 7 VRS SRS > 2 — Materials Faculty of Engineering, Hokkaido University
GHEICYI L T2 70 — 2 78 A ADHVE © bR ) . N Proposal for Free Devices Based on First-Principles Calculations: From Material Exploration to | Yu-Ichiro
63(2023-Ea-0009 HF e HUR LR Tokyo Institute of Technology
FHin BTN ZMFRET Device Fabrication Matsushita
e =2 =Ty T =2z UTck . N Analysis of novel rechargeable battery materials using first-principles calculations and neural
6412023-Ca-0014 [1I]i: TSN HUT R TR ISR Atsuo Yamada Faculty of Engineering, The University of Tokyo
AR DT network force field
g RIS K B TS LI FRIRMEIC S 5% | ) . o . First-principles study on electron transport properties in molecule-adsorbed atomic layered
65]2023-Cb-0052 Lk fee JCHEERAR A A5 Yoshiyuki Egami  |Faculty of Engineering, Hokkaido University
LIRS materials
N . . _ The Institute for Solid State Physics, The University of
66(2022-D-0007 70 b 2 B2 SRR OO S — S PINEBG B FeRES B REAYIET S ST First-principles NEB calculations of proton tautomeric conduction pathways Hatsumi Mori
Tokyo
T & / VE— FICHEH LT ERERE T O 4 AREHEH L Kyushu University Platform of Inter-/Transdisciplinary
67(2023-Ca-0061 B FUNRZE T 3V F—WFC e Analysis of phonon-assisted ionic transport in solid electrolytes Susumu Fujii
fEHT Energy Research, Kyushu University
68(2023-Ca-0052 IERART A ) 2T —ZN— AR UM R OBIZE | ki IEA Hiat BRI Data-drive materials development using anharmonic phonon database Masato Ohnishi | The Institute of Statistical Mathematics
69(2023-Cb-0023 CWIELUT 1) % H CHIE AL T RH& TR T2 Self-interaction corrections in GW approximation Yoshifumi Noguchi | Graduate School of Engineering, Shizuoka University
BRCAENC K BRISIER /Sy 2 Gy Iab—va vl | . Development of atomic interaction models for reactive sputtering simulation by machine Satoshi
70]2023-Cb-0032 L EE KIKRE: T2A7ERY Graduate School of Engineering, Osaka University
TR EAE R E 7R learning Hamaguchi
SIS AT C K2NdND5 01 5 D &G R B & U Stable Structure Exploration of K2NdNb5015 and Phase Transition Mechanism Analysis
71]2023-Cb-0029 LR HUR LR Sou Yasuhara Tokyo Institute of Technology
TR RS RE D AT Based on First-Principles Calculations
£ FHELL TN ERTRIC & B A RARIO )1 ERHE Analysis of mechanical properties of alloy materials using first-principles and molecular The Nagamori Institute of Actuators, Kyoto University of
72|2023-Cb-0040 EAF wks Naoki Uemura
fEHT dynamics calculations Advanced Science
Analyses on electronic structure and magnetic anisotropy in high-performance spintronics
FHER E Y ko= AR R O - RESUETE . . N y Faculty of Mathematics and Physics, Institute of Science
73(2023-Cb-0041 . AN BRI TRRFUR IRl 755 magnetic materials and parallelization development/application in quasi-particle self-consistent | Tatsuki Oda
FEHT I & UHERL 1 CERES CWIE D AFI LR FE - IS and Engineering, Kanazawa University
GW code
o i R . . Study on physical properties of structural elementary excitations at solid surfaces and Hiroyuki Graduate School of Natural Science and Technology,
74(2023-Ca-0023 15 P SRRV 35 W SRINEE O W PED W% W M2 HOER A A

interfaces

Kageshima

Shimane University
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First-Principles Investigation of Energy-Conversion Processes in Biological and Material

75(2023-Ca-0064 RHT AU RPN IR e P FE ek Takatoshi Fujita | National Institutes for Quantum Science and Technology
TS X Bkt Systems
76|2023-Ca-0134 RN & B SR O ERE R & BRERFE A FRURAE R LR O TR Exploring stable interface atomic structures and properties by first-principles calculations Yuichi Ikuhara Institute of Engineering Innovation, University of Tokyo
77|2023-Ca-0100 IR K B S RERR L LT ki oD L A i 7 #— Bt A Machine learning prediction of Lewis acidity of supported oxide single-atom catalysts Kyoichi Sawabe | Nagoya University
78(2023-Ca-0001 JERRYE D2 0Tk INEF ISR FUCR AR T Two-dimensional structures for non-layered materials Shota Ono Tohoku University
ZrOVAL—H =T L B FEBOCIINOE I I | . N Photon Science Center, School of Engineering, the
79]2023-Ca-0020 T H B TR R i TR ge 2 > 2 — First-principles simulations for optical absorption of dielectrics by multi-pulse laser fields Yasushi Shinohara
L—yay University of Tokyo
LAY FRMEOT /L COS_{2)SFEICBI A5 - N . Nanoscale properties and CO$_{2}$ fixation of cement-based materials : ab initio molecular
80|2023-Ca-0026 KA il IRBTRRSE T2 Satoshi Ohmura  |Faculty of Engineering, Hiroshima Institute of Technology
)8 ) al—vary dynamics simulations
= . e Department of Mechanical Engineering, The University of
81(2023-Ca-0044 TR &SRO AN T SR T O FANS JF A HUT R RGeS T2 Thermal transport across heterojunction between 2D materials and substrate Xu Bin
Tokyo
N . o Department of Materials Science and Engineering, Kyushu
82(2023-Cb-0012 RIS X % GaNrh oD s R B 5% HHE HEH JUN TR TAZE e LA ek First-principles study of defects in GaN Kaori Seino
Institute of Technology
RREAREA A OB B BHHED FORBIOH | YRR AT . Egon Campos Dos | Tohoku University, Advanced Institute for materials
83|2023-Ca-0107 LElwies Exploring the Role of Neutral Molecules in All-solid-state Battery Electrolytes
ES A A—dv Santos research (AIMR)
AR O BB A N Ly F v TV - TL 7 B N . Development of Stretchable Electret Materials for Energy Harvesting with the Aid of Machine
8412023-Ca-0127 B M T AR e T2 SR Yuji Suzuki Dept. of Mechanical Engineering, The University of Tokyo
L MROBSE Learning
85|2023-Ca-0036 S THIBETIC 503 B B TIRIEMAT A b N Electronic state analysis on molecular thin film surface Kaori Niki Chiba University
. . Department of Mechanical Engineering, The University of
86(2023-Ca-0097 BRAMRIEEIC BT 37 V2T HRIEDE T IE £ 0] Modeling of the Ammonia Decomposition Reaction on Iron-based Material Surfaces Minhyeok Lee
Tokyo
X ) ~ . . X Prediction of properties of organic ferroelectrics and piezoelectrics by first-principles National Institute of Advanced Industrial Science and
87|2023-Ca-0060 S RGN K B RRA T ik FET RO T ik T PR AW Shoji Ishibashi
calculations Technology
ARCEEARSSICBI 3BT — 7+ / VRSB RZELES | . . First-principles bandstructure calculation with electron-phonon interactions in organic Susumu Department of Physics and Earth Sciences, Faculty of
88|2023-Cb-0050 Wi BRERK I PTHER A A R R
RS RREER semiconductor crystals Yanagisawa Science, University of the Ryukyus
~ ) X . . o Development of First-principles Codes for Evaluation of Physical Properties Through Local
89|2023-Ca-0018 SRR —{ARZ IO 7O B — R o — FORFE i BIRKF /=T V) 7 VERFGHR Naoya Yamaguchi |Nanomaterials Research Institute, Kanazawa University
Berry Phases
X ) X . . . - X Graduate School of Frontier Sciences, The University of
90(2023-Ca-0113 RIS X B T/ KL OREE & RSO [ =74 HUTRY: KBTI AI R TRt Study on structures and reactions of platinum nanoparticles Takehiko Sasaki
Tokyo
BRI DV i Lo IoTHRNC B % The study of transport properties in two-dimensional materials on substrates using large- Department of Mechanical Engineering, The University of
91(2023-Cb-0020 vy ¥ T AT Sun Jie
DRMBEY X 2 L— 3 VICT BWI% scale simulation methods based on machine learning Tokyo
BBEMCAT TBBRIBE / YUY A ROBTRE LS . HtilR KFAANA 2 AR ~ 7V 7))L /X—< 3 |Electronic and transport properties of transition metal monosilicides for thermoelectric Institute of Materials Innovation, Institutes of Innovation
92(2023-Ca-0125 K odvwy FL Ngoc Nam Ho
HREMEDOKKR-CPAIEIC & 5 fifh TR applications: KKR-CPA calculations for Future Society, Nagoya University
93(2023-Ca-0133 Sub-3 nm& IS EALYI T/ KiF O — B WMo FACRA MR R S et First-principles calculations of sub-3 nm metal oxide particles Akira Yoko WPL-AIMR, Tohoku University
94|2023-Ca-0120 AUKEERHRORA « NREAMZE B LT Miscible-Immiscible Transition of Hydrous Silicate Melt Toshiaki litaka Riken
. . . o Study on the removal mechanism of Copper Oxide processing in catalyst-referred etching
95(2023-Ca-0006 fEREE T F- > RIS U B M LSRR OB 2Bk BUI VANPHO KBRR2ERAA Bt T2 5ER Vanpho Bui Graduate School of Engineering, Osaka University
method
F— B TE AR  BRIEERORHIRECH | . Machine learning study on static structure of light metals alloys based on {\it ab initio}
96]2023-Ca-0029 R B HEA KA IRER Akihide Koura Technical Division, Kumamoto University
G B BRI T molecular dynamics
. . . . The Institute for Solid State Physics, The University of
97(2023-Cb-0035 7a b v HZERPHEE RO 8 — FEENEBAH L) AR FECRAAITERR ST First-principles NEB calculations of proton tautomeric conduction pathways (II) Hatsumi Mori
Tokyo
Embedding GreenBIA(i%£IC & % Cu(100)Zifi |-CuPcdFano| . S § Numerical study of the Fano effect in CuPc adsorbed on the Cu(100) surface using the
98]2023-D-0008 A A KBRS KB T 2P R iR iy Yuji Hamamoto Department of Precision Engineering, Osaka University
R OBAHITIE embedding Green function method
99(2023-Cb-0036 F— R & % BRI RIS ORI PN VN JUNRPARE BB TS0 Theoretical study of oxygen-evolution reactions by first-principles calculations Yuta Tsuji Faculty of Engineering Sciences, Kyushu University
SGCERICH 2 IR LIRS / R OB S 2aLb— | §
100(2023-Eb-0002 FSYoN Ty ek Large-scale simulation of magnetic nanoparticle toward magnetic recording applications Hung Tran Ba Tohoku University
vay
) . - . i} Research Institute for Applied Mechanics, Kyushu
101{2023-Ca-0028 ESHESS & A8 IR T & ORI ELIE R ORFE K —A FUNKEAIS 122055t Study of interaction between radiation damage and interstitial atom Kazuhito Ohsawa

University
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Structure search of the T phase in silicene on the Ag(111) surface by Gaussian process

102(2023-Ca-0104 A A KBRS KB T 2P R iR iy Yuji Hamamoto Department of Precision Engineering, Osaka University
R regression
H—JFEINEB IS X B ko PR srho 7o b o HZE . . R Unveiling the proton conduction pathways based on proton tautomerism in anhydrous Institute of Multidisciplinary Research for Advanced
103[2023-Ca-0109 e B FAERA A2 e AT Shun Dekura
FPEICHET K T b ARSI ORI molecular crystals by first-principles NEB calculations Materials, Tohoku University
104|2023-Cb-0009 F— BRI & 2 AL O iRl AN IR Study of the principle of photothermal conversion by ab initio calculations Hiroki Gonome Yamagata University
BIEEHE A ORI TS &AL ANREICBIT 5B | First-principles study of surface atomic structure and chemical properties of intermetallic Department of Physics and Astronomy, Kagoshima
105(2023-Ca-0027 i RIE Kazuki Nozawa
i compounds University
N Yosuke
106|2023-Ca-0065 RTUTIVAA YT AT 4 7 AIC & B fillifht B i Materials exploration using materials informatics Nara Institute of Science and Technology
Harashima
DFTHEE A 27 47 4 & Ale & B FKBIRIC B50 5 K ) ‘
107|2023-Ca-0083 5 W PRivNed Reaction Analysis in Solid Catalysts by DFT Calculations and Informatics Tatsuya Joutsuka |Ibaraki University
BAEHT
BIEEHE ORI T-H5E & (LRI 5B | First-principles study of surface atomic structure and chemical properties of intermetallic Department of Physics and Astronomy, Kagoshima
108(2023-Cb-0039 i RIE Kazuki Nozawa
i compounds University
109/2023-Cb-0045 BN K B R L HUR FRME D)L ARBE T IR 4% Bt A Machine learning prediction of Lewis acidity of supported oxide single-atom catalysts Kyoichi Sawabe | Nagoya University
. . . . The Institute for Solid State Physics, The University of
110(2023-D-0004 70 b RGO F— [ FNEBE (1) R HUTRAPIPERR T First-principles NEB calculations of proton tautomeric conduction pathways(l) Hatsumi Mori
Tokyo
. R . . N First-principles investigation of electronic state and piezoelectric property in oxide-based National Institute of Advanced Industrial Science and
111[2023-Ca-0009 FLYISREDLIRIC 35U 5 6 1IRAE & FETREE O PHOBE PR AW Kenji Hirata
phosphor Technology
KT NAAT AN A PREC BT %K T ORI IS . \
112[2023-Ca-0041 N ” PafY BEE BT RPE TS Theoretical study of the reactivity of H$_2$0 molecule on the double-perovskite Kazume Nishidate |Faculty of Science and Engineering, IWATE University
2 BGRIIIZE
o . . . § Yoshitaka
113[2023-Ca-0126 J57 x Y OF v ) THERE O A b FUNKZZ Lo g Transport study of graphene layers Faculty of Engineering, Kyushu University
Fujimoto
114|2023-Ba-0019 BOAFNIEN - ACUIED EOHFIG WA T TR ART TR FE Renormalized charge-spin fluctuations from first principles Ryosuke Akashi |National Institutes for Quantum Science and Technology
R DA VAR RO + S R AT IRIEOIR A L - N -
115(2023-Ba-0071 ik BHEENT R - T2 leakage of surface/interfacial electrons of topological insulators Ken-Ichi Shudo Yokohama Nat'l Univ.
DTl
) _ e o Graduate School of Frontier Sciences, The University of
116{2022-D-0006 NA LY b uE—ad L JPRCE G RO T HFE AT U R A R 22 2R Phase equilibrium of high entropy alloys and shape memory alloys Yoko Mitarai
Tokyo
1172023-Ba-0009 AATWVIMADAE Ve ATV T« OF—FHEE i 55 VEARER RSP T A AR A Ab initio calculations of spin currents and chirality in chiral materials Hiroaki Ikeda Department of Physics, Ritsumeikan University
118|2023-Ba-0013 F— RN & 5 C LD T ORMEIERIFTE PN VN JUNRZARS I L2 TE b First-principles theoretical catalytic studies for C1 chemistry Yuta Tsuji Faculty of Engineering Sciences, Kyushu University
TR, GEIMEL BEMRO F—EY JIc K 3ET | | . N o . Change in the electronic structure of atomic layered, organic and magnetic materials by
119(2023-Ba-0051 B R JEfBER: KA T 2AZElE Toshihiro Shimada |Faculty of Engineering, Hokkaido University
REEZ LW doping
KR TOCOS_{2)$ BT B i+ v U 7 | SRR, . Excited carrier transfer processes in the CO$_{2}$ photo reduction at semiconductor
120|2023-Ba-0053 S HElE TIER: KA A ZE T Yasuo Izumi Graduate School of Science, Chiba University
B O] surfaces
N Devision of Chemical Engineering, Department of
L i ) ) KRB REAGTEERE T A0 R Il s
121(2023-Ba-0065 KT ¥ VORI [V T PRI Mt LH ST Theoretical investigation for systemataising surface diradical Kohei Tada Materials Engineering Science, Graduate School of
L2
Engineering Science, Osaka University
o ) . . § Yoshitaka
122[2023-Cb-0005 757 x v OE %I A b FUNKEZ Lo First-principles calculations of electronic transport of graphene Faculty of Engineering, Kyushu University
Fujimoto
) ) ) . . . . Kazuma
123[2023-Cb-0017 BRI R AW IOERREL AR O CARIERA R R JUNTHER Y Ab initio calculations for optical property of transition-metal compound interface Kyushu Institute of Technology
Nakamura
ASE AT TR RO & BRI 55— . N First-principles calculations for phase stabilities and electronic structures of As-incorporated Institute of Multidisciplinary Research for Advanced
124|2023-Cb-0027 =g UL AL e BRI Shun Dekura
ARG organoelemental materials Materials, Tohoku University
Wiicis S/ 2 — VR EHOE T B % FLRAI e Katsuyoshi Department of Physics, Faculty of Science, Ochanomizu
125|2023-Ba-0005 JNEE - ThiE BRI RFIRE IR 2R Theoretical study on electronic properties of new nanoscale surfaces and interfaces
% Kobayashi University
i ) . . e Graduate School of Frontier Sciences, The University of
126(2023-Ba-0016 NA LY b E—EE L RIRE S RO WFE A7 BB A R e R Phase equilibrium of high entropy alloys and shape memory alloys Yoko Mitarai

Tokyo
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127(2023-Ba-0031 — fHE prtiyNEsLiE T SR (g Electronic structure and conductivity of novel indium thin film on semiconductor surface Aruga Tetsuya Dept. Chem., School of Science, Kyoto University
—
128)|2023-Ba-0034 ReO$_{3)SOE & & 7 = )b I 1fi BEZT 6 HiBRKZ:  B2E Electronic Structure and Fermi surface of ReO$_{3}$ Takahiro Maehira |Faculty of Science, University of the Ryukyus
SRS YRR H OIS R L Ao 8 A EE ) § N Hirofumi
129(2023-Ba-0047 [y ISR R LA TERE First-principles study of electron interactions in transition metal oxides Graduate School of Engineering, Tottori University
D% Sakakibara
IKFERED Ty N T— D BT BHRHE R BT B S, First-principles calculations on the electronic states of novel organic semiconductors with Institute of Multidisciplinary Research for Advanced
130(2023-Ba-0056 =3 HUEREZ TR A AT Shun Dekura
— R IR T extended hydrogen-bonding networks Materials, Tohoku University
RO DA VRIERO LRI & b > VRSO — | X o N First-principles study of stable interfacial structure analysis and magnetic tunnel conductance Department of Mechanical Engineering and Science,
131|2023-Ba-0063 e SRR T2 R T T2 Susumu Minami
R in topological magnets Kyoto University
132(2023-Ba-0073 WHEERICNT 2T A N LAT VY VRN R R FOCRZEITERR ST Electronic stress tensor density analysis for material surfaces Masahiro Fukuda |Institute for Solid State Physics, The University of Tokyo
i ) . . e Graduate School of Frontier Sciences, The University of
133[2023-Bb-0015 NA LY b E—EE L RIREE S RO WFE A7 BB A R A e R Phase equilibrium of high entropy alloys and shape memory alloys Yoko Mitarai
Tokyo
FFERHIC X B H I Y b oY EEAD N RS . . Department of Physics and Materials Science, Shimane
134(2023-Ba-0022 [ LN N Flrst principles study on band structure of high entropy superconductors Hidetomo Usui
2] University
. - . - . Search and realization of novel electronic properties of surfaces and interfaces and of Department of Physics and Earth Sciences, Faculty of
135(2023-Ba-0045 (PRI - Fl, T/ RBEROFRIE TIOR8 (fik BRERAAHRER Takeshi Inaoka
nanostructures Science, University of the Ryukyus
FFERHIC X B H I Y b o Y— EEAD N RS . . Department of Physics and Materials Science, Shimane
136(2023-Bb-0017 [P LN e Flrst principles study on band structure of high entropy superconductors Hidetomo Usui
O University
FFER A AW b 2 RV EE ORG E ARSI . . . First-principles study on designing magnetic tunnel junctions and calculating tunneling Department of Physics, Graduate School of Science,
137(2023-Bb-0001 (L STVN FRORAE R A SR R 2 Katsuhiro Tanaka
" conductance University of Tokyo
A A HEARDAGS _{4)$1$_{5}$ DA A U ZBAH =X ) e .
138(2023-Bb-0004 B AR R B BB bt Tonic conduction mechanism of superionic conductor RbAg$_{4}$1$_{5}$ Shuta Tahara Faculty of Liberal Arts and Sciences, Chukyo University
N
N » T o . . Department of Mechanical Engineering and Science,
139(2023-Bb-0006 DIV 350 % W AENE AR O — R | Rk 3% e iP N e S SN e g First-principles study of magnetic thermoelectric effect in topological magnets Susumu Minami
Kyoto University
7 v FMIRRINC B LT KRR BB EREEOXFBEE T . . Calculation of chemical shift of X-ray photoelectron binding energy of hydrogen-containing
140(2023-Bb-0008 ROMR ] KIRKR? R 1 Yuji Ohkubo Graduate School of Engineering, Osaka University
DHARY FVIEBT BILEY T FatH functional groups generated on fluoropolymer surface
141(2023-Bb-0028 TR & PIE O ELE I O —FEER T LR I R FRURA LR RIERT > 2 — Development of First Principles methods for Light-Matter Interaction Hiroki Katow Photon Science Center, the University of Tokyo
7 v SRS K U I B R OXBOCE T/ AR S Calculation of chemical shift of X-ray photoelectron binding energy of functional groups
142|2023-Ba-0006 KRG Hew] KIRRE R LA TERE Yuji Ohkubo Graduate School of Engineering, Osaka University
MUT BT Bk 7 bEHT generated on fluoropolymer surface
CRTTMRNC B BT A — VRIS T S U | B N . Department of Intelligent Mechanical Engineering,
143(2023-Ba-0041 =i R AR LR A BRI AR T2 Phonon properties based on nanoscale structures in two-dimensional materials Masaaki Misawa
B B % Fukuoka Institute of Technology
144(2023-Ba-0069 AUV LB O T EMRER e EHt FUNT RS Lattice thermal conductivity calculation of iridium oxide Ca$_{5}$Ir$_{3}$0$_{12}$ Shoya Kawano Kyushu Institute of Technology
UbHsZ OB 57 « >y — b od 1 T
145|2023-Ba-0070 a5 K KBRR K2EEBE TR Simulation of electronic structures of functional graphene sheets with wrinkles Kenta Arima Graduate School of Engineering, Osaka University
Lb=yav
1462023-Bb-0009 VIV 7 A N RILIGaO2 O P FEE RS O A ZR M FUTHERY: Investigation on a mechanism of Ferroelectricity in a wurtzite-type LiGaO2 Sou Yasuhara Tokyo Institute of Technology
1472023-Bb-0026 HBAENEY D7 = v — b BRI RIS OfRHT H5 K KBRERZE: K2R TRt Analysis of interface reaction between functional graphene and semiconductor surface Kenta Arima Graduate School of Engineering, Osaka University
Si(111)-r7xr3-Inifilc 505 2 RGOS —FEHE (2 ) L
148(2023-Ca-0117 ) W fiLe SBPERERE PR PIERRLARL First-principles Study on Superstructures of Si(111)-r7xr3-In Surface (PART II) Kazuyuki Uchida | Department of Physics, Kyoto Sangyo University
D2
149)2023-Ba-0055 SRS RSS2 A T B REMEMRL O fiRT NI TR ER NS R Analysis of magnetic materials with anisotropic crystal structures Masao Obata Institute of Science and Engineering, Kanazawa University
150{2023-Bb-0011 KIFANA VAT N VN FUCRZA IR Surface Bain distortion Shota Ono Tohoku University
151)2023-Bb-0018 REPEIB RGO & e D 55— S FER T /N IERE DY L7 First-principles investigation on magnetic shape memory alloy Masao Obata Institute of Science and Engineering, Kanazawa University
INA A H AR X B oD EhH LI L 22 X . R N Search for optimal composition of reforming catalysts for high efficiency of fuel cells with
152(2023-Bb-0019 o) B MR L F— Takaya Fujisaki  |Faculty of materials for energy, Shimane university
LI O IR AA R D PRER direct biogas supply
N Kadarisman
153(2023-Bb-0021 A YEY FMROE—FEE Kanazawa University First-principles calculation of diamond materials Hana Kadarisman |Nanomaterials Research Institute, Kanazawa University
Hana
filllt A > T AT 4 7 AT TENA LY PR E—E80 o National Institute of Advanced Industrial Science and
154(2023-Ba-0002 HiR 1 Reactivity analysis of high entropy alloys for catalyst informatics Yoyo Hinuma

SEPERHT

Technology




155(2023-Ba-0015 IKEEBEREM RO T TIRHE e & UNEY NNt E 2 v S Electronic structure of aqueous functional group materials Osamu Takahashi |Graduate School of Science, Hiroshima University
. . - . . Daisuke Institute of Materials Structure Science, High Energy
156|2023-Ba-0025 U A A0 kD Xe DFEATEEI O] ESZ PN 6] 1 3V — I A e ) B SR A T e Compression behavior of xenon in silica melt
Wakabayashi Accelerator Research Organization (KEK)
BREARART V2 v VORREZNC KB XAV EV FE | § N
157(2023-Ba-0054 . fiE A KIRRZE R LA TERE Analyses of diamond surface processes by machine-learing based potentials Kouji Inagaki Graduate Scool of Engineering, Osaka University
712 A
RmEE Lk 2 HBREMEAREE L 2 Icig s h § o DFT calculations of the metal-organic film and atoms/molecules captured by the film on metal |Noriyuki
158(2023-Ba-0001 BORE iimE A R National Institute for Technology, Gunma College
JBRT - S TACHS BDFTRHE surfaces Tsukahara
159|2023-A-0001 HIKLIGa02 \D B g I i FULTHRY Investigation of substitution for a wurtzite-type ferroelectric material LiGaO2 Sou Yasuhara Tokyo Institute of Technology
160|2023-A-0003 SnTe OB a -Snd/3 > REHEL Bl TK FUR ISR G R A8 Band calculations of atomic-layer $\alpha$-Sn on SnTe Ryota Akiyama  |Department of Physics, The University of Tokyo
161[2023-A-0004 RS & PRI LR O — R TR g FORZE R TR > 2 — Development of First Principles methods for Light-Matter Interaction Hiroki Katow Photon Science Center, the University of Tokyo
X § . N The Nagamori Institute of Actuators, Kyoto University of
162[2023-A-0005 BEMEZEMGE LTZVASPOR Y FR—2 5 A b ERF s SUBSEIRIE KA 'Y T 5 F 2 T— 2SR A benchmark test using VASP for alloy materials Naoki Uemura
Advanced Science
. . Sayoko
163]2023-A-0006 FEALIIIC & B IKOMRIE D BRI A JUNKE Theoretical study of water splitting reaction by oxides Kyushu University
Yamamoto
164|2023-A-0007 F—FEEIC & B A VT ZAOEFIRERHT HE HE BRI Electronic structure analysis of spin devices using first-principles calculation Hideo Kaiju Keio University
B Depart. of Physics and Electronics, Graduate School of
165)|2023-A-0008 PGS X B Si(111)- InDXMHMGEOHK O | fEH H9S PNTUNTFN SR LN SUe First-principles Study of the Phase Diagram of Si(111)-In surface structures Tuneo Fukuda
Eng., Osaka Metroolitan University
. . Department of Physics, Graduate School of Science,
166|2023-A-0010 g TR/ >3 =7 RO YR [ECENTVN BT R RGBSR SR BT SR Exploring physical properties of noncollinear magnets from first-principles Katsuhiro Tanaka
University of Tokyo
B0 FABBADEAL « TERIHIC £ % H T § Elucidation of electronic structure modulation effects of solid solution and element substitution
167(2023-A-0012 R Al VB So Yokomori Rikkyo University
RO in single-component molecular conductors
168[2023-A-0013 R ) T AR O B — RS B ) R AR B HERFEREBEY — v )b« T— 29 A T2 AWSER |Ab initio molecular dynamics study of inorganic polymer Yoh-Ichi Mototake |Faculty of Social Data Science, Hitotsubashi university
. . . Graduate School of Agricultural and Life Sciences, The
169(2023-A-0014 DFTE iz iz / &)L o — 2O Mt W HX HUTR AR R AR Structure optimization of nanocellulose using DFT calculations Shuji Fujisawa
University of Tokyo
FE 2 IOz FNOMEEZZ DN )V b =7 0l . Department of Nuclear Engineering and Management,
170(2023-A-0015 LA 5 HUTRY TR FHEBREB Inverse design of Hamiltonians with target properties using automatic differentiation Koji Inui
it The University of Tokyo
. = . . § Interdisciplinary Graduate School of Engineering Sciences,
171(2023-A-0016 SIE LRI O 7 IR B9 % FERRINIIESE $E - fRi FUN KRR E B TR Theoretical study on molecular adsorption on metal catalyst surface Toshinobu Tatsumi
Kyushu University
TTRWERHCHET BT U TIVAA YT AT 4 I RS . § Interdisciplinary Graduate School of Engineering Sciences,
172(2023-A-0017 o JUNKER: Fundamental Materials Informatics Research on Binary Systems of Materials Akane Kusano
it Kyushu University
BRI X AR EAEBK S Y VOB K | . Electronic structure analysis of lattice-matched magnetic tunnel junctions using first-principles
173[2023-A-0021 i SR BEHEFIAR Hideo Kaiju Keio University
TiEfR calculation
y . . Interdisciplinary Graduate School of Engineering Sciences,
174(2023-A-0024 NiZifi FOHERT 7 x> OREE T GNP JUNKER: Structural analysis of single layer borophene on Ni surfaces Takeshi Nakagawa
Kyushu University
175[2023-A-0025 A LA HERS S TRIBE D RS AT L] vl Structural analysis of oxide quasicrystal thin films Junji Yuhara Nagoya University
2. 3B / Strongly Correlated Quantum Systems
No. |3 e K4 s Title Name Organization
ANLZ2=F)V3y b T—=2 £F 2V )by b T—2 Off N
1{2023-Ea-0008 X Lzt FULRZE IR FET Development and application of tensor neural network methods Yusuke Nomura |Institute for Materials Research, Tohoku University
B ORIE LIS
2|2023-Fa-0005 GBI F S ARORIMS I 2 b—va Y S RPN Long-time simulation for strongly-correlated quantum systems Masatoshi Imada | Faculty of Science and Engineering, Sophia University
T AN A U e el BRI h g % MRSt N . N
3|2023-Eb-0005 R FECRAPITERRZET Comprehensive ab initio investigation of high-Tc materials using database Takahiro Misawa |IInstitute for Solid State Physics, The University of Tokyo
PSS — R 5
412023-Ea-0001 RTYIEO P OZE LB L DB I PIEL  MARHITZE ARG Development of variational-wave-function spectroscopy for quantum materials Youhei Yamaji National Institute for Materials Science
5 FIEE A (TMTTF) $_{2)$PF$_{6})$ DS FOM KA | . Analysis of $ab$ Sinitio$ Hamiltonians for molecular solid (TMTTF)$_{2}$PF$_{6}$ under
5/2023-D-0002 =i R FORZEITERR LT Takahiro Misawa |IInstitute for Solid State Physics, The University of Tokyo
SRR AT pressure
FTYVNWETVFN=TO—E Y FICXBRAIF 0TIV |
6(2023-D-0005 . N SRR 7eR Large-scale analysis of scrambling rate by tensor quantum reservoir probing Yukitoshi Motome |Department of Applied Physics, The University of Tokyo
Z LD KHUSHRT




B R T Y v VI K B AE VBRI G XA F I TR

7|2023-D-0006 s SRR FERAE R BT Numerical study of spin-charge coupled dynamics by machine learning potentials Yukitoshi Motome |Department of Applied Physics, The University of Tokyo
DR
L § . 3 Theoretical study of strongly correlated topological phenomena and its application to machine
8[2023-Ca-0066 SRAARE b AR AV O FRIRI & B A O |k S HUTRA R 1 Yukitoshi Motome |Department of Applied Physics, The University of Tokyo
learning
9(2023-Ca-0033 7Z A L— MEMERIC BT 5 24k bR oY Ul FE - HER FEURAAPITERRZET Many-body topological phases in frustrated magnets Kota Ido Institute for Solid State Physics, The University of Tokyo
. N . . Theoretical study of strongly correlated topological phenomena and its application to machine
10{2023-Cb-0014 SRR b R0 AV O BRI & B E OISR 4R HUT KR T2 R SR Yukitoshi Motome | Department of Applied Physics, The University of Tokyo
learning
g M ERTEAGEICK 2NV FOFY U T . Electronic and phonon states and superconductivity of multi-band low-carrier systems based
11)|2023-Ca-0068 PN WA Yoshiaki Ono Niigata University
ROET - T4/ VIRAE L B on first-principles and quantum many-body calculations
AY Y - Hfif AT E AR D 2 g HT AT R URREAH O X . N
12(2023-Ca-0112 Wi B R RGBSR SR BT SR Novel magnetic phases emerging from spin-charge-lattice couplings Hidemaro Suwa  |Department of Physics, The University of Tokyo
e
%
RY VROBTFIIEERE L. BT ZRROIERRIAFH . o N N N Development of quantum computation for bosonic systems and out-of-time-ordered
13(2023-Ca-0132 i rs SRR REAGEEIA IR -« S RIA R Masaki Tezuka Department of Physics, Kyoto University
[i4] correlators for quantum many-body systems
14{2023-Cb-0022 SEHBIETRTHBIT 2 21k M KoY )L HFE - BER FOCRZEITERR ST Many-body topological phases in strongly correlated electron systems Kota Ido Institute for Solid State Physics, The University of Tokyo
15/2023-Ca-0010 IOTHERW 2 A ) > NN — RERIO R HE BA FTHRY: Magnetism for the half-filed Hubbard model on the two-dimensional quasiperiodic tilings Akihisa Koga Tokyo Institute of Technology
HA = —HBIARN—JITE v MR IARDSERIEETEIN X " N Phtoinduced transient absorption spectrum in one-dimensional Mott insulator with strong Department of Applied Physics, Tokyo University of
16/2023-Ca-0022 AT (=) FURUBERL R SEE T oA B T2 Takami Tohyama
AN bV dimer correlation Science
TFWVETLBITY VT LA AT B3F v 3L X N _ Department of Physics, Graduate School of Science, Tokyo
17]2023-Ca-0062 BEE UL RIS R 2 Research of Three-Channel Kondo Effect Emerging from Tb and Tm Ions Takashi Hotta
SERENARDIRTE Metropolitan University
E—%—2Z2 n
18(2023-Ca-0021 SR T RIS B 2B SRR nonlinear response in strongly correlated materials Robert Peters Kyoto University
JA—Fk
19/2023-Cb-0026 LT )V IRFRODMFTIC & % SRREIERRF O ikt HE o BA FUTHRY: Analyzing Ferromagnetic Order in Multi-Component Fermionic Systems using DMFT Akihisa Koga Tokyo Institute of Technology
20(2023-Ca-0119 S VLI REKIC B B IR S O | BA FE NV Studies on unconventional superconductivity in nickelates Kazuhiko Kuroki |Osaka University
FRLT BT RAEVRKICIT 2731 VO KR & . §
21|2023-Ca-0105 fiiZ LElwies Real-time dynamics of vison excitations in Kitaev spin liquids Joji Nasu Tohoku University
AFIVR
A HERFLER - satHBRIC 1 2 Ak T i o o N Theoretical study on photoinduced nonequilibrium electron states in spin-orbit coupling Masahito
22(2023-Ca-0071 E I N SRR F RS S EHE B L2 A Waseda university
TFIRREIC IS % PR IA TS systems and strongly correlated electron systems Mochizuki
23|2023-Ca-0106 EHRENEA ) I — BURS ARG O T TR R (LI Electronic structures for highly conducting oligomer conductors in single crystals Tomoko Fujino Institute for Solid State Physics, The University of Tokyo
24(2023-Ba-0042 A — U ZERFIC R D < B2 kA sl Many-body quantum simulations based on multi-scale space-time ansatz Hiroshi Shinaoka | Department of Physics, Saitama University
25|2023-Ba-0066 IR E NI BT ROETH A A F IV A ANEP Nonequilibrium dynamics in quantum systems driven by optical electric fields Atsushi Ono Department of Physics, Tohoku University
—IWAy b= ZAOIIMER FIEOETEX [E—2—Z n )
26(2023-Cb-0004 pivNed Nonequilibrium dynamics of correlated quantum matter using neural networks Robert Peters Kyoto University
4FIUR S b
27(2023-Ba-0023 [E AT #5035 BCS-BEC 7 1 A A —/N—DHGGIIZE [ ¥ HARZEFE T Theoretical study of BCS-BEC crossover in solid-state materials Hiroshi Watanabe |College of Industrial Technology, Nihon University
HHT 1+ T VETFRICBOTEFHMNHELT 2 bR N o Electron correlation-induced topological order and spatial inversion symmetry breaking in
28(2023-Ba-0017 N TN Pl KA Akito Kobayashi |Graduate School of Science, Nagoya University
TV & ZE IR R DR organic Dirac electron systems,
. Numerical calculation of emergent electric field induced by current-driven non-collinear
29(2023-Ca-0080 RS O FERERENIC X 2 QIFEES OB B s HUR LR Fumitaka Kagawa | Tokyo Institute of Technology
magnetic structure
MR IRIE 2 6§ 5 F LRI LM OIS BNV b N - y Construction of ab-initio tight-binding Hamiltonian and determination of dielectric functions of Research Center for Development of Far-Infrared
30|2023-Ba-0014 W P RHAE BRIV T e 2 > 2 — Takayuki Makino
T UMK R OGE rare-earth monoxides having insulating ground states Region, University of Fukui
. . Ry Research on the mechanism of high-temperature superconductivity in strongly correlated Takashi National Institute of Advanced Industrial Science
31|2023-Ba-0033 SRR TRIC B B Eilb RS O BT R #
electron systems Yanagisawa andTechnology
FIREEERIC & B KA 2T —(LAMOMEIRECT 25 | Theoretical study of thermoelectric properties in Heusler compounds using weak-coupling Kazutaka
32(2023-Ba-0052 (LS IE Graduate School of System Informatics, Kobe University
ELibloE approaches Nishiguchi
ATHERICBY B Ry V=70 v 7 L& THIBI X Toshikaze
33(2023-Ba-0030 Xt Yokt ek Band engineering and electron correlation effects in artificially stacked systems NIMS
ES Kariyado
. . Ry Numerical study of the mechanism of high-temperature superconductivity in strongly Takashi National Institute of Advanced Industrial Science
34|2023-Bb-0025 SEABIE RIS B 2 Eilb RS O BT SE R %
correlated electron systems Yanagisawa andTechnology




boRO DA VEPrS _(2)$Ir$_{2)$0$_{7}$ DB RO

Construction of model Hamiltonian to interpret experimental results of topological

35(2023-Bb-0020 BE R B 13 TEV N N TR eV Toshihiro Shimada |Faculty of Engineering, Hokkaido University
fRIRDTZDDET VNIV b =7 R Pr$_{2)8Ir$_{2}$0$_{7}$
36/2023-D-0009 L5y T 1V IRFFRODMFTIC & % SRR T OREHT HE BA FTHRY Analyzing Ferromagnetic Order in Multi-Component Fermionic Systems using DMFT Akihisa Koga Tokyo Institute of Technology
3. EHZR O3 BI% / Cooperative Phenomena in Complex, Macroscopic Systems
No. |3 e isd s Title Name Organization
FYVINERY R T = KBUSHDSSEMT VR LAE VR | o
1(2023-Ea-0012 g T FORZEITERRZET Tensor-Network Study of Classical Random Spin Systems Naoki Kawashima |Institute for Solid State Physics, University of Tokyo
2175
BET MBI KBV T PR E—DS Ty Ial— | N N Okayama University, Research Institute for
2|2023-Ea-0002 wH % P LA 5 B SRR £ e i Molecular Simulation of Soft Materials using All-Atom and Coarse-Grained Force Field Wataru Shinoda
vay Interdisciplinary Science
. N N . ) | - . Research Organization for Information Science and
3|2023-Eb-0001 HEWHFryET—yayOnFiiEyIal—ray  |&H #K T EE TR T 2 B SR S Molecular dynamics simulation of ultrasound cavitation Yuta Asano
Technology
FYVINFEY R T = KBUSHDSSEMT VA LAE VR | o
4/2023-Eb-0006 g T FORZEITERR LT Tensor-Network Study of Classical Random Spin Systems Naoki Kawashima |Institute for Solid State Physics, University of Tokyo
2175
BET MBI KBV T PR E—DS Ty Ial— | N N Okayama University, Research Institute for
5|2023-Eb-0004 wH % B LI 5 B SRR 2 e i Molecular Simulation of Soft Materials using All-Atom and Coarse-Grained Force Field Wataru Shinoda
vay Interdisciplinary Science
6|2023-Fa-0006 HHULET ) > J E NIRRT DT 0 & BEIS IR AT Dynamic properties of coarse-grained modeled red blood cells Hiroshi Watanabe |Faculty of Science and Technology, Keio University
EOEMHICR S T3V 7 M E— ROWHRNY 7Y ) i Institute of Molecular and Cellular Biosciences,University
7(2023-Ca-0019 e e HUU R B L2 Efficient sampling simulation of the soft modes significantly contribute to protein properties | Akio Kitao
YUvIal—vay of Tokyo
FUVNRY NT— 2 LY T AN E BT BERO _ o ]
8/2023-Ca-0121 B HU R B R T S R P A Simulation of quantum many-body systems by tensor network and sampling Synge Todo Department of Physics, University of Tokyo
YIal —vay
. ) ) Institute for Physics of Intelligence, The University of
9(2023-Ca-0069 75 A b L— bR ATBRR Y P O Y] KR 3 SRIFZERHI O R 784 > #— | Study on finite temperature properties of frustrated magnets Tsuyoshi Okubo
Tokyo
. B . . B The Institute for Solid State Physics, The University of
10/2023-Ca-0077 E CERBIR T RAVRT 2 7 AR BT hEf FECRAPITERRZET Analysis of microphase separation in active particle systems with self-propulsion Hiroyoshi Nakano
Tokyo
11{2023-Ca-0007 AT ZJEHINEIC F51) % Johari-GoldsteinfRRIC B9 2 W% ik B FESRARA G AR « YA S Study on Johari-Goldstein relaxation mode in glass-forming liquids Takeaki Araki Department of Physics, Kyoto University
12|2023-Ca-0067 B TS B BRI O E R LU CER TR B Steady metastable states contained in heat conducting phase coexistence Naoko Nakagawa |Department of Physics, Ibaraki University
13(2023-Ca-0042 T AE VROMTR)VF— IR 2 BT T [ SLRRIRNT R AR TR Numerical study on low-energy states of quantum spin systems Hiroki Nakano Graduate School of Science, University of Hyogo
FUVNERY FT—THEIC K BN A LT RTAE U . N N Institute for Physics of Intelligence, The University of
14(2023-Cb-0049 PA/NCE 3 FURZE R AR R SR O A 7e 2 > % — [ Tensor network study of quantum spin models on the honeycomb lattice. Tsuyoshi Okubo
ORI Tokyo
) X N Research Institute for Information Technology, Kyushu
15/2023-Ca-0031 FTREENES 700 F AR 7 b R e RS Bl Hi FUNRZARGHUEAR TR 2 > 2 — Self-assembly processes of amphiphilic molecules and their structural controls Yuji Higuchi
University
§ e N Hiroshi Faculty of Science and Engineering, Aoyama Gakuin
16{2023-Ca-0039 FER O I s H LB R A T4 Physics of Friction
Matsukawa University
y . Toshihiro epartment of Physics, Faculty of Science, Tohoku
17(2023-Ca-0111 BHERBI OV F Ar—)yIal—vay JUB AEE Multiscale simulations for complex flows
Kawakatsu University
. 5 . Graduate School of Arts and Sciences, The University of
18(2023-Cb-0031 7 IR RRTETE & € B M FEO RS W R AAEBER Development of a general method for rationally improving enzymatic activity Munehito Arai
Tokyo
19/2023-Ca-0002 B 2 IO TERE A )V S 4 VR Bk B ISR Search for magnetic skyrmion by machine learning Satoru Hayami  |Department of Physics, Hokkaido University
) - i Yoshihiko Department of Physics, School of Science, Kitasato
20|2023-Ca-0091 70y o RS R DA SIVREIERIC 3513 % R vl HE JEE RSB R Phase transitions in a classical chiral magnet with a clock anisotropy
Nishikawa University
I AURPIS B B0 FHA T 20 ADRFE T T8 . . § ) Department of Applied Chemistry, Graduate School of
21]2023-Ca-0095 ME Wz FEURAE R LR FR S A L2 T All-Atom Molecular Dynamics Simulation Study of Polymer Dynamics in Nanoporous Materials |Nobuhiko Hosono
Engineering, The University of Tokyo
N - N Research Institute for Interdisciplinary Science Okayama
22|2023-Cb-0042 PRRHEMKIC B 2 5B T R— Y IRORZE  |Jeschke Harald | FILAH:E B FERERIERIZET Theoretical study of isoelectronic doping effects in iron-based superconductors Harald Jeschke
University
LY — 2B T IT 4 T TS KT RO MR ) o The Institute for Solid State Physics, The University of
23(2023-Cb-0016 Tl e FECRAPITERRZET Phase separation of active Brownian particles with Levy walks Hiroyoshi Nakano
£ Tokyo
24(2023-Ca-0081 < ais kOB K ER PNTNES R Dynamic friction of macroscopic objects Michio Otsuki Graduate school of engineering science




5|2023-Ca-0043 AE YT E—FHROFLVEIET T ~— Yot i SERRIRNT R AR A TR Novel Magnetization PLateau of the Spin Ladder System Toru Sakai Graduate School of Science, University of Hyogo
N X N . N PR, Takahiro s ot
6/2023-Ca-0093 MRS FIc 0 2 LERMOIET i X F I 7 A A B HUERZA R A T ER Nonequilibrium dynamics of multicyclic chains under elongational flow HHERERE AR
Murashima

B v EF— 3 YO KBS 7)) . ) o N N B Research Organization for Information Science and
7/2023-Ea-0003 RE A i SRR AR T T R T SR AR AR Large-scale molecular dynamics simulation of ultrasonic cavitation Yuta Asano

vay Technology

YUY —MRORDD N ET T T 1 I T B RTIRA . . Quantum-classical hybrid simulations for sensor materials based on quantum state
8/2023-Ca-0128 KE ¥ KBRS B - B ezt 2— Wataru Mizukami |Center for Quantum Information and Quantum Biology

Y Ial—vay tomography

. . . Department of Mechanical Engineering, The University of
9(2023-Cb-0015 ARSI C O FARL BRI JF HUT R RGeS T2 Elucidating the Thermal Transport Mechanisms at Semiconductor Interfaces Xu Bin
Tokyo
o . . e Tokuro Okinawa Institute of Science and Technology Graduate
0[2023-Ca-0087 T I A L= b Ul PRI S 20 5 E 0% | Il AW IRERRA R Thermal effects on quantum frustrated magnetisms
Shimokawa University

ST FAE 2RO ¥ HiK T Kitaev-$\Gamma$ £ _ N o
1]2023-Ca-0055 B Bl SRR RS R LA Dynamical properties of the extended Kitaev-$\Gamma$ model on a honeycomb lattice 2 Takafumi Suzuki |Graduate School of Engineering, University of Hyogo

DBIIEE2

AR 2 TG A U S ECNTHIRERORE T/ Wit & e S y Machine learning-assisted high-throughput molecular dynamics simulation of high-
2(2023-Ca-0076 (U] LKA R TAATFER) - A28 TR Go Yamamoto Department of Aerospace Engineering, Tohoku University

G IBRSRIEDFER performance CNT yarn structure
3]2023-Cb-0048 BRI 35U % ZAHH3A iR HR EE FRZE T ROTER Analysis of thermal transport in disordered systems Junichiro Shiomi | School of Engineering, The University of Tokyo

e ORI E R A ERIERS 51 A VRAOBOIS | § § . Analyses on the Potential-dependent Dynamics of Ionic Liquid Forming Electric Double Layer
42023-Ca-0072 ) it B KIRKR AR 227 R Ken-Ichi Fukui Graduate School of Engineering Science, Osaka University

BEHAF 0 AOMRHT Facing the Electrodes
5/2023-Cb-0001 RICERREME S A X —FRD A YR T 4 v TH] Bt SRR R AR 2R Spin Nematic Phase of 2D Ferromagnetic Dimer Systems Toru Sakai Graduate School of Science, University of Hyogo

. o ~ X . Department of Applied Physics and Chemistry, The

6/2023-Ca-0058 A R ER a2 O o) B E ORERIIRHT O SR FeBl 2 FAGEIE RN T 22 7E R Improvement of analysis for relaxation of fluctuations by the use of Gauss process regression|Yukiyasu Ozeki

University of Electro-Communications

5 E LR Wz A > 2 /) L— b FeSel@ RiEAD

Research Institute for Interdisciplinary Science Okayama

7/2023-Ca-0075 Jeschke Harald | RiLIR22 58 B LR R A WFERT Fluctuation exchange approximation for superconductivity in FeSe intercalates Harald Jeschke
it University
. ) X N - Fuculty of Advanced Engineering, Tokyo University of
8[2023-Ca-0096 3T B 7R O T EARE LRSS OO BRI SRS AT NI -PN U IR RS2 T2AH Molecular dynamics study of microscopic damage in thermosetting polymers Yutaka Oya
Science
. o ~ X N . Improvement of analysis for relaxation of fluctuations by the use of Gauss process regression Department of Applied Physics and Chemistry, The
9(2023-Cb-0030 A AEREEN 2 N TR B E ORI O SR 1T Jel 2 AAUGEE KA AR Yukiyasu Ozeki
i University of Electro-Communications
JERHIZARRE I & 2 ZRECNTO bR 2 9Lk S § Decreasing Topological Defects Sensitivity in Multi-Walled Carbon Nanotubes Through
0]2023-Cb-0051 Il HUERZA R TAAFER) - A28 TR Go Yamamoto Department of Aerospace Engineering, Tohoku University
Rk Interwall Coupling
T —MRORDD N ET T T 1 I T B RTIRA . y Quantum-classical hybrid simulations for sensor materials based on quantum state
1]/2023-Cb-0056 KE ¥ KBRS B - BT ezt 2— Wataru Mizukami |Center for Quantum Information and Quantum Biology
Y Ial—vay tomography
22023-Cb-0037 BYACEVIEKICB 27357 EnE— ROEREHI@ |2 A JULkR Creation and manipulation of Majorana zero mode in quantum spin liquids Joji Nasu Tohoku University
- ) . . ) Graduate School of Arts and Sciences, The University of
3/2023-Ca-0123 BRI 79T 2 > R 7 LD G HRI G T HUTRA R B AL igE R Rational design of novel proteins for drug discovery Munehito Arai
Tokyo
. . Research Institute for Information Technology, Kyushu
4[2023-Cb-0044 U VBRI LKy T O RHRILHL BELT Hix JUNK AU e T 2 > 2 — Rotational diffusion of water molecules on phospholipid bilayers Yuji Higuchi
University
FOFRER Y b= 7RO b R0 Y —ERNTIC L 51 o . Department of Applied Physics, School of Applied
5/2023-Ca-0118 ERE e Bt KA RS R RIS P ER Physical properties of crosslinked polymer networks through network topology analysis Katsumi Hagita
TR = X LR Sciences, National Defense Academy
NZHLREFAEVRICBI ST ITA M L—vav eIy . Department of Physics and Earth Sciences, University of
6(2023-Ca-0047 R (T4 BRERKZZHRAA Frustration and randomness in the honeycomb-lattice spin systems Chitoshi Yasuda
ZLHRA the Ryukyus
_ o . . i Tokuro Okinawa Institute of Science and Technology Graduate
7|2023-Cb-0053 T AR L= b LR RIS 2800 5 E D% RN 4 RRRLA R B R Thermal effects on quantum frustrated magnets
Shimokawa University
T > & LARAER IO T AT BRI R A O — 0wl | N Extension of finite temperature calculation with random-phase sates to general variational
8(2023-Cb-0025 i e B E T Toshiaki litaka Riken
FIEADHEIE wave functions
9(2023-Ca-0102 FTYVIT=RRHNC B BT Vv Ry U= OiEH |RE fEE SRR BN R A TR Application of tensor networks in tensor data analysis Kenji Harada Graduate school of Informatics, Kyoto University
0[2023-Ca-0116 IURF VRFETIVOSFEIIHC K B R FA FUTRFER Molecular dynamics study of Chromatin molecular model Koji Hukushima | Department of Basic Science, The University of Tokyo




IR=Y AT MRV A A YRR K B A 4 5

The Mechanism Study of Superionic Conduction Induced by Complex Ion Rotation Using

Advanced Institute for Materials Research, Tohoku

51(2023-Ca-0045 g Her FAER AR S 07T Ryuhei Sato
A O fige] Persistent Diagram University
Ground state and dynamical properties of the dvr X747 |, i Ground state and dynamical properties of the $J_1J_2K$-Heisenberg model on the square Okinawa Institute of Science and Technology Graduate
52|2023-Ca-0110 IRERR AR B Matthias Gohlke
$J_1J_2K$-Heisenberg model on the square lattice A lattice University
53|2023-Cb-0038 75 A b L— MEMERIT 351 B BT RT JIE % MEREDTT 4 A T AL Y 2— Novel order in frustrated magnets Hikaru Kawamura | Molecular Photoscience Research Center, Kobe University
54(2023-Ca-0024 HERS S LTRSS 351 B BRSO LUk TR A% KIRKRY: Bt Comparison of superconducting properties in quasicrystals and approximant crystals Nayuta Takemori |Graduate School of Science, Osaka University
55|2023-Ca-0103 75 Ak L— MEMERIC 551 % HraTRT JIHE % MEREDTT 4 A TV AL Y 2— Novel order in frustrated magnets Hikaru Kawamura | Molecular Photoscience Research Center, Kobe University
R KRR ETF VLR FT—5 <D CBEHC X B o .
56(2023-Ba-0029 Fo i ey BERESRIARY: T 225 Study of critical phenomena by the bond-weighted tensor renormalization group method Satoshi Morita Faculty of Science and Technology, Keio University
HBIROMAT
RO —< 3 > MitFEZEHOEAERY Y RICBT % & N y " N Study of quantum entanglement dynamics in free boson systems by computing the matrix Department of Engineering and Applied Sciences, Faculty
57|2023-Ba-0003 &T R BRI BT BRAEAE I TR Ryui Kaneko
FIYRVIVAY D RAF I T ZDMZE permanent of Science and Technology, Sophia University
= . . § o Division of Material Science, Graduate School of Science
58(2023-Ba-0007 1XT7 7 Ak L— bt F A Y VRO RE % BT RAGE R L AWR LR 225 Numerical Study of One Dimensional Frustrated Quantum Spin Systems Kazuo Hida
and Engineering, Saitama University
FRBGDT VY W3y BT =21 HED HRY A XA . )
59(2023-Ba-0035 Il IER B REEYIVET S et Tensor-network-based finite-size scaling of critical phenomena Masaki Oshikawa |Institute for Solid State Physics, University of Tokyo
r=vrs
R . i Theoretical proposals of novel superconducting phenomena in strongly correlated systems
60(2023-Ba-0036 SRAR - 2 EBERIC B0 AT RIRSBI RO MRS AW R Shuntaro Sumita | Department of Basic Science, The University of Tokyo
with multi degrees of freedom
61(2023-Ba-0039 ZEMIIIC IR R ER T O R Y ik EA Hili JULR Bosonic excitation in spatially non-uniform superconductors and superfluids Yusuke Masaki | Tohoku University
2IULRTT VT 4 TRFOHET VORI I 2 L— . e
62|2023-Ba-0050 HmE FRORAEPER 7T Numerical Simulation of A Novel Model of Two-Dimensional Quantum Active Particle Naomichi Hatano |Institute of Industrial Science, The University of Tokyo
vav
TV—=Y VY N AR R B BRSERE AT | . Lo Department of Earth and Space Science, Graduate School
63(2023-Ba-0060 il A PN TN i Field-induced chirality in breathing-kagome antiferromagnets Kazushi Aoyama
TA of Science, Osaka University
64|2023-Ba-0062 FUE FFELIR B S D ZE I 2 MU g BT FUURY TR TR I T2 R Numerical study for stability of measurement-induced critical phenomena Yohei Fuji Department of Applied Physics, University of Tokyo
TRHEPDIC & % Sb/BINT HHSEICF513 5 bR 1 27l _ N
65|2023-Ba-0064 il Hhh SRR Topological phase transition in Sh/Bi heterostructure studied by TRHEPD Akari Takayama |Waseda University
B
ZETE VT AIVIEIC K B Z R A< ZARBIREAOH N y " N Variational Monte Carlo study of ground-state properties in effective models for Bi-based Department of Engineering and Applied Sciences, Faculty
66/2023-Bb-0002 &T R BRI BT BRAEAE I TR Ryui Kaneko
T DILECIRIENRER multilayered superconductors of Science and Technology, Sophia University
67|2023-Ba-0011 HAFHOMETICBI 2D FHAAFIVA [ FOCRZEITERR ST Molecular Dynamics of Polymer Chain under Deformation Koichi Mayumi Institute for Solid State Physics, The University of Tokyo
VTR T VORI L ZDOXAF I IR, K | T
68]2023-Ba-0028 " - M E— FJUNKE KB gE Calculation of ordered structures, dynamics and optical properties of soft materials Jun-Ichi Fukuda  |Faculty of Science, Kyushu University
HHEOH
69(2023-Ba-0061 T DIRCROEABEE OARHT [SEi . 14 SR S e Relaxation process in open quantum systems Tatsuhiko Shirai |Waseda Institute for Advanced Study, Waseda University
BN IRFE A )L > ) LRSS R ADA A P | X y A Large-Scale Metadynamics Simulation Study on the Binding Conformations of Ionic
70|2023-Ca-0078 N W SSIORE Hiroki Nada Tottori University
DFRATREED KBIA 2 XA F 25 ZEITRRTE Polymers at a Geometrically Rough Surface of Calcium Carbonate Crystal
71|2023-Ba-0010 WX < F v 7 RSO FEIRE A K SRR SRR - T A Physical origin of forming ferroelectric nematic phase Takeaki Araki Department of Physics, Kyoto University
LSBT IELIN S B ) 2500 U Te PRI OB X 7 = X WK T— 2P ALY A« Alf / X— 3 Vi5eE  Consideration on the microscopic mechanism of the friction by the frictional force caused by Data Science and Al Innovation Research Promotion
72(2023-Ba-0038 VKR T Hisato Komatsu
LD#ELR et a— magnetic structures Center, Shiga University
JHETT - TR ERONHER 7L DNERZ A F 37 e
73(2023-Ba-0067 EElIEE SN FHEE KT Photoinduced entanglement generation dynamics in electron-phonon systems Kunio Ishida School of Engineering, Utsunomiya University
A
VI RRTVTIVOMFREEZDXAF IV A, Nt | [
74]2023-Bb-0012 " - M E— FJUNKE KEEBEER AR gE Calculation of ordered structures, dynamics and optical properties of soft materials Jun-Ichi Fukuda  |Faculty of Science, Kyushu University
HHEOH
75|2023-Bb-0029 anA ZVFVO R RaT— & L7 NI 2] SRR R B e R -+ SR g Topological and mechanical properties of colloidal gels Takeaki Araki Department of Physics, Kyoto University
762023-Bb-0007 FEERE NI FRIC 351 B ARSI PR I FA K2 T2 Structural formation of non-spherical colloidal particles Takamichi Terao  |Faculty of Engineering, Gifu University
boRa DA VAR RIS 351 5 Kif L REDA Y VB & . Investigation of spin and electronic structures in surface/interface of topological insulator thin
77|2023-Bb-0023 . i FEOAEIPERTTT Ryo Mori Institute for Solid State Physics, The University of Tokyo
CETFIREDOBR films
78(2023-Ba-0004 ZERINEE R & D—JUTht T A ¥ RO BAEHIRTE R F PHF R R TR Numerical Study of the One-Dimensional Quantum Spin Systems Takashi Tonegawa |Graduate School of Science, Kobe University
. N R Theoretical study for absorption and fluorescence spectra of firefly bioluminescence substrate
79(2023-Ba-0012 VIO IR DL - BDEAXT NIV Bl AT BEBRE Miyabi Hiyama Gunma University

analogs




H A AEFROG=0RE LD T/ VBB % . ) Impact of direction of the Dzyaloshinskii-Moriya vector on the magnon dispersion of the q=0 |Fukumoto
80(2023-Ba-0037 . fir ks HUTHIREAY: Tokyo University of Science
Vv 0¥ Y AF—AFRNT VO JORE state in Kagome-lattice systems Yoshiyuki
81(2023-Ba-0049 BN K B MR P TE D HF 52 FEIRRZEBIFEEN YIEL - MORHTFTCRE R Development of prediction method for phase diagrams by machine learning Ryo Tamura National Institute for Materials Science
RN TFEANKD BRET ZIKKERIBORBRS FIE | i . A Large-Scale Molecular Dynamics Simulation Study on the Shape of an Ice Crystal Grown
82|2023-Bb-0016 W SSIORE Hiroki Nada Tottori University
YIal—va Uik from Water Including Air Molecules
INA BNV T REEREIEAD R/ Vi FRRICHED L | X N Numerical study of dynamical structure factors based on spinon operator representation of ~|Fukumoto
83(2023-Bb-0022 T hrk HUFHIRLRE Tokyo University of Science
T HIREIA T O BUTHIRETE Heisenberg antiferromagnets Yoshiyuki
. . . ) Yoshihiro
84(2023-Ba-0043 AR 2 R U Tl ) i 2 O A O BRER W LAt Machine-Learning-Assisted Exploration of Appropriate Transformation and Projections Riken
Michishita
TR AR R U A e SR @SS S AR T ‘/ N Prediction of Transition Temperatures for Superconductors with Imperfect Crystal Structures
85]2023-Ba-0020 LE B RN R Masatomo Uehara | Yokohama National University
il Using Transition Learning
86|2023-Ba-0027 FEEREHNI T FRIC 351 B HBEIE A SR I FA K2 T2 Structural formation of non-spherical colloidal particles Takamichi Terao  |Faculty of Engineering, Gifu University
TN & 3 BRI TR & BT VI X % ) N Superconductor transition temperature prediction by deep learning and phonon density of
87(2023-Bb-0014 ) LI B B AY: Masatomo Uehara | Yokohama National University
PEVRZIN ol i states estimation by model analysis
88(2023-Bb-0030 DD HHE FORTRICBIZ XA FIVA BT FUURY TR FERI I T2 R Dynamics of monitored quantum systems with symmetry Yohei Fuji Department of Applied Physics, University of Tokyo
JHEET - TR ARONGAR R T DNERE A+ 3
8912023-Bb-0027 fl Bk Dynamics of photoinduced entanglement generation in electron-phonon systems Kunio Ishida School of Engineering, Utsunomiya University
S
90|2023-Ba-0018 BT AE VRO FRH S FOUERLR Y Finite temperature calculations of quantum spin systems Katsuhiro Morita | Tokyo university of science
IS5 MO TR E « AT OO 18 )% -
91(2023-Ba-0044 \ AR5 EAL A Y Molecular dynamics analyses of electrode-electrolyte interfaces using reactive potentials Ryo Kobayashi Nagoya Institute of Technology
it
92|2023-Bb-0005 ZERINEE & D— ULkt A ¥ RO BAEHIRTE RN PHF R R TR Numerical Study of the One-Dimensional Quantum Spin Systems Takashi Tonegawa | Graduate School of Science, Kobe University
93(2023-Ba-0046 250 VA= BRI 351) % L HQHT N g AEHEE R AR Multiple-Q orders in two-dimensional Hubbard models Takashi Uchida Hokkaido University of Science
. . . . Yoshihiro
94(2023-Ba-0040 F ) H— R RIERGGEO ) 8 N2 PN TN AR Molecular dynamics simulation of nanocarbon stacking structure Graduate School of Engineering, Osaka University
Kobayashi
[EAT 1 )L SO#E—A > % —7 = — XRokkoDFFE & it . Development of integrated interface of eigensolvers Rokko and application to quantum spin
95(2023-Ba-0008 HULRY: FERIPgER Tatsuya Sakashita |Graduate School of Science, The University of Tokyo
FAEYHRADISH systems
[EAT i VSO —HIA > 2 —T = —ARokko®BFEL i | . Development of integrated interface of eigensolvers Rokko and application to quantum spin
96 (2023-Bb-0003 W R HULKRY: FERIPgER Tatsuya Sakashita |Graduate School of Science, The University of Tokyo
FAEYHRADISH systems
97(2023-A-0002 TIO2 K Eflit DO 7E ) NV Study of TiO2 surface catalysis Yanjun Li Osaka University
AIS=RETY 5 % TR RO R R F O . )
9812023-A-0011 i BEBRE Development of method for reconstruction of momentum density with a sparse modeling Hiroshi Sakurai ~ |Gunma University
J&
99[2023-40018 Hyperuniform glass Ty AVF A (RO SR 2 — Hyperuniform glass Yingiao Wang | University of Tokyo, RCAST
i X . . N Research Center for Advanced Science and Technology,
100(2023-A-0019 AR FROIERF BRI B % K7 OMifsEORE | FE%F i HUTRY: el A iafimsie v 2 — Impact of pore morphology on compressive yielding in sticky spheres Michio Tateno
The University of Tokyo
. ary Iy¥Try . Research Center for Advanced Science and Technology,
101{2023-A-0020 VI ERE—OfiRI Y I al—vay Seiffb AR e v 2 — Hydrodynamic Simulations of Soft Matter Jiaxing Yuan
b The University of Tokyo
102|2023-A-0023 MD-FEMRARHT TiE DB R BERESR AR Development of a MD-FEM Coupling Analysis Method Mayu Muramatsu |Keio University
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SALFRIA T3 75 LR OFRMERE Y, AR HEFIR DT — X

AT IR
No. |[#E# i) Pl Title Name Organization
e . . . o Theoretical study of visible-light hydrogen-evolution semiconductor
1B —FEERNC & 2 ATHDERUK R A A O BRI 7E KAE Ri—B8 [P RERERE Seiichiro Ten-no Kobe University
photocatalysts using first-principles calculations
2|KKRZ') — > Bk i T PR R = T AL b il HUARA: Creating of magnetic material maps by KKR Green’s function method Tetsuya Fukushima University of Tokyo
e N . S B National Institute of Advanced Industrial Science
3 [H—ERE S X B BPEAMRI RS =T K JE SRR ST First-principles study of magnetic materials Takashi Miyake

and Technology

TrAvEIIv IRy Z—/

Japan Fine Ceramics Center/Tokyo Institute of

4 [FHRBS S O H A TR R OTRER [N . Computational Exploring of Novel high permittivity Materials Hiroki Moriwake
HUL TR Technology
e N o . = . N Atomistic analysis of hydrogen impact on mechanical properties of structural
5 |/KEAMEER RO I EIINEC 55 Z % ROt & 77— 2 Al ey g KR Shigenobu Ogata Osaka University
material and database construction
6 | T B O BRI R O TR wEE T T7A4vEF3Iv At H— |Computational Exploring of Novel Ferroelectric Materials Kazuki Shitara Japan Fine Ceramics Center
= N N 3 o . N Systematic evaluation of solubility of polypeptides in solvents by free energy
7| 2B FETIVE BT IV F—FHIC K % B Y XTF R OVERTAIRIE DML | Kbk sz PNTTNE N T Nobuyuki Matubayasi  |Osaka University
calculation method using all-atom model
BRI FTH—FIY I 2 L— 3 Yic K MBS Rhto7a b ) . N Theoretical study on proton transfer in fuel cell material based on first-
IR Lt N Tomomi Shimazaki Yokohama City University
UREICT B 2% principles method with nuclear quantum effect
Tl
No. | iS4 P Title Name Organization
R " X ) R i i National Institute of Advanced Industrial Science
1 [KKRZ') — > BIBGE R I T2 BEPERES v T OERL ks Pt PESERARHRE ST Creating of magnetic material maps by KKR Green’s function method Tetsuya Fukushima
and Technology
2| 7 — R ERENTFHEIC X B s R RIS M M T7Av¥F3Iv Aty 2— |Data-driven Exploration of High Dielectric Constant Materials Hiroki Moriwake Japan Fine Ceramics Center
3| KHISIFE FIRAERT & 77— 2 BREY AT X B iRah A kL BH 7 e T7Av¥F3Iv Aty %— |Computational and Data-driven Exploration of Ferroelectric Materials Kazuki Shitara Japan Fine Ceramics Center
4| REMEARBIN S RO T &/ VR TIERIFE PN T - ORHIETERAG Phonon-calculation method for magnetic random alloys Tadakatsu Ohkubo National Institute for Materials Science
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