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We would like to offer the readers the scientific activity report of the
Institute for Solid State Physics (ISSP) for the Japanese FY 2018.

ISSP was established in 1957 as a joint-use/research institute attached
to the University of Tokyo. In every era, we aim to lead the frontier of
“condensed matter physics and materials science” and contribute to science
and technology from the view of basic research. We have promoted activities
focused on research, education, and joint-use/joint-research.

The first part of the reports Research Highlights /Joint Research
Highlights exhibits experimental and theoretical achievements in condensed
matter physics and materials science. In 2018, the number of granted joint-
research proposals is 1,330 and the total number of participants is 8,869.

The second part includes the reports on progress of facilities in 2018 as follows. (1) In International MegaGauss
Science Laboratory, the pulse magnet has achieved 1,200 T as the world strongest as an in-door record by destruc-
tive methods. (2) The Supercomputer Center (SCC) has conducted “Project for advancement of software usability in
materials science” for enhancing the usability of the ISSP supercomputer system since 2015. In Center of Computa-
tional Materials Science, the website "MateriApps" for information on application software in computational science
has been constructed to support community members as the major contractor of K- and Post-K Computer Projects.
(3) In Neutron Science Laboratory, the technical progress of High Resolution Chopper (HRC) spectrometer has
been proceeded under high pressure and low temperature environment in cooperation with KEK. (4) In Laser and
Synchrotron Research (LASOR) center, the powerful technique by spin- and angle-resolved photoelectron spectros-
copy (SARPES) has clarified the spin-dependent electronic states in topological materials. In Synchrotron Radiation
Laboratory, operand spectroscopy is available by using lasers at Harima branch.

In the following parts, eleven reports of international conferences and workshops, subjects of joint research, and
list of publications have been presented.

In order to develop the international scientific network as scientific hub based upon the successful experience of
JSPS Program for Advancing Strategic International Networks to Accelerate the Circulation of Talented Researchers
for “Leading Research Network Topological Phenomena in Novel Quantum Matter” (TopoNet) (2014-2016), new
programs including the short time (up to 3 months) international collaboration, international visiting researchers, and
graduate students study abroad, as well as foreign visiting professor and international workshop programs, have been
conducted since 2017.

All these facts confirm that ISSP continues to develop successfully and dynamically as the global center of excel-
lence of condensed matter physics and materials science. We appreciate continuous support and cooperation of
communities for our activities.

July, 2019

Hatsumi MORI

Director

Institute for Solid State Physics,
The University of Tokyo
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Research Highlights

Horizontal Lines of Nodes in the
Superconducting Gap of SrRuOg:
Evidence against the Anticipated
Chiral p-wave Scenario

Sakakibara Group

The layered-perovskite superconductor SroRuOg4 has
been a leading candidate of a spin-triplet chiral p-wave
superconductor; the spin-triplet pairing (chiral state) was
suggested by the invariant spin susceptibility across 7 (time-
reversal symmetry breaking in the superconducting state)
[1]. However, the recently-discovered first-order supercon-
ducting transition, reminiscent of the Pauli-paramagnetic
effect, under an in-plane magnetic field is likely to favor the
spin-singlet scenario [2, 3]. Moreover, whereas symmetry-
protected nodes are forbidden in the spin-triplet scenario, the
presence of nodes has been suggested from various thermo-
dynamic experiments. Thus, the order parameter of SroRuQO4
has remained controversial.

Recently, we have developed field-angle-resolved
measurements of the specific heat as a powerful technique
to identify the superconducting gap structure [4]. Here,
in order to provide hints for resolving the puzzling issues
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Fig. 1. (a) Field-angle dependence of the specific heat under a rotating
magnetic field within the ab plane of SroRuOg4. (b) The H-T phase
diagram of the normalized amplitude A4 of the fourfold specific-heat
oscillation. (c) The calculated results of A4(7, H) obtained by assuming
a horizontal line node gap (inset), anisotropic in-plane Fermi velocity,
and the Pauli-paramagnetic effect.
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on SroRuOy4, we have performed the field-angle-resolved
measurements at low temperatures down to 0.06 K by
using a high-quality single crystal (7. = 1.505 K) [5]. By
subtracting the Schottky-type anomaly originating from
the addenda heat capacity very precisely, we have revealed
that the low-field specific heat of our sample increases in
proportion to H'Y? with no multigap structure at 0.06 K.
This behavior is in sharp contrast to the previous reports
[6], and suggests that multiple gaps on the three bands (o,
B, and ) equivalently survive up to high fields and possess
nodes somewhere. In addition, the fourfold oscillation in the
specific heat observed under an in-plane rotating field [6]
does not change its sign even at a low temperature of 0.04T¢
in the low-field region (Figs. 1(a) and 1(b)).

The absence of a sign change in the fourfold specific-heat
oscillation is incompatible with vertical line node scenario,
such as the dy.y2- and dy,-wave type; the present results
are clearly different from the cases of vertical line node
superconductors such as CeColns [4]. Also, it is obvious
that the present observations cannot be explained within the
anticipated chiral-p-wave scenario. By contrast, the results
favorably support the presence of horizontal line nodes;
the specific-heat oscillation arises due to nodal quasipar-
ticles that have anisotropic in-plane Fermi velocity of the
cylindrical y band. On the basis of microscopic theoretical
calculations, the observed field and temperature variations of
the specific-heat oscillation can be reproduced by assuming
the presence of horizontal line nodes on cylindrical bands
whose Fermi velocity is highly anisotropic within the plane
(Fig. 1(c)). The agreement between the experimental and the
calculated results becomes even better by taking into account
the Pauli-paramagnetic effect. Our findings, in particular the
presence of horizontal line nodes in the gap, challenge the
historical view of SrpRuO4 and call for reconsideration of its
order parameter.
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Construction of Three-Dimensional
Anionic Molecular Frameworks Based
on Hydrogen-Bonded Metal Dithiolene

Complexes and the Crystal Solvent Effect

Mori Group

Metal organic frameworks (MOFs) and covalent organic
frameworks (COFs) are a class of crystalline materials
with highly periodic structures formed through coordina-
tion or covalent bonds. Extensive synthetic studies of these
materials have been carried out, because of the uniqueness of
their structures and the resulting functionalities, such as gas
adsorption/separation, catalytic, and sensing abilities and fuel
cell properties. In addition, hydrogen-bonded (H-bonded)
organic frameworks (HOFs) have recently emerged as a new
class of such crystalline materials. By utilizing H-bonds
instead of coordination or covalent bonds, HOFs have gener-
ally better crystallinity, solution processability, and flexibility
than MOFs and COFs. Such ionic frameworks are expected
to show unique features different from conventional neutral
ones, due to their intrinsic ionic nature and the accompanying
cation—anion interactions. However, the number of ionic
frameworks reported so far is limited.

Recently, we have designed and synthesized a novel metal
dithiolene complex with hydrogen-bonding (H-bonding)
ability, [Au(catdt)2]™ (catdt: catechol-4,5-dithiolate) and
successfully constructed [Au(catdt);]™-based three dimen-
sional (3D) anionic molecular frameworks in two kinds
of salts, (Ph4P)[Au(catdt)2]-0.5H,0 (1a) and (Ph4P)
[Au(catdt)2]-Et2O-n(solv) (1b; solv = EtoO and/or acetone).
To our knowledge, these are the first examples of the 3D
molecular frameworks based on H-bonded metal dithiolene
complexes. Importantly, these frameworks are constructed
through 3D intermolecular H-bonds between [Au(catdt)z]™
molecules, and have tubular channels occupied by large
Ph4P* cations, where multiple cation—anion short contacts
are formed to stabilize the 3D framework structures. Further-
more, in addition to 1a and 1b with 3D frameworks, we have
obtained (Ph4P)[Au(catdt)2]-2THF (1c¢) having a 2D layered
structure. A detailed comparison of the structures of these
compounds reveals that the included solvent molecules play
an important role in regulating the intermolecular interactions
and assembled structures. Interestingly, we have found that,
due to the differences in the H-bonding ability and molecular
size of H O and EtpO, the wall structures of the 3D frame-
works in 1a without voids and 1b with voids are qualitatively
different. [1]

Three kinds of 1:1 salts of Ph4P* and [Au(catdt);]™,
that is, (Ph4P)[Au(catdt)2]-0.5H>0 (1a), (Ph4P)
[Au(catdt)>]-Et2O-n(solv) (1b; solv = Et,O and/or acetone),
and (Ph4P)[Au(catdt)2]-2THF (1¢), were synthesized, and
their structures and chemical compositions were determined
by single crystal X-ray analysis. Recrystallization of the
obtained powder from acetone/hexane, acetone/Et,O or THF/
hexane provided the salt 1a (containing H,O) as yellowish
brown needle-like crystals, 1b (containing Et;O and/or
acetone) as yellow plate-like crystals or 1c (containing THF)
as green plate-like crystals, respectively.

We first compare the structures of three kinds of novel
[Au(catdt);]-based salts, (Phs4P)[Au(catdt);]-0.5H>O 1a,
(Ph4P)[Au(catdt);]-Et20-n(solv) (1b; solv = Et,O and/or
acetone), and (Ph4P)[Au(catdt)2]-2THF (1¢). All of them
are 1:1 salts of PhyP* and [Au(catdt)>]™; however, their
crystal structures are qualitatively different from each other,
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Fig. 1. On the basis of the design and synthesis of an anionic gold
dithiolene complex [Au(catdt)>]” with four hydroxyl groups, we have
successfully constructed the first 3D molecular frameworks based on
H-bonded metal dithiolene complexes, (PhsP)[Au(catdt)>]-0.5H20 (1a)
and (Ph4P)[Au(catdt)>]-Et2O-n(solv) (1b; solv = Et2O and/or acetone)
as well as 2D layered structure of (Ph4P)[Au(catdt)2]-2THF (1¢). The
key for constructing the 3D frameworks are (i) connecting the planar
[Au(catdt)2]™ molecules with 3D intermolecular H-bonds and (ii)
introducing large Ph4P* cations into the channels. Interestingly, metal
complexes are highly influenced by the solvent molecules included in
the crystals (especially, the molecular size and shape and H-bonding
abilities), which leads to variations in the assembled structure of
the [Au(catdt)2]” molecules; namely, a 3D framework with densely
packed walls in water containing la, a 3D framework with loosely
packed walls in ether-containing 1b, and a 2D layered structure in THF
containing 1c.

depending on the solvent molecules included in the crystal.
The most prominent difference is the dimensionality of
the assembled structures of [Au(catdt)>]”; namely, in the
water and ether-containing salts 1a and 1b, this planar
anionic molecule forms a 3D assembled structure (i.e., 3D
framework, Fig. 1), whereas in the THF-containing salt
1c, it forms not a 3D but a 2D structure (i.e., 2D layers).
Furthermore, although both the 3D framework structures
in 1a and 1b have tubular channels with a similar size, the
structures of their walls are significantly different from
each other; namely, the walls in 1la are densely packed
with [Au(catdt)2]”, whereas those in 1b are loosely packed
to form voids, into which the cation and EtO molecules
partially penetrate (Fig. 1). These differences should be
caused by changing the intermolecular interactions between
the component molecules upon the change of the crystal
solvent.

We finally discuss how the crystal solvent makes differ-
ences in the intermolecular interactions and assembled
structures. Here, we focus on the H-bonding ability, size,
and shape of the crystal solvents. Et;0, included in the 3D
system 1b, and THF, included in the 2D system 1e¢, have
proton- accepting ability due to the ether oxygen atom,
which actually allows them to form the H-bonds with the
catechol O-H protons of [Au(catdt)2]” molecules. On the
other hand, the overall shapes of these solvent molecules
are greatly different from each other [rod-shaped (Et20) vs.
disk-shaped (THF)], which should contribute to the great
structural difference in 1b and 1c¢ (i.e., 3D vs. 2D). Namely,
due to the disk shape, the THF molecules are positionally
(orientationally) disordered, which leads to the formation
of the THF-THF H-bonds and consequently the 2D layered
structure. In contrast, the rod-shaped Et;O molecules have
no such structural disorder and additional intermolecular
interactions; thus they seem to simply occupy the space
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between the large PhsaP* and [Au(catdt)2]™ molecules without
interrupting the intermolecular interactions between the
PhyP* and [Au(catdt)2]” molecules for constructing the 3D
framework. Meanwhile, due to the steric bulkiness of the
ethyl groups in Et2O, the walls of the 3D framework have
the voids. In contrast, the water containing 3D system 1a has
no such voids and thus the wall is densely packed with the
lateral S---S interactions between [Au(catdt)z]™ molecules.
This is probably because the solvent water molecules are
involved in the wall structure, which should eliminate the
above mentioned steric hindrance effect from the solvent
molecules. Here, the water molecule has both proton-
donating and -accepting abilities, in contrast to Et;O and
THF having only proton-accepting ability. In addition, the
size of water molecule is much smaller than that of the
others. These features should allow the water molecules
to exist between the catechol moieties of [Au(catdt)y]|”
molecules and participate in the densely packed wall struc-
ture of the 3D framework. Therefore, we have successfully
illustrated the role and effect of the crystal solvent molecules
on the construction of these new 3D anionic molecular
frameworks based on [Au(catdt)2]™ in terms of the molecular
size and shape and H-bonding abilities. As for the next step,
by taking advantage of this new type of metal dithiolene
complex with H-bonding abilities, we are currently investi-
gating cooperative properties and functionalities of H-bond
dynamics (e.g. dielectric properties and proton conductivity)
and n—/d-electrons (e.g. electronic conductivity and magnetic
properties).

Reference
[1] S. Yokomori, A. Ueda, T. Higashino, R. Kumai, Y. Murakami, and
H. Mori, CrystEngCommun, 21, 2940 (2019).
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Quantum Size Effects Associated with
Ultra-Thinning of Layered Semimetals

Osada Group

We have investigated thickness dependence of the
electronic properties of two layered semimetals, graphite
and WTe,, under magnetic fields. Their monolayer limits
are known as a 2D Dirac fermion system (graphene) and a
2D quantum spin Hall insulator, respectively. Therefore, it
is significant to see how their electronic properties changes
associated with thinning them.

Generally, under the normal magnetic field, the band
structure of the layered conductor is quantized to a set of
Landau subbands with interlayer dispersion. Here, as the
sample thickness approaches the de Broglie wavelength,
the interlayer electron wave number is quantized, so that the
bulk Landau subbands separates to discrete levels as shown
in Fig. 1. This causes various size effects on electronic
properties.

Bulk graphite shows a unique field-induced electronic
phase transition above 30 T. Although the density wave
formation due to the 2kr instability of the Landau subband
was proposed as a possible mechanism of the transition,

4 ISSP Activity Report 2018

Pomid N | A

o

SdH ! S
oscillations bulk . ; :
‘ke e thinfime |~ i

Ale  —alc 0 nle

| e thin film
—nlc

Fig. 1. Concept of the quantum size effect under magnetic fields. The
Landau subbands in the bulk (red curves) are quantized into discrete
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(b) At the high-field quantum limit, the field-induced density wave
transition due to the 2kr instability of the lowest subband is suppressed
by the discretization of the subband.

it has never been confirmed yet. In order to identify the
high field phase, we performed transport measurements of
thin-film graphite samples under the magnetic field up to
40 T, which was generated by a home-made miniature pulse
magnet system. The thin-film flake was prepared on a silicon
substrate by the mechanical exfoliation technique, and the
device structure was fabricated using the electron beam
lithography (Fig. 2(b)). As seen in Fig. 2(a), the magnetore-
sistance shows a saturation around 10 T, above which there
exist only a few occupied Landau subbands (quasi-quantum
limit). The field-induced phase transition appears above
30 T as indicated by an arrow. On the phase diagram, the
phase boundaries in thin films shift to higher fields, accom-
panied by a reduction in temperature dependence. These
results are consistently explained by the density wave model
with the quantum size effect, because the 2kr instability of
the Landau subband is weakened by the discretization of
the subband in thin films (Fig. 1(b)). The present finding
strongly suggests the density wave state standing along the
interlayer direction [1].
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Fig. 2. Quantum size effect on the field-induced electronic phase transi-
tion in graphite. (a) Transverse magnetoresistance of a graphite thin
film with the thickness of 80 nm. The arrow indicates the field-induced
transition. (b) Microscope image of a Kish graphite thin film device. (c)
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The bulk crystal of a layered transition metal dichal-
cogenide compound, 1T-WTey, is known as a 3D type-II
Weyl semimetal. In order to see the change of topological
states, we carried out the magnetotransport measurement of
WTe; thin films with reducing their thickness. Since WTe;
is degraded in the atmosphere, the mechanical exfolia-
tion process was performed in the grove box. The clear
Shubnikov-de Haas (SdH) oscillations are observed on
positive magnetoresistance. The FFT spectrum of the SdH
oscillations has mainly four peaks, which correspond to the
extremal orbits surrounding four Fermi surfaces of the bulk.
Their peak frequencies start to decrease with a film thick-
ness of about 50 nm or less. Moreover, as the film thickness
decreases, many weak subpeaks appear on the low frequency
side of each main peak below about 30 nm. According to the
picture of the quantum size effect (Fig. 1(a)), the observed
subsidiary SdH oscillations with different frequencies origi-
nate from the 2D subbands, to which the bulk band with a
Fermi surface is quantized.

Reference
[1] T. Taen, K. Uchida, and T. Osada, Phys. Rev. B 97, 115122 (2018).
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Spin Thermal Hall Conductivity
in a Kagomé Antiferromagnet

Yamashita and Kawashima Groups

Searching for the ground state of a kagomé Heisenberg
antiferromagnet (KHA) has been one of the central issues of
condensed-matter physics, because the KHA is expected to
host spin-liquid phases with exotic elementary excitations.

To study the elementary excitations, we investigate
the longitudinal (x.y) and transverse (k,y) thermal conduc-
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Fig. 1. (a, b) Crystal structure of Ca kapellasite viewed along the ¢ axis
(a) and the a axis (b). The direction of the Dzyaloshinskii-Moriya inter-
action (D) is shown by the © symbols. Ji, J2, and J; (solid red lines)
represent the nearest-neighbor, next nearest-neighbor, and diagonal
magnetic interactions, respectively [2]. (c) An illustration of our experi-
mental setup. Three thermometers (Tyign, 711, T12 ) and a heater were
attached to the sample. A heat current Q Il x was applied within the ab
plane and a magnetic field was applied along the c Il z axis. (d, e) The
field dependence of the transverse temperature difference ATy = Ty —
T72 (d) and xyy (e). Solid lines in (e) represent linear fits.
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Fig. 2. (a) The temperature dependence of the thermal Hall conduc-
tivity divided by the temperature and the magnetic field (k. /TB) of
Ca-kapellasite [1] and volborthite [4]. (b) Normalized thermal Hall
conductivity of these two compounds (fexp, symbols) and that of
Schwinger-boson mean field theory (fsapmr, solid line) show a remark-
able agreement by tuning J and D as fitting parameters. The values
of parameters (J/kp, D/J) used for the fittings are (66, 0.12) and (60,
-0.07) for Ca kapellasite and volborthite, respectively.

tivities of a new candidate of S = 1/2 KHA Ca kapellasite
(CaCu3(OH)Cl2-0.6H,0) [1]. The magnetic Cu®* ions
in Ca kapellasite form an ideal kagomé structure (Fig. 1
(a) and (b)). The fitting of the temperature dependence
of the magnetic susceptibility shows that the spin Hamil-
tonian in Ca kapellasite is well approximated as an ideal
KHA with the effective spin interaction energy J/kg ~ 66 K
[1, 2]. Although the ground state is not a quantum spin
liquid, the magnetic transition temperature 7"~ 7 K is much
lower than J/kp, providing a wide temperature range of
the spin liquid phase 7" < T < J/kp to study the elementary
excitations.

Figure 1 (d) shows the field dependence of the transverse
temperature difference ATy, = Ty| — T12 (see Fig. 1 (c) for the
experimental configuration). Remarkably, asymmetric field
dependence is clearly observed, demonstrating a thermal
Hall signal in this transparent insulator. By asymmetrizing
AT, with respect to the field direction, we obtain the field
dependence of «,, (Fig. 1 (¢)) which is found to be linear to
the field in the spin liquid phase.

The temperature dependence of x,y/T shows an increase
as lowering temperature below J/kg, which is followed by
a peak at T ~ J/3kp (Fig. 2 (a)). Quite unexpectedly, the
temperature dependence and the magnitude of x,, of Ca
kapellasite is similar to that of another kagomé antiferro-
magnet volborthite [4], whereas the ky, in Ca kapellasite is
about one order of magnitude smaller than that of volbor-
thite. Given that xy, is dominated by phonons in this temper-
ature range, similar lxxy| in these kagomé compounds rules
out phonons as the origin of «yy.

We find that xyy, is well reproduced, both qualitatively
and quantitatively, by spin excitations described by the
Schwinger-boson mean-field theory [3] with the Dzyaloshin-
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skii-Moriya interaction of D. Most remarkably, both xy, of
Ca kapellasite and that of volborthite are found to converge
to one single curve of our Schwinger-boson calculation only
by choosing J and D as fitting parameters (Fig. 2 (b)). This
excellent agreement demonstrates not only that the thermal
Hall effect in these kagomé antiferromagnets is caused by
spins in the spin liquid phase, but also that the elementary
excitations of this spin liquid phase are well described by
the bosonic spinons. Although whether our ansatz is the
only successful state for describing «yy or other spin liquid
states — in particular spin liquids with fermionic spinons
having a different xyy, — remains an open question, our results
suggest that thermal Hall conductivity of a kagomé antiferro-
magnet has a common temperature dependence described by
Schwinger bosons.
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Floquet-Theoretical Formulation
and Analysis of High-Harmonic
Generation in Solids

Tsunetsugu Group

High-harmonic generation (HHG) is a nonlinear optical
phenomenon, and monochromatic input light irradiates a
target medium to be converted to output with multiple high
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Fig. 1. Energy dispersion of Floquet bands in two cases with different
electron- light coupling F' o< Q (electric field amplitude of input
light): (upper) no coupling and (lower) non-zero coupling. Dimen-
sionless frequency of input light is Q = 0.25. The non-zero coupling
F avoids crossings of replicas of the two original energy bands (solid
lines in the upper panel).
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harmonics, which is an indispensable technology for the
state-of-the-art ultrafast physical measurements. While
atomic gases were traditionally used target media, recent
experiments have achieved the high-harmonic generation in
bulk solids [1]. However, it remains an open problem how
the interaction of light with electrons in solids results in the
conversion to higher frequencies.

In this study [2], we invoke the mathematical tool known
as Floquet’s theorem to analyze the electron dynamics driven
by light with single frequency €, which induces HHG in
output light. We have tailored this theoretical framework
for a simple lattice electron model in one dimension. This
model is a tight-binding Hamiltonian with two bands which
are controlled by site-alternating potentials, and electrons
acquire a time-oscillating phase in their hopping amplitude
due to their coupling to input light. We have obtained an
analytical solution for the time evolution of electron wave
function in the limit of no potential scattering, and proceed to
analyze the effects of the potential scattering by a perturba-
tion approach. While the highest frequency of HHG in the
no-scattering limit is too low to explain the related experi-
mental data, we have found that it becomes large enough as
the scattering amplitude increases.

Our result [2] also predicts that the highest order in HHG
is inversely proportional to the square of the input frequency,
Nmax o< Q ~2, in contrast to the conventional scaling o
Q! in atomic gases. This anomalous behavior deserves
experimental confirmation. Besides, our Floquet-theoretical
approach is general and thus applicable to various lattice
systems. Therefore, for realizing effective HHG, it is useful
to employ this approach and examine the effects of impor-
tant characteristics of the model, such as dimensionality and
symmetry of solids.
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Heat Transport via a Two-State System
Kato Group

Heat transport in macroscopic systems has been studied
for long time. Recent technological progress has enabled
us to measure heat transport carried by photons or phonons
via a nanoscale object, for which quantum properties of
the system are revealed [1]. Based on this development, we
studied heat transport in the spin-boson model, in which a
two-state system is coupled to two thermal reservoirs (see
Fig. 1 (a)) [2]. Even though this spin-boson model is simple,
it is known that there appear various physical phenomena
such as the Kondo effect [3,4].

The properties of the thermal reservoirs are character-
ized by a spectral density function, /(w) o< w®. In Ref. [2],
we studied thermal conductance for heat transport via
a two-state system for arbitrary exponent s, comparing
analytic approximations with numerical results based on
the continuous-time quantum Monte Carlo method. By
systematic comparison, we revealed that heat transport via a
two-state system is described by one of three processes, i.e.,
(i) sequential tunneling, (ii) co-tunneling, and (iii) incoherent
tunneling (see Fig. 1 (b)-(d)). We derived an asymptotically
exact expression for the sufficiently low-temperature region
(the co-tunneling regime). This formula predicts power-law
temperature dependence at low temperatures. We also found
that for the high-temperature or strong-coupling regions
(the incoherent tunneling regime), the thermal conductance
is well explained by the noninteracting-blip approximation
(NIBA).

As an example, we show the temperature dependence
of the thermal conductance for the ohmic reservoir (s = 1)
and « = 0.1 (« is a dimensionless system-reservoir coupling
constant) in Fig. 2. At low temperatures, the numerical result
(the legends) agrees well with the asymptotically exact
formula for the cotunneling process (the blue dashed line).
In this regime, the thermal conductance is always propor-
tional to T3(= T%*!), which is consistent with the result of
Ref. [4]. At moderate temperatures and high temperatures,
the numerical result deviates from the cotunneling formula,
and instead agrees well with the NIBA (the black solid line).
We note that the thermal conductance obtained by the NIBA
is proportional to 73 at low temperatures as indicated in
the figure, and deviates from the low-temperature numerical
results. We also show the approximate formula for the
sequential tunneling (the green dot-dashed line), and the
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Fig. 1. (a) A schematic of the system considered in the present study.

Heat transport is governed by one of three processes; (b) sequen-
tial tunneling process, (c) co-tunneling process, and (d) incoherent
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Fig. 2. Temperature dependence of the thermal conductance for the
ohmic case (s = 1).

Markov approximation for the incoherent tunneling (the
orange dotted line). The former agrees with numerical data
at moderate temperatures, while the latter clearly deviates
from the numerical results, indicating the importance of the
non-Markov properties of the system.

Our study will provide a useful basis for deep under-
standing of heat transport via nanoscale devices, and as well
a platform for experiments attempting to access many-body
effect in heat transport of mesoscopic devices.
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Realization of a Current-Controlled
Superconducting Device

Katsumoto Group

Ultra-high speed, low-power consumption logic device
action has been predicted for Josephson superconducting
junctions, which dream, however, has not come true yet for
more than three decades. The device action itself had been
confirmed at the beginning of the 1980s [1]. Nevertheless,

Fig. 1. Scanning electron micrograph of the sample. The yellow arrow
indicates the supercurrent while two red arrows indicated the transverse
(no.1) and the parallel (no.2) normal currents, respectively.

ISSP Activity Report 2018 7



the two-terminal nature of the junction has blocked the
application to the real world of logic devices. The obstacle is
explained as follows. The switching to normal state occurs
when the junction is “fired” by applying a bias current larger
than the critical current J. (Jc1). Then to switch the next
junction a current larger than its Je (Je2) is required while
the current swing of the first junction is J¢1. Hence for the
circuit action, condition J.1 > Jc2 should be fulfilled. The
condition means that J. decreases monotonically over the
chain of logic gates, thus sharply limits the scalability of
the circuit. The finding of a gate-controllable supercurrent
through the two-dimensional electrons (2DE) on the surfaces
of InAs [2], this was thought to solve the problem. However,
as a voltage-driven device, the Josephson junctions have
too high off-conductance, and the obstacle was realized to
exist stubbornly. Therefore a current-current three(or four)-
terminal device is required for the practical use.

We here report pure current-control of supercurrent,
which would solve the long-standing technical problem. We
prepared a 2DE in an InAs quantum well grown on an InP
substrate. Figure 1 shows the sample structure, in the center
of which a Nb-InAs 2DE-Nb superconducting junction
is formed. Besides, the sample has six normal terminals,
through which local or non-local electric currents can flow.
InAs 2DE is known to have a strong Rashba-type spin-orbit
interaction (RSOI), and the layered structure is design to
maximize the RSOL.

One of the expected device actions is described as
follows. When a supercurrent is flowing between the two
Nb electrodes, a normal current is applied transverse to the
supercurrent. The normal current is associated with the spin
Hall effect, which causes spin accumulation at the super-
normal interfaces and breaks the time-reversal symmetry
locally. The normal current can thus reduce the critical
current of the superconducting junction. The other is a
kind of "remote reduction,” in which the normal current is
applied parallel to the supercurrent but at a different part of

(a)

1 (nA)

=200 =100 0 100 200
1, (nA)

1000

l 800
600
400
200
[

400 200 0 200 400
IPE!E"E\ (nA)

(b)

400

200

1(nA)
dvidl (Q)

-200

-400

Fig. 2. (a) Color plot of the junction resistance versus the plane of
transverse current and junction current. The black region corresponds to
the zero-resistance state. (b) The same for the parallel current.
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the sample (red arrow no.2). In this case, the normal current
causes the spin current, which should have a significant
disorder in electron spins through the Zitterbewegung [3] and
crosses the supercurrent. The disordered spin current again
should lead to the reduction of the critical current.

In the experiments, the care was taken to avoid heating by
the normal currents and the application of voltages due to the
imbalance of the potentials at the normal electrodes. Figure
2(a) is a color plot of the resistance of the superconducting
junction against the junction current and the control current.
The black region corresponds to the zero-resistance state, and
an apparent reduction of the critical current is observed. The
current gain (the derivative of the edge line on the zero-resis-
tance region) is larger than unity (0 dB) below 100 nA of the
transverse current. The result of the remote-reduction experi-
ment is shown in Fig. 2(b). The remote current also reduces
the critical current through the sensitivity is lower, and the
region for positive current gain (above 0 dB) is limited to just
around the zero parallel currents.

In conclusion, we have realized a current-controlled four
terminal superconducting device with finite current gains.

References

[1] T. R. Gheewala, IEEE Trans. Electron Devices 27, 1857 (1980).

[2] H. Takayanagi and T. Kawakami, Phys. Rev. Lett. 54, 2449 (1985).
[3] Y. Iwasaki, Y. Hashimoto, T. Nakamura, and S. Katsumoto, Sci.
Rep. 7, 7909 (2017).

Authors
T. Nakamura, Y. Hashimoto and S. Katsumoto

Magneto-Thermodynamic Properties
in Submicron Wires of Pd-doped FeRh

Otani Group

An FeRh alloy with B2 order shows a first-order phase
transition from antiferromagnetic (AFM) to ferromagnetic
(FM) phases with raising temperature. As the transition
temperature is tunable around room temperature, this is a
candidate material for several applications such as heat-
assisted magnetic recording, AFM memories and memristor
devices. Recently, an asymmetric behavior around the
AFM-FM phase transition has been reported on some
tiny sample structures. Remarkably, a discontinuous and
asymmetric resistance change around the phase transition
was reported in submicron wires of FeRh, which is caused
by suppression of the nucleation of AFM domains during
the cooling process [1]. In this work, we performed resis-
tivity measurements of submicron wires of Pd-doped FeRh
as a function of temperature and external magnetic field.
We further evaluated some thermal properties such as an
energy loss around the temperature hysteresis in each wire to
characterize those finite-size effect.

We used Pd-doped FeRh alloy in order to decrease the
AFM-FM phase transition temperature. A 60-nm-thick
epitaxial film of Pd-doped FeRh was prepared and fabricated
into submicron wires. Detailed processes for film growth
and patterning are shown in Ref. 2. As the resistivity in AFM
phase is larger than that in FM phase, the electrical transport
measurement can be a probe to detect the AFM-FM phase
transition which is induced by sweeping temperature or
external magnetic field. The resistance on 270-nm-wide wire
against temperature and magnetic field is plotted in Fig. 1(a).
We can see the temperature-driven and field-driven hysteresis
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Fig. 1. Hysteresis loops due to AFM-FM transition on submicron
wires of Pd-doped FeRh [2]. (a) Resistance measurements on 270-nm-
wide wire of Pd-doped FeRh against temperature (black) and in-plane
magnetic field (blue). The temperature-driven hysteresis loop was
measured without applying a magnetic field and the field-driven one
was done at a constant temperature of 240.0 K. Inset is a SEM image of
the wire. (b) Volume fraction of ferromagnetic phase against tempera-
ture which were estimated from resistance of the submicron wires.
loops due to the AFM-FM phase transition. Though the resis-
tance contains small jumps under the transition to FM phase,
it showed a large discontinuous change on the opposite arm,
the transition to AFM phase. These asymmetries and step-
like structures in both hysteresis loops would indicate the
nucleation processes of AFM and FM domains are confined
by the sample size, which is also reported in Ref. 1. We
further investigated how the hysteric behavior changes by the
size of wires. We prepared 270nm-, 660-nm- and 1160-nm-
wide wires by the same method and measured their resis-
tances with sweeping temperature. Under an assumption
that all magnetic domains are aligned along the longitudinal
direction of the wire, the volume fraction of FM domains
can be calculated from the measured resistance in each wire
as shown in Fig. 1(b). We can find the enhanced asymmetry
in narrow wires. To evaluate this finite-size effect in wires,
we estimated the energy loss around the phase transition
from simple thermodynamic equations. We found the energy
losses around the hysteresis loops are larger in narrower
wires. Also, all wires showed larger losses than the unpat-
terned film. These results would suggest that the finite-size
effect, probably a restriction in magnetic domain structures
across the phase transition, appears in a macroscopic energy
loss. This method can be a probe to characterize the rectified
domain nucleation process in tiny volume samples by simple
electrical measurements.
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Dynamic Interface Formation in
Magnetic Thin Film Heterostructures

Komori Group

In magnetic thin film heterostructures, interaction at the
interface plays a dominant role in the development of novel
electronic and magnetic properties. The interlayer coupling
strength primarily relies on the interfacial structure at the
atomic scale, including atomic roughness, steps, and inter-
mixing. However, the impact of the atomic scale interfacial
structure on the magnetic coupling in magnetic thin film
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Fig. 1. (a) Fe L3 remanent XAS (upper) and XMCD (middle) of a
7-ML Fe film on Cu(001), and XMCD (lower) of a 5-ML Mn/7-ML Fe
film in the normal incidence (NI) and grazing incidence (GI) geome-
tries. Here, external magnetic field is parallel to the incident x-ray. (b)
Iron magnetization curves in the heterostructures of Mn (x ML, x =
0, 1, 2, 3, and 5 ) overlayers on the 7-ML Fe film measured in the NI
(left) and GI (right) geometries. The L3 XAS peak intensity normalized
by the L, one is plotted as a function of the magnetic field. In the GI
geometry, the magnetic field is applied along the [100] direction of the
Cu(001) substrate.

heterostructures has not yet been elucidated well in relation
to the macroscopic magnetic properties. We use scanning
tunneling microscopy (STM) and x-ray absorption spectros-
copy/x-ray magnetic circular dichroism (XAS/XMCD) as
complementary tools for clarifying the correlation between
the atomic structure at the interface and the magnetism.
Successive atomically-resolved STM characterizations of
not only structural but also electronic and magnetic proper-
ties during the growth of magnetic thin film heterostructures
provide crucial information on the atomic-scale interfacial
factors in the dynamical process of the interface formation.
The element-specific, quantitative and macroscopic observa-
tions of electronic and magnetic properties by XAS/XMCD
can be linked with the microscopic interface characteristics.
We have studied fcc Fe thin films grown on Cu(001)
with Mn overlayers (Mn/Fe films) as a unique system for
investigating the interface interaction. [1] The electronic
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Fig. 2. (a-c) STM images of 7-ML Fe films with 1.0-ML (a), 1.5-ML
(b), 1.8-ML (c) Mn overlayers. (d-g) High-resolution surface STM
images of 1.0-ML (d), 1.5-ML (e), 1.8-ML films (first (level-1) (f) and
second (level-2) (g) levels,). The disorder alloy can be seen in each
image as bright protrusions. (h) Statistical plots of the fraction of the
ordered alloy region with the (4 x 2) and (4 x 4) reconstructions in
level-1 and level-2 as a function of the average thickness of the Mn
overlayer. The dashed lines are linear extrapolations of the fractions of
the ordered alloy.
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and magnetic properties of ferromagnetically-coupled top
two layers in the fcc Fe thin film on Cu (001) [2] is suscep-
tible to the structural changes on the atomic scale. At the
interface, a collinear and homogeneous antiferromagnetic/
ferromagnetic coupling is expected at the Mn/Fe interface
as observed in the reference system of Mn thin films on
the bulk bcc Fe(001) substrate. Thus, the fcc Fe thin film
highlights the role of atomic-scale interfacial factors with the
Mn overlayers.

The films were fabricated by successive deposition of Fe
and Mn on Cu(001) at room temperature (RT) in an ultrahigh
vacuum. The thickness of the fcc Fe layer was fixed to ~ 7
monolayer (ML). The Fe layer in the Mn/Fe film exhibits
a two-step spin reorientation transition (SRT) from out-of-
plane to in-plane direction with increasing the thickness of
the Mn overlayer as observed by XAS/XMCD measurements
shown in Fig. 1. After 1 ML deposition of Mn, the coercive
field in the magnetic field perpendicular to the film decreases
to a value less than that in the in-plain magnetic field.
Furthermore, the in-plane anisotropy gradually increases up
to 3-ML Mn deposition. Corresponding atomically-resolved
STM observations reveal the dynamic structure change from
a disordered surface to an ordered one by the Mn deposition
at RT as in Fig. 2. First, a disordered surface alloy with the
Fe film is formed by the Mn deposition, which induces the
first SRT. The ordered-alloy area of the surface gradually
increases with increasing the amount of the deposited Mn
atoms more than 1 ML on average. The ordering of the alloy
completes around 3-ML Mn deposition, which corresponds
to the completion of the second SRT.

The present complementary approach by XAS/XMCD
and STM successfully disentangles the hidden functionality
of the interface alloying, which changes and enhances the
magnetic anisotropy in the Fe layer. The results will pave
new ways to understand novel phenomena emerging at the
interface on the atomic scale, and to improve the electronic
and magnetic properties of the magnetic thin film hetero-
structure.
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Nanoscale Potential Mapping:
Direct Visualization of Electrical
Resistance at Single Surface Steps

Hasegawa Group

Atomically-thin two dimensional electron systems
(2DES) have been one of the hot topics because of their
unique properties originating from the low dimensionality
and reduced symmetry. Among them 2DES by metallic
surface states, which are formed by a few monolayer
(ML) deposition of metallic elements on semiconducting
substrates, have a unique status. Because of the thermal
stability through the surface reconstruction, self-organized
high-quality periodical structures can be formed in macro-
scopic dimensions. Basic properties such as atomic structure
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and electronic states can be well characterized by standard
surface science techniques including scanning tunneling
microscopy (STM). Recent discovery of superconductivity in
surface 2DES attracted further attentions.

Net and local misorientations of the substrate from a
nominal plane results in the formation of steps on it. Super-
structure due to the surface reconstruction inherently forms
boundaries that separate domains whose periodical phases
are different from each other. Both of the one-dimensional
line defects disrupt the periodicity of the surface atomic
arrangement and therefore work as a barrier for the electrons
across them. In order to investigate the role of the line
defects in electrical transport, we measured the nanometer-
scale spatial distribution of local electrochemical potential
of an archetypical metallic surface states; the 7x7 structure
of Si(111) substrates, using an STM-based technique called
scanning tunneling potentiometry (STP) [1]. Using STP, we
found potential drops clearly at step edges and phase bound-
aries of the 2D metallic surface, demonstrating the presence
of significant electrical resistance there.

Figure 1 shows STM and electrochemical potential
images taken simultaneously on the 7x7 surface under the
net current flow from the left to the right. A single-height
(0.31 nm) steps are observed running from the upper left to
the lower right in the topographic image (Fig. 1(a)). In the
corresponding potential image (Fig. 1(b)), potential drops
are found at the step edges, as more quantitatively presented
in the inset cross-sectional plots, which was taken along the
dashed A-B line in Fig. 1(a).

The steps are, however, not the only defects that disrupts
the electron transport on the surface. In the potential
mapping, which exhibits a ladder-like pattern, one notices
several potential drops in narrow terraces separated by the
steps. The potential drop due to the rungs of the ladders is
more clearly displayed in a cross-sectional profile shown in
the inset. The rungs correspond to boundaries that separate
domains of the 7x7 reconstructed structures whose phases
do not match. The potential images indicate that the phase
boundaries also have electrical resistance.

From the obtained potential images and their cross-
sectional plots, we can quantitatively analyze the conduc-
tivity through an individual step and phase boundary. Since
the absolute value of the current density is unknown, we
cannot measure the terrace, step, or phase boundary conduc-
tivity directly. But, their ratio can be estimated precisely.
Since in our measurement we used low-doped substrates,
the electrical conductance through the substrate is quite
small. The poorly conductive substrate safely eliminates the
problem of the bulk contributions in our measurements.

We estimated the conductivity ratio of the step to the
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Fig. 1. STM (a) and electrochemical potential (b) images taken
simultaneously on the Si(111)7x7 surface. (inset) cross-sectional plots
of topographic height and potential taken along the dashed line drawn
in (a).



terrace Os/0¢ is 3.1+1 /um. The ratio means that the resis-
tance of a single step corresponds to that the 340 nm-width
terrace of the 7x7 structure. This also implies that the contri-
bution of the steps to the net resistance dominates when the
tilting angle of the surface exceeds 0.06°, which is much
smaller than the tolerance of the miscut angle (~0.16°) for
commercial wafers. The macroscopic net resistance through
the 7x7 surface states, which include both those of terraces
and steps, is therefore basically determined by the step
density and the misoriented angle of the substrate.

The phase boundary is found more conductive than the
step: the conductivity ratio of a single phase boundary to
terrace Opn/Ct is 16.4 + 10 /um. The density and distribution
of phase domains of the 7x7 structure are closely related
with nucleation process of the 7x7 structure from disordered
1x1 during the cooling of the sample after the annealing to
get rid of the surface oxide layer and to form the clean 7x7
structure. The macroscopic surface conductivity, therefore,
also depends on the sample preparation method; e.g. how the
sample was slowly cooled after the annealing.

In fact, the electrical conductivity of the surface has been
characterized in various methods including microscopic
4-probe methods, but the measured conductivity have been
widely dispersed. Our results indicate that the macroscopic
net conductivity are mostly determined by the density of
steps and domain boundary, thus depending strongly on the
misorientation of the sample and its preparation. The present
study also demonstrates the importance of characterizing
microscopic conductance to elucidate the intrinsic transport
properties of the system.
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Strain Relaxation at
Doped Epitaxial Interfaces

Lippmaa Group

A quasi-two-dimensional quantum well is known to form
by electron accumulation at an epitaxial heterointerface
between SrTiO3z and LaAlOs. The accumulation of carriers
at this interface is the result of a peculiar interplay between
several effects, including the polar discontinuity between
SrTiO3 and LaAlOs, tetragonal distortion of the interface
layer due to the 3% epitaxial strain at the interface, field- and
strain-dependent giant dielectric permittivity of SrTiO3z, and
possibly due to Sr and La intermixing within the first unit
cell of the interface. Although the carrier number is essen-
tially fixed by the structure, it is possible to tune the depth
distribution of the accumulated carriers by either top- or
bottom-side gating, thereby changing the occupancy of the
nearly degenerate dxy, dxz, and dy; orbitals. Due to the tetrag-
onal distortion of the interface layer, the orbital degeneracy is
partially lifted, lowering the energy of the dxy orbital. Gating
can then be used to shift the Fermi level below or above
the level crossing, leaving the dx./y, orbitals either empty
or partly filled. One unique feature of this interface is the
sharply asymmetric potential profile of the quantum well due
to the wide bandgap of LaAlO3. This asymmetry leads to a

(a) [001] (b) [001]  [104] [102][203] [101]

5% Ir

[0o01] [102]  [101]

o

Intensity (arb. un.)

(& &> (ol
10 20 30 40 50

. 0
o At ta) O B(Ti,A) ~ O Polar angle (deg)

Fig. 1. Crystal FFP orientations. (a) Schematic of sample orientation
and the FFP directions in the (010) plane when the emitter is a B-site
atom (Al or Ti). (b) XPD polar curves for Ir-doped samples comparing
Al 1s and Ti 2p emission signals for different Ir doping levels.

relatively strong Rashba-type spin-orbit coupling at the inter-
face and this coupling strength can be tuned to some extent
by gating, either because the asymmetry of the potential well
is changed or due to a Lifshitz transition that occurs when
the Fermi level is tuned across the dxy — dxz,y- crossing.

Since this level crossing energy is determined by the
tetragonal distortion of the interface layer, we have turned
our attention to the possibility of tuning the interfacial strain
by doping the interface. Additionally, by adding heavy
elements, such as Ir to the interface, it may be possible to
control the spin-orbit coupling experienced by the electrons
in the quantum well.

SrTiO3/LaAlO3 heterostructures with interfaces doped
either with Ir or Co were grown by pulsed laser deposition
and the interfacial strain relaxation was studied by hard
(7940 eV) x-ray photoelectron diffraction (XPD) at SPring-8
BL47XU. It was thus possible to estimate the strain state
at the interface by comparing XPD forward focusing peak
(FFP) positions between La and Sr (perovskite A-site) or
Al and Ti (perovskite B-site) (Fig. 1) for different inter-
face doping levels. A shift of the La and Al FFPs towards
larger angles relative to Sr and Ti showed that in all cases
the LaAlO3 cap layer is under compressive strain in the
out-of-plane direction due to epitaxial strain. However, the
level of strain depends on interface doping, especially for
Ir. One possible cause is the interdiffusion of Ir across the
SrTiO3/LaAlO3 interface. The work suggests that the inter-
facial strain can be tuned by doping the first unit cell layer
of LaAlOj3 at the interface with a larger ionic radius cation
to reduce the epitaxial strain imposed on the first few unit
cells of SrTiO3. This technique may be effective for control-
ling the critical carrier density where the Lifshitz transition
occurs and thus selecting the gate bias range where the spin-
orbit coupling in the quantum well is tunable by gating.
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CO; Activation and Reaction on
Zn-Deposited Cu Surfaces Studied
by Ambient-Pressure X-Ray
Photoelectron Spectroscopy

Yoshinobu and I. Matsuda Groups

It is important to understand the mechanisms of activa-
tion and hydrogenation of carbon dioxide (CO;) in order to
utilize the abundant CO; effectively as a chemical feedstock.
One way of utilizing CO; is methanol synthesis on Cu-based
catalysts. Metallic copper in the catalysts is considered to be
an active site for methanol synthesis. So far, the adsorption
and reaction of CO2 on Cu surfaces have been widely inves-
tigated under ultrahigh vacuum (UHV) and under ambient
pressure conditions.

In this study [1], the reaction of CO; on Zn-Cu(111)
and Zn-Cu(997) was systematically studied using ambient-
pressure X-ray photoelectron spectroscopy (AP-XPS) at
SPring-8 BLO7LSU (2015B7496 and 2016A7401). AP-XPS
allows adsorbate and substrate electronic states to be eluci-
dated under reaction conditions. The aim of this study is to
reveal the roles of Zn and water in the CO; reaction, and
elementary steps of methanol synthesis by a series of system-
atic experiments performed under well-defined conditions
at temperature between 299-473 K. We used Zn-deposited
Cu(111) and Cu(997) single crystals as model catalytic
systems. Stepped Cu surfaces are more reactive for dissocia-
tion of CO2 compared to flat Cu surfaces. Recently, we have
investigated adsorption states of CO; on Cu(997) surfaces
under UHV, and near-ambient condition. In this study, we
have focused on hydrogenation of CO> under near-ambient
pressure conditions to clarify the effect of the step sites. The
oxidation state of Zn-deposited Cu surfaces and the stability
of reaction products depend strongly on the gas composi-
tion and sample temperature. The effect of water on the CO2
activation was also examined by a set of control experiments.

In the presence of 0.8 mbar CO; and 0.4 mbar H> gases,
hydrogenation products are not observed; only carbonate is
formed on Zn-deposited Cu(111) and Cu(997) surfaces (not
shown here). We found that the formation rate of carbonate
at 299 K is significantly faster on Zn/Cu(997) than that on
Zn/Cu(111), indicating that step sites are more reactive for
CO3 activation than terrace sites. On the other hand, the
addition of water (D20) in the feed gas leads to hydroge-
nation of COy to formate at sample temperatures around
400 K (Fig. 1). This suggests that hydroxyl produced from
dissociative adsorption of water is a reactant in the CO2
hydrogenation observed under the present reaction condi-
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Fig. 1. A series of XPS spectra on Zn(0.25 ML)/Cu(997) surface: (a)
O Is and (b) C 1s. The spectra of bare Zn-Cu(997) surface were
measured under UHV. AP-XPS measurements were first performed at
299 K in the presence of 0.8 mbar CO;, 0.4 mbar Hp, and 0.05 mbar
D70, then the sample was heated up to 473 K under this ambient-
pressure condition.
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il

Zn—Cu surface alloy

Cu substrate

Fig. 2. Schematic diagram of proposed reactions on the Zn-deposited
Cu surface in the presence of CO2, Hz and H2O.

tions. Figure 2 schematically shows the proposed reactions
on the Zn-deposited Cu surface in the presence of CO», Hz
and H2O. We also found that the reaction products such as
carbonate and formate on the Zn/Cu(997) surface are more
stable than those on the bare Cu(997) surface. In particular,
formate remains on Zn-deposited Cu surfaces up to 473 K,
which is close to the operation temperature of industrial
Cu-ZnO catalysts. We conclude that an important role of Zn
on Cu surfaces is the stabilization of reaction intermediates
originated from COa.
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Biophysical Study on the Function and
Molecular Mechanism of Rhodopsins

Inoue Group

Rhodopsin is photo-receptive heptahelical transmem-
brane proteins in which retinal chromophore is covalently
bound to a conserved lysine residue in the seventh helix,
and animal and microbial rhodopsin families are known
so far. Animal rhodopsins present in animal retina transfer
visual signal to brain and are also related to non-visual
light sensing. Microbial rhodopsins show diverse functions:
light-driven ion pump, light-gated ion channels, light-
regulated enzyme and so on. Both types of rhodopsins are
being widely used in optogenetics to control various cellular
events, such as neural activity, gene expression and so on,
by light. Recently, we reported third class of rhodopsin,
heliorhodopsin (HeR), which is evolutionally isolated
from both of microbial and animal rhodopsins [1]. The
biochemical study revealed its inverted structure compared
with other class of rhodopsins, and N- and C-termini of HeR
faces extracellular and cytoplasmic milieus, respectively
(Fig. 1). HeRs are diversely distributed from bacteria,
archaea, eukaryotic algae and giant viruses. Although the
function of HeR has not been clarified yet, we observed
a long photo-reaction cycle up to seconds to minutes by
laser flash photolysis suggesting HeR works as a signaling
protein which transfers light signal to unidentified intracel-
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Fig. 1. Molecular structures of microbial rhodopsin, animal rhodopsin
and heliorhodopsin.

lular proteins. The retinal chromophore in HeR isomerizes
from all-trans to 13-cis form upon light illumination, and we
dominantly observed K, M and O-intermediates in the photo-
cycle. While the K and O intermediates show red-shifted
absorption compared with that of the dark state, the absorp-
tion of M-intermediate is highly blue-shifted to 400 nm
and a proton is released from retinylidene Schiff-base. A
mutational study suggested that the proton is not transferred
to a specific residue and it is trapped in a hydrogen bonding
network, called proton accepting group (PAG), constituted
from several amino-acid residues including conserved histi-
dines and internal water molecules on the extracellular side
of the protein.

Rhodopsins show wide range of absorption wavelength
and the color regulation of retinal chromophore in rhodop-
sins to achieve longer-wavelength absorption is one of
critical elemental technique to develop new types of optoge-
netics tools which can avoid strong light-scattering by
biological tissues and phototoxicity. We reported that the
mutation of the conserved proline and serine residues in
sodium pump rhodopsin (KR2) induces 40-nm red-shift of
the absorption without impairing sodium-transport activity
[2]. Also, FTIR spectroscopy and quantum mechanical
calculation revealed that the change in dipole moments of
these residues lowered energy gap of m-electron of retinal
chromophore by electrostatic interaction. Furthermore,
we identified a new type of sodium pump rhodopsin from
a-proteobacterium, Jannaschia seosinensis, in which the
proline residue was naturally altered to glycine and it
shows 20-nm longer absorption than that of KR2. Since J.
seosinensis is derived from solar saltern, the natural mutation
of the proline occurred to use longer wavelength light in
turbid environment. Since sodium pump rhodopsin can
suppress the neural spiking without alterations of intracel-
lular pH and CI" concentration, this red-shifted KR2 would
be expected to be applied as a new type of optogenetic tool.

Red-shift of absorption wavelength
by site-directed amino-acid mutation
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Fig. 2. Construction of light-driven sodium pump rhodopsin absorbing
longer-wavelength light by site-directed amino-acid mutagenesis
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Emergent SU(4) Symmetry and Quantum
Spin-Orbital Liquid in a-ZrCl;

Oshikawa Group

As materials are cooled down towards the absolute zero
temperature, generally they become a solid with a long-range
order in location of atoms. Likewise, magnetic materials
develop a magnetic long-range order at sufficiently low
temperatures. However, we may expect a “quantum spin
liquid” as a ground state of a magnetic material, if strong
quantum fluctuations destroy the magnetic order even at
zero temperature. Theoretical studies have revealed that
quantum spin liquids exhibit various exotic phenomena
such as fractionalization. Its realization has been one of
the central topics in quantum magnetism and condensed
matter physics. After intensive studies over several decades,
several materials have been found to be strong candidates of
quantum spin liquids. However, such candidate materials are
still limited, and it is desirable to find new class of quantum
spin liquid materials.

Quantum magnets often possess the (approximate) spin
rotation symmetry. Mathematically it corresponds to the
group of “rotations” of two-component complex vectors,
SU(2). Here the two components of the vector correspond to
the amplitudes of the spin pointing up and down. It is then
natural to consider an extended symmetry of “rotations” of
N-component complex vectors, SU(N). For a larger N, the
symmetry is larger, and the quantum fluctuations would
be stronger. In fact, there have been numerous theoretical
studies of SU(N) “spin” systems, many of which are found
to be quantum spin liquids. Experimentally, the SU(N)
symmetry has been realized using nuclear spin degrees of
freedom in cold atoms. However, it is still difficult to observe
the SU(N) quantum spin liquid behavior in cold atoms, it is
desirable to realize it in a magnetic material.

In principle, the SU(N) symmetry can appear if there are
degenerate orbitals which can be occupied by electrons. For
example, there are two degenerate orbitals in each atom, an
electron can take 2 orbital states and 2 spin states, namely 4
states in each atom. If the system is symmetric with respect
to the “rotation” of these 4 states, it is SU(4) symmetric.

Fig. 1. Crystal structure of a-ZrCls. Zr3* ions form a honeycomb
lattice.
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Fig. 2. Hexagonal plaquette of o-ZrCls, Hoppings between anisotropic
d-orbitals are strongly orbital-dependent, and also depend on the bond
directions indicated by colors (red, blue, and green).

However, since the orbital and spin are completely different
degrees of freedom, there is no particular reason to expect
the SU(4) symmetry. In fact, it has been known that the
standard model of electrons in the presence of two degen-
erate orbitals, Kugel-Khomskii model, has the SU(4)
symmetry only at a special point, which would require a fine-
tuning. Indeed, no material has been known to possess the
SU(4) symmetry, even approximately.

In this work [1], we demonstrate theoretically that the
SU4) symmetry emerges in o.-ZrClz (Fig.1). In the limit of
strong spin-orbit coupling, the effective model of electrons
in this material has strongly orbital-dependent hoppings (Fig.
2). As a result, the model looks far from SU(4) symmetric.
However, the electron hopping between neighboring Zr ions
can be identified with an SU(4) gauge field on the lattice. We
find that, with an appropriate SU(4) gauge transformation
on the lattice, the model is mapped to a manifestly SU(4)-
symmetric one (Kugel-Khomskii model at the SU(4) point).
This means that o-ZrCl3 has an emergent SU(4) symmetry,
despite the strong spin-orbit coupling which seems to destroy
even the spin SU(2) symmetry. In the strong electron repul-
sion limit, the effective model is reduced to the SU(4)
“antiferromagnetic Heisenberg” model, which has a gapless
spin liquid ground state according to a preceding theoretical
study. Therefore, we expect that a-ZrClsz realizes an SU(4)-
symmetric quantum spin liquid. In fact, the SU(4) symmetry
means that the spin and orbital degrees of freedom are inter-
twined and fluctuating together. In this sense, the ground
state should be better called a quantum spin-orbital liquid.
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Tuning of Luttinger Semimetal into Weyl
Semimetal by Strain and Magnetic Field

Nakatsuji, Lippmaa, Katsumoto, and Kindo Groups

In the field of condensed matter physics, there has been
an intense search for topological nontrivial electronic phases
in strongly correlated materials. To date, most research on
topological electronic systems has been limited to weakly
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correlated materials where electronic correlations play a
minor role. Among newly-found topological phases, the
Weyl semimetal phase has attracted the most significant
attention because the Weyl fermions exhibit extremely high
electrical and thermal conductivities, which may find use in
ultrahigh-speed and low-power consumption devices. While
the Weyl semimetal phase was experimentally discovered
in the inversion symmetry broken TaAs system in 2015
[1,2], only a few candidates of the magnetic version have
been found in systems with broken time reversal symmetry.
Historically, a magnetic Weyl system is the first Weyl
semimetal predicted for condensed matter in 2012 in the
seminal paper by Wan et al. [3]. Notably, this prediction was
specifically made for the pyrochlore iridates.

Here, we focus on a pyrochlore iridate PrIr,O7. This
material is known as a Luttinger semimetal where electronic
correlations are strong [4]. According to theoretical predic-
tions, the electronic state can be tuned into a Weyl semimetal
state by perturbations such as lattice strain and external
magnetic field [5,6]. However, experimental proof of the
existence of the Weyl semimetal remains elusive because it
is difficult to apply uniaxial strain on bulk single crystals.
One possible solution to this problem is to use Pr2Ir,O7 thin
films where lattice strain can be introduced through epitaxy.
To that end, more than 10 groups around the world have been
working on fabricating Pr2Ir;O7 thin films, but there have
been no reports of success.

What makes the fabrication of the thin films difficult is
the high volatility of iridium, especially at high tempera-
tures. We therefore turned to solid-state epitaxy, namely,
the deposition of precursors at room temperature by pulsed
laser deposition followed by annealing in air. This synthesis
route mimics bulk crystal growth and allowed us to success-
fully fabricate high-quality epitaxial thin films of pyrochlore
Pr2IrpO7 on yttria-stabilized zirconia substrates [7]. Detailed
crystal structure analysis revealed that strained and relaxed
grains coexisted in the films. When Hall measurements
were performed using the Prplr2O7 films, spontaneous Hall
effect was found below 50 K even though the material
shows no spontaneous magnetization nor was an external
magnetic field applied to the film. This temperature of
50 K is very high, considering that bulk single crystals
show spontaneous Hall effect only below 1.5 K [8]. The
spontaneous Hall effect appears due to the all-in-all-out
structure of the iridium 54 moments and the associated
time reversal symmetry breaking. In this case, the theoreti-
cally predicted condition that the Weyl semimetal state
appears when both the cubic symmetry and the time reversal
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Fig. 1. Additional contribution to the negative longitudinal magneto-
resistance for a Pr2Ir;0O7 thin film. (A) Experimental configurations. B
and / represent the external magnetic field and current, respectively. For
the longitudinal (B // I) and transverse (B _L I) cases, B is applied along
the [110] and [110] direction, respectively. / flows along the [110]
direction in both cases. (B) Magnetoresistance curves as a function of
B measured at 2 K for B // I and B _L [ configurations. The solid and
dotted lines correspond to up and down sweeps of B, respectively. The
difference between the two curves comes from the chiral anomaly and
indicates that the film is in the Weyl semimetal state.
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Fig. 2. Planar Hall effect in a Pr2Ir;O7 thin film. (A) Experimental
configuration. / flows along the [110] direction and B is applied in the
same plane. The angle between / and B (¢) is changed by the in-plane
rotation of the sample. The longitudinal and planar Hall resistance is
measured by Vyx and VPHE, respectively. (B and C) Angle dependence
of the longitudinal and planar Hall resistivity, respectively, measured
at 70 K and 9 T. The red and blue open circles are the experimental
data, and the black solid lines are the fitting results using the equations
predicted theoretically [10,11]. The experimental results agree well
with the theory, suggesting that the film has been tuned into the Weyl
semimetal state.

symmetry are broken is satisfied in the strained grains in
the film. On the other hand, although the relaxed grains are
in the Luttinger semimetal state, it is possible that they can
be tuned into a magnetic Weyl semimetal when an external
magnetic field is applied and the time reversal symmetry is
broken. To confirm this, we examine the effects of the chiral
anomaly, which is the magneto-electric response of the Weyl
semimetal. As a result, we find strong evidence for the chiral
anomaly in the negative longitudinal magnetoresistance [9]
(Fig. 1) and the planar Hall effect [10,11] (Fig. 2). This
means that the Luttinger semimetal can be modified into the
Weyl semimetal by an external magnetic field.

In summary, we have successfully fabricated epitaxial
thin films of PryIr,O7 and experimentally demonstrated that
the Weyl semimetal state can be induced either by lattice
strain or by applying an external magnetic field. Based on
the results with the Luttinger semimetal, the research for the
topological phases in strongly correlated systems, which has
not been done so far, will proceed. It is expected to lead to
the development of ultrahigh-speed and low-power devices
utilizing the Weyl fermions having high electric and thermal
conductivities.
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Strong Electronic Correlations
in a Luttinger Semimetal Pr;Ir,0~

Nakatsuji Group

In the field of the solid state physics, materials exhibiting
novel physical properties are vigorously explored. Zero-gap
semiconductors are one fascinating group of materials where
topological functionalities lead to high carrier mobility and
the quantum Hall effect. It is known that electrons behave as
if they are massless in materials such as graphene because of
the linear band dispersion near the point where the valence
and the conduction bands come in contact with each other.
For graphene, new phenomena were discovered one after
another and it became the subject of the Nobel Prize in
Physics in 2010. So far, the physics of zero-gap semiconduc-
tors have only been studied in materials where the interaction
between electrons is weak.

An example of a zero-gap structure is a Luttinger
semimetal with quadratic band touching whose band disper-
sion is parabolic near the band touching point as illustrated in
Fig. 1. It was predicted more than 40 years ago that materials
in a Luttinger semimetal state would show novel electronic
states because of the strong electronic correlations that are
unobtainable in conventional metals. However, in materials
known so far, such as 0—Sn and HgTe, it has been difficult to
identify experimentally the effects of electronic correlations
because the effective mass of electrons is small and hence the
electronic correlations are weak.

To clarify the effect of the strong electronic correla-
tions, we focused on Pr2IrpO7 [1]. It is already known that
ProIrO7 is a Luttinger semimetal with quadratic band
touching and that the effective mass of electrons is about 6
times larger than the mass of the free electron in vacuum [2].
We therefore carried out a terahertz spectroscopy study on
the PraIroO7 thin films and observed a very large dielectric
constant of about 180 at a temperature of 5 K as shown in
Fig. 2 [3]. This value is several tens of times larger than that
of zero-gap semiconductors (e.g. a—Sn and HgTe) known so
far. Additionally, in a Luttinger semimetal state, the dielectric
constant is a measure of the scale of electronic correlations.
By using this fact, when the magnitude of the electronic
correlations is estimated from the dielectric constant, the
scale of electronic correlations is about 2 orders of magni-

Energy

Conduction
band

Fig. 1. Band structure of a Luttinger semimetal, which is a zero-gap
semiconductor. The valence band, which is filled with electrons (blue
spheres) and the empty conduction band both have a three-dimensional
parabolic shape, and are in contact with each other at a single point
close to the Fermi level.
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Fig. 2. Temperature dependence of the dielectric constant. The
low-temperature value is several tens of times larger than that of known
zero-gap semiconductors (e.g. 0—Sn and HgTe). The dielectric constant
becomes larger when the Fermi level approaches the band touching
point.

tude larger than the kinetic energy.

We have thus demonstrated that electronic correla-
tions are indeed very strong in a Luttinger semimetal with
quadratic band touching. In the future, it is expected that
further understanding of the role of electronic correlations in
determining the physical properties of zero-gap semiconduc-
tors will lead to the creation of novel metallic states and new
functional materials.
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Large Spin Hall Effect in Amorphous
Mn-Sn Alloy Thin Film

Nakatsuji Group

Pure spin current contains only angular momentum
without net charge flow, which greatly reduces the Joule
heating. This feature makes spin current beneficial for
low power spintronic devices. The spin Hall effect (SHE)
converts charge current to transverse spin current, serving as
an effective way to generate pure spin current. Meanwhile,
as the reciprocal effect of the SHE, the inverse spin Hall
effect (ISHE) converts pure spin current to transverse charge

® Mn

® Sn

©®® Electron spin VI

Fig. 1. Schematic of thermal spin injection from a ferromagnetic
insulator into an attached metal layer.
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Fig. 2. Thickness dependent thermal voltage for (a) Mn and (b) Mn-Sn
alloy thin films on YIG. Insets are thickness dependence of resistivity.

current, and plays an important role in pure spin current
detection and conversion.

Although manipulation of pure spin current in heavy
transition metals, ferromagnetic metals, and their alloys have
been extensively explored in the past decade, antiferromag-
nets have become a new central stage due to its prominent
advantages such as high frequency magnetic dynamics,
negligible stray field, and perturbation insensitivity. Among
these materials, the non-collinear Kagome lattice antifer-
romagnets Mn3X (X = Sn, Ge, Ga) stand out because of their
large transverse electrical [1-4] and optical [5] responses
to the external magnetic field as well as their negligible
magnetic moment.

In our work, we used the thermally generated pure spin
current from the spin Seebeck effect (SSE) in the ferrimag-
netic insulator yttrium iron garnet (YIG) to study the inverse
spin Hall effect in Mn and the Mn-Sn alloys (Fig. 1). A
series of samples with different thicknesses are sputtering
deposited onto YIG substrates. By measuring the ISHE
voltage, we obtained a sizable spin Hall angle Osy of -0.23%
(which measures the conversion efficiency between charge
current and spin current), and a long spin diffusion length
Asd = 11.5 nm for the single element material Mn, as shown
in Fig. 2 (a). Most importantly, by doping Sn in Mn, we
found that the Osy of the Mn-Sn alloy, even in its amorphous
form, is increased by 20 times to -4.4%, while the resistivity
(p) is reduced by about 10 times, as shown in Fig. 2 (b).
Therefore, the energy consumption (~p/6%sp) of the Mn-Sn
alloy is reduced by 4000 times compared to Mn. A spin
pumping measurement further corroborates the enhance-
ment of the Osy in the Mn-Sn alloy. These results not only
serve as essential references in studying the pure spin current
phenomena in Mn-based alloys, but also offer a promising
method for exploring future energy efficient spin Hall
materials with high spin Hall angle but low resistivity and
thus low energy consumptions [6].
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Large Anomalous Hall Effect in
Thin Films of a Weyl Magnet Mn3Sn

Nakatsuji and Otani Groups

Recently, there has been a surge of interest in antifer-
romagnets (AFMs) as prospective spintronic materials for
high-density and ultrafast memory devices because of their
vanishingly small stray field and orders of magnitude faster
spin dynamics compared to their ferromagnetic counterparts.
In particular, the recently discovered functional antifer-
romagnet DOj9 Mn3Sn has attracted broad attention as the
first example of a magnetic Weyl material/Weyl magnet
[1-5]. This material exhibits a variety of useful functions
that have never been observed before in antiferromagnets at
zero magnetic field, including the anomalous Hall effect [1],
the anomalous Nernst effect [2], and the magneto-optical
Kerr effect [5] at room temperature. All these properties
are controllable by a magnetic field and thus can be used
for designing antiferromagnetic spintronics and in energy
harvesting technology. It has been shown that such an
antiferromagnet hosts a topological state characterized by
magnetic Weyl fermions [3,4]. The discovery of the Weyl
metal state in an antiferromagnet opens up a new chapter
of applied research using the functional antiferromagnets.
Therefore, fabrication of high quality thin films of the Weyl
antiferromagnet becomes all the more important.

For the thin film fabrication, we employ DC magnetron
sputtering. The films (40-400 nm) are deposited at room
temperature onto a Si/SiO; substrate from the Mn3Sn target.
After the deposition at room temperature, we anneal the film
at 500°C for one hour, and thereby crystallizes the as-depos-
ited amorphous film in a polycrystalline form of the Mn3Sn
film. XRD measurements reveal that the films are the single
phase of Mn3Sn and are in a randomly oriented polycrystal-
line form; all the peaks can be indexed by the hexagonal
P63/mmc symmetry of DOj9 Mn3Sn, with no additional peaks
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Fig. 1. (a) Room temperature spectra obtained with an X-ray diffrac-
tometer for the 40 and 400 nm thin films of Mn3Sn on a Si/SiO;
substrate. The theoretical spectrum of the DOj9 Mn3Sn structure is
shown at the bottom. (b) Temperature dependence of the resistivity
p and the spontaneous Hall resistivity py of the Mn3Sn (40 nm) thin
film. (c) Field dependence of the Hall resistivity pg measured under a
magnetic field applied in the perpendicular direction to the surface of
the Mn3Sn thin films.

due to plausible impurity phases (Fig.1(a)).

Figure 1(b) shows the temperature dependence of the
longitudinal resistivity p and the spontaneous Hall resistivity
pH (H = 0) of the Mn3Sn thin film under zero field. The
behavior of longitudinal resistivity p confirms the metallic
transport consistent with the previous work on bulk single
crystals [2]. The zero-field Hall resistivity pu (H = 0) was
obtained from (pu (H = +0) - pu (H = -0))/2. (Here, we use
+0 and -0 to indicate zero magnetic field approached, respec-
tively, from +5 T and -5 T in the Hall resistivity measurement
at each temperature.) We have observed a sharp decrease
in py (H = 0) below T1 = 260 K on cooling; this behavior
agrees with the magnetic symmetry consideration in Mn3Sn
that the inverse triangular spin structure breaks the global
time-reversal symmetry, whereas time-reversal symmetry
is restored in the low temperature helical phase. Figure 1(c)
displays the field dependence of the Hall resistivity py (H)
at 300 K as a function of the magnetic field applied perpen-
dicular to the film surface. The anomalous Hall effect of
the Mn3Sn films exhibit a significant change in py (H) from
1.5 pQem to -1.5 pQcm with increasing field despite the
vanishingly small magnetization; this feature is generated by
the switching of the antiferromagnetic domain in real space
and the large fictitious field in momentum space [6]. Notably,
this is the first report on the thin film of the antiferromagnetic
Mn3Sn film exhibiting the large anomalous Hall effect of the
same order of magnitude as the value reported for bulk. Our
fabrication of the high-quality thin film of the Weyl magnet
Mn3Sn and the observation of its large anomalous Hall effect
provide an important step to further develop devices useful
for antiferromagnetic spintronics, such as for high-speed and
high-density information storage.
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Giant Anomalous Nernst Effect at Room
Temperature in a Weyl Ferromagnet

Nakatsuji Group

The anomalous Nernst effect (ANE) is a well-known
thermoelectric effect for ferromagnets, namely the genera-
tion of an electric voltage perpendicular to both magnetiza-
tion and an applied temperature gradient. This transverse
geometry of ANE leads to various advantages for thermo-
electric modules compared to the conventional one based
on Seebeck effect, such as simpler structure to efficiently
cover a heat source, higher flexibility, lower production
cost, and larger conversion efficiency for the same figure of
merit [1]. However, the size of ANE is generally very small
(on the order of ~0.1 WV/K), which hinders its practical
applications. Recent theoretical and experimental investiga-
tions on topological materials indicate that the intense Berry
curvature of Weyl points near the Fermi energy can enhance
the intrinsic ANE, rendering ANE an powerful probe to
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Fig. 1. Magnetic field dependence of anomalous Nernst coefficient of
Co,MnGa at room temperature.

clarify the topological electronic structure in magnetic Weyl
semimetals [2-4]. In other words, a ferromagnet exhibiting a
giant ANE may serve as an ideal ground for magnetic Weyl
semimetal state.

In this work, we report the giant ANE in a full-Heusler
ferromagnet CooMnGa, reaching a record high value of Syx
~6 WV/K at room temperature [5] (Fig. 1). The crossover
from Mott relation ayx ~ T to —InT dependence is observed
on warming, where ayx is the transverse thermoelectric
conductivity, indicating the proximity to the quantum
Lifshitz transition between type-I and type-II magnetic
Weyl fermion states. Out study provides a new guideline
for searching new topological magnets which are useful for
energy harvesting and spintronics.
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Magnetic Spin Hall Effect in a
Non-Collinear Antiferromagnet

Otani and Nakatsuji Groups

The conventional spin Halle effect (SHE) converts
electrical currents to transverse spin currents in non-magnetic
conductors in response to an electric field. The SHE has
thus drawn much attention as a means to switch the magne-
tization of the adjacent ferromagnetic layer via spin orbit
torque. New functions have been further explored in various
materials in terms of spin-charge currents interconver-
sion. The magnetic contribution to the SHE has therefore
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Fig. 1. Scanning electron microscope image of the spin-accumulation
device. The microfabricated Mn3Sn single crystal is indicated by the
red dashed line. A NiFe ferromagnetic electrode and non-magnetic Cu
electrodes are indicated by blue and brown areas, respectively. The
edge of the Mn3Sn crystal indicated by yellow area is covered with a

30-nm-thick Al,O3 insulating layer to avoid electrical contact at the
edge.

been studied intensively in these days. Here we show that
antiferromagnets have richer spin Hall properties than that
of non-magnetic materials. The material focused on here is
Mn3Sn, which shows non-collinear antiferromagnetic order
of Mn magnetic moments that have an inverse triangular
spin configuration on stacked kagome lattices [1]. We find
non-trivial time reversal-symmetry-breaking counterparts of
the conventional SHE, which is called magnetic spin Hall
effect [2].

To study the SHE in a non-collinear antiferromagnet, we
fabricated a device consisting of ferromagnetic NiFe and
non-magnetic Cu electrodes formed on the top surface of
a microfabricated 100-nm-thick Mn3Sn single crystal (see
Fig.1). An electric current was applied along the [2110] axis
and the voltage was measured between electrodes aligned
along the [0110] axis, perpendicular to the current. If current
inside Mn3Sn generated spin accumulation with a component
parallel to the NiFe magnetization, it would shift the electro-
chemical potential across the Mn3Sn/NiFe interface and
can therefore be detected as a voltage between NiFe and the
Cu electrodes. A rectangular resistance—magnetic field (R—
B) hysteresis loop corresponding to the switching of NiFe
magnetization is expected for a fixed polarization direction
of the accumulated spins. Such a rectangular R-B hyster-
esis loop was observed in the magnetic-field dependence of
the transverse voltage between NiFe and the Cu electrodes.
The results in a and b were obtained after saturation of
Mn3Sn with a sufficiently large magnetic field B of —0.75 T
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Fig. 2. Spin-accumulation signal. a, b, Magnetic-field dependence
of resistance measured between the NiFe and Cu electrodes at room
temperature. The results in aand bwere obtained after saturation of
Mn3Sn with a sufficiently large magnetic field Bof —0.75 T and +0.75
T, respectively. The corresponding spin structures of Mn3Sn are shown
in the insets.



and +0.75 T, respectively, which provide evidence that the
rectangular loops originate from spin accumulation at the
Mnj3Sn surface. The key observation in this work is that the
spin accumulation signal changes indicate when the Mn3Sn
sub lattice moments are reversed, as illustrated in the inset.
This unexpected sign change demonstrates that the dominant
contribution to the SHE in Mn3Sn is odd under time reversal.
We find that in the non-collinear antiferromagnet Mn3zSn,
the SHE has an anomalous sign change when its triangularly
ordered moments switch orientation. This discovery expands
the horizons of antiferromagnet spintronics and spin—charge
coupling mechanisms.
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Lithium-Ion Conductivity in Single
Crystals of Li190GeP2S12

Hiroi Group

The all-solid-state lithium-ion battery has been studied
extensively as a next-generation secondary battery. It uses a
solid instead of a liquid electrolyte, which enables to achieve
greater safety, higher energy density, wider temperature
range of operation, and larger output power compared with
the conventional battery. To realize this, an efficient Li-ion
conductor is required, which exhibits conductivity that is
either comparable to or larger than that of commercially
used organic liquid electrolytes. LijoGeP2S12 (LGPS) is a
promising candidate for the super ionic conductor; compared
to other candidates, it has the highest conductivity of 12 mS
cm™! at room temperature and an outstanding electrochem-
ical performance in Li batteries [1,2]. Thus, LGPS is a key
compound in the materialization of the all-solid-state battery.

The high Li-ion conductivity of LGPS has been ascribed
to its specific crystal structure shown in Fig. la. There are
four partially occupied Li sites inside the rigid framework
composed of the tetrahedral units of GeosPo.sS4 and PSa.
Among them, the Lil, Li3, and Li4 sites are located in the
(a) (b)

(c) Li-ion conduction along [001]
Fo-F-

[01 1] Buoje uoyonpuod uoi-I]

[110]  Lit-Li3 path
Fig. 1. (a) Crystal structure of LijoGeP2S12 (LGPS), (b) photograph of
typical LGPS crystals of a few millimeters in size, and (c) schematic
drawing illustrating the possible conducting paths of Li ions in LGPS.
The one-dimensional channel via the Lil-Li3 path along the ¢ axis is
dominant, and a two-dimensional hopping via the Lil-Li4 path in the
<110> direction is secondary in the short-range Li-ion conduction.
However, the actual long-range conduction occurs via such meandering
paths as shown by the green and orange lines in (c), which give rise to
weakly anisotropic Li-ion conductivity.

distorted tetrahedra of S, while the Li2 site is in the distorted
octahedron of S. It has been shown that the Li diffusion
between the former sites is crucial for the high conductivity,
while the Li2 ions are almost immobile.

A highly anisotropic ion diffusion has been proposed
based on neutron diffraction (ND) measurements and
molecular dynamics calculations: a one-dimensional (1D)
channel via the Lil-Li3 path along the ¢ axis is dominant,
and a two-dimensional (2D) hopping via the Lil-Li4 path in
the <110> direction is secondary [3]. The activation energies
of the local hopping processes for the 1D and 2D paths
are determined as 0.16 (0.17) and 0.26 (0.28) eV from the
NMR experiments (the molecular dynamics calculations),
respectively. Thus, considerable anisotropy can be expected
in the atomic-scale diffusion process. In contrast, pulsed-
field gradient NMR measurements, which may be sensitive
to long-range Li diffusion at the micrometer scale, suggests a
nearly isotropic Li diffusion.

An impedance measurement using a single crystal
provides important information with which to clarify the
origin of this difference and the mechanism of ion diffu-
sion in LGPS. However, because of the lack of a sufficiently
large single crystal, the Li diffusion in the bulk had not been
measured thus far. Previous impedance measurements using
polycrystalline samples yielded an average conductivity
of ~10 mS cm™! and activation energy of 0.22-0.28 eV.
Understanding of the true conduction mechanism in LGPS
is crucial for the improvement of LGPS and for further
development of a better solid electrolyte for the all-solid-
state battery. In the present study, we obtain large single
crystals of LGPS, a few millimeters in size, using the self-
flux method (Fig. 1b), and carry out impedance measure-
ments in the [001] and [110] directions [4]. The conductivity
is, in fact, higher along [001] than along [110]; however, the
difference is only a factor of 4. In addition, the activation
energies are nearly equal for the two directions, suggesting
a weak anisotropic 3D diffusion in LGPS, as schematically
illustrated in Fig. 1c.
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From Gapless Kitaev Spin Liquid
to Classical String Gas through
Tensor Networks

Kawashima Group

Quantum spin liquids (QSLs) represent a state of
quantum matter which is not characterized by any local order
parameters even at zero temperature. These novel states are
expected to exhibit long-range entanglement leading to the
topological order and fractionalized excitations. For example,
the Haldane phase, which is known as a symmetry-protected
topological phase, is a fascinating phase one can find in the
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Fig. 1. Schematic representation of the "loop-gas" state. It is a sum
of all loop-gas configurations. Each configuration corresponds to a
product of Pauli operators. The loop-gas configuration determines
which Pauli operator is aligned on a given lattice.

S=1 quantum spin chain. The novel character that discrimi-
nates the Haldane phase from trivial gapped states was most
clearly revealed by the discovery of Affleck-Kennedy-Lieb-
Tasaki (AKLT) model and its exact ground state or the AKLT
state. Its compact representation in the form of a matrix-
product state provided a new insight into the Haldane phase.
As a two-dimensional system with spin-liquid state, the
Kitaev model on honeycomb lattice (KHM) is now a subject
of active research, due to recent successful realizations of
Kitaev materials. The model is exactly solvable and exhibits
gapless and gapped Kitaev spin liquid (KSL) ground states
with fractionalized excitations.

In the present work, we propose a "loop-gas" state, i.e.,
an exactly-solvable quantum state that has a compact and
exact tensor-network representation, and a series of ansatze
that starts from the loop-gas state and converges rapidly
to the KHM ground-state. The loop gas state is defined by
the loop-gas projector applied to a product state in which
all spins are aligned in the (111) direction. The loop-gas
projector is defined as tensor-network operator with bond-
dimension 2, which is represented by a sum of all loop
configurations each corresponding to a product of Pauli
operators on all lattice points. (Fig. 1) We find that the norm
of the loop gas state is exactly the same as the classical loop
gas model at the critical fugacity on honeycomb lattice. The
classical loop gas model appears in the low-temperature
expansion of the Ising model, and therefore shares the same
critical properties as the latter. These observations establishes
that the correlation function of the loop-gas state is exactly
the same as the correlation function of the critical Ising
model. Furthermore, by defining the dimer-gas operator in
an analogous way to the loop-gas operator, and applying it
to the loop-gas state, we can improve the loop-gas state as an
approximate to the KHM ground-state. (Fig. 2) For example,
the second order approximation, which is obtained by
applying the dimer-gas operator twice, achieves more than
4-digits accuracy in the energy. This is better than any other
previous variational wave function. Also, note that there are
only two adjustable parameters in the ansatz.

From these results, we conclude that the series of ansatze

[v0) [41) [¢2) [too)
dE/E= 0.17 0.002 0.00007 0

c¢= 0.5 (exact) 0.505(8) 0.5

Exact

Critical LG

Critical SG Critical SG

Fig. 2. The series of ansatze converging to the exact KHM ground-state.
The zero-th one is the loop-gas state. The energy of the second order
approximation already attains 4-digit accuracy, which has never been
achieved by other numerical variational methods.
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starting from the loop-gas state correctly reflects the essential
properties of the family of KSLs, which is known to belong
to the Ising universality class. Since the present descrip-
tion of KSLs does not rely on the mapping to fermions, it
provides us with an alternative view point to discuss KSLs.
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Evolution of Magnetic Double Helix
and Quantum Criticality Near a Dome
of Superconductivity in CrAs

Uwatoko Group

The study of unconventional superconductivity (SC)
is one of the most vigorous research fields in condensed
matter physics. Although the underlying mechanisms for the
unconventional SC in cuprate, iron-based, and heavy-fermion
superconductors remains elusive, extensive investigations
over the last decades have evidenced quantum criticality as a
candidate mechanism for these diverse classes of supercon-
ductors. The phase diagrams of these materials often feature
a superconducting dome situated adjacent to a magnetically
ordered state, with the optimal superconducting transition
temperature (T¢) located near a quantum critical point. The
close proximity of SC to magnetic order makes it important
to elucidate the nature of magnetism.

Recently, we found CrAs as the first superconductor
among Cr-based compounds. The transport measurements
indicated that the development of SC is accompanied by the
suppression of double-helical magnetic order that is coupled
with a first-order isostructural transition at ambient pressure.
These observations make CrAs an ideal platform for in-depth
studies on how the coupled structural and helimagnetic
orders are tuned to the critical point and how the magne-
tism is coupled to the unconventional SC developed nearby.
In combinations of elastic and inelastic neutron scattering,
resistivity, and specific-heat measurements on undoped CrAs
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Fig. 1. Pressure dependencies of the double helical (DH) magnetic
transition temperature TN and the superconducting (SC) transition
temperature Tc for CrAs. Schematic views of the DH structure and
Cooper pairing are illustrated in the figure.




and P-doped CrAs;xPx single crystals and powders, we
have studied systematically the evolutions of static helical
order and dynamic spin correlations as well as the electronic
properties of CrAs when its coupled structural/helical order
is suppressed by either external pressure or the chemical
substitutions.

Neutron diffraction on the single-crystal CrAs under
hydrostatic pressure (P) shows that the combined order
is suppressed at P. = 10 kbar, near which bulk supercon-
ductivity develops with a maximal transition temperature
T. = 2 K. We further show that the coupled order is also
completely suppressed by phosphorus doping in CrAs;-xPx at
a critical x¢ = 0.05, above which inelastic neutron scattering
evidenced persistent antiferromagnetic correlations,
providing a possible link between magnetism and super-
conductivity. In line with the presence of antiferromagnetic
fluctuations near P (x.), the A coefficient of the quadratic
temperature dependence of resistivity exhibits a dramatic
enhancement as P (x) approaches P. (x.), around which #(7)
has a non-Fermi-liquid form. Accordingly, the electronic
specific-heat coefficient of CrAs;xPx peaks out around
Xxc. These properties provide clear evidences for quantum
criticality, which we interpret as originating from a nearly
second-order helimagnetic quantum phase transition that is
concomitant with a first-order structural transition.

We propose that these results can be understood in terms
of a proximity to a magnetic quantum critical point tuned by
the degree of the incipient localization of the Cr-3d states,
possibly via an orbital-selective Mottness mechanism. Our
findings in CrAs highlight the distinct characteristics of
quantum criticality in bad metals, thereby bringing out new
insights into the physics of unconventional SC such as occur-
ring in the high-T iron pnictides.
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High-T, Superconductivity up to 55 K
under High Pressure in a Heavily
Electron-Doped Lig.36(INH3),FexSe:
Single Crystal

Uwatako Group

To find out the approaches to raise the critical tempera-
ture 7. of unconventional superconductors is one of the
most enduring problems in contemporary condensed
matter physics. The principal route to raise the 7. of FeSe
is to dope electron, which has been successfully achieved
via the interlayer intercalations [A,Fex—,Sez (A = K, Rb),
Ax(NH3)yFe;Se;, and (Li,Fe)OHFeSe], interface charge

transfer, surface K dosing, and gate-voltage regulation.
Further enhancement of 7, via adding more electrons seems
to be plagued by the observed insulating state in the over
doped regime. Given the limitations of electron doping, it
is imperative to explore other routes to enhance 7. of these
heavily electron doped (HED) FeSe materials further. In
contrast to electron-doping approaches, the application of
high pressure can provide an alternative means.

In this work [1], we had performed high-pressure
measurement on Lig 36(NH3)yFexSe; single crystal, which
can reach an optimal T2™¢! ~ 44.3 K at ambient pressure.
From high-pressure resistivity and AC- susceptibility
measurement, we can conclude that superconducting transi-
tion temperature 7. = 44 K at ambient pressure is first
suppressed to below 20 K upon increasing pressure to
P. = 2 GPa above which the pressure dependence of T.(P)
reverses and 7, increases steadily to 55 K at 11 GPa. These
results thus evidence a pressure-induced second high-T.
superconducting (SC-II) phase in Lio.36(NH3),FezSez
with the highest T\"** = 55 K among the FeSe-based bulk
materials. Also it is evident that the SC-II phase is bulk in
nature for 6 GPa, whereas the sample contains two super-
conducting phases with different Tc above 6 GPa: The
high-Tc (50K) phase has a small but nearly constant volume
fraction~30% to 11 GPa, whereas the low-(33K) phase
shrinks and vanishes completely T above 11 GPa.

Figure 1 summarizes the pressure dependences of
TZ¢°, and TZ for Lio36(NH3)yFeaSes together with the
TZ¢™°, of FeSe for comparison. The temperature-pressure
phase diagram depicts explicitly the evolution of the super-
conducting phase of Lig.36(NH3)yFe2Se, under pressure. The
high-T,. SC-1 phase, intitially achived at ambient pressure via
doping electron through inserting lithium Li+ and ammonia
in between the FeSe layers, is quikly suppressed by pressure,
and the supercondiucting phase emerges above P, = 2 GPa
and exists in a broad pressure range.

To further characterize the SC-II phase, we tentatively
probe the information about Fermi surface under pressure
by measuring the Hall effect in the normal state just above
T.. Hall data confirms that in the emergent SC-II phase the
dominant electron-type carrier density undergoes a fourfold
enhancement and tracks the same trend as T.(P). Interest-
ingly, we find a nearly parallel scaling behavior between
Tc and the inverse Hall coefficient for the SC-II phases of
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Fig. 1. The T-P phase diagram of the Lio.36(NH3),FesxSe; single
crystal. The pressure dependence of the superconducting transition
temperatures 7 up to 12 GPa.
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Lio.36(NH3),FezSes.

Our present study thus demonstrates a way for high
pressure to raise 7. of these HED FeSe-based materials by
increasing the effective charge-carrier concentration via a
possible Fermi-surface reconstruction at Pe.
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Thermodynamic and Structural Studies
on Super High Entropy Liquids, Alkylated
Tetra-phenyl Porphyrins

Yamamuro Group

The fusion (melting) temperature Tr,s of molecules
usually depend on molecular mass M; the larger M is, the
higher Tfys becomes. For example, Trys of benzene (CgHs,
M = 178) is 279 K while that of biphenyl (CcHs5-CeHs, M =
154) is 342 K. This is because the intermolecular van der
Waals interaction is larger in the crystalline phase with better
molecular packing than that in the liquid phase with worse
packing.

Recently, Nakanishi group in NIMS found a series
of large molecules which exist in liquid states at room
temperature. These molecules have m-conjugated cores
such as pyrene, naphthalene, anthracene, fullerene, phtha-
locyanine and long alkylchains bonded to the cores [1]. We
consider that these alkylated molecules are stabilized by the
large entropy effect which is caused by the conformational
disorder of alkylchains. This situation is similar to that of
ionic liquids which are in liquid states in spite of their strong
inter-ionic interactions. We collectively call this type of
liquids “super-high entropy liquids (SHEL)”. The physico-
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Fig. 1. Heat capacities of 2,5-C¢C1o-TPP and 3,5-C¢C1o-TPP. The inset
shows the molecular structure of 2,5-C¢C1o-TPP.
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Fig. 2. Temperature dependence of the reduced pair distribution
functions of 2,5-C¢C10-TPP calculated from the X-ray diffraction data.
The distances corresponding to the intra and intermolecular correlations
are given in the figure.

chemical properties of SHEL have not been studied well. As
the first target we have taken 2,5-C¢Cjo-tetraphenylporphyrin
(2,5-C¢C10-TPP) and 3,5-CgCjp-tetraphenylporphyrin
(3,5-CsC10-TPP). The molecular structure of 2,5-C¢C1o-TPP
is shown by the inset of Fig. 1; two -O-CeCjo groups are
bonded symmetrically to a benzene ring in 3,5-C¢C1o-TPP.
It is quite interesting that Tys of the alkylated molecules
(2,5-C6C10-TPP, M = 2538) is lower than Ttus of non-alkyl-
ated molecules (TPP, M = 615, Tty = 723 K).

We have measured the heat capacities of 2,5-C¢Cio-TPP
and 3,5-CgC10-TPP by use of an adiabatic calorimeter in our
lab. The C,, plot shown in Fig. 1 revealed that both molecules
have a broad glass transition at around Tg = 210 K and the C,,
of 2,5-C¢C1o-TPP is 2-3 % larger than that of 3,5-C¢Co-TPP
at above T,. The configurational entropies calculated from
the C,, data are more than 1000 JK-'mol! at high temperature
limit, which is more than 10 times larger than those of usual
molecular liquids. We have also measured the X-ray diffrac-
tion of 2,5-CC1o-TPP and 3,5-C¢Cio-TPP using a diffrac-
tometer at BLO4B2, SPring-8. Figure 2 shows the reduced
pair-correlation function G(r) calculated from the diffrac-
tion data; a similar result is obtained in 3,5-CgCio-TPP.
Most of the G(r) peaks are attributed to the C-C correla-
tions in alkylchains. The broad peak at 9 A, maybe also at
4.5 A, is considered to be the correlation between porphyrin
rings. The present data suggest that the configurations of
alkylchains and porphyrin rings of 2,5-C¢Cio-TPP and
3,5-C6¢C1o-TPP are highly disordered at higher tempera-
tures and becomes ordered at lower temperatures. Now we
are measuring the quasielastic neutron scattering of both
samples to investigate the dynamics of both alkylchains and
porphyrin cores.
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Magnetic States of Coupled Spin Tubes
with Frustrated Geometry in CsCrF4

Masuda Group

When a theoretical model is realized in nature, small
perturbation terms play important roles in the selection of
the ground state in geometrically frustrated magnets. In
case of a triangular spin tube, the two-dimensional network
of the inter-tube interaction forms characteristic lattices.
Among them Kagome-Triangular (KT) lattice in Fig. 1(a) is
known to exhibit an enriched phase diagram [1] including
various types of non-trivial structures: non-coplanar cuboc
structure, coplanar 120° structure with the two-dimensional
propagation vector of kop = 0, V3 xy3 structure with
kop = (1/3, 1/3), and incommensurate structure as shown
in Fig. 1(b). We investigate the magnetic state in the model
material CsCrF4 in Fig. 1(c) and 1(d) by using neutron
diffraction technique. Temperature evolution of the diffrac-
tion profile was collected as shown in Fig. 2(a). Combination
of representation analysis and Rietveld refinement reveals
that a very rare structure, i.e., a quasi-120° structure with
kop = (1/2, 0) in Fig. 2(b), is realized at the base tempera-
ture. The classical calculation of the phase diagram eluci-
dates that CsCrFj is the first experimental realization of the
KT lattice having ferromagnetic Kagome bond. A single-
ion anisotropy and Dzyaloshinskii-Moriya interaction play
key roles in the selection of the ground state. Furthermore,
a successive phase transition having an intermediate state
represented by kop = (1/3, 1/3) is observed. The interme-
diate state is a partially ordered 120° structure in Fig. 2(c)
(2].

This study was originally initiated for the neutron study
of the Tomonaga-Luttinger liquid predicted in a spin tube
using JRR-3 research reactor before east Japan earthquake in
2010. Since the magnetic state is sensitive to impurity in the
titled compound, we need to check the reproducibility of the
data carefully. As a result, the quality of some samples used

\/§1>§0\0/§ 120°

-1

0
IC — Cuboc

Ferromagnetic
=]

oCr
o F°

Fig. 1. Coupled spin tubes with frustrated geometry. (a) Kagome-
Triangular (KT) lattice. J; is the Triangular bond and J» is the Kagome
bond. (b) Phase diagram of the KT lattice. (c), (d) The crystal structure
of CsCrFy. Blue and small gray circles represent Cr3* and F- ions,
respectively. J; is the Triangular bond and J> is the Kagome bond. The
di((y )} 18 DM vector (., = A,B,O). 7%, 7B, and 7€ are the z-axes
locally defined on the Cr sites, A, B, and C. Spin tube runs along the ¢
axis in (d), and the tubes form the KT lattice in the a - b plane in (c).

(a) (1/31(31/2) (2/32/31/2) (1/3 4/3 1/2)
\

N N | Bl-
235 g
g, £
=
a. 25 =
g =
L [P]
= 2 =

/20 25 30
26 (degree)

(1201/72)  (1/2-11)2) (3/201/2)
®. . ©
°\o ° °\o ° ';.. \. ° oy °
° -° o... .;.. ,". .' A5
°l°° °’° o .; o .; ° .‘.
°\°o ° °\°o ° -;"-'. ..v.°". ..[.'.'.
o= o = N e
T4 4 DR RN

Fig. 2. Magnetic neutron diffraction profile and magnetic structures. (a)
The temperature variation of diffraction profiles in the range of 20 =
18°-33°. (b), (c) Candidates of the magnetic structures of CsCrFj4 for the
ground state (b) and the intermediated state (c).

at JRR-3 were not good, and we needed to redo the experi-
ment on selected high-quality sample using foreign neutron
facilities after 2010. All of the published data in Ref. [2]
were, thus, collected at ECHIDNA spectrometer in ANSTO
Australia. Furthermore, the difficulty of the transportation
of radioactive material such as Cs after the earthquake made
the situation complicated. Thanks to many people including
scientists, technicians, and office staff, we completed the
project.
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Magnetic State Selected by Magnetic
Dipole Interaction in Kagome
Antiferromagnet NaBaMn3F11

Masuda and Hiroi Groups

Long-range magnetic dipole-dipole (MDD) interaction
is ubiquitous in nature. In most bulk magnets, the MDD
interaction is not necessarily a primary interaction because
its energy scale is much smaller than an exchange interac-
tion. The MDD interaction, however, plays a key role in
geometrically frustrated magnets, where the geometry causes
macroscopic degeneracy of the magnetic state. For instance,
the origin of an exotic monopole state in pyrochlore oxides
is explained by the MDD interaction [1]. The frustrated
geometry and the MDD interaction are, thus, a good combi-
nation for search of a new magnetic state.

In a classical Heisenberg kagome antiferromagnet, the
ground state is known to be 120° structure with an infinite
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Fig. 1. (a) The tail-chase 120° structure on the kagome lattice. (b)
Neutron diffraction profile for NaBa,Mn3F| measured at 0.25 K. The
solid square and curves show experimental data and simulation, respec-
tively. Arrows indicate magnetic Bragg peaks.

degeneracy. A small perturbation lifts the degeneracy and
selects a unique structure, e.g., an all-in all-out structure in
case of Dzyaloshinskii-Moriya interaction [2]. The MDD is
theoretically predicted to select a tail-chase structure (Fig.
1(a)) [3]. Such a structure, however, has not been experimen-
tally identified yet to date. NaBaoMn3Fi; having a unique
kagome-triangular lattice was synthesized by Hiroi group
in ISSP [4]. It exhibits an antiferromagnetic transition at
Tn =2 K. The estimated Curie-Weiss temperature of -32 K is
smaller than those of many kagome magnets, indicating that
the exchange spin interaction is small. The MDD interaction
may be important for the determination of the magnetic state.

Recently we carried out neutron powder diffrac-
tion experiment to identify the magnetic structure of
NaBayMn3F;([5]. We observed magnetic Bragg peaks
at 0.25 K as shown in Fig. 1(b). They were indexed by a
commensurate magnetic propagation vector ko = (0,0,0),
and two incommensurate vectors k1 = (0.3209,0.3209,0) and
k> = (0.3338,0.3338,0). The magnetic structure analysis by
combination of Rietveld refinement and the representation
analysis reveals that the tail-chase 120° structure modulated
by the incommensurate vectors gives a satisfactory agree-
ment with the experiment. Furthermore, we calculated
the phase diagram with the parameters of the nearest- and
second-neighbor exchange interaction, and MDD interac-
tion. We identified that the MDD interaction solves the
infinite degeneracy and selects the tail-chaise 120° structure
in NaBayMns3Fi;. For the future perspective, the study of
magnetic dynamics is beneficial for the search for exotic
sates such as zero-energy mode induced by the MDD interac-
tion.
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Indoor World Record of 1200 T Achieved
by the Newly Installed Electromagnetic
Flux Compression Megagauss Generator

Takeyama and Y. H. Matsuda Groups

The megagauss laboratory, ISSP, UTokyo, has a long
history of generations of megagauss fields, using electro-
magnetic flux compression (EMFC) since the original
work in the late 1970s led by the Chikazumi and Miura
group. The 1000 T project was revisited in 2010 and 2011,
supported by the funding of the MEXT for the promotion of
the basic science, and since then, we have devoted ourselves
to the installation of the megagauss generation system and
the technical improvements. Condenser bank units with
20 kV, 2 MJ for the seed feed coils, and two sets of the
main condenser bank units, 5 MJ and 2 MIJ each with
50 kV charging capability have been incorporated. The
system consisting of these condenser modules has been
installed, and tuning for operation was recently completed in
2019. The giant collector plates and the load coil clamping
units have been placed in antiexplosion chambers. Designs of
the instruments were optimized for substantial improvement
in the electromagnetic field energy conversion efficiency.
Using the newly installed system, we have successfully
generated ultra-high magnetic fields reaching 1200 T.

The magnet coil used in the EMFC method is comprised
of a single-turn steel outer (primary) coil lined with a copper
plate inside (the copper-lined (CL) coil; see Fig. 1) and
the so-called liner (a thin metal cylinder, made of copper)
which is coaxially set inside the primary coil. A pair of
seed field coils set on either side of the primary coil [1]-
[3] provides the initial magnetic flux. The liner compresses
the magnetic flux and generates megagauss magnetic fields.
The EMFC utilizes the electric energy source stored in the
condenser bank modules. A record-breaking indoor genera-
tion of magnetic field was achieved by discharging 45 kV,
3.2 MJ energy out of 5 MJ condenser units. The liner (typical
size is 119 mm diameter, 1.5 mm thickness, approximately
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Fig. 1. Overall view of the CL coil and the measurement probe setting.
The liner vacuum chamber (made of the Bakelite cylinder and the
acrylic resin plastic plates) with the measurement probe is firmly
furnished to the CL primary coil with high precision.
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Fig. 2. Magnetic field intensity recorded up to 1200 T with an evolu-
tion of time. Upper panel: Faraday rotation signal (Vgr) synchronized
with the magnetic field intensity. The dotted line taken from the pickup
coil (Bpc), measured up to 600 T, and the green solid line measures the
fields up to 1200 T by FR (Bgr). The liner imploding images are shown
by black circles. The estimated liner inner diameter at each magnetic
field intensity is given in axis of abscissa.

50-mm length) undergoes high-speed implosion (above
5 km/s) accelerated by the magnetic force induced by a
huge electric current injected to the primary coil (3—4 mega-
Ampere) about its circumference, and the magnetic flux
(3.2 T) initially generated in a large volume (diameter 120
mm, length 50 mm) is compressed finally into a small
space (3 mm diameter, 20-30 mm length), and reaches a
megagauss magnetic field of up to 1200 T. The CL coil was
designed to improve the energy transfer efficiency of the
imploding liner. The copper lining part bears the current,
whereas the massive outer steel coil holds the inertia for the
liner acceleration. A liner vacuum chamber with measure-
ment probes are attached to the steel outer coil as shown in
Fig. 1. Thus, measurement probes are set precisely at the
liner implosion center with respect to the CL coil.

The signals obtained in this work are plotted in Fig. 2.
Details are provided in our recent paper [4]. The dotted
line is a signal taken from the pickup coil and traced up to
600 T, which is the limit of recording because of the high-
voltage induced by the rapid increase of the field. The
Faraday rotation signal was intact until the very end of the
liner implosion. The green solid line represents the field
record after the Faraday rotation signal is converted into the
magnetic field intensity. A slow-down effect was observed
followed by the peak field prior to the liner “turn-around”
phenomenon. Circles depicted in the graph shows images
of the liner cross-section during implosion. The liner inner
diameter, which corresponds to the bore of the coil, is shown
as a guide in the axis of abscissa in the middle of the figure.
Final diameter of the liner at 1200 T is estimated to be
3 mm. The maximum speed of the liner during the implosion
is estimated to be higher than 5 km/sec, which is consistent
with the “Hugoniot curve” [5], in which a field of 1200 T
hits at 5.3 km/sec.
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Determination of “Diracness” in PbTe
Tokunaga Group

One of the hottest research subjects in condensed matter
physics is so-called topological materials, in which dynamics
of charge carriers are expressed by the relativistic equations
of motion that are utilized in research field of high energy
physics. Since the relativistic Dirac/Weyl equations show
characteristic linear dispersion relation, a great number of
experimental and theoretical studies have been devoted to
explore the linear dispersion as schematically shown in Fig.
1(a), which is distinguished from the parabolic one shown
in Fig. 1(b). This parabolic dispersion, however, is merely
the expanded view of the trace in Fig. 1(a) at around the
origin. Therefore, argument based only on the appearance of
the dispersion is sensuous and insufficient to quantitatively
distinguish the Dirac/Weyl system from the others. As the

s
o

T

LI I =

100 g

[

ILLLLALARRNRRRRRRRRANRRRYS” )

80

n
o

60
w

T[T
L I
[

40F

F (a)

Cov v Loy (S R R
Y00 -50 50
k

20

o
13

S
Soprr

(b)

sea b b e b by

o

Fig. 1. (a) Schematic dispersion relation of kinetic motion of particles
that is expressed by relativistic Dirac equation, which shows character-
istic linear dispersion in wide range of the k-space. (b) Expanded view
the same dispersion relation with that in (a), which appears as parabolic
in this region.
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Fig. 2. (a) Transverse magnetoresistance and (b) ultrasound attenuation
in single crystals of PbTe. Quantum oscillations are clearly resolved in
both experiments.
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quantitative indicator that characterizes similarity of a system
with the ideal Dirac system, which is called as “Diracness”
in the following, we focus on the ratio between Zeeman and
cyclotron energies (ZC ratio). Recent theoretical studies
revealed that this ZC ratio becomes unity for the ideal Dirac
system [1,2]. Relative magnitude of the ZC ratio and unity is
predicted to invert when topology of a material changes from
trivial to non-trivial.

To experimentally determine the ZC ratio, we studied
quantum oscillations in single crystals of PbTe through
measurements of magnetoresistance (Fig. 2(a)), magneti-
zation, and ultrasound attenuations (Fig. 2(b)) in DC and
pulsed high magnetic fields [3]. By measuring quantum
oscillations up to the quantum limit state and comparing the
results with the standard Lifshitz-Kosevich formula [4], we
determined the ZC ratio of PbTe as 0.52. In this analysis, we
clarified that when the ZC ratio becomes larger than one half,
peak-dip relation in the quantum oscillation will be reversed,
which will appear as the phase shift in the Landau level fan
diagram. The results demonstrate that observation of spin-
split quantum oscillations is crucially important to discuss
the origin of the phase shift.
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Short-Range Spin Correlations in a
Quantum Magnet Detected Through
Magnetoelasctic Couplings in a Kagome
Quantum Spin Lattice

Y. H. Matsuda, Takeyama, and Hiroi Groups

In case of quantum magnets, magnetostriction can be a
unique measure of short-range spin correlations. The spin
components perpendicular to the external magnetic field is
inherent in the local spin correlation. In quantum magnets,
magnetostriction measurement is a direct measure of the
local spin correlation.

We have recently developed a high-speed 100 MHz
magnetostriction measurement system utilizing the fiber
Bragg grating techniques [1] for the use in the u-seconds
pulsed magnetic fields beyond 100 T (megagauss region) and
1000 T (kilo-Tesla region) [2]. We found later that the system
can also be used in the milli-seconds pulsed magnetic fields
below 100 T with an appreciable high-resolution of AL/L ~
10°¢ [3]. Using the developed instrument, we have conducted
the magnetostriction measurement for the two-dimensional
quantum magnet of volborthite [4].

Volborthite (CuzV207(OH)2 - 2H20) is a fascinating
example of a highly frustrated quantum magnet. In its
magnetic layer, Cu ions possessing spin-1/2 moments form a
deformed kagome lattice as schematically shown in Fig. 1(a).
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Fig. 1. (a) The lattice model of volborthite (b) Coupled trimer model
for volborthite (c) A schematic drawing of the pantograph-like lattice
modification of the magnetostriction in the crystallographic b axis.

Owing to the lattice deformation, the anisotropic microscopic
spin model based on coupled trimers as shown in Fig. 1(b)
has recently been proposed, that now attracts attention as it
provides a mechanism for a field-induced spin nematic phase
adjacent to the 1/3 magnetization plateau. In the spin nematic
phase, spin directors that break the in-plane rotational
symmetry are formed as a result of the Bose-Einstein
condensation of bimagnon excitations. The rotational
symmetry breakings take place in the lateral direction of the
spin space, which thus implies that the measurement of the
lateral spin-correlation in this magnet is quite important.
Figures. 2(a)-(c) shows the result of the magnetostriction
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Fig. 2. (a) Magnetostriction curves of volborthite (b) Magnetization
curves of volborthite (c) A comparison of the curves of magnetostric-
tion and magnetization indicating a peculiar dependence of AL~M"-3,



measurement. A negative magnetostriction and a peculiar
dependence of the magnetostriction on the magnetization
as AL ~ M'3 are observed. The negative magnetostric-
tion in the crystallographic b axis is understandable with a
pantograph-like lattice modification. As shown in Fig. 1(c),
the Cu-O-Cu chain in the b axis is responsible for the ferro-
magnetic superexchange interaction in the coupled trimer
model. The closer the bond angles to 90 degree, the stronger
the ferromagnetic exchange couplings due to the Kanamori-
Goodenough rule, where, as a result, the bond length in the
b axis is elongated. The story is supported by a tentative
DFT+U calculations [4]. On the other hand, the peculiar
dependence of the magnetostriction on the magnetization can
also qualitatively understood as a manifestation of the short-
range spin correlation within the exchange striction model.
In the exact-diagonalization approach, it becomes clear that
the spin-correlation is indeed in between the M'0 and M%0
and close to M'3. For further studies in the future, the spin-
nematicity may show abnormal magnetoelastic response at
even lower magnetic fields at around 28 T. Another possible
study is the measurement beyond 100 T. The end of the 1/3
magnetization plateau may be detected in the magnetostric-
tion measurement.
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Semi-Metallicity of Free-Standing
Hydrogenated Monolayer Boron from MgB;

1. Matsuda Group

Two-dimensional monatomic layers in van der Waals
crystals or on solid surfaces have wide attention because of
their unique physical properties and potential applications
in quantum devices. There has been growing interests in
layers of Xenes. Recently, borophene layers were discovered
and found to have Dirac fermions. However, in contrast to
graphene, these Xene layers form only on solid surfaces. It
is, thus, necessary to develop technique to passivate it chemi-
cally so it can be placed on any substrate under ambient
conditions.

In the present research, we synthesized a free-standing
hydrogenated monolayer boron (HB) sheet and studied the
electronic states via soft X-ray spectroscopy at the B K-shell
absorption edge and the first-principles calculations [1]. As
shown in Fig.1, the HB sheet is semi-metallic with electron
and hole pockets at symmetry points of I" and Y, respectively.
The electron band results from the B-H-B bonds formed
during synthesis from a MgB» crystal, while the hole band is
kept through the process and originates from a honeycomb
lattice boron layer or borophene in MgB». Figure 2 shows
a summary of the calculation for a MgB» crystal. One can
find the one-to-one correspondence between wave-functions
of the ou-state in HB and the &;-state in MgB». The present
research reveals a relation between the surface treatment

(a) I]B—Shee[
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Fig. 1. (a) Atomic structure, and two-dimensional Brillouin zone of a
HB sheet. (b) Calculated band structure. (c) Wave function distribution
of the o-, ol-, 0i3-, and oy-states. The color of wave functions corre-
sponds to the sign of the periodic part of Bloch wave functions.

Fig. 2 (a) Atomic structure, and three-dimensional Brillouin zone of
a MgB> crystal. (b) Calculated band structure. The red dots are the
projected band structure of MgB, on B atoms. “DP” indicates Dirac
point. Dirac points shown in (b) are “cross sections” of Dirac Nodal
Loop. (c) Wave function distribution of the 8i-, &,-, and J3-states.
In (c), the color of wave functions corresponds to the sign of wave
functions.

of monatomic layer and evolutions of the two-dimensional
states, giving clues to design novel functional layers.
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Interfacial Carrier Dynamics of Graphene
on SiC, Traced by the Full-Range
Time-Resolved Core-Level Photoemission
Spectroscopy at SPring-8 BLO7LSU

I. Matsuda Group

Time evolutions of the Dirac Fermions in graphene layers
have attracted both academic and technological interests
due to observations of the various intriguing opto-electric
phenomena, such as carrier multiplications and genera-
tion of a terahertz laser. Nowadays, graphene layers can
be epitaxially grown on a SiC substrate in wide area and
such non-equilibrium carriers in the Dirac bands have been
directly probed by time-resolved photoemission spectros-
copy. On the other hand, the previous studies focused only
on electronic evolutions within a graphene layer and little
examination was made on carrier dynamics through the
graphene/substrate interfaces. Unveiling dynamic roles of
the graphene/SiC interface is necessary to understanding the
opto-electric properties in SiC based detectors, for example.

In the present research, we conducted measurements of
time-resolved core-level photoemission spectroscopy by
a combination of laser and synchrotron radiation [1]. The
experiment was performed at SPring-8 soft X-ray beamline
BLO7LSU with the beamline laser station, BLO7LASER.
Figure 1 shows temporal variations of peak positions of C
ls and Si 2p during relaxation of the surface photovoltage
effect, induced by the optical pumping with a laser pulse.
Two C 1s components are assigned to a graphene layer
(G) and a SiC substrate (SiC), while one Si 2p component
originates from a SiC substrate. Thus, the high-resolution
core-level spectra selectively distinguish dynamical infor-
mation between overlayer and substrate. While the whole
relaxation of the electron-hole recombination process takes
100 nanoseconds, one can also find difference in temporal
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Fig. 1. Time-resolved photoemission spectra for (a) C ls and (b) Si 2p
core levels of graphene layers on the SiC substrate. In (a), graphene
peaks (labeled G) and SiC peaks (labeled SiC) were distinguishably
observed. The spectral energy shift measured from the laser OFF was
extracted and shown as a function of time for (c) C ls and (d) Si 2p
core levels.
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variation between C and SiC in the subnanosecond region.
This is because carrier lifetime in the graphene layers take
longer than that of the typical interface-state of SiC by the
bottleneck effect of Dirac cones. When there is a buffer layer
between graphene and SiC, electron-hole recombination is
dominantly held at the interface and the lifetime shortens
one-order of the magnitude [1]. The selective evaluations of
carrier dynamics in non-uniform samples, such as hetero-
junctions, allow one to design and develop novel optoelectric
devices.
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Polarization Resolved High
Harmonic Generation in
Semiconducting Gallium Selenide

Itatani Group

Recent progress in ultrafast laser technology has realized
to produce strong optical fields in the mid-infrared to
terahertz spectral regions. Emergence of such intense long-
wavelength light sources triggers ultrafast strong-field
physics for condensed matters. When crystalline materials
are irradiated by intense mid-infrared pulses, for example,
extreme ballistic oscillation of electrons in a conduction band
with terahertz to petahertz frequencies occurs, and high-order
harmonics are often produced beyond a typical bandgap of
solids. So far, most of the experiments employ one-dimen-
sional study along a specific direction. However, we show
that a one-dimensional model is not suitable to investigate
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Fig. 1. Polarization resolved measurement of the crystallographic
orientation dependence of high harmonics generated in GaSe with a
high field amplitude of 10 MV/cm. Parallel (a, visible; c, infrared) and
perpendicular (b, visible; d, infrared) polarization components of the
high harmonics. Curve plots of the parallel third (e), perpendicular third
(f), parallel fifth (g), and perpendicular fifth (h) harmonics.




polarization property of HHG in solids.

In this study, we investigate polarization properties of
high harmonics produced in a 30-um-thick gallium selenide
(GaSe, e-type, [001] z-cut, hexagonal structure, non-coat).
The crystal is exposed to linearly polarized femtosecond
mid-infrared pulses with a field amplitudes of ~10 MV/cm
that are produced from a dual-wavelength optical parametric
amplifier (wavelength: 5 pm, maximum pulse energy:
15 W, pulse duration: 200 fs, repetition rate: 1 kHz) [1]. The
crystallographic orientation dependence of high harmonic
spectra is measured after a set of wire-grid polarizers in the
either parallel (Fig. 1(a), (c), (e), and (g)) or perpendicular
(Fig. 1(b), (d), (f), and (h)) to the mid-infrared field. The
observed high harmonics are extended up to the 11th order
(2.70 eV, 460 nm) beyond the bandgap (1.98 eV, 625 nm).
All even harmonics for both polarizations show modula-
tions with 60° periodicities, which is consistent with the
hexagonal structure of a GaSe crystal. In contrast to the even
harmonics, the parallel and odd harmonics show 60° modula-
tion on top of a constant offset as in Figs. 1 (e) and (g) for
the third and fifth harmonics, respectively. More surprisingly,
the perpendicular odd harmonics appear with 30° periodicity
as can be seen in Figs. 1(f) and (h). This 30° periodicity
cannot be intuitively understood from the hexagonal struc-
ture of the crystal.

To explain these results, a two-dimensional single-band
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Fig. 2. Calculated results by the two-dimensional single-band model.
(a) Lowest conduction band of GaSe and its band curvatures. (b) the
band curvature component responsible for parallel odd harmonic
generation. (c) the other band curvature component responsible for
perpendicular odd harmonic generation. Three electron trajectories at ¢
= 60° (solid black arrows), 45°(dash), and 30°(dot) are illustrated. The
maximum amplitude of electron trajectories with an electric field of 10
MV/cm is shown by the black circle. Orientation dependence of the (d)
parallel and (e) perpendicular harmonics obtained by the two-dimen-
sional single-band model with the 10-MV/cm electric field.

model described by the Bloch theorem is used [2]. This
model assumes that (i) the intraband current dominates
odd harmonics and (ii) the electron wavepacket is launched
around the T point. Detailed explanation of the model and a
verification of these assumptions can be found in Ref. [3].
We found that the band curvature (Figs. 2 (b) and (c)) of the
lowest conduction band (Fig. 2(a)) along the electron trajec-
tory is responsible for the source of odd-order harmonics.
Based on the two-dimensional single-band model, the
parallel and perpendicular odd harmonics are calculated to
show 60° and 30° periodicities as can be seen in Figs. 2(d)
and (e), respectively. These results well reproduce the experi-
mental observations of the orientation dependences and the
polarization property for all odd harmonics.

In summary, we have investigated a polarization property
of high harmonics from a bulk GaSe crystal using femto-
second MIR pulses and their dependence on crystallographic
orientation. With the 10 MV/cm electric field, the perpen-
dicular odd harmonic emerges with a periodic modulation of
30°, which cannot be explained by the perturbative nonlinear
optics. The underpinned physics of the perpendicular
component of the odd harmonics is attributed to aniso-
tropic momentum dependence of the band curvature along
the electron trajectory, which is equivalent to the inverse
effective mass. Our demonstration establishes a direct link
between the band structure and HHG in a crystalline solid.
Multi-dimensional analysis combined with time-resolved
measurement allows to investigate electron dynamics and
field-dressed structure of energy bands in future.
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Joint Research Highlights

Spin Injection from a Ferromagnetic
Insulator into a Superconductor

M. Matsuo and T. Kato

Spin injection from a ferromagnetic metal into a super-
conductor (SC) has been investigated for a long time. For
conventional s-wave superconductors, spin injection is
suppressed by a SC energy gap. Thermally excited quasi-
particles in SC, however, can carry injected spins over long
distances, as spin excitations in SCs have long lifetimes.
Several novel techniques for spin injection have been devel-
oped so far. For example, the spin injection can be realized
by the spin Seebeck effect under a temperature gradient, or
by applying a spin pumping protocol using ferromagnetic
resonance (FMR) under microwave irradiation.

Recently, spin injection from a ferromagnetic insulator
(FD into a SC has also been performed [1]. Although this
study opens up possible applications for novel supercon-
ducting spintronic devices using FI, spin injection from a FI
has been studied theoretically only in Ref. [2] in the context
of the damping in the FMR experiments. In the present study
[3], we considered a bilayer system composed of a s-wave
singlet SC and a FI as shown in Fig. 1(a), and calculated
the spin current induced by the spin Seebeck effect or spin
pumping, using the perturbation theory with respect to the
interface exchange interaction.

0.0~ =, ‘ T/Tc,
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Fig. 1. (a) A schematic of the bilayer system composed of a supercon-
ductor (SC) and a ferromagnetic insulator (FI). (b) The temperature
dependence of the spin current induced by spin pumping under micro-
wave irradiation. The curves correspond to #Q/kpgTc =0.1, 0.5, 1, 1.5,
and 2 from the top to the bottom.
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In Fig. 1(b), we show the temperature dependence of the
spin current induced by spin pumping. Here the temperature
of the bilayer system and the spin current are normalized by
the SC transition temperatures T¢ and the spin current for a
normal metal, respectively. For small excitation frequency
Q, the spin current is enhanced below the SC transition
temperature due to a coherent factor in analogy with the
NMR measurement. For AQ < 2A(T = 0) = 3.54kgTc, the
spin current is strongly reduced at low temperatures (kT <
2A(T), because spin-flip excitations in the SC are suppressed
due to the energy gap 2A in the one-electron excitation
spectrum, where A(T) is the SC energy gap (a function of the
temperature T'). As € increases, the coherence peak becomes
insignificant, while there appears a kink at the temperature
satisfying 2A(T) = hQ. For AQ > 2A(T = 0), the spin current
shows a plateau at a low temperature corresponding to its
zero temperature value, ultimately recovering the normal
state value (dashed line) as € increases further. We also
calculated the spin current induced by the spin Seebeck
effect (not shown here), and discussed the effect of the SC
transition.

For a realistic experimental setup, we estimated the noise
power of the pure spin current following the theory devel-
oped in Ref. [4]. We have shown that the nonequilibrium
spin-current noise in spin pumping experiments is much
larger than the thermal noise at low temperatures, and that
both noises show a coherent peak below the SC transition
temperature. Finally, we proposed a possible experimental
setup to measure the spin current and its noise obtained here,
utilizing the inverse spin Hall effect in SCs.

This study has been performed as a joint study extended
from the previous study [4] with Mamoru Matsuo, who was
a visiting professor of ISSP in the academic year 2016. This
study has also been performed as a collaborated project
with the French group (the leader is Thierry Martin at Aix
Marseille Univ., CPT, Marseille).
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Turning a Graphene into a Topological
Insulator with Surface Decoration

J. Haruyama, S. Katsumoto, and T. Nakamura

Graphene once played a key role in the development of
topological insulators, which exhibit an electrically inert
interior yet form metallic states at their boundary (the edge
states). Kane and Mele, in 2005, predicted that coupling
between the spin and orbital motion of electrons turns
graphene (or some honeycomb lattice) into a ‘quantum-spin-
Hall (QSH)’ insulator that hosts spin-filtered metallic edge
states with inherent resilience from scattering. These novel
edge states underlie tantalizing technological applications
for low-power electronics, spintronic devices, and fault-
tolerant quantum computing. Although graphene’s intrinsic
spin-orbit coupling is far too weak to produce an observ-
able QSH phase in practice, numerous alternative platforms
were subsequently discovered, including HgTe and InAs/
GaSb quantum wells, WTe;, bismuthene, and the layered
compound Bij4Rhzlo.

Realization of the QSH effect in graphene devices
has remained an outstanding challenge dating back to the
inception of the field of topological insulators. Graphene’s
exceptionally weak spin-orbit coupling—stemming from
carbon’s low mass—poses the primary obstacle. We experi-
mentally study artificially enhanced spin-orbit coupling in
graphene via random decoration with dilute BioTe3 nanopar-
ticles. Remarkably, multi-terminal resistance measurements
suggest the presence of helical edge states characteristic of
a QSH phase; those magnetic-field and temperature depen-
dence, X-ray photoelectron spectra, scanning tunneling
spectroscopy, and first-principles calculations further support
this scenario. These observations highlight a pathway
to spintronics and quantum-information applications in
graphene-based QSH platforms.

1 T T
15K
[}
2 With particles
8 ot E Ry/12
w
7
[P}
=4
1 =
Without particles
O 1 1
-20 0 20
Back Gate Voltage (V)

Fig. 1. Inset: AFM image of the sample. The vague dark regions
are fabricated graphene with fine particles. The yellow-colored regions
are Au electrodes. The blue squares indicate the current electrodes and
the white circles the voltage electrodes. At 1.5 K, with varing the back
gate voltage, the resistance increases and hits 1/6 of the quanutm resis-
tance, which is just expected for the configuration of the electrodes and
perfect conductance connection between them.
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Coexisting Two Types of Spin
Splitting Originating from
Different Orbital Symmetries

K. Yaji, S. Tanaka, and F. Komori

Spin degeneracy of conducting electrons in materials can
be lifted by spin-orbit interaction (SOI). Here, the symmetry
of a surface or interface plays an important role in deter-
mining the spin splitting and texture of a 2D band. [1] In the
framework of the Rashba model for a two-dimensional (2D)
electron gas, a free-electron-like band dispersing from the I"
point is shifted oppositely in the wave number direction by
SOI, depending on the spin direction that is perpendicular
to both the surface normal and momentum of the electron.
Another type of the spin-split band in the 2D system is called
the Zeeman type, where the spin direction is perpendicular to
the 2D plane without spin degeneracy at the symmetry point
in the wave-number space. In the case of the spin-split bands
of the surface 2D electron system with a three-fold lattice
symmetry, either the Zeeman- or Rashba-type spin splitting
has been considered to appear around a K point exclusively
depending on the crystal symmetry. [1]

We have found a novel spin-dependent band structure
of a Sn triangular-lattice atomic layer (TLAL) at the K
point. The sample is formed by intercalation into the inter-
face between graphene and the SiC(0001) substrate as a
schematic model shown in Fig. 1(a). [2] At the K point of the
Sn TLAL with the symmetry of C3 according to the lattice
symmetry p3mli, the Zeeman-type spin splitting is reason-
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Fig. 1 (a) Atomic structure model of a Sn TLAL intercalated into the
graphene/SiC(0001) interface. (b) ARPES intensity image of the Sn
TLAL along I'Ksijc with overlaying the calculated band structure. The
color scale represents the photoelectron intensity, and gray (purple)
dashed curves the original (back-folded) bands. Two surface bands,
S; and S», and their back-folded bands, S1°f and S»%, are marked.
(c) SARPES intensity images taken with the region including S, and
Sy bands near Ep surrounded by a thin rectangle in (b). The y-spin
polarization component is detected. The two-dimensional color scale
represents both the photoelectron intensity and the spin polarization. (d)
The X, y, and z components of the spin-resolved spectra in the region
marked as /] at K’s;c®f of S;®f band in (b).
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ably explained by the symmetry while the Rashba-type
band crossing is not expected. Using our spin- and angle-
resolved photoelectron spectroscopy (SARPES) with three-
dimensional spin detection [4] and He Io (hv ~ 21.22 eV)
radiation, both the Zeeman-type and Rashba-type spin splits
are confirmed at the K (K’) point as shown in Fig. 1(b-d). [4]
The surface band Sy near Ef exhibits a Rashba type incon-
sistently with the lattice symmetry, while the surface band S
around 1.5 eV below Ef is the Zeeman type as expected. It
should be noted that the photoelectron intensity for the back-
folded band around the K’ point due to the graphene-lattice
scattering is stronger than that of the original one around the
K point in the present experiment conditions.

We have investigated the origin of the two types in the
Sn TLAL by evaluating the spin-resolved band structure
and charge distribution for the spin-split bands using density
functional theory calculations. The directions of the spin
polarization are well reproduced by the calculation as in
Fig. 2(a,b). The calculated charge distribution of the
Rashba-type (Zeeman-type) band at the K point, shown in
Fig. 2(c,d), corresponds to a C3y (C3) symmetry at the K
point. Theoretically, the C3y symmetry allows the Rashba-
type band crossing regardless of the existence of the time

(a) (b)
40— T7 -1.0-
\ | \
Soo] W | Soo]
A 0.04 30'0_ \g
> > i
o o
o S 1.0
L L |

low

Fig. 2. (a,b) Spin polarization in the y (a) and z (b) directions for the
bands around Ksjc, where the opposite spin directions are indicated
by blue-red and green-purple colors, respectively. The diameter of the
circles is proportional to the total contribution of Sn 5s and 5p. (c,d)
Charge density distributions for the Zeeman-like spin-split band of S
(c) and the Rashba-like spin-split band of S> (d) at the Ksic point. Left
(right) panels represent top (side) views. In the left panels, the solid
parallelograms show the unit cell of Sn/SiC(0001)-(1 x 1). The dashed
lines indicate the mirror planes of the charge density distribution.
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reversal symmetry. [1] The symmetry of the charge density
distribution, which is still a consequence of the crystal field
potential for the electrons, is a key to understand the nature
of the spin splitting due to SOL
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Advanced First-Principles Simulation
of Electrochemical Interfaces

S. Kasamatsu, I. Hamada, and O. Sugino

Electrochemical interfaces have long been attracting
attention as an environment for the interconversion of
chemical and electric energies, but the first-principles
simulation is not yet sufficiently matured because of the
difficulties in (i) achieving the accuracy required for the
reliable prediction and (ii) modeling the electric double
layers within the density functional theory (DFT). As a step
for overcoming, we studied accuracy of the random phase
approximation (RPA) for the exchange and correlation (xc)
of electrons and then developed an ab initio Monte Carlo
method suitable for sampling the distribution of defects in an
electrode.

Hydrogen (H) on a platinum (Pt) surface, H/Pt(111), is
a typical benchmarking system for which many theoretical
and experimental studies exist, but controversies still remain
even for the H adsorption problem: H is presumed to adsorb
on the fcc site based on indirect experiments and the conven-
tional DFT simulations, while there exist several reports that
signal from the top site can be observed spectroscopically.
Since the conventional DFT, which is based on the semilocal
approximation for the xc potential, was shown inaccurate
for the sorption problem on Pt(111), we have tried to use
more advanced xc potential called RPA [1]. The result of the
calculation accurately reproduced the experimental adsorp-
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Fig. 1. Plot of the degree of conversion versus the temperature (7) and
the MgAl,O4 spinel structure (inset). Our calculation using 112-atom
and 56-atom cells well reproduced the previous simulation based on a
cluster expansion model (CE-SPCM) in the whole range of 7 and also
the neutron experiment at higher 7. First-principles sampling for solids
has thus made feasible.



tion energy although conventional DFT considerably overes-
timates it. Contrary to the conventional DFT, the DFT-RPA
predicts that difference in the energy between the fcc and
top sites is on the order of thermal energy at room tempera-
ture, i.e. kpTroom, suggesting coexistence of the fcc and
atop hydrogens. This renewed picture on the H adsorption
explains why signal from the top site may be observed. We
believe this is an important step for true microscopic under-
standing of the hydrogen evolution reaction, which is one of
the most important fuel-cell reactions.

The fuel-cell reaction occurs efficiently on the Pt
electrode but the efficiency needs further improvement to
meet the demand of future technology. In this context, oxide
electrode (TiOz or ZrQOj) has attracted considerable atten-
tion as a beyond Pt material. By introducing impurities and
oxygen vacancies, the oxides are made active for the fuel-
cell reactions. Theoretically, however, it has been extremely
difficult to model this system by sampling the distribution
of defects for appropriate description of the space charge
layer; this is because of the large barrier existing between
different configurations of defects. The ab initio molecular
dynamics (MD) simulation is an established method for
the sampling but is generally inadequate for solids. In this
context, we have developed an ab initio Monte Carlo (MC)
method of replica exchange type, which runs very efficiently
on massively parallel supercomputers. Our benchmark calcu-
lation on MgAIl>Oy4 spinel shows that the degree of inversion,
or the ratio of Al ions on Mg sites, is successfully sampled in
the temperature range studied [2] (Fig. 1). This is considered
as an important step for elucidation of the reason why the
oxides so effectively activate the fuel-cell reactions.
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Interfacial Hydrogen Bonding in
Proton-Electron Concerted 2D Organic
Bilayer on Au Substrate Probed by
Soft X-Ray Spectroscopy

S. Yamamoto, H. S. Kato, and 1. Matsuda

Recent developments in the molecular design of organic
materials have uncovered a variety of novel functional
properties. One of them is the coupling of proton dynamics
and electrical conductivity, which can only be achieved in
3D organic crystals. However, reduction of dimensionality
to 2D is essential in organic electronics application. In the
functional materials group at ISSP, we aim to realize a 2D
organic bilayer with a novel “proton-electron” functionality
on a solid surface.

In this study [1], we prepared and characterized a 2D
organic bilayer with “proton-electron” concerted function-
ality on a solid surface. A “proton-electron” concerted
organic molecule, catechol-fused bis(methylthio)tetrathiaful-
valene (H2Cat-BMT-TTF), was deposited onto an imidazole-
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Fig. 1. Schematic structure of organic bilayer of HoCat-BMT-TTF and
Im-SAM on Au. HyCat-BMT-TTF consists of catechol and tetrathia-
fulvalene (TTF). Im-SAM has two kinds of N atoms: imino N (N3)
and amino N (N1). H-bonds are formed between the imino N atoms in
Im-SAM (H* acceptor layer) and OH groups in HoCat-BMT-TTF (H*
donor layer).

terminated alkanethiolate self-assembled monolayer
(Im-SAM) on a Au surface (Fig. 1). In our previous study
[2], the OH stretching vibrational modes of HyCat-BMT-
TTF in the IR spectra showed a large red shift and substantial
broadening upon adsorption on Im-SAM, indicating that the
OH groups of HxCat-BMT-TTF act as the H* donor sites.
However, the counterpart H* acceptor sites was not identi-
fied due to an overlap of vibrational peaks. Using near edge
X-ray absorption fine structure (NEXAFS) spectroscopy, we
succeeded in elucidating the nature of H-bonding at the H*
acceptor side (i.e., In-SAM) because N atoms exist only in
the Im-SAM layer.

N K-edge NEXAFS spectra of Im-SAM on Au before
and after adsorption of HoCat-BMT-TTF are shown in Fig.
2. NEXAFS experiments were carried out at soft X-ray
beam-line BLO7LSU of SPring-8. For Im-SAM on Au, two
sharp peaks are observed at 400.0 and 401.8 eV, which are
ascribed to the N Is—In* transition of the imino N (N3)
and amino N (N1) atoms, respectively, of the imidazole
ring in Im-SAM. Upon adsorption of HpCat-BMT-TTF,
the mt* peak of imino N (N3) shifts from 400.0 to 400.3 eV,
while that of amino N (N1) remains at the same energy. The
energies of the * peaks in NEXAFS are sensitive probes of
local chemical environments of specific atoms. The energy
shift of the n* peak of imino N (N3) suggests that the local
chemical environment of imino N is changed by intermo-
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Fig. 2. N K-edge NEXAFS spectra of In-SAM on Au before and after

adsorption of H,Cat-BMT-TTE. (a) Raw data and (b) raw data with
peak fitting results.
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lecular H-bonding with HoCat-BMT-TTF. The H-bonding
configuration between HoCat-BMT-TTF and Im-SAM can be
discussed based on the quantitative analysis of the coverage
of each molecule. The peak fitting of N K-edge NEXAFS
spectra in Fig. 2(b) reveals that the coverage of H-bonded
Im-SAM is 0.41 ML. This matches the coverage of HoCat-
BMT-TTF (0.4 ML), which was estimated by X-ray
photoelectron spectroscopy in our previous study [2]. This
indicates that HyCat-BMT-TTF and Im-SAM forms H-bonds
in one to one fashion (Fig. 1).

In conclusion, the complete picture of H-bonding in the
present organic bilayer was obtained; H-bonds form between
the imino N atoms (H* acceptor sites) of Im-SAM and the
OH groups (H* donor sites) of HoCat-BMT-TTF. The present
work is a steady step toward the realization of 2D organic
functional materials, and the experimental methods adopted
herein will serve as powerful tools for the detection of their
functions.
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Structural, Magnetic, and Transport
Properties of Novel Quaternary Compounds
RRu2Sn2Zn18 (R = La, Pr, and Nd)

K. Wakiya, I. Umehara, and Y. Uwatoko

Cubic Pr-based intermetallic compounds are expected to
show various fascinating phenomena arising from multipole
degrees of freedom, when the crystal electric field (CEF)
ground state of Pr3* ion is the non-Kramers '3 doublet.
This is because the I'3 doublet possesses not a magnetic
dipole but electric quadrupoles and a magnetic octupole.
Recently, Pr72X2o (T: Transition metal, X = Zn, Al) with
the non-Kramers doublet ground state have attracted much
attention because they exhibit a coexistence of supercon-
ductivity with quadrupole ordering [1-4]. In addition, they
exhibit a non-fermi liquid behavior in the electrical resistivity
and specific heat [1-4]. It is theoretically suggested that the
non-Fermi liquid behavior is caused by the hybridization
of quadrupoles with conduction electrons [5]. However, in
order to increase our understanding of these phenomena, it is
still crucial to find a new Pr compound with the I'3 doublet
ground state because the number of such compound is
limited.

We recently focused on the isostructural compound
PrRu»Zn>g which shows a structural transition at 7s = 138
K [6]. PrRuzZnyp shows no quadrupole ordering because
the CEF ground state doublet is split into two singlets as a
result of the site symmetry lowering at the structural transi-
tion. In Pr7»Znyo, there are three distinct Zn sites: 16c, 48f,
and 96g. Among these, Zn atoms at the 16c site [Zn(16¢)] is
encapsulated by an R>Zn1> cage as shown in the inset of Fig.
I(a). A first principles calculation suggested that the large
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Fig. 1. (a) specific heat divided by temperature C/T and (b) magnetic
susceptibility y (= M/B)of PrRusSn>Znig. The inset of (a) shows the
PryZnjy cage surrounding the Zn atom at the 16¢ site [Zn(16¢)]. In
PrRu,SnyZnig, Zn atoms at the 16c site are fully replaced by Sn atoms.

cage space of RoZnj cage induces the structural transition
[7]. For RT>X»0 (R: Rare earth, T: Transition metal, X = Zn,
Al), the cage space is evaluated by subtracting the atomic
radius of the caged atom from the average distance between
the atoms forming the cage and the caged atom [8]. Recently,
in isostructural R7>Zn>o (R = La-Nd, T = Co and Fe), it was
reported that Zn(16c¢) can be fully replaced by the Sn atom
[9]. This suggests that the structural transition in PrRuzZnzg
can be suppressed by the Sn substitution because the cage
space of the PrpZnj2 cage is reduced by introducing the Sn
atom with a larger atomic radius into the 16¢ site. In this
study, we synthesized Sn-substituted PrRusZny¢ using self-
flux and melt growth methods in order to obtain a new cubic
Pr-based compound.

The single-crystal x-ray structural analysis for obtained
samples revealed that the Sn atoms selectively occupy the
16c site. Thus, the chemical formula of the obtained sample
can be described as PrRuzSnyZnjg. Figure 1(a) shows the
specific heat divided by temperature, C/T, of PrRu;Sn>Zn;s.
No anomaly due to a structural transition is observed in
C/T, suggesting that PrRuSnzZn;g remains cubic even at
low temperatures. A broad peak at around 8 K is probably
attributed to a Schottky peak due to the CEF splitting. Below
3 K, C/T increases with decreasing temperature, implying
that the magnetic entropy is released even below 3 K. Figure
1 (b) shows the magnetic susceptibility y of PrRusSn>Znjs.
Below 10 K, y shows a Van-Vleck paramagnetic behavior,
indicating that the CEF ground state of PrRuzSnyZnjg is
non-magnetic. Since the Pr site has cubic symmetry, the
J multiplet of Pr ion with a total angular momentum of
J = 4 split into four multiplets; nonmagnetic I'y singlet and
I'3 doublet, and magnetic I's and I's triplets. Considering that
the magnetic entropy is released even below 3 K, the CEF
ground state of PrRuzSnaZn;g should be a nonmagnetic I3
doublet.

In conclusion, we have grown a new quaternary
compound PrRuzSnzZn;g. The structural transition in
PrRusZnyp can be suppressed by the Sn substitution. The
magnetization and specific heat measurements revealed
that the CEF ground state of PrRuxSnyZn;g is probably a '3
doublet. Therefore, PrRuzSnZn;g is a promising material for
studying the exotic phenomena arising from the multipole
degrees of freedom.
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First-Principles Study of
Anomalous Nernst Effect on
Skyrmion Crystal Chern Insulator

F. Ishii, Y. P. Mizuta, and H. Sawahata

We are interested in how to achieve much higher thermo-
electric conversion efficiency by effectively manipulating
electron-spin degree of freedom. As one possibility, we have
been studying Berry-phase-mediated thermoelectric effects,
namely the contribution of the anomalous Hall conduc-
tivity (AHC) to thermoelectric power. What we target here
is the anomalous Nernst effect (ANE), which is a heat-to-
electricity conversion observed in magnetic materials and
directly related to AHC. We discussed AHC mainly driven by
an effective magnetic field, Berry curvature, induced by spin-
orbit coupling and/or spin chirality.

We have so far found from computations on some models
that, in the so-called 2D Skyrmion crystal (SkX) phase,
where skyrmions are crystallized in two dimensions, the
crystal-momentum component of effective magnetic field
gives rise to the band structure that could generate large ANE
when chemical potential p is properly tuned [1]. Although
this behavior was most clearly confirmed in the simplest
model of square SkX with single s-orbital per site, our subse-
quent computations on more realistic models of transition-
metal oxides also showed possible large ANE [2]. A sizable
transverse thermoelectric coefficient is predicted to arise, by
means of first-principles calculations, in a SkX assumed on
EuO monolayer (Fig. 1(a)) where carrier electrons are intro-
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Fig. 1. (a) Calculated spin structures for skyrmion of EuO monolayer
model. (b) Calculated band structure, (c) chemical potential dependence
of anomalous Nernst coefficients and (d) power factors. Results are
shown for different values of temperature 100K and 300K. We assumed
the constant relaxation time 7= 10 fs.

duced upon a quantum anomalous Hall insulating phase of
Chern number C = 2. This encourages future experiments to
pursue such an effect.

Figure 1 (b) shows the band structure of electron-doped
EuO monolayer. There is a narrow band gap of ~20 meV
between the valence band top and conduction band bottom.
The Chern number was calculated by integrating Berry
curvatures of Brillouin zone. The occupied two bands with
Chern number C = 2 are mainly composed of Eu 5d and 6s
characters. We have calculated anomalous Nernst coeffi-
cients N and pure Nernst coefficients No = axy/0xy [2] by
using semiclassical Boltzmann transport theory with constant
relaxation time, 7 = 10 fs. The calculated chemical potential
dependence of Nernst coefficients N, pure Nernst coefficients
and power factor are plotted in Fig 1(c) and (d). The large
anomalous Nernst coefficients up to 60 yV/K and power
factor up to 70 uW/mK? can be obtained.

Such N arises from the coexistence of large longitudinal
thermoelectric coefficient and large Hall angle ratio, realized
in the vicinity of a narrow band gap with Chern number
C = 2. This demonstrates a prototype of novel class of new
thermoelectric materials utilizing the nanoscale topological
spin textures, motivating further studies including relevant
experiments. We concluded that the SkX and narrow-gap
Chern insulators could be candidate materials for thermo-
electric applications.
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Heavy-Fermion State in
Valence-Fluctuating Antiferromagnetic
Compound EuPt;Si; under High
Magnetic Field and High Pressure

T. Takeuchi, Y. Onuki, and T. Kida

EuPt,Sip crystallizes in the CaBe,Gep-type tetragonal
crystal structure and is known as a valence-fluctuating
compound. From the x(7) measurement of polycrystalline
samples, it is found that EuPt;Si; orders antiferromagneti-
cally at Tnv = 15 K. y(7) at high temperatures follows the
Curie-Weiss law with an effective magnetic moment of et =
7.7 ug/Eu, indicating that the Eu ions are essentially divalent.
Here, Uefr for the Eu?* free-ion is 7.94 up/Eu. On the other
hand, an unusual broadening of the Mdssbauer resonance
line width is observed below about 100 K, suggesting that
the valence is fluctuating and already deviates slightly
from divalent to trivalent at room temperature. One of the
intriguing findings for EuPt;Siy is the -In7 dependence of
p(T) below T = 100 K. In addition, the magnetic entropy of
Smag = 0.6RIn8 below T\ and the strongly enhanced v = 200
mJ/(K2-mol) suggest that a heavy-fermion state is realized at
low temperatures in EuPt2Sis.

To obtain more insight into the heavy-fermion features
in EuPt;Sip, we grew single crystals of this compound and
studied the effects of a magnetic field as well as pressure on
its magnetic properties.
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Fig. 1. High-field magnetization curves M(H) (left-hand scale) and

relative changes in the magnetoresistance Ap/po for J // [100] (right-
hand scale) in magnetic fields applied parallel to the [100] and [001]
directions at 1.4 K. The M(H) data below 7 T were measured in static
magnetic fields using a SQUID magnetometer at 2 K. The Ap/po curves
below 14 T were measured using a superconducting magnet. Broken
lines for Ap/pg at high magnetic fields are guides to the eye.

The single crystal of EuPtxSi> shows two antiferromag-
netic transitions at 7n1 = 21 K and Tn2 = 16 K. The -InT
dependence of p(7) was observed in the temperature range
from 7N to about 100 K, as observed in polycrystals. The
effect of magnetic field on the -InT dependence of p(7) is
found to be very weak, with Ap/po of only ~0.1% at poH
= 8 T. Even at woH = 40 T, which was produced using a
pulsed magnet, Ap/po amounted to only -20%, as shown in
Fig. 1. These results suggest that the Kondo-like behavior of
EuPt;Si; is rather stable against the application of magnetic
field, which is in contrast to the Ce-based heavy-fermion
compounds.

On the other hand, the pressure markedly shifts the -In T
dependence of p(7) to higher temperatures, and 7n1 is gradu-
ally decreased and suppressed to zero above P = 4 GPa, as
indicated in Fig. 2. From the comparison of the observed
magnetic, electronic, and thermal properties of EuPt;Si; with
those of the well studied EuCus(Gep 4Sip.6)2,[2] the anoma-
lous features observed below 100 K in p(7), S(T), and AV/V
for EuPt,Si; are most likely to be due to the valence fluctua-
tion of the Eu ions. As a future problem, X-ray absorption
and Mossbauer experiments are desirable to confirm the
temperature dependence of the Eu valence in EuPt;Si5.
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Fig. 2. Comparison of the P-T phase diagrams for EuPt;Si> and
EuCuz(Geo.4Sin.6)2, cited from Ref. [2]. The P-T phase diagram for
EuCux(Gep.4Sip6)2 was obtained by the resistivity measurements for
J 1/ [100] under pressures. PCC, BAC, and CAC denote piston cylinder
cell, Bridgman anvil cell, and cubic anvil cell.
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Magnetoelectric Behavior from
Square Cupola Magnetic Units
in High Magnetic Field

K. Kimura, Y. Kato, and A. Miyake

A particular class of magnetic order with broken space-
inversion and time-reversal symmetries has recently attracted
considerable interest because it can exhibit symmetry-
dependent unique phenomena, such as linear magnetoelectric
(ME) effects and associated nonreciprocal optical responses.
In exploring such a magnetic order, a material composed
of inversion asymmetric magnetic units is fascinating,
because structural asymmetry of the unit may stabilize a
nontrivial non-coplanar spin arrangement due to asymmetric
Dzyaloshinskii-Moriya (DM) interactions, which would
lead to various magnetoelectric responses. Recently, we
have synthesized new antiferromagnetic insulators A(TiO)
Cusg(PO4)4 (A = Ba, Sr, and Pb), which consists of CusO12
convex-shaped magnetic units known as square cupola
[Inset of Fig. 1(a)] [1-4]. Their crystal structure belongs to
a tetragonal space group P42;2 and is characterized by a
layered arrangement of CusO12 square cupolas. Interestingly,
neutron diffraction study [2] reveals that below the antifer-
romagnetic ordering temperature T, four Cu?* spins of each
square cupola forms a magnetic quadrupole moment, which,
along with magnetic monopole and toroidal moments, is
known as one of cluster multipole moments that satisfy the
symmetry condition for the linear ME effect. Indeed, we
observed a magnetic-field-induced electric polarization in
the Pb system and a sharp dielectric anomaly at 7 in the Ba
and Sr systems. (The difference originates from a stacking
manner of magnetic layers: the quadrupole moments stack
ferroically in the Pb system, while antiferroically in the Ba

M (ug/Cu")
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Bii1g (T)
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Fig. 1. Magnetic field dependence of magnetization (M) and electric
polarization along the ¢ axis (P.) obtained in (a) and (b) experiments
and (c) and (d) theoretical calculations for Pb(TiO)Cu4(PO4)4 (see Ref.
[5] for details). The magnetic field was applied along the [110] axis.
The inset of (a) shows a CusgO12 square cupola magnetic unit.
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and Sr systems.) These results demonstrate that magnetic
square cupolas are promising ME-active structural units in
the low magnetic field (B) quadrupole phase. However, their
ME activity in a B-induced phase, which appears commonly
in these materials above 10 T, has not been elucidated. In this
study, we have investigated ME properties in the B-induced
phases of the Pb [5] and Sr [6] systems.

Figures 1(a) and 1(b) show a B-dependence of electric
polarization along the ¢ axis (P.) in the Pb system, together
with magnetization along the [110] axis (M(110;) for compar-
ison. The B along the [110] direction (B[i110]) was applied
with use of a pulsed magnet. It is observed that P, develops
upon the onset of the B-induced phase at 16.4 T. A clear PE
hysteresis loop was observed at steady B of 18 T, confirming
the ferroelectric nature. Moreover, Pjoo1] shows a B-induced
sign reversal around 35 T. On the basis of the space group
P42;2 in the paramagnetic phase and the existence of finite
Mi110) and P, a possible maximal magnetic point group
of the B[ii0-induced phase is 2°, which supports a cluster
multipole moment composed of toroidal and magnetic
moments. Contrary to the Pb case, no finite P, was observed
in the B[iioj-induced phase of the Sr system. Instead, as
shown in Figs. 2(a) and 2(b), a sharp peak in the dielectric
constant along the [001] axis (€.) appears at the transition
field of ~15.0 T. (e, was measured up to 18 T using a super-
conducting magnet.) Considering the antiferroic stacking
of magnetic layers at a low B quadrupole phase, the B110}-
induced phase of the Sr system is expected to be antifer-
roelectric with a staggered electric polarization along the
¢ axis.

To understand the origin for the experimental results,
we have constructed a spin-1/2 effective model, in which a
DM interaction between neighboring spins due to convex
geometry is taken into account. As shown in Figs. 1(c) and
2(c), this model well reproduces the experimental M curves
in both systems, which strongly supports the validity of our
model analysis. Next, we evaluated the B[i19] dependence
of P. in the Pb system and €. in the Sr system on the basis
of the so-called exchange striction mechanism. As shown in
Figs. 1(c) and 2(c), the calculated P. and €. are qualitatively
in good agreement with experimental results. The analysis
thus indicates that the exchange striction plays a prime role
for the ME behavior from Cu40;2 square cupolas in the
Bji10)-induced phase. Moreover, a cluster multipole decom-
position was applied to the calculated spin arrangement
of square cupolas. The result shows that both toroidal and
quadrupole moments become finite in each magnetic layer.
This can explain the ferroelectricity and antiferroelectricity
along the c axis induced by B[110;.

The present results thus demonstrate that CusO12 square
cupolas are promising ME active structural units in a broad
range of a magnetic field. Distinct types of ME-active multi-
pole moments can appear in different phases. The convex
shaped geometry of CusOj2 square cupolas plays an impor-
tant role for the onset of such ME active multipole moments.
This implies that not only the square cupola unit, but also
other types of convex-shaped structural units are worth to be
explored for new magnetoelectric materials.
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Electric Dipole Spin Resonance
in the Interacting Quantum
Spin Dimer System KCuCl3

S. Kimura, M. Matsumoto, and M. Akaki

The observation of optical transition from spin singlet
to triplet states by means of high frequency electron spin
resonance (ESR) measurements is known as an advanta-
geous tool to investigate the energy spectrum of quantum
spin gap systems, such as a Haldane system or a spin ladder,
in high accuracy. The transition has been reported for many
spin gapped system, for instance Ni(CoHgN2)2NO2CIO4
(NENP), CuGeO3 and SrCux(BO3)>. However, the singlet-
triplet transition is, in principle, forbidden in magnetic dipole
transition, and therefore the origin of its finite transition
probability is not so clear at the moment.

Here we report on our recent high frequency ESR
study on the S = 1/2 interacting dimer system KCuCls.
By measuring polarization dependence of the ESR signal,
we have clarified that the singlet-triplet transition in this
compound is due to the electric dipole transition [1]. In
KCuCls, spin dimers composed of two Cu?* spins form
a three dimensional network in the monoclinic crystal.
Reflecting this dimer structure, the ground state of this
compound is the spin singlet state, and does not order down
to the lowest temperature. From the previous measurements,
two sets of the singlet-triplet transitions were observed [2].
The two sets of the singlet-triplet transitions are due to two
kinds of the crystallographically different dimers in the unit
cell of KCuCls, which gives rise to superposition of two
kinds of the triplet excitation modes in the momentum space.
To determine the selection rules of the singlet-triplet transi-
tion, we have performed the high frequency ESR measure-
ments by illuminating linearly polarized electromagnetic
wave to the sample.

Figure 1 shows the ESR signals from the singlet-triplet
transition in KCuClj3 in external magnetic fields parallel to
the b axis. Our experiment showed that both the lower and
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Fig. 1. ESR signals of the singlet-triplet transitions in KCuCls,
observed in the Faraday and Voigt configurations. In the measurements
in the Voigt configuration, linearly polarized electromagnetic wave is
illuminated to the sample. The ESR signals A and B come from the
higher and lower triplet excitation modes, respectively. The experi-
mental result shows that both signals are electrically driven, and direc-
tions of the oscillating electric fields, which couples to A and B, are
orthogonal each other.

higher energy triplet modes A and B couple with oscillating
electric fields of the electromagnetic wave. Furthermore, the
directions of the oscillating electric fields, which couple to
the A and B modes, are orthogonal each other. These behav-
iors are explained by the spin dependent electric polariza-
tion. Recent studies for magntoelectric multiferroic materials
revealed that the vector spin chilarity S; x S;, which is an
outer product of neighboring spin, induces an electric polar-
ization P, as P = C (S; x §;j), where C is a second rank tensor.
Coupling between this P and the oscillating electric fields
Ee ! can be regarded as a dynamical Dzyaloshinsky-Moriya
(DM) interaction, oscillating with an angular frequency w.
Because DM interaction has finite matrix elements between
spin singlet and triplet states, the electric dipole transition
between these states can occur. By taking into account the
two-fold helical axis between the two dimers, the observed
characteristic selection rule of the singlet-triplet transition
is also explained. The electric polarization, generated by
Si x Sj, can appear regardless of the local structural
symmetry between the two spin sites. Therefore, electric
dipole spin resonance by the spin-dependent electric polar-
ization is universal for spin gapped systems. It is possible
that the singlet-triplet transitions that were previously
observed in various spin gapped materials are induced by this
polarization mechanism.
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Emergent Transport Phenomena in
the Course of Multiple Topological
Transitions in MnSii.Gey

N. Kanazawa, Y. Tokura, and M. Tokunaga

Interplay between topological spin textures and conduc-
tion electrons produces giant effective magnetic field called
emergent magnetic field, leading to various electromagnetic
functionalities for next-generation memory devices and
energy-harvesting technology. Skyrmion and hedgehog spin
structures are representative examples, which show two- and
three-dimensional (2D and 3D) topological spin arrange-
ments, respectively. Reflecting their topological properties,
distinct emergent field distributions and each characteristic
response are realized, i.e., flux-line- and monopole-like
behaviors in skyrmion and hedgehog systems.

By synthesizing alloys of skyrmion- and hedgehog-
hosting compounds (MnSi and MnGe), we investigate the
transformation process between skyrmion and hedgehog
spin textures, where new type of topological phase transi-
tion is expected. We also perform high-magnetic field
measurements on Hall resistivity to unravel the emergent
field profiles upon complete unwinding those highly-
stable magnetic knots. Precise transport measurements
with puQ-resistance resolusion were achieved by utilizing
non-destructive pulse magnets energized by capacitor banks
and a flywheel DC generator installed at International
MegaGauss Science Laboratory of Institute for Solid State
Physics (ISSP).

We have observed three different magnetic phases with
varying composition x in MnSii.yGe,. As shown in the
magnetic phase diagrams (Fig. 1), each magnetic phase
exhibits a unique magnetic field value for the transition to
ferromagnetic state (approximately 1 T for 0 <x< 0.3, 10 T
for 0.3 <x<0.7,and 20 T for 0.7 < x < 1), which is sugges-
tive of the difference in topological property of the winding
spin texture. In particular, we identified a new type of
hedgehog lattice in MnSi.,Geyx with intermediate composi-
tion x = 0.4 — 0.6, i.e., at the expected topological magnetic
transition between the 2D skyrmion lattice (SkL) and the
3D hedgehog lattice (HL). This magnetic state consists of
hedgehogs and anti-hedgehogs aligned in face-centered-
cubic positions (Fig. 1). We also revealed emergent field
profiles characteristic to each magnetic state as topological
Hall effect (Fig. 2). There observed much difference in
magnitudes and H-dependence, again contrasting the three
topological phases.

In conclusion, we demonstrate the transitions among
distinct topological spin textures, namely 2D SkL and two
classes of 3D HLs, which are simply induced by control-
ling lattice constant or chemical pressure. The present study

gahshty |
R,

Anti-hedgehog

Fig. 1. (left) Variation of magnetic phase diagrams in MnSi;-,Gey. The
three colors represent different topological magnetic phases. (right)
Schematic illustration of the new hedgehog lattice state identified in
this study.
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suggests a new route for the direct manipulation of the spin-
texture topology. Furthermore, the established precise high-
field transport measurement technique will contribute to
detection of emergent electromagnetic fields appearing as
less-dissipative current and concomitant small resistance
change.
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Ferromagnetic-to-Helimagnetic Transition
in Cubic Perovskites Sr1.xBaxCoO3

H. Sakai, M. Tokunaga, and S. Ishiwata

Helimagnets have recently attracted great interest in
terms of fundamental physics and (spin)electronic applica-
tion, owing to their novel functions that simple ferromagnets
have never attained. Typical examples include spin-spiral-
driven ferroelectricity in perovskite-type manganites and
current-driven motion of magnetic skyrmions in chiral
magnets. However, since the helimagnetic order originates
from several competing magnetic interactions, its emergence
is highly limited by strong constraints on the lattice and spin
systems.

Here we report the emergence of helimagnetism out
of room-temperature ferromagnetism in simple cubic
perovskites Sri-xBaxCoO3 by the negative chemical pressure
(Fig. 1). By utilising a high-pressure technique, we have
successfully grown a series of single crystals with systemat-
ical chemical compositions. With the isotropic lattice expan-
sion by Ba substitution, room-temperature ferromagnetism
for SrCo0O3 is markedly suppressed, leading to incommensu-
rate helimagnetism, while the simple cubic structure remains
intact. High-resolution neutron diffraction the Ba-substituted
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Fig. 1. Schematic illustration of the helimagnetic-ferromagnetic transi-
tion driven by the lattice expansion/compression in the cubic perovskite
Sri.xBaxCoOs.

compounds has revealed the helimagnetic correlation that
evolves towards low temperatures in competition with ferro-
magnetic one [1].

Figure 2(a) shows the temperature dependence of the
magnetisation M at 0.01 T for Sr;—xBaxCoO3, measured
upon heating after a field cooling process. With increasing
x from 0.1 to 0.35, the ferromagnetic Curie temperature
Tc decreases systematically from 256 K to 176 K. For
x = 0.35, the increase in M below Tc is largely reduced, and
instead a clear drop in M upon cooling manifests itself at T
(=43 K). For x = 0.4, the ferromagnetic transition disappears
and the drop in M is more conspicuous. This corresponds
to the onset of the helimagnetic correlations as revealed by
the neutron diffraction experiments. To check the spin state
of Co** ions upon Ba substitution, we have also measured
the field profile of M at the lowest temperature (2—4 K)
(Fig. 2(b)). For x = 0.1-0.3 with the ferromagnetic ground
state, the M value is saturated above ~2 T, whereas the
saturation field is substantially enhanced with increasing x to
0.35, where the helimagnetic instability sets in. The value of
M barely saturates at above ~30 T for x = 0.35. From these
data, we have found that the saturation moment is almost
constant (~2.2-2.5ug/Co) with x up to 0.35 in spite of a
significant decrease in Tc. The spin state thus appears to
remain in a nearly intermediate, i.e., S = 3/2, configuration,
which is likely to be strongly hybridised with the ligand hole
states (see the inset to Fig. 2(b)).

Our results indicate that the subtle balance among the
magnetic interactions can be controlled by the lattice size,
i.e., bandwidth, which reflects the strong p-d hybridiza-
tion inherent in the unusually high-valence Co** state. The
discovery of the helimagnetic order by expanding the simple
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Fig. 2. (a) Temperature (7) profiles of magnetisation (M) at 0.01 T for
Sri—xBaxCoO3 (0.1 < x < 0.4) single crystals. (b) Field dependence of
M at the lowest temperature (2-4 K) for x=0.1-0.4. The profiles up
to ~40 T were measured with a pulse magnet. Inset shows schematic
diagram of intermediate spin configuration of Co**. L denotes an
oxygen ligand hole.
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cubic lattice provides a foundation for investigating the
properties of many other crystalline materials.
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Magnetic-Field-Induced Kondo Metal
State in the Kondo Insulator YbB12

F Iga, Y. H. Matsuda, and Y. Kohama

The Kondo effect is one of the most intensively studied
many-particle correlation effects and induces intriguing
phenomena such as heavy fermions and characteristic behav-
iors of electrons in quantum dots. There are rare materials
in which insulating phases appear with development of
the Kondo effect at low temperatures and they are termed
Kondo insulator. Since most of the compounds with signifi-
cant Kondo effect are metallic, the origin of formation of
the charge gap has been attracting attention for a long time.
Application of magnetic field (B) is expected to control the
electronic state of the Kondo insulator through the Zeeman
effect, and the magnetic field induced insulator-metal (IM)
transition actually occurs in the prototypical Kondo insulator
YbBj; at around 50 T [1]. The properties of the high-field
metallic phase have never been well understood because the
magnetic field required is rather high, which makes micro-
scopic measurements difficult to perform.

Here we report on specific heat (C,) measurements of
YbB 12 in high magnetic fields of up to 60 T. The techniques
for measurements of specific heat in a pulsed magnetic field
have been developed recently [2] and applied to researches
of various kinds of materials. We found that the specific heat
sharply increases as the IM transition takes place around
50 T. This largely enhanced value of specific heat coeffi-
cient (Cp /T) strongly indicates that a large density of state
(DOS) emerges at the Fermi energy and the electronic state
corresponds to the Kondo metal state with heavy mass quasi
particles.

60

c/T
(mJ/mol K2)
= 100

YbB;,
|
500 Kondo meta B/ [100]

40

— 80

30

B(T)

— 60

20
ndo insulator %

10

~ 20

&,

2 3 4 5 6 7
T(K)

Fig. 1. The plot of the C, / T in the B-T plain with a color gradient
scale. The Kondo metal phase appears in high magnetic fields.
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Fig. 2. Sommerfeld coefficient y is plotted as a function of the magnetic
field. The jump of y to a large value is a direct evidence of appearance
of a Kondo metal with heavy mass quasi particles.

Figure 1 shows a color plot image of the C, /T in the B-T
plane. The Kondo metal state is found to appear in higher
field region. Using the relation Cp, /T = y + BT?, where the
second term is due to phonon contribution with a constant f3,
the Sommerfeld coefficient y is deduced from the tempera-
ture variation of Cp. The deduced y is plotted as a function of
the magnetic field in Fig. 2. A similar plot for f is shown in
the inset. The vertical dashed lines denote the magnetic field
where the IM transition takes place [3]. A distinct increase
of y occurs along with the IM transition, and the y at a high-
field metal phase is 58 mlJ/(mol K?) and 67 mJ/(mol K?) at
49 T and 60 T, respectively. Although 3 may also have finite
magnetic field dependence, it is relatively smaller than the
large field-induced change in y and can be ignored at low
temperatures. It is also interesting to note that the obtained y
is as large as that in Kondo metals that exhibit strong valence
fluctuations. For instance, y is 50 mJ/(mol K?) in YbAl3 and
130 mJ/(mol K?) in a-YbAIB4. YbAI3 is one of the typical
valence fluctuation compounds, and a-YbAIBy is the aniso-
tropic heavy fermion compounds with significant valence
fluctuations. From the value of y, it is clearly concluded that
the field-induced metal state in YbB 12 is regarded as a Kondo
metal in the valence fluctuation regime [4].

We can evaluate the Kondo temperature 7x in the
high-field Kondo metal phase. The entropy S in the field-
induced metal can be estimated from the degeneracy W of
the magnetic state of 4f electrons in trivalent Yb ions. The
ground state of the Yb?* ions in the cubic crystal field in
YDbB 17 is I's and the W is 4. The excited I'¢ and I'7 doublets
are almost degenerated and located at a higher energy than I'g
by about 23 meV. Since the energy gap (15 meV) collapses
due to the Zeeman effect at the transition magnetic field and
this energy scale is comparable to the excitation energy of
the crystal field splitting (23 meV), the three I's7g states
more or less mix each other in high magnetic fields, and
thus, the upper limit of W is 8. The S is safely evaluated to be
between R In4 and R In8, where R is the gas constant. Using
the relation yTx ~ S, Tk is deduced to be 172K (for W = 4)
and 258 K (for W = 8) at 60 T. The obtained Tk is compa-
rable to that of a-YbAIB4 (Tk ~ 200 K).

The theoretical work using dynamical mean field theory
[5] predicts the appearance of the Kondo metal phase in high
magnetic fields, whose Zeeman energy becomes comparable
to the energy gap. According to this calculation, a sharp
peak of DOS appears at the IM transition, and the calculated
magnetization shows a steep increase at the transition that is
in good agreement with the experimentally obtained results.
The sharp peak can be considered as the field-induced Kondo



resonance peak. In even greater magnetic fields, the Kondo
effect is expected to be sufficiently suppressed. The recent
report on the magnetization process in YbBj2 suggests that
the magnetic field for the Kondo breakdown is as high as
120 T [6].
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Unconventional Field-Induced Spin Gap
in an S = 1/2 Chiral Staggered Chain

P. A. Goddard, T. Sakakibara, and Y. Kohama

The dramatic effect of an alternating local spin environ-
ment on the properties of the spin-1/2 antiferromagnetic
chain was first discovered through high-field neutron
scattering and heat capacity experiments on copper-benzoate,
which revealed the development of an energy gap on appli-
cation of magnetic field [1]. This was perplexing until it
was found that the behaviour of this system, and a handful
of others, could be described by the sine-Gordon model
of quantum-field theory [2,3]. Under the influence of the
applied field, the gap emerges thanks to the presence of
internal staggered fields and DM interactions that are a direct
result of the staggered Cu(Il) octahedra.

Here we report on the molecule-based chiral spin chain
[Cu(pym)(H20)4]SiFe-H20 (pym = pyrimidine), which at
first glance could be a sine-Gordon chain, but with an added
twist: a 41 screw (Fig.1(a)). Figure 1(b) shows the frequency
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Fig. 1. (a) Chiral structure of [Cu(pym)(H20)4]SiFs.H20. (b) Excita-
tions observed via electron-spin resonance at 1.9 K. (c) Temperature
dependence of the magnetic contribution to heat capacity at different
applied fields showing the opening of a field-induced gap. Lines are fits
to a gapped model.

evolution of electron-spin resonance at 1.9 K. The observed
resonances (black, red and blue (open) squares) cannot be
explained by paramagnetic resonances of transition metals
or conventional antiferromagnetic resonance. This behavior
are reminiscent of excitations observed in the sine-Gordon
spin chain [pym-Cu(NO3)2(H20),], where the branches
were identified as breather modes of the sine-Gordon model,
along with six other modes more difficult to classify [4].
However, the present observation cannot be modeled by the
breather gaps proposed for sine-Gordon chains. Figure 1(c)
shows the magnetic contribution (Cmag) to heat capacity for
a deuterated sample of [Cu(pym)(H20)4]SiFe-H20 down to
100 mK. In zero field above 0.5 K, the nearly constant
value of Cmag/T can be interpreted as the heat capacity of a
uniform S = %2 AF Heisenberg chain in the TLL state. The
heat capacity measurement also reveal the field-induced
gap in [Cu(pym)(H20)4]SiFe-H20. Given the similarities
with the nonchiral staggered chains, the expression for the
temperature dependence of Cmag derived from the sine-
Gordon model will provide the best possible estimate of the
gap at a particular magnetic field. However fitting our data
to the sine-Gordon model yields a gap of A = 1.98 K at
13 T, significantly smaller than the expected value of 8.24
K, calculated using g2s and J values obtained from ESR and
magnetometry. More importantly, the field evolution of the
gap exhibits Agoc H, which is distinctly different from the
expectation of the sine-Gordon model, where Ag oc H*3.

To recap, electron-spin resonance, magnetometry and
heat capacity measurements reveal the presence of staggered
g tensors, a rich low-temperature excitation spectrum, a
staggered susceptibility and a spin gap that opens on the
application of magnetic field. These phenomena are reminis-
cent of those previously observed in non-chiral sine-Gordon
systems. In the present case, however, the size of the gap and
its measured linear field dependence do not fit with the sine-
Gordon model as it stands. We propose that the differences
arise due to additional terms in the Hamiltonian resulting
from the chiral structure [5].
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Oxygen-Functionalization of
Graphene Enhances CO; Adsorption
under Near-Ambient Conditions

S. Yamamoto, J. Yoshinobu, and 1. Matsuda

The functionalization of graphene is important in
practical applications of graphene, such as in heteroge-
neous catalysts. The adsorption of molecules on functional-
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Fig. 1. (a, b) C Is and O 1s XPS spectra of the pristine epitaxial
graphene measured in 1.6 mbar CO, at 175 K. (¢, d) C Is and O
Is XPS spectra of the oxygen-functionalized epitaxial graphene
measured in 1.6 mbar CO; at 175 K. (e, f) C 1s and O 1s XPS spectra
of the oxygen-functionalized epitaxial graphene measured in UHV at
199 K after evacuating the CO». The incident photon energy was 740
eV. The photon flux densities were 1.0 x 10'° photons/s-cm? for (a, b),
7.3 x 10'6 photons/s-cm? for (c, d), and 1.5 x 10'® photons/s-cm? for
(e, f). The XPS spectra were normalized with the photon flux densities.

ized graphene is an important elementary step in catalytic
reactions on graphene. Despite its importance, however,
experimental approaches to clarify the interactions of
adsorbed molecules with functionalized graphene are
limited. Especially, the experiments in ambient conditions at
which catalysts are operated have been challenging.

In this study [1], the adsorption of CO2 on an oxygen-
functionalized epitaxial graphene surface was studied at
near-ambient conditions using ambient-pressure X-ray
photoelectron spectroscopy (AP-XPS). Monolayer epitaxial
graphene on SiC(0001) was used in this study. The oxygen-
functionalization of graphene was achieved in-situ by the
photo-induced dissociation of CO, with X-rays on graphene
in a CO; gas atmosphere. AP-XPS experiments were
performed at SPring-8 BLO7LSU.

Figures 1(a) and (b) shows C Is and O 1s XPS spectra
of the graphene surface measured under 1.6 mbar CO;
at 175 K. Except for the spectral features of the substrate
(Graphene(G), SiC, and buffer layer (S1 and S2)) and
gas-phase CO2 (CO2(g)), no adsorbed CO> molecules were
observed on graphene under the present condition. When
the photon flux density was increased by a factor of ~7
under the same conditions of CO2 gas pressure and sample
temperature, C 1s and O 1s XPS spectra were changed (Figs.
1(c, d)). New small peaks at 291.2 eV in C 1s and at 534.7
eV in O 1s XPS spectra were ascribed to adsorbed CO; [2].
Figures 1(e) and (f) show the C Is and O 1s XPS spectra
measured in ultrahigh vacuum after evacuating CO; gas.
After gas evacuation, neither adsorbed CO; nor gas-phase
CO, were observed. Therefore, CO2 molecules were only
present on graphene under near-ambient pressure gas at 175
K. When CO; molecules were adsorbed on the graphene
surface, additional XPS features were observed at 532.0 eV
in O 1s and 286.7 eV in C 1s XPS spectra (Figs. 1(c, d)).
These features were assigned to epoxy (C-O-C) group on
graphene. The photo-induced dissociation of CO2 molecules
(CO2>CO + 0) at high X-ray photon flux causes the forma-
tion of epoxy groups on graphene. The oxygen-functional-
ized graphene surface binds CO2 molecules more strongly
than the pristine graphene surface.

The increase in the adsorption energy of CO2 on the
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Fig. 2. The structural model of CO> adsorbed on the oxygen-function-
alized graphene. The oxygen species on graphene is an epoxy (C-O-C)
group.

oxygen-functionalized graphene surface was further inves-
tigated by first-principles calculations with the van der
Waals density functional (vdW-DF) method. The adsorp-
tion energy of CO; was increased by ~5 kJ/mol from
20.2 kJ/mol on the pristine graphene surface [2] to 25.7
kJ/mol on the oxygen-functionalized graphene surface.
This was in good agreement with the experimental value
(2 5 kJ/mol) derived from an adsorption and desorption
equilibrium relationship. In addition, first-principles calcu-
lations revealed that the most stable adsorption site of CO3
on the oxygen-functionalized graphene surface was not on
top of the epoxy group, but on the C-C bond of graphene
adjacent to the epoxy group (Fig. 2). The adsorption of
CO2 on the oxygen-functionalized graphene surface was
stabilized by both the electrostatic interactions between the
CO2 and epoxy group and the vdW interactions between
the CO2 and graphene. The detailed understanding of the
interaction between CO; and the oxygen-functionalized
graphene surface obtained in the present study may assist in
developing guidelines for designing novel graphene-based
catalysts.
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Ultrafast Control of a Ferroelectricity
with Dynamic Repositioning of Proton
in a Supermolecular Cocrystal

T. Umanodan, Y. Okimoto, and J. Itatani

Recent progress of intense THz and mid-IR (MIR)
sources has opened a new opportunity in solid state
physics. The small photon energy that is associated to
long wavelength enables to nondestructively apply intense
optical fields (~10 MV/cm or higher) to condensed matters
because multiphoton ionization followed by catastrophic
optical damage is unlikely to occur. When materials,
especially crystalline materials, are exposed to such intense
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Fig. 1. (a) Waveform of the MIR pulse used for photoexcitation. The
inset depicts the power spectrum of the pulse. The thin line shows the
€2 spectrum of Hdppz-Hca. (b) and (c) Time profile of Alsu/Isn (b) and
relative change in the reflectivity (AR/R) (c) in the presence of a MIR
field.

optical fields, many nontrivial exotic phenomena (e.g., high
harmonic generation in solids) start to occur.

In this work, we explored the possibility of ultrafast
control of ferroelectricity in a supraziramolecular ferroelec-
tric cocrystal composed of protonated 2,3-di(2-pyridinyl)
pyrazine (Hdppz) and deprotonated chloranilic acid (Hca).
The crystal becomes ferroelectric due to proton ordering
below the Curie point (Tc = 402 K), where the protons take
two stable positions between the Hdppz and Hca molecules.
We used intense THz and MIR pulses with stable carrier
envelope phases, and probed the symmetry breaking in the
presence of optical field using 6.5-fs optical pulses. This
pulse duration is shorter than one oscillation period of the
driving low frequency field, which allows to look into field-
induced proton dynamics on sub-cycle time scales of the
MIR field. We measured second harmonic of ultrashort
visible pulses as a signature of inversion symmetry breaking
due to proton displacement.

Figure 1(a) and (b) show the electric field waveform
of the intense MIR pulses and observed change of second
harmonic (SH) signals, respectively. Although the MIR
field contains multiple cycles (i.e., the envelopes of the
positive and negative polarity are identical), observed SH
signal follows the optical waveform of the positive polarity
alone. This behavior is well reproduced by a classical model
depicted in Fig. 2. In this model, we included anharmonic
potential and molecular vibration whose resonant frequency
is within the MIR spectrum. As shown in the inset in
Fig. (a)), the spectrum of driving MIR pulse has an overlap
with an absorption peak of C-O- stretching mode, leading to
the displacement of equilibrium point in the presence of MIR
fields. Contrary, with an intense THz field, the change of SH
signals was observed to be proportional to the instantaneous
field amplitude.

In summary, using intense THz and MIR pulses, we
observed field-induced symmetry breaking in Hdppz-Hca
molecular crystals. This process can be understood as the
proton displacement that can follow the oscillating optical
field up to ~100 THz. The results suggest that repositioning
of protons and resulting ferroelectricity can be dynami-
cally controlled by the optical waveform of intense optical
pulses. We expect that more exotic nonlinear responses
will be discovered in future, leading to a foundation of PHz
optoelectronics.
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Tensile-Strain-Dependent Spin States
in Epitaxial LaCoQO3 Thin Films

Y. Yokoyama, H. Wadati, and Y. Harada

In transition metal compounds, charge, spin, and orbital
degrees of freedom by a strong electron correlation realize
various physical phenomena such as superconductivity,
metal-insulator transition, and charge ordering [1]. The
perovskite-type cobalt oxide LaCoO3 is one of the most
interesting materials because of its various electron degrees
of freedom. Since the spin state of LaCoQOs3 is sensitive to
the crystal field, a spin crossover from the low-spin (LS) to
high-spin (HS) state is shown by increasing the temperature
[2]. Epitaxial strain can also influence the spin states and a
ferromagnetism is observed in LaCoOs3 thin films at lower
temperatures (< 85 K) [3-5]. In previous studies, the spin
states of the thin films were considered by the orderings of
3d electrons on the basis of resonant x-ray diffraction [3-5].
However, direct observations of the electronic structures are
important to clarify the spin states. Since it is difficult to
determine the spin states by conventional techniques such
as x-ray absorption spectroscopy (XAS), we performed
resonant inelastic soft x-ray scattering (RIXS) with Co 2p —
3d — 2p process (L edge) [6]. The RIXS is one of the most
powerful techniques to clarify the spin states by observing
the d-d excitations.

The LaCoOs3 epitaxial thin films (30 nm thickness) were
fabricated on LSAT(110) and LSAT(111) [(LaAlO3)o3
(SrAlp5Tap.503)0.7] substrates by pulsed laser deposition
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Fig. 1. Comparison of the experimental RIXS spectra excited with A:
L3 =29 eV (776.5 eV) measured at 40 and 300 K and the theoretical
ones in Oy and Dy, symmetries.
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technique. The same substrates with different orientations
enable us to observe the pure strain effects on XAS and
RIXS spectra. The lattice constant of the LSAT substrate is
3.868 A, while that of the LaCoO3 bulk is 3.804 A, indicating
that tensile strains are applied to the LaCoOs3 epitaxial thin
films grown on LSAT substrates. The magnitude of the
tensile strains from LSAT(110) and LSAT(111) substrates
are 1.0% and 0.5%, respectively (strains are defined as the
ratio of the cubic root of the unit cell volume) [3,4]. The
experiments of XAS and RIXS were performed at BLO7LSU
HORNET, SPring-8 [7]. The RIXS measurements were
performed with soft x-ray from 770 to 810 eV (Co L3 and L,
edge). In the range of the x-ray energy, the energy resolution
is ~ 300 meV.

The comparison of the experimental RIXS spectra
excited with A: L3 =2.9 eV (776.5 eV) measured at 40 and
300 K and the theoretical ones with several electronic states
are shown in Fig. 3. The peaks observed at around 0.3 eV is
assigned to the excitations from the HS ground states. On the
other hand, the peaks at 1.3 eV observed correspond to the
excitations from the LS ground states. However, the peaks
at 1.0 eV in LaCoO3/LSAT(110) cannot be explained by
either the LS or HS with O, symmetry. By comparing with
the theoretical spectra, the peak for the HS state is shifted to
1.0 eV by lowering the symmetry from Oy to D2, indicating
that the spin state of LaCoO3/LSAT(110) consists of the HS
states with different local symmetries, i.e., the mixture of Oy
and Dy, symmetries.

In this study, we performed RIXS measurements and
revealed that the spin states of Co ions were different
between the bulk crystal and the thin film crystals. Although
it is difficult to observe the strain effects on the spin states
with conventional XAS measurements, clear difference can
be probed with the use of RIXS.
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Photo-Induced Semimetallic States
Realized in Electron—-Hole
Coupled Insulators

K. Okazaki, T. Mizokawa, and S. Shin

Using light to manipulate materials into desired states
is one of the goals in condensed matter physics, since light
control can provide ultrafast and environmentally friendly
photonics devices. However, it is generally difficult to realize
a photo-induced phase which is not merely a higher entropy
phase corresponding to a high-temperature phase at equilib-
rium.

Here, we report realization of photo-induced insulator-to-
metal transitions in TazNi(Se;-xSx)5 including the excitonic
insulator phase using time- and angle-resolved photoemis-
sion spectroscopy (TARPES) [1]. From the dynamic proper-
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ties of the system, we determine that screening of excitonic
correlations plays a key role in the timescale of the transition
to the metallic phase, which supports the existence of an
excitonic insulator phase at equilibrium. The nonequilib-
rium metallic state observed unexpectedly in the direct-gap
excitonic insulator opens up a new avenue to optical band
engineering in electron—hole coupled systems.

Figure 1 shows the time-integrated TARPES spectra
before and after pumping. After photo-excitation, both
the electron and hole bands cross Ef at the same Fermi
momentum kr ~0.1 A~! as schematically shown by the red
and blue parabolas in Fig. 1b. This may indicate that the
hybridization between the two Ta chains is sufficiently strong
to lift the degeneracy. However, since this is not predicted
by band-structure calculations, this behavior of the emerging
of the hole and electron bands crossing Ef at the same kF is
a surprising nature of the observed non-equilibrium metallic
phase, indicating that the observed nonequilibrium metallic
state is entirely different from the high temperature phase in
the equilibrium state.

To confirm that the observed non-equilibrium metallic
phase of TapNiSes can be associated with the excitonic
condensation, we have performed comparative TARPES
measurements on Ta;NiSs. Quite unexpectedly, an electron
band emerges above Ef and the hole band below Ef shifts
upward. In addition, the bottom of the electron band and the
top of the hole band seems to cross EF, and the system seems
likely to be semimetallic. This may require reconsidering the
nature of the insulating phase for Ta;NiSs, which had been
considered as an ordinary band insulator.

The non-equilibrium metallic phases observed for both
of TapNiSes and TasNiSs should suggest that these photo-
induced phase transitions are not merely transitions to
higher entropy states that can be realized at high tempera-
tures in the equilibrium state. Thus, photo-excitation can be
considered to induce similar effects to pressure. Since the
pressure-induced superconducting phase has been found
for TapNiSes, with some appropriate pumping condition
probably with lower photon energy of some resonant condi-
tion, photo-induced superconductivity might be realized for
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Fig. 1. TARPES spectra of TapNiSes before and after pumping. a
Energy—-momentum (E-k) map before pumping, integrated in the time
interval [-0.29, 0] ps. b Corresponding map of the transient states,
integrated in [0, 1.2] ps. Red and blue parabolas indicate the electron
and hole bands crossing EF in the non-equilibrium metallic state. These
spectra were acquired with a pump fluence of 1.56 mJ/cm?.




this material. Realization of this fascinating photo-induced
phase would be one of the ultimate goals of investigations of
the photo-excited electronic state.
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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 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 is SGI ICE XA / UV hybrid
system that consists of FAT nodes with large memory,
CPU nodes based on Intel Xeon, and ACC node enhanced
by GPGPU accelerator. Its theoretical performance is 2.6
PFLOPS. System C is HPE SGI 8600 with 0.77 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”. In this project, for
enhancing the usability of the ISSP supercomputer system,
we perform some software-advancement activity such as
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, writing/improving manuals for public codes. Two
target programs were selected in fiscal year 2018 and devel-
oped software were released as DSQSS (proposal made
by A. Masaki (RIKEN)) and RESPACK (proposal made
by K. Nakamura (Kyutech)). The SCC is also providing a
service for porting users' software to General Purpose GPUs

(GPGPU).

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 2018, totally 283 projects were approved. The total
points applied and approved are listed on Table. 1 below.
Additionally, we supported post-K and other computational
materials science projects through Supercomputing Consor-
tium for Computational Materials Science (SCCMS).

The research projects are roughly classified into the
following three (the number of projects approved):

First-Principles Calculation of Materials Properties (131)
Strongly Correlated Quantum Systems (33)

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 2018’ of the SCC. Every year 3-4
projects are selected for “invited papers” and published at
the beginning of the Activity Report. In the Activity Report
2018, the following three invited papers are included:

"Development of Open-Source Software mVMC and
its Applications", Takahiro Misawa, Yuichi Motoyama, and
Kota Ido (ISSP, U. Tokyo)

"First-Principles Studies on Anomalous Electron and
Spin Transport Properties in Non-Trivial Spin Textures",
Fumiyuki ISHII (Kanazawa U.)

"Coarse-Grained Force Field for Lipid Domain Forma-
tion Simulations”, Sangjae Seo, and Wataru Shinoda
(Nagoya U.)

Total Points
Max Points Number
Class Application of Applied Approved
Projects
System B System C System B System C System B System C
A 100 50 any time 20 2.0k 1.0k 2.0k 1.0k
B 1k 100 twice a year 70 64.2k 3.5k 42.6k 2.9k
C 10k 1k twice a year 168 1395.3k 77.2k 620.0k 62.0k
D 10k 1k any time 8 42.3k 3.0k 30.0k 2.5k
E 30k 3k twice a year 17 490.0k 46.0k 279.5k 39.8k
S twice a year 0 0 0 0 0
SCCMS 25 235.5k 19.1k 235.5k 19.1k
Total 308 2229.3k 149.7k 1209.6k 127.3k

Table 1. Research projects approved in 2018

The maximum points allotted to the project of each class are the sum of the points for the two systems; Compu-
tation of one node for 24 hours corresponds to one points for the CPU nodes of System B and System C. The
FAT and ACC nodes require four and two points for a 1-node 24-hours use, respectively.
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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 for the university-
owned various neutron scattering spectrometers installed
at the JRR-3 (20MW) operated by Japan Atomic Energy
Agency (JAEA) in Tokai. In 2003, the Neutron Scattering
Laboratory was reorganized as the Neutron Science Labora-
tory to further promote the neutron science with use of the
instruments in JRR-3. Under the General User Program
supported by NSL, 14 university-group-owned spectrom-
eters in the JRR-3 reactor are available for a wide scope
of researches on material science, and proposals close to
300 are submitted each year, and the number of visiting
users under this program reaches over 6000 person-day/
year. 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 Experimental Facility, J-PARC).
HRC covers a wide energy and Q-range (10peV < hw < 2eV
and 0.02A!1 < Q < 50A-1), and therefore becomes comple-
mentary to the existing inelastic spectrometers at JRR-3.
HRC started to accept general users through the J-PARC
proposal system in FY2011.

Triple axis spectrometers, HRC, and a high resolu-
tion powder diffractometer are utilized 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 the small
angle neutron scattering (SANS-U) and/or neutron spin echo
(INSE) instruments. The upgraded time-of-flight (TOF)
inelastic scattering spectrometer, AGNES, is also available
through the ISSP-NSL user program.

Scientific outputs from HRC in FY2018 covers wide
range in magnetism and strongly correlated electrons. One
of the research highlights is the study on quantum phase
transition in the singlet-ground-state antiferromagnet
CsFeCl; [1]. Even though the HRC spectrometer is designed
for inelastic neutron scattering measurement, the use of
white beam allows us to measure Laue spots. Temperature
evolution of the Laue spot at ¢ = (1/3, 1/3, 0) at 1.4 GPa in
Fig. 1(a) evidences the existence of the pressure-induced
magnetic Bragg peak at the ¢ in CsFeClz. Combination
of further measurements using a neutron diffractometer
ZEBRA and magnetic structure analysis reveals a 120° struc-
ture with a propagation vector of kmag = (1/3, 1/3, 0). The
estimated critical exponent of the order parameter suggests
that CsFeCls belongs to the universality class of U(1)xZ;
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Fig. 1. (a) Temperature dependence of magnetic Bragg peak measured
at HRC spectrometer. (b) Neutron diffraction profiles at 0.0 and 2.0
GPa measured at ZEBRA spectrometer. The inset exhibits the deter-
mined magnetic structure.

symmetry which is expected to realize the chiral liquid state.

Technical progress of HRC spectrometer was the devel-
opment of high pressure environment. Cylinder-type cell
made of CuBe alloy was designed by Prof. Uwatoko. The
volume for the sample space is 5 mm in diameter and 20
mm in length. The maximum pressure is 1.4 GPa. The
measurement was performed on 0.4g of CsFeCl; sample. 1
K cryostat was used to achieve 0.7 K, and the power of the
J-PARC operation was 400 kW. Well-defined spin wave was
successfully measured in the pressure-induced magnetic
phase in CsFeCls.

The NSL also operates the U.S.-Japan Coopera-
tive Program on neutron scattering, providing further
research opportunities to material scientists who utilize the
neutron scattering technique for their research interests. In
2010, relocation of the U.S.-Japan triple-axis spectrom-
eter, CTAX, was completed, and it is now open to users.

https://neutrons.ornl.gov/ctax
[1] S. Hayashida et al., Phys. Rev. B 97, 140405(R) (2018).

International MegaGauss
Science Laboratory

The objective of this laboratory (Fig. 1) is to study the
physical properties of solid-state materials (such as semicon-
ductors, magnetic materials, metals, insulators, supercon-
ducting materials) under ultra-high magnetic field conditions.
Such a high magnetic field is also used for controlling the
new material phase and functions. Our pulse magnets, at
moment, can generate up to 87 Tesla (T) by non-destructive
manner, and from 100 T up to 1200 T (the world strongest
as an in-door record) by destructive methods. The laboratory
is opened for scientists both from Japan and from overseas,
especially from Asian countries, and many fruitful results are
expected to come out not only from collaborative research
but also from our in-house activities. One of our ultimate
goals is to provide the scientific users as our joint research
with magnets capable of a 100 T, millisecond long pulses in
a non-destructive mode, and to offer versatile physical preci-
sion measurements. The available measuring techniques now
involve magneto-optical measurements, cyclotron resonance,
spin resonance, magnetization, and transport measurements.
Recently, specific heat and calorimetric measurements are
also possible to carry out with sufficiently high accuracy.

Our interests cover the study on quantum phase transi-
tions (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

Fig. 1. Signboard at the entrance of the IMGSL.
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magnetic materials. Non-destructive strong pulse magnets
are expected to provide us with reliable and precise solid
state physics measurements. The number of collaborative
groups for the research is almost 56 in the FT of 2018.

A 210 MJ flywheel generator (Fig. 2), which is the world
largest DC power supply (recorded in the Guinness Book of
World Records) has been installed in the DC flywheel gener-

Long Pulse Magnet Laboratory
International MegaGauss Science Laboratory
The Institute for Solid State Physics
251V ASFIBRIRIR

i

3545 hu—)

Fig. 2. The building for the flywheel generator (left hand side) and a
long pulse magnet station (right hand side). The flywheel giant DC
generator is 350 ton in weight and 5 m high (bottom). The generator,
capable of a 51 MW output power with the 210 MJ energy storage, is
planned to energize the long pulse magnet generating 100 T without
destruction.

ator station at our laboratory, and used as an energy source
of 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 giant DC 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.

Magnetic fields exceeding 100 T can only be obtained
with destruction of a magnet coil, where ultra-high 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. (Build. C) A view of the electro-magnetic flux compression
1000 T-class megagauss generator set in side of an anti-explosive house.
1000 T project started since 2010, and finally condenser banks of 9 MJ
(5 MJ + 2 MJ +2 MJ) as a main system with the 2 MJ sub bank system
for the seed field have been installed, and settled in the year of 2014.

. Pulse width o
Alias Type Bimax B Power source Applications Others
ore
Electro- Magnetic . us 5MJ, 50 kV Magneto-Optical SK-
. destructive 1200 T o
Flux Compression 10 mm 2MJ, 50kV Magnetization Room temperature
o us
Building C Horizontal . Magneto-Optical measurements
Room ) . destructive 300T 5 mm 0.2 MJ, 50kV o SK- 400K
Single-Turn Coil Magnetization
101-113 200T 10 mm
S
Vertical . ’ Magneto-Optical 2K-
. . destructive 300T 5 mm 0.2 MJ, 40 kV o
Single-Turn Coil Magnetization Room temperature
200 T 10 mm
Magneto-Optical measurements
Magnetization
60T 40 ms Magneto-Transport Independent
18 mm Hall resistance Experiment in 5 site
Building C L
. . Polarization
Room Mid-Pulse Magnet | Non-destructive 0.9 MJ, 10 kV L
Magneto-Striction
114-120 70T 40 ms Magneto-Imaging Lowest temperature
10 mm Torque 0.1K
Magneto- Calorimetry
Heat Capacity
Resistance
. PPMS Steady State 14T . Down to 0.3 K
Building C Heat Capacity
Room 121 L
MPMS Steady State 7T Magnetization
87T 5 ms
(2-stage pulse) 10 mm L
. Magnetization 2K-
Short-Pulse Magnet| Non-destructive 0.5MJ,20kV
Magneto-Transport Room temperature
Building K 8T 5 ms
18 mm
. 1s Resistance 2K -
Long-Pulse Magnet| Non-destructive 435T 210 MJ, 2.7kV .
30 mm Magneto-Calorimetry Room temperature
Table 1. Available Pulse Magnets, Specifications
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Fig. 4. Schematic picture of the H-type single-turn coil equipped with
50 kV, 200 kJ fast operating pulse power system, capable of generating
300 T within 3 mm bore coil.

(Fig. 3), has been proceeded. Our experimental techniques
using the destructive magnetic fields have intensively been
developed. The system which is unique to ISSP in 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 from each
power source. Both systems are fed with another 2 MJ
condenser bank used for a seed-field coil, of which magnetic
flux is to be compressed. The 2 MJ EMFC system is
currently under the process for optimizing several mechan-
ical and electrical parameters such as dimensions of coils
and liners. And so far, generation of 450 T was success-
fully done using 1.6 MJ energy. The 5 MJ EMFC system
is under conditioning the main gap switches by finely
tuning control parameters. And so far, generation of 1200 T
was successfully done using 3.2 MJ energy. As an easy
access to the megagauss science and technology, we have
the single-turn coil (STC) system capable of generating
the fields of up to 300 T by a fast-capacitor of 200 kJ. We
have two STC systems, one is a horizontal type (H-type,
Fig. 4) and the other is a vertical type (V-type). Various kinds
of laser spectroscopy experiments such as the cyclotron
resonance and the Faraday rotation are possible using the
H-type STC.

Center of Computational
Materials Science

The goal of the materials science is to understand and
predict properties of complicated physical systems with a
vast number of degrees of freedom. Since such problems
cannot be solved with bare hands, it is quite natural to use
computers in materials science. In fact, computer-aided
science has been providing answers to many problems
ranging from the most fundamental ones to the ones with
direct industrial applications. In the recent trends of the
hardware developments, however, the growth of computer
power is mainly due to the growth in the number of the units.
This fact poses a very challenging problem before us ---
how can we parallelize computing tasks? In order to solve
this problem in an organized way, we coordinate the use of
the computational resources available to our community,
and support community members through various activities
such as administrating the website "MateriApps" for infor-

Fig. 1. Members of CCMS.

mation on application software in computational science.
These activities are supported by funds for various govern-
mental projects in which CCMS is involved. In particular,
we are acting as the headquarters of Priority Area 7 of
MEXT FLAGSHIP2020 Project (so-called "post-K computer
project”). In addition to this, CCMS is involved in Priority
Area 5 and Pioneering Area (CBSM2) of FLAGSHIP2020
project, Element Strategy Initiative, and Professional Devel-
opment Consortium for Computational Materials Scientists
(PCoMS).

The following is the selected list of meetings organized
by CCMS in FY2018:

* 4/2-4/3 Joint Research Meeting of ISSP Supercomputer
Joint Use and CCMS Annual Activity Report 2018 ISSP,
Kashiwa

* 5/10 PCoMS Matching Workshop for industries &
graduate students/postdocs  The University of Tokyo
Kashiwa Campus Station Satellite, Kashiwa

e 7/2-7/12 The International Summer Workshop
2018 on First Principles Electronic Structure
Calculations(ISS2018) ISSP, Kashiwa

e 7/19-7/20 Post-K Project Priority Issue 7, The 3rd
Annual Meeting Koshiba-Hall, Hongo, Tokyo

* 10/2-10/4 The 2nd Innovation Camp for Computational
Materials Science (2nd ICCMS) The Kaike Seaside
Hotel, Tottori

* 10/19 Post-K Project Exploratory Challenge 1,
Sub-Challenge D, Workshop KOIL, Kashiwa

e 12/3 TIA-Kakehashi Poster Workshop 2018 The
University of Tokyo Kashiwa Campus Station Satellite,
Kashiwa

e 12/17-12/18 Post-K Project Priority Issue 7, The 4th
Symposium ISSP, Kashiwa

e 2/4 PCoMS Skill improvement training for graduate
students & postdocs ISSP, Kashiwa

* 3/5 The visualization Symposium 2019 Akihabara UDX
theater, Tokyo

Laser and Synchrotron Research Center
(LASOR Center)

Laser and Synchrotron Research (LASOR) Center
started from October, 2012. LASOR Center aims to promote
material sciences using advanced photon technologies at
ISSP by combining the “Synchrotron Radiation Labora-
tory” and “Advanced Spectroscopy Group”. These two
groups have long histories since 1980’s and have kept strong
leaderships in each photon science fields for a long time
in the world. In the past several decades, the synchrotron-
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based and laser-based photon sciences have made remark-
able progresses independently. However, recent progresses
in both fields make it feasible to merge the synchrotron-
based and laser based technologies to develop a new direc-
tion of photon and materials sciences. In the LASOR Center,
extreme laser technologies such as ultrashort-pulse genera-
tion, ultraprecise control of optical pulses in the frequency
domain, and high power laser sources for the generation of
coherent VUV and SX light are intensively under develop-
ment. The cutting edge soft X-ray beamline is also developed
at the synchrotron facility SPring-8.

LASOR center aims three major spectroscopic methods
[ultrafast, ultra-high resolution, and operand spectroscopy]
by three groups [extreme laser science group, soft-X-ray
spectroscopy and materials science group, and coherent
photon science group], as illustrated in Fig. 2. Under this
framework, various advanced spectroscopy, such as ultra-
high resolution photoemission, time-resolved, spin-resolved
spectroscopy, diffraction, light scattering, imaging, micros-
copy and fluorescence spectroscopy are in progress by
employing new coherent light sources based on laser and
synchrotron technologies that cover a wide spectral range
from X-ray to terahertz. In LASOR Center, a variety of
materials sciences for semiconductors, strongly-correlated
materials, molecular materials, surface and interfaces, and
bio-materials are studied using advanced light sources and
advanced spectroscopy. Another important aim of LASOR
Center is the synergy of photon and materials sciences.

Most of the research activities on the extreme laser
development and their applications to materials science
are performed in the ISSP buildings D and E at Kashiwa
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Fig. 1. Open ceremony of LASOR center on October 2012.
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Fig. 2. Developments of advanced spectroscopy at LASOR center by
three groups

50 ISSP Activity Report 2018

M

4

Fig. 4. Newly designed building E was constructed for new extreme
VUV- and SX-lasers and new spectroscopy.

Campus where large clean rooms and the vibration-isolated
floor are installed. On the other hand, the experiments
utilizing the advanced synchrotron source are performed at a
beamline BLO7LSU in SPring-8 (Hyogo).

* Extreme Laser Science Group

The advancement of ultrashort-pulse laser technologies
in the past decade has transformed the laser development
at ISSP into three major directions, (i) towards ultrashort
in the time domain, (ii) ultra high resolution in the spectral
domain, and (iii) the extension of the spectral range, with
extreme controllability of the laser sources. For ultrafast
spectroscopy, we have developed carrier-envelope phase
stable intense infrared light source that can produce sub-two
cycle optical pulses for high harmonic and attosecond pulse
generation. So far we observed coherent soft-X-ray radia-
tion extending to a photon energy of ~330 eV. The simula-
tion predicts the soft-X-ray field consists of single isolated
attosecond pulses. For ultra-high resolution spectroscopy,
fiber-laser-based light sources are intensively developed
for producing EUV pulses for high resolution and time-
resolved photoemission spectroscopy as well as extending
the frequency comb to ultraviolet or infrared for various
applications. The spectral range of intense optical pulses are
being extended from visible to IR, MIR and THz ranges.
Various types of high-repetition-rate ultrastable light sources
are developed for laser-based ultrahigh resolution photoemis-
sion spectroscopy, high-average-power EUV generation in
an enhancement cavity, and frequency comb spectroscopy



for atomic physics, astronomical application, and frequency
standards.

* Soft-X-ray and Materials Science Group

Recently, VUV and SX lasers have progressed very
rapidly. They become very powerful for the materials
science using the cutting-edge VUV and SX spectroscopy.
Especially, angle resolved photoemission spectroscopy
(ARPES) is very powerful to know the solid state properties.
Laser has excellent properties, such as coherence, monochro-
maticity, polarization, ultra-short pulse, high intensity, and
so on. By using monochromatic laser light, the resolution
of ARPES becomes about 70-ueV. The materials science
with sub-meV resolution-ARPES is improved drastically by
using high resolution laser. For example, superconducting
gap anisotropy of the superconductors and Fermiology of
the strongly correlated materials are studied very well. On
the other hand, using pulsed laser light, the time-resolved
photoemission in fs region becomes powerful to know the
relaxation process of photo-excited states of the materials.
Furthermore, by using CW laser with circular polarization
in VUV region, the photoelectron microscopy (PEEM) is
developed. The spatial resolution of nm resolution is very
powerful for the study of nanomagnetic materials.

* Coherent Photon Science Group

The coherent-photon science group has main interests in
exploring a variety of coherent phenomena and non-equilib-
rium properties of excited states in condensed matters, in
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Fig. 5. Phase-dependence of high harmonic spectra in soft X rays.

Fig. 6. 10-MHz high harmonic generation in an enhancement cavity.
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Fig. 8. Photonics devices under study: (left panel) semiconductor
quantum wires and (right panel) firefly-bioluminescence system
consisting of light emitter (oxyluciferin) and enzyme (luciferase)
collaborations with research groups in charge of photoemis-
sion, operand-spectroscopy and extreme laser science. This
group covers a wide range of materials, from semiconduc-
tors, ferroelectrics, antiferromagnets, and superconductors
to biomaterials. Various ultrafast optics technologies such
as femtosecond luminescence, terahertz spectroscopy, and
pump-and-probe transmission/reflection spectroscopy are
applied to studies on dynamics of photo-excited carriers
and photo-induced phase transitions. Coherent control of
matters using phase-locked strong terahertz or mid-infrared
pulse is extensively studied. Advanced photonics devices are
intensively studied, such as quantum nano-structure lasers
with novel low-dimensional gain physics, low-power light-
standard LEDs, very efficient multi-junction tandem solar
cells for satellite use, and wonderful bio-/chemi-luminescent
systems for wide bio-technology applications.

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 (SR). Currently, SRL is
composed of two research sites, the Harima branch and the
E-building of the Institute for Solid State Physics.

* Brilliant soft X-ray beamline at Harima branch
In 2006, the SRL staffs have joined the Materials
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Fig. 1. TR-SX station

Fig. 2. 3D-nano ESCA station

Research Division of the Synchrotron Radiation Research
Organization (SRRO) of the University of Tokyo and they
have played an essential role in constructing a new high
brilliant soft X-ray beamline, BLO7LSU, in SPring-8. The
light source is the polarization-controlled 25-m long soft
X-ray undulator with electromagnetic phase shifters that
allow fast switching of the circularly (left, right) and linearly
(vertical, horizontal) polarized photons.

The monochromator is equipped with a varied line-
spacing plain grating, which covers the photon energy range
from 250 eV to 2 keV. At the downstream of the beamline,
a lot of experimental stations have been developed for
frontier spectroscopy researches: five endstations, i.e. time-
resolved soft X-ray spectroscopy (TR-SX) equipped with
a two-dimensional angle-resolved time-of-flight (ARTOF)
analyzer (Fig. 1), three-dimensional (3D) nano-ESCA
station equipped with the Scienta R-3000 analyzer (Fig. 2),
high resolution soft X-ray emission spectroscopy (XES)
stations (Fig. 3) are regularly maintained by the SRL staffs
and open for public use, and at free-port station many novel
spectroscopic tools have been developed and installed such
as ambient pressure photoemission (Fig. 4) and soft X-ray
diffraction (Fig. 5) which are also open for public use from
2018, and soft X-ray resonant magneto-optical Kerr effect
(MOKE), two dimensional photoelectron diffraction and so
on. The beamline construction was completed in 2009 and
SRL established the Harima branch laboratory in SPring-8.
At SPring-8 BLO7LSU, each end-station has achieved high
performance: the TR-SX station have established the laser-

Fig. 3. Soft X-ray emission station
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Fig. 4. Ambient pressure photo- Fig. 5. Soft X-ray diffraction

emission station

pump and SR-probe method with the time-resolution of 50
ps which corresponds to the SR pulse-width; the 3D nano-
ESCA station reaches the spatial resolution of 70 nm; the
XES station provides spectra with the energy resolution
around 70 meV at 400 eV and enabled real ambient pressure
experiments. Soft X-ray resonant MOKE station has been
developed to make novel magneto-optical experiment using
fast-switching of the polarization-controlled 25-m long
soft X-ray undulator. The soft X-ray diffraction station has
been fully constructed and the time-resolved measurement
is available by using lasers at the TR-SX station. In 2018,
242 researchers made their experiments during the SPring-8
operation time of 4608 hours.

* High-resolution Laser SARPES at E-building

Spin- and angle-resolved photoelectron spectroscopy
(SARPES) is a powerful technique to investigate the spin-
dependent electronic states in solids. In FY 2014, Laser and
Synchrotron Research Center (LASOR) SRL constructed
a new SARPES apparatus (Fig. 6), which was designed
to provide high-energy and -angular resolutions and high
efficiency of spin detection using a laser light instead of the
synchrotron radiation in Institute for Solid State Physics. The
achieved energy resolution of 1.7 meV in SARPES spectra is
the highest in the world at present. From FY 2015, the new
SARPES system has been opened to outside users.

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

Fig. 6. Laser-SARPES system at E-building



connected each other via UHV gate valves. The electrons are
excited with 6.994-eV photons, yielded by 6th harmonic of a
Nd:YVOy quasi-continuous wave laser with repetition rate of
120 MHz. The hemispherical electron analyzer is a custom-
made ScientaOmicron DA30-L, modified for installing the
spin detectors. The spectrometer is equipped with two high-
efficient spin detectors associating very low energy electron
diffraction are orthogonally placed each other, which allows
us to analyze the three-dimensional spin polarization 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 photoelectron
spectroscopy with two-dimensional (energy-momentum)
detection. The laser-SARPES machine can provide both
high-resolution spin-integrated and spin-resolved photoemis-
sion spectra in various types of solids, such as spin-orbit
coupled materials and ferromagnetic materials.
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Conferences and Workshops

The International Summer WorkShop 2018 on First-Principles Electronic Structure
(ISS2018)

July 2-12, 2018
T. Ozaki, F. Ishii, H. Weng, M. J. Han, M. Otani, M. Kawamura, C.-C. Lee, M. Fukuda, and Y.-T. Lee

The international summer workshop was organized in July, ISSP, the University of Tokyo to discuss recent advances of
first-principles electronic structure methods and its advanced applications, and to promote international collaborations in the
community, where in total 118 participants including 64 participants from abroad joined the workshop. In addition to the local
organizing committee, Prof. Ishii of Kanazawa Univ., Dr. Otani of AIST, Prof. Han of KAIST, and Prof. Weng also contributed
to the organization. The international workshop consisted of three parts: (i) The Summer School on DFT: Theories and Practical
Aspects for July 2-6, (ii) The 3rd OpenMX developer's meeting for July 9-10, and (iii) Advanced Lecture Series for July 11-12.
In the first part, fundamental issues and practical aspects of density functional theories (DFT) calculations were discussed by
15 lectures including pseudopotential theories, implementation of DFT, large-scale DFT methods, computational methods of
absolute binding energies of core level, and generation of Wannier functions. Advanced applications such as topological insula-
tors and lithium ion batteries were also discussed. In the second part, recent methodological development and applications
related to the OpenMX DFT code that ISSP has been developing were presented by developers and advanced users to promote
further collaboration of the community. The developments of the DC-LNO O(N) method and optical properties calculations
were presented by 17 speakers. In the third part, six leading researchers gave the advanced lecture series covering method-
ological developments in computational physics and chemistry and its application to a wide variety of materials having not
only fundamental significance and but also industrial importance. The Advanced Lecture Series highlighted the current status
of first-principles electronic structure calculations and indicated a future direction of the field. In addition to this, there was a
poster session of contributed participants to enhance active discussion.
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The 16th International Conference on Megagauss Magnetic Field Generation and
Related Topics | ISSP International Symposium

September 25-29, 2018
S. Takeyama, Y. H. Matsuda, B. Novac, and Y. Kohama

This international conference is a series of the Megagauss conferences and was held in Japan for the first time. The confer-
ence venues are Kashiwa-no-ha Conference Center in Mitsui Garden Hotel (main venue) and The Future Center Initiative of the
University of Tokyo (poster venue). Both venues are located close to the Kashiwanoha railway station of the Tsukuba Express.
There are 108 participants in total including 61 participants from USA, Russia, China, Europe, and India. The topics of the
Megagauss conferences are (i) generation of ultrahigh magnetic fields, (ii) high-energy and high-current pulsed power physics
and technology, (iii) magnetic-flux compression technologies and their applications, (iv) high energy density physics related
to fusion research, (v) high magnetic field applications in solid-state physics and for other related applications. In previous
Megagauss conference, however, only a very small number of presentations have been made in solid-state-physics domain. One
of the purposes to have this series of conference in Japan is to promote exchange more between researchers of pulsed power
sciences and solid state physicists. The organizers encouraged not only domestic but also international solid state physicists to
participate the conference. In the conference we had 42 oral and 57 poster presentations. When we count the numbers of solid-
state-physics-related presentations of them, they are 15 and 37, respectively, and the numbers are considered to be large enough
to boost exchanges between the pulse power and solid state physics scientists. The leaders of high magnetic field facilities of
Germany, France, USA, and China presented recent results on high field properties of magnetic materials, semiconductors,
superconductors, and strongly correlated systems as well as current status of their facilities. It should be noted that progress
of Chinese research groups in both solid state physics and pulse power science domains is impressive. It is also found that
computer simulation on high-density plasma and pulse power technology has been highly developed.

The | 6th International Conference on

MG Megagauss Magnetic Field Generation and RelatedTopus*”ﬂ)
| 1sP

ZpEloran September25-29,2018 | THE UNIVERSITY OF TOKYO, KASHIWA JAPAN

ISSP International Symposium
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Topological Phases and Functionality of Correlated Electron Systems 2019

February 18-20, 2019
S. Nakatsuji, Y. Otani, M. Oshikawa, C. Broholm, H. Harima, S. Miwa, and H. Wadati

For a long time, magnetism has been a central subject in strongly correlated electron systems. More recently, topology led
to a new classification of band insulators, namely topological insulators. Where magnetism and topology meet, we find many
intriguing phenomena including emergent "relativistic" particles and multipolar degrees of freedom. The novel physics also
opens up a promising direction in spintronics and other potential practical applications. In this conference, we explored experi-
mental and theoretical studies on subjects ranging from fundamental issues in correlated topological phases to their cutting-
edge applications to spintronics. We invited 19 active researchers who are top-runners of the field around the world, and they
presented their latest research results along with active discussions. On top, 11 members from ISSP, especially from Quantum
Materials Group, presented their latest research, in order to
enhance the collaboration between ISSP and other institutes.

The workshop was a great success. The venue was
completely packed for all three days of the workshop by
altogether 185 attendees. As planned, the latest results of both
experiments and theories are delivered, covering a wide variety
of materials such as the heterostructure of topological insula-
tors, frustrated magnets, Weyl antiferromagnets, Kitaev spin
liquids, and organic magnets. It should be noted that despite
being a transdisciplinary workshop, its Q&A session was very
active.

We had 74 poster presentations, 34 of them are from ISSP,
and the rest are from all over Japan, including Kyoto Univer-
sity, and Tohoku University. Many people were staying in
front of each poster and discussing with each other actively.
In addition, the speakers of invited talks participated in poster
sessions gave helpful comments to the students and postdocs.
We believe this becomes a valuable experience for young
researchers. For poster awards, five students were nominated
after very competitive selections.

As aforementioned, this workshop has been a great success.
We hope that groundbreaking discoveries and inventions will
be made soon based on the collaboration initiated from the
workshop. Lastly, we greatly appreciate everyone's generous
support, including the organizers, judges, directors, secretaries,
and student part-timers. Without any of the members, this could
not have been accomplished.
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Computational Materials Science —Now and the Future—
April 2-3,2018
T. Hoshi, K. Yasuoka, N. Hatano, T. Ozaki, O. Sugino, H. Noguchi, S. Kasamatsu,
Y. Noguchi, Y. Higuchi, S. Morita, H. Watanabe, and N. Kawashima

This annual workshop is a joint activity between the supercomputer center (SSC/MDCL) and the center of computational
materials science (CCMS), organized for the research community of the computational condensed matter physics. The objective
is for the participants to exchange the information on the recent progress on the computational condensed matter research as
well as the technical aspects of the high-performance computation. Every year we invite a few speakers on the topics of general
interest. This year's workshop included two such
special talks: one by Motoko Kotani (Tohoku
U.) who talked about application of discrete
geometry to material design by and the other by
Teruyasu Mizoguchi (IIS, U. Tokyo) who talked
about usage of artificial intelligence for analyzing
crystalline interfaces. In addition to these two
special invited talks, there were 14 invited oral
talks and 32 poster presentations. The results
of Software development/improvement project
were also reported, where the target programs
for FY2017 were DCore, proposed by Hiroshi
SHINAOKA (Saitama U.), and HPhi, proposed by
Yohei YAMAIT (U. Tokyo).

Novel Phenomena in Quantum Materials driven by Multipoles and Topology

April 9-10, 2018
S. Nakatsuji, M. Oshikawa, and H. Harima

In recent years, the study of quantum materials, in particular of strongly correlated electron systems, have been enriched by
the introduction of new physics based on multipoles and topology. The international workshop was planned to bring together
scientists exploring the novel phenomena in new materials, and novel functionality by using spintronics and photonics, to share
the latest knowledge and to fertilize new research directions. During the two days of workshop, a total of 162 people (92 on the
first day and 70 on the second day)
participated in the workshop, and
22 of oral and 42 of poster presen-
tations were given by foreign and
Japanese scientists. According to the
questionnaires the participants filled
out, the poster session was particu-
larly well received and yielded
fruitful discussions. Although it
was an overcrowded schedule of
2 days, discussions were lively
held everywhere even during the
break time. Our workshop offered
great opportunity where all the
participants could share information
and exchange views on the latest
research results related to multipoles
and topology.
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Frontier Research on Glass Transition and Related Fields
May 10-12, 2018
O. Yamamuro, H. Tanaka, T. Kanaya, K. Miyazaki, H. Hayakawa, K. Fukao, R. Nozaki, J. Habasaki, and N. Shinyashiki

This is the largest domestic workshop on the glass transition which has been held every 2 — 4 years since 2002. The glass
transition is a mysterious phenomenon that a liquid is solidified without any structural change and its mechanism has not been
clarified yet. In the physical properties of glasses, there are also many unsolved problems (e.g., boson peaks) originating from
its non-periodic and disordered structure. Other than the works on the glass itself, there are many interesting phenomena related
to the glass transition such as spin glass transition, jamming transition of granular materials, dynamical transition in proteins,
etc. It is meaningful to assemble both experimental and theoretical researchers of the areas mentioned above to exchange
current information and make discussion for future researches. We organized 43 oral and 45 poster presentations.

The topics of the workshop were (1) glass and supercooled liquid, (2) granular matter, jamming, rheology, (3) water
and network glass, (4) biological and electronical glasses, (5) polymer and soft matter, (6) liquid-liquid transition and
polyamorphism, (7) ionic conductor and ionic liquid. We had 110, 120 and 100 attendees for the first, second and third days,
respectively, including many young researchers and people from outside of ISSP. There was very active and fruitful discussion
throughout the workshop.

Present and Future of Neutron Scattering Research on Condensed Matter Physics
~Future Perspective of US-Japan Cooperative Program on Neutron Scattering~

June 4-5, 2018
T. Masuda, M. Shibayama, H. Fukazawa, and Taku J Sato

Neutron Science Laboratory the University of Tokyo cooperates joint research program using triple-axis spectrometers
(TAS) in JRR-3, high-resolution chopper (HRC) spectrometer in J-PARC, and cold neutron triple-axis (CTAX) spectrometer
in HFIR in Oak Ridge National Laboratory. Among them CTAX has been operated under the program based on the agree-
ment between the governments of US and Japan on cooperation research and development in science and technology in 1980,
and the spectrometer has been crucial for TAS users in Japan particularly after the long shutdown of JRR-3. In addition, state-
of-art inelastic spectrometers including HRC has been producing outstanding results, and the complimentary use with TAS
is now popular. Furthermore in 2023 the upgrade of CTAX in large scale, the MANTA project, is planned, and the US-Japan
cooperative program is getting more important. In this workshop researchers in the field of neutron scattering in US and Japan
discussed the present and future of neutron scattering research on condensed matter physics. The present statuses of CTAX
and MANTA project were
reviewed by US researcher,
and the future of US-Japan
cooperative program was
discussed. Furthermore,
future of spectrometers in
JRR-3 was also discussed.
In total 26 of oral and 9 of
poster presentations were
made by US and Japanese
scientists, and the partici-
pants had fruitful discus-
sions.
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New Trends in Quantum Information and Condensed Matter Physics
July 31-August 3, 2018
M. Oshikawa, T. Sasaki, T. Tomita, Y. Nakata, and M. Negoro

Quantum information science is a rapidly growing research field, aiming not only to explore information processing based
on quantum theory but also to understand physics from the viewpoint of information. In the last decade, a number of novel
perspectives were introduced from quantum information to many fields of physics, such as condensed matter physics, statis-
tical mechanics, and even high energy physics, revealing that information is
indeed the key to understand physics in complex quantum systems. The main
goal of this workshop was to further promote these fruitful interactions between
quantum information science and quantum physics. To this end, we invited active
researchers from various fields, such as cold atoms, strongly correlated systems,
black hole science, and quantum information and computation, both theorists
and experimentalists. We also had selected talks and poster presentations. Each
presentation started with a brief introduction of the topics and ended up with a
huge discussion about the recent progress. In total, we had more than 660 partici-
pants in four days. This workshop provided a great opportunity to the researchers,
who are willing to explore new frontiers of physics from the viewpoint of infor-
mation, for future interdisciplinary collaborations.

New Development of Science in Strongly Spin-Orbit Coupled Conductors

November 12-13, 2018
M. Tokunaga, Z. Hiroi, I. Matsuda, and Y. Fuseya

Control of physical properties via spin degrees of freedom is a fundamental subject common to various fields of material
science. Strong spin-orbit interaction can make this control dramatic if the effect is properly incorporated. This workshop was
held to share various on-going subjects in strongly spin-orbit coupled conductors developing independently in each research
field. To this end, leading researchers from various fields got together and presented the latest researches in each field.

The workshop was started by theoretical introduction of fundamentals related to the spin-orbit coupling/interaction, and
followed by bulk properties of elemental bismuth and the related
materials in extreme conditions. In the following session of
surface science, non-trivial band topology of pure bismuth was
proposed to explain the observed surface states. Further, current
status of the studies on spin-Hall and thermoelectric effects in
bismuth were introduced in the spintronics and nano-materials
session. In addition to the phenomena found in these p-electron
systems, effects of strong spin-orbit interaction in d and f
electron systems are also discussed. At the end of each session,
there was a lively exchange of ideas by researchers in different
area at the time of discussion.
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Upshift in the Soft X-ray Science of Synchrotron Radiation
November 30-December 1, 2018
1. Matsuda, T. Arima, Y. Harada, H. Wadati, T. Kondo, and S. Shin

The conference was organized on November 30 and December 1 to promote scientific and technological innovations of
soft X-ray synchrotron radiation, motivated by the announcement on the next-generation facility by the Minister of Educa-
tion, Culture, Sports, Science and Technology on July 3, 2018. It has successfully brought together more than 200 participants,
including the presidents and the outstanding researchers of synchrotron radiation institutes and societies from all over Japan.
The presentations at the ISSP lecture room were broadcast live to a conference room in SPring-8 through the internet. On the
first day, the program focused on science and technology to be evolved at the new facility, while, on the second day, it featured
experimental methods and information technologies to be developed toward researches with the light source.

With the next-generation soft X-ray synchrotron radiation, measurements are expected to be made with multi-dimensional
data acquisitions or with ultra-high resolutions that have never been possible at the existing facilities. The attendance interdisci-
plinarily argued research topics to respond to needs in academic and industrial fields today. There was also vigorous discussion
on the cutting-edge informatics to be applied in the data analysis. We were confident that the workshop was very timely and
that all the arguments would become seeds of the novel science and technology.

The conference was hosted by the Institute for Solid State Physics (the University of Tokyo), Synchrotron Radiation Research
Organization (the University of Tokyo), Tohoku University, and User Community of VUV SX high-brilliant light sources.

Liquid-Crystal-like Electronic States Generated by Quantum Many-Body Effects

December 27-28, 2018
T. Shibauchi, T. Kimura, T. Hanaguri, K. Kobayashi, K. Ohgushi, H. Kontani, and K. Okazaki

Recently, in the normal states of iron-based and cuprate superconductors, electronic states with spontaneous rotational
symmetry breaking have been observed, which are called “electronic nematic” states. It has been a central issue to understand
the relationship between high-temperature superconductivity and such electronic states that bear some analogy with liquid
crystals. It has also been an important issue in insulating quantum spin systems that “spin liquid crystals” with broken symme-
tries, which differ from conventional magnetic orders (spin solids) and quantum spin liquids, may be realized. Those include
spin nematic and chiral spin liquid states. These liquid-crystalline electronic states in metals and insulators are non-classical
phenomena driven by quantum fluctuations and quantum many-body effects, which may have underlying principles that
are important to study. This workshop aimed to provide a unique platform for developing new exchanges between different
communities of superconductivity, strange metals and magnetic insulators. In two days, 25 talks and 27 poster presentations
were given with lively discussions.

60 ISSP Activity Report 2018



SO 1S Ay Repon 018 61



c9

Subjects of Joint Research

SRR 30 FEFE HLFEF A % (F7H) / Joint Research List (2018 First Term)

IEEEHF9E B / Commission Researcher

No. A, K Frle Title Name Organization

|
95}
N
~
>
(@]
=h
=5
<
z
e
o
=
—~+
\®)
(@)
—_
o0

HAYPTH - & R

- e L BEL ) Rebetean ) / . - - )
IKFERE SRy 8RS B 5 H/D FALAZISIC o g i o = zymurr Theoretical study of phase transition mechanism induced by . . Yokohama City
by 2 FHEEFE RS O BRI A BRI %;{T AR H/D isotope effect in hydrogen-bonded molecular conductors Masanori Tachikawa University
. FIRRAIRIEE ) . Foundation for
2 7 RIB 2 R 7 Umpei Nagashima Computational Science

HAPTH - R =i

MSIRER b > R VIS E Moo vay o N o Low-temperature STM study on iron-chalcogenide . L
3 F4 P FeSeTe O di ke ERANES P T 270k superconductor FeSeTe Yasuo Yoshida Kanazawa University
HHFTE Bl 3
7)Y =Y AT ) VOREREE r T o Theoretical study for equilibrium geometries and their Tokyo University of
4 Z DFEF IR O R T i HOHRERS: - electronic excited states of coumarin-caged luciferin Junko Usukura Science
EEET1IY= I 7 S S
5 RS RS O TTRE 22 10GPa i s 7 WA A A A KEEBERGHILT. Development of 10 GPa class high pressure apparatus for low  Kazuyuki T?glUriirv?rsity
HEIEE O BT Rt EWTERE temperature Matsubayashi ot blectro-
Communications
= 5 . REGEFOIERIR 21 il . . Osaka University of
6 BRSSO IZIH NH H= e~ Bk S — Effect of pressure on the organic conductor Keizo Murata Economics and Law

KeEBEAR - B2 Development of NMR measurement method under high

7  FEJIT NMR IE IR $ 2 B TR R [ pressure Naoki Fujiwara Kyoto University

o
=




810¢ ¥odoy L1andy JSSI

£9

10

11

12

13

14

15

16

HEY

M 122 AW BT 2 EIRR

IR~ L F 7~ EOVIEEE OB

WAL E LG E DBEFE

R X AR R DB

B v FLA—=Z T bV HEIEERDOBF

B—JOUHE B E DI T DT

MR o FE IS

3d ERALEYICBET 2 I

% FRAR BRI ) R D

fHEYPTH 0 ]

17

18

B—EHAREIIE R 7 1 75 2 RESPACK & #5
Bifghtr 7w 27 5 H ¢ /mVMC DRlAIC & 2 IER%

BRI BB FWRERENT Y 7 b = 7 D%

JEHWINS % FEE L BTy T A La Y LN

— DSQSS DAL

Y ¢ P REET R

19

20

21

22

4G 12 F 1T 2 HFIHM A HEE
”

”

G 128\ 2 e [EF FHEE

Bl

L

HI

i

s

IEAR

K4

&

IEA

TR

B

\(——.;E

i)

1T

K

I Title

IR }:‘?ﬁ[&'?iﬁl#lﬂf Pressure effect of rare earth 122 compounds

iR A2 PR Development of multi-anvil apparatus for low temperature

%‘%E IR %ﬁ-‘%%ﬁ%ﬁ?? Development of the magnetometer

ARK TR Lo Development of High Pressure X-ray diffraction measurements

AT S W2 gt(l)lr(liéisctoor;sHigh Pressure Properties of Organic Molecular

H A o B2 igil(g;g;rpressure induced superconductivity of quasi organic

ARPKTZERY: T2 Effect of pressure on the Magnetic Materials

wALEBERSE  TAERAWIZERT Eiffect of pressure on the 3d transition compounds

HAKE SCHRAAR Adjustment of Cubic Anvil apparatus

| AR Dot oo ks decuic s caion
(RESPACK) and model-analysis codes (H ¢ /mVMC)

micpapse {FHFVFIER Doslopmonof s Monte G Sl D555

ALK ji;%ﬁf%ﬁﬂ?ﬁ Research and Support of General-Use at 4G

N LT ,

S LG ,

ALK ﬁ?ﬁﬁﬁf}"ﬁ% Research and Support of General-Use at 6 G

Name

Toru Shigeoka

Masato Hedo

Takashi Naka

Tetsujiro Eto

Kiyoshi Torizuka

Miho Itoi

Gendo Oomi

Takeshi Kanomata

Hiroki Takahashi

Kazuma Nakamura

Akiko Masaki

Taku Sato

Daisuke Okuyama

Kazuhiro Nawa

Keisuke Tomiyasu

Organization

Yamaguchi University

University of the
Ryukyus

National Institute for
Materials Science

Kurume Institute of
Technology

Nippon Institute of
Technology

Nihon University

Kurume Institute of
Technology

Tohoku Gakuin
University

Nihon University

Kyushu Institute
Technology

RIKEN

Tohoku University

Tohoku University

Tohoku University

Tohoku University



r9

810¢ 3oday A1andy JSSI

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

TI1-1. TI-3TH T 2 R HHEE
T1-2. T1-3TH T % HFEMHHEE

T1-2. T1-3. 6 G Iz \F 2 Fh[EF]FHHEE

T2-2, T1-3 & 2 IR AHEE

7

C1-2 12 B 2 SL[FIF e

Cl-2, C2-3-11ic

B\ 2 I HEE

C1-3-mfSANS 1= 3} % 3 & ] F

C2-3-1 i3 1F 2 HRIF I HEE
C3-1-2, C2-3-1 T BF % HFFHIHEE

C3-1-2 128 1F 5 ST HEE

Kili

JHEH

&

AHF

W

il

KA

K4

5%

Wi

e

Ifese

Hifif%

1EH

A AER

JH

IEA

it

1/

k]

I
7avT4 T
A ISR RIS
vy —
I A T
B/ NS FR
\ SIRPPRERER
b P
o SRR
S bl
o SRR
P b
o P
P bl
N % TR
gl el
. 5 TR
Sl el
S WA TR
/J\glgj\?‘ ﬁ%ﬁ}f
BT R
AR PRz
e i retrie S RRATIT
HEL MR et 1
£
s R AR
Tk
ey KPP
R R AT THRERER A
B vy —
o WA TR
AR E e
o WO IR
ALK E e
I B T

B

Title

Research and Support of General-Use at T1-1 and T1-3

Research and Support of General-Use at T1-2 and T1-3

Research and Support of General-Use at T1-2, T1-3 and 6G

Research and Support of General-Use at T2-2 and T1-3

Research and Support of General-Use at C2-2

Research and Support of General-Use at C1-2 and C2-3-1

Research and Support of General-Use at C1-3-mfSANS

Research and Support of General-Use at C2-3-1

Research and Support of General-Use at C3-1-2 and C2-3-1

Research and Support of General-Use at C3-1-2

Name

Kazuaki Iwasa

Kenji Ohyama

Masaki Fujita

Yusuke Nambu

Yoichi Ikeda

Kensuke Suzuki

Hiroyuki Kimura

Terutoshi Sakakura

Masaaki Sugiyama

Rintaro Inoue

Hiroaki Mamiya

Michihiro Furusaka

Masato Ohnuma

Takeshi Fujiwara

Ken Morishima

Masahiro Hino

Seiji Tasaki

Organization

Ibaraki University

Ibaraki University

Tohoku University

Tohoku University

Tohoku University

Tohoku University

Tohoku University

Tohoku University

Kyoto University

Kyoto University

National Institute for
Materials Science

Hokkaido University
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58 ffas)eﬁ)'%if BRICE 2 BCS-BES 7 mAx =2 He W EALIEING S ﬁ%[&:ﬁiaﬁﬁﬁ% Study of BCS-BES crossover in FeSe superconductors Hiroshi Kontani Nagoya University
. e e - e SHEEEUERR A Verification of superconducting-gap anisotropy of heavy National Institute of
e = =T A TN T
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R8P A IVgR D T IRAE O A VN NEEPS NN 5 Electronic-structure study of topological insulators Akio Kimura Hiroshima University
Si(111) EHJE S V7 L DERE T % o 72 . [P KEEBeRLA R Time-resolved ARPES investigation of monolayer Thallium on A . -
68 R RS 740 WA Z TR R Si(111) Kazuyuki Sakamoto  Chiba University
HMPTE  HH EA
W7o X< BIMK Ok X BRI / F8655 068 . S, KEABEHTHEIBAl  Technical development of soft X-ray absorption/emission S The University of
69 fbAzE SR AR AR JRBEIZERE spectroscopy for water processed by in-liquid plasma Kazuo Terashima Tokyo
Wi S 2= - A ey g P it ~ : istribufion i : ;
70 W 77 A2 HINNC & 2 7 K743 HRe ATt oE I SRk KEABEHTHEIBAI  Characterization of nano-particle distribution in water Tsuyohito Ito The University of
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Low Temperature Magnetization Measurements on a Ternary
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Low-temperature magnetization and heat-capacity in rotated
magnetic fields for (U,Th)Be13 and UNi2Al3

Specific heat measurements using a small single crystal
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Ryosuke Ishiguro

Yumika Aikawa

Organization

Hiroshima University

Hiroshima University

Nagoya University

Tohoku University

Tokyo University of
Science

Meiji University

University of the
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The University of
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The University of
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The University of
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The University of
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Study of N surfactant effect on L10-FeNi by using STM

Electronic structure of In-Bi surface alloy grown on
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Structure of monolayer metal nitrides on Cu(001) (2)

Study on magnetic dynamics of ultra-thin films and nano-
structures on metal / semiconductor surfaces

Study of N surfactant effect on L10-FeNi by using STM

STM investigation of epitaxial silicene, germanene, and their
heterostructures

Structural and physical property characterization of graded-
composition epitaxial ferroelectric thin films

Experimental study on negative electrocaloric effect in HfO2-
based ferroelectric thin films

Proton Transfer and Property Control for Heterogeneous
Bilayer

Correlation of photovoltaic electrical properties as for GaN

Elucidation of protein effect for electronic excited state of
oxylucifein

Up-conversion luminescence from GaPN/GaP quantum
structures

Name

Masamichi Yamada

Norikazu Kawamura

Masato Kotsugi

Yukiko Yamada-
Takamura

Takahiro Yonezawa

Shingo Maruyama

Yuto Anada

Tomoaki Yamada

Yuto Ota

Hiroyuki Kato

Shun Koshiba

Miyabi Hiyama

Hiroyuki Yaguchi

Organization
Chuo University
NHK Science and

Technology Research
Laboratories

Tokyo University of
Science

JAIST

JAIST

Tohoku University

Tohoku university

Nagoya University

Nagoya University

Osaka University

Kagawa University

Gunma University

Saitama University
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I
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R BEBE 2RI
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KRBT AEIE
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REPBEToF
Bt

KRB LA
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REABETAERTTE
B

REFBEEAET
Fikt
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Title

Optical properties of spin-polarized light-emitting diodes using
diluted magnetic semiconductor GaGdAs

Optical characteristic evaluation of GaN/AIN semiconductor
superlattice

Physical properties in rare earth intermetallic compounds at
high magnetic fields in low temperature

Crystal strain associated with valence transition

Dynamical properties of honeycomb-lattice magnet RuCl3 in
magnetic fields

Development of tensor network method

Magnetic and transport properties in YbHz2.x

Name

Kengo Takamiya

Wataru Takahashi

Yutaka Ogasawara

Hayato Miyagawa

Sho Kato

Makoto Takafuji

Shun Koshiba

Takeru Norikane

Takao Ebihara

Jumaeda Jatmika

Kentaro Kuga

Takafumi Suzuki

Kenji Harada

Osamu Nakamura

Organization

Saitama University

Saitama University

Kagawa University

Kagawa University

Kagawa University

Kagawa University

Kagawa University

Kagawa University

Shizuoka University

Shizuoka University

RIKEN

University of Hyogo

Kyoto University

Okayama University of

Science
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BBk P
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Transport properties of half-Heusler compounds

Investigation of valence transition on Eu compounds under

high pressure

Effect of Pressure on the magnetism of uranium compounds

Study on pressure-induced martensitic phase transformation in

Co-based Heusler alloys

Studies on High Pressure Properties of Organic Molecular

Conductors

Low temperature magnetism of triangular antiferromagnets.

Crystal growth and characterization of polymorphic
compounds Rlrz2Siz (R=rare earth) 4

Crystal growth of ternary compound PrPd2Siz 2

Magnetic characteristics of polymorphic compounds

RlIrgSiz(R=rare earth) 2

Electrical resistivity measurement of CezPd4 under pressure

Searching of pressure-induced valence transition and transport
properties under high pressure

Name

Takaaki Takenaka

Kohei Matsuura

Yoshichika Onuki

Fuminori Honda

Fuminori Honda

Iduru Shigeta

Kiyoshi Torizuka

Yoshitomo Karaki

Toru Shigeoka

Kiyoharu Uchima

Toru Shigeoka

Kiyoharu Uchima

Kiyoharu Uchima

Toru Shigeoka

Ryoma Tsunoda

Masato Hedo

Wataru Tha

Organization

The University of
Tokyo

The University of
Tokyo

University of the
Ryukyus

Tohoku University

Tohoku University

Kagoshima University

Meiji University

University of the
Ryukyus

Yamaguchi University

Okinawa Christian
Junior College

Yamaguchi University

Okinawa Christian
Junior College

Okinawa Christian
Junior College

Yamaguchi University

Niigata University

University of the
Ryukyus

University of the
Ryukyus
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Single-crystal growth and pressure-effect study of iron-
chalcogenide compound

Pressure effect of the magnetic and structural phase transition
temperature for the Pd-Heusler alloys

Searching for pressure-induced Kondo state on Eu compounds

Pressure and field induced quantum phase transition in
strongly correlated electron systems

Anisotropic magnetovolume effect of rare earth Laves

compound RAI2

Specific heat measurement under magnetic field of HoRh2Si2

single crystal

Single crystal growth of La substituted HoRh2Si2 compounds II

Resistivity measurements under hipressures of HoRh2Si2 single

crystal

Resistivity measurement of EuMn2Gez single crystal

Name

Akihiko Hisada

Yoshiya Adachi

Takumi Fukumoto

Masato Hedo

Shinya Matsuda

Masashi Ohashi

Kae Maeta

Masashi Ohashi

Tomoki Nishikawa

Tetsuya Fujiwara

Shu Yamamoto

Tetsuya Fujiwara

Shu Yamamoto

Tetsuya Fujiwara

Shu Yamamoto

Tetsuya Fujiwara

Shu Yamamoto

Organization

Tokushima University

Yamagata University

Yamagata University

University of the
Ryukyus

University of the
Ryukyus

Kanazawa University

Kanazawa University

Kanazawa University

Kanazawa University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University
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Title

Effect of pressure medium on the measurement of material
properties

Magnetic properties of filled skutterudite superconductor in
phosphorus system 11

Pressure effect of the BiSz-based superconductors

Magnetic susceptibility of MnNiGe-CoNiGe under pressure

Evaluation of fundamental physical properties in
Yb(Coi-xIrx)2Znzo 11

Pressure effect of doped YbCoz2Znzg systems II

Pressure effect in CeT2Xg ( T: transition metal element, X: Al,
Ga)

Transport properties of half-Heusler compounds

Annealing effects on magnetic properties and phase
transformation in MnCoGe

Pressure effects on ferromagnetism in URheX4 (X = Si, Ge)

Name

Keizo Murata

Yukihiro Kawamura

Naoki Kase

Masakazu Ito

Keijiro Onda

Naofumi Aso

Shin Sato

Naofumi Aso

Miiru Morishima

Ryo Tsuken

Miho Nakashima

Tatsushi Yaguchi

Naoya Yonehara

Takasada Shibauchi

Yoshifuru Mitsui

Kohei Noguchi

Yoshinori Haga

Organization

Osaka University of
Economics and Law

Muroran Institute of
Technology

Tokyo University of
Science

Kagoshima University

Kagoshima University

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

Shinshu University

Shinshu University

Shinshu University

The University of
Tokyo

Kagoshima University

Kagoshima University

Japan Atomic Energy
Agency
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Magnetic properties of CrAlGe-based compound

Magnetic properties of Fe-based magnets under high pressures

Magnetic properties of Mn and Fe-based quaternary magnets

Transport properties of non-centrosymmetric transition metals

Title

compounds under high pressure

Pressure effect on transport properties of transition metal

compounds

Specific heat measurements of new Ce and La ternary

compounds under pressure

X-ray diffraction measurements under high pressure by using

DAC

Analysis and control of crystal and electronic structures of
group IV 2D materials through concerted collaboration of

experiment and theory

Name

Yoshifuru Mitsui

Hayato Masumitsu

Keiichi Koyama

Masahira Onoue

Keiichi Koyama

Adline Ngozi Nwodo

Takao Nakama

Masashi Kakihana

Takao Nakama

Shoya Kawakatsu

Gaku Motoyama

Masahiro Tsubouchi

Mika Kano

Antoine Fleurence

Hirokazu Nitta

Organization

Kagoshima University

Kagoshima University

Kagoshima University

Kagoshima University

Kagoshima University

Kagoshima University

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus
Shimane University

Shimane University

Nippon Institute of
Technology

JAIST

JAIST
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Title

Quantum critical fluctuations in heavy fermion
superconductors

Magnetic properties in S = 1 spin dimer compound KzNiMo20g
and Co dimer magnet CaCoV207

Alignment of single crystalline samples of CazReOsClz with
anisotropic triangular lattice

Superconductivity in sulfur substituted FeTejxSx

Characterization of Single Crystals of CugOg trimer System
Naz2CuzGeq012

Specic heat measurement at very low temperature on
Yb(Co1-xIrx)2Znzg

Specic heat measurement at very low temperature on
Ybi-xLuxCo2Zn2g

Checking crystallization of three legged ladder Cuz(OH)4SO4

Crystal alignment for neutron scattering experiment

Alignment of CesSi3 single crystals by high-energy X-ray Laue
diffraction II

Evaluation of single crystal quality of non-centrosymmetric
superconductors

Name

Makoto Yokoyama

Kohei Suzuki

Kazuhiro Nawa

Ryo Murasaki

Kazuhiro Nawa

Takayoshi Yamanaka

Hiroshi Yaguchi

Naoki Umezawa

Yukio Yasui

Naofumi Aso

Chousei Zukeran

Naofumi Aso

Masatsugu
Moromizato

Masato Hagihara

Taro Nakajima

Riki Kobayashi

Hazuki Furukawa

Organization

Ibaraki University

Ibaraki University

Tohoku University

Tohoku University

Tohoku University

Tokyo University of
Science

Tokyo University of
Science

Tokyo University of
Science

Meiji University

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

KEK

RIKEN

University of the
Ryukyus

Ochanomizu
University
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Title

Ultra-high magnetic eld magneto-optical approach to the study
of magnetization plateau in CugMo20g using vertical single-
turn coil system III

A study of the superconducting fluctuation using
magnetotransport measurements for underdoped Bi-2223
single crystals

Physical property of rare earth compounds at pulse magnet

Quantum critical phenomena and magnetic corelations in
heavy-fermion compounds

Physical properties of Heusler compounds Fe3xMnxSi under
high magnetic fields

A study of the pseudogap state using interlayer
magnetotransport measurements under pulsed magnetic fields
for heavily overdoped Bi-2212

High-field magnetization measurements of Yb4TGeg
(T: transition metal) and their family compounds

Magnetism of kagome lattice fluorides synthesized using
solution method

Name

Minoru Soda

Haruhiko Kuroe

Takao Watanabe

Keisuke Kawamura

Takao Ebihara

Takuma Murakoshi

Makoto Yokoyama

Ryoma Sugawara

Masahiko Hiroi

Takao Watanabe

Keisuke Kawamura

Chishiro Michioka

Masahito Hikiji

Hiroaki Ueda

Shigeru Imanishi

Organization

RIKEN

Sophia University

Hirosaki University

Hirosaki University

Shizuoka University

Shizuoka University

Ibaraki Univeristy

Ibaraki Univeristy

Kagoshima University

Hirosaki University

Hirosaki University

Kyoto University

Kyoto University

Kyoto university

Kyoto University
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160 %ﬁ?ﬁ"]7 7 A b b= MR O BRI AL Fith B fRFHARAE zﬂﬁﬁ%[‘ﬁ]:? Magnetization measurements of the frustrated magnets Hikomitsu Kikuchi ~ University of Fukui
161 ” HEAR e R T2 ” Akihiro Haruki University of Fukui
162 (U,Th)Be1s, U(Pd,Ni)2Als, U2PtCo Sz ONBYHEYE Wik s it S BRI High-field physical properties of (U, Th)Be13, U(Pd,Ni)2Als, Yusei Shimizu Tohoku University

B 2 HOEFRAMUAEYRES YT

U2PtCz, and other heavy-fermion systems

o ) . i . S ;
S BE R . Magnetic strain of MnNiGe-CoNiGe system in high magnetic Masakazu Ito

163 MnNiGe-CoNiGe LAY D EliG i E g B YN Kagoshima University

B30 field
164 ” BH W ERERY %ghiﬁi%ﬁ ” Keijiro Onda Kagoshima University

Tokyo University of

165 BiS2 Z{L-EGYIBIGEMAR D |- R S5 i ek WRHRERY: B Upper critical field of the BiSz-based superconductors Naoki Kase Science
~ L

166 &JmT / &N ESE ORI LRHE i B BEPE KA 5/7\ TLELY Magnetic properties of metal nanocrystal assemblies Mitsuru Inada Kansai University
5 = v s

167 ” PSS BeVE R e AT AL ” Ryo Yonezawa Kansai University

Topological insulator SmBg,YbB12 DfGALEM: ot Magnetic and thermal properties of topological insulator SmBg

168 L B RIBNK PR and YbB,2 Fumitoshi Iga Ibaraki University
169 ” W Wi RYFNREF %ﬁﬁﬁﬁii‘?ﬁ ” Wataru Matsuura Ibaraki University
0 EEGROLRO RS 12 KO KON iy gy ke e M D s ot s PO g s vy
171 7 15— P N jiiikeses ” Takahiro Yamada Ibaraki University
HMFTE K SR

172 MOBTFRICST SRESTOBTREIE BRI 24 A i, [ or o states athigh magnetic fields in Heaw Fermion - pagao pbihara  Shizuoka University
173 ;;J%GX)?%%E % e 7 il BiFeOs D XA W g ORI iﬂfiﬁiﬂcmﬁﬁﬁj"i'& E:ﬁ;iey li)ql"algxilaegtnetoelectric effect in single crystal BiFeOz using ¢ . = o iglg%/gollr:)sgt;tute of
174 ii/}i;{%@]fé% CdsAsy HillsIC 31 2 K1 TH E S QEMT?%H fﬁl}i\lfgsrté%auti;:zj (():1;iruirefrasce quantum Hall states in CdsAsz films Masaki Uchida ?lollt:yléniversity of
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e = =
176 ” KB Yl THBR: ﬁ%ﬁ)ﬂ“%ﬁﬁ% ” Yoshiki Yano Kyoto University
LSRR I X 2 S AP O T MO . O KEEBEBA UL Observing the real-space nonequilibrium dynamics of vortices The University of
DN B N o Y i R . . . .
177 LRI 54 F 2 7 AR ORENL A B HORF R in superconductor with a magneto-optical microscope Hodaka Kurokawa Tokyo
BB EuTiOs HMilIC 8 1) 2 KB TIRBI O] N U KREEBET24%WF Observation of quantum magnetic oscillations in high-mobility , . . The University of
178 B T IEHR B R JE R EuTiOs thin films Masaki Uchida Tokyo
Yavry . KB H ALY meda Tatmi ; versi
179 ” Sy rin fidiipNES HE ” Jumaeda Jatmika Shizuoka University
PN AT 2
180 ” i NI &= dlivNES ﬁ%ﬁg@;f a8 ” Fumito Suzuki Shizuoka University
= = - § § Magnetic field-induced martensitic transformation and in situ
CoV WIBIREEA S B T S FHk~ L T v Ly KREEBE LEATe : R . R
181 F4 RERE L 2 R ¥a Fav HILKY¥ -~ ;)ﬁ(s)(;vatlon of microstructure on CoV-based shape memory  Xiao Xu Tohoku University
182 Ce2MgGe2 DIl JRME eSS PR PeAErBLAE R High-field magnetization of Cez2MgGez Yusuke Hirose Niigata University
183 ” A% ALK & BHITSE AT ” Fuminori Honda Tohoku University
. o5 - . S . . Tokyo University
Wi 2 ¥ %)L M2X04 (M=Mn,Co, X=Ti,Sn) O . e - Pz - g Study of high-field magnetization curves of inverse spinel . .
184 RSB O KHE EHA HURTORY: KRB T2AN M2XO4 (M=Mn,Co, X=Ti,Sn) Hiroto Ohta of Agriculture and
Technology
Tokyo University
185 ” TH B BT RY REBETLYEN ” Shoichiro Gyoda of Agriculture and
Technology
Tokyo University
186 ” K KA WRETRY 1A ” Shuusuke Tokunaga of Agriculture and
Technology
$p oty - s L - . . . . Tokyo University
2 2 e R
187 s R B 2 U A ) B S E T SO T s KEABE T 2AEoE ngh field magnetization process of magnetic material with Hiroko Katori of Agriculture and
e unique crystal structure
Technology
Tokyo University
188 ” EE Fn RRETRY  KEBE L2 ” Rika Hamazumi of Agriculture and
Technology
Tokyo University
189 ” P W% WRETRY 1L ” Shigeru Hatori of Agriculture and
Technology
T4 A F—44: NiCoMnGa /%)L Z5ifi5 T ik . o YT __ Magnetostriction Measurements under the Pulsed High . L
190 il AR L PR SRS Magnetic Fields in Heusler Alloy NiCoMnGa Takumi Kihara Tohoku University
7NV IRANX—%HHL%ET4 7y 7, e o KREEBEBLZRFFE  High-field magneto-transport properties for a multilayered ) e L
7 T = : u KPR : ; . .
191 TR OB E R LS AR = Dirac fermion system with tunable Fermi energy Hidealki Sakai Osaka University
lead =8 ~s
192 ” FaR $ht NSNS APBRTFHE ” Takuya Nishimura  Osaka University

Bt
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196

197

EPUF B Y SRR R oD RIS o P AU SR

PEDHE

HOETRY 7 VLAY O REES 5 SR

Namruriey 77 UBEY
(Nd1xCax)2M0207 DIEE N> F 7 4 V) v il
12 & 2 EREE S — VAR OB

HUPATH MH FEA

198

199

201

A 3 A& SRR LizCraSbOg SRk #EAL

EE

AEHEEEAE (YD, R)Bia, AliBARSEIE (Y, Tm)Be
200 DY ¥ &= a4V 120T /)L RS T T O

Gt R

HAYPTH /AN T

202

203

204

205

206

207

* 7 VR Ni2InSbOs ORGSR |

I MER R VAL

ZR TR A NbSez Wil o> L RER Sk 55 2

DTHNIZFI A 7Ly 7 ZHED BRI

* 7 )VERPERGER Ni2InSbOg DRERMHERL 121

IHAEA R b VE

i

7

”

”

K4

R TRl

Il BEA

AR R

o
it
::‘ﬁ
=

7YY
v okilva
)L A—

HH BRAT

O SR

il #z

A N

I
. e
KR PR

N KA A
ARE R
HARB T 1% Jesihisnise ¢
mpe vy
T U
Ttk T PORTIRR
JeE éiﬁ@?ﬁ%
T B
F B

L KA Al
HHARF R R
o AT A
HOHARF R R
s KA TR
WA R
o AT R
Aok RV
T KA IR A
HIERE BRI

Title

High-field magnetoelectric properties of square-cupola-based
antiferromagnets

Transport characteristics of heavy fermion uranium
compounds under high magnetic field

Precise band-filling controlled of large anomalous Hall effects
in pyrochlore-type molybdates (Ndj-xCax)2Mo0207

High-field magnetization measurements on kagome lattice
antiferromagnets Li2Cr3SbOg

High field magnetization of Kondo insulator (Yb,R)Bi2 and
valence fluctuation material (Y,Tm)Bg by using one-turn coil in
a 120 T pulse magnet

Magneto-optical effect in a chiral polar magnet Ni2InSbOg

Upper critical field measurement of two dimensional
superconducting NbSez thin films

Effect of ultra-high magnetic field on the intra-molecular
exciplex fluorescence

Magneto-optical effect in a chiral polar magnet Ni2InSbOg

Name

Hyugo Fujimura

Kento Nakagawa

Kenta Kimura

Yoshinori Haga

Maximilian
Hirschberger

Hiroyuki Yoshida

Yuto Ishii

Fumitoshi Iga

Hiroyuki Nakayama

Yusuke Araki

Yoshito Watanabe

Hideaki Matsuoka

Yoshifumi Tanimoto

Takahisa Arima

Yusuke Tokunaga

Organization

Osaka University

Osaka University

The University of
Tokyo

Japan Atomic Energy
Agency

RIKEN

Hokkaido University

Hokkaido Universiry

Ibaraki University

Ibaraki university

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Hiroshima University

The University of
Tokyo

The University of
Tokyo
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214

215

216

217

218

219

220
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L — W — [k T BEAEE % o 7o KA b 2
T VU MED T 2 PytkEH

n

”
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”

AEEEARS TOWEICHE>TEL S P Rr Y
AVERIIRIEDZAL

PR AR o> Bi #5E 1 RnkEiEc 817
% A Y R TR

FITRRER Y - MR T IS X B
— 7 X )ViRETE CoS2 & -REENIE

BRI A AV arF A F VTez ORI
sy iR 1ot

TR 7 £ V248 MoTez 1281 2 A E Vi L
7= F A u YA L EEREED L
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SA7 4y MEEEEROBREX v v 7 OB
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JISIE:

At

RSP

Tt

preag

K4

Hizt

AR

il

LE¥ N

J=th

H
4

A

LIl

Higs

A

B A

e

7

HHRS

FRBLRLR A

HOR BRI

BOABRIRAE

FUTHLREAR S

HAELRER A

HA LRI

FURHRER A

HOR BRI

PNoNS

PNIoNES

e LR

FOURA:

FUHORA

FHORA

I

Title

KRBT RIS
JRRARITTER

Nano physical property measurement of resistance change
memory material using laser excited photo-emission
microscope

R
B

HAERR

RO
Bt

REFBEPAATSE
B

KA
&l

KBRS
Bt

T A~ Modification of Topological surface states upon adsorption of
= organic semiconductors.

b MRESHICY/pEiE S
&

KA abkag
WgeRt

Spin-polarized electronic states on quasi-1D Bi fabricated on
low-symmetric semiconductor substrates

N e
B

Study on electronic structures in half-metallic ferromagnet
CoS2 by high-resolution spin- and angle-resolved
photoemission spectroscopy

KB R
%R

REABET2E R0
Zikt

Time-resolved angle-resolved photoemission study on
transition metal dichalchogenides VTez

REAGE T 22 R0
Zikt

Observation of spin-polarized topological surface state on
polar Weyl semimetal MoTez2

KB TR
%Rt

REEE 22 R0
Zikt

Observation of superconducting energy gap in misfit
superconductors

Name

Yuma Umimoto

Kentaro Kinoshita

Yuji Okuda

Shotaro Kawanami

Yusuke Nakaune

Atsushi Shimizu

Shuhei Saitoh

Kaname Kanai

Tatsuya Kitazawa

Yoshiyuki Ohtsubo

Takuto Nakamura

Hirokazu Fujiwara

Natsuki Mitsuishi

Masato Sakano

Kazuhiro Fukada

Kengo Takahashi

Organization

The University of
Tokyo

Tokyo University of
Science

Tokyo University of
Science

Tokyo University of
Science

Tokyo University of
Science

Tokyo University of
Science

Tokyo University of
Science

Tokyo University of
Science

Tokyo University of
Science

Osaka University

Osaka University

Okayama University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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BESEA ¥ —h L — b IT-TiS2 D A ¥ 43

228 ey o R o

229 ”

HMFTE Mk PR

230 KL —H— & L —F — 1T EEBER MR

231 ”

9g9 HEEIIHM 7 74 8= L = = LU ZGHH
[ enlolitkid
HEPERL —F -7 74 NHEa v N1 S

233 DB

234 T L R—=TF7 74 N—FiREDO /R

HEPTE e R

fiEd L — Y — 406k & o 7 R R R o

235 gy
236 ”
og7 HFHL — 5 =)k % o 7 SRR RE Bl
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K4

AR IR

.

WA

\
i

P
H
il
Iy

g sk

i

AR

PNV RS

B PR

I
. BT R
UK ZF
g A
ki
R B
. KB
RBRF BRI R
s yvrutav

S
LR TR
BERR AT BT
et e
FERBEHAATE TRz
et e

B AR
i

TETRAY T
BIPEEB A BT
S S T
fRIERA Pl
WA T

Title

Observation of spin-polarized electronic state at an interface
between topological insulator and ferromagnet

Investigation of the spin-polarized electronic band structure of
atomic layer thallium single crystal

Observation of surface state on thin films of topological
insulator using laser photoemission spectroscopy

Spin-resolved angle-resolved photoemission study of transition
metal intercalated 1T-TiS2

Basic research on next generation laser systems and laser
machining technology

Development of fiber laser and pulse characterization
instrument for ultrafast optical spectroscopy

Development on fiber power combiner for GaN semiconductor
lasers

Development of a Er-doped fiber laser system

Observation of very short stress pulses with ultrafast laser
spectroscopy

Observation of very short stress pulses with ultrafast laser
spectroscopy

Name

Masaki Kobayashi

Kazuyuki Sakamoto

Shinji Kuroda

Hiroshi Ito

Takahiro Ito

Naoki Nabehira

Dai Yoshitomi

Hideyuki Takada

Tohru Suemoto

Yasushi Fujimoto

Junko Omachi

Takayuki Makino

Tomoya Takeuchi

Takuji Yamade

Organization

The University of
Tokyo

Chiba University

University of Tsukuba

University of Tsukuba

Nagoya University

Nagoya University

National Institute of
Advanced Industrial
Science and Technology
National Institute of
Advanced Industrial
Science and Technology
Toyota Physical and
Chemical Research
Institute

Chiba Institute of
Technology (CIT)

Kwansei Gakuin
University

University of Fukui

University of Fukui

University of Fukui
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—MRZE B - KRBKY: SelmsiigihRleeiftsi« » ¥ — (General Researcher - Center for Advanced High Magnetic Field Science Osaka University)

No.

g‘%

e

FH RIS B ORBORSE)

10

11

12

13

14

15

2OV A i % il 2 iR B FE T R R 0 IR
LYo urs

230V ARG % Rl 7T ESR #E DS &
JE

A TRAA LYy PHOAMYFERERAL 77 b —

A 2R KT PR CaCuz(OH)6Clz + 0.6H20
DiRIEY T ESR JE

Ce2MgX2(X=Si,Ge) D ikl DL

n

POVABRREGIC X BT v 4 RO
AT B3 2 %%

7 7 A b L — bR R O SRR R
SIRBEEE BaMnePn2 OERESsIC B T 2%
AR R

1 RGO REHER D AR & M, =R
o fiEH

2800 A R R ARAR SE B 1 oD [l 7

K4

Ry HAT
HHARAT
atk mA

IR A

W (e

KHUONG
KIM HUYNH

A% HERE

L

By ks

+H %

PN

BBk A

R

R

bR

JLEE R

BT

FLRA

NN

PNV

FAbRA

mERY

NGNS

NGNS

KRB 7R

FIE

ikt v % —

B

ek L > ¥
SATIFSERE Lo
A

KEFBERE A2
bt

RGBS

bt
AR
EIEARTTERT

Kb
%Rt

T

KB
st
FERVRL T
El
R T
SRl

KEFEFNE R
ikt

A BRETREA R

LA BRTREA R

Title

Physical properties of strongly correlated electron systems
under pulsed high magnetic field

Development and application of high-pressure ESR system
using pulse high field

Impurity induced magnetization plateau in the kagome strip
chain

High-field ESR measurements on kagome lattice
antiferromagnets CaCu3(OH)sClz + 0.6H20

Magnetoresistance of Ce2MgX2 (X=Si,Ge) at high-magnetic
field

Study on time dependence of martensitic transformation using

pulsed high magnetic field

High-field magnetic properties of frustrated organic radical
compounds

Magnetotransport properties under high magnetic fields of
BaMn2Pn2 antiferromagnetic insulators

Synthesis, structure, and quantum magnetism of one-
dimensional transition metal coordination polymers

Development of the cryostat for pulsed high magnetic field

Name

Tetsuya Takeuchi

Yoshichika Onuki

Takahiro Sakurai

Takayuki Asano

Hiroyuki Yoshida

Yuto Ishii

Yusuke Hirose

Fuminori Honda

Takashi Fukuda

Hironori Yamaguchi

Khuong Kim Huynh

Zentaro Honda

Satoru Noguchi

Tomoki Matsuyama

Ryo Tsuchida

Organization

Osaka University

University of the
Ryukyus

Kobe University

University of Fukui

Hokkaido University

Hokkaido University

Niigata University

Tohoku University

Osaka University

Osaka Prefecture
University

Tohoku University

Saitama University

Osaka Prefecture
University

Osaka Prefecture
University

Osaka Prefecture
University
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22

23

24

25

26

27
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31

32
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RSB T ISR 25 v 37 H oL

WGBS SRR DX a2 & BIREE D
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BATINZ 7 MEF 20§ RREEMEAF CaMnzBiz
128 B IR R E O W

20V ARl % G 72T A VSR O TS
L STERDY IS

n

RSB 2 N S TR T« 7 v 7 BT WA
DUEALHIE

”

”

SmBe B D LS T OIS, A — LR
s

GaFeOs3 I8 % A € v IO IEMH KM

780y 7 vt REEHRCEIII NS ER
WEARIRPTIC N T 2 BB R ER O 2

LUl & B SORBEME AR O ik 5 Hh ESR HIE

IR D OV 2 3RS T B R R

[yl

ST

R

i

JRERT

F

i

R

(S

L

A4S

15K

ARt

¥
>
>

K4

B

B

piMiay

S9N

—ih

PNUTNAYN S

PN

RBCR

AR

KPR

PNTNES

NN

NN

NN

PN

NI RNGS

HHRS

HHRFE

KPR

PNTNES

FOURA:

SR

RIS
&l

KEFGEFRER S
Bt

KEEBETAETR
*:

KRB
il

R
B

RIS
Bt

KB
B

REBEBAAITSE
15:

P

P AR
&l

KGR RIS
JRFARITZER

RAFBERTRESAN
BRI RE

KEFBERR AR SE
;F:

HIAER

R
FREREZE R

KRBT 2%
B

Title

Protein crystallization under the magnetic field condition

Relationship between zero-field splittings and dynamic
magnetism of monocuclear transition metal complexes

High field transport measurements on antiferromagnet
CaMn2Bi2 with corrugated honeycomb structure

Pulsed magnetic field studies of quantum transport properties
of Weyl semimetals

Magnetic measurements on a multilayered Dirac fermion
system hosting canted antiferromagnetic order

Mgnetoresistance and Hall effect measurements for SmBg thin
films under high magnetic field

Nonreciprocal spin waves in GaFeOs3

Transition-metal Substitution Effect on Giant Magnetoresistance
in Phthalocyanine-molecular Conductors

High-field ESR measurements of square-cupola-based
antiferromagnets

Current-voltage characteristics in high-Tc superconductors
under pulsed high magnetic fields

Name

Syou Maki

Takamitsu Fukuda

Toshiharu Ishizaki

Takahiro Urata

Hiroshi Murakawa

Moriyoshi Komada

Kohei Yokoi

Hideaki Sakai

Hyugo Fujimura

Kento Nakagawa

Hiroaki Shishido

Takahisa Arima

Tsuyoshi Omi

Noriaki Hanasaki

Tomoka Shimizu

Kenta Kimura

Itsuhiro Kakeya

Organization

Osaka Ohtani
University

Osaka University

Osaka University

Nagoya University

Osaka University

Osaka University

Osaka University

Osaka University

Osaka University

Osaka University

Osaka Prefecture
University

The University of
Tokyo

The University of
Tokyo

Osaka University

Osaka University

The University of
Tokyo

Kyoto University
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B Lo O
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R

HAER

I

KEFBEFNAERFS
Bt

KW LR
B

BT
B

EIEM IR

Title Name

Magnetoresistance measurements of triangular-antiferromagnet

AgoCrOz2 single crystal samples under high magnetic fields Yasuhiro Niimi

Research on time dependences of magnetstriction of Ni2MnGa

type Heusler alloys Takuo Sakon

Magnetic property of monoaxial chiral magnetic materials
examined by means of magnetic torque and resonance
measurements

Yoshihiko Togawa

” Yusuke Shimamoto

Magnetization, electric polarization, and ESR measurements
for CaBaCozFe207 single crystals in pulsed high magnetic
fields

Hideki Kuwahara

Observation of the magnetic excitation in the chromium spinel

oxides by high field ESR measurement Shojiro Kimura

YEGRR - 2HliElHE P 7 5 A / Materials Synthesis and Characterization P Class Researcher

No. AL K4 Hi)E Title Name
Bef22197 7 A b L — b RYE O ST & T " e REEBETSAF% Single crystal growth and study of novel phenomena of ) )
1 BrET oM ey Az JUH LIRS e geometrically frustrated materials Kazuyuki Matsuhira
2 ” B Bk JUNTZERY:  REEBE AN ” Tomoya Taniguchi
BEIPHEEBHEZ RO OEBRSEA VIS T4 w - KRBT 292 Growth of the transition metal chalcogenides with charge, .
3 [2ZEVE R/ i Jrln AR = orbital and spin degrees of freedom Naoyuki Katayama
lad =2 LTI
4 ” TSP R TS I ” Taishun Manjo
YE AR - M G 7 9 A / Materials Synthesis and Characterization G Class Researcher
No. A K4 i) Title Name
1 HfSE~ v A VB O FEER O B EE HFRY P25 Study of dielectric properties of single-crystalline manganite ~ Haruka Taniguchi
g e e . . ’ e KeFbedniEidial  Effects of high temperature and pressure water on solid . .
P S MR EL %8 7y S 26 np . . p
2 EiREEAROBEEMEREEENOWEOFE  KE #|A HERY IEFEDFZRE catalyst surface Yoshito Oshima
P [l SR b
3 % G Mt BOROReE Eé&%ﬁg%ﬁ“ ” Yuka Takahashi

Organization

Osaka University

Ryukoku University

Osaka Prefecture
University

Osaka Prefecture
University

Sophia University

Tohoku University

Organization

Kyushu Institute of
Technology

Kyushu Institute of
Technology

Nagoya University

Nagoya University

Organization

Iwate University

The University of
Tokyo

The University of
Tokyo
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BT VEZTEARDEODOH L L=X00E LN
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itk cO 7 v ' = T EMBEAIRICE T 2 HHE
MRS & S A 5 = R 2 DT

7V = 7 BRGIRIC BT 2 B Fmig
YEHIE & BRI R O B

TLHREWR 7 = 7 4 b ORGSR L ALR

K4
KK ME—EB
e Bl
KK ME—H
Nk T
KK ME—EE

e 3

I — £

KK ME—HE

gl

A

i — B8

1A A8

(R ]

FHORA

A

FHRS

HHRS

HHRE

FURRA:

FOURA:

&

FHURA

FUHORA:

SR

FHRS

HHRE

HHRF

FURRA

FOURA:

AR

Pt

KBTIl
BRI R

KRBT IS
JRFHARITTER

KGR RIS
JRFARITTER

RAFGERTRESA
JRFARTZER

NGRS AN
BEBHEREFE R

REFGERTREI AL
PEBHEIETE R

R
BRI R

KB
FREREIZE R

KA BTl
R

AR ARAl
R

AR ARAl
R

KGR RIS
JRFARITTER

KGR RIS
BRI RE

KGR AL
BEBHEETE R

KGRI AL
PEBHEITTE R

AR

KB
B

Title

Research on solid electrolyte (glass-ceramics) for Li battery

Development of mixed proton-electron mixed conductors

Design of New 3-D and 2-D Electrode Structures and Kinetic
Analysis for Ammonia Electrosynthesis with Proton-Conducting
Solid Oxide Fuel Cells

New Cell Design of Intermediate Temperature Proton
Conducting SOFC

Reaction modeling in chemical looping systems with new
oxygen carrier materials.

Development of new electrochemical catalyst for ammonia
electrolysis and evaluation of reaction mechanism at
intermediate temperature

Consideration between potential effect and control of cathode-
catalyst interface structure in electrolytic synthesis of ammonia

Magnetic properties and chemical compositions of substituted
ferrites

Name

Junichiro Ohtomo

Lu Shutong

Junichiro Ohtomo

Gen Kojo

Junichiro Ohtomo

Li Chien-i

Junichiro Ohtomo

Hiroshi Tadokoro

Junichiro Ohtomo

Kazuki Matsubara

Junichiro Ohtomo

Martin Keller

Junichiro Ohtomo

Takuto Hasegawa

Junichiro Ohtomo

Kazunori Yamamoto

Hiroaki Ueda

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Kyoto University
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KPR
Bt

KA Al
FREVFERFGER
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R DR F

REGERTEIAL
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REAGERTREI AL
BEBHAITTERE

REBEFT I AN
ARSI P

KA
R

RFBEHTHEISA]
JRFHARIFTER

KRB R I
Zikt

KGR RIS
JRFARTTER

KA Al
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B

REABET2ER 0T
Zikt

REAGE T 22 R0
Zikt

KB TR
%Rt

REEE T 22 R0
Jikt

Title

Effect of alkali metal species for nanoparticle synthesis in
supercritical water.

Control of bimetallic nanoparticle synthesis using high
temperature and pressure water-alcohol mixture

Bio-mass conversion over zeolite under hot compressed water

Characterization for metal catalysts supported on mesoporous
materials and graphene oxides

In situ measurement of Raman scattering for heterogeneous
catalytic reactions

Search for new flled-skutterudite compounds including alkaline
earth metal

Oxide-Protonics materials synthesis by combined use of soft
chemical method and high pressure

Stress-induced phase transformation of Fe-Zn alloy formed in
hot-dip process

Name

Junichi Masuda

Yoshito Oshima

Yasuhiko Orita

Yoshito Oshima

Liu Yuan

Yoshito Oshima

Apibanboriak
Chanwit

Takehiko Sasaki

Etty Nurlia
Kusumawati

Takahito Saito

Takehiko Sasaki

Chihiro Sekine

Megumi Hoshino

Shu Yamaguchi

Kazuhiko Tanaka

Shu Yamaguchi

Kazuhiko Tanaka

Organization

Kyoto University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Muroran Institute of

Technology

Muroran Institute of

Technology

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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EEAINC X % Al-Ir 1/0 350U 8 o £

AT T D MoSiz BIiEED FeAls f5 5 o 1S

73 BOETTICEBT 3 IENFLERIGORZ

F 7 BRI

4d & & O 5d EREBLAY OMIELL

L A R OBk

i T CRIGRPEE— > Y 7 A b —IKRIC

GEun 7 o)

Pro.3Sro.7Fe1-xMnx03(0.1 = x = 0.9) DEHRICE
U B & EVER R ICBE T 2SR

N=F AZNVIRA AT — e DM & ks

PP Y 2 BE%E

WA 3L M2X04 (M=Mn,Co, X=Ti,Sn) D5
W Mo s 20w
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FE—IB

73

qz

S

i
gk PR
PESHETAATE 42 %% —
i I
sk KIPERG
wE PR
sk PR
TRTEAY TR
s ST
sk PR
plAy s eI
(TIPS e
ARILT A KPBETARR
AR TR KBETER
AT A T

Title

Synthesis of Al-Ir 1/0-Icosahedral Approximant Semiconductor
by high-pressurization

High pressure synthesis of MoSiz type iron aluminide, FeAl>
crystal

Pressure-induced reaction of amino acids under high pressure

Development of secondary battery by using nanostructured
materials

Developing new epitaxial thin films of 4d and 5d transition
metal compounds

Research of new rare-earth magnets

Behavior of light elements in iron-silicate-water system under
high pressure and high temperature

Magnetism and thermoelectric properties at high temperature
in Pro.3Sro.7Fe1-xMnx03(0.1 = x = 0.9)

Study on the magnetic and transport properties of half-metallic
Heusler alloys

Low-field magnetic study on inverse spinel M2XO4 (M=Mn,Co,
X=Ti,Sn)

Name

Kaoru Kimura

Yutaka Iwasaki

Kaoru Kimura

Kazuki Tobita

Chikako Fujimoto

Eiji Hosono

Naoka Hiraoka

Masamichi Negishi

Ryohhei Yamamura

Tetsuji Saito

Riko lizuka

Ko Fukuyama

Hiroshi Nakatsugawa

Iduru Shigeta

Hiroto Ohta

Shoichiro Gyoda

Shusuke Tokunaga

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

National Institute of
Advanced Industrial

Science and Technology

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Chiba Institute of
Technology

The University of
Tokyo

The University of
Tokyo

Yokohama National
University

Kagoshima University

Tokyo University
of Agriculture and
Technology
Tokyo University
of Agriculture and
Technology
Tokyo University
of Agriculture and
Technology
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73 and physical parameter
KREBET AT ”
LA ”

REEBET A% Magnetic and transport properties of mixed-valent compounds

# consisting of tetrahedra

REPBEToF
Bt

KRB LA
B

KEEBEL4H7%  Synthesis and Physical Properties of One-Dimensional
BE Tellurides with High Thermoelectric Performance

KRBT 226 Study on the magnetic and electrical properties of Heusler

gekt compounds

B ”

KAEBEHTHEISAI  Synthesis of Li-dope alpha-rhombohedral boron by high-

JRFARITTER

pressurization

KGR
BRI RE

Preparation of metal and semimetal thin films

KEEBET A% Measurement of density and surface tension of molten oxides

# at ultra-high temperature

L —¥—R2EffF Ultrafast terahertz spin spectroscopy for rare-earth orthoferrite

el single crystal

L —F — Bl ,

FRt ’
— ¥ —FRIETF "

g0

L — % —FRlEt "

ZErt

Title

REEBE T2 Study of relationship between spin-glass transition temperature
ez

Name

Hiroko Katori

Kazuo Kakimoto

Shigeru Hatori

Shintaro Kobayashi

Akitoshi Nakano

Shunsuke Kitou

Yoshihiko Okamoto

Masahiko Hiroi

Ryota Kato

Kaoru Kimura

Munenori Sakai

Tohru Suemoto

Osamu Takeda

Makoto Nakajima

Kosaku Kato

Hongsong Qiu

Shodai Kimoto

Organization

Tokyo University
of Agriculture and
Technology
Tokyo University
of Agriculture and
Technology
Tokyo University
of Agriculture and
Technology

Nagoya University

Nagoya University

Nagoya University

Nagoya University

Kagoshima University

Kagoshima University

The University of
Tokyo

The University of
Tokyo

Toyota Physical and
Chemical Research
Institute

Tohoku University
Osaka University
Osaka University

Osaka University

Osaka University
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72 ”

73 HARBEEE AR & YR

74 ”
75 ”
76 7
77 ”
78 ”
79 ”

80  ZEI SR N FRNE 2 15 7 7 W HTHIREME fR D BE FE

81 ”
82 7
83 7
84 ”
85 7
86 ”
87 ”

88 WAL E AR & YR

K

o

e

i

(20

e

=]

K

B

JHETH]

Ve

FHi

HEAR

¥

Bt

F 1

PN

A

HHRF

HHRS

HERFE

FURA

FOURA:

&

FHORA:

FHORA

EPS

HHRS

HHRE

HHRE

FURRA

FOURA:

Pt

L — 4 — B

e

KBTI
JRFLARITTERE

KGR RIS
JRFARITZER

RAFGERTREISAN
BRI RE

KA BERTAAl
AT

REAFGERTREIE AN
BEBHEDTTE R

KA
FREREIZE R

KB
FRERE SR

KA BTl
RRPERIZE R

AR ARA
R

KR ARA
R

KGR RIS
JRFARITZER

RAFBERTREISAN
BRI RE

RAFBERTREIS AN
JEBHERTTE R

R GERTREIE AL
PEBHEDTTE R

R
FRERE %R

REgBegiiaigAl  Synthesis and characterization of novel superconducting

BEBHEITTERE

Synthesis and characterization of novel superconducting

materials

Exploration of new noncentrosymmetric magnets

materials

Title

Name

Seiichiro Ueda

Takasada Shibauchi

Yuta Mizukami

Suguru Hosoi

Takaaki Takenaka

Kousuke Ishida

Yuichi Sugimura

Ohei Tanaka

Takahisa Arima

Yusuke Tokunaga

Nobuyuki Abe

Yuri Fujima

Tatsuki Sato

Takeaki Yoshizawa

Yuma Umimoto

Su Dan

Masaya Tsujii

Organization

Osaka University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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89

90

91

92

93

94

95

96

97

98

99

100

101

e

No.

HUEY K4

3= h L AR BT BBA AL
o] AR
Cu—Ni - X (X=Co,Fe) FIHMHEA RO

BT T HVER & RSP o B R T SR

” S ERER
ARG TR 2 AN U 228 & o i R & s
R DT =
F 7 REEM R o 7o ZRE BT KH EIA
Priyanka
7 Jood

22 SN TR & 5 7 2 O BTRLIRE I (R D B 76 B Tk

” A B
” BUANEE N
” 2y S U]
” [N VN
» A B
” 3UNE "IN
EE
AL K4

INTTEELNF 27 AR BT B IEI%) Wik B

A

¥y )7 F=73Nifuran7i#liyoy

IN AL AN TN I A1z

Pt
FURRA
BRI
n

MR RS KRB L

NG S

PERBANR AN AT oL X —it

gl Eti

PESBAMRAT AT 2L ¥ —iF

g il

FUHRA

FUHRA

SR

HHRS

HHRS

HHRE

FURRA

I
AR A
MTHRSE o

JL

KPR LRI

REBE LA

KRR
R

RFBCHTEISA]
JRFHARIFTER

KRBT RIS
JRFARITTER

RAFBERT RIS
JRRARITTER

KGR
BRI RE

NGRS AL
PR AR

NGRS AL
BEBHEIETE R

REFEBE LTS

KRB LA

Title

KeFbeiEigAl  Understanding of coupled multiferroic domains in conical

JRFARTTER

spiral magnets

Precipitation behavior and magnetic properties of fine
magnetic particles in Cu - Ni base alloys single Crystal

Microstructural evolution and magnetic properties of nano-
scale particles comprising ferromagnetic element atoms in Cu
alloys

Development of secondary battery by using nanostructured
materials

Exploration of new noncentrosymmetric magnets

PfiEfR U 7 5 A / Materials Synthesis and Characterization U Class Researcher

Title

Pressure Effect on hexagonal vanadium Oxyhydride

Single crystal growth of carrier-doped pyrochlore iridates

Name

Tsuyoshi Kimura

Mahoto Takeda

Sintaro Matai

Hibiki Sakakura

Michihiro Ohta

Priyanka Jood

Hiroki Sumi

Yusuke Araki

Tsuyoshi Omi

Kyosuke Omata

Nishi Kenta

Keisuke Yamamoto

Yoshito Watanabe

Name

Takafumi Yamamoto

Kazuyuki Matsuhira

Organization

The University of
Tokyo

Yokohama National
University

Yokohama National
University

Yokohama National
University

National Institute of
Advanced Industrial
Science and Technology
National Institute of
Advanced Industrial
Science and Technology

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Organization

Kyoto University

Kyushu Institute
Technology
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Title

Study of the low-temperature crystal structure of a new low-

dimensional quantum magnet K(NbO)Cus(PO4)4

Continuous synthesis of functional inorganic nanoparticles

using a micromxer

Development of X-ray grating

Nitrogen incorporation into the lower-mantle minerals under

high pressure and high temperature

Evaluation of structural and catalytic stability of zeolite in high

temperature and high pressure water

Nickel catalyst deactivation in supercritical water gasification

of waste oil

Investigation on dynamic oxidation of thermal protection

system (TPS) using plasma wind tunnel

New cell design of intermediate temperature proton conducting

metal supported SOFC

Name

Hironori Nomura

Kenta Kimura

Kiwamu Sue

Hidekazu Mimura

Yu Kamata

Ko Fukuyama

Teppei Nunoura

Takuya Ogawa

Teppei Nunoura

Diane Gudatanga

Ai Momosawa

Seiya Tanaka

Shin Yamada

Junichiro Otomo

Kazuma Sakata

Junichiro Otomo

Hiroki Matsuo

Organization

Kyushu Institute
Technology

The University of
Tokyo

National Institute of
Advanced Industrial
Science and Technology

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Tokyo City University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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FHIR 2928 / Long Term Young Researcher

No. A K4 T Title Name Organization
YbPd DRI - HE T I & 2 5 2 i 5w B . . . Study on anomalous valence flustuation of YbPd under )
1 7% N il Fez 2 i i . . —
MO Al B JUHARS: AP BRI highpressure at extremely low temperatures Kohei Oyama Kyushu University
R A RNTE 62 X % 2H-NDSe2  spuy oo L L OREBEFESARESE  Ultrafast dynamics in 2H-NbSez by time-resolved Tokyo University of
2 . < P EHA THRRR A L7 ari Watanz
DNIWHE "4 F 2 7 ZA D% L HURBBER B photoemission spectroscopy Mari Watanabe Science
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SRR 30 AR HEFHFE - ($8) / Joint Research List (2018 Latter Term)

UEELHTSE 2 / Commission Researcher

No. A

HTE BRI i

MR AR b v VB E R F gk ay

F4 FEIZRK FeSeTe OR% e

AR bV ROVEIMENIC X 2 JRATRE IR E O

2w %

3 AEUHREREEE O IFEL - AP DBHFE i
L b RV BIBIC & 2 EKTE K YA L

4 YWHE oW [l FE

HHMFTE IS ERE
S JREAA SEABE T 7 e ' 4 RESPACK & f#

5 BT 7e 795 H ¢ /mVMC ofeic k 2358 dikt
SRR B R RS ARITY 7 b7 = 7 OB

6 A—N—avEa—FOFEICHTIERZH SN

HUFTE © bR

7 TN NMR RIEE B § % BH7S IR
8 Ml 122 {LAaWIcR T 2 ETIZR i
9 KM~ LTF 7 v LB At
10 &EET X #BIEHTEORZ VL%
11 v Froa—zHuk b7 il@Ekos JSEN
12 H—RouEmE O Tk SFH

g U LR

o R

Ei SR

b LIRS

IEA O BRERREE

B AR TRERY

i HA LR

Fpl HAKS

4, I
W Gy BT A8,
g PRI SRREET
T GAEBAE iRt
o PR
LS PN ot
o SUBVERR RTOITR
N B

REBE TS
bt

Ffi b

REBEAR - B
BT

REFBEEE LRI
Jikt

Low-temperature STM study on iron-chalcogenide

superconductor FeSeTe

Development of local ferromagnetic resonance in scanning

tunneling microscopy

Development of fandrication and treatment methods for spin-

polarized tips

Investigation of low-dimensional topological materials by

scanning tunneling

Development of first principles electronic-structure calculation
software by combining effctive -model derivation code
(RESPACK) and model-analysis codes (H ¢ /mVMC)

Procurement of Supercomputer Systems

Development of NMR measurement method under high

pressure

Pressure effect of rare earth 122 compounds

Development of multi-anvil apparatus for low temperature

Development of High Pressure X-ray diffraction measurements

Development of torque measurement method

Study on pressure induced superconductivity of quasi organic

conductor

Name

Yasuo Yoshida

Toshu Ann

Hirofumi Oka

Yoshinori Okada

Kazuma Nakamura

Shusuke Kasamatsu

Naoki Fujiwara

Toru Shigeoka

Masato Hedo

Tetsujiro Eto

Kiyoshi Torizuka

Miho Itoi

Organization

Kanazawa University

Japan Advanced
Institute of Science and
Technology

Advanced Institute for
Materials Research

Okinawa Institute of
Science and Technology
Graduate University

Kyushu Institute of
Technology

Yamagata University

Kyoto University

Yamaguchi University

University of the
Ryukyus

Kurume Institute of
Technology

Nippon Institute of
Technology

Nihon University
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Title

Effect of pressure on the Magnetic Materials

Effect of pressure on the 3d transition compounds

Adjustment of Cubic Anvil apparatus

Electrical resistivity measurements under multi-extreme
conditions by using a micro-turnbuckle DAC

Development of 10 GPa class high pressure apparatus for low
temperature

Sample preparation and high pressure experiments

Effect of pressure on the organic conductor

Research and Support of General-Use at 4G

Research and Support of General-Use at 6G

Research and Support of General-Use at T1-1 and T1-3

Research and Support of General-Use at T1-2 and T1-3

Research and Support of General-Use at T1-2, T1-3 and 6G

Name

Gendo Oomi

Takeshi Kanomata

Hiroki Takahashi

Mika Kano

Kazuyuki
Matsubayashi

Hirofumi Kawanaka

Keizo Murata

Taku Sato

Daisuke Okuyama

Kazuhiro Nawa

Keisuke Yomiyasu

Kazuaki Iwasa

Kenji Ohoyama

Masaki Fujita

Yusuke Nambu

Yoichi Ikeda

Organization

Kurume Institute of
Technology

Tohoku Gakuin
University

Nihon University
Nippon Institute of

Technology

The University
of Electro-
Communications

National Institute of
Advanced Industrial
Science and Technology

Osaka University of
Economics and Law

Tohoku University

Tohoku University

Tohoku University

Tohoku University

Ibaraki University

Ibaraki University

Tohoku University

Tohoku University

Tohoku University
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34

35
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37
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Title

Research and Support of General-Use at T2-2 and T1-3

Research and Support of General-Use at C1-2

Research and Support of General-Use at C1-2 and C2-3-1

Research and Support of General-Use at C1-3-mfSANS

Research and Support of General-Use at C2-3-1

Research and Support of General-Use at C3-1-2 and C2-3-1

Research and Support of General-Use at C3-1-2

Research and Support of General-Use at C1-3 and C3-1-2

Research and Support of General-Use at C1-3

Name

Kensuke Suzuki

Hiroyuki Kimura

Terutoshi Sakakura

Masaaki Sugiyama

Rintaro Inoue

Hiroaki Mamiya

Michihiro Furusaka

Masato Ohnuma

Takeshi Fujiwara

Ken Morishima

Masahiro Hino

Seiji Tasaki

Tatsuro Oda

Masaaki Kitaguchi

Hirohiko Shimizu

Katsuya Hirota

Yusuke Tsuchikawa

Organization

Tohoku University

Tohoku University

Tohoku University

Kyoto University

Kyoto University

National Institute for
Materials Science

National Institute of
Advanced Industrial
Science and Technology

Hokkaido University

National Institute of

Advanced Industrial

Science and Technology

Kyoto University

Kyoto University

Kyoto University

Kyoto University

Nagoya University

Nagoya University

Nagoya University

Nagoya University
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No. EA K4 Tl Title Name Organization

46 ” e & BV AWTSERT %g:%%liﬁ% ” Yutaka Yamagata RIKEN

HMFTR ¢ E
a7 1;:; 1; ﬂg@%ﬁ%?ﬁﬁﬁ&ﬁ%@o TARHIZAL X KT HASD  ROEUERASE A lSatgledryp(])ar;3 Ilt/lflaterials for Resistive Switching Memories using Kentaro Kinoshita ggilgloc eUniversity of
48 lfos)eﬁﬁ%‘éﬁﬁﬁiﬂlié \¥% BCS-BES 7m A A= e EA YN ;}Tﬁﬁ?ﬁﬁﬁ Study of BCS-BES crossover in FeSe superconductors Hiroshi Kontani Nagoya University
49 EORREEE TR X 2 AW E ot i vl [ITIpNES %zgﬁﬂﬂ? Ultra-high resolution study on strongly correlated materials Takayoshi Yokoya  Okayama University
50 SRBIEEARD L —F —EFI TN B ALY g\gf%}%ﬁ?ﬁ Laser-ARPES on Fe superconductor Takahiro Shimojima RIKEN
51 HELAEYOIET TN S W WRHRELRYY BT Photoemission study on organic compounds Kaname Kanai Tokyo University of

Science

ISR IS 5 7 —— i o i i
59 ;h'v'fr'a'jﬂ FRYETE 476 % H o - mAH BRI E O WF W SRR e T2l Time-resolved photoemmission study on strongly-correlated Takashi Mizokawa ~ Waseda University

b materials
53  FARw Y h VEBREROHER LI =YN UK ;ﬁ’ilﬁl?;ﬁﬁ Search for topological insulators Masato Sakano :i:(k)llfyliniversity of
54 DR - A4 7 —A 54 YOS LR F Bz g% E‘%;*j#ﬁﬁ ?gﬁﬁ CEate Development of micr- and time-resolved beamline Takayuki Muro JRE;%?;;Z]HIC&?&?:
55 WUEWIEMOUE FRBEAOMRE MM NB JOA MGURLRSE T CPDSONon I0CEhalien teseneh of abermation cmection  Masato Kotsugi - g UMV of
56 %));gv L ——%& RS e E o A% BT Bt %gﬁi?%ﬂ ;l;l;zrdevelopment of time-resolved photoemission using 60eV Kyoko Ishizaka i};lfy[éniversity of
57 Mn L&Y OWREHEI S G150 KRN A BERERYE AR Time resolved Photoemission on Mn compounds Mario Okawa ggil;};loceUniversily of
58 L —¥ B TNIC & 2 SIEIE O HH R %% - R %ﬁf%?%&fﬁf Laser-Photoemission Study on Oxide Films Shunsuke Tsuda ﬁzaiggjfslgz;ggéz for
59 RS O A R R T4 W RS %iﬁ%ﬁ?%ﬁ gjlltar:rgik(lj ligf(())iution photoemission spectroscopy on high Te . Fujimori $2§ygnivcrsity of
60 WOWETRY I ALAMOEIRENRETIE Wl fh— %2@%7]6)}% 4?%3}%37&)?%*: git;;l}llﬁhc(r;iggﬁ;o;s photoemission study on heavy fermion Shinichi Fujimori JAagl;();Iz;Atomic Energy
61 ST T TR K iR e KT EREEESERI AR FIFHRFFEIEES Technical development of time-resolved photoemission Toyohiko Kinoshita Japan Synchrotron

= T — ' microscopy measurement Radiation Institute
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Title

Research on electron state of molecular crystals using
photoemission spectroscopy

Electronic-structure study of topological insulators

Direct observation of Rashba effect-induced spin splitting in an
indium atomic-layer superconductor

Time-resolved ARPES investigation of monolayer Thallium on
Si(111)

Spin-resolved angle-resolved photoemission study of spin
texture of TaSiz

Laser ARPES study on superconductors and strongly-correlated
materials

Study of Majorana Fermion in Solids by Laser Photoemission
Spectroscopy

Operando nano-spectroscopy for energy effect, power
generation and energy storange devices

Technical development of soft X-ray absorption/emission
spectroscopy for water processed by in-liquid plasma

Characterization of nano-particle distribution in water
processed by in-liquid plasma and soft X-ray spectroscopy

Construction of a noble system for circular and linear
dichroism in soft X-ray emission and RIXS spectroscopy

Study on the electronic property of electrode materials for Li-
ion batteries by soft X-ray absorption/emission spectroscopy

Study on vanadium oxides by high resolution Photoemission

Name

Takayuki Kisu

Akio Kimura

Takashi Uchihashi

Kszuyuki Sakamoto

Takahiro Ito

Teppei Yoshida

Yuji Matsuda

Masatoshi Sato

Masaharu Oshima

Kazuo Terashima

Tsuyohito Ito

Shigemasa Suga

Eiji Hosono

Daisuke Asakura

Hidenori Fujiwara

Organization

Osaka University

Hiroshima University

National Institute for
Materials Science

Chiba University

Nagoya University

Kyoto University

Kyoto University

Kyoto University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Osaka University

National Institute of
Advanced Industrial
Science and Technology
National Institute of
Advanced Industrial
Science and Technology

Osaka University
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No. EA K4 Tl Title Name Organization

77 R AMRNCE T4 PR S Aft B~ KA &zlﬁﬁiﬁ%ﬁ& Zgg?gi)ﬁloz?’gggf:;gifpi“"resOI"ed photoemission Shin-ichi Kimura ~ Osaka University

78 ISR S SRR 0D R R N EA LRI LR T2 ;F)fg:gir;iln(tievelopment of time-resolved magneto-optical Masato Kotsugi g((:)ilglocgniversity of
HYPTE  AE R

79 g;ﬂgfgﬁg&g?iﬁg j:) @Z% EEUNiZ (Si1xGex)z Dffi SROUIRES KB A ﬁﬂ%’%]:?ﬁﬁ#: bD})]/rtllerlnrrgcr?3 Soofl\\lfg(lje?((/:\estransition in EuNiz (Si1-xGey)2 revealed Kojiro Mimura Sieil‘]/(gr;i;fecture

80 ?;%;n&a%%E%CA ICEBETFNANLADF RS ¥ KR %%; - MBI 2%2 BRI 8;2%2:20%%%3:15 of the electronic structure of actual devices " Ngamura ﬂzﬁi:;;:llslrslz;ietséz for

g TE—V ~ b FEIRR X RIS & I X A i WH - MR %éggg%% Observation of magnetic domain structure for ferromagnetic . poq o National Institute for

VG DELH 3% ] thin films by means of resonant scatterin Materials Science

—fF7E E / General Researcher
No. A K4 Tl Title Name Organization
HEFTE AR RES

1 Ba?t-Fe3*-Ti*t ML WIRGIER ORGSR BEE  ME 3 BERY %Eﬁiﬁl#ﬁf ai:éi(;ttriicc é)erl(()iperties of Ba?*-Fe?*-Ti** magnetic oxides under Kamishima Kenji Saitama University

2 ” PSRV HEKRY: %\‘Eﬁiﬁi#ﬁf ” Atsushi Yonezawa  Saitama University

3 %gﬁﬁgo) Fry TREMEZRET 2 I8, I W —& SR PR S)e(Feerrrinni]r?;t;ilnairr]]ds;};z(;zgri]%ﬂcsttour(sﬁes on gap symmetry Kazushige Machida  Ritsumeikan University

4 %;é%%%mg%ﬁ%ij‘#ﬁ%ﬂﬁmﬁ L gtE Rl RYEKA: PR gzllegrr?;fli}s/ntl)ilwgeegvl;{lfce(;gl\i/sgucc:)ﬁ;zﬁﬁ grsconduclivily and Makoto Yokoyama  Ibaraki University

5 ” AR HET RWNR izﬁﬁT?ﬁ ” Kohei Suzuki Ibaraki University

6  YbaRhsSis O MHEERAL & HEEGHE R A SR T YA To ‘l\f/gsg/nlztvivzzta‘tei;)lr; ;I;(tiusrgeciﬁc heat measurements of Yb2Rh3Sis at Shota Nakamura ¥:§Srylfgl(l)ré§titutc of

7 ?@fﬁi 7o i HAHE Y 2 F o 7 BT AL AR A o L T it SO AE B Smu(;esrucr(:;;i;;ttsing state elucidated through specific heat Naoki Kase gz)llg]oc ;Jniversity of

8 PR HVEBIBEDOX v v TG E 2~ F v % Sl TR Study of the gap structure and nematic phase of topological Yue Sun Aoyama Gakuin

7 MR

superconductors University
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Title

Impurity effects on anomalous magnetic properties of
Rb2CuzMo3012

Dielectric Properties of Quantum Spin Ice System Yb2Ti2O7

Low temperature magnetism of triangular antiferromagnets

Magnetic torque measurements of heavy fermion YbNi2Si3 at
ultra low temperature

Local magnetization measurements on pyrochlore oxide
Cd20s207

dHVA effect measurements at ultra-low temperatures in a
heavy fermion superconductor CeColns

Study of Superconducting state in semiconductor MoSz/metal
Ti interface

Fabrication of nano- and microsensing devices

Name

Yukio Yasui

Yukio Yasui

Yoshitomo Karaki

Shigeo Ohara

Shota Nakamura

Takasada Shibauchi

Kiyotaka Mukasa

Hiroaki Shishido

Ryo Katayama

Ishiguro Ryosuke

Aizawa Yumika

Reo Kometani

Kodai Tanaka

Kenta Yoshihara

Penekwong Khemnat

Organization

Meiji University

Meiji University

University of Ryukyu

Nagoya Institute of
Technology

Nagoya Institute of
Technology

The University of
Tokyo

The University of
Tokyo

Osaka Prefecture
University

Osaka prefecture
university

Japan Women's
University

Japan Women's
University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo



810¢ ¥odoy L1andy JSSI

14/

24

25

26

27

29

;%\
[
X

ZRIGHERAL D R — VAREGHIE (1)

B — VR FIGE D 72 0 DETE B LG

BHERL

22 SRR DL 7 K G IS FE BT 2 1

MG ERIEE

HUFTE MR SR

30

31

32

33

34

35

36

37

38

Al-Pd-Ru ¥ 5, - SRS B 1) 2 22 LIRE D

e

T PR S 17z Cu(001) i 12 BV 3 /TR

il

YilE 275 7 = v OEIREDIRNT

Si(111)4 x 1-In #W 21T % In-Bi EFAED

AR

i 75 7 = v OB TRED YT

g AR LIRS X OV i
HIRDIZHL & Z DALY A + 2 v 7 208l

STM % F\»7z L10-FeNi RHEICE T 5 N4 —7

778 LRI DT

V

iz

ENES

ER

ot

Hwhl

HH e

N

e

N

K4

s

BN

I

Kt

i

HHRS

R

PR

LR RER S

N

FERTERIR A

FAbRA

FHATERY

FUR AR

itk

R E VR

B LR

B LR

R KA

HAE 2

FAELRER A

i

KGR RIS
JRFARTTER

REFEBEEE 2RI
Jikt

RGBT 2RI

%t

VB

LS €

BEA RIS

[ERSEEFA

RFGEHE
Jikt

4%
=

BUTAAE

KRB LA

Y B b

YrE B Lo

BGE BRI

R

Title

Hall coefficient measurement of 2D curates (II)

Development of the high mobility semiconductor sample for
the measurements in the quantum Hall regime

Nonlinear current response in non-centrosymmetric crystal
structure

Positron-annihilation studies of Al-Pd-Ru quasicrystal and its
approximant crystals

Local structural rearrangement on a compressed Cu(001)
surface

Analysis of electrical states of monolayer graphene

Electronic structure of In-Bi surface alloy grown on
Si(111)41-In substrates

Analysis of electronic states of monolayer graphene

Study on magnetic dynamics of ultra-thin films and nano-
structures on metal / semiconductor surfaces

Study of N surfactant effect on L10-FeNi by using STM

Name

Hironobu Nishida

Shiro Kambe

Yoshihito
Shimabukuro

Akira Fukuda

Daiju Terasawa

Motoi Kimata

Ikuzo Kanazawa

Shun Nakamura

Masamichi Yamada

Yoshihide Aoyagi

Kan Nakatsuji

Kazuya Tanaka

Shinya Ohno

Norikazu Kawamura

Masato Kotsugi

Organization

The University of
Tokyo

Yamagata University

Yamagata University

Hyogo College of
Medicine

Hyogo College of
Medicine

Tohoku university

Tokyo Gakugei
University

Tokyo Gakugei
University

ChuoUniversity

Yokohama National
University

Tokyo Institute of
Technology

Tokyo Institute of
Technology

Yokohama National
University

NHK Science and
Technology Research
Laboratories

Tokyo University of
Science
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Title

STM investigation of epitaxial silicene, germanene, and their
heterostructures

The physical properties and reactivities of functional materials
studied by various spectroscopies

Field-effect control of adsorbed molecules observed by infrared
spectroscopy

Reflectance measurement of the mirrors used in cosmic ray
telescops, after an exposure to UV radiation

Photoluminescence excitation spectroscopy of localized states
in GaPAsN alloys

Influences of growth conditions of GaN on Si substrate on
optical properties

Crystal strain associated with valence transition 1T

Physical properties in rare earth intermetallic compounds at
high magnetic fields in low temperature

Name

Yukiko Takamura

Takahiro Yonezawa

Yuichiro Shiozawa

Ryo Nouchi

Koji Noda

Hiroyuki Yaguchi

Kengo Takamiya

Wataru Takahashi

Takashi Kuraoka

Takashi Kuraoka

Kentaro Kuga

Takao Ebihara

Jumaeda Jatmika

Organization

JAIST

JAIST

Industrial Technology
Center Yamanashi

Osaka Prefecture
University

The University of
Tokyo

Saitama University

Saitama University

Saitama University

Kagawa University

Kagawa University

RIKEN

Shizuoka University

Shizuoka University
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Title

Characterization of electric and magnetic properties of
intermetallic compounds with layered structures

Ground-state phase diagram and magnetic excitation of the
Kitaev- I' model on a honeycomb lattice

Tensor network schemes for non-equilibrium systems

Development of NMR measurements under pressure using a
cubic-anvil cell

High pressure study of the weak ferromagnetism in
BeFe1 xCOx0O3

Magnetic and transport properties in YbHz2.x

Crystal growth and characterization of polymorphic
compounds RIrzSiz2 (R=rera earth) 5

Crystal growth and characterization of pseudo-ternary
compounds Ce1xMxNiC2(M =Y, La, Lu)

Magnetic characteristics of polymorphic compounds
RIrzSiz(R=rare earth) 3

Magnetic properties of rare-earth-based compounds RsCuSn3

Name

Takahiro Yamada

Takafumi Suzuki

Kenji Harada

Naoki Fujiwara

Takanori Kuwayama

Hajime Yamamoto

Osamu Nakamura

Toru Shigeoka

Kiyoharu Uchima

Toru Shigeoka

Kiyoharu Uchima

Kiyoharu Uchima

Toru Shigeoka

Keisuke Matsumoto

Organization

Tohoku University

University of Hyogo

Kyoto University

Kyoto University

Kyoto University

Tohoku University

Okayama University of
Science

Yamaguchi University

Okinawa Christian
Junior College

Yamaguchi University

Okinawa Christian
Junior College

Okinawa Christian
Junior College

Yamaguchi University

Ehime University
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Magnetocaloric effect in rare-earth-based compounds RsCuSns

Single crystal growth of Co substituted HoRh2.xCoxSiz2

Magnetic properties of HojxL.axRh2Siz2 single crystal

Specific heat measurement of EuMn2Gez single crystal

Resistivity measurements of HojxLaxRh2Si2 single crystal

The high pressure study on highly substituted FeSe; xSx

Search for pressure-induced superconductivity and determination of
the Mott phase boundary by applying quasi-hydrostatic ultra-high
pressures to organic antiferromagnetic insulator, A -(BEDT-TTF)2GaCls

Name

Ken Ishihara

Keisuke Matsumoto

Ken Ishihara

Tetsuya Fujiwara

Shu Yamamoto

Tetsuya Fujiwara

Shu Yamamoto

Tetsuya Fujiwara

Shu Yamamoto

Tetsuya Fujiwara

Shu Yamamoto

Kouhei Matsuura

Hiromi Taniguchi

Takuya Kobayashi

Hitoshi Tsunakawa

Kohsuke Oinuma

Hiroaki Ozawa

Organization

Ehime University

Ehime University

Ehime University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

The University of
Tokyo

Saitama University

Saitama University

Saitama University

Saitama University

Saitama University
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Title

Single-crystal growth and pressure-effect study of iron-selenide

compound

Evaluation of fundamental physical properties in
Yb(Coixlrx)2Znzo 11T

Pressure effect of doped YbCo2Zn2o systems 111

Simultaneous measurements under pressure in Ce-based
pressure-induced superconductors

Anisotropic magnetovolume effect of rare earth Laves
compound RAI2

Pressure and field induced quantum phase transition in
strongly correlated electron systems

Anomalous Properties of Pressure Medium around 1 GPa

Pressure effect of the BiSz-based superconductors

Magnetic properties of Cr-based ternary itinerant ferromagnet

under high pressure

Magnetization of MnNiGe;.xSix system under high pressure

Name

Akihiko Hisada

Naofumi Aso

Shin Sato

Naofumi Aso

Ryo Tsuken

Naofumi Aso

Miiru Morishima

Masashi Ohashi

Tomoki Nishikawa

Masashi Ohashi

Yosuke Inamori

Keizo Murata

Naoki Kase

Yoshifuru Mitsui

Hayato Masumitsu

Masakazu Ito

Toru Shirahama

Organization

Tokushima University

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

Kanazawa University

Kanazawa University

Kanazawa University

Knazawa University

Osaka University of
Economics and Law

Tokyo University of
Science

Kagoshima University

Kagoshima University

Kagoshima University

Kagoshima University
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REFBEBE LRI
Zikt

REFBEBE 2RI
Zikt
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REFEBEEE 2RI
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Study on pressure-induced martensitic phase transformation in

Co-based Heusler alloys

Relationship between annealing temperature, magnetic and

Title

structural properties of MnCoGe

Pressure effect of the magnetic moments for the Pd-Heusler

alloys

Magnetic properties of Fe-based magnets under high pressures

Investigation of valence transition on Eu compounds under

high pressure

Transport properties of non-centrosymmetric transition metals

compounds under high pressure

Searching of pressure-induced valence transition and transport
properties under high pressure

Searching for pressure-induced Kondo state on Eu compounds

Pressure effect on transport properties of transition metal

compounds

Name

Iduru Shigeta

Yoshifuru Mitsui

Kohei Noguchi

Yoshiya Adachi

Takumi Fukumoto

Keiichi Koyama

Masahira Onoue

Yoshichika Onuki

Fuminori Honda

Takao Nakama

Masashi Kakihana

Jouji Ota

Masato Hedo

Wataru Iha

Masato Hedo

Shinya Matsuda

Takao Nakama

Organization

Kagoshima University

Kagoshima University

Kagosima University

Yamagata University

Yamagata University

Kagoshima University

Kagoshima University

University of the
Ryukyus

Tohoku University

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus
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126

FIREFIROWZRIC X 2 ZHOuh o RS - &

FIRTEMNT K OV

fHMPTE © 28 P
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ESTHE

127 Hifk5 CeRhaSiz O 3T

128 HELEHETRHEEEAICB T 2ETHEMES &

129

130 Yb(Co1.xNix)2Zngo O HfER HZGHIE

131
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707 YA
B SEA
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Title

Searching of topological semiconductors and transport
properties under high pressure

Effect of Pressure on the magnetism of uranium compounds

Specific heat measurements of a new Ce compound with zig-
zag chain structure

Electrical resistivity under pressure of CesGes

Analysis and control of crystal and electronic structures of 2D

materials through concerted collaboration of experiment and
theory

Evaluation on the crystallinity of single crystalline CeRhzSi2

Quantum critical fluctuations in heavy fermion
superconductors

Specific heat measurement at very low temperature on
Yb(Co1-xNix)2Znzo

Name

Syouya Kawakatsu

Masato Hedo

Kenri Nakaima

Fuminori Honda

Gaku Motoyama

Masahiro Tsubouchi

Yusuke Hirose

Takuto Koitabashi

Antoine Fleurence

Hirokazu Nitta

Hiraku Saito

Makoto Yokoyama

Kohei Suzuki

Naofumi Aso

Chousei Zukeran

Organization

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

Tohoku University

Shimane University

Shimane University

Niigata University

Nigata University

JAIST

JAIST

High Energy
Accelerator Research
Organization

Ibaraki University

Ibaraki University

University of the
Ryukyus

University of the
Ryukyus



801

810¢ 3odoy Lanoy gSS1

132

133

134

135

ELE Ry = R =1

136

138

139

140

141

142

143

144

145

146

s&;

FiEE

(Yb1xLux)CozZnzo D& A 11

i

(Ce1-xRx)sSi3(R=Y, Li, La, Lu) itk o =

FOLX— X7 7 LB X B 5T ALRE

(Ce1xRx)5Si3(R=Y, Li, La, Lu) Hifk 5kt o il

i HE R E
GO

RS AOEIC & 5 CusMoz209 DL 77
k—DWFE IV

EBE T/ R RO RO
”

BN 7 Z A b L — R D RS P
ﬁ

T A AT O LD

SEITK E 72 BiSy Rl {8 0 LIRSS O
RAE

YbaTGes(T: ES&E ) &HHMLBLEHOM
iz allve

MnNiGe(1-x)Si(x) FLEYI O ERESREAL I &

”

K4

ke

AR EE

NS

NS

EESIN

G|

K

%t

G

T

-
=

gt

i

[SFE

D'

i

P

=
X

m

i

[

th

BB

SRBR A

HERAR A

HERAR A

BATAY:

BAPH A

IR

K

PR

FOR BRI

WKL

R

P

FL I

R T
ikt

SARTIFZERE Lo
%

FARTHERE I

KB ER
BRI

B

KB
B

R
B

WARAER S
HHYH

RAFIEIL T
%fH

Title

Specific heat measurement at very low temperature on
(Ybi-xLux)Co2Zn2o 11

Alignment of (Ce1-xRx)5Si3(R=Y, Li, La, and Lu) single crystals
by high-energy X-ray Laue diffraction

Specific heat measurement at very low temperature on
(Ce1xRx)5Si3(R=Y, Li, La, and Lu) systems

Ultra-high magnetic eld magneto-optical approach to the study
of magnetization plateau in CugMo20g using vertical single-
turn coil system IV

Magnetic properties of metal nanocrystal assemblies

Magnetization measurements of the frustrated magnets

Physical property of rare earth compounds at pulse magnet

Upper critical field of the BiSz-based superconductors

High-field magnetization measurements of Yb4TGeg
(T: transition metal) and novel rare-earth metal compounds

High magnetic field Magnetization of MnNiGe(1-x)Si(x) system

Name

Naofumi Aso

Masatsugu
Moromizato

Riki Kobayashi

Riki Kobayashi

Haruhiko Kuroe

Mitsuru Inada

Ryo Yonezawa

Hikomitsu Kikuchi

Takao Ebihara

Takuma Murakoshi

Naoki Kase

Chishiro Michioka

Shunsuke Yamanaka

Masakazu Ito

Toru Shirahama

Organization

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

Sophia University

Kansai University

Kansai University

University of Fukui

Shizuoka University

Shizuoka University

Tokyo University of
Science

Kyoto University

Kyoto University

Kagoshima University

Kagoshima University
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147 }E%)/E%(E%I‘(ondo insulator SmBg,YbB12 D1k P S B T m?g&?gf sa;l](]ig ;};e;lrgl{a%}érl(;perties of topological Kondo Fumitoshi Tga Iharaki University
148 ” T i PV %g{ﬁﬁi?ﬁ ” Wataru Matsuura Ibaraki University
149 %EQWEJ_@ 6,12 4 iy o it h oL e PeiwNes piiitssuils z/tl;tg}?%t;jn SHTZZTJZILSFSSSI(};?;)TOgtihe:in S}%I;iz;l ?)erle(:;)rferare Fumitoshi Iga Ibaraki University
synthesis
150 ” bl ez TIRRF ﬁ%ﬁﬁi?ﬁ ” Hiroyuki Nakayama Ibaraki University
1 AN ORI oy g SEPLER A of b apconing et e e s ety
152 ” JUARE 2 BATT R %zﬁ%ﬁiiﬁ ” Keisuke Kawamura — Hirosaki University
153 ” i fE GARTR S %zﬁﬁiiﬂ ” Shunpei Yamaguchi  Hirosaki University
HYFTE Ak R
o BEATRIBONEC XS T OSKIARS g qn e AT tion of e el v e 0TS oy g sty
155 0‘;% ;@?é é %’%&E;};O 7> 2 VEERE NIl # NSNS gi%% B ?é?gﬁﬁsellﬁfzgdf; fg;s%ulfan;iﬁggﬁé;ﬁgiport properties of tours i Murakawa ~ Osaka university
o HTLTIIMTRRME D DR g i g PR Il o o a0 gy Ot ety
167 FAROEFREEE UTe, 02 SRIEOBE  #A Ktk IR S ronioe o qenc s n novel heawy fermion Dai Aoki Tohoku University
158 PRANFOMHC R SRR CORAR Ak @ piecr AEPEEVRT Mo e b oolle i onya T8 Uity
150 #H FIc5s17 3 PAMnGa AoBILIE 7 gl STPRITIPE he tugnetizaton measurement under strong magnetic feld i x, Tohoku University
160 » p ek ddoks  STPELTRR , Tatsuya Tto Tohoku University
o1 BT L SMEBINON O g o R O e st s o1 s U
162 Eﬁf%é%@éﬁ%}f\%ﬁ%ﬁ % 1A EEaliE 7 a — 7 % ke s Bk %’ﬁ[‘ﬁi?%ﬁﬁ ?éﬁ;ggieéf;:t magnetotransport properties on the magnetic Hidefumi Takahashi :i:(}:ﬁyliniversity of
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Validation of multicaloric effects in Ni-Mn based Heusler alloys

Electronic states at high magnetic fields in Heavy Fermion

systems

Impact of spin-orbit interaction on the Landau levels near the
quantum limit for a layered Dirac material EuMnBiz

High-field magnetoelectric properties of square-cupola-based

antiferromagnets

Magnetization and transport properties by using one-turn coil
in a 120 T pulse magnet of Kondo insulator (Yb,R)Bi12 and
novel rare-earth borides producted by high-pressure synthesis

Unveiling the surface state of spin-orbital torque magnetic
memory using topological insulator

Angle-resolved photoemission spectroscopy study of type-II
Weyl semimetal WTe2

Fermi-level tuning of quasi-1D spin-split surface states on
semiconductor substrates

Title

Name

Alex Hiro Mayo

Takumi Kihara

Takao Ebihara

Fumito Suzuki

Hideaki Sakai

Takuya Nishimura

Hyugo Fujimura

Kento Nakagawa

Kenta Kimura

Fumitoshi Iga

Takahiro Yamada

Takahito Takeda

Wan Yuxuan

Yoshiyuki Ohtsubo

Takuto Nakamura

Organization

The University of
Tokyo

Tohoku University

Shizuoka University

Shizuoka University

Osaka University

Osaka University

Osaka University

Osaka University

The University of
Tokyo

Ibaraki University

Ibaraki University

The University of
Tokyo

The University of
Tokyo

Osaka University

Osaka university
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i Title
=4 2L
Ky g POREIRR )
- g e Time-resolved photoemission study of electron-hole coupled
7 2L ~h
PR HR Lo materials
s v 7ubkny Spin- and angle-resolved photoemission study of layered MAX
i ERE
Yeh4E+ 4 — phase compound V2AIC
[ (= Sy M7
wigky PRI ,
Bt REEBET 2% WF  Unveiling the surface state of spin-orbital torque magnetic
AT 7kt memory using topological insulator
R KRBT 2248 Time-resolved angle-resolved photoemission study on
AT Fikt transition metal dichalchogenides with double zigzag chains
Bk Z\E?ﬁﬁﬁ@%ﬁ%m Angle-resolved photoemission spectroscopy study of type-II
- Fikt Weyl semimetal WTez
Nano physical property measurement of resistance change
WRERRERYE  BRAA memory material using laser excited photo-emission
microscope
=4 ~L
P P ,
=1 25
SR ﬁ%l&ciﬁ%ﬁﬁ% ”
FEERNTR A ETOLHMIZE  Basic research on next generation laser systems and laser
o g machining technology
PEFEEANATT BRI )
s il
N - SediiA 7 v Rkl
FE2GIN AN
Eﬁ&mrﬁﬁnﬁ A — 75 4 7~ "
7u —vavIRIHY
N - SJedtiA 7 v FEkl
e L R N A
E‘Eiﬁm AT sr—7o s ”
7t —>avIRT MY
PEZEBANTR AT ﬁiﬁﬁ‘ T HERTE "
B |
E‘%&Wﬁﬁﬁéﬂ? ﬁfﬁéﬂ‘ TEREDT "
£ Eins |

Name

Naoki Tokumasu

Takashi Mizokawa

Takahiro Ito

Naoki Nabehira

Masaki Kobayashi

Natsuki Mitsuishi

Atsushi Fujimori

Kentaro Kinoshita

Yusuke Nakaune

Shuhei Saitoh

Dai Yoshitomi

Hideyuki Takada

Ryunosuke Kuroda

Yasuaki Moriai

Tatsunori Shibuya

Daisuke Satoh

Organization

Osaka university

Waseda University

Nagoya University

Nagoya University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Tokyo University of
Science

Tokyo University of
Science

Tokyo University of
Science

National Institute of
AIST

National Institute of
AIST

National Institute of
AIST

National Institute of
AIST

National Institute of
AIST

National Institute of
AIST
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gy . N I BB LAERF : . . Toyota Physical and
194 HEEHSHEH 7 7 4 N—L —F —DBiF Aot i Development of fiber laser for ultrafast optical spectroscopy ~ Tohru Suemoto Chemical Research
T Institute
HEPEARL — =7 7 A N a N S e T g o Development on fiber power combiner for GaN semiconductor L Chiba Institute of
195 DB BEA U TIETERY: TA lasers Yasushi Fujimoto Technology
Yb 7 7 A N—L =P —R— 2 DHWIES 2 T L S . - Development of a Yb-fiber-laser based pulse amplification . Kansei Gakuin
196 o KA M7 BfRBERY:  BAEE system Junko Omachi University

KEFBERE RS
197 HEHE VAL —9—IC X 2 R EfkiEO S Rl EE R FHEE 7 + by
4 T v AWFFE S

Laser modification of carbon fiber by short wavelength pusled
laser

The University of

Masahiro Moriyama Tokyo

KEFBEEE T 22#F  Study on laser modification by using optical spectroscopic

198 L —4—JITARIED 3 EHlE 1< B 9 2 WF 5 e 3K BRHIR g easurement Makoto Yamaguchi  Akita University

P s 7:’%{:[;] *ir{’fﬁ% 3 n . . . .

= =1 i . o T ) . m s . S
199 ” HH R fEER: BB T2 ” Takuro Tomita Tokushima University

HUFTE A R

“ERFZERBE T2+ Time-resolved differential absorption spectroscopy in lead-

200 $hNT A B B 2 ISR SPIRGE R TE fEHREE Z R halide thin films Takayuki Makino University of Fukui

Jevs LTSS
201 ” W e ;F*%Iﬁ‘mh ” Takuji Yamade University of Fukui

—MEFFEE © KBRS Simisiis Bl A isE £ ~ ¥ — / General Researcher « Center for Advanced High Magnetic Field Science Osaka University

No. A K4 Tl Title Name Organization

2RI R (RBORS)

B LWL X 3 8 v 8V ORERIE LS E b A Saems s Protein crystallization under the magnetic levitation method ) Osaka Ohtani
! Fik Bt ARG il by using new precipitant agent Syou Maki University
L ) S b o p T . . TR Ty %ﬂiﬂﬁhlfm]:% High-field magnetization process on uniform particle size . Al R .
2 H—RpEE Y 7T VO S AR RE B IR Z copper molybdate Takayuki Asano University of Fukui

7 A VRSB A IS BT B XY — O S KEEBEHAAFZ Evaluation of Berry's phase in various magnetic field direction

N e »p ochi ST A ler -
3 SR DR I & NN B in Weyl semimetal Hiroshi Murakawa  Osaka University
== e g
4 ” B RE2 NTNES g*h@*ﬁh ” Moriyoshi Komada  Osaka University
;/—,’ = - N T2 T —‘AlAEI " . . » 1 _ 1 _ 1 1 e 1
5 2 ROG= s Imig Ak Mn(OH)2 O s i g BT 2 High-field ESR and high-field magnetization of two-dimensional Hirohiko Sato Chuo University

ESR & X Ui 5L triangular-lattice antiferromagnet Mn(OH)z



810¢ ¥odoy L1andy JSSI

crr

10

11

12

13

14

15

16

17

18

19

20

21

22

;%\
[
X

HIEMALZH T 5JEIRT + 7 v 7 BFRYWHEIC
BB * v TIRE BB

VA = SR G N R (RIEVN
ARSI N5 2 BB 2R ER ORI

”

7 3 XN BORBEE R O Wik 5 i A LB AL E

”

VFIREL VI —AL—F L AT IO T
R OB

SmBe/SrBe A LT D 5aEES T OBEK ST
A= VRIHANE

200 A R EES RRARA S BRI oD [l
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RPN

NN

BB

Fti R

KPR
Bt

KEEBEBAEREE
B

R
B

RO
Bt

REFBEPAATSE
B

bk Q0 P T

RAFBEBRE BT

REFBEBE LRI
Zikt

KA LRI
Bt

KW LRI
*:

KEFIEERAE R
Zikt

RIS

Zukt

BT AR

{Kift v 8 —

HAEAR

KBTI
B

Title

Carrier density dependence of magnetic properties for a
layered Dirac material with canted antiferromagnetic order

Transition-metal-substitution Effect on Giant Magnetoresistance
in Phthalocyanine-molecular Conductors

High-field magnetization measurements on kagome lattice
antiferromagnets

Magnetic properties of lithium intercalated phthalocyanine
derivatives

Mgnetoresistance and Hall effect measurements for SmBg/SrBe
artificial superlattices under high magnetic field

Development of the cryostat for pulsed high magnetic field

Magnetization, electric polarization, and ESR measurements
for CaBaM40O7 (M=(Ca,Fe)) single crystals in pulsed high
magnetic fields

Magnetic properties of strongly correlated electron systems
under a pulsed high magnetic field

Physical properties of magnetic impurity doped topological
crystalline insulator under high magnetic field

Name

Shoya Ohtera

Hideaki Sakai

Hyugo Fujimura

Kento Nakagawa

Noriaki Hanasaki

Tomoka Shimizu

Hiroyuki Yoshida

Yuto Ishii

Zentaro Honda

Hiroaki Shishido

Yuya Kozuka

Satoru Noguchi

Ryo Tsuchida

Hideki Kuwahara

Tetsuya Takeuchi

Yoshichika Onuki

Takahiro Urata

Organization

Chuo University

Osaka University

Osaka University

Osaka University

Osaka University

Osaka University

Hokkaido University

Hokkaido Universiry

Saitama University

Osaka Prefecture
University

Osaka Prefecture
University

Osaka Prefecture
University

Osaka Prefecture
University

Sophia University

Osaka University

University of the
Ryukyus

Nagoya University
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31
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RIS E T A © v 381 X 2 AR O Rk s
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RIS OB LiE &3
) =N T4 VERROWERYS T RAREE A &
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BIEM RN

RIS
Bt
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Fikt
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Zikt
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REEBE LRI
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KPR
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Title Name

High-field ESR measurements of square-cupola-based .
> Kenta Kimura

antiferromagnets

Development and application of high-pressure ESR system

using pulse high field Takahiro Sakurai

Magnetic property of monoaxial chiral magnetic materials
examined by means of magnetic torque and resonance
measurements

Yoshihiko Togawa
” Ryo Katayama

” Yusuke Shimamoto

ESR.measuremems under high magnetic fields on a triangular Yusuke Nambu
antiferromagnet
Relationship between zero-field splittings and dynamic

. S Takamitsu Fukuda
magnetism of monocuclear transition metal complexes

” Toshiharu Ishizaki

High-field ESR study on the field-induced quantum phases of

. X Yuko Hosokoshi
organic radical crystals

High-field magnetic prope.rtles of new quantum spin systems Yoshiki Twasaki
composed of verdazyl radicals
Research on time dependences of magnetstriction of Ni2MnGa

type Heusler alloys Takuo Sakon

High magnetic study on quantum transport properties in the

R . Hiroshi Murakawa
nodal line semimetal

Study on time deper}dgnce of martensitic transformation using Takashi Fukuda
pulsed high magnetic field

Oxide spintronics utilizing strong spin-orbit coupling Matsuno Jobu

YE G RL - M G 7 5 A / Materials Synthesis and Characterization G Class Researcher

No.

1

AL K4
Hifiih CaMn-xSbxO3 DFEERHEDHIZE #a o EE

HTRY

Pl

Title Name

Study of dielectric properties of single crystalline

CaMn-xSbxO3 Haruka Taniguchi

Organization

The University of
Tokyo

Kobe University

Osaka Prefecture
University

Osaka Prefecture
University

Osaka Prefecture
University

Tohoku University

Osaka University

Osaka University

Osaka Prefecture
University

Osaka Prefecture
University

Ryukoku University

Osaka University

Osaka University

Osaka university

Organization

Iwate University
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Title

Low temperature structure of quasi-two dimensional itinerant
electron magnet Co3zSnzS2

Kinetics on solid acid and base catalyzed reactions in hot
compressed water and alcohol

Development of low-temperature solid oxide fuel cells and

electrolysis cells using proton-conducting solid electrolyte thin
films

Development of oxygen releasing particle in chemical looping

Development of mixed proton-electron mixed conductors

Development of new electrochemical catalyst for ammonia
electrolysis and evaluation of reaction mechanism at
intermediate temperature

A Study of the Relationship between the Mechanisms of
Ammonia Electrosynthesis and Electrode Structures by
Deuterium Isotopic Analysi

Research on solid electrolyte (glass-ceramics) for Li battery

Development of oxygen carrier materials with high activity
and durability for chemical looping systems

New cell design of metal supported intermediate temperature
proton conducting SOFC

Name

Takeshi Waki

Makoto Akizuki

Junichiro Otomo

Hiroki Matsuo

Junichiro Otomo

Koki Nanase

Junichiro Otomo

Gen Kojo

Junichiro Otomo

Takuto Hasegawa

Junichiro Otomo

Li, Chien-I

Junichiro Otomo

Lu Shutong

Junichiro Otomo

Martin Keller

Junichiro Otomo

Organization

Kyoto University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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Title

Development of oxygen carrier materials and design of system
design for chemical looping systems

Development of electrode materials of energy storage type -
fuel cells

New Cell Design of Intermediate Temperature Proton
Conducting SOFC

Development of composite electrolyte and micro
electrochemical measurement method

Preparation of proton-conducting solid electrolytes for
determination of charged-defect transport and improvement of
solid oxide fuel cells

Reaction modeling in chemical looping systems with new
oxygen carrier materials

Characterization of metal catalysts loaded on mesoporous
materials and graphene oxides

Effects of high temperature and pressure water on surface
properties of solid catalyst

Name

Kazuma Sakata

Junichiro Otomo

Shu Hikima

Junichiro Otomo

Taisuke Nakanishi

Junichiro Otomo

Hiroshi Tadokoro

Junichiro Otomo

Nasu Yuta

Junichiro Otomo

Ortiz Corrales Julian

Andres

Junichiro Otomo

Kazuki Matsubara

Takehiko Sasaki

Takahito Saito

Yoshito Oshima

Takahashi Yuka

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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Title

Non-magntic site substitution effect of hexagonal ferrites

Analysis of the effect of water-alcohol mixture on metal oxide
nanoparticle synthesis

Study on promotion of selectivity in ammonia electrosynthesis

Exploration of New Superconductors in 5d Electron System
with Heavy Transition Metal Elements

Effects of coexisting ions on synthesis of zinc oxide nano
particles in supercritical water

Utilization of modified zeolites for biomass reactions in
supercritical water

In situ measurement of Raman scattering for heterogeneous
catalytic reactions

Synthesis of pernitrides via direct nitridation of elements under
high pressure

High pressure synthesis and crystal chemistry of novel
transition metal phosphides

Oxide-Protonics materials synthesis by combined use of soft
chemical method and high pressure

Name

Hiroaki Ueda

Jun-ichi Masuda

Yoshito Oshima

Liu Yuan

Junichiro Otomo

Kazunori Yamamoto

Yoshihiko Okamoto

Yoshito Oshima

Yasuhiko Orita

Yoshito Oshima

Apibanboriak
Chanwit

Takehiko Sasaki

Ken Niwa

Tomoki lizuka

Ken Niwa

Taku Matsuo

Shu Yamaguchi

Organization

Kyoto university

Kyoto University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Nagoya University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Nagoya University

Nagoya university

Nagoya University

Nagoya University

The University of
Tokyo
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Title

Stress-induced phase transformation of Fe-Zn alloy formed in
hot-dip process

High pressure synthesis of a novel lithium ion conductor
LisBP20sg

High-pressure synthesis of novel Pb-transition metal
compounds

Pressure-induced reaction of amino acids under high pressure

High-pressure synthesis of novel phosphors in MO-Al203
system (M = Mg, Ca, Sr, Ba)

High-pressure synthesis of new rare-earth-filled skutterudite-
type thermoelectric materials

Nitrogen incorporation into the lower-mantle minerals under
high pressure and high temperature

High pressure synthesis of MoSiz type iron aluminide, FeAl>
crystal

Synthesis of Al-Ir 1/0-Icosahedral Approximant Semiconductor
by high-pressurization

Research of new rare-earth magnets

Name

Kazuhiko Tanaka

Shu Yamaguchi

Kazuhiko Tanaka

Eiichi Hirose

Takuya Sasaki

Masahiro Inden

Fujimoto Chikako

Takuya Sasaki

Yuito Mori

Chihiro Sekine

Megumi Hoshino

Ko Fukuyama

Kaoru Kimura

Kazuki Tobita

Kaoru Kimura

Yutaka Iwasaki

Tetsuji Saito

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Nagoya University

Nagoya University

Nagoya University

The University of
Tokyo

Nagoya University

Nagoya university

Muroran Institute of
Technology

Muroran Institute of
Technology

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Chiba Instiute of
Technology
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Title

Study of shape changing of Fe doepd ceria nanoparticles
synthesized by oleate-modified hydrothermal method

Synthesis of nano-structured materials with plasma/ice
interface

Development of devices for energy conservation by using
nanostructured materials

Synthesis and optical properties of novel semiconductive
metal-nitrides in ultra-high pressures

High pressure synthesis, crystal growth and physical properties
of novel layer-structure compounds

Behavior of multi light elements in iron-silicate-water system
under high pressure and high temperature

Magnetism and thermoelectric properties at high temperature
in PrixCaxFeO3 (0.1 =x=0.9)

Magnetism of quasicrystal and approximants

Study on analysis of half-metallic Heusler alloys by the spin
fluctuation theory for itinerant electron magnetism

Synthesis of Li-dope alpha-rhombohedral boron by high-
pressurization

Single crystal growth of interstitial ternary transition metal
nitride and carbide

Investigation of electronic properties in magnetic systems with
non-coplanar spin structure

Synthesis and characterization of novel superconductors with
electron nematicity

Name

Yuki Makinose

Noritaka Sakakibara

Eiji Hosono

Masashi Hasegawa

Shunsuke Nomura

Masashi Hasegawa

Takahide Ikoma

Riko lizuka-Oku

Hiroshi Nakatsugawa

Shintaro Suzuki

Shigeta Iduru

Kaoru Kimura

Munenori Sakai

Takeshi Waki

Tsuyoshi Kimura

Yuta Mizukami

Takaaki Takenaka

Organization

Shimane University

The University of
Tokyo

National Institute of
Advanced Industrial
Science and Technology

Nagoya University

Nagoya University

Nagoya University

Nagoya University

The University of
Tokyo

Yokohama National
University

Tokyo University of
Science

Kagoshima University

The University of
Tokyo

The University of
Tokyo

Kyoto University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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Title

Exploration of new noncentrosymmetric magnets

Name

Kousuke Ishida

Ohei Tanaka

Kota Ishihara

Masaya Tsujii

Taka-hisa Arima

Yusuke Tokunaga

Nobuyuki Abe

Hiroki Sumi

Yuri Fujima

Yusuke Araki

Tsuyoshi Omi

Yuma Umimoto

Tatsuki Sato

Takeaki Yoshizawa

Kyosuke Omata

Kenta Nishi

Keisuke Yamamoto

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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106 z M BRI gk TP y
107 , P T 7 S )
108 Bt % il aehic s 28> 2 s w BRI ASE  Jemep TR Investigation of nano-scale magnetic properties comprising

ERQLE e

ferromagnetic element atoms in copper alloys

Cu - Ni - X (X=Co,Fe) ZHifEIE&ShOW KREEBET 2492 Precipitation behavior and magnetic properties of fine

109 PESRE T HOERR & G &URrE O BItR PrEE HWA BRRELL A e magnetic particles in Cu - Ni base alloys single Crystal
110 ” NIt ERER BHEENIRY: KRB LA ”
LN AMESE 2 6 T 2RI B T 28 ' I, KEEBEFEIKAl  Investigation of electronic properties in magnetic systems with
1 VI BT 2 %% AN X RN BREHEFFER non-coplanar spin structure
ot = . R BeTiE Al
e 7 BE W A R g
o e R BeT i Al
113 ” 472?‘ HE{I\ Fﬁ}:‘\jﬁ% ﬁEH?H%H ”
B AR+ BRSO 7 aterials Synthesis an aracterization ass Researcher
YA - BHliEE U 2 5 & / Materials Synth d Charact tion U Class R h
No. A K4 FiJ& Title
P YEE IV 2 RSO UV BB DK e e —— _ Reflectance measurement of the mirrors used in cosmic ray
! S E SLCE AR TR telescops, after an exposure to UV radiation
2 T k2 MERE ML 0 B RS W B lﬁ%%ﬁfrﬁ?ﬁ%éﬁﬁ ?;i;éﬁ% Mechanism of photo-assisted deposition of functional oxide
By Jog— 1, thin films

PSAIC X 24 A 2AEALS AT & AR L%

. N ] !~E :ILI: e s : .
3 vt COs 2 TN HaS OWks ikt HRURA o ;(lssorptlon Natural Japanese clay as an adsorbent for COz and
Y7 7— . )
. R BedraEisal
4 ” Fyr— 7 HERY¥ fsaietse ”
PREP N SRR
5 77 X2 BRI & 2 GRS A T 4 HoR @ ST e TAEPEH T4  Investigation on dynamic oxidation of thermal protection

DENERALICB S 5 W58

B system using plasma wind tunnel

B A Tge Biohydrogen purification through utilization of pressure swing

Name

Yoshito Watanabe

Naoyuki Katayama

Shintaro Kobayashi

Shin Maeda

Hibiki Sakakura

Mahoto Takeda

Shintaro Matai

Kenta Kimura

Katsuyoshi Tsukasa

Misawa Ryusuke

Name

Koji Noda

Yasubhito
Matsubayashi

Teppei Nunoura

Jennifer Chia Wee
Fern

Ai Momozawa

Organization

The University of
Tokyo

Nagoya University

Nagoya University

Nagoya University

Yokohama National
University

Yokohama National
University

Yokohama National
University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Organization

The University of
Tokyo

National Institute of
AIST

The University of
Tokyo

The University of
Tokyo

Tokyo City University
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Title

Study on recycling of waste lithium ion batteries using hot
compressed water

Measure of local deformation of mudstones caused by
chemical osmosise with optical fiber sensing technique

Continuous synthesis of functional inorganic nanoparticles
using a micromxer

Search for quasicrystalline boron using rapid quenching from
super-cooled liquid by levitation

Water-level fluctuations and salinity sources of groundwater
systems in the southern deltaic coastal areas of Bangladesh: A
multi-methodological

Title

Study on anomalous valence flustuation of YbPd under
highpressure at extremely low temperatures

Name

Seiya Tanaka

Shin Yamada

Teppei Nunoura

Zhou Yiming

Shogo Hirota

Sue Kiwamu

Kaoru Kimura

Takahiro Takahashi

Masudur Rahman

Name

Septia Eka Marsha
Putra

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

National Institute of
Advanced Industrial

Science and Technology

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Organization

Osaka University
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DyMnO3 D& ESHHOBERTT DRE SR

K4

30F

30F

30F

30F

M

i

L)

FiJ&
2 % U E R
Jhgers % T E R
s % T E R
e BT 1
dosmpE L
WEHREHALR . TAE HiR
o o
BRORLFR g A
BROKRLTR HEZRE A
BEROKRLTR BEgRE A
# RS
BROKRLTR HEpb B
VIR E R &
HRRF ik REATSE
i34
Jhgers % T E R
HIFREE BHEW
e FLTEER
EHRAA R e
SRS LeAptgert
%Efﬁ*ﬂrﬁ%% kL 7 v
. —

Title

IRT project of GPTAS

Hidden magnetic order in magnetic quasicrystals

Magnetic excitations in the new quantum triangular-lattice
compound YbsNii1Ges

Real-time observation of magnetic structural change by means
of time-resolved neutron scattering

Magnetic structure and superexchange interaction of
hexagonal ferrite BazZn2Fe 2022 and BaFei2019 systems

A study of magnetic state in ferromagnetic superconductors

Inelastic neutron scattering experiments on Sr2RuOg4

Inelastic neutron scattering experiments on non-
centrosymmetric superconductors

Inelastic neutron scattering experiments on topological
superconductors

Determination of the Magnetic Structure of the
Noncentrosymmetric Heavy-Electron Metamagnet CeTSi3
(T = Pd, Pt)

Triplon excitations in the two-dimensional dimer
antiferromagnet

Establishment of the unified explanation about the phase
transition mechanism (displacive and order-disorder type) in
Ferroelectrics

Topological phase transition in spin ice

Quantum spin fluctuations and crystal field of the pyrochlore
magnet Tb2Zr207

Investigation of magnetic ordering in the high-pressure phase
of DyMnOg3

Name

Taku J Sato

Taku J Sato

Taku J Sato

Kiyoichiro Motoya

Shigenori Utsumi

Hazuki Furukawa

Hazuki Furukawa

Hazuki Furukawa

Hazuki Furukawa

Masahiro Yoshida

Kazuhiro Nawa

Hirotake Shigematsu

Hiroaki Kadowaki

Hiroshi Takatsu

Noriki Terada

Organization

Tohoku University

Tohoku University

Tohoku University

Tokyo University of
Science

Tokyo University of
Science, Suwa

Ochanomizu
University

Ochanomizu
University

Ochanomizu
University

Ochanomizu
University

The University of
Tokyo

Tohoku University

Yamaguchi University

Tokyo Metoropolitan
University

Kyoto University

National Institute for
Materials Science
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16 ENEME MgaSbe D7 %/ v ¥4 F 27 A
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- HIEEEE 5G: PONTA

17 PONTA (stEAEfw MR T HELEEE) IRT B8

18

19

20

21

22

23

24

25

26

27

28

29

30

31

IRF RS> P ELIE U & 2 B AU S22 Lt

D FRFFLE

2 RN T TN FRLaN )L FEEY)
SrCo12019 D& - BEEEF

FINRua T AHA FRLa)L B

Sr2CoNbOg DGR

R b 7-EELIC X % LaCoo.sRho.2O3 DFT#T 72

Jied A e Y B LaCoo.97Rho.0303 O ik

R PERG SR DBFSE
Tl

AEARREY O AL —N=HNEZ % 2L TR
k4 Sr2CoNbOs O Hh 1~ i LI SE

< NVF 7 a4y 7PHE BazCoGe207 2B 5
WRE — X v+ osEeiEg s

ZfRE Y F 2 —7 CsCrFq OF S T 7 mlT

<2 )VF 7 zuaA v 7 CaCoSi207 DR NIk

\F % WSS R

A A 7 VMR CsCuCls DA A 7V &8 AWM

DIGE

URuzSiz DR 7T HE 9 % BT o

{ahl]

TR AFDT % FH V> 72 Zn-Nd-Zn B9 FREH ORGSR

BEEEEL OB

FRMREED 2 E v fRE)

18835 o Hr Il 2 FIH L 72 Cug(P2060D)2

DIEEARRE D WS

FiEE

K4
% 1R
WH K
O R
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Bk
L7
e 7
621N el
AW B
A B
e P
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Z HRE
ER IFA

Tl
EEEENRAG B2 L X —if
FeHt FeERM
JULKE LN eane A

rma s PRLZEEE PR
HORERIR o)
FOLKE YDA
IR YIEwrZET
IR YIEwrZET
HURE LN e

E PN LN e AT

E PN LNEanAr
BT LNEaneAl
B YT
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HARF % TRl
BrFEHERS yyav
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Title

Phonon dynamics on thermoelectric material of MgsSb2

IRT project of PONTA

Real-time observation of magnetic structural change by means
of time-resolved neutron scattering

Charge and magnetic order of magnetoplumbite-type cobalt
oxide SrCo12019

Magnetic order of double perovskite cobalt oxide Sr2CoNbOg

Polarized neutron diffraction study on a novel type of
ferromagnetic order of LaCoo.gRho.203

Neutron Scattering for Excitonic Insulator Candidate
LaCo0.97Rh0.0303

Inelastic neutron scattering study of spin-state crossover for
double perovskite cobalt oxide Sr2CoNbOg

Full control of magnetic moment in multiferroics Ba2zCoGe207

Neutron diffraction experiment on triangular spin tube CsCrF4

Magnetic structure analysis on multiferroic Ca2CoSi2O7 in
magnetic field

Chiral Helimagnetim in Chiral Inorganic Compound CsCuCl3

Direct Observation of the "Hidden Order" due to Multipole
Ordering in URu2Si2

Detection of magnetic scattering of Zn-Nd-Zn single molecule
magnet using polarization analysis

Spin fluctuations of iron-based superconductors

The investigation on the ground state of Cuz(P2060D)2 using
neutron diffraction in magnetic fields

Name

Chul-Ho Lee

Takatsugu Masuda

Kiyoichiro Motoya

Shinichiro Asai

Shinichiro Asai

Shinichiro Asai

Shinichiro Asai

Shinichiro Asai

Takatsugu Masuda

Takatsugu Masuda

Takatsugu Masuda

Yusuke Kousaka

Yusuke Kousaka

Maiko Kofu

Chul-Ho Lee

Masashi Hase

Organization

National Institute of
Advanced Industrial
Science and Technology

The University of
Tokyo

Tokyo University of
Science

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Okayama University

Okayama University

Japan Atomic Energy
Agency

National Institute of
Advanced Industrial
Science and Technology

National Institute for
Materials Science
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32 W5 o kIl 2 FIH L 72 K2CuzO(SO04)3 Ea A YIE - MBI HETEGEL 2L The investigation on the ground state of K2CusO(SO4)3 using Masashi Hase National Institute for
DRI DL < R -7 neutron diffraction in magnetic fields Materials Science
) — A . = . . .
33 %jﬁ7 WY =74t MgMnzO7 -+ 3D20 DA WIE EE UK YIrEIFZERT Magnetic Structure of Maple Leaf Compound MgMn30O7 - 3D20 Shinichiro Asai i(}:f{?ylémversny of
- HiF%E 6G: TOPAN
T, 1. it e NVATEY e e g T . . . . .
34 IlRO'I‘P%l;E CRAGARFR + 3 iR i 473 76 2%) B K LR ;} PRI IRT project of TOPAN Keisuke Tomiyasu Tohoku University
S . S oy VA= VeIV
35 §§+$Ek BUBTANT 2L A ¥ DR it s IR 2E HIE FRI2ERFSE Magnetic states of Weyl fermion in Kondo semimetals Kazuaki Iwasa Ibaraki University
12 ey y—
PrToXz0 (T = Rh, Ir, X = Al Zn) i2 51} % 2 F 78Y 74 T
36 v yzﬁz)?/ﬁ%ﬁjjﬁﬁ, ’ ’ - Ak % RIBK JIR T BIEFFE Two-channel Kondo effect in PrTzXzo (T = Rh, Ir, X = Al, Zn)  Kazuaki Iwasa Ibaraki University
) vy —
a7 ERNFRIL R R IC X 3 & E-JES iR o s I el %;;;ig{k Magnetic Impurity Effect on the Metal-Nonmetal Transition Kazuaki Iwasa Ibaraki Universit
T B ERAMZI TR Gl KA AIEIITL Agsociated with Totally-Symmetric Electron Multipole Ordering o7 ¥

vy —

I TR RS TS y ST RN
38 PrixLaCexCuO4 DWESEILIE E— 7 DFHEMKAAYE N FIE ;T%D (ARl rg%%ﬂq«k " Doping dependence of the magnetic resonance peak in PLCCO Kazuhiko Ikeuchi CROSS

PrixLaCexCuO4 DI FRE) M L 72 ¥ * v 7% A BEREER b R4~ Observation of the gap symmetry due to lattice vibrations in

iz Kazuhiko Ikeuchi CROSS

iR ERAY N 5 — PLCCO
- HigH%E C1-1: HER
e W e YA P 1] N B : : -
40 HER (W2l X —opfie SWRIE S8 ) e e dosoker PIPERRZET IRT project of HER Takatsugu Masuda L€ University of
IRT Tokyo
WSRAH— S A VIETFHICEB T2 b Ras AL - % urE R A o J . o L ’ ; -
41 = 7)o g = HALRY: Jeri Topological magnon band in the magnetic skyrmion lattice Taku J Sato Tohoku University
N e . %t ERIAIT  Inelastic neutron scattering measurements on the a-Cuz2V20 . .
~ S LA L = . oy 2L g 2v207 o . ™
42 a-Cuz2V207 o~ 7 /) v EBYEIHR ek = ALK S under electric field Taku J Sato Tohoku University
7 7 A LA MEELEY CesSiz DG & S e g, - Study of Magnetic and Dimer Structure in Frustrated Kondo . ) University of the
43 ey RO U FERA FReg Compound CesSis Riki Kobayashi Ryukyus
N . S g oy 70aY T4 T
44 4%%1‘%’% KRBTV ANT 2V A DB Al % DK JET-RBI2ERFZE  Magnetic states of Weyl fermion in Kondo semimetals Kazuaki Iwasa Ibaraki University
i ey y—
PrT2Xz0 (T = Rh, Ir, X = Al Zn) e 51} % 2 F 78Y 74 T
45 N g ’ it s B NG FHE T BI2E£F4E  Two-channel Kondo effect in PrT2Xzo (T = Rh, Ir, X = Al, Zn)  Kazuaki Iwasa Ibaraki University
Y ¥ FOVIEHERNR ey y—
46 RS NN T O B N QR s R [y =1 iy A 1S I e o ).T] ; %;{;E Magnetic Impurity Effect on the Metal-Nonmetal Transition Kazuaki Iwasa Ibaraki Universit
T B ERANRI R “ KT i '/ . '_% U Associated with Totally-Symmetric Electron Multipole Ordering ¥
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56

57
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59

60
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Fe jEfftic X #Fld S5 LSCO D

JPE— 7 OilgiR

BT AV iRIEOWZE

R TRE 2 b 72 70 il Ak CeRhSis

k5t

JAF AT IC X 2462w 2% LuFe204 #

il - EAUHBI D BF%E

Ce(Co,Rh)Ins M 3 A 7 4 ¥ 7" & {5 FE IR

- HHFEEEE C1-2: SANS-U

SANS-U (ZRTehriE e /Mo il E) IRT 3

E

7% k= b VLA Tetra-PEG %)L @ USANS

e

TEEIREME R Y < — O —REHUIGHZE)

EFIFR Y b T =7V O ERNYS— Rl

SANS - DSC FIRFHIZEIC & % 2 REDNA 1T K D
HING I o' TS OV DO REXERT

A YN Y LRAF VW + T a8 =)L
BOTTEE DG EER g = R 1 D g

77 VIRED T HROEREZ )L L7

ER-UNER R TR

CV-SANS IZ & % DNA #4E T T OHIR D #iE 5

DI ENT

T fedn 5 > o8 7 B A R O i/ A L

I & B MG AT

WEHEERS R DR = ST O BER

kN RGELSEBR I K % SraRuO4 ) RS JE

REEDHI%

Y

K4

Ti otk sk BEH 4

Pl 158

Birss wC

VIIPEFIT IV

HI 3o

gl Fsah

Li Xiang

Li Xiang

Li Xiang

Li Xiang

TH hth

R

Il RACHE

[

(X

HI 30E

e
Sl SRR
e BT EEGFIRY

SRR AL T
BORPETIZEE TR
" -
BEOKLTR SERTES: [
e R
R YIERR T
- YIRERFA T b
RERF TR iR
HRRT TR

. PIRERFA
ARE e

. PIRERFA
AR TRERIR i
SRS I
- TR
RERTE g
e WO TR
. WO R
N % TR
BROKLTR ST B
2 SRR

Title

Origin of isotropic magnetic peaks induced by Fe-substitution
in LSCO

Quantum spin liquid

Magnetic Fluctuations in a Non-Centrosymmetric
Superconductor CeRhSi3

Wide-angle neutron diffraction investigation of charge and
magnetic correlations in stoichiometric LuFe204

Nesting features and the superconducting mechanism in
Ce(Co,Rh)Ins

IRT project of SANS-U

USANS measurement of acetonitrile solvent Tetra-PEG gel

Single-chain shrinking behavior of temperature-responsive
polymers

Static homogeneity evaluation of model network gel

Simultaneous SANS/DSC measurement for a model physical
gel crosslinked by double-stranded DNA

Phase separation of imidazolium-based ionic liquid+propanol
binary solutions

Small-angle neutron scattering from a deuterated labeled side
chain in brush-like polymers

Structural analysis of restriction endonuclease with the
existence of DNA by contrast variation SANS (CV-SANS)

SANS analysis of plant food protein complex structure

Hidden magnetic order in magnetic quasicrystals

Anomalous vortex state in Sr2RuOg4 studied by SANS
experiments

Name

Masaki Fujita

Hiroaki Kadowaki

Naofumi Aso

Kazuhisa Kakurai

Hazuki Furukawa

Mitsuhiro Shibayama

Xiang Li

Xiang Li

Xiang Li

Xiang Li

Takuya Shimomura

Yo Nakamura

Rintaro Inoue

Nobuhiro Sato

Taku J Sato

Hazuki Furukawa

Organization

Tohoku University

Tokyo Metoropolitan
University

University of the
Ryukyus

Comprehensive Research
Organization for Science
and Society (CROSS)

Ochanomizu
University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Muroran Institute of
Technology

Kyoto University

Kyoto University

Kyoto University

Tohoku University

Ochanomizu
University
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Title

Name

Herical vortex phase on non-centrosymmetric superconductors Hazuki Furukawa

Vortex study on Fe-based superconductors

Spin Density Wave and Superconductivity on (Ce,Nd)Colns

Spontaneous vortex phase in ferromagnetic superconductors

Vortex phase in topological superconductors

Structural research of nano cube formed by gear-like molecule

Structural study of protein and biomembrane in molecular
crowding environment

Anayisis for Kinetics of Componet Proteins in Kai Clock
Protein System

Nanostructure and Stimuli-responsivity of Tottaly lonic
Polymer Micelles

Surfactant molecules behaving as surface-inactive agent

Novel critical behavior in a mixture of water / organic solvent
under high-pressure condition

Structure of Poly(N-vinyl-2-pyrrolidone)-supported Gold
Nanoclusters Investigated by Means of Contrast Variation
Small-Angle Neutron Scattering

Investigation of the Mechanism of the Temperature-Dependent
Helix Inversion of Poly(quinoxaline-2,3-diyl)s by Small-angle
Neutron Scattering

Formation of Ethanol Clusters in Imidazolium-based Ionic
Liquids

Analysisi of solution structure of multi-domain protein by
SANS

Study on nano-precipitates in structural materials using small
angle scattering technique
Distribution of Additives in Ordered-Bicontinuos-Double-

Network Structure Formed in Block Copolymer Systems
Revealed by Small Angle Neutron Scattering

Hazuki Furukawa

Hazuki Furukawa

Hazuki Furukawa

Hazuki Furukawa

Ken Morishima

Mitsuhiro Hirai

Masaaki Sugiyama

Hideki Matsuoka

Koichiro Sadakane

Koichiro Sadakane

Hitoshi Endo

Nagata Yuya

Toshiyuki Takamuku

Hiroshi Nakagawa

Hiroaki Mamiya

Katsuhiro Yamamoto

Organization

Ochanomizu
University

Ochanomizu
University

Ochanomizu
University

Ochanomizu
University

Ochanomizu
University

Kyoto University

Gunma University

Kyoto University

Kyoto University

Doshisha University

Doshisha University
High energy
accelerator research

organization

Kyoto University

Saga University

Japan Atomic Energy
Agency

National Institute for
Materials Science

Nagoya Institute of
Technology
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80 LEMERFEUM T > V) < — OREEHT Li Xiang AR YIERTSERT Structure analysis of metal-storing atom-mimicking dendrimers Xiang Li %:gﬁygniversity of
81 g;zﬁ%ﬁ%o%ﬁ%f AT BT % 4G A Li Xiang SRt P e ;/(i)slilligzi;le%)Ll;epfﬁ}r;ﬁf;ti;;sbetween branching point of Xiang Li :i:(k)lﬁyliniversity of
o SESOESVTITI T aa S i ke e il f O e Mot St of 1 gy T Unveri o
83 1\5/7[\28;_!:5#;&;5 LB FOWMRAF LI A YD P ks ’%%%Eﬂ?ﬁﬁ l]\)/[};]nszilmics of magnetic skyrmion under alternative currentin - . Okuyama  Tohoku University

Elucidating the degree of hydration of the poly (propylene
Pk B THRARAE T2 R oxide) block in carbohydrate-b-poly(propylene oxide) block- Tomoki Nishimura  Kyoto University
copolymer vesicle membranes by SANS measurements

SANS HIFE 1T & 53 FZW\IERT 7 v D

84 Poly(propylene oxide) J&rh oK f1E D HE

85 SeAc MR T £ L ORBETTRUL BIE MK UMY B Ol rel visualization of perfectly monodispersed reverse g1y pyji e ersiy of

A4 ~L T
86 ULS (55 kAt /yikrl sim) IRT abe Wk s gk STPORT IR RT project of ULS Hirohiko Shimizu  Nagoya University
- HIGERE C1-3: mf-SANS
LT JEA ational Insti
87 mESANS (NEAOEN ) RT A g g EURORRERE JelbDRBENTIR oy o iect of mesaNs Hiroaki Mamiya National Institute for
1 it/ 9= Materials Science

- HIgELEE C2-3-1: INSE

. . o\ o - - g P T e . ) . . The University of

N E M I — 1214 = F'E 1 L . -
88 iINSE (Fh:+ A ¥ v a—23 68 )IRT 38 Li Xiang AR RS i IRT project of iNSE Xiang Li Tokyo

U VIREIRO R X CREEER A v Y v e P BEYE #2E  Effect of variety of alkanes on fluidity and inter-leaflet coupling re o
89 Pl B T v ORI B ZEH AR PR iy of lipid membranes Mafumi Hishida Tsukuba University
90 HHEATGEIE DM E % § 2 FHEIG A HE W FEHRE %ggﬁ%ﬁmz Surfactant molecules behaving as surface-inactive agent Koichiro Sadakane  Doshisha University
g1 TNFFXA v EREOBIAG & BB & Bl g AAFE T H%E BEERSENJE 2 Analysis of relationship between structural dynamics and Hiroshi Nakagawa  Japan Atomic Energy

O BIERYE O figEhT FAZEREAE N—7 function of multi-domain protein ) g Agency

B ilck R 4 N B 1|6 Rl

92 Zlm FeSHEBI BRIV IAYDTAF 37 EAEH & (=20l if%%ﬁﬂ&ﬁ Slow Dynamics of Magnetic Skyrmion Mnj.xFexSi Minoru Soda RIKEN

. <o . on RN _ 15 .
93 %;“X TS A MoSiaGex e B %574 F KA T b (e TS gf%%ﬁ%ﬁ Dynamics of Magnetic Skyrmion MnSi;-xGex Minoru Soda RIKEN
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- HIEEEEE C3-1-1: AGNES

9 e

95 PAPt &%) /R HOKEDOENY A F I 7 R

96 PdPt &7 /K HDKREDE NS A+ 37 R

97

- HIE%EE C3-1-2: MINEL

gg MINEL CHURN : BBk 1T at - SOREET)

IRT v

- HIGEEEE C3-1-2: MINE2

99 IRT 2

AT/ KRNI
100 42
101 E&EERICE

HIEEESE T1-1: HQR

102 HQR( w57 flgag M- #iL e ) IRT 3

103 oy Sz sl
104 Rb2MoOg4 IZ

105

106

AGNES (&4 figg v A r-40t4:) IRT

HETy tr =k - 7LE LTI 7 2
VRV T 4 ) v DEGES)

MINE2 (FURHF : & el -9t - SO EH

B 2 Ak T OWAEIRED iR

o TR O N EAE E)

IRE 13 8 e T IBGEL IR I & 2 I SaRiE ALt

B4 WMERLEY 771/ v
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1) BT % e PR OB 7

—WEIIC X B 2 F = s R A
CoNb206 DHEIX B TR D il
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HEF
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H

H
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&

1E#

1E#

H

HHRE
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FURRA:
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HHRA
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FORELRERAE
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TEPE:
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IRT project of AGNES

Fast dynamics of hydrogen atoms in PdPt alloy nanoparticles

Fast dynamics of hydrogen atoms in PdPt alloy nanoparticles

Slow dynamics of super-high entropy liquids alkylated

tetraphenylporphyrins

MINE1 (Multilayer neutron interferometer and reflectmeter)

MINEZ (Multilayer neutron interferometer and reflectmeter)

Analyses of adsorbed biomolecules at the polymer/water

interface

Swelling Behavior of Polymer Thin Films in Mixed Non-

solvents

IRT project of HQR

Real-time observation of magnetic structural change by means
of time-resolved neutron scattering

Polymorph Transition and Soft Phonon in Rb2MoO4

Establishment of the unified explanation about the phase
transition mechanism (displacive and order-disorder type) in

Ferroelectrics

Uniaxial-stress-control of domain growth kinetics in isosceles-
triangular lattice Ising magnet CoNb20g¢

Title

Name

Osamu Yamamuro

Osamu Yamamuro

Osamu Yamamuro

Osamu Yamamuro

Masahiro Hino

Masahiro Hino

Hisao Matsuno

Keiji Tanaka

Kenji Ohoyama

Kiyoichiro Motoya

Hirotake Shigematsu

Hirotake Shigematsu

Setsuo Mitsuda

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Kyoto University

Kyoto University

Kyushu University

Kyushu University

Ibaraki University

Tokyo University of
Science

Yamaguchi University

Yamaguchi University

Tokyo University of
Science
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- HIE5LEE T1-2: AKANE

AKANE (HLAEHF © =il bt 17568 )
IRT #y

Fe [Efftic & b FHild X913 LSCO o ¥ J5 iRk
B — 7 Ol

BAiI2A097 7 A B L— b % (Mn,Mg)Cr204 IC8
% 6 ARKIEED 7 0 A F — /N —

MPO4 (M: B%4:)E ) DH A 7 VEEERHE DMEE
CrX (Cr=Si, Ge) D A4 F )VEEREE DGR

FRMIZEAD 2 E v fRE)

HERMES  (BALKRGEWF © kR 4 E)
IRT 4

A RT A 2 AKT-H YbsNin1Ges O 5EFHEEZ &
B

JEIRA 1 7 27 A b RIFRALY) DR RS & A A
> HGRE

Majumdar-Ghosh Z¥'E & s ¥y KR4

i LF BB BIEEATRILY O WS
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Title

IRT project of AKANE

Origin of isotropic magnetic peaks induced by Fe-substitution
in LSCO

Crossover between conical and screw magnetic phase in
(Mn,Mg)Cr204

Chiral Magnetism in New Chiral Magnetic Compounds MPO4
(M: Transition Metal)

Chiral Magnetic Structure in CrX (X=Si, Ge)

Spin fluctuations of iron-based superconductors

IRT project of HERMES

Short-range correlations in the new quantum kagome-lattice
compound YbsNij1Ges

Crystal structure and ion-diffusion path of layered perovskite-
type oxides

Neutron powder diffraction on a Majumdar-Ghosh system

Magnetic structure of lanthanide-transition metal oxides

Magnetic Structure of S=1/2 linear trimer system
Na2CusGeq012

Structure and catalytic activity of PdRu alloy nanoparticles

Investigation of the fluorine strage property of oxfluoride
apatatites

Structural and Magnetic properties of excess Mn in Tetragonal
Mn Compound

Name

Masaki Fujita

Masaki Fujita

Yusuke Kousaka

Yusuke Kousaka

Yusuke Kousaka

Chul-Ho Lee

Yusuke Nambu

Taku J Sato

Masatomo Yashima

Yusuke Nambu

Yoshihiro Doi

Yukio Yasui

Osamu Yamamuro

Kengo Oka

Hironari Okada

Organization

Tohoku University

Tohoku University

Okayama University

Okayama University

Okayama University

National Institute of
Advanced Industrial
Science and Technology

Tohoku University

Tohoku University

Tokyo Institute of
Technology

Tohoku University

Hokkaido University

Meiji University

The University of
Tokyo

Chuo University

Tohoku Gakuin
University
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REEF 2 v A7 vta 7254 +Mb
BV DU EEIIRE

BA LA EEREG YosRusAll2 ORESME
M
=

Ga-Pd-Tb 2/1 JTALUKS &t D Tk Sk i

- HIE5EEE T2-2: FONDER

FONDER( H:F 4 fili[ml$7%5 & )IRT 8

Ak

B}

I

Jig I

HB

AR

sy

ARE

K4

Gilkr

ek

EPNAH]

#
fat

N7

H3C

#hth

S

Tl

Of
g

§
i

1

i1
7Yy 4TI
TR PR TR
vy —

N TR R
BIENF (A7)
WETHAY  FEBHLER
S IR
I % TR
bk e

. 5 TR
b e
suskky R

e PR B
ALK e
SR TR R
o S BFILRERY
AR W
o IR
PR BRI
A GTE TR
Gt e
VIERRIIZE RS BREPER R
e L
I % TR
b e

. 5 TR
S b

e % TR

Title

Magnetic states of Weyl fermion in Kondo semimetals

Oxidation Process in (Bi,Sb)2Te3 Pseud-binary Solid Solutions

Crystal Structure Analysis and Investigation of Ion Diffusion
Path of Novel Oxide-Ion Conductors

Relation between superconducting mechanism and crystal
structure in T” cuprate oxide

Magnetic order of the Co dimer compound

Magnetic order of the pseudo-spin-1/2 pyrochlore
antiferromagnet Na3Co(CO3)2Cl

Crystal and magnetic structures in doped systems of
YbCo2Znz in vicinity of a quantum critical point

Magnetic structure analysis of quasi one-dimensional ladder
lattice iron compound

Structural investigation of pyrochlore oxides ThaM207 (M=Zr,
Hf, Pd, Pt)

Magnetic structure analysis of new chiral magnetic compounds
MPO4 (M: transition metal)

Magnetic structure analysis in new chiral magnetic compounds
CrX (X: Si, Ge)

Investigation of magnetic structures of EuFeAsz

The magnetic ground state of chromium oxyfluoride perovskite
with mixed valence states

Magnetic order in the 2D itinerant breathing kagome
compound YbsRugAlj2

Neutron-diffraction study on antiferromagnetic structure in the
Ga-Pd-Tb 2/1 quasicrystalline appoximant

IRT proposal for FONDER (Neutron 4-circle diffractometer)

Name

Kazuaki Iwasa

Makio Kurisu

Kotaro Fujii

Masaki Fujita

Kazuhiro Nawa

Kazuhiro Nawa

Naofumi Aso

Takuya Aoyama

Hiroshi Takatsu

Yusuke Kousaka

Yusuke Kousaka

Hiraku Ogino

Yoshihiro Tsujimoto

Taku J Sato

Taku J Sato

Hiroyuki Kimura

Organization

Ibaraki University

Ehime University

Tokyo Institute of
Technology

Tohoku University

Tohoku University

Tohoku University

University of the
Ryukyus

Tohoku University

Kyoto University

Okayama University

Okayama University

National Institute of
Advanced Industrial
Science and Technology

National Institute for
Materials Science

Tohoku University

Tohoku University

Tohoku University
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Title

Mechanism of ferromagnetism in plastically deformed Pt3Fe
antiferromagnet

Spatial Spin Density Distribution in the T'-structured
Pri.40Lao.60CuO4.+y

Commensurate-Incommensurate Magnetic Phase Transition in
Type-III Anti-ferromagnet Pt-Mn

IRT project of Accessory

Name

Satoru Kobayashi

Masaki Fujita

Miwako Takahashi

Yoshiya Uwatoko

Organization

Iwate University

Tohoku University

Tsukuba University

The University of
Tokyo
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Title

Observation of Li diffusion and electronic-structure distribution
in the cathode material of all-solid-state Li- ion battery by
operando photoelectron spectromicroscopy

Operando photoelectron spectroscopy of lithium intercalation
on lithium-ion battery cell with single-particle microwire anode

Electronic-structure analysis of Li-ion-battery cathode materials
by operando soft x-ray emission spectroscopy with aqueous-
solution based electrolyte

Electronic-structure analysis of Li-ion-battery cathode materials
by operando soft x-ray emission spectroscopy with aqueous-
solution based electrolyte

Redox reaction in cathode materials for rechargeable batteries
studied by incident-energy dependent high-energy-resolution
soft x-ray emission spectroscopy

Clarification of the oxygen redox reaction in cathode materials
for Na-ion batteries by high-energy-resolution soft x-ray
emission spectroscopy

Time-resolved soft X-ray photoelectron spectroscopy study

of the charge carrier recombination process in organic
photovoltaics

Nano photoelectron spectroscopy of sidewall channel region
for SiC trench MOSFET

Study of an interface hydrogen-bond state of the electron-
proton-correlated organic heterostructure

Operando observation of methane activation on heterogeneous
catalysts by ambient-pressure XPS

Synergetic effect at metal-oxide interface on methane
activation measured by ambient-pressure XPS

Chemical state analysis of intermediate water bounded by
biocompatible polymers

Shape, temperature, pressure dependent hydrogen-storage in
Pd and Pd-based alloy nanoparticles

Elucidation of Band Alignment at Semiconductor/Electrolyte
Interface by X-ray Photoelectron Spectroscopy

Local structure analysis of BaTiO 3/ Pt (111) / Si two-
dimensional quasi-crystal by elemental selective photoelectron
holography

Name

Keishi Akada

Keishi Akada

Daisuke Asakura

Daisuke Asakura

Masashi Okubo

Masashi Okubo

Kenichi Ozawa

Masaharu Oshima

Hiroyuki Kato

Takanori Koitaya

Takanori Koitaya

Yitao Cui

Osami Sakata

Masakazu Sugiyama

Hiroshi Daimon

Organization

The University of
Tokyo

The University of
Tokyo

National Institute of
Advanced Industrial
Science and Technology
National Institute of
Advanced Industrial
Science and Technology

The University of
Tokyo

The University of
Tokyo

Tokyo Institute of
Technology

The University of
Tokyo

Osaka University

Institute for Molecular
Science

Institute for Molecular
Science

The University of
Tokyo

National Institute for
Materials Science

The University of
Tokyo

Nara Institute
of Science and
Technology



1491

810¢ 3odoy Lanoy gSS1

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

AEY

IRE i oy R IR X AR EEL IS & 5 A & v s
BasCuSb20g D s Eakt—L v 71/
> DAL

FIR X BOEE T & 5 Pd ROt ik
CO2 /RFAL T IERL O fif ]

R X Moy e % o 7 R T o 77 X< il
MG D Z D15

p+-WSez/n-MoSz ~F 14 TFET 5734 A ##
BDFRFIVRRF Vv A A=V

A MER - BEEET R0 7 7 1 — Dl
3L E Y 2 VTEBGE TR D B

BRX MR, R T 2 > 7o AR R
IR HHE, BRI T BAKOBE &KX
DFETIREDIIZE

IRE o0 AR X AR 39612 & % Bu(Rh,Ir,Co)2Siz
DYEHRAMEARTE O BYFEAER O B

3D nano-ESCA % Ji\» 72 B X S 60 BB
(I1) ST N4 2 T2DBAIC & 2HEH e it
M DORZEM 54 F 2 7 A DBIEE

PO RIS IERIMEIR X REGRLIC & 2 VO2 D42
I A IS TS D FE B AR

2[R F 704 4 vBREHGEERT VR
WEHOLE Tt X 2 BB RO B FIRE~ v
S/

Al Li A A v #EME 74 R 7 > FEERDE
"ot X 2 BB SEoMEZE < v 7HE

AR R 0 AR O RERESE BRI B b 2 KA
KD T IRAEBLH]

BRI 0 T vh O Hp DK O PR E R I 1
TR X HRRIN - FEICIr T

SRR X #EL 2 e e 72 A A b
Ni (L o BTk IR BB

SRR X HBELZ W 2 IR e 7 2 A
A4+ Mn (L & / HuB R Bl

Ripdla e —L v MIRXHREHTA X =2 v 7
X 2 EEWR S A F 27 AW

B A X5~ B XPS DBiFE & T 2L ¥ —
25 B R SE IR LI A~ 0 [ B

K4

ML

il

f

i

SRS AR
AR EH

ok

R

£
S

P

=
(=1

WE

TR

MYy 9w

Mgy EwE

b

Kb

(E NN ]

=

sl e
1L

1L

P

FHORA: W

LR T

KGR RIS

FHRS %

(E) e - #
FHFZE RS

FliRTHRYE Y

FRURF LZIRTIE
FOURA: LZIRTIT
FbRA RAGBEVITERT

PSRV S

(B RS AL X
A ITZErt Eaail
(1) BB AT 2L ¥ —Hf
e ZEE
A2 TR E AL
JUN KA e
P e SRR B AL
JU R gesa
HRURE YIRS RT
HRURAE LR
TR

(E) e - #
FHIFERRE "

FUURA: W

ERTIE

SR

RIEARTFERE

HIRLX—N
fEit 7 —7"

BT AR

R

¥ - B

PEWEZERT

Title

Visualization of coherent phonons in a spin-orbital liquid
BazCuSb20g9 using time-resolved resonant soft x-ray scattering

Ambient-pressure XPS studies of CO2 hydrogenation on Pd-
based bimetalic alloy catalysts

In-situ soft X-ray spectroscopy of plasma-induced reaction field
in liquid, under modification of inorganic particles

Operando potential imaging of p+-WSe2/n-MoS2 hetero
junctions for TFET device structure

Development of site-selective and time-resolved photoelectron
holography and its application to the structural observation of
silicene formation

Soft X-ray inelastic scattering and diffraction techniques
applied for the study on the role of water and hydration in
biopolymers, polysaccharides and electrolytes

Observation of dynamic relaxation phenomena related to
photo-induced valence transition in Eu(Rh,Ir,Co)2Si2 by means
of time-resolved soft x-ray absorption spectroscopy

Novel development of soft x-ray spectromicroscopy using 3D
nano-ESCA (II) Observation of spatio-temporal dynamics of
buried interfaces with the aid of advanced device engineering

Revealing the mechanism of the metal-insulator transition in
VO2 probed by momentum resolved RIXS

Electronic-structure mapping of electrode materials by
operando photoelectron spectromicroscopy using an all-solid-
state Li-ion-battery

Valence-change mapping of transition metals by operando
photoelectron spectromicroscopy using an all-solid-state Li-
ion-battery

Observation of the electronic structure of hydrated water in
biocompatible polymers.

Soft X-ray absorption and emission spectroscopy of the
intermediate water in biocompatible polymers.

Charge order of perovskite Ni oxidation probed by resonant
inelastic soft X-ray scattering

Charge and orbital order of layered perovskite Mn oxidation
probed by resonant inelastic soft X-ray scattering

Ultra-fast magnetic dynamics revealed by time-resolved
coherent soft x-ray diffraction imaging

Development of time-resolved Oprando XPS for the real time
monitoring of light energy conversion processes

Name

Kou Takubo

Jiayi Tang

Kazuo Terashima

Naoka Nagamura

Kouichi Hayashi

Yoshihisa Harada

Yasuyuki Hirata

Hirokazu Fukidome

Hidenori Fujiwara

Eiji Hosono

Eiji Hosono

Daiki Murakami

Daiki Murakami

Kohei Yamagami

Kohei Yamagami

Yuichi Yamasaki

Susumu Yamamoto

Organization

The University of
Tokyo

University of Hyogo

The University of
Tokyo

National Institute for
Materials Science

Nagoya Institute of
Technology

The University of
Tokyo

The University of
Tokyo

Tohoku University

Osaka Prefecture
University

National Institute of
Advanced Industrial
Science and Technology
National Institute of
Advanced Industrial
Science and Technology

Kyushu University

Kyushu University

The University of
Tokyo

The University of
Tokyo

National Institute for
Materials Science

The University of
Tokyo
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Ion-water interaction on the molecular level

Investigation of Ferroelectric Photovoltaic Effect
in BiFeOg/(La,Sr)MnO3 Heterostructures by Time-
resolved X-ray Magnetic Circular Dichroism
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Title

Plasmon-enhanced Sabatier reaction studied by Operando soft
X-ray spectroscopies

Observation of electric-field-induced metal-insulator transition

in Ca2RuQg4 by soft x-ray absorption and emission spectroscopy

Spatial distribution analysis of electric-field-induced metal-
insulator transition in Ca2RuO4 using 3D nano-ESCA

Operando observation of hydrogenation of formate on a single
atom alloy catalyst Pd-Cu(111) using AP-XPS

Ion-water interaction on the molecular level

Investigation of Ferroelectric Photovoltaic Effect in BiFeO3/

(La,Sr)MnO3 Heterostructures by Time-resolved X-ray Magnetic

Circular Dichroism

Title

Spin-resolved angle-resolved photoemission study of transition
metal intercalated 1T-TaSi2

Spin- and angle-resolved photoemission study of layered MAX
phase compound V2AIC

Spin-polarized electronic states on quasi-1D Bi fabricated on
low-symmetric semiconductor substrates

Fermi-level tuning of quasi-1D spin-split surface states on
semiconductor substrates

Modification of Topological surface states upon adsorption of
organic semiconductors

Electronic-structure study of topological insulators

Controls of spin-orbit interband coupling in heavy atoms on
quantum well states

Hinge states of higher-order topology in quasi-1D bismuth
halides

Observation of spin-polarized electronic state at an interface
between topological insulator and ferromagnet

Name

Susumu Yamamoto

Teppei Yoshida

Teppei Yoshida

Jun Yoshinobu

Yin Zhong

Zhang Yujun

Name

Takahiro Ito

Takahiro Ito

Yoshiyuki Ohtsubo

Yoshiyuki Ohtsubo

Kaname Kanai

Akio Kimura

Kenta Kuroda

Kenta Kuroda

Masaki Kobayashi

Organization

The University of
Tokyo

Kyoto University

Kyoto University

The University of
Tokyo

ETH Zurich

The University of
Tokyo

Organization

Nagoya University

Nagoya University

Osaka University

Osaka University

Tokyo University of
Science

Hiroshima University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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Elucidation of spin-polarized band structure in room-

%ﬁ“%%%f%{fg%’g?g%%T#FLC%H% PN 7 T 31 Sy S %iﬁﬁI?%ﬁ ijgﬁperature ferromagnetic semiconductor (Ga,Fe)Sb gauntum Masaki Kobayashi %:gﬁygniversity of
Ti%;%gg% FRBO AN A HEERAN Y R S P e :@t;rf;citnir;vgzt;iit(i)(:; gf;ll;i;[())llr:d;l)?r[irtzﬁgl topological surface 1\ 4o :i:(k)lﬁyliniversity of
%/I%;g tf%g@%ﬂ%‘f’;@éﬁ%ﬁéj 2 A R L WU E A Sk ;ﬂ:ﬁ[ﬁL#%Bf l?;sae;r‘\;?é;(ir; :;1 isgj;ﬁoli:;i?ee: topological surface state on Masato Sakano ?glle(:yléniversity of
E%@ &Y AHEERO A E VRBE TNV R gk — —— ORI R ;Tzrerfitég;g?; tc})]tsﬁﬁ;p;?riggirxse&electronic band structure of Kazuyuki Sakamoto  Chiba University
; ;;;;Eggﬁ{;ﬁm: BUBT7 v an WA —z THERY: R AR AR gli(;ielf;loftier;\;g_tlig;e?25;:?:(;3%3;:duced spin splitting in an Kazuyuki Sakamoto  Chiba University
Sltll;?rlc(())fngfgloorgical states in Fe-based Peng Zhang MK LNeaniEnn Study of topological states in Fe-based superconductor Peng Zhang igiyléniversity of
797 v DRETHH KiE BB HEKY YIEwrZEt Photoemission study of transferred graphene on Si(111) Koichiro Yaji ?lolli:yléniversity of
_'%i?%f ﬁfi% (Ez‘ﬂifiﬁfz@%‘%‘? ggﬁ;;%: c A e [ (1R éiﬁﬁ AR gtcl)JSdgyb(;nheiﬂgilc-tr?s?)ilfltsit)rrlllCs;uirrle-se:rrlldh:rllfglgit:;glcvize(ir romagnet Takayoshi Yokoya Okayama University
photoemission spectroscopy
%?f?%\/%yl )@ WTez Oy EEM RIGEE 1500 F s B %iﬁ%ﬁ?%ﬁﬁ SAenn%;re?Zi)l‘x/fvt}(thotoemission spectroscopy study of type-II Yusuan Wan ?{l)lﬁyléniversity of
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Title

Mechanisms of Semiconductor Interface Formation and its
Electronic Properties based on Quantum Theory

Analyses on magnetic and electronic structures in high-
performance spintronics materials

Mechanisms of of Semiconductor Interface Formation and its

Electronic Properties based on Quantum Theory

Functional property of electrodes

Seeking of catalytic reaction with the MD/order-N DFT self-
consistent scheme

Analyses on atomic, magnetic, and electronic structures in
high-performance spintronics materials

Development of first-principles electronic-structure and
transport calculation method based on real-space finite-
difference approach

Development and application of first-principles simulation
methods: from structure prediction to superconductivity

First-principles study of topological thermoelectric materials

XPS simulation using self-consistent GW method

Analyses on self-organization processes using dissimilarity
sampling

Multiphysics Simulation of MOVPE Growth of Nitride
Semiconductor Based on Unification of First Principles
Calculations and Fluid Dynamics

Development of Structure/Property Prediction Framework
Based on Replica Exchange Method Combined with Ab Initio
Calculations

Theoretical Analyses on Various Properties Concerning

Nanodevices

Theoretical Analyses on Various Properties Concerning
Nanodevices

Name

Atsushi Oshiyama

Tatsuki Oda

Atsushi Oshiyama

Osamu Sugino

Ryosuke Ishizuka

Tatsuki Oda

Tomoya Ono

Shinji Tsuneyuki

Fumiyuki Ishii

Yoshifumi Noguchi

Yasuteru Shigeta

Kenji Shiraishi

Shusuke Kasamatsu

Satoshi Watanabe

Satoshi Watanabe

& JLEF AR E—% / Joint Research List of Supercomputer System 2018

Organization

Institute of Materials
and Systems for
Sustainability

Kanazawa University

Institute of Materials
and Systems for
Sustainability

The University of
Tokyo

Osaka University

Kanazawa University

University of Tsukuba

The University of
Tokyo

Kanazawa University

Shizuoka University

University of Tsukuba

Nagoya University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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Title

First-principles quantitative approach to the interplay of
charge and spin fluctuations in superconductors

First-principles study of ionization and diffusion of metal
atoms at metal/solid interfaces in electric fields: toward
semiconductor and organic substrates

First-principles investigations of battery materials

Large scale ab initio calculations on the fundamental processes
of solar energy convergence devices and on designing

principles for new materials

First-Principles DFT Calculations for Topological Matter

First-principles study of spin conversion materials

The Effect of Defect Density on Oz Absorption Reactions on

Rutile TiO2(110) Surfaces

Reduction of Rare Metals in Formic Acid Decomposition
Catalysts and Oxygen Storage Materials

Integration of ab initio data of microscopic electronic structure
and experimental data of mesoscopic domain structure for

ferromagnetic f-d intermetallics

First-Principles Study of Excited Electron, Positron and Atom
Dynamics and Optical Responses of Nanostructures

Large-scale device-material research by massively parallel
electronic structure calculation and data-driven science

First-Principles Study of Excited Electron, Positron and Atom
Dynamics and Optical Responses of Nanostructures

DFT sampling studies on interfacial properties of batteries and

catalysts

van der Waals density functional study of molecular adsorption

on metal surfaces

Rashba effects in surface-Bi nanostructures

First-principles study of quantum transport in nanostructures

First-Principles Molecular-Dynamics Study of Structural and
Electronic Properties of Covalent Liquids and Glass under

Pressure

Name

Ryosuke Akashi

Takashi Nakayama

Atsuo Yamada

Koichi Yamashita

Kunihiko Yamauchi

Fumiyuki Ishii

Kenji Yasuoka

Yuji Kunisada

Munehisa
Matsumoto

Kazuyuki Watanabe

Takeo Hoshi

Kazuyuki Watanabe

Yoshitaka Tateyama

Ikutaro Hamada

Yoshihiro Gohda

Nobuhiko Kobayashi

Fuyuki Shimojo

Organization

The University of
Tokyo

Chiba University

The University of
Tokyo

The University of
Tokyo

Osaka University

Kanazawa University

Keio University

Hokkaido University

The University of
Tokyo

Tokyo University of
Science

Tottori University

Tokyo University of
Science

National Institute for
Materials Science

Osaka University

Tokyo Institute of
Technology

University of Tsukuba

Kumamoto University
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Title

Bronsted Acidity on Oxide Surface Induced by Neutralization
of Lewis Acid Sites by Molecules

Development of High-performance Polymer Electret

First-principles calculations of a search for subphases and
large-scale calculations for the grain boundaries of Nd-Fe-B
magnets

First-principles calculation of microscopic behaviors of
hydrogen in metal oxides for tritium permeation barrier

Reduction of Rare Metals in Formic Acid Decomposition
Catalysts and Oxygen Storage Materials

First-principles calculation for muon and positron experiments
of wide gap semiconductors

First-principles meta-dynamics analysis of Catalyst Referred
Etching method -Analysis of surface roughness formed by
etching-

Analysis of Thermoelectric Properties of Clathrate Compounds
with Ab Initio Calculations

Development of new structural search method and search for
new functional materials

Ab initio study on the structure and functions of nanomaterials

First principles calculations and development of graph analysis
method for magnetic alloys and amorphous grain boundary
phases in permanent magnets

Elucidation of the surface of supported metal catalyst in an
electric field

Ab initio molecular dynamics study of static structure of
glasses

Molecular dynamics free energy calculations of functional
mechanisms of biological macromolecular complex systems

Prediction of properties of organic ferroelectrics and
piezoelectrics by first-principles calculation

Topological Analysis and Order Parameter of the System

Reduction of Rare Metals in Fuel Cell Catalysts and Hydrogen
Permeable Membrane

Name

Shu Yamaguchi

Yuji Suzuki

Yasutomi Tatetsu

Wei Mao

Yuji Kunisada

Mineo Saito

Kouji Inagaki

Masato Ohnishi

Masaaki Geshi

Tetsuya Taketsugu

Asako Terasawa

Yasushi Sekine

Akihide Koura

Masaru Tateno

Shoji Ishibashi

Kazuto Akagi

Norihito Sakaguchi

Organization

The University of
Tokyo

The University of
Tokyo

Meio University

The University of
Tokyo

Hokkaido University

Kanazawa University

Osaka University

The University of
Tokyo

Osaka University

Hokkaido University

Tokyo Institute of
Technology

Waseda University

Kumamoto University

University of Hyogo

National Institute of
Advanced Industrial
Science and Technology

Tohoku University

Hokkaido University
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Title Name

First-principles calculation for muon and positron experiments

. . Mi i
of wide gap semiconductors ineo Saito

Developments of new materials using materials informatics Tomoki Yamashita

Atomic structure and electronic states for Si surfaces with .
Ken Hattori

adsorbates

Flrst-prmaples calculations for nonlinear light absorption of Yasushi Shinohara

insulators

Theor.etlcal dgmgn (_)f energy harves.tmg and storage device Hiroyoshi Momida

materials by first-principles calculations

Study on the Temperature Induced Stability of Defects on

Rutile TiO2(110) Surfaces Kenji Yasuoka

Atomic structure and properties of functional materials Yuichi Ikuhara

Theoretical Study of Industrial Enzyme and Drug Target

Protein using the Forth Revolution Hiroaki Tokiwa

Development of High-performance Polymer Electret Yuji Suzuki

Interaction betwe.en ():%molyt.es in water revealed by ab initio Tatsuhiko Ohto
molecular dynamics simulation

First-principles Thermodynamics and Statistical Mechanics . .
Simulations of Catalytic Reactions at Solid Surfaces Yoshitada Morikawa
F1rst-pr1_nc1ples study on two-dimensional crystals of Masaaki Araidai
germanium

Study on removal mechanism in catalyst referred etching of

single crystalline SiC with pure water Vanpho Bui

Modulation of phonon modes originate from impurities in GaN Masato Oda

Ab initio molecular dynamics simulation of sustained chemical opes
. . Kohei Shimamura

reaction processes in deep-sea hydrothermal vents

First-principles molecular dynamics simulation of the interface

between water and a supramolecular self-assembled monolayer Tatsuhiko Ohto

Magnetic properties of Fe/Pd(001) bilayer affected by quantum-

well states in Pd layer Tetsuya Sato

Organization

Kanazawa University
National Institute for
Materials Science

Nara Institute
ofScience and
Technology

The University of
Tokyo

Osaka University

Keio University

The University of
Tokyo

Rikkyo University

The University of
Tokyo

Osaka University

Osaka University

Nagoya University

Osaka University

Wakayama University

Kobe University

Osaka University

Keio University
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Title

Effects of light elements on transport properties of liquid Fe
alloy under ultrahigh pressure condition : ab initio molecular-

dynamics simulations

Theoretical analysis of dynamical effects of nanographene

Theoretical search for high-efficient monolayer water-splitting

photocatalysts 11

Ab initio derivation of effective low-energy model for excitonic

insulator Ta2NiSeb

Ab initio molecular dynamics simulation of doped-graphene/

water interfaces

Ab initio study on atomic and electronic structure of functional

materials

Development of first-principles electronic-structure and
transport calculation method based on real-space finite-

difference approach

Development of a time-dependent electron-transport simulator

and its application to atomic-layered materials

Study on removal mechanism in catalyst referred etching of

single crystalline SiC with pure water

Exploration of surface reactions on model real catalyst

First-principles study of electronic properties of graphene

layers

First-principles band structure calculation of organic crystals

at finite-temperature

van der Waals density functional study of organic-metal

interfaces

Development of ab initio many-body perturbation calculation

software RESPACK

Development of a time-dependent electron-transport simulator

and its application to atomic-layered materials

Analysis on atomic structure in magnetic molecular complex, crystal
and interface using spin dependent van der Waals density functional

and investigation of electron correlation effect

Analysis on atomic and magnetic structure in magnetic
molecular complex, crystal and interface and investigation of

electron correlation effect

Name

Satoshi Ohmura

Koichi Kusakabe

Tatsuo Suzuki

Kazuma Nakamura

Tatsuhiko Ohto

Yuichi Ikuhara

Tomoya Ono

Yoshiyuki Egami

Vanpho Bui

Wataru Mizukami

Yoshitaka Fujimoto

Susumu Yanagisawa

Yuji Hamamoto

Kazuma Nakamura

Yoshiyuki Egami

Masao Obata

Masao Obata

Organization

Hiroshima Institute of
Technology

Osaka University

Tokyo Metropolitan
College of Industrial
Technology

Kyushu Institute of
Technology

Osaka University

The University of
Tokyo

University of Tsukuba

Hokkaido University

Osaka University

Kyushu University

Tokyo Institute of
Technology

University of the
Ryukyus

Osaka University

Kyushu Institute of
Technology

Hokkaido University

Kanazawa University

Kanazawa University



444

810¢ 3odoy Lanoy gSS1

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

s&;

FiEE

ARSI B 1 2 SRR O YED
e

e

SRR IR EY A b B X OOBMU o 25 LR
I & 2 H— A

BFHA Y 2a—Y AT 4 2 AKX DT/
IRFERERER A

BREFES AN ATFA FICBFB3AEY - L
— 4y & BE R T — VR

BRI X 2 Sk D %A 7L 2 — )L
D RGBT DOWIE

ShRFIT~NYEFTVPRAIDIHDENY R
MGG

HA S 1053 & B RJR - & DB D WFE

BYHFFREZHVEANAY Fy=7 Y v )
12k 2FEM - BFA Ytk o B & HiE

S JEBLS B RS & B E Y T 4
JEHER T oOREDOHER

70 b ARG G ERE O A A v R
b
fi LR RRRS D 2 M & WU

R R B — RIS BT AT X —
& OPE LD

M

BRI D W T O IERIITZE

Yb20s3 SE4fE i D TR I B $ 5 1%

dO SREVEMR S & ORI 12 35 1 % ™ THRE
D —JFEHEH

HFES R IR R 2 7 7 AL
— A FL— 1+ DIREIZA LY bLEHR

BHEF L ZHOBETEL 7 7 ARG O
AKIAREEWN 7 TN 7 7 2R FLH O S — 5 B
B X ORHT

K4

BE Wz

PaE B

[ (i -

N2l T
Y2 N

[ NI T4

RER T

p={T1
[

KE —A

Rl

Wi R

KK NE—ER

wI AR

il

o
&

IIZ

=

B PR

M i

R

P

BRI B AR AT ER

AT R

e LR SR e F AR BHATFE R

PR SR v 8 —

Kb

FORBLRER A

FUMIRAARE I 12 0FJE it

HEC KA EDTZERT

BB HAATR

FURRAR A BERT SR F

Jeht

SRR
ISR R T2 ISR
THTHARY

FRIERFRAABE LA R

VY P YN R & 3 i)

EiEE

TP R TR

B LR

FURRF R B g B

Title

Study on physical properties of structural elementary
excitations of semiconductor surfaces and interfaces

Density functional calculations of the catalytic site of fuel cell
and photocatalyst

Ab-initio Metaheuristics for Functional Design of Nanocarbon

Spin-valley polarization & quantum anomalous Hall
conductivity in Transition metal dichalcogenides

Reaction processes of polyalcohols in high temperature water
by First Principles Calculations

Strained Band-Structure Engineering for Antimonide-Based
Terahertz Transistors

Study of interaction between radiation damage and interstitial
atom

Development and control of surface and interface spin texture
by band engineering using quantum-well state

Search for adsorption geometry of an organic molecular layer
on a metal surface with the first-principles molecular dynamics

Analysis of ion conduction in materials of proton-conducting
solid electrolyte

Stability and magnetic properties of rare earth mixed crystal
magnet materials

Development of the determination technique of model
parameters based on the accurate ab-initio quantum simulation

Theoretical Study on the Aggregation-Induced Emission

Study on electronic structures in Yb203 crystals

First-principles study on positron states in dO ferromagnetics
and at solid surfaces

Ab initio molecular dynamics study on the vibrational spectra
of semi-clathrate hydrates

First principles calculations and mathematical analyses of
amorphous magnetic alloys and amorphous grain boundary
phases in permanent magnets

Name

Hiroyuki Kageshima

Kazume Nishidate

Kenji Tsuruta

Arqum Hashmi

Takehiko Sasaki

Hiroki Fujishiro

Kazuhito Ohsawa

Shunsuke Sakuragi

Susumu Yanagisawa

Junichiro Otomo

Hisazumi Akai

Hirofumi Sakakibara

Norifumi Yamamoto

Takayuki Makino

Satoshi Hagiwara

Masaki Hiratsuka

Asako Terasawa

Organization

Shimane University

IWATE University

Okayama University

University of Tsukuba

The University of
Tokyo

Tokyo University of
Science

Kyushu University

The University of
Tokyo

University of the
Ryukyus

The University of
Tokyo

The University of
Tokyo

Tottori University

Chiba Institute of
Technology

University of Fukui
The National Institutes for
Quantum and Radiological

Science and Technology

Kogakuin University

Tokyo Institute of
Technology
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Title

Formation mechanism and electronic structures of novel two
dimensional materials and nanotubes - BCN and MX2 systems

Theoretical Study on Magnetoelectric Effects of Localized Spin
Systems in Quadrupole Alignemnt

Theory of self-organized nano-structures for electronic devices

Molecular dynamics study on pressure-induced transformation
of silicates

Calculation of oxide surface properties for catalyst informatics

Elucidation of electronic states for caged compounds in
aqueous solution

Database construction for activation and reaction of small
molecules on solid surfaces

Physical properties of nanoscale carbon materials under an
external electric field

Ab initio calculations to determine the phase equilibrium
conditions of TBAB semiclathrate hydrates

Search and realization of novel electronic properties of solid
surfaces and interfaces and of small particles

First-principles Study of Defects of Magnesium Alloys

Electronic structure and superconductivity based on a first-
principles approach

Chemical doping of nano-structured PbS

Calculation of catalyst electronic structures for catalyst
informatics

Development of the first-principles approach and analysis of
superconductivity

Study on optical transition and density of states in Yb203

Theoretical analysis of catalytic surface reaction with proton
conductors

Name

Toshihiro Shimada

Masayuki Toyoda

Hannes Raebiger

Masaaki Misawa

Yoyo Hinuma

Miyabi Hiyama

Takashi Kamachi

Susumu Okada

Masaki Hiratsuka

Takeshi Inaoka

Matsunaka Daisuke

Hiroaki Ikeda

Ken-Ichi Shudo

Takashi Toyao

Hiroaki Ikeda

Takayuki Makino

Junichiro Otomo

Organization

Hokkaido University

Tokyo Institute of
Technology
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University
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University

Chiba University

Gunma University

Fukuoka Institute of
Technology

University of Tsukuba

Kogakuin University

University of the
Ryukyus

Shinshu University
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University
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University

Hokkaido university

Ritsumeikan
University

University of Fukui

The University of
Tokyo
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Title

Structural study on surface reconstruction and solvent effects
of nanoparticles

First-principles study on the formation mechanism of long-
period stacking ordered structure in Fe based shape memory
alloys and Mg alloys

Study on electronic properties in new nanoscale surfaces and

interfaces

Stability and magnetic properties of rare earth mixed crystal
magnet materials

Coherent phonon spectroscopy of atomic layer materials

First-principles calculations for ferroelectric domain structure
of layer-structured perovskites

Structural study for nanoparticle/nanocluster using first-
principles calculation

Atomic-scale Simulation for Redox Processes on Metal/Alloy
Surfaces

Estimation of band gap for layered materials by Sternheimer-
GW

Constructing the database of exited states for desigining
photosynthetic pigments to absorb the longer wavelength
radiation

Study on carrier dynamics in semiconductor devices and their
device characteristics

Band calculations of surface superstructures and thin films

Analysis of lattice strain effect on spin-density wave state in
metallic chromium

Rational Design of Catalysts for Methane Activation

Superconductivity and quantum spin liquid in multi-orbital
systems with inverted Hund's rule coupling

Numerical studies on fractional excitations in strongly
correlated electron systems
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Ahmad Ridwan
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Akira Yoko
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Ryota Akiyama
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Hiroshi Nakanishi
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Title

Highly accurate analysis of an effective Hamiltonian for high
Tc cuprates by the many-variable variational Monte Carlo
method combined with tensor network

Numerical study on novel quantum phenomena in spin-orbit
coupled materials

Study of response to external fields and topological phenomena
in strongly correlated quantum systems

First principles and model study of electron correlation and
superconductivity in multiband systems

Numerical study on quantum magnetism in spin-orbit coupled
materials

Study of magnetism, topological phase formation, and response
to external fields in strongly correlated quantum systems

Numerical study on unconventional superconductivity in
bilayer strongly correlated systems

Highly accurate numerical analysis of Tan's contact of two-
component cold Fermi gases

Effect of magnetic anisotropy on skyrmion crystal in the Kondo
lattice model

Implementation and application of multi-orbital TRILEX -a new
method to bridge weak-coupling and strong coupling methods-

Multi-channel Kondo Effect in Rare-Earth Systems

Competition between superconductivity and orbital order
emerging in strongly correlated electron systems

First-principles calculation and dynamical mean-field theory
for superconductivity in multi-band systems

Stability of magnetic phases in strongly correlated electron
systems with various electron filling

Anomalous phenomena induced for correlated topological
systems

Dynamics of Majorana particles in Kitaev spin liquids in a
magnetic field

Superconductivity and magnetic properties of the Hubbard
model
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Masatoshi Imada

Yukitoshi Motome

Norio Kawakami

Kazuhiko Kuroki

Yukitoshi Motome

Norio Kawakami

Kazuhiko Kuroki

Takahiro Ohgoe
