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We are pleased to present the annual ISSP Activity Report for
the academic year 2015. ISSP (Institute for Solid State Physics) was
established in 1957 as a joint-use research institution attached to the
University of Tokyo. Since then both in-house research and collabora-
tion with external users have been essential elements of the activities
of ISSP.

The research at ISSP has been pursued along two major directions.
Synthesis of new materials and nano-structures in search for novel
phenomena and functions, as well as their theoretical understanding,
by advanced and original methods are at the core of modern condensed
matter science. Such activities are being conducted by relatively small independent groups at ISSP and their
collaborators. At the same time, importance of large experimental and computational facilities in materials
science has been rapidly increasing in recent years. An important mission of ISSP is active participation in the
development and operation of some of those large facilities that are difficult to maintain for typical university
faculties. Notable achievements in this direction are summarized below.

(1) ISSP has been operating supercomputers dedicated to materials science. In addition, the Center of
Computational Materials Science provides technical supports to facilitate use of massively parallel computa-
tional resources such as the K and the post K computers. (2) The International MegaGauss Science Labora-
tory continues to develop both the destructive ultrahigh magnetic field by electromagnetic compression aimed
at 1000 tesla and the non-destructive long-pulse magnetic field by a flywheel generator. (3) ISSP has been
providing external users access to advanced spectroscopies that use quantum beams such as neutron and
synchrotron light sources. It is a pity for the neutron scattering society that the JRR-3 reactor at Tokai has been
shut down after the earthquake in 2011 but we are expecting reopening in near future. The pulsed neutron
spectrometer at J-PARC developed jointly by ISSP and KEK is now in operation. At the Laser and Synchro-
tron Research Center, we explore frontier of advanced spectroscopy in ultraviolet and soft X-ray region by
combining high power laser being developed in Kashiwa and synchrotron beamline installed in SPring-8.

June, 2016
Masashi Takigawa

Director

Institute for Solid State Physics
The University of Tokyo
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Research Highlights

Probing a Horizontal Line Node
in the Heavy-Fermion Superconductor
URu,Si, by Angle-Resolved Heat
Capacity Measurements

Sakakibara Group

Identification of the gap structure of anisotropic super-
conductors (SCs) has been the subject of intensive study
over many years. Among various experimental techniques,
the heat capacity (Cy) measurement in a rotating magnetic
field (H) is quite useful because of its wide applicability.
This technique is based on the fact that the field-induced
zero-energy density of states, N(E=0), in the superconducting
mixed state of a nodal SC is field and its orientation depen-
dent. In the case of a tetragonal SC with vertical line nodes,
in particular, Cy shows an angular oscillation when H is
rotated in the basal plane, with Cy minima occurring along
the nodal directions.

To probe the horizontal line node, however, is not so easy.
When H is rotated in the ac plane of the tetragonal crystal,
the polar angle (0) variation of the heat capacity Cy(H) is
expected to exhibit a twofold oscillation reflecting the gap
structure. It should be reminded, however, that because of
the tetragonal symmetry of the lattice, the upper critical field
H., would have a substantial twofold anisotropy in the ac
plane and give rise to a strong twofold background in Cy(H).
Hence, the simple argument—the direction of minima in
Cy(H) corresponds to the nodal direction—does not hold.

Nevertheless, because the 0 variation of the field-induced
N(E=0) would exhibit local minima as the direction of H
passes through the horizontal line node, fine structures may
appear in the twofold oscillation of Ce(H)' We applied this
technique to the heavy fermion superconductor URu,Si, [1],
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Fig. 1. Polar angle dependence of C/T of URu,Si, measured at 0.2 K in
various magnetic fields ranging from 0.07 to 3 T.
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Fig. 2. (a) Field dependence of N(E=0) for Bllz and Bllx, obtained by
microscopic calculations assuming the k.(k,+ik,) gap. (b) Calculated
polar angle variation of N(E=0) at several fields. (c) Angle-resolved
density of states, N(0), mapped on the spherical Fermi surface. The
magnetic field is rotated in the xz plane.

whose gap structure is suggested by previous experiments to
be a chiral d-wave, kz(kx+iky), having a horizontal line node
and polar point nodes [2,3].

Figure 1 shows the measured results of Cy(H) obtained
by rotating H within the ac plane. At high fields, the large
twofold oscillation is observed, reflecting the anisotropy of
H_, predominantly due to the anisotropic Pauli paramagnetic
effect. In the low-field region below 0.15 T, no remark-
able anomaly was detected in C(0): the data can be fitted
by a simple twofold function expected for an effective mass
model. By contrast, a striking feature is found in C(0) in the
region 0.2~1.5 T; a shoulder-like anomaly appears at around
0~45°. With increasing H, this anomaly slightly moves to the
higher 0 side.

We calculate the 6 dependence of the N(E=0) on the basis
of the microscopic Eilenberger theory assuming the gap
symmetry of k (k. +ik,) [inset of Fig. 2(a)] and a single-band
spherical Fermi surface. For simplicity, the Pauli-paramag-
netic effect and the anisotropy of the Fermi velocity are not
taken into account. Figure 2(a) shows the field dependence of
N(E=0) at 6=0 (H||z) and 90°. For both field directions, H'"*
dependence is obtained reflecting the line node. Note that a
small anisotropy appears in N(E = 0).

In Fig. 2(b), N(E=0) is plotted as a function of 0 at several
fields. The calculated result at a low field B=0.03 can repro-
duce the features observed in the present experiment, i.e. the
shoulder-like anomaly and the dip structure in C(6) observed
at moderate fields. With increasing B, a sharp dip develops



at 8=0 and then the anisotropy in N(E=0) is reversed above
B ~ 0.1, reflecting the H., anisotropy. The dip at 6=0 and
the reversal of the C(0) anisotropy in the high-field region,
demonstrated in Fig. 2(b), were not detected in the experi-
ment because the actual H., anisotropy depends on the strong
Pauli-paramagnetic effect. Figure 2(c) shows the momentum-
resolved density of states, Ni(0), mapped on the spherical
Fermi surface. The field B=0.03 is rotated in the xz plane.
When Bllz (6=0), strong quasiparticle excitations occur on
the line node as indicated by a red color. As B rotates towards
x direction, the quasiparticle excitations at the region k,=0
are strongly reduced, resulting in a decrease in N(E=0). This
effects account the shoulder-like feature in C(8) near 45°.

The present results indicate that a horizontal line node
exists in URu,Si,. Note that among the possible gap struc-
tures for a tetragonal even parity SC, only k (k,+ik,) has the
horizontal line node. Thus, the pairing symmetry of URu,Si,
is likely to be the chiral d wave [1].
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Solid-Solid Interconversion Coupled by
Jahn-Teller-Like Distortion and Bond-Order
for the Hydrogen-Bonded Molecular
Conductor p'-[H3(Cat-EDO-TTF),]|BF,

Mori Group

In the field of molecular functional materials,
“n-electronic properties” of (super)conductors and anti/ferro-
magnets and “protonic properties” of anti/ferro-electrics
and proton conductor have been investigated separately and
independently. Our aim is to couple “m-electronic proper-
ties” and “protonic properties” and to create novel “proton
and m-electron coupled (PEC) properties and functionalities”.
Recently, in the catechol-fused tetrathiafulvalene (TTF)
system [1], the metallic state of purely organic single-unit
crystal of k-H3(Cat-EDT-ST), [2], the quantum spin liquid
state of k-H3(Cat-EDT-TTF), [3], and electronic switching
induced by deuterium and charge transfer of k-D;(Cat-
EDT-TTF), and k-D3(Cat-EDT-ST), [4,5] have been
unveiled. Here we report unprecedented solid-solid intercon-
version coupled by Jahn-Teller-like distortion of hydrogen-
bond (H-bond) unit and bond-order for the molecular
conductor B'-[H3(Cat-EDO-TTF),]BF, [6].

The present crystal is composed of an H-bonded unit
structure [H;3(Cat-EDO-TTF),]* and an additional BF,”
anion (positionally disordered), to give a chemical formula
of [H3(Cat-EDO-TTF),]BF,. In addition, this H-bond unit,
[H3(Cat-EDO-TTF),]*, is highly planar, and the H-bond

part has an anionic symmetric [O..H..O]™ structure with
a short O..0 distance (2.455(3) 10\), whose H-bonded
hydrogen occupies the inversion center of the H-bonded
unit. Thus, two Cat-EDO-TTF skeletons in the unit are
crystallographically equivalent to each other (Fig. 1). In the
present EDO-TTF is +1 state, as estimated from empirical
bond length analysis of the TTF skeleton due to the inclu-
sion of the BF,  anion in the present system to maintain
the charge neutrality of the overall crystal. As a result,
the EDO-TFF system is expected to have a larger charge
polarization within the H-bonded unit, [(EDO-TTF'-Cat)-
[0..H..O]-(Cat-TTF*-EDO)]* The present planar H-bonded
molecular units form a sheet-like structure including the
BF,™ anions, which is further stacked to construct a so-called
B’-type two-dimensional conducting layer composed of
Cat-EDOTTF* molecules. Thus, the high temperature
phase (HTP: high temperature phase, 220 K < T7) crystal
can be called B’-[H;3(Cat-EDO-TTF),]BF,. As shown by
red dashed circles in Fig. 1, the Cat-EDO-TTF* molecules
are m-dimerized in a head-to-tail manner with an inter-
planar distance of 3.41 A, which is much shorter than that
between the m-dimers (3.60 A). Actually, the calculated
transfer integral within the m-dimer (134 meV, denoted by

| (Cat-EDO-TTF),BF, |
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Fig. 1. The solid-solid interconversion from p’- (220 K < T) to
a-[H3(Cat-EDO-TTF),|BF, (T < 220 K) is originated from the interplay
of geometric Jahn-Teller-like distortion (from 180° to 147°) of the intra-
hydrogen-bond-unit [H3(Cat-EDO-TTF),] and magnetic stabilization
of Cat-EDO-TTF dimers, where the paramagnetic-to-non-magnetic and
low-to-high resistivity transition occurs. The solid line in the tempera-
ture dependence of ym7 is reproduced by the singlet—triplet (S-T)
dimer model with a very strong antiferromagnetic exchange coupling of
2J/kg =-1700 K.
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a in Fig. 1) is much larger than that between the m-dimers
(4.3 meV, denoted by b), suggesting that a very strong dimer-
ization occurs. This type of conductive molecular material
composed of a mono-oxidized TTF' derivative is very rare
due to the strong intermolecular Coulomb repulsion. In the
present system, however, the head-to-tail arrangement of the
significantly charge-polarized or zwitterionic-like Cat-EDO-
TTF skeletons within and between the m-dimer(s) seems to
effectively decrease the intermolecular Coulomb repulsions,
to allow the construction of the infinite n—mn stacking. Also,
between the columns, there are some effective intermolecular
interactions (c—e in Fig. 1).

The phase transition occurs around 220 K. Interest-
ingly, upon the transition, the H-bonded unit becomes bent
from 180° to 147° at one of the H-bonded oxygen atoms
in the H-bond (Fig. 1), which results in desymmetrization
of the H-bonded unit: two crystallographically equivalent
Cat-EDO-TTF" skeletons in the HTP (A and A’ molecules)
become non-equivalent (A and B molecules), and, simul-
taneously, the symmetric [O..H..O] H-bond is also desym-
metrized to an [O-H..O] fashion with the O-H and O..H
distances of 1.17(4) A and 1.31(4) A, respectively. The
HOMO energy levels of TTF skeletons are stabilized from
-9.310 eV (HTP) to -9.322 and -9.335 eV (LTP: low temper-
ature phase, T < 220 K) by extended Hiickel calculation
based upon crystal structure analyses. The bent of H-bond
unit and stabilization of total energy from the HTP to the
LTP are noted to be the Jahn-Teller-like distortion of H-bond
unit. Curiously, however, the valence on the TTF skeletons in
the LTP is fundamentally unchanged from that in the HTP, to
maintain the +1 state, as revealed by the bond length analysis
and DFT calculation. Also, the BF, anions are still position-
ally disordered, however, notably the molecular arrangement
of the Cat-EDO-TTF" skeletons in the conducting layer is
dramatically changed: the p’-type arrangement in the HTP,
composed of a single kind of m-stack inclined in the same
direction, transforms to a so-called a-type molecular arrange-
ment in the LTP, where two types of the m-stacking columns
with opposite inclinations (columns A and B) are alternately
arranged. In this a-[H3(Cat-EDO-TTF),]BF, crystal, the
tilt angle between the adjacent Cat-EDO-TTF* skeletons in
the columns A and B corresponds to the bend angle of the
H-bonded unit, which thus suggests that this unusual molec-
ular arrangement change is based on the transformation of
the H-bonded unit between the planar and bent forms.

Temperature dependence of the electrical resistivity and
magnetic susceptibility (Fig. 1) of this H-bonded-unit-based
conductor [H3(Cat-EDO-TTF),]BF; was measured on the
single crystal and polycrystalline sample, respectively. In
both the measurements, we observed the phase interconver-
sion between the high-temperature B’-[H;(Cat-EDO-TTF),]
BF4 and the low-temperature a-[H3(Cat-EDO-TTF),]
BF,, in the almost same temperature region. In the resis-
tivity measurement, the resistivity at room temperature is
50 ohm cm and a semiconductor—semiconductor transition
with an abrupt change in p was observed at around 210 K,
which leads to an increase in the activation energy from
135 meV in the HTP to 165 meV in the LTP. This lowering
of the transport property is due to the enhancement of the
n-dimerization and the decrease of the inter-columnar
interaction, which make the conductive m-electrons further
localized within the m-dimer. The magnetic properties are
also significantly altered around the anomaly at 220-230 K
(Fig. 1): after its gradual decrease from 300 K, the yyT value
rapidly dropped at 230 K and recorded 0.0 emu mol ! K
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below 220 K, indicating that the LTP is a non-magnetic state.
Also this temperature dependence was reversibly observed.
We note here that the yy7 value at 300 K (0.047 emu
mo K) is much smaller than the expected value for
non- 1nteract1ng two S = 1/2 spins (0.75 emu mol! K),
suggesting the occurrence of a strong antiferromagnetic
interaction between the S = 1/2 radical cationic TTF" skele-
tons in the m-dimer. Actually, the temperature dependence
of ymT in the HTP (T > 220 K) was well reproduced by the
singlet-triplet (S-T) dimer model with a very strong antifer-
romagnetic exchange coupling of 2J/kg = -1700 K (solid line
in Fig. 1).

In summary, we have discovered the novel proton-m-electron
coupled (PEC) conductor, p’-[H3(Cat-EDO-TTF),]BF,, with
the solid-solid interconversion from p’- to a-phase accompa-
nying resistivity and magnetic switching of the BF, complex.
This transition is derived from geometric Jahn-Teller-
like distortion from planar to bent form of the composed
hydrogen-bonded unit and the magnetic stabilization towards
bond-order derived from spin singlet state with stronger
dimerization of molecules. Further systematic tuning of
proton and m-electron dynamics in this coupled system will
afford novel chemical and physical functionalities beyond the
framework of m-electronics so far.
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Large Anomalous Hall Effect in
the Non-Collinear Antiferromagnet
Mn3Sn at Room Temperature

Nakatsuji Group

In ferromagnetic (FM) conductors, an electric current
may induce a transverse voltage drop in zero applied
magnetic field: this anomalous Hall effect is observed to
be proportional to magnetization M, and thus is not usually
seen in antiferromagnets in zero field. Recent developments
in theory and experiment have provided a framework for
understanding the anomalous Hall effect using Berry-phase
concepts [1], and this perspective has led to predictions that,
under certain conditions, a large anomalous Hall effect may
appear in spin liquids and antiferromagnets without net spin
magnetization [2]. Although such a spontaneous Hall effect
has now been observed in a spin liquid state [3], a zero-field
anomalous Hall effect has hitherto not been reported for
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Fig. 1. (a) The crystallographic unit cell of Mn3Sn. (b) An individual
ab-plane of Mn3Sn. Mn moments form an inverse triangular spin struc-
ture. Each Mn moment has the local easy-axis parallel to the in-plane
direction towards its nearest-neighbor Sn sites.

antiferromagnets.

Mn;Sn is a hexagonal antiferromagnet (AFM) that
exhibits non-collinear ordering of Mn magnetic moments at
the Néel temperature of Ty ~ 420 K [4]. The system has a
Ni3Sn-type structure with space group P6s/mmc (Fig. 1(a)).
The basal plane projection of the each ab-plane consists of
a slightly distorted kagome lattice of Mn, and the associated
geometrical frustration manifests itself as an inverse trian-
gular spin structure that carries a very small net FM moment
of ~ 2 mug/Mn (Fig. 1(b)) [4]. Al Mn moments lie in the
ab-plane and form a chiral spin texture with an opposite
vector chirality to the usual 120° structure. This spin config-
uration has an orthorhombic symmetry, and only one of the
three moments in each Mn triangle is parallel to the local
easy-axis. Thus, the canting of the other two spins towards
the local easy-axis is considered to be the origin of the weak
FM moment [4].

We have carried out detailed transport measurements
using high-quality single crystals of Mn3Sn to reveal the
properties associated with the non-collinear antiferro-
magnetic (AF) ordering [5]. Figure 2(a) presents the field
B dependence of the Hall resistivity, py(B) at 300 K for
B Il [2-1-10]. py(B) exhibits a clear hysteresis loop with a
sizable jump of IApyl ~ 6 pQcm. This is strikingly large for
an AFM, and is larger than those found in elemental transi-
tion metal ferromagnets (FMs) such as Fe, Co and Ni [1, 6].
Notably, the sign change occurs at a small field of ~ 300 Oe.
In contrast, the longitudinal resistivity p(B) remains constant
except for spikes at the critical fields where the Hall resis-
tivity jumps (Fig. 2(a)). Correspondingly, the Hall conduc-
tivity, oy = — pH/pz, for in-plane fields along both [2-1-10]
and [01-10] shows a large jump and narrow hysteresis. For
instance, with B Il [01-10], oy has large values near zero
field, ~ 20 Q'em™ at 300 K and nearly 100 Q"'cm™ at 100
K. This is again quite large for an AFM and comparable to
those values found in FM metals [1, 7]. On the other hand,
the Hall signal for B Il [0001] shows no hysteresis but only a
linear field dependence.
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Fig. 2. (a) Field dependence of the Hall resistivity py and the longitu-
dinal resistivity p at 300 K in the magnetic field B Il [2-1-10] with the
electric current / Il [01-10]. (b) Field dependence of the non-collinear
AF ordering driven Hall resistivity pyF = py — RyB — RsppM at 300 K.

If we label the additional term originating from the
non-collinear AF ordering as pHAF, the Hall resistivity in
Mn;Sn can be described by py = RyB + RsuoM +pHAF.
By subtracting RyB and RsugM from py, we find that pHAF
is nearly independent of B or M, unlike what is found in
FMs, as shown in Fig. 2(b). With the reversal of a small
applied in-plane field, pHAF changes sign, corresponding to
the rotation of the staggered moments of the non-collinear
spin structure [4]. Thus, the large AHE, pHAF , must have
a distinct AF-driven origin. This soft response of the large
anomalous Hall effect in an AFM could be useful for various
applications including spintronics—for example, to develop
a memory device that produces almost no perturbing stray
fields.

Finally, we note that the present exceptionally large
AHE found in an AFM with vanishingly small magnetiza-
tion indicates that a large fictitious field due to Berry phase
must exist in momentum space, and is expected to generate
various effects including orbital ferromagnetism and the spin
Hall effect. Exploration of such effects and their external-
field control are suitable subjects for future studies.
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Strange Metal Phase without
Magnetic Criticality

Nakatsuji and Uwatoko Groups

In condensed matter physics, it is highly important
subject to find a novel state of matter. Through many exten-
sive work performed on strongly correlated electron systems
including heavy electron metals, high-Tc superconduc-
tors and organic conductors, it has been one of the most
intriguing and significant possibility that there should be
another class of a metallic phase that cannot be described
by the standard frame work of metal, namely, Fermi liquid
theory. It has been often called as strange metal phase.
However, its strong sensitivity to impurity has made it hard
to distinguish it from quantum criticality associated with a
singular zero temperature point, namely, quantum critical
point.

Nakatsuji and Uwatoko groups at ISSP University of
Tokyo and a theoretical group at Rutgers University, USA,
have studied the pressure effect on heavy fermion system
B-YbAIB4 and found the first evidence of a strange metal
phase over an extensive region of pressure by suppressing
superconductivity. Just as the melting of ice involves a
transition from solid to liquid state, strongly correlated
materials exhibit transition between magnetic ordered state
and a Fermi liquid state. Among the strongly correlated
electron systems, the heavy fermion metals often offer the
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convenient cases where the transition temperature can be

easily tuned, for example, by varying a physical param-

eter, such as magnetic field, external pressure and chemical
composition. In particular, the parameter where the transi-
tion temperature is suppressed to absolute zero temperature

(minus 273.15 °C) is called quantum critical point (QCP).

Nearby the quantum critical point, at low temperatures, a

strange metal state is believed to emerge due to quantum

critical fluctuations associated with the instability between

the magnetic ordered state and Fermi liquid state (Fig. 1(a)).

As the quantum critical point is very unstable, the quantum

critical phenomena such as the non-Fermi liquid state and

superconductivity appear only nearby quantum critical point

(conventional QCP in Fig. 1).

Here, we show our experimental study on an ultrapure
single crystal of the Yb-based heavy fermion compound
B-YbAIB4. B-YbAIB4 is known to have a zero magnetic
field and zero pressure quantum critical point and exhibits
pronounced strange metal state and superconductivity at low
temperatures [1-3]. We applied high pressures and performed
high resolution measurements of electric resistivity at
low temperatures to investigate its electrical properties. A
small magnetic field was used to suppress the supercon-
ductivity to reveal the strange metal state. Eventually, we
succeeded in elucidating a number of surprising phenomena
(Fig. 1(b)) [4]:

1) In the extensive pressure regime (0 < P < 0.4 GPa), a
strange-metal region with non-Fermi liquid properties
exists beneath the superconducting dome.

2) Both the strange metal phase as well as the supercon-
ducting (SC) phase (0 < P < 1 GPa) are isolated from
the border of magnetism (P > 2.5 GPa).

3) The strange metal phase can not be described by the
standard theory of metals based on spin fluctuations. A
new type of mechanism is expected, and is most likely
associated with valence fluctuations.

These discoveries imply the existence of a strange
metallic phase (Fig. 1(b)), which should be well distin-
guished from the quantum critical states associated with
a magnetic quantum critical point (conventional QCP in
Fig. 1(a)). This insight may be useful for clarifying the
mechanism for the strange metal phase. It may also contribute
to understanding the superconducting mechanisms associated
with other classes of strongly correlated materials such as
Cu-based and Fe-based high-temperature superconductors.
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Field Induced Quantum
Metal-Insulator Transition in
the Pyrochlore Iridate Nd,Ir,04

Nakatsuji and Kindo Groups

Recently, the iridium oxides (iridates) have attracted
tremendous attention for their unique position amongst
correlated electron materials, balancing comparable
electronic kinetic energy (bandwidth), Coulomb interaction
(U), and spin-orbit coupling. This makes them susceptible
to novel quantum effects, forming topological phases, and
phase transitions. Nd,Ir,0O; as a member of pyrochlore
iridates, is a rare example of a weak Mott insulator, which
undergoes a continuous metal-insulator transition (MIT) at
Twvr ~ 32 K, the transition closest to the T = 0 quantum MIT
in this class of materials. Hence, novel quantum critical Mott
transitions, quantum spin liquid phases, and other exotic
states are expected to emerge in this weak Mott insulator.
Here, we report for the first time a quantum phase transi-
tion between a magnetic insulating state and a metallic state
driven by magnetic field. Our discovery may be potentially
important for applications, showing how to tune the metal-
insulator transition by applying magnetic field in a weak
Mott insulator.

Anisotropic magnetotransport measurements were
performed under high magnetic field up to 50 T using high
quality Nd,Ir,O; single crystals. Strikingly, a strongly
anisotropic field induced quantum metal-insulating transi-
tion was discovered in this cubic symmetric material. The
insulator state can be suppressed by such a field ~ 10 T to a
zero temperature quantum MIT only for fields near the [001]
axis, as shown in Fig. 1(a). The strong sensitivity to the field
direction is remarkable for a cubic crystal, as is the fact that
the MIT can be driven by such a small magnetic field, given
the 45 meV gap energy, which is ~ 50 times larger than the
Zeeman energy for an I spin.

We mapped out the temperature-field phase diagram for
Nd,Ir,O7 under magnetic field along the [001] direction.
As shown in Fig. 1(b), a systematic change in the MIT from

B//[001]

Semimetal

Fig. 1. (a) Field-dependent magnetoresistivity with increasing and
decreasing field at 7=2 K for various field directions between [001] and
[110] directions. The angle ® is measured from the [001] directions. (b)
Temperature-field phase diagram for Nd,Ir,O; under a magnetic field
along [001] direction.



continuous near zero field to first order under fields indicates
the emergence of possible tricritical point proximate to the
quantum phase transition, consistent with the hysteresis
seen in the field dependent data shown in Fig. 1(a). Notably,
this systematic change across the tricritical point may exist
only for the case using high quality single crystals. This new
insight contributed to the understanding of quantum MIT
behavior. The theorists have constructed a Kondo lattice
model considering the strong Kondo coupling between
Nd-moments and Ir conduction electron sites, emphasizing
the essential role of Nd physics in this quantum MIT picture
under magnetic fields.
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Emergence of a Kondo Singlet
State with T = 2000K in
the Proton-Embedded Electron Gas:
Route to High-T. Superconductivity

Takada Group

Physics in heavy fermion superconductors has been
understood by the concept of quantum criticality in a Kondo
lattice and the spin-fluctuation mechanism is believed to
be responsible for superconductivity, as inferred from the
strong correlation between 7, and Tk. More specifically, 7,
is of the order of 0.17k, as shown in Fig. 1, from which we
can conceive an idea that high-7, superconductivity will be
obtained if we can discover a Kondo system with very high
Tx. In fact, the recently-discovered plutonium compounds
such as PuCoGas with T.=18.5K and Tg=260K may be
regarded as a successful realization of this idea. Thus we
should make further pursuit of this idea by searching for a
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Fig. 1. Superconducting transition temperature 7. versus Kondo

temperature Tk (a characteristic energy scale for spin fluctuations) in
heavy fermion superconductors.
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confinement states in the proton-embedded electron gas with N the total
number of electrons and ry the electron density parameter to specify the
electron gas.

new class of Kondo systems with Tk higher than 1000K.
Theoretically, this search can be done by the first-principles
quantitative determination of Tk for the composite system of
an impurity atom embedded in a metal.

As first suggested by Debye and Hiickel, an atomic
nucleus charge +Ze in a metal is screened by accumulation
of metallic electrons which is regarded as a charge resonance
and well described by the linear response theory. This
concept of metallic screening is prevailing for a century, but
because Z is not infinitesimally small, we need to consider
nonlinear effects in the screening, including the contribu-
tion from spin fluctuations. The spin contribution will be
enhanced, if Z is an odd integer, such as Z=1 (case of a
proton), in which a spin-polarized bound state might appear
at the impurity atom.

With the above basic scientific issues in mind, we have
concerned with the problem of hydrogen impurity in metals
which attracts long attention from a technological point of
view, such as hydrogen storage in solids, sensor applications,
and catalysis. Its electronic state has been investigated in
terms of a proton immersed into the electron gas since 1970s,
but no serious attention has been paid so far to the spin
resonance effect.

We have studied this system with changing the electron
density in a wide range by employing the diffusion Monte
Carlo simulations with the total electron number N up to
170 to accurately obtain the ground-state electronic distri-
bution n(r) and found a sharp transition at r=2 from short-
range H' screening charge resonance to long-range Kondo
singlet resonance, the emergence of which is confirmed
by the presence of an oscillation-period-shortened Friedel
oscillation characteristic to the Kondo singlet state with T
well beyond 1000K for 7, in the range 3-8. Another transi-
tion to the closed-shell H™ confinement state occurs at r=12.5
(see Fig. 2).

This study not only reveals interesting competition
between charge and spin resonances, enriching the century-
old paradigm of metallic screening to a point charge, but also
discovers a long-sought high-Tk system, opening a new and
unexpected route to room-temperature superconductivity in
a Kondo lattice made of protons. The metal hydrides, usually
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used for secondary batteries, are promising candidates, if the
metallic electron density is suitably arranged and the lattice
constant is properly tuned to exhibit quantum criticality in
the Kondo lattice.
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Chiral Magnetic Effect in
Condensed Matter Systems

Oshikawa Group

Relativistic massless fermions in 3+1 dimensions exhibit
so-called chiral anomaly where the chiral symmetry, which
is a symmetry of the Lagrangian, is broken due to quantum
effects. This results in the violation of the individual conser-
vation of the number of left-handed and right-handed
fermions, allowing them to change to each other. Chiral
magnetic effect (CME), an induction electric current parallel
to the applied external magnetic field is one of the most
intriguing phenomena related to this chiral anomaly. Due
to the time reversal symmetric nature of CME, the current
induced through CME is non-dissipative so that it has poten-
tial applications to the low-energy consuming electronics.

Recently, it becomes possible to synthesize a family of
three-dimensional materials, topological semimetals, where
electrons have (3+1) dimensional relativistic band dispersion
near the Fermi energy, similar to graphene in (2+1) dimen-
sions. That is, in these materials, the relativistic massless
fermions emerge in the low-energy effective theory. It is
thus tempting to observe the chiral anomaly and CME in a
tabletop experiment with a high-controllability which we
cannot have in high-energy physics. Indeed, there are already
several experimental reports that claim to have observed the
chiral anomaly and CME in topological semimetals through
the negative magnetoresistance in the presence of parallel
electric and magnetic field. Although the negative magneto-
resistance can be an indication of the chiral anomaly, it could
arise from other mechanisms and thus is not a smoking-gun
evidence for the chiral anomaly, let alone CME

In order to develop a direct and unambiguous probe of

Vacuum 2 Vacuum 1
Vo A
(®) Z

Fig. 1. Schematic picture of our setup. A solenoid (radius Ry) is repre-
sented as a surface current K between the two vacua. Inside them, a
cylindrical sample (radius ry) is placed.
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CME, we studied the interplay of CME and electromagne-
tism in matter. Since CME can be understood as a conse-
quence of an extension of electromagnetism called Chern-
Simons electromagnetism, transport properties are governed
in a highly non-trivial manner by both electromagnetism
and CME. As a concrete example, we performed an electro-
magnetic field analysis in the setup shown in Fig. 1. We
demonstrated that the physically observed admittance is not
simply proportional to the chiral magnetic conductivity, even
when the transport is governed by the CME. Furthermore,
we found that the CME-induced AC current is resonantly
enhanced when the cross section matches the “chiral
magnetic length” as shown in Fig. 2. Our results imply that
the electromagnetism is fundamental for actual transports in
topological semimetals and that proposals for their applica-
tions to future electronics need careful considerations on this
issue.
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Optical Conductivity Near
an Antiferromagnetic Phase Transition

Tsunetsugu Group

Optical conductivity is one of fundamental dynamical
correlation functions in solids and measures a metallicity.
A few years ago, we numerically investigated optical
conductivity near the Mott metal-insulator transition in the
frustrated Hubbard model on a triangular lattice using a
cluster dynamical-mean field theory (CDMFT). We found a
singularity in its dc value and in contrast to general belief the
corresponding critical exponent does not coincide with that
of the order parameter [1]. Another important finding was
that the vertex corrections are not so important in that case.
The Mott transition is driven by strong correlation effects,
which may suggest large vertex corrections. However,
our numerical data exhibited only a minor contribution of
theirs, and it is likely due to two characteristic features in
this system. The first is that spin fluctuations depend little
on wave vectors because of strong frustration. The second
is that quasiparticle scatterings due to spin fluctuations do



not depend so much on their position on the Fermi surface.
We have performed a new study to examine if the vertex
corrections are more pronounced in an unfrustrated system.
To compare with the previous result, we particularly investi-
gated the temperature region near an antiferromagnetic phase
transition.

We have used a 4-site CDMFT approach for calculating
optical conductivity o(w) in the square-lattice Hubbard
model at half filling, and studied its temperature depen-
dence both above and below the antiferromagnetic transition
temperature Ty for the Coulomb repulsion U=6.5¢. Here,
t is the matrix element of nearest-neighbor hopping. A real
antiferro long-range order is absent in two-dimensional
systems, and our results correspond to quasi-two-dimen-
sional systems. To implement the vertex corrections in the
antiferromagnetic phase, we have derived a new formula
based on our previous one for the paramagnetic phase. We
have found that the vertex corrections change various impor-
tant details in temperature and frequency dependence of
conductivity near Tn. This point differs from our previous
study on optical conductivity near the Mott transition in a
frustrated triangular lattice.

General trends in the temperature evolution of o(w) are
consistent with expected behaviors near the metal-insulator
transition. In the high-temperature paramagnetic phase, o(w)
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Fig. 1. (Top) Optical conductivity in the square-lattice Hubbard model
at half filling. Units are the quantum conductance. (Bottom) Tempera-
ture dependence of dc conductivity in the same model.
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Fig. 2. Momentum dependence of the vertex function I' that describes
the process that a particle-hole pair with momentum and spin
(k’, 0’) are scattered to another pair with (k, o). Plotted is the charge
part summed over ¢ and ¢” at Matsubara frequency v, =0. Dependences
on temperature and k—k’ strongly vary with the initial momentum &’.

has the Drude peak at w=0 and also a broad peak around
w~U, which is related to excitations to the Hubbard bands.
With lowering temperature, an antiferromagnetic phase
transition occurs at Ty~0.34t, and o(w) changes its frequency
dependence below Ty. While the incoherent peak continues
to exist, now a dip appears at w=0 and the low-energy peak
shifts to w~t. Top two panels in Fig. 1 compare o(w) with
and without the vertex corrections. Most importantly, the
vertex corrections enhance variations in the frequency depen-
dence. The Drude peak and the high-w broad peaks in the
paramagnetic phase are both sharpened. This continues in the
antiferromagnetic phase and the two peaks are both sharp-
ened by the vertex corrections, whereas the dip at w=0 is also
enhanced. Another important discovery is the behavior in a
temperature region just above Ty. As shown in the bottom
panel in Fig. 1, dc conductivity decreases in this region with
lowering temperature, which is a precursor of the transi-
tion. However, the electron excitation spectrum shows no
pseudogap behavior and the Drude peak is pinned at w=0.
This temperature region appears before including the vertex
corrections, but the corrections extends it quite wide. These
are main results directly related to observable properties in
experiments.

For better understanding of the vertex corrections, we
have also carried out their detailed analysis. The vertex
corrections are determined by the vertex function I' and
four single-electron Green's functions. As for the part of the
Green's functions, we have found that their spin dependent
components provide a dominant contribution in the antifer-
romagnetic phase. For I' a predominant contribution is given
by the scattering processes of polarization made of a particle
on one sublattice and a hole on the other sublattice. We have
also examined I’s momentum dependence. Results in the
paramagnetic phase are shown in Fig. 2. In the antiferro-
magnetic phase, the charge vertex and spin vertex functions
have similar momentum dependence but the sign is opposite.
A large difference is found in I’'s momentum dependence
between quasiparticles at different positions in the Brillouin
zone. For those at (m, 0) or (0, 1), the momentum dependence
is dominated by nearest-neighbor correlations. For those at
(n/2, +n/2), the momentum dependence is quite one-dimen-
sional. It is an important future study to clarify how to relate
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these exotic correlations to properties of conductivity.
This work is collaboration with Toshihiro Sato at RIKEN.
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Temperature-Driven and
Chemical-Potential-Driven Adiabatic
Pumping in Coherent Electron Transport

Kato Group

Adiabatic pumping is a process by which a finite
charge(heat) current is induced under periodic slow modula-
tion of external parameters. This phenomenon has been
studied for a long time as an important issue in time-depen-
dent quantum transport. In addition to charge current, recent
developments in the field of nanotechnology have enabled
us to measure heat current under temperature bias in a
controlled way. This development has stimulated both of the
theoretical and experimental investigations of the thermody-
namics properties of mesoscopic devices. Recently, adiabatic
heat pumping induced by temperature modulation has been
discussed in phonon transport via molecule junctions [1], and
temperature-induced transport has been discussed in contexts
of thermoelectric transport and nonequilibrium thermody-
namics [2].

We have studied adiabatic charge pumping driven by
modulation of thermodynamic variables of the reservoirs in
the coherent regime [3]. We have considered charge pumping
via a single-level quantum dot (QD) coupled to reservoirs
with time-dependent temperatures and chemical potentials
(see Fig. 1), and have shown that charge pumping is indeed
possible when Coulomb interaction is introduced in the QD.
We have calculated pumping current up to the first order of
U (the strength of the Coulomb interaction in the QD) by
the perturbation theory based on the Keldysh formalism,
employing the method of the thermomechanical field to
describe temporal changes of the temperatures.

We show the estimated average pumping current in
Fig. 2 for a pumping frequency f=1GHz. The upper panel
of Fig. 2 shows the pumping current under the chemical-
potential modulation described by uy (#)=pg+ucos(2nft)
and pgr(t)=po+usin(2nuft) for u1=0.5I' and T =Tr(=T7)=0,
0.1I, 0.3T as a function of (uy-g4)/I', where &4 and I' are an
energy level and a linewidth of the QD, respectively. The
lower panel of Fig. 2 shows the pumping current under the
temperature modulation described by Ty (f)=Ty+T cos(2nft)
and TR(H)=Ty+Tsin(2nft) for T1=0.3I, py=pr=0, and &4=0,
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Fig. 1. Schematic figure of the system considered in this study.
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Fig. 2. The upper panel: Estimated pumping current under the
chemical-potential modulation described by g (f)=pg+ucos(2nft) and
ur(H)=po+usin(2nft) for u;=0.5T and T} =Tg=0, 0.1I, 0.3I" as a function
of (up-eq)/I. Here, ¢4 and I' are an energy level and a linewidth of the
QD, respectively. The lower panel: Estimated pumping current under
the temperature modulation described by 77 (f)=T(+7T cos(2nft) and
TR()=Ty+T,sin(2nft) for T)\=0.3I, y=ug=0, and &4=0, 0.1, 0.3I" as a
function of 7y,

0.1I, 0.3I" as a function of Tj. In the present estimate, we
have assumed the symmetric coupling to the two reser-
voirs, and have set the strength of Coulomb interaction
as U=I. As seen in Fig. 2, the estimated pumping current
is of order of 1-10pA, which is measurable in a standard
experimental setup. The pumping current is proportional to
both the frequency f and the Coulomb interaction U in the
present calculation, and therefore is reduced if f and U are
taken as smaller. In the chemical-potential-driven pumping,
we have shown that the pumping current is related to the
first energy derivative of the spectral function (the local
density of states in the QD) at low temperatures. Similarly,
in the temperature-driven pumping, we have shown that the
pumping current is related to the second energy derivative
of the spectral function at low temperatures; the sign change
of the pumping current for e4=I" in the lower panel of Fig. 2
originates from this fact. The insets of Fig. 2 show the time-
dependence of the current induced by the modulation at the
maximum of the pumping current in the main panel.

We have also shown that the present charge pumping
originates from a time delay in a change of the occupation
number of the QD with respect to modulation of the reser-
voirs. This time delay is understood by a relaxation time
determined by circuit elements characteristic of coherent
electron transport under external AC modulation of voltages
and temperatures.

In this study, we have studied charge pumping in a
simple setup with a single-level QD up to the leading order
of Coulomb interaction. It is a future problem to formulate
adiabatic pumping in the presence of a strong Coulomb
interaction. Also, with the present formulation, we would be



able to tackle general pumping in coherent transport from the
viewpoint of the nonequilibrium thermodynamic properties
of mesoscopic devices.
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“Zitterbewegung” Appeared as
Conductance Fluctuation in Transport
Between Quantum Point Contacts

Katsumoto Group

For a particle which obeys the Dirac equation, velocity
is not a well-defined quantity in that the kinetic motion in
real space is the mixed one of particle and anti-particle. Such
a quantum mechanical state can be described as a super-
position of states with velocities +¢ and —c. Hence in the
space of velocity-base, such a particle is in a zigzag motion
(trembling motion), which is called ‘“Zitterbewegung” (ZB)
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Fig. 1. (a) QPC positioning in the sample. (b) Conductance fluctuation

(through QPC 2 to 5) versus magnetic field. The field is rotated from 0°
(parallel to the plane) to 90° (perpendicular).

in Germany[l]. A trivial analog in electrons in solids is
oscillation in velocity of classical electrons due to periodic
lattice potential. Even the experimental observation of such
a trivial phenomenon is difficult at present. A bit non-trivial
phenomenon closer to the ZB of electrons in vacuum is a
zigzag motion of electrons due to the spin-orbit mixing of the
two (spin and orbital) freedoms. This is also called ZB and
expected to be observable in experiments though no clear
observation has been reported yet.

For the observation of ZB in transport, we need to
prepare spin-polarized electrons in a system with a simple-
form spin-orbit interaction. We have experimentally
confirmed that a quantum point contact (QPC) in a system
with strong Rashba-type spin-orbit interaction (RSOI) can
work as an efficient spin polarizer on plateaus of a half and
of a one conductance quantum (Zez/h) [2]. Hence a system
of QPCs with RSOI can provide an ideal test-bed of ZB in
solids.

Figure 1(a) shows a schematic view of the present system
with two sets of three parallel QPCs made from InAs 2DEG.
The two are placed face-to-face. The two-terminal conduc-
tance through a confronting QPC pair (2-5) as a function
of magnetic field for various field directions is shown in
Fig.1 (b). Reproducible fluctuations reminiscent of universal
conductance fluctuation (UCF) appear in the magneto-
conductance. Surprisingly the amplitude nor the character-
istic frequency does not change with the field angle. On the
other hand in the transport not through QPC (terminal 1 to 4)
no fluctuation appears and ordinal Shubnikov-de Haas oscil-
lation appears for vertical magnetic field. In short the fluctu-
ation appears only when the spins of conduction electrons
are aligned.

The above results can be well explained within the
ZB framework. The external magnetic field modifies the
frequency of spin precession thus that of ZB, which results
in large variation of scattering cross section. Superposition
of various scattering paths leads to the observed conductance
fluctuation.
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Distant-Dependent Tunneling
Process Observed in Iron Nitride

Komori Group

Scanning tunneling microscopy (STM) is one of the
most powerful tools to investigate surface topographic and
electronic structures with an atomic resolution. Surface
nanostructures are often discussed based on the topographic
image. However, its image contrast is mainly based on the
electron tunneling processes between the STM tip and the
surface local electronic states [1]. Systematic changes of the
image contrast as a function of the sample-bias voltage Vs
have been widely interpreted in terms of energy-dependent
electronic structures. The STM tip-surface distance, d, is
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Fig. 1. (a) Schematic model of an Fe,N crystal. The layer consisting of
Fe,N stoichiometry, indicated by green lines, appears at the surface of
the FeyN thin films on Cu(001). (b,c) Schematic surface models of the
p4gm(2x2) reconstruction (b) corresponding to the monatomic Fe,N
layer on Cu(001), and c¢(2x2) reconstruction (c) corresponding to the
ideal bulk Fe,N plane. (d-g) Topographic images taken at Vs = 0:25 V
with varying It from 0.1, 3.0, 10 to 45 nA. (h) Line profiles at Vs = 0:25
V, measured along lines indicated in (d-g). From the top to the bottom,
I varies as follows: 45, 40, 35, 30, 28, 25, 22, 20, 18, 15, 12, 11, 10, 9.0,
8.0, 7.0, 5.0, 3.0, 2.0, 1.0, 0.9, 0.8, 0.7, 0.6, 0.5, 0.4,.0.3, 0.2, and 0.1
nA, respectively. Empty circles indicate peak positions extracted from
one Fe dimer.

an alternative parameter of the image change on the surface
consisting of several orbitals with different decay lengths
of the wave functions into the vacuum. In such systems, the
image can be changed by the shift of the dominant surface
orbital contributing to the tunneling process. We have
demonstrated the d-dependent STM imaging and spectros-
copy on the surface of a monatomic layer of iron nitride
(Fe,N) on Cu(001) (see Fig. 1) to characterize the orbital-
sensitive tunneling as the origin of the topographic image
changes [2].

Figure 1(d-g) shows a systematic change of the
topographic images of the Fe,N layer from a dimerized
atomic image reflecting the atomic surface structure to a

(a)'l ]S — Fe2N J (c) --- Tlunnelling Lackgrour;d
o}
508 -
$ 2
Y i
> g
3 0.6 S
s >
L { =
. . . =
-1.0 -05 0 0.5 1.0 3
Sample Bias (V) %
£
(b) 2
\
1 a& I
0.4

-0.2 0 0.2
Sample bias (V)

>

DOS (states/eV)

E-EF (eV)

d=0.29 nm

d=0.34 nm d=0.42nm
Fig. 2. (a) dI/dV spectra of Fe,N on Cu (001) and the clean Cu(001)
surface. The STM tip was stabilized at It = 30 nA and Vs = 1 V. (b)
Calculated spin-resolved LDOS of single-layer Fe;N on Cu(001). Fe
and N states are separately shown. (c) Distant-dependent dI/dV spectra
measured at d = 0.42, 0.34, and 0.29 nm from the bottom to the top.
Dashed curves indicate a tunneling background obtained by a Tersoff-
Hamann approximation. [1] (d-f) Topographic images taken at Vs =
0.25 V with d = 0.29 nm (d), 0.34 nm (e), and 0.42 nm (f).
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square lattice of atomic size dots with increasing d. The line
profiles shown in Fig. 1(h) are systematically changing with
the tunneling current. By measuring the images with various
Vg values, the threshold distance of the image change was
found to be independent of Vp . The tunneling spectrum
on the Fe,N surface has several peaks that well correspond
to the peaks of the calculated total local density of states
(LDOS) as in Fig. 2(a,b). The observed systematic d depen-
dence of the tunneling spectra shown in Fig. 2(c) implied
the shift in the dominant electronic states contributing to the
tunneling process. The LDOS calculations above the surface
by first principles indicate the change of the dominant
orbitals detected by the STM tip from the Fe 3d states to the
s/p states with increasing the tip-surface distance.

References
[1]J. Tersoff and D. R. Hamann, Phys. Rev. B 31, 805 (1985).
[2]Y. Takahashi et. al., Phys. Rev. Lett. 116, 056802 (2016).

Authors

F. Komori, Y. Takahashi, T. Miyamachi, K. Ienaga, N. Kawamura®, and
A. Ernst®

:‘Scicncc & Technology Research Laboratories, NHK,
"Max-Planck-Institut fur Mikrostrukturphysik

Real-Time Operando Observation
of Reaction Processes of CO, on
Cu(997) by Near-ambient Pressure
X-ray Photoelectron Spectroscopy

Yoshinobu and I. Matsuda Groups

Activation of CO, is an important topic in the efficient
use of CO, as a chemical feedstock. Methanol synthesis
from CO, and H,; on a Cu/ZnO catalyst has been widely
studied. CO, is chemically inert, and thus the interaction of
the molecule with metallic Cu surfaces plays an essential
role for molecular activation. On metallic copper, very low
reactivity of CO, on low-index surfaces was reported under
ultrahigh vacuum conditions. In contrast to the flat surfaces,
the dissociation of CO, into CO was reported on vicinal Cu
surfaces previously. These results indicate that defect sites,
such as step and kink, may be important for the CO, activa-
tion. However, the reaction condition in UHYV is far from a
real catalytic reaction, which is normally operated at higher
temperature and nearly/above atmospheric pressure. Such
differences in pressure and temperature may lead to distinct
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Fig. 1. Schematic of the operando AP-XPS system at SPring-8
BLO7LSU
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Fig. 2. A series of (a) O 1s and (b) C 1s AP-XPS spectra of Cu(997)
at 340 K under CO, pressure of 0.8 mbar as a function of elapsed time
together with the assignment of each peak. Only selected spectra from
the whole series are shown in the figure. The photon energy was 630
eV. The CO, gas was introduced in the gas cell at t = 0 s. The fitting
results for the spectra at t = 5474 s (O 1s) and t = 5607 s (C 1s) are
also shown in the figure. (¢) O 1s and (d) C Is XPS spectra after the
AP-XPS measurements shown in (a) and (b). The gas cell was evacu-
ated to UHV (~10’9 mbar), and then the XPS measurements were
performed.

reactivity under ambient conditions from UHYV, reflecting
thermodynamic and kinetic effects. Ambient pressure X-ray
photoelectron spectroscopy (AP-XPS) is a powerful tool
for investigating electronic structures and chemical states of
adsorbates and a substrate quantitatively under reactant-gas
pressure.

Here, the reaction of CO, on the vicinal Cu(997) surface
at 340 K under CO, gas pressure of 0.8 mbar was investi-
gated by ambient pressure X-ray photoelectron spectros-
copy (AP-XPS). We found that initially carbonate (CO3)
was produced on the surface through the reaction of CO,
with oxygen formed from CO, dissociation; the amount of
adsorbed CO3 was increased and saturated as time elapsed
and after saturation of adsorbed COj, atomic oxygen
appeared on the surface, indicating that CO, dissociation into
CO and O continued to take place. The estimated saturation
coverage of CO3 from XPS is rather small (0.05 ML).

The experiments were performed using a newly devel-
oped AP-XPS apparatus at the soft X-ray undulator beamline
BLO7LSU of SPring-8. Figure 1 shows a schematic of the
present operando AP-XPS system at SPring-8 BLO7LSU.
The AP-XPS system consists of four interconnected UHV
chambers; an analysis chamber, a preparation chamber, a
load-lock chamber, and a fast-entry chamber. The analysis
chamber is used for XPS measurements both in UHV and
at ambient conditions. The preparation chamber is equipped
with an ion source and low energy electron diffraction optics.
The load-lock chamber and the fast-entry chamber allow the
introduction of samples from the air into the UHV system.

Figures 2(a) and (b) show series of O Is and C Is
AP-XPS spectra of the Cu(997) surface at 340 K under CO,
pressure of 0.8 mbar as a function of elapsed time. Gas-phase
CO, peaks were initially observed at 536.6 eV in an O 1s
XPS spectrum at t = 376 s, and at 292.8 eV in a C 1s XPS
spectrum at t = 507 s. These gas-phase peaks were shifted to
536.4 eV and 292.6 eV, respectively, after a lapse of about
5500s. At t = 376 s, a peak of adsorbate was observed at
531.3 eV in the O 1s region. Three peaks of adsorbates were
observed in the C 1s spectrum (t = 507 s) at 288.4 eV with

a broader shoulder peak at higher binding energy (289.0
eV), and at 284.4 eV (CO), which is assigned to neutral
carbon species such as carbon atoms and hydrocarbons. As
discussed later, the other adsorbate peaks at 531.3, 289.0
and 288.4 eV are assigned to carbonate (CO3). The amount
of CO5; was saturated at t ~ 2000 s, and then a new peak at
529.5 eV appeared in O 1s spectra. This peak is attributed
to atomic oxygen. Figures 2(c) and (d) show O 1s and C 1s
spectra measured under UHV (~10"9 mbar) after a series
of AP-XPS measurements. The adsorbates formed in the
presence of 0.8 mbar CO, were stable at 340 K and remained
on the surface even after evacuating the gas cell to UHV. The
result indicates that the decomposition of CO3 does not occur
at 340 K.

The composition ratio between oxygen and carbon at the
saturation region (t > 2000 s) was calculated from the area
intensity of the O 1s peak at 531.3 eV and the sum of the
intensities of the two C 1s peaks at 289.0 and 288.4 eV. In
the estimation, the O 1s and C 1s intensities of the adsorbate
peaks were normalized by those of the gas-phase CO, peaks
in these spectra to cancel out differences in the analyzer
transmission function and the core-election ionized cross
section between O 1s and C 1s. The O/C ratio was estimated
to be 3.1 = 0.1. Similar experiments were done using a
photon energy (hv) of 740 eV to check the effect of photo-
electron diffraction on the estimation of the O/C ratio. The
estimated ratio at hv = 740 eV is 3.2 which is within the error
in the case of hv = 630 eV. If the observed two peaks in C
Is are due to both CO5; and chemisorbed CO,, the O/C ratio
should be in the range from 2 to 3. Thus, the peaks at 531.3,
289.0 and 288.4 eV are assigned to COj3.

The produced COj is stable at 340 K even after evacua-
tion to UHV as shown in Figs. 2(c) and (d). The gas-phase
peaks in AP-XPS spectra (Figs. 2a and b) are shifted to
lower binding energies with increasing the COj3 coverage,
indicating the increase of the work function by the COj3
adsorption. Therefore, adsorbed COj3 is negatively charged
by charge transfer from the Cu substrate. The present study
clearly shows a facile formation of CO3 on the stepped Cu
surface, and CO3 may be a key intermediate in CO, activa-
tion.
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Chiral Spin Spiral Structure
Studied by Spin-Polarized
Scanning Tunneling Microscopy

Hasegawa Group

Because of the potential application for future spintronics
devices, spiral magnetic structures, such as skyrmion lattices,
domain walls, and homogeneous spin spiral structures, have
been a subject of extensive studies. Various types of spin
rotations have been reported; Bloch-type (helical) or Néel-
type (cycloidal), left-handed (T<-l) or right-handed (T—),
and chiral or non-chiral. To determine these types, neutron
scattering, Lorentz microscopy, efc. have been utilized. For
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nanometer- or atomic-scale spin spiral structures, often
formed in ultrathin films, spin-polarized scanning tunneling
microscopy (SP-STM), which detects spin orientations in
atomic-scale spatial resolution, is the only method for the
determination. We have investigated the types of the spin
structure observed in a monolayer (ML) Mn thin film formed
on a tungsten substrate using the ultimate spin-probe micro-
scopic method.

In magnetic systems whose inversion symmetry is
broken, the Dzyaloshinskii—-Moriya interaction (DMI) plays
a key role in the formation of chiral spin structures. Since the
symmetry is naturally broken at interfaces, several systems
composed of 3d magnetic thin films and 5d non-magnetic
heavy-elemental substrates showing a strong spin-orbit
coupling exhibit DMI-driven chiral spin structures. For
the investigation of how overlayers and substrates affect
the polarity and strength of DMI a W(110) substrate is
one of the ideal systems because various chiral structures
have been discovered on it with overlayers. From SP-STM
images taken with a tip whose magnetization direction is
well controlled, we revealed that the Mn monolayer indeed
exhibits a cycloidal spin spiral structure with a left-handed
rotation (See a schematic shown in Fig. 1(e)). By comparing
with e.g. the case of magnetic domain walls observed in Fe
thin films, we found that the polarity of DMI is basically
determined by the substrate.

The SP-STM experiments were performed with an
ultrahigh vacaum STM at 5 K using Fe-coated W tips as a
magnetic probe. Since the amount of the tunneling current is
proportional to the cosine of the angle 6 between the tip and
sample magnetization directions, one can obtain the spin or
magnetic contrast of the sample using the magnetized tip. A
two-axis superconducting magnet was used to align the tip
magnetization to the specific orientations of the sample.

A typical STM image taken on monolayer Mn-covered
W(110) surface is shown in Fig. 1(a). A cross-sectional
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Fig. 1. (a) STM image of a Mn monolayer (ML) formed on a W(110)
substrate. (b) Cross-sectional profile taken along the blue line in (a).
(c) Spin-polarized STM image of 1 ML Mn/W(110) taken with an
Fe-coated W tip magnetized perpendicular to the sample surface. (d)
Cross-sectional profile averaged in the boxed area in (c). (e) schematic
of the magnetic structure of ML Mn/W(110).
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Fig. 2. (a, d) SP-STM images of 1 ML Mn/W(110) taken in the same
area with an Fe-coated W tip magnetized in the in-plane (a) and out-of-
plane directions (d) The direction of the applied magnetic field is
shown by the arrows. (b, e) Images whose nonmagnetic contribution
was subtracted from (a) and (d). (c, f) Cross-sectional profiles averaged
in the boxed areas of (b, e¢). The same colored dots indicate the same
atomic rows in the images of (b, c, e, f).

profile shown in Fig. 1(b) indicates atomically flat terraces
of Mn ML grown from the W step edges. Figure 1(c) shows
an SP-STM image taken on an ML region of Mn/W(110)
with a tip magnetized perpendicular to the sample surface.
Bright and dark rows separated by an atomic distance along
the [110] direction indicate antiferromagnetic magnetization
of the Mn [001] rows. The contrast vanishes periodically at
the Mn rows whose magnetization directions are close to the
in-plane direction (i.e., 8 is close to 90°), indicating a spin-
spiral structure.

There are two possible types of spin spiral structure to
explain the observed images; a cycloidal structure whose
spins are rotating in the (001) plane and a helical one rotating
in the (110) plane. To determine the rotational type of the
spin structure, SP-STM images are taken with a tip magne-
tized along the [001] direction. The obtained images showed
suppressed magnetic contrast, indicating a cycloidal spin
spiral structure. This result is consistent with the mechanism
of the interfacial DMI, which only produces cycloidal spin
spiral structures or Néel-type domain walls.

Then, in order to clarify the rotational sense of the
cycloidal spin spiral structure, we performed SP-STM
measurements with a spin-polarized tip magnetized in two
orthogonal directions within the (001) plane. When we focus
on every two adjacent spins, the magnetic contrast exhibits
a sinusoidal variation. By changing the direction of the tip
magnetization from parallel to perpendicular to the surface
[i.e. from the leftward to the upward direction], we should
observe +90° or -90° phase shifts in the sinusoidal profile
depending on the rotational sense.

Figures 2(a, d) show SP-STM images taken in the same
area with the tips magnetized in the directions shown in the
figures. White clusters provide a proof that it is the same
area. In order to extract the magnetic contrast, we subtracted
the nonmagnetic contributions, which are derived by
averaging two SP-STM images taken with the tips magne-
tized in opposite directions. Cross-sectional profiles shown
in Figs. 2(c, f) indicate the direction of the phase shift is
consistent with that expected for the left-handed spin spiral
structure.

The domain walls in the Fe DL/W(110) were found as
Néel-type domain walls with right-handed rotation, which
can be explained by the consequence of the competition
between ferromagnetic interaction (TT) and right-handed
DMI (T—). On the other hand, the left-handed rotation of
Mn ML (T\« /1) is a consequence of the competition
between antiferromagnetic interaction (TJ,) and right-handed
DMI (T—). We thus found the consistent role of the substrate
on the polarity of DMI in the both cases.
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Nanocomposite Electrodes for
Photoelectrochemical Water Splitting

Lippmaa Group

Photoelectrochemical water splitting can be used to
harvest solar energy and produce hydrogen gas, which can
be stored for later use in a fuel cell to generate electricity
or used as a raw material for chemical synthesis. A major
obstacle to wide-spread solar hydrogen production is the
low efficiency of the energy conversion process due to large
recombination losses in typical water-stable oxide semicon-
ductors, such as titanates. In a typical oxide semiconductor,
illustrated in Fig. la, a band bending region exists at the
oxide-water interface, where electron-hole pairs are formed
by light excitation and separated by the internal electric
field. For an n-type semiconductor, photogenerated holes
would be transported through a surface depletion layer to
the surface, where the oxygen evolution reaction can take
place. Hydrogen would be produced on a suitable counter
electrode. However, only photocarriers formed within a
few tens of nm of the surface can escape from the semicon-
ductor and participate in water splitting, whereas photocar-
riers formed deeper in the semiconductor are rapidly lost to
trapping and recombination. Considering the visible light
absorption length, which is closer to micrometer scale in
doped titanates, the fraction of incident light that can actually
be converted to active photocarriers at the surface is on the
order of a percent.

Various strategies exist for improving the charge extrac-
tion efficiency from oxide photoelectrodes. Besides a
pure materials approach directed at finding more efficient
semiconductors and doping schemes, it is also possible to
design suitable nanoscale structures that improve charge
collection by virtue of geometric effects. In our work, we
have developed a method of growing noble-metal-doped
titanate semiconductors where some of the noble metal segre-
gates in the form of nanoscale pillars as illustrated in Fig. 1b.
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Fig. 1. (a) Operating principle of a photocatalytic energy conversion
system where photogenerated charges are extracted only from a thin
surface layer. (b) A nanopillar composite electrode where tubular
Schottky junctions surrounding metal pillars extend the charge extrac-
tion region to the full depth of a thin film electrode. (c) Plan and cross-
section STEM views of Ir metal nanopillars in a Ir:SrTiO3 matrix, (d)
Examples of (left-to-right) Ir, Pt, Pd, and Rh nanopillars grown in a
SrTiO5; matrix. The diameter of all pillars is 5 to 10 nm.

When the nanopillar consists of a high work function metal
and the surrounding semiconductor is an n-type material,
tubular Schottky junctions form around each pillar. The
internal field of the Schottky junction ensures efficient charge
separation and extraction throughout the thickness of the thin
film photoelectrode, while the metal nanopillars provides a
low-resistance charge extraction path to the film surface.

The formation of noble metal nanopillars is achieved by
considering the kinetic and thermodynamic crystal growth
parameters in a pulsed laser deposition process. For several
noble metals, it is possible to find a balance between the
oxidation rate of the metal and the growth rate of the crystal,
where the average background oxygen pressure is low
enough for metal segregation to occur at the initial growth
stage of a film and the growth rate is balanced with the
surface migration rate so that further segregated metal can
form vertical pillar structures.

From the point of view of water splitting, the best
starting material for the nanopillar composite photoelectrode
growth is Ir:SrTiO3. Homogeneously doped Ir:SrTiOj3 is an
n-type semiconductor, while bulk iridium metal is a high
workfunction material, ensuring that Schottky junctions
form at Ir — Ir:SrTiO;5 interfaces. Additionally, Ir and IrO,
are electrocatalysts that are known to promote the oxygen
evolution reaction in water. The formation of segregated Ir
metal inclusions in a Ir:SrTiO5 film can be seen in scanning
transmission electron microscope (STEM) plan and cross-
section views in Fig. lc. The cross-section image shows
that the pillars do indeed nucleate at the SrTiOj substrate
interface, and that approximately 10 nm wide pillars extend
through the thickness of the film to the photoelectrode film
surface. The spontaneous segregation behavior seen for Ir
can be reproduced for a variety of noble metals. Although
the particular growth parameters vary from metal to metal,
nanopillar formation has been observed for Ir, Pt, Pd, and Rh

(Fig. 1(d)).
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The Novel Magnetic and Valence
Instabilities Tuned by Pressure in YbNizGag

Uwatoko Group

In heavy fermion systems, non-Fermi liquid state and/
or unconventional superconductivity often appear near a
quantum critical point (QCP) where a second order phase
transition is suppressed to zero temperature [1]. Therefore,
pressure tuning of the ground state from a nonmagnetic state
to a magnetic state or vice versa has attracted attention. The
anomalous properties in the vicinity of QCP are described by
the spin fluctuation theory, especially for most of Ce-based
compounds, however, the unconventional critical behavior
has been recently reported in several Yb-based heavy fermion
compounds. Soon after, several theories have been proposed
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to clarify the origin of the unconventional criticality, never-
theless, it remains an open question. Since the pressure
variation of magnetism in Yb systems is accompanied by a
valence change from the divalent to the trivalent state of Yb
ions, direct observations of Yb valence toward the magnetic
QCEP is highly desirable. Here we show the realization of the
pressure-induced valence crossover and the novel metamag-
netic behavior possibly due to the valence instability near the
magnetic quantum phase transition in intermediate valence
YbNi;Gag [2,3].

Figure 1 shows the temperature-pressure-magnetic field
phase diagram of YbNi3Gag together with a contour plot
of the Yb valence value in the 7-P plane. We have revealed
a clear evolution of the Yb valence toward the magnetic
trivalent state as well as the change from the nonmagnetic
to the magnetic ground state with increasing pressure. The
resulting phase diagram suggests that the occurrence of the
pressure-induced first-order magnetic transition in YbNizGag
is associated with enhanced valence fluctuations. This inter-
pretation is consistent with the observations of a first-order
metamagnetic transition below Pc, which is associated with
the field-induced valence change from the mixed-valent state
to the trivalent state with magnetic degrees of freedom. Our
results suggest that the proximity to the critical end point of
the first-order valence transition gives rise to the unconven-
tional critical behavior in other Yb systems.
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Coupling of Two Quantum Hall States at
Graphene Monolayer/Bilayer Boundary:
Bulk-Edge Correspondence
between Different Materials

Osada Group

The edge channel transport in the quantum Hall (QH)
states has been extensively investigated in graphene systems.
The subjects of most studies have been the p-n homo-
junction of monolayer graphene (MLG) or bilayer graphene
(BLG), since they were the first bipolar QH junctions
between electron and hole QH states. The graphene p-n
junctions are realized using the dual gate FET devices, in
which an additional top-gate electrode partially covers MLG
or BLG so as to control the carrier number and polarity of
the covered part independently. In this case, both sides of
the junction are the same material with the same band struc-
ture under different potential energy. The main issue was
the mixing between the electron and hole QH edge channels
propagating parallel along the junction in both sides.

Here, we consider another type of QH junctions in the
graphene system, namely, the hetero-junction of MLG and
BLG. In this case, the both sides of the junction have the
same polarity (n-n or p-p junction), but they are different
materials (MLG and BLG) with the different band structures:
the low-energy band dispersion is the Dirac cone in MLG,
but it shows the quadratic band touching in BLG. Under
the perpendicular magnetic field B these energy bands are
quantized into the Landau levels (LLs), which have four-fold
spin and valley degeneracies. The most characteristic feature
is the appearance of the zero-energy LL resulting from the
Berry phase of + 7 and * 27 around the band contact points
in MLG and BLG, respectively. Note that the zero-energy
LLs in MLG and BLG have different degeneracies; four-
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fold in MLG but eight-fold in BLG in which both the n=0
and n=1 LLs degenerate to zero energy. This fact results
in the different quantized values of the Hall conductivity;
Oxy = N1€?/h = (4N + 2)e*/h in MLG and oyy = N2e?/h =
+(4N + 4)¢%/h in BLG (N =0, 1, 2,--+). Here, N1 and N>
are the Chern numbers of the QH states in MLG and BLG,
respectively. The spin or valley splitting is ignored.

In the present work, we have experimentally studied the
QH edge transport across the MLG/BLG junction employing
hexagonal boron nitride (h-BN) substrate, which remark-
ably improves sample quality, and we have clarified the edge
channel configuration along the MLG/BLG junction. If the
both sides of the junction is perfectly decoupled, there are
|N1| and |N2| edge channels in MLG and BLG sides, respec-
tively, so that they propagate in opposite direction along the
junction. If finite coupling exists between both sides, they
must show pair annihilation resulting in |N;| — n and [N2| — n
channels at the boundary. At the strong coupling limit, n =
min(|N1|, |N2|), [N2 — Ni| channels with the same direction
remains at the boundary. These features are required from the
bulk-edge correspondence at the boundary of two QH states,
which basically originates from the charge conservation law.
The coupling feature is not trivial since MLG and BLG have
different crystal and band structures. Whereas electronic
states in MLG consist of A and/or B site Wannier states,
those in BLG mainly consist of A and/or B' site Wannier
states. So, the envelope function is not continuous at the
MLG/BLG boundary. The coupling depends on the connec-
tion of the true wave functions at the boundary.

Figure 1 shows the observed Hall resistance and trans-
verse resistance across the MLG/BLG boundary of the FET
device fabricated on h-BN substrate as functions of the
filling factor, which is controlled by the back gate voltage.
The carrier densities of the MLG and BLG parts are almost
same, since the gate voltages of charge neutrality points
coincide in both parts. The horizontal bars indicate the
quantized values calculated from the Landauer-Biittiker
formula assuming the strong coupling limit. The calculation
well reproduces the observed result in the positive filling
(n-type) region. Considering the BLG side shows imperfect
QH effect in the negative filling (p-type) region in the present
device, this agreement indicates that the coupling between
two QH states at the boundary is so strong that the minimum
number (|[N2 — Ni|) of edge channels survives at the boundary
of MLG and BLG.

In the figure, we can see another remarkable feature
around the zero filling. The transverse resistance shows fine
dip structures. They are considered to reflect the degeneracy
breaking of the zero-energy LL in MLG and BLG. Although
no perfect splitting was observed in MLG or BLG in the
present device, this result suggests the splitting of the edge
channels along the boundary.
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One-Third Magnetization Plateau with
a Preceding Novel Phase in Volborthite

Hiroi, Kindo, Tokunaga and Takigawa Groups

We have synthesized high-quality single crystals of
volborthite, a seemingly distorted kagome antiferromagnet,
and carried out high-field magnetization measurements up to
74 T and °'V NMR measurements up to 30 T. An extremely
wide 1/3 magnetization plateau appears above 28 T and
continues over 74 T at 1.4 K, which has not been observed
in previous studies using polycrystalline samples (Fig. 1).
NMR spectra reveal an incommensurate order (most likely a
spin-density wave order) below 22 T and a simple spin struc-
ture in the plateau phase. Moreover, a novel intermediate
phase called 'N' phase is found between 23 and 26 T, where
the magnetization varies linearly with magnetic field and the
NMR spectra indicate an inhomogeneous distribution of the
internal magnetic field (Fig. 2). This sequence of phases in
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Fig. 1. Magnetization curves of volborthite measured at 1.4 K on two
piles of single crystals in magnetic fields perpendicular (red line) and
parallel (blue line) to the ab plane, and on a polycrystalline sample
(green line). Shown also are a typical single crystal of volborthite
(upper left) and the arrangement of Cu d,,_,, orbitals projected onto the
ab plane in the low-temperature P2,/a structure (lower right). J; and J,
represent the NN and NNN interactions in the Cu2 spin chains, respec-
tively. J' and J" represent the NN interactions between Cul and Cu2
spins.
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volborthite bears a striking similarity to those of frustrated
spin chains with a ferromagnetic nearest-neighbor coupling
Ji1 competing with an antiferromagnetic next-nearest-
neighbor coupling J;. This analogy suggests that the N phase
is related to a spin nematic order that is expected to appear in
"frustrated”" ferromagnets.

How do we understand the appearance of this series
of magnetic phases in volborthite under magnetic fields?
Among the various possible spin models for volborthite,
we now consider a J; — J, — J' — J" model on the distorted
kagome net (see Fig. 1) as the most likely. Using DFT +
U calculations, Janson and his coworkers evaluated the
magnetic interactions and found that J” is the strongest
antiferromagnetic coupling, which results in a coupled trimer
model [2]. In this model, the 1/3 plateau phase pertains
to polarized magnetic trimers formed by J” bonds. Their
theoretical considerations also predict the presence of a spin
nematic phase just before the 1/3 saturation, which seems to
correspond to our N phase.
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SU(N) Heisenberg Model with
Multicolumn Representations

Kawashima Group

Realization of quantum spin liquid in short-range
coupling models has been a popular research target in
condensed-matter physics for several decades. One approach
to obtain a spin liquid state is to consider a Hamiltonian with
higher symmetry, which increases quantum fluctuations.
Read and Sachdev generalized the antiferromagnetic Heisen-
berg into SU(N) symmetry [2]. Based on the 1/N expan-
sion they showed that the ground state of the model with
sufficiently large N is a valence-bond-solid (VBS) ordering
breaking the lattice rotational or the translational symmetry
spontaneously. Recently, in the context of the deconfined
quantum criticality [3], their theory attracts renewed atten-
tion. In particular, the existence of an intermediate state,
which might be a spin-liquid state, was discussed near the
boundary of Néel and VBS [4,5].

With the famous example of the Haldane gap states, it
is now well-known that the nature of the ground state can
strongly depend on the representation of the symmetry group
even if the symmetry itself is the same. It also applies to
the present problem. We consider SU(N) Heisenberg model
with the representation of the Young diagram with a single
row and n columns. Previously, it was found [4,5] that the
Néel state for small N switches to the VBS state for large
N without an intermediate spin liquid state. In the case of
n = 2, 3, 4, however, though the Néel order disappears at
some value of N, no evidence of VBS order has been found
in QMC calculation for the LxL square lattice up to L = 32
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Fig. 1. Schematic phase diagram of the SU(N) Heisenberg model on
the square lattice with single-row (m = 1) representations. The phase

boundaries for the case of n = 2,3 are determined in the present study.
In the case of n = 3,4, we do not see clear evidence of the spontaneous
VBS order in the vicinity of the phase boundaries for finite-size QMC
simulations.

[5]. At first sight, this result may appear to suggest an inter-
mediate phase between the Néel phase and the VBS phases.
In the present work [1], we investigate this problem to clarify
whether the intermediate phase exists or not.

First, we examine the case of n = 2. In Fig. 2, we show
the Binder parameter of the VBS order parameter for various
N and L. The Binder parameter should be 1 when the corre-
sponding order exists and 0 otherwise. From the figure, we
see that the VBS order is absent for N = 9 while it exists for
N = 11. While the case N = 10 may seem marginal at the first
sight, it is approaching the value 1 as can be seen in the inset.
From these observations, we conclude that in the case of n
= 2 the ground state is the Néel state for N < 9 , while it is
the nematic VBS state for N > 10. There is no intermediate
phase.

For n = 3 and 4, the problem is harder. In the case of
n = 3, while the system size dependence of the Néel order
parameter shows that the Néel states end at N = 14, no clear
VBS order can be seen in our calculation up to L = 128. To
see if this can be regarded as an evidence of the intermediate
spin liquid state, we re-examine the prediction of the large-N
theory [2], and we find a correspondence between the two
cases: (n,N) = (2,10) and (3,15). When the order is small,
even if it is finite, the numerical estimate shows apparent
1/L decay for small L regime, and eventually deviates from
it. From the known size dependence of the order parameter
for the (2,10) case and the correspondence between the two
cases, we estimate the cross-over system size at which the
size dependence starts to deviate from 1/L behavior in the
(3,15) case. It turns out that this cross-over size is around
L = 400, indicating that the order is too small to detect even
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Fig. 2. The Binder cumulant of the nematic order parameter for the
model with n =2 for 16 < L < 128. The inset shows size dependence of
the Binder cumulant for N = 10, 11 and 12 in the semi-log scale. The
error bars represent the standard errors.



if it exists as the 1/N theory predicts. The situation is similar
for the n = 4 case.

To summarize, none of the existing evidence contradict
to the absence of the intermediate spin liquid phase, and the
absence is confirmed in the n = 2 case while direct confirma-
tion is still missing for larger n.
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Membrane Tubulation and Polyhedral
Vesicle Formation Induced
by Banana-Shaped Proteins

Noguchi Group

In living cells, membrane morphology is regulated by
various proteins. Many membrane reshaping proteins contain
a Bin/Amphiphysin/Rvs (BAR) domain, which consists of
a banana-shaped rod. The BAR domain bends the biomem-
brane along the rod axis and the features of this anisotropic
bending have recently been studied. We study as to how such
a local anisotropic curvature induces effective interaction
between proteins and changes the global shape of vesicles
and membrane tubes using meshless membrane simulations.
The proteins are modeled as banana-shaped rods strongly
adhered to the membrane.

Our study revealed that the rods assemble via two contin-
uous directional phase separations in membrane tubes and
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Fig. 1. Sequential snapshots of tabulation from a flat membrane
induced by protein rods. (a) Positive perpendicular rod curvature. (b)
Negative perpendicular rod curvature.

vesicles unlike a conventional two-dimensional phase separa-
tion [1]. As the rod curvature increases, the rods assemble
along the azimuthal direction and subsequently along the
longitudinal direction accompanied by shape transformation
of the membrane tube. In the vesicle, in addition to these
two assembly processes, further increase in the rod curvature
induces tubular scaffold formation. We also found that the
polyhedral vesicles and polygonal tubes are stabilized at high
rod densities [2]. The discrete shape transition between trian-
gular and buckled discoidal tubes and between polyhedral
shapes are obtained. As line tension of the membrane edge
is reduced, the protein adhesion induces membrane rupture
leading to high-genus vesicle formation and vesicle inver-
sion [3]. These shape transformations and assemblies are not
obtained by isotropic inclusions.

We also studied the effects of the spontaneous (side)
curvature perpendicular to the rod, which can be generated
by protein—protein and membrane—protein interactions [4].
We revealed that the perpendicular curvature can drasti-
cally alter the tubulation dynamics from a flat membrane
at high protein density whereas no significant difference is
obtained at low density. A percolated network is intermedi-
ately formed depending on the perpendicular curvature. This
network suppresses tubule protrusion. Thus, this kinetic trap
makes tubule formation significantly slower. The stability of
network structures can be explained by a simple geometric
model. Positive surface tensions and vesicle membrane
curvature can stabilize this network structure by suppressing
the tubulation. It is known that tubulation dynamics can
be different even for proteins consisting of the same BAR
domains. Our finding suggests that the interactions between
the rest parts of the proteins can give significant effects.
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Formation and Structure
of Carbon Dioxide Glass

Yamamuro Group

Glass can be recognized as the ‘fourth state of matter’
following gas, liquid, and solid. Compared with the conven-
tional three states, glass is more mysterious and leaves many
unsolved problems from the viewpoint of physics. One of the
most important problems is the ‘basic structure of glasses’.
Is it similar to the local structure of the corresponding crystal
or characteristic of the glass such as an icosahedral cluster?
This problem is recently remarked more and more as it has
been understood that the mechanism of the glass transition is
deeply associated with the local and/or medium-range struc-
tures of glasses.

For metallic glasses, a bulk glass of tantalum (Ta) was
experimentally obtained recently [1] and its structure was
confirmed to be an aggregate of icosahedral clusters from the
molecular dynamics simulation [2]. On the other hand, for
simple molecular glasses which additionally have an orien-
tational degree of freedom, there have been few structural
works since their glass transition temperatures are very low
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Fig. 1. X-ray diffraction patterns of the vapor-deposited CO, measured
at 3 K. The red and blue curves represent the data of the as-deposited
and 90 K-annealed samples, respectively. The tick marks with Miller
indices show the peak positions calculated from the crystalline data [7]
with a space group Pa-3.

and they are readily crystallized on cooling. Our group has
formed several simple molecular glasses by means of a vapor
deposition (VD) method, and investigated their thermal and
structural properties [3-6]. The vapor-deposition is the most
rapid cooling method, in which molecules at a gas state are
condensed on a cold substrate. The cooling rate is estimated
to be higher than 107 Ks'!. In this work, we have tried to
form a CO, glass, which has never been vitrified.

The red curve in Fig. 1 shows the X-ray diffraction
pattern of the as-deposited sample measured at 3 K. This
data clearly exhibits a typical halo pattern characteristic of
amorphous structures, indicating that the amorphous form of
CO, was successfully prepared by the VD method. We would
like to emphasize that this is the simplest molecular glass
ever realized. On heating the VD sample, many Bragg peaks,
which are a direct evidence of crystallization, appeared at 25
K. To obtain the complete crystalline state, the sample was
annealed at 90 K for 5 min and then cooled again to 3 K.
The blue curve in Fig. 1 presents the diffraction pattern of
the annealed sample exhibiting sharp Bragg peaks. The peak
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Fig. 2. Pair distribution functions for glassy, liquid, and crystalline CO,.
The nearest neighbor configuration in crystalline CO, is schematically

shown below the graph. The label corresponding to each atomic corre-
lation is depicted in the graph.
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positions are well reproduced in terms of the reported crystal
structure (space group Pa-3) [7] as shown by the tick marks
in Fig. 1.

Figure 2 shows the pair distribution functions G(r) of
glassy, liquid, and crystalline CO,. The former two were
obtained by the Fourier transformation of the observed
diffraction data and previous data on liquid CO, at 220 K
and 0.85 MPa [8]. The G(r) of crystalline CO, was calcu-
lated from the crystal data [7]. The configuration of the
neighboring two CO, molecules in the crystalline state is
also depicted in Fig. 2. The peaks around 1.15 A and 2.3 A,
which are common in all states, correspond to the C-O and
0O-O correlations within a molecule, respectively. The G(r)
of the glassy sample exhibits a peak around 3.1 A, while that
of the liquid sample broader peaks around 3.3 A and 4.0 A.
It is noteworthy that the peak position of the glassy sample
3.1 A) coincides with the shortest intermolecular correlation
(01-C2, O1-03) in the crystalline state. This indicates that
the glassy CO, has a strong intermolecular correlation which
is similar to that in crystalline CO,. This is the first experi-
mental evidence for the basic structure of glasses.
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Magnetic Model in Multiferroic
NdFe3(B0O3)4 Investigated
by Inelastic Neutron Scattering

Masuda Group

Symmetry breaking of time reversal and space inversion
allows spontaneous order both in magnetism and dielec-
tricity. The enhanced simultaneous order, multiferroics [1],
has been extensively studied since the discovery of its experi-
mental realization in the perovskite manganite TbMnOj;
[2]. The microscopic consideration of electronic states
taking into account a spin-orbit interaction and symmetry
of crystals reveals the relationship between the structures of
spin and polarization. So far, in many multiferroic materials,
the complex spin structure of the 3d transition metal ions
has been focused in relation with induced electric polariza-
tions. On the other hand, existence of an interaction between
4f and 3d ions (f-d coupling) and its importance on the
multiferroic structure has not been in the spotlight. In this
context, an easy-plane type antiferromagnet NdFe;(''BO3),
provides a simple and interesting playground in which Nd
and Fe moments are simultaneously ordered thorough the

f-d coupling and the polarizations are simply described by

a rank two tensor of local magnetic operators. Recently
we performed inelastic neutron scattering (INS) measure-
ments on single crystals of hexagonal NdFe3(11BO3)4 to
explore the magnetic excitations, to establish the underlying
Hamiltonian, and to reveal the detailed nature of hybridiza-
tion between the 4f and 3d magnetism and its relation to
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Fig. 1. Inelastic neutron scattering spectra obtained using HRC, along
the (a) ¢” and (b) a” directions. The curves are the calculated spin-wave
dispersions.

the multiferroic structure by using state-of-the-art neutron
spectrometer HRC [3].

The INS spectra projected onto fiw-¢* and hw -a” plane
are shown in Figs. 1(a) and 1(b). We clearly observed the
spin waves of the Fe’* moments around AF zone center at
q = (0,0, —1.5), and the flat excitation at about 1.0 meV from
the crystal field of Nd** ion. Overall spectra are reason-
ably reproduced by spin-wave calculation including spin
interaction in the framework of weakly coupled Fe>* chains,
f-d coupling, and single-ion anisotropy derived from the
Nd** crystal field. Hybridization between the 4 f and 3d
magnetism is probed as the anticrossing of the Nd- and
Fe-excitations. The in-plane anisotropy gap at the AF zone
center is explained solely by the crystal field of the Nd**
ion in the quantitative level. The magnetic anisotropy of
the Fe** ion allowed in the crystal structure is found to be
negligibly small after the consideration on dipole-dipole
interaction, single ion anisotropy, and spin nematic interac-
tion as the origin of the in-plane anisotropy. Combination
of the measurements and calculations revealed that the
hybridization between 4 f and 3d magnetism propagates
the local magnetic anisotropy of the Nd** ion to the Fe**
network, resulting in the bulk magnetic structure. In the
multiferroics of the spin-dependent metal-ligand hybridiza-
tion type, the local magnetic anisotropy controls the electric
polarization, meaning that the local symmetry of the rare-
earth ion is a driving force for the nonlocal multiferroicity in
NdFe;(''BO3),.
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Magnetic Fields up to 370 T
Revealed Aharonov-Bohm Exciton
Splitting in Carbon Nanotubes

Takeyama Group

Rolled graphene with a certain chirality vector (n, m)
forms a single-walled carbon nanotube (SWNT), possessing
different electrical properties depending on the chirality,
changing from semiconductors to metals. The penetration
of magnetic flux quanta into a SWNT breaks the time-
reversal symmetry of the electronic states, and the effect is
known as the Aharonov-Bohm (A-B) effect. The quasi-one
dimensionality of SWNTSs enhances the effects of exciton as
well as electron correlation in the band-edge optical proper-
ties. Owing to the A-B effect, a magnetic flux penetrating
the cross section of a SWNT induces the valley splitting
between the K and K’ points in the Brillouin zone, along with
a mixing of the exciton wave functions, and eventually the
bright exciton and its dark counter part are converted into
two independent bright K and K’ point excitons in a limit
of strong magnetic fields. The k - p theory by Ando [1], has
predicted magnetic field evolution of the K and K’ point
exciton absorption spectra differently, depending on the
relative energy-level ordering of the bright and dark band-
edge excitons.

We have observed a discernible linear peak splitting of
the K and K’ point exciton absorption spectra of SWNTs
in magagauss magnetic fields above the field where the
exciton wave function mixing is over. Highly-selected (6,5)
single-chirality SWNTs synthesized by a single-surfactant
multicolumn-gel-chromatography method [2] were further
processed to highly alignment of the tubes to yield average
29 degrees alignment by a polyvinyl alcohol thin film
stretching.

The thin stretched film sample was set inside of the
flux-compression coil with input and output optical fibers in
such a way that magnetic field was oriented along the film
stretching direction (the Voigt configuration). The transmis-
sion light was detected by a streak camera equipped with
a CCD camera. A streak image of absorption spectra was
obtained in magnetic fields up to around 370 T generated by
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Fig. 1. A streak 2-dimensional image of the E,, second sub-band

absorption of (6,5) SWNTs with a signal of magnetic field measured at
300 K. The inset illustrates sample setting with optical fibers inside a
EMEC coil.
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Fig. 2. (a) The band-edge absorption spectra at each magnetic field
obtained from Fig.1. (b) The absorption intensity evolution in magnetic
fields. The solid lines are the results of fitting using a two-energy
level model (dotted line) modified with a linear B term. Triangles are
obtained by the single-turn coil ultra-high magnetic field generator in
magnetic fields up to 160 T.

the electro-magnetic flux compression ultra-high magnetic
field generator, and the result was shown for the E,, second
sub-band transition of a sample of (6,5) chirality SWNTs in
Fig. 1. Absorption peak centered at 575 nm showed clearly a
splitting when the magnetic field exceeds 170 T. The absorp-
tion spectra were plotted at each magnetic field strength
from Fig. 1, and plotted in Fig. 2(a) with those of Lorent-
zian de-convolution spectral lines (dotted line). The peak
energy splits linearly with magnetic field with the splitting
A,p = UBegr (Where, u: exciton splitting coefficient = 0.5, Begr
= Bcos(29), and B is the strength of an external magnetic
field) above 150 T. The integrated intensity of the absorption
spectrum of each K and K’ splitting component exhibited
linear magnetic field dependence above 200 T, but with their
intensity recovers to that of the original peak, respectively,
as seen in Fig. 2(b). Simple two-energy level mixing model
does not hold anymore [3], but should be modified with a
linear B term. All these phenomena evolve quite similarly
with those presented by the theory of T. Ando [1]. We have
figured out that the linear term is correlated to the environ-
mental static dielectric constant, and found that the value
amounts to 50, which arises likely from residual water
molecules in hydrophilic PVA film [4].
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Generation of Flat-Top Pulsed
Magnetic Fields at ISSP

Kindo Group

Pulsed magnetic fields are commonly used where
extremely strong magnetic fields are required. However,
pulsed magnetic fields only persist for a short period of time
which makes a scientific research difficult to conduct. The
most commonly used pulsed field is driven by a capacitor
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bank and its field duration is typically from 1 to 100 milli-
seconds. Because of the extremely short timescale, most
of experiments are difficult to perform, and only selected
measurement techniques (such as magnetization and
electronic resistivity) have been applied in pulsed magnetic
fields. To solve this problem, some facilities in foreign
countries start to utilize a flywheel generator and produces
a “long” pulsed magnetic field that has ~1 second pulsed
field duration. In 2008, International MegaGauss Science
Laboratory at ISSP also installed the 51.3 MW DC flywheel
generator and successfully produced long pulsed magnetic
fields. The use of flywheel generator also enables us to
generate a flat-top pulsed magnetic field (FTPMF) which has
a constant field region around the maximum field. Since the
FTPMF is the most demanding field profile for performing
a precise experiment, we are now trying to generate highly
stabilized FTPMFs with a homemade feedback controller.
In this report, we would shortly describe our recent achieve-
ment of generating a FTPMF and its application to a scien-
tific research.

Our homemade feedback controller consists of a FPGA
(field programmable gate array) devise and a mini-coil
circuit and is used in conjunction with a commonly used
pulsed magnet[l]. The mini-coil is inserted into a pulsed
magnet and modifies the original pulsed field profile to
obtain a FTPMF. In Fig. 1 and 2, we show the generated field
profiles of FTPMFs (60.64 + 0.005 T for 2 ms and 35.5 £
0.01 T for 90 ms) which are obtained with the mid-pulsed
magnet (36 ms, 60 T) and the long-pulsed magnet (1.2 s,
36 T), respectively. In both cases, an extremely high field
stability (+£0.005~0.01 T) were obtained with feedback
control of magnetic fields (see black curves). Since there is
currently no alternative way to produce a FTPMF with high
stability of the magnetic field, these FTPMFs can be used for
improving the resolution of data with signal averaging or for
performing a slow measurement (such as NMR and specific
heat) at unprecedented high magnetic fields. The FTPMF
shown in Fig. 2 is already utilized to perform a collaboration
research and some specific heat data have been obtained. As
shown as the green curve in Fig. 2, the temperature of the
sample was recorded as a function of time. During the stabi-
lized FTPMF, we applied heat pulses (AQ) to the sample and
observed the resultant temperature jumps (AT). From each
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Fig. 1. Flattop pulsed field profile generated by 60 T user-coil and 1.2 T
mini-coil. The user-coil and mini-coil were driven by the conventional
capacitance banks and the lead batteries, respectively. The magnetic
field generated by mini-coil is regulated by a homemade feedback
controller and makes the pulsed field profile flat on the top of pulsed
fields. The black (blue) curve is obtained with (without) the feedback
control.
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Fig. 2. Flattop pulsed field profile obtained with 36 T long pulsed
magnet and 1.1 T mini-coil, which were driven by the DC flywheel
generator and the lead batteries, respectively. The black curve indicates
a field profile of a stabilized FTPMF. The field profile generated only
with 36 T long pulsed magnet (no feedback control) is shown by a
blue dashed curve. The temperature (green curve) and heat power (not
shown) were recorded for the specific heat measurement.

temperature jump, we successfully estimated the specific
heat (C, = AQ/AT) and obtained several specific heat data
points from a single pulse of magnetic fields.

We are planning to extend the time duration of FTPMF
by a factor of 2 to 3 in 2016. Adding to the specific heat
measurement, the generation of a highly stabilized FTPMF
may open the way to perform a precise measurement that has
never been possible in pulsed magnetic fields.
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Magnetic Field Induced Polar Phase
in the Chiral Magnet CsCuCl;

Tokunaga Group

Among the triangular lattice antiferromagnets, hexagonal
CsCuCly has been studied for a long time because of its
interesting crystal and magnetic structures, and magnetic
field induced phenomena. Owing to the Jahn-Teller distor-
tion, Cu chains along the c¢ axis are displaced helically
in the triangular ab plane and form helices with a six-ion
periodicity. This distortion makes the Dzyaloshinskii-Moriya
(DM) interaction active with the D vector pointing to the ¢
axis. The § = 1/2 spins of Cu®" ions are ferromagnetically
and antiferromagnetically coupled within and between the
helical chains, respectively. The competition of ferromag-
netic exchange and DM interaction induces the helical spin
configuration with an incommensurate (IC) magnetic propa-
gation vector (1/3, 1/3, § = 0.085) below Ty ~ 10.7 K at
zero field, in which spins lie on the triangular ab plane [1].
The magnetic field (H) applied normal to the ¢ axis induces
a plateau-like behavior in magnetization between 10.5 and
14.5 T before the spin saturation at 30 T, while for H // ¢ axis
magnetization shows a jump at 12.5 T [2]. With increasing
H 1 ¢, the IC wave number & decreases to ~ 0.05 at the
beginning of the plateau [IC1 phase in Fig. 1(a)], remains

constant in the plateau region (IC3), and decreases to zero
on entering a commensurate (C) phase [3]. Using a pulse
magnet developed at ISSP, we discovered a new multiferroic
(MF) phase and discussed the origin of the emergence of the
electric polarization in the chiral magnet CsCuCl; [4].

Figure 1(b) represents the magnetization (M) of CsCuCl;
at 1.4 K as a function of H applied along the a, b* and ¢
axes, where b* is perpendicular to the ac plane. In addition to
the reported anomalies, we newly observe a jump of M above
the plateau region for H // a or b* axis, which is clearly seen
as a sharp peak in the dM/dH curve in Fig. 1(c). This field
corresponds to the phase transition to the C phase. The most
intriguing observation is that the electric polarization along
the a axis (P,) becomes finite just above the IC3 phase and
disappears in the C phase for H Il b*, as shown in Fig. 1(c).
The induced P is as small as ~ 0.25 pC/mz. Figure 1(a) is
the magnetoelectric phase diagram for the Hj«T plane. The
MF phase is located at H between the upper bound of the M
plateau and the lower bound of the C phase. According to
a classical calculation [5], spins in each chain are expected
to form a chiral soliton lattice in this field region. Observa-
tion of higher harmonics in neutron diffraction supports
this theoretical prediction [6]. The chiral soliton lattice state
comes to attract considerable attention after its discovery
in metallic CrNb3Sg that belongs to the same point group
(622) as that of CsCuClj [7]. The present insulating material
exhibits finite electric polarization in the relevant field
region. The helical arrangement of Cu ions results in finite
local electric polarization normal to the ¢ axis through the
spin current mechanism even in the proper screw-type spin
order because of the non-zero e;; x (S; X S;) term as shown
in Fig. 1(d) [4]. This local polarization will be cancelled out
if the helical spin arrangement is incommensurate with the
lattice period. In the soliton lattice state, however, distance
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Fig. 1. (a) Magnetoelectric phase diagram of CsCuCls in the Hp«T
plane. (b) Magnetic field (H) dependence of magnetization (M) of
CsCuClj for H parallel to the a, b*, and ¢ axes at 1.4 K. (c) H depen-
dence of dM/dH and electric polarization along the a axis, P, of
CsCuClj for H // b* at 1.4 K. (d) Schematic of the two nearest inter-
layer Cu ions (spheres). Two adjacent spins S; and §; are connected
with a unit vector e;;. (e) P,(H) curves for the H angle 6 ~ —39° and
~ 36° in the paramagnetic region 7'= 50 K.
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between the spin helices (solitons) becomes extremely large,
and as a result, a small perturbation like magnetoelectric
effects of the second order may align the local electric polar-
ization to one direction. This second order effect, which is
called as a paramagnetoelectric effect, is actually resolved by
our accurate high-field experiments of the magnetoelectric
effects in the paramagnetic phase as shown in Fig. 1(e). The
emergence of electric polarization is thus explained by the
cooperation of the lccal electric polarization on the chiral
solitonic spin arrangement and the paramagnetoelectric
effect. Therefore, we interpret this MF phase in CsCuClj as
the polar solitonic phase [4].
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Novel Spin State Ordering in LaCoO3
Discovered at above 100 T

Y. H. Matsuda and Kindo Groups

In transition metal oxides (TMO), various exotic
phenomena emerge such as superconductivity, colossal
magnetoresistance, metal-insulator transition, multiferroics
and so forth. All these phenomena are considered to origi-
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Fig. 1. (a) Schematic drawing of the perovskite structure and electronic
configurations of spin state of LaCoOj3 (b) Magnetization (M) and (c)
dM/dB curves of LaCoO3 measured using induction method up to 130
T generated with the single turn coil method.
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nate in the electron correlation that gives rise to the quantum
many body effects. Then, the emergent orders appear due to
the coupling of multiple degrees of freedom in solids such
as spin, charge, lattice. Among TMO, cobaltites are regarded
unique for their spin state degree of freedom. For example
in the case of the most intensively studied LaCoQOj, the
electronic state of the trivalent cobalt ion (3d 6) is classified
into low spin (LS), intermediate spin (IS) and high spin (HS)
state according to the total spin angular momentum S = 0, 1,
2, respectively, based on the single ion picture.

One of the most interesting phenomena expected in
cobaltites is the ordering of spin states, which is, however,
not observed in general except for the limited cases such
as thin films or special materials. Actually, in the case of
LaCo0O3, no order of spin state has been found for more than
half a century. LaCoO3; undergoes the anomalous change in
the magnetic and electric properties in the thermal evolution.
In fact, even what kind of spin states are involved is still a
major matter of debate.

Recently, it becomes clear that high magnetic fields can
be used to directly observe the magnetic excited state of
LaCoOj3. At ISSP UTokyo in 2009, the magnetization jump
of 0.5 ug/Co at about 60 T was found [1]. At Los Alamos
High field laboratory in 2012, another magnetization jump
at 70 T was found by measurements up to 100 T [2]. It has
been proposed that the spatial ordering of different spin
state called spin state crystalline (SSC) phase is realized at
high magnetic fields. However, for the confirmation of the
SSC, the study up to even more high temperature and high
magnetic fields is needed.

In Fig. 1 (b) and (c), we present the measured magnetiza-
tion (M) and dM/dB up to 130 T and up to 110 K. We found
an obviously new magnetic phase at above 100 T and at
above 35 K along with the previously found phase of above



65 T and below 35 K in Fig. 2 (a) [3]. We at this moment
are considering the origin of the novel phase as follows. At
the phase (Al), all Co ions are in LS state. With increasing
temperature at the phase (A2), thermally induced IS or HS
of Co ions appears with spatially disordered manner. With
increasing magnetic field, the phase transition from (A2) to
(B2) takes place accompanied with the sudden increase of
the number of IS or HS species and also accompanied by the
formation of the spatial ordering or IS or HS and LS species,
namely, the SSC. In (B2), further order such as orbitals
may also be possible on the background of the SSC. With
decreasing temperature, another phase transition takes place
between (B2) and (B1) without changing the magnetization.
At this moment, it is difficult to clarify what is happening
in the phase transition between (B1) and (B2). We note that
the representative possibilities are the order-disorder phase
transition of orbitals, the switching between the different
orbital order, the switching between the different SSC.
Tentative schematics of such spin state and orbital order are
depicted in Fig. 2 (b).

Actually, the origin of the discovered high field phases
(B1) and (B2) in LaCoOs is still an open question. Besides
the possibilities mentioned above, the possibilities of the
field induced excitonic condensate and the SSC are inves-
tigated very recently with the calculations based on the
dynamical mean field theory motivated by the present result
[4,5]. For further investigation of the origins of the phase
(B1) and (B2), different kind of experimental efforts such as
the magnetostriction, magnetoresistance, x-ray diffraction at
even higher magnetic fields, and the exploration of family
materials are quite in demand.
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High-Resolution Three-Dimensional
Spin- and Angle-Resolved
Photoelectron Spectrometer Using
Vacuum Ultraviolet Laser Light

Komori and Shin Groups

Spin-polarized electrons in solids have been intensively
studied not only for fundamental scientific interests but also
for technological applications such as to spintronic devices
utilizing the spin degree of freedom. Recently, highly spin-
polarized surface states have been discovered under the
topological concepts associated with the electronic band
structure of materials with strong spin-orbit interaction. Spin-
and angle-resolved photoelectron spectroscopy (SARPES) is
a powerful technique for investigating such spin-dependent
electronic bands. We have constructed a SARPES apparatus
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Fig. 1. (a) Overview of the laser-SARPES system developed at the
Laser and Synchrotron Research Laboratory. [1] (b) Schematic
drawing of the photoelectron detection part of laser-SARPES. The
angle between the laser and the analyzer is fixed at 50°. Twin VLEED
spin detectors arranged with orthogonal geometry are connected to
the hemispherical photoelectron analyzer. The spectrometer is also
equipped with electron deflectors at the multi-electron-lens part
between the sample and the entrance slit.

[1] with high energy (1.7 meV) and angle resolutions (0.7°)
by combining a very-low-energy-electron-diffraction-
type (VLEED) spin detector using the oxygen-adsorbed
Fe surface [2] and a high-photon-flux vacuum-ultraviolet
(VUV) laser, the 6th harmonic of a basic wave of Nd:YVOy,
quasi-continuous wave laser with a non-linear optical crystal
KBe,BOF,. (hv = 6.994 eV) [3]. The spectrometer consists
of a hemispherical photoelectron analyzer equipped with a
photoelectron deflector function and twin VLEED detectors,
as shown in Fig. 1. The latter allows us to analyze the spin
vector of a photoelectron three-dimensionally.

We have shown that the present laser-SARPES machine
realizes a quick SARPES on the spin-split surface band
structure of a Bi(111) film even with 7 meV energy and 0.7°
angular resolutions. Figure 2 demonstrates three-dimensional
detection of the spin polarization on the Bi(111) surface. We
performed three-dimensional SARPES at a point between
I' and K where we can expect non-zero spin polariza-
tions in the x, y, and z directions because of the absence of
mirror symmetry on the I'K line of the Bi(111) surface. In
Figs. 2(a)-(f), two spin-polarized surface states, labeled
S; and S,, are clearly seen, and the amplitude of the spin
vector is summarized in Fig. 2(g). From the spin polariza-
tion analysis, we can draw the energy dependence of the spin
vector as in Fig. 2(h).
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Fig. 2. Spin-polarized surface bands at a point between I' and K on
the Bi(111) surface detected by the three-dimensional laser-SARPES.
(a-f) The x (a,d), y (b,e) and z (c,f) components of the spin polarization
and the spin-resolved spectra. (g) Amplitude of the spin vector of the
photoelectron emitted with the present experimental geometry shown in
Fig. 1b. (h) Schematic drawing of the spin vector of the photoelectron
emitted from the point between I' and K as a function of the binding
energy. The length of the arrows is proportional to the amplitude of the
spin vector.
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Ultrafast Spin-Switching of a Ferrimagnetic
Alloy at Room Temperature Traced by
Resonant Magneto-Optical Kerr Effect

Using a Seeded Free Electron Laser

I. Matsuda, Wadati, and Shin Groups

Ultrafast spin dynamics in femtosecond timescale,
so-called the femtomagnetism, has been one of the central
issues in the frontier science and technology for the last
two decades. To capture the nature of the non-equilibrium
dynamics, ultrafast time-resolved experiments have been
carried out using an ultra- short laser pulses. Recently, the
developed EUV-X-ray free electron lasers (FEL) and high
harmonic generation (HHG) lasers have opened the opportu-
nity for exploring dynamic phenomena with element selec-
tivity by tuning the photon energy of the laser pulses to the
absorption edges of a material. Moreover, since the electron
exchange interactions, the most fundamental origin of the
magnetism, occur in the femtosecond time-scales, ultrafast
experiments using FELs and HHG lasers are expected to
add the missing knowledge in condensed matter physics that
should bring technological innovation in ultrafast spintronics.

One of the famous ultrafast magnetization phenomena
is reversal of GdFeCo ferrimagnetic alloy by optical
pumping. GdFeCo is known as a ferrimagnetic metallic
alloy, composed of rare-earth (RE) and transition metal
(TM) sublattices. The two sublattices couple each other
anti-ferromagnetically and spin-switching, induced by a
femtoseconds-pulse of either circularly or linearly polarized
infrared light, has already been reported. However, there is
controversy in the suggested dynamical mechanisms and
it was proposed recently that the magnetization reversal
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Fig. 1. (a) Experimental results (circles) of the intensity variation
with rotation angle taken at hv = 53eV for FEL at each delay time
shown in each figure with fitting by cosine curve (solid lines). (b)
A schematic diagram of the magnetization reversal dynamics of the
Fe magnetic moment with respect to an external field H. The length
of the arrows is scaled to the magnitude of the Kerr rotation angle
at each delay time shown in (a).
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process is thermal and the reversal can be explained in terms
of the angular momentum conservation when the material
is irradiated by circular polarized light. More experimental
data, in particular using linearly polarized light, are needed
to understand the nature of these opto-magnetic phenomena.
In the present study, we extended our resonant magneto-
optical Kerr effect (RMOKE) technique for FELs to trace the
spin in the Fe (TM) site in a GdFeCo crystal.

The experiment was performed at FERMI@ELETTRA
in Italy by bring our homemade measurement system to
the FEL end-station. The Kerr-rotation angle of RMOKE
was determined by rotating-analyzer ellipsomtry (RAE)
method and time-resolved measurement was carried out by
the pump (Ti:S laser) and probe (seeded FEL) technique.
Before optical pumping, a sample was set at room tempera-
ture, which is above the magnetic compensation temperature
of GdFeCo at 250 K and the external magnetic field was
applied in the direction of the initial Fe magnetization. Then,
the Fe magnetization reversal was traced in real time by
tuning the photon energy (hv = 53 eV) to the Fe M-absorp-
tion edge, which added the element-selectively.

Figure 1(a) shows the results of time-resolved measure-
ments. Each panel shows the RAE results at each indicated
delay time. The vertical axis denotes the normalized photon
intensity. The two curves (blue and red) correspond to the
measurements under the applied magnetic field in up and
down direction along the sample surface normal. The solid
lines are cosine fitting to the experimental results. The
angle zero in each panel corresponds to the extinction state
without external field. The Kerr rotation angle at each delay
time can be extracted from the phase difference between the
two curves. The initial Kerr rotation angle was 3.2 degree
at -100 fs (before pumping), which was also measured in
the static RMOKE (not shown). Since a polar geometry is
used in this TR-RMOKE measurement, the Kerr rotation
angle indicates the out-of-plane magnetic moment of Fe in
GdFeCo. Figure 1(b) schematically depicts the magnetiza-
tion dynamics with respect to the external field resulting
from the time dependent Kerr rotation angle. The length of
the arrows in the figure corresponds to the magnitude of the
Kerr rotation angle for each delay time. At 200 fs after the
intense laser irradiation, changes of sign of the Kerr rotation
angle indicate reversal of Fe magnetization. This reversal
mechanism is classified in thermal process, being different
from the process involving the inverse Faraday effect in the
previous studies using circularly polarized light. Considering
the FEL repetition rate of 10 Hz at FERMI@ELETTRA
the Fe magnetic moment is recovered at least 100 ms after
the pump. Since linearly polarized IR pump laser was used
there is no coupling in terms of the exchange of angular
momentum between photons and spins in the material.
This means that the path for angular momentum transfer is
closed between the sub-lattices of Gd and Fe. The timescale
of magnetization reversal of TM sublattice is the same as
observed in preceding research using time-resolved XMCD,
in which transient ferromagnetic-like coupling has been
observed due to different demagnetization times for RE and
TM sublattices. Our measurement of TR-RMOKE reveals its
compatibility with FEL for tracing ultrafast spin dynamics.
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Optically Detecting Edge-State of
Topological Insulator under the Ambient
Condition by Ultrafast Infrared
Photoluminescence Spectroscopy

Suemoto and I. Matsuda Groups

Three-dimensional topological insulators (TIs) are
materials characterized by insulating bulk bands and metallic
surface states resulting from a nontrivial topology of the
bulk wave functions. The surface states form a Dirac cone
structure with electron spins locked perpendicular to their
momenta within the bulk band gap. The helical spin struc-
ture, which suppresses electron backscattering induced by
nonmagnetic impurities, proposes electronic and spintronic
device applications of TIs. The robustness of topologically
protected surface states under exposure to air furthermore
offers to realize versatile TI devices operating under the
ambient environment. It is therefore crucial for the device
applications to investigate dynamical properties of surface
carriers in TIs particularly under the ambient condition.
Recently the surface carrier dynamics has been explored with
ultrafast time-resolved techniques allowing for distinguishing
the bulk and surface response, involving time- and angle-
resolved photoemission spectroscopy (TrARPES), optical
pump mid-infrared probe spectroscopy (OPMP), and optical
pump THz probe spectroscopy (OPTP). TrARPES has been
utilized to observe directly the transient electron population
with the high momentum and energy resolution, providing
knowledge about the electron-phonon scattering and the
bulk-surface interband transition in TIs. TrARPES, however,
needs the ultra-high vacuum condition to prevent the surface
contamination of samples due to the surface sensitivity. In
contrast, OPMP and OPTP have delivered insights into the
low-energy electronic transition in the surface Dirac cone
even under the atmospheric condition with larger penetra-
tion depth than that in TrARPES experiments, while being
incapable of direct access to excited states over a wide
energy range from the surface states to the bulk bands.

Time-resolved photoluminescence spectroscopy (TrLS)
overcomes their drawbacks with the bulk sensitivity and the
wide-range detection of excited states in visible to infrared
regions. TrLS combined with time-resolved photoemission
spectroscopy (TrPES) has been applied to graphite, providing
deep understanding on the carrier dynamics in the Dirac cone
[1]. TrLS is therefore urgently expected to be a practical
approach even to surface carrier transitions in TIs under the
ambient consition; however, no TI research with TrLS has
been reported. Here, we report an application of the infrared
TrLS technique to a TI TIBiSe, under the ambient condition
(inset in Fig.1).

A TI TIBiSe, is known to feature the Dirac point located
near the middle point of the bulk band gap of 0.35 eV at
the T point, which is a large value among TIs. We used

Tl xBij4xSey (x = 0.025) synthesized by the Bridgman
method as the sample, where the Fermi-level is located
near the Dirac point. The infrared time-resolved lumines-
cence measurement was performed with the up-conversion
technique under the ambient condition. The TIBiSe, sample
was excited by 70 fs pulses at a wavelength of 800 nm
(1.55 eV) from Ti:sapphire regenerative amplifier operating
at a repetition rate of 200 kHz. The spot size on the sample
was approximately 300 pm 1n diameter and the fluence was
estimated to be 0.34 mJ/cm® The visible light was gener-
ated by sum-frequency mixing of the infrared luminescence
light and the gating pulses at 1.55 eV in an optical nonlinear
crystal LilO3, and detected by a photomultiplier tube coupled
with a double grating monochromator. The time resolution
estimated by autocorrelation of the pump pulse reflected
by the sample and the gating pulse was 168 fs. The energy
resolution was approximately 70 meV. The up-conversion
measuring system had sensitivity for the luminescence
photons between 0.23 eV and 1.3 eV. The spectral sensitivity
of the system was calibrated by using the sum-frequency
signal between the light from a tungsten lamp with a
sapphire window and the gating pulses at 1.55 eV.

Figure 1 shows time evolution curves of the lumines-
cence intensities from the TIBiSe, crystal at emission
photon energy ranging from 0.25 eV to 1.0 eV under the
1.55 eV-photoexcitation. The decay profiles exhibit specifi-
cally different shapes with the photon energy. As photon
energy decreases from 1.0 eV, the peak position time
becomes longer with decrease of the photon energy. This
behaviour can be explained in terms of the bulk insulating
property: the carriers are accumulated at the bottom of the
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Fig. 1. Time evolution curves of the luminescence intensities from

TlBlSe7 at emission photon energy ranging from 0.25 eV to 1.0 eV
under 1.55 eV-photoexcitation. The curves are normalized at their
own maxima and offset for clarity of display. The curves at lower
photon energy than bulk band gap of 0.35 eV are shown in blue. The
green arrows indicate the peak position of each curve. The inset shows
schematic drawing of the infrared photoluminescence measurement
under 1.55 eV (800 nm) pulse excitation.
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bulk bands due to the energy band gap, which obstructs
phonon-mediated recombination between electrons and
holes. The longer decay time at lower photon energy is attrib-
uted to slower relaxation of the carrier population at lower
energy, reflecting the cooling dynamics of the carriers via
carrier-phonon interactions. On the other hand, when the
photon energy is lower than the bulk band gap of 0.35eV,
distinctive decay profiles with much longer decay times
(approximately 4 ps) are found at 0.25 eV and 0.3 eV. The
decay profile at 0.4 eV, which corresponds to the turning
point of the shape change of the decay profiles, consists of
two components similar to each decay profile at 0.3 eV and
0.5eV.

The distinctive shape change of the luminescence decay
profiles and the bimodality of the time-resolved lumines-
cence spectra elucidate that the luminescence originates from
different energy bands. According to the band calculations,
no bulk state resides in the energy band gap region less than
0.6 eV, except each one around the T point (0.35 eV) and the
M point (0.3 eV)[2]. The bulk band around the M point might
contribute to the luminescence at photon energy even below
the bulk band gap of 0.35 eV; however, the decay profile at
the photon energy of 0.3 eV that matches the energy band
gap at the M point does not exhibit a rapid rise expected from
the bulk insulating property[3]. The decay profiles at the
photon energy below the bulk band gap of 0.35 eV are there-
fore attributed to the luminescence predominantly derived
from the surface states. The quantitative analyses, based on
the rate-equation model, also confirmed this assignment [3].

The topologically protected surface states were optically
detected even under the ambient condition, and the relaxation
rate of the surface carriers was determined, distinguished
from the bulk contribution simply with the emission photon
energy. Our results present the availability of the infrared
TrLS technique as a novel approach to the dynamical proper-
ties of the surface carriers in TIs toward their application to
electronic and spintronic devices operating under the ambient
environment.

References

[1] T. Suemoto et al., Phys. Rev. B 87, 224302 (2013).
[2] K. Kuroda et al., Phys. Rev. Lett. 105,146801 (2010).
[3] S. Maezawa et al., Sci. Rep. 5, 16443 (2015).

Authors
S. Maezawa, H. Watanabe, M. Takeda, T. Someya, K. Kuroda,
[. Matsuda, and T. Suemoto

Development of Sub-300 fs, 100-W Class,
Yb-Fiber Based CPA Laser System at 1-MHz

Kobayashi Group

High repetition rate (>MHz) high harmonics genera-
tion (HHG) based vacuum ultraviolet (VUV) laser source is
highly desirable for photoelectron spectroscopy, for space-
charge-free measurement by limiting the number of emitted
electrons per pulse, which can lead to higher signal-to-noise-
ratios and achieve high energy resolution. Traditionally,
Ti:sapphire laser systems were adopted as the driver, which,
however, typically have a repetition rate on the order of a few
kilohertz, or hundred kilohertz at the expense of the pulse
energy. That is mainly limited by the poor thermal conduc-
tivity of the Ti:sapphire crystal itself. Even with the state-of-
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Fig. 1. (a), Power performance of the FCPA system; (b), Spectra taken
from different stages of amplification; (c), Pulse intensity and phase
obtained from the SHG-FROG measurement; (d), Power stability of the
fiber CPA laser system and beam profile.

the-art cryogenic configuration, the average power is limited
at a few tens of watts.

As far as high repetition rate, high average power lasers
are concerned, Yb-based fiber, slab, and disk lasers are
leading the trend in this field and all three have enabled >1
kW of average output power, due to their advanced heat
dissipating ability. Comparatively speaking, slab lasers
and disk lasers give pulse duration on the order of few
picosecond or sub-picosecond. While, fiber lasers, due to the
broader gain bandwidth they can support, can give shorter
pulse duration. Unfavorably, due to the small core diameter
of gain fibers, the peak powers reached inside the fiber are
high and unwanted nonlinear effects, such as self-phase
modulation, tend to occur. Hence, in order to avoid possible
nonlinearities, the pulse duration of a seed laser needs to be
stretched before it is amplified by a fiber amplifier. Although
there have been some reports on high average power 1-MHz
fiber chirped pulse amplification (FCPA) lasers, their pulse
duration were limited to ~500 fs.

Here we report on a FCPA laser system, which deliv-
ered 100 W of output power after a pulse compressor, at a
repetition rate of 1 MHz, corresponding to a pulse energy
of 100 pJ. The compressor efficiency was as high as 85%
thanks to the special large scale transmission gratings. The
pulse duration was measured to be 270 fs using second
harmonic generation frequency-resolved optical gating
(SHG-FROG) method. To the best of our knowledge, this
represents the shortest pulse duration achieved by a hundred-
watt-level fiber chirped pulse amplification laser system at
few MHz repetition rate, without resorting to any means of
post-compression and SLM-based phase compensation. The
excellent beam quality was guaranteed by the rod fiber itself
and by careful alignment into this fiber to effectively excite
the fundamental mode alone.

The FCPA system started from a mode-locked 64-MHz
Yhb:fiber oscillator with an average power of 5 mW. This seed
laser was then directed to a grating based pulse stretcher,
and stretched to be ~1 ns. A single mode Yb pre-amplifier
followed the stretcher to boost the power up to ~100 mW.
An acoustic optical modulator (AOM) was used to lower
the repetition rate down to 1 MHz. Meanwhile, the average
power was decreased to 0.5 mW. Additional two-stage
pre-amplifiers increased the average power to 500 mW,
which then seeded the following 40/200 photonic crystal
fiber (PCF) amplifier that was pumped in the backward



direction by a 25 W laser diode at 976nm. The final
stage amplifier was a straight 55 cm rod fiber from NKT
Photoncis, pumped by a fiber coupled 350-W laser diode
centered at 976 nm. With a seed laser of 13W, more than 120
W average power was extracted when backward pumping at
~200 W was used, shown in Fig.1(a). The optical-to-optical
efficiency was in excess of 60%. After compressor, more
than 100 W of average power were obtained, corresponding
to an efficiency of ~85% for the compressor. Fig.1(b) shows
the spectrum taken after different amplifier stages. Only
minor gain narrowing effects were visible. Figure 1(c) shows
the measured pulse duration of ~270 fs. Figure 1(d) shows
2-hours operation of the system.

In the future, we would like to use this laser system to
drive HHG process. By that, high repetition rate VUV laser
could be expected soon.
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Observation of a Devil’s Staircase in the
Novel Spin-Valve System SrCogO1;

Wadati Group

Combining different materials in artificial nanostructures
is a most important approach to create improved or even
completely new electronic functionalities for technological
applications. A very prominent example of this is the giant
magnetoresistance (GMR), which was first realized by
multilayers of alternating nonmagnetic and ferromagnetic
metals [1] and which now is an indispensable part of today’s
information technology. In these GMR systems the electrical
resistance is high for an antiparallel alignment of the magne-
tization in the neighboring magnetic layers, while it is low
for a parallel alignment of those magnetizations. For this
reason such systems are also referred to as spin valves.

Here we report on a high-resolution resonant soft x-ray
scattering (RSXS) study of SrCogO;; bulk single crystals
as a function of temperature (T) and applied magnetic field
(H) [2]. SrCog0y; is a particularly interesting material with
intrinsic magnetoresistance. Figure 1 (a) shows the lattice
structure, which is believed to realize a GMR multilayer
system at the atomic scale [3]. One of the most striking
magnetic features of SrCogO;; observed so far are plateaus in
the magnetization as a function of the applied magnetic field
along the c¢ axis as shown in Fig. 1 (b). These plateaus corre-
spond to 1/3 and 3/3 of the saturated moment and were found
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Fig. 1. (a) Crystal structure of SrCo¢Oy;. (b) Out-of-plane magnetiza-
tion of Sry_yBa,CogO; as a function of magnetic field (H// c) at 5 K.
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Fig. 2. (a) Magnetic peak profile of StCo¢O; at various temperatures at
zero magnetic field. (b) Magnetic phase diagram of SrCogOy ;.

to reflect different stackings along c, namely, an up-up-up
structure for the 3/3 phase and an up-up-down configuration
for the 1/3 phase.

Figure 2 (a) shows the diffraction peaks of SrCogOy; at
zero field for various temperatures. Quite surprisingly and
very uncommon for RSXS experiments, a large number of
superlattice reflections at L = n/6 withn=4,5,6, 7, 8 and 9
is observed. L = 1 commensurate (CM) peak and two incom-
mensurate (ICM) peaks around L = 0.8, 1.2 appear at 20 K
(T¢1). These ICM peaks move to L = 5/6 and 7/6, respec-
tively, as the temperature is decreased, and finally are locked
at these values at 12 K (T¢2), respectively. At Tc2, there
appear L = 6/5 and 8/7 shoulders of the L = 7/6, and, simul-
taneously, L = 2/3, 4/3, and 3/2 peaks. These results there-
fore directly reveal that a large number of magnetic phases
coexist in zero magnetic field.

Figure 2 (b) shows the entire H-T diagram of SrCogOq;
determined by RSXS measurements under magnetic fields.
Here, <n> represents the magnetic periodicities. The phase
diagram demonstrates that various magnetic orderings with
different periodicities are formed in the low temperature and
low field region. Obviously, the energies of these magnetic
structures are quite close, and the corresponding energy
differences sensitively depend on temperature and magnetic
fields. This phenomenon is called “the devil’s staircase,”
where, in principle, an infinite number of commensurate
superstructures can be realized by tuning an external param-
eter. As these corresponding eigenstates (magnetic orderings
in this case) have similar energies, they can be switched
from one to another by small perturbation. In this case
of magnetic ordering, the mechanism is described by the
axial next-nearest-neighboring Ising (ANNNI) model. The
ANNNI model describes competing interactions between
nearest (J1) and next-nearest (J») Ising spins, which yields
various magnetic orderings with close energies in the
phase diagram of temperature and J»/J;. However, in order
to explain ordered structures with long periodicities, one
needs magnetic interactions that go well beyond the nearest
neighbors. A plausible explanation can be provided by the
Ruderman-Kittel-Kasuya-Yosida (RKKY) interaction via the
metallic planes.
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Quadratic Fermi Node in a 3D
Strongly Correlated Semimetal

Kondo, Nakatsuji, and Shin Groups

Strong spin—orbit coupling fosters exotic electronic
states such as topological insulators and superconduc-
tors, but the combination of strong spin—orbit and strong
electron—electron interactions is just beginning to be under-
stood. Central to this emerging area are the 5d transition
metal iridium oxides [1-4]. Here, in the pyrochlore iridate
PryIr,0O;, we identify a non-trivial state with a single-point
Fermi node protected by cubic and time-reversal symme-
tries, using a combination of angle-resolved photoemission
spectroscopy and first-principles calculations. Owing to its
quadratic dispersion, the unique coincidence of four degen-
erate states at the Fermi energy, and strong Coulomb interac-
tions, non-Fermi liquid behavior is predicted, for which we
observe some evidence. Our discovery implies that PryIr,O5
is a parent state that can be manipulated to produce other
strongly correlated topological phases, such as topological
Mott insulator, Weyl semimetal, and quantum spin and
anomalous Hall states.

The experimental evidence for a quadratic Fermi node
state in Pr,Ir,O7 is demonstrated in Fig. 2. In the panel (d),
we observe that a parabolic energy-dispersion approaches Eg
with increasing photon energies (or k, values), and finally
touches it at the I' point (a red curve). We have confirmed
that, with further increase of k,, the dispersion gets away
from Eg again, which signifies that the 3D band structure
of Pr,Ir,0O5 has a single Fermi point (Fig. 2(b)). Other scans

K
Fermi node
ky (k)

Fig. 1. Quadratic Fermi node state of Pr,Ir,O; tunable into interacting
topological phases. In the lower part of the diagram, the bottom half
of the blue circle and its reflection form a caricature of the quadrati-
cally dispersion conduction and valence bands touching at the zone
centre, while at the same time the darker-blue upper circle suggests how
Pr,Ir,O5, with non-negligible Coulomb interactions, is a strongly corre-
lated non-Fermi liquid analogue of HgTe, shown as a pale-blue reflec-
tion. Arrows indicate the perturbations that convert the nodal non-Fermi
liquid state to diverse topological phases.
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Fig. 2. Fermi node state of Pr,Ir,0; revealed by ARPES with
synchrotron radiation source. (a) Brillouin zone, showing measured
momentum sheets. (b,c) ARPES intensities at Eg in the ky-k, sheet
crossing I' and L measured at 4v=52eV and 39eV, respectivefy. The
calculated band dispersion in the ky-k(j1;) sheet. Energy dispersions
determined by ARPES are plotted on it. (e) ARPES dispersion map
crossing T, measured at an elevated temperature (7=75K).

of different k, values up to the L point (Fig.(c)) revealed no
other states touching or crossing Ex. This circumstance satis-
fies the charge neutrality, and it could be a further evidence
for the realization of nodal state. We also find that the broad
spectral weight emerges beyond Eg as seen in the Fermi-
function-divided image for the 75K data (arrow in Fig. 2(e)).
This observation is compatible with the predicted existence
of a quadratic band touching on the unoccupied side.
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Joint Research Highlights

Observation of the Orbital Quantum
Dynamics in the Spin-1/2 Hexagonal
Antiferromagnet Baz;CuSb,09

M. Hagiwara and S. Nakatsuji

In condensed matter physics, exploration of a novel
quantum liquid state, such as Bose-Einstein condensation
of cold atoms, superconductivity and quantum Hall state of
electron systems, has been a subject of intense research both
experimentally and theoretically. While many candidates of
“quantum spin liquid” in which spin degrees of freedom does
not freeze even at very low temperatures have been reported,
almost no example has been found for an orbital liquid state,
where the orbital degree of freedom remain fluctuating
without lattice deformation down to a very low temperature.
In our previous studies on the copper oxide 6H- BazCuSb,09
with a perovskite structure, we reported the first observa-
tion of striking absence of the static Jahn-Teller distortion
down to the lowest temperature in this oxide based on copper
(II), which is known as a strong Jahn-Teller active ion [1,2].
However, to date, the orbital dynamics have never been
investigated.

In the present study, we have determined the frequency of
the orbital quantum fluctuation in this compound by multi-
frequency electron spin resonance (ESR) measurements
in high magnetic fields [3]. We report the first determina-
tion of the orbital fluctuating frequencies, namely dynamic
Jahn-Teller frequencies, at wide temperature range between
1.5 K and 100 K. The aforementioned results pave the way
to investigate the dynamics of a new quantum liquid state
named “quantum spin-orbital liquid” by multi-frequency
ESR in high magnetic fields. The results demonstrate how
high magnetic fields are useful for the studies on a quantum
spin-orbital-liquid state.

Fig. 1. The possible dynamic orbital states in the hexagonal sample,
which form resonating singlet dimers in the honeycomb-based lattice.
The light blue ovals show the temporally averaged special distribution
of the copper orbitals.
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Fig. 2. Temperature dependence of the dynamic Jahn-Teller fluctu-
ating frequency (vyr) determined from the observed electromagnetic
frequency (vgy) where the ESR signal line shape changes from
symmetric to asymmetric. The solid circles show the fluctuating
frequencies at measurement temperatures, and the frequencies become
constant (about 10 GHz, 100 picosecond) below 20 K, indicating the
formation of the quantum liquid state.
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Copper Oxide with No Static
Jahn-Teller Distortion

N. Katayama, H. Sawa, and S. Nakatsuji

The quantum spin liquid (QSL) state has been intensively
pursued since Anderson proposed the resonating valence
bond model. For realizing a novel QSL state, orbital degree
of freedom has been considered as a nuisance because orbital
ordering usually appears at high temperature accompanying
with a cooperative Jahn-Teller (JT) distortion and spin
ordering. Therefore, the QSL candidates found so far have
been mostly in spin only systems without orbital degree of
freedom.

Perovskite-type 6H-Ba;CuSb,0g is a novel candidate
material for the spin-orbital liquid state, which we have
reported recently [1]. In the material, spin-orbital short-
range ordering occurs in the short-range honeycomb lattice
of Cu®* with €y orbital degrees of freedom, as shown in
Fig.1(a). Powder x-ray diffraction experiment shows that
even at low temperatures, the hexagonal components remain
along with some orthorhombically distorted components.
In the hexagonal phase, three-fold symmetry exists for the
Cu®" sites which are surrounded by octahedrally coordinated
oxygen, indicating the absence of a cooperative JT distortion.
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Fig. 1. (a) Schematic view of the local structure for hexagonal and
orthorhombic samples. (b) Schematic picture of a non-cooperative
static JT distortion. (¢) and (d) Schematic pictyres of spin-singlet
formation in short-range honeycomb lattices of Cu* for (c) hexagonal
and (d) orthorhombic sdmples

To explain this unusual feature, we proposed two possible
scenarios. (i) Orbital glass state with a non-cooperative static
JT distortion. In this scenario, the local symmetry is lowered
by a static JT distortion, as schematically shown in Fig.1(b),
but the overall hexagonal symmetry remains. (ii) Spin-orbital
liquid state. The static JT distortion is absent and instead, a
dynamic JT distortion appears, leading to a novel spin-orbital
liquid state, as depicted in Fig. 1(c). These two possible
scenarios cannot be distinguished by experimental results
using powder specimens alone. A thorough structural study
using a single crystal without orthorhombic components is
required.

Our progress in preparing single crystalline samples
enabled us to obtain single crystalline samples without any
orthorhombic components down to the lowest temperature.
Figures 2(a) and 2(b) show single crystal x-ray diffraction
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Fig. 2. Single crystal x-ray diffraction profiles for (a-b) hexagonal and
(c-d) orthorhombic samples. The insets in (a) and (c) are photographs
of the transparent brown single crystals for the hexagonal and ortho-
rhombic samples, respectively. The hexagonal samples are darker than
the orthorhombic samples.

experimental data. The peaks show no signs of splitting or
broadening down to 20 K, the lowest temperature of our
measurements (“hexagonal sample”). The hexagonal sample
can be well refined by using the centro-symmetric space
group P6s/mmc for all temperatures. For P63/mmc, the three-
fold symmetry is retained for Cu?* sites, indicating the
absence of the cooperative JT distortion. These observations
are in sharp contrast with our previous single crystal x-ray
diffraction study of 6H-BazCuSb,Og. There, we reported that
the Bragg peak splits into several separate reflections upon
decreasing temperature, as shown in Figs. 2(c) and 2(d).
This result indicates that the hexagonal P63/mmc symmetry
is lowered to the orthorhombic Cmcm symmetry (“ortho-
rhombic sample”). We attribute this effect to a cooperative JT
distortion induced by uniform ferro-orbital ordering of cu?t
ions (Fig.1(d)).

While x-ray diffraction experiment gives us the averaged
structural information, the electron spin resonance (ESR)
enables us to study the local orbital configuration. Using
the single crystals, we confirmed the isotropic g factors
are realized within the in-plane directions in the hexag-
onal samples down to 3.5 K, clearly indicating that the
non-cooperative JT scenario is not realized and instead, a
dynamic JT distortion appears [2]. Further studies using
the crystals will address the open questions on the quantum
spin-orbital liquid state, such as the orbital dynamics and the
mechanism to stabilize such an exotic liquid state.
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Shot Noise Measurement of Local
Fermi Liquid Out of Equilibrium

R. Sakano, M. Ferrier, and K. Kobayashi

Nine years after Millikan’s monumental work on first
observation of the elementary charge of the electron e in the
famous oil drop experiment in 1909, Schottky also proposed
an idea of measuring electric charge from the electron flow
generated between two electrodes in a vacuum tube, by using
statistical properties of electron counting and its fluctuation.
For electric current generated by rare events (Poissonian
process), the average current (/) is proportional to its fluctua-
tions, namely, the shot noise (S), through the relation S =
2e*I where e* is the effective charge of the current carrying
state.

Particularly, in condensed matter physics, many-body
effect in conductor can generate nontrivial effective charges
of their quasiparticle state, which has been studied in nano-
sized electronic devices. For instance, fractional charges of
Laughlin’s quasiparticle in fractional quantum Hall systems,
and double charge of cooper-pair in normal metal-supercon-
ductor junction were already detected in noise experiments.

By means of ultrasensitive current-noise measurement
techniques, we recently succeeded in observing the shot
noise and formation of effective charge states due to the spin
Kondo effect in a carbon-nanotube quantum-dot, which is
another typical many-body effect [1]. Applying small bias
voltages between two electrodes connected to the quantum
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Fig. 1. The red solid line is the measured shot noise S, as a function of
the backscattering current /, at 16 mK. The black broken line is S, =
2(1.Nelp .

dot containing a single electron, enhancement of current
noise due to emergence of the Kondo effect in the quantum
dot at low temperatures, is observed.

The averaged current and current noise in the Kondo dot
can be described by the local Fermi liquid which is an exten-
sion of the Landau’s Fermi liquid to impurities or quantum
dots and the ground state of the Kondo effect. Tuning the
dot level and the lead-dot mixings to hold the particle-hole
symmetry, the bias-voltage linear response current shows
perfect transmitting current due to the formation of quasipar-
ticle’s resonant level at the Fermi level, and this current does
not fluctuate since no scattering occurs. Then, the leading
nonlinear current is third order in bias voltages due to very
small backscattering current (/). Thus, the current fluctua-
tion from this nonlinear current (Sp) is found to follow the
statistics of the Poissonian process. Theoretically, the noise
emerges from three type of scattering processes described
by the local Fermi liquid. First is the free quasiparticle’s
backscattering by the linewidth of the resonant level, with
effective charge e. Second and third are backscattering of
single quasiparticle and quasiparticle’s pair by the residual
interaction with effective charge e and ‘2e,’ respectively.
In particular, the quasiparticle’s pair scattering enhances
the shot noise and effective charge of the non-equilibrium
current through the Kondo quantum dot. The difference from
fractional Hall states or superconducting states is that the
Fermi liquid state has no energy gap at low energies. Thus
mixture of the three scattering states with different effec-
tive charges composes the non-equilibrium current through
the Kondo dot. As a consequence of two different effective
charges in current, it is theoretically predicted that the noise-

average ratio for the backscattering current takes the value
% - % in the Kondo limit [2-4].
The figure shows the observed shot noise as a function of

the averaged backscattering current at 16 mK. For small currents

noise-current ratio takes the values of 2S—eblb =1.70 £ 0.1,

which is in very good agreement with the theoretical predic-
tion. As mentioned above, this result corresponds to direct
detection of quasiparticle pair creation in excited states of the
local Fermi liquid. Furthermore, we investigate bias-voltage
linear noises in the dot with particle-hole asymmetry and
Fermi liquid parameters appearing in the averaged current, to
ensure the accuracy of our shot noise measurement.

To conclude, our work offers a new approach to analyze
excited states of electron correlated states though shot noise
measurement in out of equilibrium systems.
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Electron-Beam-Patterned Lateral
Schottky Gates on Atomically Thin MoS,

Y. Katagiri, T. Nakamura, and J. Haruyama

MoS, is now attracting researchers’ attention among
so-called “two-dimensional materials” because it has a
direct bandgap of 1.5-1.8 eV in the semiconducting phase
(2H, trigonal prismatic D3;). In the device application, the
metallic phase (1T, octahedral O;) part is indispensable
for ohmic junctions or capacitor electrodes. The transition
between the two phases does not have very high potential
barrier and comparatively easily driven. Transition from
2H-phase to 1T phase caused by electron-beam (EB) irradia-
tion has been recently observed [1].

For practical device installation, a lateral Schottky barrier
(SB) forming at 2H-1T interface is desirable. Hence, the EB
irradiated top-down fabrication of in-plane SB field effect
transistors (SB-FETs) would be promising for MoS, based
optical-electrical integrated circuits. Here we report forma-

Ti/au  Region 1,2

electrode

Vs

Fig. 1. (a) Optical microscope image of few-layer MoS;, mechani-
cally exfoliated from bulk, with two EB irradiation regions and two
electrode pairs patterned on individual regions. (b) Schematic view of
an electrode pair on one EB-irradiated region of (a).
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Fig. 2. Current-voltage characteristics between electrodes 3 and 4 in
Fig. 1(b). The EB dose is 100 Me/nm”.

tion of such a lateral SB junction with EB irradiation. From
the current-voltage (I-V) characteristics, we believe the SB is
formed at the designed position, which opens the way to 2D
material integrated circuits.

Figure 1 (a) shows an optical micrograph of the sample.
The MoS, layer can be observed as a blue triangular shape.
Yellow lines are Ti/Au electrodes fabricated by EB-lithog-
raphy. The rectangular regions indicated by the white-broken
lines are for EB irradiation, the doses of which are also
indicated. The detailed electrode configuration is illustrated
in Fig.1 (b). Electrodes 1 and 2 are separated from the region
of irradiation while electrode 3 is attached. Hence the SB
diode characteristics should appear in the transport between
electrodes 3 and 4. Figure 2 shows the I-V characteristics
between electrodes 3-4. Clear single SB diode characteris-
tics appears manifesting that the SB is formed between the
irradiated region and electrode 4. Note that the SB between
electrode 4 and MoS, has comparatively low resistance due
to the large area and the high resistivity for the reverse bias
region comes from the high quality lateral SB between the
EB-irradiated 1T phase and 2H phase. The result indicates
that we can make wirings and form SB-FETs at desired
positions with this technique.
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Scanning Tunneling Spectroscopy Study
of Quasiparticle Interference on
Dual Topological Insulator Bi;_,Sb,

F. Komori, I. Matsuda, and Y. Ando

Three-dimensional (3D) topological insulators (TIs)
are characterized by a nontrivial topological invariant,

which is protected by symmetry and the presence of a
bulk band gap [1]. So far, two types of topological invari-
ants have been found to be useful for finding 3D TIs. One
is called Z, index and the other is mirror Chern number. A
nontrivial Z, topology of the bulks state gives rise to spin-
polarized metallic surface sates, which are protected by
time-reversal symmetry. A nontrivial mirror Chern number
defines a 3D topological crystalline insulator, which is
associated with metallic surface states protected by mirror
symmetry of the crystal and robust against TRS breaking.
Insulators belonging to both of the topological phases may
be called “dual” TIs. Bulk BiSb alloy is well known as a
3D Z, TI for x ~ 0.1-0.2, and this material has actually been
predicted to be a dual TI. Although the electronic structure
of the occupied surface states in BiSb has been well studied
by means of angle-resolved photoemission spectroscopy
(ARPES) [2], the structure of the whole surface bands
including the unoccupied states has not been observed in
pristine samples.

Measurements of the quasiparticle interference (QPI)
using the Fourier-transform scanning tunneling spectros-
copy (FT-STS), as shown in Fig. 1, is useful for elucidating
the mirror Chern number of the BiSb alloy from the whole
band structure [3]. The BiSb alloy would be suitable for
the studies of both the spin texture and the change caused
by surface magnetic impurities because the disorder in the
electrostatic potential due to the alloying gives rise to QPI
on the pristine surface. We clarified the dispersions of the
unoccupied electronic states via the analysis of the QPI on
the clean cleaved surface of BiSb as shown in Fig. 2. The
absence of band crossing between X; and %, was elucidated,
and the mirror Chern number is unambiguously determined
to be -1. Co atoms deposited onto a clean surface lead to the
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Fig. 1. (a) STM image of a region (93 x 93 nmz) on a clean surface of
Bi;_,Sb, obtained at a constant current mode. (Setpoint: Iy =200 pA at
Vp =500 mV) The inset shows the close up image of a region (5 x 5
nm”) revealing the hexagonal lattice of surface atoms. (Setpoint: 500
pA at 500 mV) (b) Average of 256 x 256 tunneling spectra measured on
the same region. The peaks at E1, E2, and E3 are the van Hove singu-
larities related to the surface bands. (Bias modulation: 7 mVrms at 396
Hz; Setpoint: 500 pA at 500 mV) (c) Spatial mapping of dI/dV at V,, =
+80 mV of the same region. (d) FT image calculated from the dI/dV in
(c). All the equivalent points are averaged to increase signal-to-noise
ratio. The hexagon represents the size and the orientation of the surface
Brillouin zone. The dashed square represents the area displayed in the
FT images in Fig. 2(a)-(d).
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Fig. 2. (a)-(d) Fourie-transformation (FT) of dI/dV maps at E = -140
(a), -40 (b), +160 (c), and +260(d) meV on a clean surface of Bij_Sb,.
The scattering vectors corresponding to the observed FT peaks are
labeled by qi-qq;. (e) Profiles of the FT images in the I'-M and the I'-K
directions plotted in grayscale. The arrow at around -100 meV in the
I'-M direction indicate an artifact which disappears in the FT of (dI/dV
)/(I/V ) maps. (f) Peak positions of the FT profiles. The size (area) of
each marker is proportional to the peak intensity. Dashed line around
70 meV is a possible FT peak corresponding to QPI within the pocket
along I'-M, but not analyzed in detail. (g) Surface band structure of the
clean surface of Bi;_,Sby reconstructed from our QPI data. Previous
ARPES data [3] with an energy resolution of 18 meV are also plotted.

appearance of clover-leaf-like impurity states at around 80
meV above Eg. In spite of the deposition of the Co atoms on
the surface, the results of QPI show no significant changes
in the band dispersion from those for the clean surface. An
enhancement of spin-conserving scatterings was detected
through stronger QPI peaks in the FT spectrum.
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Oxygen Molecules Physisorbed
on Ag(111) Surface:
A two-dimensional Quantum Spin System

Y. Kim, Y. Yoshida and, Y. Hasegawa

An oxygen molecule (O,) is one of the smallest molec-
ular magnets with an S = 1 quantum spin, and thus an
building block for attractive low-dimensional quantum spin
systems, i.e., quantum spin liquid phases and the Haldane
phase. Recent development of scanning tunneling micros-
copy (STM) and spectroscopy (STS) has enabled direct
access to the properties of single atoms and molecules and
even their manipulation to fabricate artificial nanostructures,
providing an ideal playground for bottom-up fabrication of
the low-dimensional spin systems.

A well-known problem for O, adsorption on a substrate
is that O, often loses its spin through the strong interactions
with the substrate. However, it has been reported that the
interaction between the physisorbed O, and Ag(111) surface
is substantially weak and that structures almost identical to
solid oxygen phases can be realized on the surface. Here
we report the direct visualization of O, physisorbed on
Ag(111) by using low-temperature STM/STS. Physisorp-
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tion of the observed monolayer O, islands was confirmed
by their thermal stability. We observed a well-ordered O,
structure and found that the lattice was slightly distorted
from an isosceles triangular shape, which can be explained
by the presence of the exchange interactions between the O,
spins. No Kondo resonance was observed in the differential
tunneling conductance (d//dV) spectra. Based on these obser-
vations, we conclude that the system is an S=1 two-dimen-
sional antiferromagnetic quantum spin system

Figure 1 shows an STM image of O, on Ag(111) taken
at 4.7 K. Because of the reduced local density of states
monolayer O, island structures are observed as a depressed
area. After the sample annealing up to 40 K, most of the O,
islands disappeared, indicating physisorbed nature of the
adsorbed molecules. The upper right panel of Fig. 1 shows a
molecular-resolved image of the O, layer that exhibit a well-
ordered lattice structure. One of the peculiar things we found
is that the molecules form a scalene triangular lattice (i.e.,
AB < AC); the dimensions of the O, unit cell were measured
as AB = 0.421 nm and AC = 0.435 nm based on real-space
STM images taken on three different O, islands.

Since the O, lattice was incommensurate with the
Ag(111) substrate, the surface corrugation of the substrate
affects the O, lattice only as random perturbations, and thus
does not seem to affect the shape of the O, lattice. Actually,
an almost identical scalene triangular lattice was reported for
low-coverage phase of O, physisorbed on HOPG, which is
also incommensurate to the substrate. The similarity of the
O, structures on two different substrates indicates that the
distorted lattice structures are intrinsic to the O, molecules.

There should be some reason for the lattice distortion
observed in the physisorbed O, layers. Here we consid-
ered exchange interactions between the O, spins. The
energy of the exchange interactions between the O, spins
was estimated as ~6 meV from the magnetization of solid
oxygen. This was less than the van der Waals interactions
(~30 meV) but significant enough to contribute to the total
energy of the system. Indeed, the high-coverage phase
of O,/HOPG and solid oxygen showed lattice distortions
coinciding with antiferromagnetic ordering, which indicates
that the softness of the O, lattice allows the magnetic inter-
action to be involved in the lattice formation. With the
magnetic ordering, the system can be stabilized by short-
ening the sides of the isosceles triangle at which spins are
antiferromagnetically aligned, as schematically shown in
Fig. 2. In order to confirm the scenario, we performed Monte
Carlo simulations for the 2D freestanding O, lattice. Using

® Ag(111) substrate

Fig. 1. (left) STM image acquired on O,/Ag(111) at 4.7 K. An island
structure is observed as a a depressed area. (upper right) Molecular
resolved STM image in an O, island, (lower right) Schematic of O,
lattice (red ellipsoids) on Ag(111).



magnetically
ordered

nonmagnetic

Fig. 2. Lattice distortion induced by antiferromagnetic ordering. The
blue and green arrows denote the directions of the O, spins.

a set of the parameters that were used for the high-coverage
phase of the O,/HOPG, we successfully reproduced the
distortion, confirming the validity of the scenario. We thus
concluded that the antiferromagnetic ordering of the O, spins
played a crucial role in the distortion of the O, lattice on
Ag(111).

In order to verify the preservation of the intrinsic S=1
spin of O, on the Ag(111) surface, we also checked the
di/dV spectra taken on the O, island and observed no specific
evidence of the Kondo resonance around the Fermi level,
in stark contrast with the case of O, molecules on Ag(110),
which exhibits a clear Kondo resonance at 18 K. The O,
spins are thus little influenced by the itinerant electrons
of the substrate, and would be expected to form an S = 1
quantum spin system. These results imply that our system
is an example of a 2D S = 1 antiferromagnetic quantum
spin system and the potential for a brand-new approach of
constructing low-dimensional quantum spin systems in a
bottom-up fashion.
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Novel Pressure Dependence
of the Superconductivity in
Non-Centrosymmetric LaNiC,:
Evidence of Strong Electronic Correlations

S. Katano and Y. Uwatoko

Since the discovery of the heavy-fermion superconductor
CePt3Si [1], superconductivity of non-centrosymmetric
systems has attracted great interest. The non-centrosymmetry
causes the antisymmetric spin-orbit coupling (ASOC) that
leads to the indistinguishability of spin-singlet and spin-
triplet electron pairings. LaNiC, forms a non-centrosym-
metric structure (space group: orthorhombic Amm?2), and
exhibits superconductivity below the transition temperature
T. of about 3 K. On this superconductivity a recent muon
spin relaxation (uSR) experiment indicated the breaking of
the time-reversal symmetry (TRS) in the superconducting
state, which leads to non-unitary p-wave spin-triplet pairings
[2]. However, a NQR study suggested an enhancement of the
nuclear spin relaxation rate (1/77) just below T¢, implying
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Fig. 1. Electrical resistivity under high pressures up to about 3 GPa.
The inset shows that pressure enhances the superconducting transition
temperature 7 substantially.

a conventional BCS-type superconductor [3]. Therefore its
superconducting mechanism is still unclear. Furthermore,
this system is not magnetic, and thus it has been considered
that its electronic correlations would be weak in contrast
with other heavy fermion systems. To get further information
on this superconductivity, pressure effects on the supercon-
ducting state of LaNiC, have been studied.

Figure 1 shows the temperature dependence of the
electrical resistivity of LaNiC, under high pressures up to
3 GPa. Under these pressures, T, is enhanced greatly at the
rate of 0.25 K/GPa. For normal conventional metals pressure
contracts their lattices, and generally the electron density
D(EF) at the Fermi energy Ef decreases. In the BCS theory,
therefore, 7, would decrease with increasing pressure. The
results obtained here thus suggest that the superconductivity
of this system is possibly changed under high pressure by
some novel mechanism.

Above the pressure of 3 GPa, the superconductivity
enhanced once is heavily suppressed. As shown in Fig. 2,
the pressure of 8 GPa extinguishes its superconductivity
completely. At the higher temperatures, on the other hand,
the resistivities above 5 GPa show clear anomalies over
100 K, as displayed in the inset of Fig. 2. The temperature
observed as an anomalous hump increases with pressure up
to room temperature at the rate of 51.5 K/GPa. These results
show that a new state (NS) is evidently induced under high
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Fig. 2. Electrical resistivity under high pressures up to 8 GPa. The inset
indicates that the resistivity at high temperatures shows an anomaly
with a clear hump, implying an emergence of a new state.
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Fig. 3. P-T phase diagram of LaNiC,. The mark M and S denote metal
and superconductivity, respectively; and NS indicates ‘a new state’
induced under pressure. In the inset, the superconducting transition
temperatures are multiplied by the factor of 10.

pressures. With such an emergence of the NS state, the
superconductivity is intensely suppressed. Figure 3 shows
the phase diagram obtained. It is noted that this diagram
shows a dome for T but is mirror symmetric to those of
many other systems like heavy-fermion and high-Tc super-
conductors.

For this NS state it remains that some RNiC, (R = rare-
earth) systems show charge density wave (CDW) states at
high temperatures. Thus, it might be natural that the anoma-
lous hump observed at the temperatures over 100 K origi-
nates from the phase transition to the CDW state. This newly
induced state is enhanced strongly under high pressures;
further, that is quite robust up to the highest pressure of 30
GPa investigated in this work.

With the disappearance of the superconductivity a new
state (NS) with a high energy scale is dramatically emerged.
These results indicate that the system is not a simple normal
metal but is highly correlated with strong electronic interac-
tions such as CDW, which correlations may contribute to the
superconductivity of this unique system [4].
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Correlation Effects in Topological Insulators
N. Kawakami

We report our recent studies on correlated topological
insulators using ISSP supercomputer. We first investigate
a topological Mott insulator in one dimension (1D) to
discuss how the edge Mott states emerge due to the inter-
play of topology and correlation [1]. We then address how
the topological state is restored by the temperature in the
presence of strong correlations in two dimensions (2D)
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Fig. 1. Left panel: winding number N;, Right panel: spectral gaps for
edge states:A., (A;) for the one-particle (spin excitation) spectrum
[1], as a function of Hubbard interaction U (¢ denotes nearest neighbor
hopping). It is seen that the topological phase transition occurs, but A,
does not vanish in contrast to a noninteracting topological transition.
Instead, we see the gap closing for collective spin excitations A,.

Urt

[2]. We demonstrate that such restoration of topological
properties is rather generic, by exploring another correlated
topological insulator [3]. We also mention some issues
related to topological insulators [4-6].

(A) We first summarize the results obtained for a 1D
topological Mott insulator [1]. By examining the bulk
topological invariant and the entanglement spectrum of
a correlated Su-Schrieffer-Heeger model, we clarify how
gapless edge states in a non-interacting topological band
insulator evolve into spinon edge states in a topological
Mott insulator. Furthermore, we propose a new type of
topological Mott transition. In Fig.1, we show a topological
Mott transition driven by the Hubbard interaction U [1]. As
seen from left panel, a transition from a trivial phase (N;=0)
to a nontrivial one (N;=1) occurs, and at this transition a
one-particle gap (A.) is not closed but only a spin excitation
gap (A) becomes gapless (right panel). This unconventional
transition occurs in a spin liquid phase and is accompanied
by zeros of the single-particle Green's function and a gap
closing in the spin excitation spectrum [1].

(B) We elucidate how a topologically nontrivial phase
evolves at finite temperatures [2,3]. Specifically, we study a
Kane-Mele Kondo lattice model at finite temperatures with
dynamical mean field theory. The obtained phase diagram
shows three phases at zero temperature [2]: an antiferro-
magnetic topological insulator, an antiferromagnetic trivial
insulator, and a trivial Kondo insulator. We find a restoration
of topological properties at finite temperatures due to the
interplay of a topologically nontrivial structure and electron
correlation. In order to address this phenomenon, we analyze
the bulk and edge properties. In the bulk, the spin-Hall
conductivity which is almost zero around zero tempera-
ture increases with increasing temperature. At the edge, the
gapless edge modes emerge with increasing temperature.

(C) We finally summarize some issues related to
topological phase transitions, which will be realized in new
platforms such as cold atomic systems, photonic systems,
etc. We clarify non-equilibrium topological phase transi-
tions in 2D optical lattices [4]. We unveil hidden topological
phases in a 1D quantum walk [5]. We clarify topological
properties of cold bosons in 1D quasiperiodic optical lattices

[6].
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Investigation of Average and Local Structures,
and Electron-Density Distribution
of Lithium Transition-Metal Oxide

Y. Idemoto and N. Kitamura

In recent years, the lithium-ion battery has been expected
to be applied for not only portable electronic devices such as
a mobile phone but also a vehicle and a storage device and
so on. From such background, many researches have devoted
their efforts to develop new lithium transition-metal oxides
with superior cathode performances. For the development,
crystal and electronic structures of the cathode materials
must be determined precisely since the structures are well
known to affect the cathode properties. Moreover, it is
considered recently that local orderings of transition metals
in the crystal play an important role for charge and discharge
processes. Therefore, it is highly expected to discover local
structures hidden in crystal structures. In our recent works,
we paid special attention on LiNij gCog,0,-based materials
[1] and Li(Li1/6M1’11/2Ni1/6C01/6)02 [2] with the layered
structure, and investigated the average and local atomistic
structures, and electron-density distribution by using neutron
and synchrotron X-ray sources.

As for LiNipgCog,0,-based materials, we refined the
average structure by the Rietveld analysis using neutron
diffraction patterns. The data were measured under ambient
condition with HERMES installed at JRR-3. Fig. 1 shows
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Fig. 1. Rietveld refinement pattern of LiNijy79Zn(;Cop,0,. Red
pluses and a blue solid line represent observed and calculated intensi-
ties, respectively. Vertical marks indicate positions of allowed Bragg
reflections (upper marks for LiNig79Zng 0Co(,0,, and lower marks
for Li,CO3). A curve at the bottom is a difference between the observed
and calculated intensities in the same scale.

the Rietveld refinement pattern of LiNig79Zng o;Cog205.
In the analysis, we assumed the space group as R-3m, and
optimized an exchange amount of Li and Ni, which is the
so-called “cation mixing”. As a result, the average struc-
ture could be successfully refined, and the Ni content at
Li site was estimated as 0.056 (3). We could also refined
average structures of other LiNijgCog,0,-based materials
with partial Cu substitution and without any substitution
(the pristine sample) in the same manner. For the purpose
of electronic-structure analysis on the samples, we carried
out the maximum-entropy method (MEM) using synchro-
tron X-ray diffraction patterns. When X-ray diffraction data
are used, it is quite difficult to obtain accurate information
on light element such as Li and O generally. Therefore, the
average structures refined with the neutron diffractions were
utilized as the initial structures in the analytical processes.
By this strategy, electron-density distributions could be
estimated successfully, and then it was found that both the
Zn and Cu substitution for LiNig gCoq 20, tended to reduce a
bond strength between the transition-metal and oxygen sites.

In order to investigate the local structure of
Li(Li1/6Mn1/2Ni1,6C01/6)02 with the layered structure, we
firstly performed the average structure refinement (S. G.:
C2/m) using neutron Bragg profile recorded at HERMES,
and then analyzed the reduced pair distribution function,
G(r), which was derived from neutron total scatterings. Prior
to the PDF fitting, we constructed the some local-structure
models with different metal arrangement which satisfied the
site occupancies refined by the Rietveld method, and then
relaxed atomic configurations of the models by the density
functional theory (DFT) calculation. On the basis of the
results, we carried out the PDF fitting only for an energeti-
cally-stable model. The PDF analysis indicated that a LiMng
ordering was formed within the transition-metal layer in the
same way as Li,MnOj3. In addition, the detailed investigation
suggested a local distortion along the ¢ axis which is perpen-
dicular to the layer.

The our works described above demonstrate that the
structure analysis using both the neutron and synchro-
tron X-ray diffractions gives us fruitful information the
electronic structure as well as the crystal structure of the
cathode materials for the lithium-ion battery. Moreover, a
combination of the Rietveld and PDF analyses enable us to
gain deeper understanding the atomic configurations of the
functional oxides.
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Extremely Large and Anisotropic Upper
Critical Field inlon-Gated MoS,

Y. Saito, Y. Kohama, and Y. Iwasa

Superconductivity is a quantum phenomenon character-
ized by zero electrical resistance and complete expulsion of
the magnetic flux. The extraordinary properties arise from
the condensation of the Cooper pair that consists of a pair
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Fig. 1. MoS, EDLT transistor on the rotator probe.

of free electrons with opposite spins. The application of
strong magnetic fields tends to arrange spins in one direction,
therefore the ordinal superconductivity cannot be survived
above the certain limit of magnetic fields, called the Pauli
limit “Hp,,; ~ 1.86 T.”. Nevertheless, our recent collabora-
tion work performed at International MegaGauss Science
Laboratory (IMGSL) has experimentally revealed that an
ion-gated molybdenum disulphide (MoS,) transistor exhibits
an extremely large upper critical field (H,) that is 4-5 times
more than the Pauli limit of ~ 12 T [1].

The H., were directly estimated from the magnetoresis-
tance measurement on superconducting MoS, samples that
were prepared by usin§ an electric-double-layer transistor
(EDLT) configuration (21 Since the H., is extremely large
and shows a high degree of anisotropy, we developed a
specially designed plastic rotator (see Fig.1) and performed
magnetoresistance measurements in pulsed magnetic fields
up to 55 T. The rotator probe was made of a plastic material,
and thus the eddy current related problems, such as Joule
heating and mechanical vibration, were completely elimi-
nated even in a pulsed field environment.

The obtained H., vs T plot is shown in Fig.2, which
provides the experimental evidence of anisotropic and
extremely large upper critical fields on the MoS,-EDLT.
We interpret that the large anisotropy can be understood as
a consequence of the two-dimensional electric property of
MoS,-EDLT, namely the completely different orbital motion
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Fig. 2. Upper critical fields (H.,) vs Temperature (7). The orange and
green dots are the H., when the external magnetic fields are applied to
parallel (H,,") and perpendicular (chl) to the plane, respectively. The
upper critical fields were deduced from the magnetoresistance measure-
ments.
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for the in-plane and out-of-plane configurations. On the other
hand, the exceptionally large H,, for the in-plane configura-
tion is due to an enhancement of the Pauli limit, caused by
the strong spin-orbit interaction and the non-centrosymmetric
nature of MoS, single layer. Indeed, our numerical calcula-
tion based on realistic tight-binding calculations demonstrate
that the Cooper pairs are protected by the strong spin-orbit
interaction, and are thereby very robust against external
magnetic fields for the in-plane configuration. The robust-
ness of H., against external magnetic fields might make
MoS,-EDLT an ideal platform for investigating noncentro-
symmetric superconductors.
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Quantum Transport of Dirac Fermions
Coupled with Magnetic Order in EuMnBi,

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

Dirac materials, characterised by linear energy-
momentum dispersion near Fermi level, have attracted much
attention for their unique transport properties such as half-
integer quantum Hall effect, observable even at room temper-
ature in graphene. To expand potential application of their
distinct quantum transport, it is highly desirable to control
the conduction of Dirac fermions by magnetic moments
in solids as well as external fields. Despite recent discov-
eries of a number of new bulk Dirac materials, quantum
transport features have been elucidated mostly in nonmag-
netic materials, as exemplified by so-called Dirac/Weyl
semimetals, such as Cd3As,, Na;zBi, and TaAs.

We here report novel magneto-transport features for a

Fig. 1. Schematic illustration of the crystal and magnetic structure for
EuMnBi, at zero field, together with the formal valence of each ion.
The magnetic moments of the Mn sublattice are not shown for brevity.
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Fig. 2. Field profile of (A) interlayer resistivity p,,, (B) in-plane resis-
tivity p.,, and (C) Hall resistivity p, . for EuMnBI, at 1.4 K for the field
parallel to the ¢ axis. Schematic illustration of variation of the ordered
Eu moments adjacent to the Bi layer is presented above the panels.

new multilayer Dirac fermion system EuMnBi,. Recently,
layered magnets AMnBi, (A=Serr [1-3] and Eu®* [4,5]) were
found to host anisotropic 2D Dirac fermion, providing an
ideal arena to reveal the interplay between Dirac fermions
and ordered magnetic moments. The crystal structure
consists of the conducting layers of Bi square net hosting
quasi two-dimensional (2D) Dirac fermions and the
insulating magnetic layers consisting of the Mn-Bi and A
layers (Fig. 1). To explore quantum transport phenomena
associated with magnetically-controllable Dirac fermions,
we have investigated the detailed magnetic and transport
properties by applying field up to 55 T at the International
MegaGauss Science Laboratory at the Institute for Solid
State Physics [6].

The magnetization dominated by the Eu sublattice shows
typical behaviour of uniaxial antiferromagnet. We observed
a spin-flop transition for the field of ~ 5.5 T (Hy) along the ¢
axis, followed by saturation at ~ 22 T (H.) with a saturation
moment of ~ 6.5 ug/f.u (not shown here), which reflects the
full moment of localised Eu 4f electrons. The in-plane resis-
tivity (p,,) and interlayer resistivity (p,.) exhibit clear anoma-
lies at the magnetic phase transition of Eu sublattice (Fig.
2). In particular, p,, exhibits a large jump at Hy, followed by
giant Shubnikov—de Haas (SdH) oscillations that reach Ap,,/
P2z ~ 50% in the spin-flop antiferromagnetic (AFM) phase
(Fig. 2A). This high p,, state is terminated at H, above
which the p_, value is substantially reduced. Interestingly, the
magnitude of the SAH oscillations in p,, and py, (Hall resis-
tivity) is also enhanced in the spin-flop AFM phase (Fig. 2B
and 2C), which evolves to plateau-like structures in the p,.
profile as indicated horizontal thick arrows in Fig. 2C. This
signifies the first observation of the multilayer quantum Hall
effect of quasi 2D Dirac fermions in a bulk magnet [6].

In spite of the strong coupling between the magnetism
and transport properties, the carrier mobility is estimated to

be as high as pu ~ 14,000 cm?/Vs at 2 K. This indicates that
the interlayer conduction is suppressed by the staggered Eu
moments along the ¢ axis, whereas the ferromagnetic order
within the plane may promote the in-plane transport. Thus,
the crystal structure of EuMnBi, can be regarded as a natural
spin-valve structure embedded in a multilayer Dirac fermion
system. Our discovery would open the door for engineering
the Dirac fermion transport in magnetic materials suitable for
novel spintronic devices with an extremely high speed.
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A New Numerical Method for
Finite-Temperature Calculations of
Strongly Correlated Electrons Systems

T. Misawa

In strongly correlated electrons systems, many exotic
phenomena such as high-T, superconductivities have been
found. To clarify how the strongly electronic correlations
induce such exotic phenomena, highly-accurate numerical
methods for the low-energy effective models of strongly
correlated electron systems such as Hubbard model play
essential role. For the ground-state calculations (zero-
temperature calculations), powerful numerical algorithms
such as density matrix renormalization group method or
tensor network algorithms already exist and they have been
applied to broad range of the strongly correlated electrons
systems. However, for the finite-temperature calculations,
the efficient numerical method is absent and development
of highly-accurate finite-temperature calculations remains a
challenging problem.

In the textbook implementation of the finite-temperature
calculation, it is necessary to take ensemble average over
the excited states and it is practically formidable to carry
out. Contrary to the standard implementation, recent devel-
opment of the statistical physics shows that the calcula-
tion within small number of pure states instead of the full
ensemble average is sufficient for accurate estimate of finite-
temperature properties. Such pure states are called thermal
pure quantum (TPQ) states and they are easily generated
by performing the imaginary-time evolution of the wave
function.

Based on the principle of the TPQ, we develop a new
method to perform the calculations for the larger system
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Fig. 1. (a) Temperature dependence of internal energy per site calcu-
lated from FT-VMC for 4x4 half-filled Hubbard model with U/t=4. The
FT-VMC result is shown by red circles in comparison with essentially
exact results obtained by full-space TPQ (FS-TPQ) method shown by
blue curve. (b) Temperature dependence of nearest neighbor spin corre-
lations calculated by FT-VMC (red circle) and FS-TPQ (blue curve)
method. The shadow region in (a) and (b) represent the error bars in
FS-TPQ method.

size where the exact imaginary-time evolution is impossible.
A key fact is that accurate imaginary-time evolution of the
wave functions is possible by using the stochastic reconfigu-
ration method, which is used as the optimization method in
the variational Monte Carlo (VMC) method. Thus, we call
this numerical method finite-temperature VMC (FT-VMC)
method. By comparing the exact results, as shown in Fig. 1,
we have shown that temperature dependence of the physical
properties such as internal energy and spin correlations is
well reproduced by using the FI-VMC method. Moreover,
we have shown that our method can be applicable to larger
system size where the exact imaginary-time evolution is
impossible. Our method opens a new way for the accurate
calculations of the strongly correlated electron systems.
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Capturing Transiently Charged States
at the C60/TiO2(110) Interface
by Time-Resolved Soft X-ray
Photoelectron Spectroscopy

K. Ozawa, S. Yamamoto, and 1. Matsuda

One of key technologies for realizing sustainable society
is an efficient conversion of the sunlight into chemical
and electrical energies. Titanium dioxide (TiO,) exhibits a
high photocatalytic activity for water splitting to produce
a zero-emission fuel. TiO, is also used as a transparent
electrode in photovoltaic cells [2]. One of the extensively
studied TiO,-based photovoltaic cells is a dye-sensitized
organic cell, in which visible-light sensitive dye molecules
or polymers are loaded onto the TiO, electrodes. The TiO,
electrode collects photoexcited electrons from the light
absorbing layer to facilitate electron-hole separation. In such
a photovoltaic cell, a charge transfer across the interface is
an important elemental step to define the performance of
the cell. A molecule of Cg is an important component of
dye-sensitized photovoltaic cells, where the Cg layer is used
as an electron acceptor and as an electron transport layer.
Cg also serves to enhance photocatalytic activity of TiO, by
promoting the separation of the photoexcited electron-hole
pairs. In the present study, we apply time-resolved soft X-ray
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photoelectron spectroscopy (TRPES) to the Cgy/TiO, (110)
heterojunction in order to elucidate how the excited carriers
behave at the junction. An experiment of TRPES utilizing
the pump-probe method has been proven to be a powerful
tool to simultaneously determine the electronic structure and
the dynamics of the photoexcited carriers at semiconductor
surfaces.

The TRPES measurements were carried out at SPring-8
BLO7LSU [1]. For the pump light, a second harmonic of
an amplified Ti:sapphire laser pulse was used. The pulse
duration and a repetition rate were 35 fs and 1 kHz, respec-
tively. The photon energy was set at 3.06 eV, which exceeds
both the band gap of rutile TiO, (3.0 eV) and the energy
difference between the highest occupied molecular orbital
(HOMO) level and the lowest unoccupied molecular orbital
(LUMO) level of Cgj (2.3 eV). For the probe light, synchro-
tron radiation (SR) lights with the energies of 253 eV and
600 eV were used to measure valence-band spectra and Ti 2p
and C 1s core-level spectra, respectively. The SR lights were
provided by a single bunch and a 11/29-filling bunch train
of an H-mode operation. SR pulses from the single bunches
were used for the pump/probe measurements. A width of the
pulse was 50 ps and a time interval between the pulses was
4.79ps.

We examined the effect of UV laser irradiation on the
electronic structure of the Cgo/TiO,(110) heterojunction[2].
An upper panel in Fig. 1 shows a Ti 2p3), spectrum measured
without UV irradiation. A background subtracted peak is
reproduced by a single Voigt function with a peak maximum
at 458.2 eV. A Ti 2p3z;, spectrum in the lower panel is
acquired at 1ns after laser pulse irradiation. The peak is also
fitted by a Voigt function with a peak maximum at 458.3 eV.
Regarding the C 1s core-level peak of Cg, a laser induced
shift is 0.25 eV towards the higher binding energy (BE) side.
The C 1s peak in the dark condition (without laser irradia-
tion) is located at 284.4 eV. A small structure at 286.1 eV
is due to C-O. The peak moves to 284.65 eV at 1 ns after
irradiation. The BE shifts of both Ti 2p3,, and C 1s peaks are
transient because the peaks go back to the original positions
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Fig. 1. (a) Ti 2p3; and (b) C Is core-level spectra for Cgo/TiO,(110)
with the Cg thickness of 0.57 nm. Spectra in the upper panels were
acquired without the pump laser, whereas those in the lower panels
were measured at 1 ns after irradiation of the laser pulse. The photon
energy of the pump laser was 3.06 eV, and a power density was 40uJ/
cm2/pulse. The photon energy of the probe SR light was 600 eV, and
the emitted photoelectrons were collected with repetition rates of 208
kHz for the upper spectra and 1 kHz for the lower spectra. In each
panel, a raw spectrum and a background-subtracted spectrum are drawn
by dots. Background curves, shown by solid lines, were a combination
of a Shirley-type curve and a linear line. Solid lines with shaded areas
are the result of least-square fitting using Voigt functions.



by the time the next probe pulse arrives after 4.79 ps. The
energy shift does not due to the surface photovoltage (SPV)
effect since direction of the energy shift is opposite to the
expectation. Moreover, the power density of the irradiated
pump laser in the present study was 40uJ/cm2/pulse, which
was insufficient to induce the SPV effect on the TiO,(110)
surface [1].

Figure 1 clearly demonstrates that deposited Cgy on
TiO,(110) must be responsible for the UV-induced shift of
the Ti 2p3), core level in the weak excitation condition. Aside
from the TiO, substrate, the Cgy overlayer also absorbs the
3.06-eV pump laser. In the present excitation condition, the
HOMO — LUMO+1 and HOMO-1 — LUMO transitions
are possible so that the valence electrons should promote
to the LUMO and LUMO+1 levels, and the holes are left
in the HOMO and HOMO-1 levels. Since both the LUMO
and LUMO+1 states energetically overlap to the conduction
band of TiO,, a resonant transfer of the excited electrons is
possible from Cg to TiO,. Such an interface charge transfer
competes with the electron-hole recombination process.
It is speculated that a large fraction of the photoexcited
electrons in the Cg layer is possible to be transferred to
TiO,. The transferred electrons, then, undergo deexcitation
to the bottom of the conduction band of TiO,. As a result,
Cgo 1is cationized after laser irradiation. The C 1s peak shift
towards the higher BE side must, therefore, be caused by this
charging effect. Regarding the TiO, side of the heterojunc-
tion, additional electrons are injected from the Cg, layer so
that the carrier density is increased at the TiO, surface. The
BE shift of the Ti 2p3, peak should, therefore, reflect the
enlarged magnitude of downward band bending.

References
[1] M. Ogawa et al., Rev. Sci. Instrum. 83, 023109 (2012).
[2] K. Ozawa et al., Organic Electronics 31, 98 (2016).

Authors

K. Ozawa®, S. Yamamoto, R. Yukawa, K. Akikubo, M. Emorib.
H. Sakama > and I. Matsuda

“Tokyo Institute of Technology

"Sophia University

ISSP Activity Report 2015

43



Progress of Facilities

Supercomputer Center

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

The ISSP supercomputer system consists of two subsys-
tems: System B, which is intended for more nodes with
relatively loose connections. In July, 2015, the SCC replaced
the two supercomputer subsystems (SGI Altix ICE 8400EX
and NEC SX-9) to one new system (System B, SGI ICE XA/
UV hybrid system). The system B consists of 1584 CPU
nodes, 288 ACC nodes, and 19 FAT nodes. The CPU node
has 2CPUs (Intel Xeon). The ACC node has 2CPUs (Intel
Xeon) and 2GPUs (NVIDIA Tesla K40). The FAT node has
4CPUs (Intel Xeon) and large memory (1TB). The system B
have totally 2.6 PFlops theoretical peak performance.

System C - FUJITSU PRIMEHPC FX10 was installed
in April, 2013. It is highly compatible with K computer, the
largest supercomputer in Japan. System C consists of 384
nodes, and each node has 1 SPARC64TM IXfx CPU (16
cores) and 32 GB of memory. The system C have totally 90.8
TFlops.

The hardware administration is not the only function of
the SCC. The ISSP started hosting Computational Materials
Science Initiative (CMSI), a new activity of promoting
materials science study with next-generation parallel super-
computing. This activity is financially supported by the
MEXT HPCI strategic program, and in CMSI, a number of
major Japanese research institutes in various branches of

materials science are involved. The SCC supports the activi-
ties of CMSI as its major mission.

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 school
year 2015 totally 239 projects were approved. The total
points applied and approved are listed on Table. 1 below.

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

First-Principles Calculation of Materials Properties (123)
Strongly Correlated Quantum Systems (31)

Cooperative Phenomena in Complex, Macroscopic
Systems (85)

All the three involve both methodology of computation
and its applications. The results of the projects are reported
in 'Activity Report 2015' of the SCC. Every year 3-4 projects
are selected for “invited papers” and published at the begin-
ning of the Activity Report. In the Activity Report 2015, the
following three invited papers are included:

"Correlation Effects in Topological Insulators”, Norio
KAWAKAMI

"Capacitance of Nanosized Capacitors Investigated Using
the Orbital-Separation Approach-Dead Layer Effect
and Negative Capacitance", Shusuke KASAMATSU,
Satoshi WATANABE, Seungwu HAN, and Cheol Seong
HWANG

"Multiscale Simulation Performed on ISSP Super
Computer: Analysis of Entangled Polymer Melt Flow”,
Takahiro MURASHIMA

Total Points
Max Points Number
Class Application of Applied Approved
Projects
System B System C System B System C System B System C
A 100 100 any time 13 1.3k 1.3k 1.3k 1.3k
B 1k 500 twice a year 57 43.8k 8.6k 26.0k 7.8k
C 10k 2.5k twice a year 162 1394.8k 181.3k 475.0k 147.8k
D 10k 2.5k any time 2 18.0k 4.0k 14.0k 2.5k
E 30k 2.5k twice a year 5 150.0k 7.5k 79.0k 6.2k
N twice a year 0 0 0 0 0
CMSI 33 125.0k 139.0k 125.0k 139.0k
Total 272 1732.9k 341.7k 720.3k 304.6k

Table 1. Research projects approved in 2015

The maximum points allotted to the project of each class are the sum of the points for the two systems;
Computation of one node for 24 hours corresponds to one points for the CPU nodes of System B and System C.
The FAT and ACC nodes require two points for a 1-node 24-hours use.
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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 Laboratory (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 energ%/ and Q-range (10peV < hw < 2eV
and 0.02A" < Q < 50A™), 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 FY2015 covers wide
range in magnetism and strongly correlated electrons. One
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Fig. 1. Neutron structure factor of NdFe3(BOs), sliced by the plane of
hw - ¢ in panel (a) and that of Aiw - a” in panel (b). For more details,
see Research Highlights of Masuda group at page 20.
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of the highlights is the identification of magnetic model in
multiferroic NdFe3;(BOj3)4. Combination of position sensi-
tive detectors in wide scattering angle and the rotation of
sample goniometer in HRC enables the effective measure-
ment of neutron structure factor S(q, Aw) as shown in Fig. 1.
The well-defined excitations in high-energy resolution are
observed. The characteristic features including anti-crossing
of modes and anisotropy gap are consistently explained by
spin-wave calculation on the basis of coupled Fe-Nd subsys-
tems. Detailed analysis on the spectra revealed that the multi-
ferroic structures in the compound is determined by the local
anisotropy of Nd ion.

Technical progress of HRC spectrometer was the devel-
opment of the magnetic field environment. We examined a
performance test of a superconducting magnet on the HRC
goniometer. The magnetic field of 10 T was achieved with
normal operation of the related components in the straying
field. The magnitude of the field is the highest record in
J-PARC/MLF at present. By using radial collimator for
the reduction of background scattering from Aluminum
supporting ring in the magnet, high-quality data was
collected.

The NSL also operates the U.S.-Japan Cooperative
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 spectrometer, CTAX,
was completed, and it is now open to users.
http://neutrons.ornl.gov/instruments/HFIR/CG4C/

The activity report on Neutron Scattering Research in
JFY2012-2014 is given in NSL-ISSP Activity Report vol. 20

(2015).

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 760 T (the world strongest as
an in-door record) by destructive methods. The laboratory
is opened for scientists both from Japan and from overseas,

Fig. 1. Building view of the International MegaGauss Science Labora-
tory (C-building) at ISSP.
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Long Pulse Magnet Laboratory
International MegaGauss Science Laboratory
The Institute for Solid State Physics
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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 energy storage 210 MJ, is
planned to energize the long pulse magnet generating 100 T without
destruction.

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, milli-second 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 standard non-destructive-type pulse magnets are
energized by single capacitor bank and can generate fields up
to 75 T for ordinary use. Their simple sinusoidal waveforms
are advantageous for precise and reliable measurements of
various physical properties. Several on-demand magnets
having irregular shapes and sizes are developed for some
particular experiments. We open six magnet cells for parallel
experiments and accept more than 50 research projects per
year in 2013.

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-
ator station at our laboratory, and used as an energy source of
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 latest
long-pulse magnet can generate fields up to 36 T with its
pulse half-period of 1 sec.

Our interests cover the study on quantum phase transi-
tions (QPTs) induced by high magnetic fields. Field-
induced QPTs have been explored in various materials
such as quantum spin systems, strongly correlated electron

. Pulse width o
Alias Type Bmax B Power source Applications Others
ore
Electro- Magnetic . us Magneto-Optical 5K-
. destructive 730 T 5M1J, 40kV L
Flux Compression 10 mm Magnetization Room temperature
- S
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 0.2M]J, 40 kV L.
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 5ms
(2-stage 10 mm .
Short-Pulse . Magnetization 2K -
Non-destructive pulse) 0.5MJ, 20 kV
magnet Magneto-Transport Room temperature
Building K 5ms
8T 18 mm
. 1s Resistance 2K -
Long-Pulse magnet| Non-destructive 36T 210 MJ, 2.7kV X
30 mm Magneto-Calorimetry Room temperature

Table 1. Available Pulse Magnets, Specifications
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New-type ultra-high magnetic field
generation equipment up to 1000 T

Electrode

Cu-lined
primary coi

primary coil

Fig. 3. (Build. C) The building for the electro-magnetic flux
compression, generating over 700 T. 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 completed in the year of 2014.

systems and other magnetic materials. Direct thermody-
namic evidences of QPTs are obtained through magnetiza-
tion and recently developed caloric measurements. For some
QPTs, changes in symmetry at the transitions are sensitively
resolved through measurements of electric polarization or
optical imaging using a polarizing microscope. High resolu-
tion of electrical measurements realized the observation
of quantum oscillations in high quality crystals through
measurements of electrical resistivity, contactless impedance,
and torque magnetometry.

Magnetic fields higher than 100 T can only be obtained
with destructing a magnet coil, where ultra-high magnetic
fields are obtained in a microsecond time scale. Our destruc-
tive techniques have undergone intensive developments.
The project, financed by the ministry of education, culture,
sports, science and technology, is now in progress, and goal
is to generate 1000 T by the electromagnetic flux compres-
sion (EMFC) system (Fig. 3). 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 and has
been accomplished its installation. Two magnet stations are
constructed and both are energized from each power source.
Both systems are fed with a 2 MJ condenser bank used for a
seed-field coil, of which magnetic flux is to be compressed.

FRP

Diameter:6.4 mn
—) P

Single-turn
copper coil

Fig. 4. A photo of the V-type single-turn coil equipped with 40
kV, (A:100+B:100=200 kJ) fast operating pulse power system.
Measurements are carried out from room temperature down to 2 K by a
specially designed cryostat.

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) and the other is a vertical type
(V-type, Fig. 4). Various kinds of laser spectroscopy experi-
ments such as the cyclotron resonance and the Faraday
rotation using the H-type STC are available. On the other
hand, for very low-temperature experiments, a combination
of the V-type STC with a liquid helium bath cryostat is very
useful and the magnetization measurements at temperature
as low as 2 K can be performed up to 120 T with high preci-

sion.

Center of Computational
Materials Science

With the advancement of hardware and software
technologies, large-scale numerical calculations have been
making important contributions to materials science and
will have even greater impact on the field in the near future.
Center of Computational Materials Science (CCMS) is a
specialized research center for promoting computer-aided
materials science with massively parallel computers, such
as K-computer. The center has also been functioning as the
headquarters of Computational Materials Science Initia-
tive (CMSI), which is an inter-institutional organization
for computational science of a broad range of disciplines,
including molecular science, quantum chemistry, biological
materials, and solid state physics. ISSP made contracts with
9 universities and 2 national institutes for supporting the
activities of CMSI in which nearly 100 research groups are
involved. SY2015 was the final year of SPIRE, the MEXT
project that had been the main financial source of CMSI,
and CCMS has inherited some of the activities of CMSI.
Apart from the SPIRE, CCMS is handling various projects:
Project 7 and 5 of MEXT FLAGSHIP2020 Project (so-called
"post-K computer project"), Element Strategy Initiative,
Professional Development Consortium for Computational
Materials Scientists (PCoMS). Through these activities,
CCMS has become the center of the community of computa-
tional condensed matter physics, in which researchers from
different backgrounds work together on grand challenge
problems and develop computational infrastructures (new
algorithms, coding styles, standard software packages, etc).

The branch office of CCMS in the RIKEN AICS building
on the Port Island Kobe was closed on March 2016, after
completing its mission of supporting CMSI researchers

| CAFE DE
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Fig. 1. Members of Kobe branch office on the day of its closing
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getting together at the K-computer site to exchange ideas
of computational science, fine-tune various applications
software for the K-computer, and develop better contact with
staff members of RIKEN.
The following is the selected list of meetings organized
by CCMS in SY2015:
e 05/11-13 The 3rd OpenMX/QMAS Workshop 2015,
Hands-on workshop on electronic structure methods
* 05/14 10sor network workshop -- Field 2 x 5 joint
workshop on new algorithms for quantum manybody
problems --
* 05/25 “CMSI Hands-On: FMO Tutorial”
* 06/01-06/19 New Perspectives in Spintronic and
Mesoscopic Physics < NPSMP2015 >
* 06/12 “CMSI Hands-On: ERmod Tutorial”
* 07/30 “CMSI Hands-On: Rokko Tutorial”
* 08/10-8/12 CMSI camp for application
development“TOKKUN!6”
* 9/02 “Symposium on Collaboration between major
experimental facilities and supercomputers”
* 9/07 “CMSI Hands-On: Version control system tutorial”
* 9/08-10 The 12th CMSI Camp for Programming Skill
Developments
* 11/09-11/11 The18th Asian Workshop on First-
Principles Electronic Structure Calculations
e 12/07-12/08 The 6th CMSI Simposium
* 12/09 Post-K Simposium
¢ 01/21 The 12th CMSI Workshop for Industry-Academia
Collaboration “The programming environment
MateriApps LIVE!”
* 03/05 The 4th TUT-CMSI Symposium for visualization
of computational materials science
» 03/08 Workshop on topological materials

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-
based and laser-based photon sciences have made remark-
able progresses independently. However, recent progresses

Fig. 1. Open ceremony of LASOR center on October 2012.
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Ultrafast ~ Ultra-high Operand
Spectroscopy Resolution Spectroscopy
Spectrascopy
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Soft-X-Ray and Materials Science G.
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B

Fig. 2. Developments of advanced spectroscopy at LASOR center by
three groups

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

Fig. 3. Close look of a high-peak-power ultrashort-pulse laser



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

development and their applications to materials science
are performed in the ISSP buildings D and E at Kashiwa
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
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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.

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 examples, 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.

k
Fig. 7. Pump-probed photoemission system using 60-eV laser
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Firefly luciferase

0kV x10.0k TE

HD-2700 200kV x100k TE

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)

* Coherent Photon Science Group

The coherent-photon science group has main inter-
ests in exploring a variety of coherent phenomena and
non-equilibrium properties of excited states in condensed
matters, in collaborations with research groups in charge
of photoemission, operand-spectroscopy and extreme laser
science. This group covers a wide range of materials, from
semiconductors, ferromagnets, complexes and superconduc-
tors to biomaterials. Various ultrafast optics technologies
such as femtosecond luminescence and pump-and-probe
transmission/reflection spectroscopy are applied to studies on
wavepacket dynamics, photo-induced phase transitions and
carrier dynamics. Coherent control and observation of spin
dynamics in magnetic materials and metamaterial structures
by using high power terahertz radiation source is extensively
studied. Advanced photonics devices are intensively studied,
such as quantum nano-structure lasers with novel low-dimen-
sional 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
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
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spectroscopy researches:
five endstations, i.e. time-
resolved soft X-ray spectros-
copy (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 soft X-ray
resonant magneto-optical Kerr
effect (MOKE) (Fig.4) and
soft X-ray diffraction (Fig.
5), ambient pressure photo-
emission, two dimensional
photoelectron diffraction and
so on. The beamline construc-
tion 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-pump and SR-probe

Fig. 1. TR-SX station

Fig. 3. Soft X-ray emission station



Fig. 5. Soft X-ray diffraction
station

Fig. 4. Soft X-ray MOKE station

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 will enable real ambient pressure experiments in the near
future. Soft X-ray resonant MOKE station has been devel-
oped 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 avail-
able by using lasers at the TR-SX station. Each end-station
has now been opened fully to outside users. In 2015, 176
researchers made their experiments during the SPring-8
operation time of 4805 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

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

chamber, a carousel chamber connected to a load-lock
chamber, and a molecular beam epitaxy chamber, which
are kept ultra-high vacuum (UHV) environment and are
connected each other via UHV gate valves. The electrons are
excited with 6.994-eV photons, yielded by 6th harmonic of a
Nd:YVO, 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 simultaneously the angle-resolved
photoelectron spectroscopy with two-dimensional (energy-
momentum) detection. So far, spin-dependent band structures
of more than 10 materials have been studied by 4 outside
groups.
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Conferences and Workshops

International Conferences and Workshops

New Perspectives in Spintronic and Mesoscopic Physics (NPSMP2015)
June 1 - 19, 2015
T. Kato and Y. Otani

Since 2006, the ISSP has organized an annual series of three-week workshops, with the only exception in 2011 due to the
aftermath of the Tohoku earthquake. The last two in the series are “Emergent Quantum Phases in Condensed Matter — from
topological to first-principles approaches” (EQPCM2013) and “New Horizon of Strongly Correlated Physics” (NHSCP2014).
In 2015, the ISSP organized the ninth workshop, “New Perspectives in Spintronic and Mesoscopic Physics” (NPSMP2015),
held for three weeks starting from the beginning of June.

The targets of this workshop are two important and related research areas, mesoscopic physics and spintronic physics.
Recent theoretical and experimental development deepens physics of mesoscopic systems, strengthening relationship to
other research areas such as nonequilibrium statistical mechanics, quantum information, many-body quantum theory, funda-
mental theory of quantum mechanics, and so on. On the other hand, the spintronic physics covers spin-related phenomena
such as spin-dependent transport, spin injection, spin dynamics and so on. Although activity in spintronic physics is origi-
nally oriented to application, it includes important fundamental topics related to mesoscopic physics such as control and
measurement of spin diffusion and spin current, physics of the Berry phase, and phenomena originated from spin-orbit
interaction. The purpose of this workshop is to share recent developments in these two research fields, to discuss impor-
tant future issues, and to stimulate participants' motivation toward breakthrough in the interdisciplinary research area
between spintronic and mesoscopic physics. The program and presentation materials are available on the web at the URL
http://www.issp.u-tokyo.ac.jp/public/npsmp2015/index.html.

Following the tradition of the series, the workshop contained the intensive three-day symposium during Jun. 10-12, and
34 oral and 53 poster presentations (the largest number so far) were made there. The remaining part was arranged into a more
relaxing style providing a long discussion time, and 14 one-hour oral presentations and 15 half-a-hour oral presentations were
made. This style of workshop attracted many people; the cumulative number of participants during the three weeks summed up
to 649, and 320 of them attended the symposium part.

The NPSMP2015 workshop was organized by the ISSP and the Grant-in-Aid for Scientific Research on Innovative Areas
“Nano Spin Conversion Science”. It was also supported by Computational Materials Science Initiative (CMSI), Elements
Strategy Initiative Center for Magnetic Materials (ESICMM), and Tokodai Institute for Element Strategy (TIES). The workshop
organizers were Takeo Kato (Chair, ISSP), Yoshichika Otani (Chair, ISSP), Sadamichi Maekawa (ASRC, Japan Atomic Energy
Agency), Gerrit E. W. Bauer (IMR, Tohoku University), Shingo Katsumoto (ISSP), Yasuhiro Tokura (University of Tsukuba),
Mikio Eto (Keio University), Gen Tatara (CEMS RIKEN), and Kensuke Kobayashi (Osaka University).

New Perspectives
in Spintronic and ' esoscopic Physics

Kashiwa-no-ha Conference Center, Japan, Jun 10 (Wed) - 12 (Fri), 2015
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The 18th Asian Workshop on First-Principles Electronic Structure Calculations

November 9 - 11, 2015
T. Ozaki, H. Akai, Y. Tatada, and O. Sugino

First-principles electronic structure calculations have been playing an invaluable role in characterizing and understanding
properties of materials and even in designing novel materials having better performance and/or exotic physical properties.
The Asian workshop is an annual series starting in 1998 to provide a forum for discussing all the important issues in compu-
tational condensed matter physics and materials science. The principal purpose of the workshop is to offer an opportunity for
exchanging ideas and enjoying in-depth discussion both in the methodology in computational physics and chemistry and its
application to a wide variety of materials having not only fundamental significance and but also industrial importance. In this
time five plenary speakers in European countries and United States of America were invited, and 18 speakers were invited
from Asian countries. The discussion was focused on methodological development in first-principles methods, applications of
DFT to electric devices, molecular and spin dynamics, materials informatics, and topological insulators. Prof. Hutter of Zurich
University reported efficient implementations of many-body perturbation theories such as MP2 and RPA, and showed that it
is now possible to accurately perform molecular dynamics simulations even for bulk systems consisting of several hundred
atoms based on such many-body perturbation theories. The direction may lead to a wide variety of applications of MP2 and
RPA to hydrogen bonded systems and molecular crystals in near future. Prof. Oganov of Skolkovo Institute of Science and
Technology presented evolutional algorithms to investigate unknown crystal structures and its impressive applications to high
pressure phases including the H,S superconductor. Though it was considered even up to recent years that searching new crystal
structures is fundamentally difficult, the series of studies that his group did clearly demonstrates that prediction of crystal
structures is now feasible by combining DFT calculations and the evolutional algorithms. The prediction of crystal struc-
tures is a fundamental technology in materials informatics that many computational materials scientists have been recently
involved, and thereby his talk was a good occasion for researchers in Asian area to know the impressive progress. Prof. Weng
of Chinese Academy of Sciences discussed materials exploration for topological insulators based on first-principles calcula-
tions in a very concise and informative style, which is one of emerging fields. It was quite impressive to hear that a lot of novel
materials proposed by his group have been already confirmed by experiments, which also demonstrates a recent progress of
first-principles calculations. We also had a poster session on the second day where there were more than a hundred presenta-
tions on methodological developments and applications. The accumulated number of participants is counted 409, suggesting
the workshop was successful. It was announced by the international committee members that the next workshop in 2016 will be
held in Hsinchu in Taiwan.

This workshop was financially supported by Institute for Solid State Physics (ISSP), the University of Tokyo, Computa-
tional Materials Science Initiative, The Asia Pacific Center for Theoretical Physics (APCTP), Elements Strategy Initiative for
Structural Materials, National Institute for Materials Science, SGI Japan, Ltd., Real Computing Inc., and X-Ability Co., Ltd.
The management of the workshop was performed by the research stuffs and secretaries of the related laboratories and CMSI.
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International Workshop: Topological Phenomena in Novel Quantum Matter: Laboratory

Realization of Relativistic Fermions and Spin Liquids
February 29 - March 4, 2016
C. Broholm, M. Oshikawa, and A. Rosch

Topology is a field of mathematics which classifies properties of mathematical structures which are robust under defor-
mations. This field has recently emerged as a powerful paradigm to discover, classify, and investigate quantum properties of
materials. The international workshop exploring the forefront of this exciting field was held at and sponsored by Max-Planck
Institute for Physics of Complex Systems in Dresden, Germany, co-sponsored by TOPONET program of ISSP and by the
profile area ”Quantum Matter and Materials* of the University of Cologne.

The workshop, which was attended by 90 participants, has focused on two classes of such topological quantum materials.
First, in Dirac matter topological properties are often intrinsically linked to the relativistic Dirac equation. Second in spin
systems geometry and spin-orbit coupling can suppress magnetic ordering and give rise to novel topological spin liquid states.
The workshop brought together experimental and theoretical physicists working in the two fields. It gave an overview on the
tremendous scientific development especially in the last few years in the two fields.

The experimental and theoretical investigation of new topological quantum materials, such as topological insulators,
topological superconductors, and magnetic materials with strong spin-orbit interactions and frustration, was central to many key
contributions to the workshop. The classification of interacting topological states and routes towards their realization were also
a major theme. Applications of concepts from solid state physics to quantum optics experiments were also discussed.

The latest development on magnetic skyrmion materials including their controlled creation and destruction by electric
fields, the quest for experimental signature of Majorana fermions in spin liquids, the observation of the topologically quantized
electromagnetic response of topological insulators, magnetic quantum oscillations without Fermi surfaces, and anomalous
magnetotransport were presented in inspiring talks.

Overall, the workshop was characterized by lively and intensive discussions until late in the night. In particular the poster
sessions offered a wealth of fresh experimental results and theoretical insights and highlighted the passion of young scientists
for the field. A brainstorming session on the most important future research directions in topological quantum matter showed
that this field is still at its infancy. Interacting topological states, experiments probing projective symmetries, strange metals and
the experimental realization of emergent gauge fields were only some of the research areas where the participants expect major
advances in the near future.
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ISSP Workshops

ISSP Series Workshop on Synergetic Science for Functional Material Systems:
(2) Soft Dynamics
April 2 - 3, 2015
O. Yamamuro, H. Mori, J. Yoshinobu, F. Komori, M. Shibayama, T. Suemoto,
H. Akiyama, O. Sugino, H. Noguchi, Y. Harada, I. Matsuda, and M. Lippmaa

This workshop is the second one among the series workshops on synergetic science for functional material systems, which
were proposed and organized by the 12 members of ISSP working group for a future plan on a new research group of interdisci-
plinary area. The workshop was not on usual soft matter science, but focusing on the dynamics and related functionality charac-
teristic of the soft materials listed below. We organized presentations including 18 invited talks and 26 contributed posters.

The topics of this workshop were (1) non-equilibrium dynamics and autonomic motor systems which are recently remarked
in statistical physics, (2) dynamics of proteins and DNA which has been a central research subject in biophysics, (3) dynamics
on surfaces and interfaces, (4) functional solids and polymers, and (5) dynamics of liquids, mesophases and membranes. These
spread across a wide research area.

We had 80 and 74 attendances for the first and second days, respectively, including many young researchers and people
from other universities and institutes. There was very active and fruitful discussion even though the subjects of the workshop
are not common in ISSP. This may show a high demand for a new research area in ISSP.
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International Workshop on Condensed Matter Physics & AdS/CFT
May 25 - 29, 2015
R. Meyer (Kavli IPMU), S.Nakamura, H. Ooguri, M. Oshikawa, M. Yamazaki, and H. Zhang

In 1997, a new duality between quantum field theories and gravity called the “gauge/string duality* (AdS/CFT correspon-
dence) originated from string theory. Recently, this duality is also applied to strongly correlated states of condensed matter
such as the electronic states in high-Tc superconductors. This subject attracts the interest of string theorists, condensed matter
physicists and the gravitational community. The goal of this joint workshop with Kavli IPMU was to bring together key
members from these three communities to foster exchange in this direction and ignite further collaboration.

. The program of the workshop consisted of 20 hour-
long talks by internationally recognized experts, who
gave excellent overviews over their respective topics
and at the same time presented cutting-edge research.
In total 122 participants (80 from Japan) attended the
workshop. 33 researchers from Japan and abroad used
the opportunity to present their work in the gong show
and poster presentation. The workshop focused on
three topics: (1) AdS/CFT, non-Fermi liquid phenom-
enology and high temperature superconductivity,
(2) non-equilibrium physics and AdS/CFT, and (3)
topological states of matter and entanglement entropy.

This workshop, supported by Kavli IPMU, ISSP,
and EU HoloGrav network, was unique in bringing
together condensed matter physicists and string
theorists nearly in a half-half ratio, which made it very
successful.

New Perspectives in Spintronic and Mesoscopic Physics (NPSMP2015)

June 10 - 12, 2015
T. Kato and Y. Otani

This ISSP workshop was held as the symposium part of the international workshop of the same title. See the section of
“International Conferences and Workshops”.

ISSP Workshop: Basic Science for Supporting Materials Developments
June 10, 2015
M. Takigawa, H. Mori, O. Sugino, Y. Harada, and F. Komori

For society, industry, and economy of Japan, it is essential to develop useful and superior materials. Therefore, it is wished
that the results of basic scientific research are effectively utilized for industrial applications for society and economy. In the
problems that industry really faces, there are a lot of the research subjects that are essential for the development of the basic
science. The workshop was held from viewpoints how the basic science contributes to the solution to industrial problems,
and how the material scientists examine the scien-
tific significance in them. Nine lectures on these
subjects were delivered in the workshop, and there
was fruitful discussion among 98 participants.
The workshop provided an opportunity to remind
a sentence in the prospectus of Institute for Solid
State Physics; a general and systematic study of
solid state physics raises the research standard of
our country and contributes to development of the
industrial engineering. It is not easy to find a conclu-
sive answer to the question how to promote the basic
science to support materials developments under
the present severe financial and economic condi-
tions. Importance of the continuous examinations
and discussion on this subject is recognized again
from the wide viewpoints such as this workshop was
realized.

56 ISSP Activity Report 2015



ISSP Series Workshop on Synergetic Science for Functional Material Systems:

(3) Reaction and Transport
June 24 - 26, 2015
J. Yoshinobu, H. Mori, F. Komori, M. Shibayama, T. Suemoto, O. Yamamuro,
H. Akiyama, O. Sugino, H. Noguchi, Y. Harada, I. Matsuda, and M. Lippmaa

This workshop focusing on “Reaction and Transport” in inhomogeneous systems is the third one among the series
workshops on synergetic science for functional material systems, which were proposed and organized by the 12 members of
ISSP working group for a future plan on a new research group of interdisciplinary area. In this workshop, we organized presen-
tations including 29 invited talks and 40 contributed posters.

The topics of this workshop consists of (1) reaction and transport phenomena at surface and interface, such as catalysis,
photocatalysis, thin film growth etc. (2) charge dynamics in bulk and at interface (3) transport of atoms and ions such as
hydrogen and proton in various materials and electrochemistry, and (4) reaction and transport in the systems from single
molecule to more complex bio-molecules.

We had 76, 85 and 50 attendances for the first, second and third days, respectively, including young researchers and students
from other universities and institutes. At the last session on 26 June, the present activities and the future plan of ISSP for
functional materials were presented, and we discussed on this issue and exchanged opinions between the organizers and partici-
pants very actively.
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ISSP Workshop on Glass Transition and Related Science
July 30 - August 1, 2015
O. Yamamuro, T. Odagaki, H. Tanaka, K. Miyazaki, K. Fukao, R. Nozaki, Y. Saruyama, and N. Yamamuro

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 32 oral and 41 poster presentations.

The topics of this workshop were (1) structures and entropy of glasses, (2) theories and computer simulations on glasses and
supercooled liquids, (3) glass transitions in polymer systems, (4) polyamor- '
phism and liquid-liquid transitions, (5) dielectric spectroscopy for glasses
and liquids, (6) glass transition and shear thickening, (7) glass transition and
jamming transition, (8) glass transition and phase transition in solid state
physics, and (9) glassy dynamics of soft matters and biological systems.

We had 95, 95 and 73 attendances 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.

Frontier of Physics on the Spin Systems
November 16 - 18, 2015
M. Oshikawa, N. Kawashima, K. Kindo, M. Takigawa, H. Tsunetsugu, M. Tokunaga, S. Nakatsuji,
Z. Hiro, H. Kawamura, H. Tanaka, H. Nojiri, M. Hagiwara, H. Kaneyasu, and T. Sakai

The physics of spin systems has been investigated very extensively. Even in the 21st century many new phenomena have
been experimentally discovered, as well as many new theoretical concepts, in this field. At the present workshop we focused
on the following new phenomena; the quantum spin liquid, the quantum spin ice, the Bose-Einstein condensation of magnons,
the spin nematic phase, the chiral order, the Skirmion, the Z, vortex, etc. More than 100 people attended the workshop and very
fruitful discussions were performed there. Particularly, young scientists’ presentations and comments were encouraged. One of
important purposes is to encourage communications between the experimentalists and the theoreticians, as well as between the
expertized and young scientists. We hope that the discussion at this workshop would lead to creations of some new concepts,
trends, or breakthroughs in this field in the near future.
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New Aspects of Excitonic Phases in Low-Dimensional Electronic Systems

November 26 - 28, 2015
T. Mizokawa, H. Fukuyama, H. Takagi, Y. Ohta, H. Sawa, Y. Uwatoko, H. Okamura, H. Yaguchi, and M. Tokunaga

Some semimetals or small-gap semiconductors may exhibit a phase transition to excitonic insulator that is characterized by
condensation of electron-hole pairs and can be described in BCS or BEC manners. Although the excitonic phase was theoreti-
cally predicted almost half a century ago, solid experimental evidence of the excitonic phase was not established until recently
due to limitation of candidate materials. Very recently, possibility of excitonic phases has been examined in new excitonic
insulator candidates such as TiSe,, Ta,NiSes, and graphite. In addition, the concept of the excitonic phase would be extended
to describe charge fluctuations in various strongly correlated materials including cuprates, Fe pnictide/chalcogenide, organic
conductors, and heavy Fermion systems. In order to discuss the new aspects of the excitonic phase and its future prospects,
the present workshop was held at ISSP from November 26 to 28, 2015. In addition to the exciting results on the new excitonic
insulator candidates, fundamental relationship between the excitonic phase and the spin/charge/orbital fluctuations in various
strongly correlated systems has been reported and discussed by the speakers and the audiences during the workshop.

Research Frontier of Quantum Matter
December 8 - 9, 2015
T. Arima, K. Ishida, N. Nagaosa, K. Miyake, M. Oshikawa, S. Nakatsuji, and Z. Hiroi

In the past decade, large-scale research facilities have become increasingly important for the Institute’s mission, and the
three centers have been built: the LASOR laboratory houses unique laser and spectroscopy facilities, the IMGSL provides
magnetic fields of record strength, and a supercomputer center (SCC-ISSP) operated by the MDCL provides computational
resources. Each of these facilities provides a platform for in-house research and also serves a sizable outside user community.
In the next step, the ISSP expects an organizational reform of small science groups so as to stimulate interdisciplinary coopera-
tion within ISSP. To accelerate this, the ISSP has a strategic plan that generates two new cross-divisional research groups;
"quantum materials" and "functional materials" groups. The former will focus on topological quantum phases in correlated-
electron materials, while the latter aims to conduct fundamental research on materials with significant functional properties in
areas of immediate societal needs.

This ISSP workshop was planned to give a chance to discuss on the direction and future prospect of the quantum materials
group both from inside and outside of the ISSP. Four review and fourteen presentations were given both from theory and
experimental sides. 79 (25 from inside) and 86 (38) people attended the workshop in the first and second days, respectively.
In addition, lively discussion was carried out among participants from various communities and from different points of view,
which made the workshop very successful.
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Meeting of Quantum Turbulence and Classical Turbulence
January 5 -7, 2016
M. Tsubota, T. Gotoh, K. A. Takeuchi, Y. Tsuji, Y. Fukumoto, H. Yano, and M. Yamashita

Quantum turbulence (QT) has been studied in the field of low temperature physics. Quantum turbulence refers to turbu-
lence appearing in quantum condensed systems like superfluid helium and atomic Bose-Einstein condensates etc., typically
consisting of quantized vortices and giving a prototype of turbulence. On the other hand, classical turbulence (CT) has a long
research history, studied in the field of fluid mechanics. However, there has been little scientific communication between the
scientists of quantum turbulence and those of classical turbulence. This workshop organized for the first time the scientific
collaboration between two different communities. There were 135 cumulative participants over three days, attending 28 oral
and 7 poster presentations and lively discussions.
Starting with review talks in both fields, the novel
original works were reported. In the afternoon of the
last day, a free discussion session “What can QT learn
from CT and what can CT learn from QT?” was held.
Very active discussions were performed about the basic
themes such as definition of turbulence.

ISSP Workshop: Status of SPring-8 BLO7LSU -Integration of X-Ray Spectroscopy and

Diffraction
March 1, 2016
H. Wadati, S. Shin, F. Komori, I. Matsuda, and Y. Harada

Synchrotron radiation laboratory has a Harima branch to maintain and develop a high-brilliance soft X-ray beamline
BLO7LSU at SPring-8. There we are performing time-resolved, spatial-resolved and energy-resolved soft X-ray spectroscopy
to study electronic states and their dynamics of new materials. In this workshop, recent research activities at our beamline were
reported and we discussed our new experimental techniques which integrate x-ray spectroscopy and diffraction. The speakers
talked about their recent results from each end station (time-resolved spectroscopy, 3D nano-ESCA, emission spectroscopy,
and so on). There were two invited talks; one is about synthesizing novel superconductors and the advantage of using synchro-
tron x-rays for finding new materials, and the other is about coherent x-ray scattering using synchrotron x-rays and x-ray free
electron lasers. There were a lot of discussions for each talk, and we successfully

started to obtain a clear vision about our future experimental techniques combining x-ray spectroscopy and diffraction. We
also encouraged the young generation in this research field by awarding the best poster prize to one graduate student.
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ISSP Workshop: n-Electron and Hydrogen Coupled Functional Properties in Molecular

Materials
March 29, 2016
H. Mori and M. Yamashita

This workshop was intended to deepen the understanding and to make discussions on ‘“m-electron-hydrogen coupled
functional properties in molecular materials”. Recently, “n-electronic properties” and “hydrogen-related properties” have been
coupled towards novel “m-electron and hydrogen coupled functional properties” by the development of the coupled system,
a series of catechol-fused tetrathiafulvalene (TTF), in ISSP. In collaboration of chemists and physicists, several coupled
functional properties have been unveiled: “the metallic state of purely organic single-unit crystal of k-H;(Cat-EDT-ST),”,
“the quantum spin liquid state of k-H3(Cat-EDT-TTF),”, and “electronic switching induced by deuterium and charge transfer
of k-D3(Cat-EDT-TTF), and k-D3(Cat-EDT-ST),”. However, the mechanism of the novel “hydrogen-m-electron coupled
functional properties” is still non-trivial and the future prospects are open question.

The workshop consisted of two parts, experiment and theory sessions. The 10 experts and a graduate student gave 30 min
talks. The first talk was given by Dr. A. Ueda (ISSP) on the development m-electron-hydrogen coupled organic conductors
based upon Cat-TTFs. This talk was followed by Dr. T. Isono (NIMS) on the quantum spin liquid state observed by torque
and magnetic susceptibility measurements of the m-electron-hydrogen coupled organic magnet. In the afternoon session,
Prof. T. Itoh (Tokyo Science University) gave a talk on the quantum spin liquid and charge-ordered states of Cat-TTF system
observed by 3C-NMR and 'H-NMR. Continuously, the quantum paraelectric state by dielectric measurement and thermo-
chromism by optical measurement of k-H3(Cat-EDT-TTF), was given a talk by Dr. K. Hashimoto (IMR, Tohoku Univ.). Dr. S.
Yamashita (Osaka Univ.) gave a talk on the ground states for the gapless quantum spin liquid state of k-H3(Cat-EDT-TTF), and
non-magnetic state of k-D3(Cat-EDT-TTF), by heat capacity measurements. The peculiar anisotropic thermal conductivity of
k-H3(Cat-EDT-TTF), was given by Dr. M. Shimozawa (ISSP). Then, Prof. H. Okamoto introduced the responses by Tera-hertz
electric field for molecular conductors.

In the last session, the theoretical aspects of “m-electron-hydrogen coupled functional properties” were introduced and
discussed. Dr. A. Naka (Tohoku Univ.) gave a talk on charge excitation and optical spectra of m-electron-hydrogen coupled
model. Then, Mr. R. Yamamoto (Yokohama city Univ.) introduced the theoretical study of large H/D isotope effect by multi-
component DFT method. This talk was followed by Dr. T. Tsumuraya (NIMS) on the first-principal calculation of k-Hz/D3(Cat-
EDT-TTF),. Finally, Dr. H. Watanabe (Riken) gave a talk on covering weak to strong m-electron-hydrogen coupling region with
Variational Monte Carlo (VMC) method.

Although this workshop was organized in the end of academic year, 32 participants joined and made active discussion
on the current topics and future issues to be address for shedding light on the novel “n-electron-hydrogen coupled functional
properties” in the course of workshop. The program is available on the web at the URL: http://hmori.issp.u-tokyo.ac.jp/pdf/
program_201603_ISSPWS.pdf
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Quantum chemical calculation of proton-electron correlated
molecular conductors

Development of purely organic single-component molecular
metals under ambient pressure

Development of purely organic single-component molecular
superconductors

Development of functional biomaterials

X-ray diffraction study of geometrical frustration study of non-

Kramers state

Theoretical study on quantum critical scaling associated with
valence instability

The search for quantum state in frustrated magnets

Development of low temperature magnetic measurements

Investigation of quantum critical phenomena in valence
fluctuating and heavy fermion Yb-based compound

Name

Masanori Tachikawa

Youji Misaki

Kenta Kimura

Masayo Azuma

Hiroshi Sawa

Kazumasa Miyake

Kenta Kimura

Yoshitomo Karaki

Kentarou Kuga

Organization

Yokohama City
University

Ehime University

Ehime University

Nagoya Institute of
Technology

Nagoya University

Toyota Physical and
Chemical Research
Institute

Osaka University

University of the
Ryukyus

Osaka University
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Creation of spin current circuits using two-dimensional atomic

layers

Study on catalytic hydrogenation of CO2 on alloy surfaces

A HREELS study of biomolecules on metal surfaces

Study of water adsorption and splitting reaction on oxide
semiconductor catalysts

Chemical modification of epitaxial graphene and its
spectroscopic characterization

Effect of pressure on the organic conductor

Adjustment of cubic anvil apparatus

Effect of pressure on the Ce compounds

Pressure effect of rare earth 122 compounds

Effect of pressure on the magnetic materials

Development of NMR measurement method under high
pressure

Development of multi-anvil apparatus for low temperature

Developments of high pressure cell for neutron diffraction

Study on pressure induced superconductivity of quasi organic

conductor

Name

Yasuhiro Niimi

Organization

Osaka University

Yoshitada Morikawa Osaka University

Tadahiro Komeda

Tohoku University

Yoshiyasu Matsumoto Kyoto University

Md. Zakir Hossain

Keizo Murata

Hiroki Takahashi

Tetsuya Fujiwara

Toru Shigeoka

Gendo Oomi

Naoki Fujiwara

Masato Hedo

Susumu Katano

Miho Itoi

Gunma University

Osaka University of
Economics and Law

Nihon University

Yamaguchi University

Yamaguchi University

Kurume Institute of
Technology

Kyoto University

University of the
Ryukyus

Saitama University

Nihon University
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Development of apparatus for specific heat measurements
under high pressure

Development of the magnetometer

Development of pressure cell for specific heat measurements
under magnetic field

Investigation of magnetic properties for 3d transition
intermetallic compounds under pressure

Development of 10 Gpa class high pressure apparatus for low
temperature

Development of open source program package of massively
parallel solver for quantum lattice models

Development of a compact focusing small-angle neutron
scattering instrument and application research using the
instrument

Structural studies of strongly correlated electron systems by
usage of neutron scattering and instrumental developments

Development of Large-area curved two dimensional neutron
detector and Low temperature oscillating photographic device

Upgrading of the neutron scattering device and promotion of
the research and public use

Progress of the joint research by using the neutron scattering
instruments

Promotion of joint research after the upgrade of neutron
scattering instruments

Upgrade of 3-axis neutron spectrometer for the oncoming
coexistence of J-PARC/MLF and JRR-3

Neutron scattering study of strongly correlated electron systems

by using neutron spectrometers

Name

Izuru Umehara

Takashi Naka

Tastuya Kawae

Takeshi Kanomata

Kazuyuki
Matsubayashi

Youhei Yamaji

Takahiro Msawa

Michihiro Furusaka

Kazuaki Iwasa

Hiroyuki Kimura

Masaki Fujita

Yoshikazu Tabata

Takeshi Matsumura

Masato Matsuura

Keitaro Kuwahara

Organization

Yokohama National
University

NIMS

Kyushu University

Tohoku Gakuin
University

The University
of Electro-
Communications

The University of
Tokyo

The University of
Tokyo

Hokkaido University

Tohoku University

Tohoku University

Tohoku University

Kyoto University

Hiroshima University

CROSS

Ibaraki University
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Executing user program and study of material science with the

advanced triple-axis spectrometers

Induction of phospholipid flip-flop by transmembrane peptides

Development of micro-focusing small-angle neutron scattering

spectrometer

Development of compact focusing SANS instrument and
improvement of cold neutron reflectometer and interferometer

Development of compact SANS and improvement of cold

neutron reflectometer and interferometer

Studies on structural change of soft matter under flow field

Material science studies under extreme conditions by using

triple-axis spectrometers

Incoherent intermediate correlation function of lateral and

rotational diffusion in a nonionic vesicle

Propelling the inter university research cooperation

Research and development of interferometric imaging
instruments for cold neutron

Improvement of triple-axis spectrometer and its application to

the spin dynamics research

Study of strongly correlated electron systems using advanced

triple-axis spectrometers

Structural study of ionic liquid-based polymer system by SANS

Magnetization study on S=1/2 diamond chain system
K3Cu3AlO2(S04)4 in pulsed ultra-high magnetic fields

Developments of pulse magnets for synchrotron and neutron

experiments in pulsed high magnetic fields

Name

Makoto Yokoyama

Minoru Nakano

Masaaki Sugiyama

Masahiro Hino

Masaaki Kitaguchi

Yoshiaki Takahashi

Naofumi Aso

Youhei Kawabata

Shinichi Itoh

Yoshie Otake

Taku Sato

Yusuke Nambu

Kenta Fujii

Setsuo Mitsuda

Yasuo Narumi

Organization

Ibaraki University

University of Toyama

Kyoto University

Kyoto University

Nagoya University

Kyushu University

University of the
Ryukyus

Tokyo Metropolitan
University

KEK

RIKEN

Tohoku University

Tohoku University

Yamaguchi University

Tokyo University of
Science

Tohoku University
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Ultra-high resolution photoemission spectroscopy on high Tc
superconductor

The development of time-resolved photoemission using 60eV
laser

Laser-ARPES on Fe superconductor

Angle-resolved photoemission study on high Tc cuprate

Ultra-high resolution study on strongly correlated materials

Photoemission study on vanadium oxides

Photoemission study on organic compounds

Ultra high resolution photoemission study on heavy fermion
uranium compounds

Laser-photoemission study on oxide films

Photoemission study on 4f materials

Observation of magnetic domain structures by ultra-high
resolution photoemission electron microscopy

Time resolved photoemission on Mn compounds

Construction and utilization research of aberration correction
photoelectron emission microscopy

Development of micr- and time-resolved beamline

Research on electron state of molecular crystals using
photoemission spectroscopy

Time-resolved photoemission study of VO2 and upgrade of
experimental apparatus

Name

Atsushi Fujimori

Kyoko Ishizaka

Takahiro Shimojima

Tsunehiro Takeuchi

Takayoshi Yokoya

Ritsuko Eguchi

Kaname Kanai

Shinichi Fujimori

Shunsuke Tsuda

Masaharu Matsunami

Takeshi Nakagawa

Mario Okawa

Masato Kotsugi

Takayuki Muro

Takayuki Kisu

Rikiya Yoshida

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Toyota Technological
Institute

Okayama University

Okayama University

Tokyo University of
Science

JAEA

NIMS

National Institutes of
Natural Sciences

Kyushu University

Tokyo University of
Science

Tokyo University of
Science

JASRI

Osaka University

Hokkaido University
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Title Name

Electronic-structure study of topological insulators Akio Kimura

Study of surface dynamics by time-resolved photoemission

spectroscopy with high-brilliant soft x-ray synchrotron radiation Hiroshi Kondoh

Research and development of soft X-ray undulator beamline Kenta Amemiya

Research and development of a new photoelectron spin

detector Taichi Okuda

Magnetization in process of magnetic nano structure by PEEM Toyohiko Kinoshita

Study of electronic states in strongly correlated materials with
high brilliant soft-Xray.

Study of carrier dynamics in photocatalysis materials by time-

s Kenichi Ozawa
resolved photoemission spectroscopy

Study of magnetic properties by time-resolved soft X-ray

Akio Kimura
spectroscopy

Research and designing of a PEEM spectrometer for high

brilliance soft X ray. Kazuyuki Sakamoto

Development of 2D display type spin resolved photoelectron

Hiroshi Daimon
energy analyzer.

Technical development of time-resolved photoelectron B,
N - . Koichi Hayashi

diffraction experiment

Study of time-resolved photoemission spectroscopy for

. Kazuhiko Mase
molecular adsorption system

Study of scattering theory for the resonant magneto-optical

Kerr effect Munetaka Taguchi

Study on the electronic property of electrode materials for Li- Eiii
: . . o iji Hosono
ion batteries by soft X-ray absorption/emission spectroscopy

Study on the electronic property of electrode materials for Li-

ion batteries by soft X-ray absorption/emission spectroscopy Daisuke Asakura

Hiroshi Kumigashira

Organization

Hiroshima University

Keio Universitt

KEK

Hiroshima University

JASRI

KEK

Tokyo Institute of
Technology

Hiroshima University

Chiba University

Nara Institute
of Science and
Technology

Tohoku University
KEK
Nara Institute

of Science and
Technology

AIST

AIST
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Study on the localization of wave functions of hydrogen atom
in hydrogen storage alloys using ultrahigh resolution soft X-ray Daiichiro Sekiba
emission spectroscopy

Study on heavy fermion materials by time-resolved

photoemissio Akira Sekiyama

Study on vanadium oxides by high resolution photoemission = Hidenori Fujiwara

Construction of a noble system for circular and linear

dichroism in soft X-ray emission and RIXS spectroscopy Suga Shigemasa

Study on the physical properties of soft materials by a
combination of ultra-small-angle X-ray scattering and soft X-ray Yoshiyuki Amemiya
absorption/emission spectroscopy

Nanoscale analysis of electronic states of graphene device Hirokazu Fukidome

Operando nano-spectroscopy for energy efficient, power

) . Masaharu Oshima
generation and energy storage devices

Studying structures and magnetism of materials by resonant

hard and soft x-ray scattering Youichi Murakami

Operando analysis of the electronic structure of actual devices

by 3DnanoESCA Naoka Nagamura

Observation of electric ordered state under external field by

. Yuichi Yamasaki
resonant soft x-ray scattering

Title Name

Low temperature study of strongly correlated electron

quasicrystal Kazuhiko Deguchi

” Shuya Matsukawa

Effects of crystal symmetry and orbital degeneracy in ordered

states of strongly correlated electron systems Makoto Yokoyama

Organization

University of Tsukuba

Osaka University

Osaka University

Osaka University

The University of
Tokyo

Tohoku University

The University of
Tokyo

KEK

NIMS

The University of
Tokyo

Organization

Nagoya University

Nagoya University

Ibaraki University
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Title

Theoretical and experimental studies on determination of
pairing symmetry in superconductors

Anomalous magnetic transition of quantum spin Ice system
Yb2Ti2O7

Magnetic behavior of CuOz2 ribbon chain system
(Rb1-xCsx)2Cuz2Mo3012

Magnetization and specific heat measurements for single crystal
YbNizSiz at low temperature

Magnetization and specific heat measurements for hexagonal
ErsPtsGais and TmoPtsGays at low temperature

Investigation of the long-range order of Th2.xTi2+x0O7 by means
of magnetization measurements

Superconducting gap symmetry of anisotropic superconductor
Y5TreSnig (Tr; transition metal)

Study of field-induced order of SmTr2Znzo (Tr = Rh, Ir) by low-
temperature magnetization measurements

Specific-heat measurements of the ruthenate superconductor
Sr2RuO4 under uniaxial pressure

Exploration of new transition metal compounds of pyrochlore
structure by means of high-pressure syntheses

Name

Ryo Otaka

Kazunari Machida

Yukio Yasui

Yukio Yasui

Yuji Matsumoto

Shigeo Ohara

Yuji Matsumoto

Takuya Ueda

Hiroshi Takatsu

Kase Naoki

Yuusuke Terui

Naoki Kase

Masataka Tanahashi

Hiroshi Yaguchi

Teruo Yamazaki

Takahisa Arima

Hiroki Sumi

Organization

Ibaraki University

Osaka University

Meiji University

Meiji University

Nagoya Institute of
Technology

Nagoya Institute of
Technology

Nagoya Institute of
Technology

Nagoya Institute of
Technology

Tokyo Metropolitan
University

Niigata University

Niigata University

Niigata University

Niigata University

Tokyo University of
Science

Tokyo University of
Science

The University of
Tokyo

The University of
Tokyo
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Low temperature magnetic properties of verdazyl-based charge-

transfer complexes

Ultrasonic measurements of strongly correlated electron
systems in pulsed magnetic field

Exploration of new transition metal compounds of pyrochlore
structure by means of high-pressure syntheses

Magnetic field induced transition in an organic Mott insulator
with one-dimensional triangular lattice

Low temperature physical properties at magnetic fields in Yb

and Ce compounds

Analysis of the flux-effect under the direct reduction process
for solar grade silicon

The creation of novel wurtzite-type tetrahedral ferroelectric

materials

Origin of metallic conductivity at transition metal oxides

interface

Studies on the structure and physical properties of BiVO4
and LasTi2CuSs07 - photoactive materials for water splitting

catalysis

Name

Hironori Yamaguchi

Yuta Sasaki

Masataka Okada

Masahito Yoshizawa

Syoya Noguchi

Yusuke Tokunaga

Yasuhiro Shimizu

Akihiro Ono

Takao Ebihara

Itaka Kenji

Shintaro Yasui

Mihee Lee

Taro Yamada

Organization

Osaka Prefecture
University

Osaka Prefecture
University

Osaka Prefecture
University

Iwate University

Iwate University

The University of
Tokyo

Nagoya University

Nagoya University

Shizuoka University

Hirosaki University

Tokyo Institute of
Technology

Nara Institute
of Science and
Technology

The University of
Tokyo
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Title Name

FTIR measurements of metastable physisorption processes on

Si(001) Shinya Ohno

” Shotaro Shimizu

STM study of the structure of two-dimensional TiO2 nanosheets

formed on Ag(110) Kazuyuki Edamoto

Elucidation of the mechanism of hydrogenation reaction on Pd

Katsuyuki Fukutani
surfaces

” Markus Wilde
” Shohei Ogura
4 Satoshi Ohno

Initial oxidation process of hydrogen-terminated Si(110)-(

Ix1) Shozo Suto
surfaces

” Erina Kawamoto

Development of the high mobility semiconductor sample for

the measurements in the quantum Hall regime Akira Fukuda

” Daiju Terasawa

Study of the surface and subsurface defect densities on

TiO2(110) by re-emitted slow positrons Masuaki Matsumoto

Time resolved spectroscopy of optical responses from nano-

: Norikazu Kawamura
structures on metal / semiconductor surfaces

Hydrogen absorption at the interface of Ag thin film and

Si(111) substrate Kan Nakatsuji

Metallic-covalent bonding conversion research in boron

icosahedral cluster solids using positron annihilation Tkuzo Kanazawa

Organization

Yokohama National
University

Yokohama National
University

Rikkyo University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Tohoku University

Tohoku University

Hyogo College of
Medicine

Hyogo College of
Medicine

Tokyo Gakugei
University

Nippon Hoso Kyokai

Tokyo Institute of
Technology

Tokyo Gakugei
University
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g gy - Positron-annihilation studies of Al-Pd-Mn quasicrystal and Al-
HOLPERY LGRS Pd-Mn-Si approximant crystals
g KRB E 0
sk AP ,
ZRRAEIRIEE. AR BIERE A Study on the formation of iron clusters and magnetism on
MREGERSE R Si(111)-7 x 7 surfaces
Bz 5 ﬁ;aﬁij;g} Low temp. STM investigation of epitaxial silicene and
R 2EBERE Jokl germanium on diboride
Mg, =
MREBERE gy
ikt
V2, Ao 71
MERZEBERE Gk}
Pt =
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MRFEHERY: Jex
ZERt
e KREABET24F%%  Development of a miniature STM for low-temperature and
+ Ot high-eld measurements of heavy fermion superconductors
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JRIEL S oo KB BRZE  Study of cross-correlation between spin flow and electric field
FRRIRALAT gkt in superfluid He-3 Al
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Name

Imai Erika

lkuzo Kanazawa

Tomoaki Sasaki

Yang Haoyu

Yukiko Takamura

Antoine Fleurence

Florian Gimbert

Tobias Gill

Tastuya Kawae

Md. Saiful Islam

Hiroki Takata

Akira Yamaguchi

Keiya Shirahama

Satoshi Murakawa

Michihiro Tagai

Organization

Tokyo Gakugei
University

Tokyo Gakugei
University

Tokyo Gakugei
University

Nara Institute
of Science and
Technology

Japan Advanced
Institute of Science and
Technology

Japan Advanced
Institute of Science and
Technology

Japan Advanced
Institute of Science and
Technology

Japan Advanced
Institute of Science and
Technology

Kyushu University

Kyushu University

Kyushu University

The University of
Hyogo

keio Universitt

keio Universitt

keio Universitt
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64 iBFEE) Yb R¥ERSICE T 2 EE Ve o iz AR R ;}?[‘%ﬂ?ﬁﬁ% High-pressure study on mixed-valence Yb-quasicrystal Kazuhiko Deguchi ~ Nagoya University

65 ” NITIEFS LT ERY: ﬂi[ﬁ%#ﬁﬁ% ” Shuya Matsukawa  Nagoya University

66 AMBFEEYIE O T EIRETR N BB AR ERY: ﬁiﬁ@iﬁ% i?{lc?cyr %ﬁ;}l}e;;rc(;rsllllcril states In valence-uctuation materials Keiichiro Imura Nagoya University

67 ” T TR iR ;;?l‘fﬁﬁi?ﬁﬁ% ” Naoya Kawade Nagoya University

68 77 X 5L VaSoBra DIES FAKIHME IR W SRy QLI Ressivity measurement on a cluster compound VaSoBra Wnder ot waki Kyoto University

69 }%;‘Eﬂ fgg%ﬁ;ﬁg%wmx BuTGes(T: BB A% il HALRA: S @A RIS T ]targigt?ofnprn?;:;lr)ev\?l?hgjet ?r?\yesrisiaolnpg&ergfi:?rsyoiantl}llq;%?;s(g;l Fuminori Honda Tohoku University

structure

70 % KE BB BERAY BHAEHS ” Yoshichika Onuki g;llll‘l’(‘;rj;ty of the

71 304)%}:1'5%‘7;:555—?%2;#% B ENFL LT v ®HO R e %%Kﬁflﬁi]:?ﬁ}? 221([1)}; s(lr:j ;;;gzsslfére—;rlllgl;sced martensitic phase transformation in Shigeta Iduru Kagoshima University
72 ” A HORER BV %ﬁﬁﬁfj"‘i]:?ﬁﬁ » Yutaro Fujimoto Kagoshima University
73 AL TN O B E M DTS 5 B EBORF: BT 2 gg‘;‘gﬁzl‘o’?shigh pressure properties of organic molecular Kiyoshi Torizuka ~ Hosei University

74 gﬁ(&ﬁii‘ﬁ%}#’) Eu {L&Y O T ESBEHN T A Sl é?[‘%%?ﬁ% tl\)/iisduEir;l;l;t&t‘ﬂ{e‘l/\?ﬁgigsllefisgr(ijteyr 1lllqzd§krlahsi§h pressure of - yj oo g Kyushu University

75 ” AR #|A TR KEEBERIAIT ” Yoshito Katsuki Kyushu University

76 ]%aﬁTEi%(?;]-xBix)zo 2B 2 BTSRRI O T Wk st B e ;;?l‘fﬁ]:?ﬁﬁ% gge;isztlgilt?:;i)nzdoence of superconducting temperature of Takafumi Yamamoto Kyoto University

77 ” AW SR NPT ” Yoji Kobayashi  Kyoto University

78 ” (NSl 7 HHERA: ﬁ?HT?ﬁﬁ% ” Takeiri Fumitaka Kyoto University

79 ” W %83} SRR ﬁ?[‘ﬁf:ﬁ?ﬁﬁ % ” Taito Murakami Kyoto University
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Title

Charge order-disorder transition in Yb4As3 under high pressure Osamu Nakamura

Transport property of the novel ternary compound EuCuP2

Synthesis and single crystal growth of Ce-Zn-Ge novel ternary

intermetallics 11

Magnetization measurements under high pressures in

YbMn2Gez 11

Electrical resistivity measurements under high pressure for

heavy fermion Yb2PteAlis

Electrical resistivity study of filled skutterudite EuFe4Asi2 under

pressure

Substitution effect at Co element in YbCo2Znz2o

Substitution effect at Zn element in YbCo2Znz2o

Pressure dependence of the lattice constants for the Heusler

type ferromagnetic shape memory alloys

Physical Properties of Rare Earth Coumpound R2T3Ges (R: Rare

Earth metal) under High Pressure

Name

Toru Shigeoka

Tetsuya Fujiwara

Toru Shigeoka

Tetsuya Fujiwara

Toru Shigeoka

Tetsuya Fujiwara

Yuji Matsumoto

Takuya Ueda

Yukihiro Kawamura

Naofumi Aso

Yasuyuki higa

Naofumi Aso

Haruki Takamura

Yoshiya Adachi

Miho Nakashima

Hiroto Takehara

Organization

Okayama University of
Science

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Nagoya Institute of
Technology

Nagoya Institute of
Technology

Muroran Institute of
Technology

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

Yamagata University

Shinshu University

Shinshu University
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ALK

R RAKR A

JBEHE SR
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TR
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LR

LIRS

IR

LIRS

FbRA:

BRBR KA

BB

HERR A

P

T2

KA E AR
R

BT A

KRAEBET 4% Studies on electrical properties of conductive langmuir-blodgett
films under high pressure

P

KEEBET2AF%%  Magnetization measurements in He temperature region for
=3

REBEH T 226F Magnetic characteristics of pseudoternary system (Ho,Gd)

%t

KB T2
%kt

REGEF T 228 Magnetic transition of polymorphic compound RiIrzSiz (R=rera

Zikt

KL 2
Zt

Title

Exploration of new magnetic superconductor

Study of quantum fluids and solids using rotating dilution

refrigerator

Investigation of the electronic transport of perovskite PbVO3

under high-pressure

heavy fermion systems

Rh2Si2 single crystal

earth) 4

=1 3 I
g%l&nfﬂi?‘ﬁﬁ 7t High-pressure effect on Fe-based ladder compounds

Pk il

KA T
%2t

S

Trasport properties of valence fluctuating compounds under

pressure

Pressure effect on transport properties of transition metal

compounds

Name

Naoya Takeda

Sakiko Koda

Keiya Shirahama

Daisuke Takahashi

Satoshi Murakawa

Tomoya Tsuiki

Yasuhiro Miura

Kengo Oka

Tastuya Kawae

Toru Shigeoka

Tetsuya Fujiwara

Toru Shigeoka

Tetsuya Fujiwara

Kenya Ohgushi

Takao Nakama

Hiromu Akamine

Takao Nakama

Organization

Niigata University

Niigata University

keio Universitt

Ashikaga Institute of
Technology

keio Universitt

keio Universitt

Toin University of
Yokohama

Chuo University

Kyushu University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Tohoku University

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus
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BRERAR A

PN

R

R

PHRRF

PR RS

IR

R EKRA

PNUTERNES

I ERF

SRR

BRBRAR

BB

BRERR A

FRRA:

FRURA:

FUURA:

I
BRI
%Rt
B
KB AR
Fg Rt
T2EE
KB AR
Fg Rt
T
B
DFSEREE R0
WiiEe 5 —
§?%@?ﬂ%
KB 2
%Rt
B
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%t
BRI
BRI RE
BRI A
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Title

Single-crystal growth of layerd the rare-earth compound and its
transport properties under pressure

Investigation of quantum critical phenomena in rare earth
compounds and its pressure effect

Pressure effect on the magnetic quasi-period ordered phase in
TmB4

Investigation of the half quantized vortices in superfluid 3He-A
phase

Magnetic ordering and superconductivity of the non-
centrosymmetric system CeNiCz under high pressure

Development of new Seebeck coefficient measurement system
under multiple extreme conditions

Transport properties of non-centrosymmetric transition metals
compounds under high pressure

Studies on the pressure-induced phase transition in clean single
crystals of iron-based superconductor FeSe

Name

Atsusi Teruya

Tomoyuki Yara

Tomohito Nakano

Eisuke Takahashi

Nakano Tomohito

Kazuya Uesugi

Fumitoshi Iga

Shinji Michimura

Osamu Ishikawa

Susumu Katano

Masato Hedo

Tomori Keisuke

Masato Hedo

Masashi Kakihana

Takasada Shibauchi

Yuta Mizukami

Kouhei Matsuura

Organization

University of the
Ryukyus

University of the
Ryukyus

Niigata University

Niigata University

Niigata University

Niigata University

Ibaraki University

Saitama University

Osaka City University

Saitama University

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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Title

Pressure effect on the Cr-based itinerant magnetic materials

Pressure effect on low-dimensional cuprate superconductor

Study of high-pressure resistivity on rare earth carbide

Development of high pressure experimental method applicable

to organic conductors

Electrical resistivity of Heusler compound Fe2Mn;.xVxSi under

pressure

Electrical resistivity measurement of cage structure compounds

CeTyX4 (T:Transition Metal, X:Si,Ge) under high pressure

Development of a new method of point-contact-spectroscopy
under pressure

Effect of pressure on the antiferromagnetism of UT2Siz (T:
transition metal, X: Si, Ge)

Fundamental study of new types of superfluidity, as seen in
solid 4He

Name

Yoshifuru Mitsui

Soushi Yoshinaga

Hisada Akihiko

Naoki Fujiwara

Junichi Yamaura

Kensuke Kobayashi

Keizo Murata

Masakazu Ito

Syuto Kuwahara

Yusuke Hirose

Shoko Satoh

Gaku Motoyama

Shohei Ogawa

Dai Aoki

Fuminori Honda

Yasunari Shimura

Minoru Kubota

Organization

Kagoshima University

Kagoshima University

The University of
Tokushima

Kyoto University

Tokyo Institute of
Technology

KEK

Osaka City University

Kagoshima University

Kagoshima University

Niigata University

Niigata University

Shimane University

Shimane University

Tohoku University

Tohoku University

Tohoku University

Nihonbashi
University

Gakkan
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s
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SRl
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B
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Fikt
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Title

High-pressure Hall effect measurement in Mg2Si thermoelectric
semiconductor

Low temperature magnetizm of triangular lattice
antiferromagnet NaM(acac)sbenzen

Substitution effect at Co element in YbCo2Zn2o

Parallelization of a tensor network variational method

High pressure synthesis of iron based MAX phase compounds

High pressure effect on itinerant electron magnets

Pressure indured structural transition in BaTiz(Sbi-xBix)20

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

Kenichi Takarabe

Nozomu Yasui

Yoshitomo Karaki

Riki Kobayashi

Kenji Harada

Takeshi Waki

Yoshihiko Okamoto

Hiroshi Kageyama

Takafumi Yamamoto

Cedric Tassel

Shu Yamaguchi

Shogo Miyoshi

Kazuhiko Tanaka

Keiichiro Honda

Shu Yamaguchi

Organization

Okayama University of

Science

Okayama University of

Science

University of the
Ryukyus

University of the
Ryukyus

Kyoto University

Kyoto University

Nagoya University

Kyoto University

Kyoto University

Kyoto University

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

Influence of nitrogen on the stability of aromatic compounds
under high pressure condition.

Behavior of Fe-MgSiO3-Hz system under high pressure and
temperature condition

High-pressure synthesis of alkaline earth metal based filled-
skutterudite superconductors

Reactivity of nitrogen with minerals at lower-mantle conditions

Racemization and peptide formation of amino acids under high
pressure

Synthesis of new carbon nitride at high pressure and high
temperature

High pressure synthesis of 3d transition metal pernitride and
Raman scattering measurements

High pressure synthesis of transition metal disulfide

Name

Shogo Miyoshi

Kazuhiko Tanaka

Ayako Shiozaki

Riko lizuka

Chihiro Sekine

Hayato Mikage

Hiroyuki Kagi

Ayako Shiozaki

Kubo Toshinori

Hiroyuki Kagi

Chikako Fujimoto

Kenichi Takarabe

Nozomu Yasui

Ken Niwa

Toshiki Terabe

Ken Niwa

Takahiro Akita

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Ehime 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

Okayama University of

Science

Okayama University of

Science

Nagoya University

Nagoya University

Nagoya University

Nagoya University
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Fti R
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FUURA:

FHORA:

FUHORA:

BV IR

FORBLRER A

FORBLRER A

FURRA:

FURURA:

s

%?%I?ﬁ%

KA TR
B
KA TR
B

??ﬁi?ﬁ%

R T2
B

S LR
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B

R TR
SR

REAE T 28R
ikt
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Title

High pressure synthesis of novel site ordered perovskites

High-pressure synthesis of metaloid alloy with Al anion

High pressure synthesis of noble gas compounds and
characterization by Raman scattering measurements

High pressure synthesis of novel open structured transition
metal oxides and fluorides

Improvement of photocatalytic materials for water splitting by
means of ultrahigh-pressure and high-temperature treatment

Improvement of photocatalytic materials for water splitting by
means of ultrahigh-pressure and high-temperature treatment

Non-magnetic impurity effect on spin dynamics of triangular
spin tubes

Evaluation of the single crystals of the helical magnetic alloys
(Gd-Y,Gd-La, Tb-Y, Dy-Y) by high-energy X-ray Laue method

Measurement of magnetic excitation in spinel type vanadate

Name

Gen Shimura

Yuichi Shirako

Yuta Saito

Masashi Hasegawa

Fumiya Matsuzaki

Masashi Hasegawa

Eiichi Hirose

Taro Yamada

Yosuke Moriya

Yosuke Goto

Hirotaka Manaka

Teruo Yamazaki

Mai Kurihara

Nobuyuki Abe

Keisuke Matsuura

Organization

Nagoya University

Nagoya University

Nagoya University

Nagoya University

Nagoya University

Nagoya University

Nagoya University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Kagoshima University

Tokyo University of
Science

Tokyo University of
Science

The University of
Tokyo

The University of
Tokyo
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No. MES K4 Tl Title Name Organization

195 %;;;éé\gﬁﬁﬂﬁ%b: B 2 A E—kk &mE 4d Wl el B irllégféa;}; ?:tr‘ﬁf}?;ln?;ffﬁszious magnetism and itinerant 4d . - Yokoyama  Ibaraki University

196 ” KE IR BAEES ” Ryo Otaka Ibaraki University

197 #1H &4 GdixLax D B E LRI BRI BT A (S}%eliifgjleat measurements for the rare-earth magnetic alloy Hiroshi Yaguchi ggikg;locgmversny of
198 ” 11 EiEPN HHHRERSE BEAAE ” Teruo Yamazaki "S[‘gil;};l%gniversity of
199 ” Wi dvowspy S RPORLE » Mai Kurihara Tokyo University of
200 %@%E%EE?I%%SX DHRHL I H 1 2 Te ik Wk RAUEERERSY: HETAAR Effect of Te-annealing in the Fe-based superconducter FeTe.xSx Teruo Yamazaki ggil;};l(::gnivemity of
201 » VUSRI P A A » Satoshi Kubota  10ky0 University of

HEYPTE © S0 FEah

H—HERYAF I FLVy-RY L X 7 v Study on rheology of homogeneous polyoxyethylene-

\ ; . ‘ Fele Rl : . ars g
202 L v RIEA A HERIEERIO L A v Y — BT HN O i LR R @}“B’“E (RSS polyoxypropylene-type nonionic surfactants without molecular Tomokazu Yoshimura Nara Women’ s
e % . A University
55 weight distribution
ST - NS YN . Nara Women’ s
E=Pi zs ~s
203 ” RH g 2 BRIRY iz 4 Shiho Yada University

HEMPTR 58 i

204 HOBTRLAWR T IEREIBRE & ko Wil Sl B Interplay between unconventional superconductivity and

R B/ e magnetism in heavy-fermion compounds Makoto Yokoyama Ibaraki University

205 ” ST HH RYEK: A ” Hiroaki Mashiko Ibaraki University
ot ] P ST A I . o
206 ?}%%;H l];a;.%g;%COOj & LaCo1xRhxO3 D55 VelE R %géﬁéﬁ%ﬁ E;ecl((i)lligﬁi:g(; spin-state transition in LaSrxCoO3 and Keisuke Sato Ibaraki University
R T AL TS . P . .
207 75 LR B AV BRSBTS W gy STPORTITE Bhvsical propetties in rare carth intermetallic Compounds At gy poihara  Shizuoka University
et S L T S A " e KRBT - Cenf ao S it f :
208 AMIFHY7 7 A b L — PR OESHRMLIE 5l EHAAE ﬂ Magnetization studies of the frustrated magnets Hikomitsu Kikuchi  University of Fukui
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Title

Frustration and magnetic properties under high-magnetic fields
in titanium triangular clusters

magnetism of single crystals of transition metal fluorides with
triangular lattice or kagome lattice

High field magnetization of SrCozPz, its family compounds and
other layered itinerant electron magnets

High-field magnetization of delafossite-type frustrated magnets

Development of a large wide-bore pulse magnet for a 10 MJ
capacitor bank

High field physical property of Kondo insulator (Yb, R)B12
(R=Zr, Sc, Y) up to 80T class by using the pulse magnet

Name

Kenji Kunieda

Takayuki Asano

Yuta Hifumi

Hiroaki Ueda

Masato Goto

Sho Shinohara

Chishiro Michioka

Masaki Imai

Yuya Haraguchi

Hayato Katsuma

Hirohiko Sato

Yuta Ikedo

Masayuki Hagiwara

Kazuya Taniguchi

Kazuki Sato

Fumitoshi Iga

Toru Wada

Organization

University of Fukui

University of Fukui

University of Fukui

Kyoto University

Kyoto University

Kyoto University

Kyoto University

Kyoto University

Kyoto University

Kyoto University

Chuo University

Chuo University

Osaka University

Osaka University

Osaka University

Ibaraki University

Ibaraki University
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Title

Magnetic and thermal properties of rare earth dodeca-borides
produced by high pressure synthesis and valence-skipping
superconductor reference (Ca,Sr)FeO3

7

Magnetic properties of metal nanocrystals

Transport properties in heavily overdoped Bi-2212 under high
pulsed magnetic fields

High field magnetization and the heat capacity on the new
quantum spin systems with organic/inorganic spin sources

Magnetic strain of Heusler compounds Niz2.xMnGa in high
magnetic field

High field magnetization of Kondo insulator (Yb,R)Bi12 and
valence fluctuation material (Y,Tm)Bg by using one-turn coil in
a 120 T pulse magnet

Field-induced phase transition in O2-N2 mixed solid

Nonreciprocal directional dichroism in magnetic ferroelectrics
in a high magnetic field

Name

Fumitoshi Iga

Eiji Kawawa

Mitsuru Inada

Takao Watanabe

Tomohiro Usui

Yuki Teramoto

Toshio Ono

Naoya Ikawa

Kazuhiro Kasatani

Youji Endo

Masakazu Ito

Syuto Kuwahara

Fumitoshi Iga

Yuto Osanai

Tatsuo Kobayashi

Arima Takahisa

Organization

Ibaraki University

Ibaraki University

Kansai University

Hirosaki University

Hirosaki University

Hirosaki University

Osaka Prefecture
University

Osaka Prefecture
University

Osaka Prefecture
University

Osaka Prefecture
University

Kagoshima University

Kagoshima University

Ibaraki University

Ibaraki University

Okayama University

The University of
Tokyo
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Title

Low temperature study of strongly correlated electron
quasicrystal

High field magnetization measurements of Breathing pyrochlore

lattice antiferromagnets

Magnetic behavior of systems with itinerant ferromagnetism
and localized magnetic moments

High-field magnetization of frustrated magnets

Transport measurements of graphite in the magnetic-field
induced multiple density-wave phase using a non-destructive
pulsed magnet

Study of metamagnetism on U(Rh;.xCox)Ge under high
magnetic field

Observation and clarification of the origin of re-entrant
martensitic transformation using strong magnetic field in CoCr
based alloys

High magnetic field magnetization process of 1D
antiferromagnet BaCo2Si207

Name

Nobuyuki Abe

Shingo Toyoda

Netsu Naoaki

Kazuhiko Deguchi

shuya matsukawa

Yoshihiko Okamoto

Hiroto Ohta

Atsushi Suzuki

Hiroko Katori

Isozaki Katsuya

Hiroshi Yaguchi

Fuminori Honda

Dai Aoki

Yasunari Shimura

Xiao XU

Mitsuru Akaki

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Nagoya University

Nagoya University

Nagoya University

Tokyo University
of Agriculture and
Technology

Tokyo University
of Agriculture and
Technology

Tokyo University
of Agriculture and
Technology

Tokyo University
of Agriculture and
Technology

Tokyo University of
Science

Tohoku University

Tohoku University

Tohoku University

Tohoku University

Osaka University
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Title

Magnetoresistance in pulsed magnetic field on semiconducting
tellurium

Antiferromagnetism and thermoelectric properties in
PrixSrx(Mnj-yFey)O3

High-field magnetization measurements of a new chiral
quantum magnet

Name

Kaya Kobayashi

Hiroshi Nakatsugawa

Kenta Kimura

Magneto-optical properties of the frustrated magnets containing Hirohiko Sato

a kagome-honeycomb-triangular composite lattice

Magneto-optical properties of multiferroic triangular-lattice
antiferromagnet AgFeO2 under high magnetic fields

Characterization of luminescence properties of nitrogen delta-
doped GaAs with a micro-cavity structure

Interface structure analysis of a topological/magnetic insulator
thin film heterostructure

Superconducting gap measurement by low-temperature high-
resolution laser angle-resolved pho-toemision spectroscopy

Time-resolved and angle-resolved photoemission study on the
iron-based superconeductors

Daisuke Otsuka

Hirohiko Sato

Yuta Ikedo

Hiroyuki Yaguchi

Kengo Takamiya

Masaki Sutou

Toru Hirahara

Hakuto Suzuki

Masafumi Horio

Takahiro Shimojima

Organization

Okayama University

Yokohama National
University

Osaka University

Chuo University

Chuo University

Chuo University

Chuo University

Saitama University

Saitama University

Saitama University

Tokyo Institute of
Technology

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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Title

APRES Study on Pseudogap in Iron-Pnictides

Direct observation of superconducting state in bismuth
compound with strong spin-orbit coupling

Excited state of semiconductors investigated by time-resolved
photoemission spectroscopy

Spin-dependent nonequilibrium dynamics of surface Dirac
Fermions in topological insulators

Nonequilibrium dynamics in ferromagnetic topological
insulators

Observation of spin polarization in inversion-symmetry broken
materials

Study of magnetic oxide using terahertz spectroscopy

THz spectroscopy of a superconducting detector for radio-
astronomical observations

Name

Asuka Nakamura

Tatsuya Sonobe

Masato Sakano

Kyoko Ishizaka

Yuya Suzuki

Akio Kimura

Zhu Siyuan

Kyoko Ishizaka

Shinichi Ohkoshi

Namai Asuka

Marie Yoshikiy

Satoshi Yamamoto

Akifumi Asahara

Yuri Nishimura

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
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Title

Study of structural physics on transition metal oxynitrides and
oxyhydrides

Growth of single crystals of transition metal compounds with
charge, orbital and spin degrees of freedom

WE G - BHiidkdi G 7 5 A / Materials Synthesis and Characterization G Class Researcher
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BEBIAITTERE
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ARSI E A
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BERHAE TR

Title

Decomposing dry imaging film and recycling silver compounds
using supercritical water

multi-step organic synthesis in sub- and supercritical water
using solid acid/base catalysts

Kinetic analysis of solid acid and base catalyzed reactions in
sub- and supercritical water

Material design of electrode and electrolyte for intermediate
temperature

Evaluation of cation diffusion in the electrode/electrolyte
interface of solid oxide fuel cell

Name

Junichi Yamaura

Sachiko Maki

Naoyuki Katayama

Kento Sugawara

Name

Junichiro Otomo

Masukawa Shun

Junichiro Otomo

yusuke nakai

Junichiro Otomo

Makoto Akizuki

Junichiro Otomo

Kojo Gen

Junichiro Otomo

Naoto Hashikita

Organization

Tokyo Institute of
Technology

Tokyo institute of
technology

Nagoya University

Nagoya University

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
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Title

Investigation of electrode reaction in reversivle fuel cells with
proton conducting electrolyte

Study on catalyst synthesis and surface reaction analysis for
novel energy storage systems

Preparation of perovskite oxides as supports for MeO (Me: Cu,
Ni) oxygen carrier materials for chemical looping systems

Characterization for metal catalysts supported on mesoporous
materials and graphene oxides

Exploration of new 5d transition metal compounds by means of

high-pressure synthesis

Development of synthesis methodology for oxide composite
nanoparticles under supercritical hydrothermal synthesis

The development of in situ organic modification technology of
particles in high temperature and pressure water

The preparation of core-shell particles under supercritical
hydrothermal synthesis

Name

Junichiro Otomo

Mastuoka Shuhei

Junichiro Otomo

Fumihiko Kosaka

Junichiro Otomo

Ochieng James
Ochieng

Takehiko Sasaki

Takahisa Arima

Nobuyuki Abe

Shingo Toyoda

Netsu Naoaki

Hiroki Sumi

Junichiro Otomo

Akira Yoko

Junichiro Otomo

Lei Yue

Junichiro Otomo

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

Study of compound oxide nano-particles using supercritical
hydrothermal synthesis

in situ measurement of Raman scattering for heterogeneous
catalytic reactions

Continuous synthesis of functional metal oxide nanoparticles
using a micromxer

Development of secondary battery by the nanomaterials

Distortion measurement for multi-finctional metal complex by
transmission electron microscope

Microstructural studies of newly developed permanent magnet
materials

Substitution effect on Fe-based ladder compounds

Magnetic properties of spinel and pyrochlore oxides

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

Study on the magnetic and electrical properties of Heusler
compounds

Investigation of the electronic transport of perovskite PbVO3
under high-pressure

Properties of novel site ordered perovskite oxides

Name

Li Mengting

Junichiro Otomo

Shinsuke Kato

Takehiko Sasaki

Itako kentaro

Sue Kiwamu

Eiji Hosono

Itoi Miho

Tetsuji Saito

Kenya Ohgushi

Yoshihiko Okamoto

Shigeta Iduru

Satoshi Shigematsu

Masahiko Hiroi

Tomoya Tazoko

Kengo Oka

Gen Shimura

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

AIST

AIST

Nihon University

Chiba Institute of
Technology

Tohoku University

Nagoya University

Kagoshima University

Kagoshima University

Kagoshima University

Kagoshima University

Chuo University

Nagoya University
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Title Name

Growth of a new ferroelectric phase, KsNbgO25 single crystal =~ Ryuichi Komatsu

Precipitation behavior and magnetic properties of fine magnetic

particles in Cu - Ni base alloys single crystal Mahoto Takeda

” Kim Junseop

” Hibiki Sakakura

Exploration of new 5d transition metal compounds by means of

high-pressure synthesis Yusuke Tokunaga

7 7 A / Materials Synthesis and Characterization U Class Researcher
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” Yuri Fujimiya
” Kana Maeshima
Title Name

Metallic-covalent bonding conversion of icosahedral cluster in
Al-based approximant crystals

Ikuzo Kanazawa

” Tomoaki Sasaki

Electrical conductivity and magnetic properties of icosahedral

. Kaoru Kimura
cluster solids

” Takanobu Hiroto

Magnetoresistance on semiconducting Te in low magnetic eld Kaya Kobayashi

Control of graphene optical spectrum in terahertz region Takanori Matsuki

Degradation of oxygen carrier materials in chemical loop

Junichiro Otomo
systems

” Yuya Saito

Organization

Yamaguchi University

Yokohama National
University

Yokohama National
University

Yokohama National
University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Organization

Tokyo Gakugei
University

Tokyo Gakugei
University

The University of
Tokyo

The University of
Tokyo

Okayama University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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TR ORI ANY 7E T 7 A& 5T O Fabrication of amorphous and diamond-like carbon o
N Ny .= P N :¥ ik Al X . . . . S
9 ENTFPAA—RVEINIAYEVFFIATD ;;i ZZ WK %z&ﬁ%ﬁfgﬁj nanocoatings by surface dielectric barrier discharges generated Sven Stauss g)llf limverslty of
—RvDF)a—F4 7 T in supercritical fluids ¥
FEHAR2#pF9E 8 / Long Term Young Researcher
No. AL K4 Pile Title Name Organization
Y& 1 K M2 gk Rl L 2 e ks i AV o= )\?5}?@#6{% . : : 13 . . . . . .
1 EREI~Y 7 4 3-A HHoPEREEE oL AR N TRy NE B Study of the half quantized vortex in superfluid “He-A phase =~ Kimura Yutaka Osaka City University
kS AR - °~ . o N = piv j(?%iiiﬁﬁ% . . . e . .
2 BmEMIEIC X B R VIRIROWI e Kt TR B Study of spin liquids by thermal transport measurement Daiki Watanabe Kyoto university
X [, T s asrroe  DeVelopment of experimental measuring equipments under
S i ! 4 1220
3 %i@ﬁﬁ% MR ORI & BT B EOH A #+ NG S ;SLT BEAR multiplex extreme conditions and studies on quantum critical ~ Kazuki Sato Osaka University
7u a phenomena
EH P — T IREMFOMBFRTCSIER H =X LD U KAFBET 242 0F Study of the oxygen reduction reaction of nitrogen-doped L The University of
4 fiEH AW ke HORS Fekt carbon materials Kiuchi Hisao Tokyo
5 T EER S 2 VEE OB & KER G5 T BhE sy iﬁl?fﬁgﬁiéi Development of high-pressure cell for neutron diffractin and in- Riko Tizuka Ehime Universit
Gz R oEYORIREE T 2 D55 ; AT ;_ 7u situ observation of hydrogen-bonding materials ¥
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I
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HEEAHHE—% ($0) Joint Research List (2015 Latter Term)

Title

X-ray diffraction study of spin-orbital coupled states of non-
Kramers systems

Theoretical study on charge critical fluctuations associated with

valence instability

The search for quantum state in frustrated magnets

Development of low temperature magnetic measurements

Investigation of quantum critical phenomena in valence
fluctuating and heavy fermion Yb-based compound

Study on methanol synthesis by hydrogenation of carbon
dioxide over Cu alloy catalyst

High resolution vibration spectroscopy of bio-molecules for
sensor application

Study of water splitting reaction on oxide semiconductor
catalysts

Chemical modification of epitaxial graphene grown on SIC
substree[and its spectroscopic characterization

Investigation of optical and vibrational properties of organic
molecules on sold surfaces

Control of mano-structure of organic thin-film solar cell

Creation of spin current circuits using two-dimensional atomic
layers

Name

Hiroshi Sawa

Kazumasa Miyake

Kenta Kimura

Yoshitomo Karaki

Kentarou Kuga

Yoshitada Morikawa

Tadahiro Komeda

Yoshiyasu Matsumoto

Md. Zakir Hossain

Yuji Kuwahara

Hiroko Yamada

Yasuhiro Niimi

Organization

Nagoya University

Toyota Physical and
Chemical Research
Institute

Osaka University

University of the
Ryukyus

RIKEN

Osaka University

Tohoku University

Kyoto University

Gunma University

Osaka University

Nara Institute

of Science and
Technology

Osaka University
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Title

Development of STM at very low-temperatures and strong
magnetic fields

Effect of pressure on the organic conductor

Adjustment of cubic anvil apparatus

Effect of Pressure on the Ce Compounds

Pressure effect of rare earth 122 compounds

Effect of pressure on the magnetic materials

Development of NMR measurement method under high
pressure

Development of multi-anvil apparatus for low temperature

Developments of high pressure cell for neutron diffraction

Study on pressure induced superconductivity of quasi organic
conductor

Development of apparatus for specific heat measurements
under high pressure

Development of the magnetometer

Development of pressure cell for specific heat measurements
under magnetic field

Effect of pressure on the 3d transition compounds

Development of 10GPa class high pressure apparatus for low
temperature

Name

Tastuya Kawae

Keizo Murata

Hiroki Takahashi

Tetsuya Fujiwara

Toru Shigeoka

Gendo Oomi

Naoki Fujiwara

Masato Hedo

Susumu Katano

Miho Itoi

Izuru Umehara

Takashi Naka

Tastuya Kawae

Takeshi Kanomata

Kazuyuki
Matsubayashi

Organization

Kyushu University

Osaka University of
Economics and Law

Nihon University

Yamaguchi University

Yamaguchi University

Kurume Institute of
Technology

Kyoto University

University of the
Ryukyus

Saitama University

Nihon University

Yokohama National
University

NIMS

Kyushu University

Tohoku Gakuin
University

The University
of Electro-
Communications
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Title

Quantum oscillation measurements of heavy-fermion materials
at ultra-low temperatures

Development of a compact focusing small-angle neutron
scattering instrument and application research using the
instrument

Structural studies of strongly correlated electron systems by
usage of neutron scattering and instrumental developments

Development of Large-area curved two dimensional neutron
detector and low temperature oscillating photographic device

Upgrading of the neutron scattering device and promotion of
the research and public use

Progress of the joint research by using the neutron scattering
instruments

Upgrade of 3-axis neutron spectrometer for the oncoming
coexistence of J-PARC/MLF and JRR-3

Neutron scattering study of strongly correlated electron systems

by using neutron spectrometers

Executing user program and study of material science with the
advanced triple-axis spectrometers

Development of micro-focusing small-angle neutron scattering
spectrometer

Development of compact focusing SANS instrument and
improvement of cold neutron reflectometer and interferometer

Development of compact SANS and improvement of cold
neutron reflectometer and interferometer

Studies on structural change of soft matter under flow field

Material science studies under extreme conditions by using
triple-axis spectrometers

Name

Hiroaki Shishido

Michihiro Furusaka

Kazuaki Iwasa

Hiroyuki Kimura

Masaki Fujita

Yoshikazu Tabata

Takeshi Matsumura

Masato Matsuura

Keitaro Kuwahara

Makoto Yokoyama

Masaaki Sugiyama

Masahiro Hino

Masaaki Kitaguchi

Yoshiaki Takahashi

Naofumi Aso

Organization

Osaka Prefecture
University

Hokkaido University

Tohoku University

Tohoku University

Tohoku University

Kyoto University

Hiroshima University

CROSS

Ibaraki University

Ibaraki University

Kyoto University

Kyoto University

Nagoya University

Kyushu University

University of the
Ryukyus
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Title

Bilayer undulation of a nonionic vesicle under high pressure

Propelling the inter university research cooperation

Research and development of interferometric imaging
instruments for cold neutron

Improvement of triple-axis spectrometer and its application to
the spin dynamics research

Study of strongly correlated electron systems using advanced
triple-axis spectrometers

SANS study on high-toughness ion gels for Li-ion batteries

Development of small-angl neutron scattering and spin echo
spectorometer

Developments of pulse magnets for synchrotron and neutron
experiments in pulsed high magnetic fields

Development for ultrasonic measurements by use of 85
T-magnet

Ultra-high resolution photoemission spectroscopy on high Tc
superconductor

The development of time-resolved photoemission using 60eV
laser

Laser-ARPES on Fe superconductor

Angle-resolved photoemission study on high Tc cuprate

Ultra-high resolution study on strongly correlated materials

Name

Youhei Kawabata

Shinichi Itoh

Yoshie Otake

Taku Sato

Yusuke Nambu

Kenta Fujii

Rintaro Inoue

Yasuo Narumi

Masahito Yoshizawa

Yoshiki Nakanishi

Atsushi Fujimori

Kyoko Ishizaka

Takahiro Shimojima

Tsunehiro Takeuchi

Takayoshi Yokoya

Organization

Tokyo Metropolitan
University

KEK

RIKEN

Tohoku University

Tohoku University

Yamaguchi University

Kyoto University

Tohoku University

Iwate University

Iwate University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Toyota Technological
Institute

Okayama University
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Title

Photoemission study on vanadium oxides

Photoemission study on organic compounds

Ultra high resolution photoemission study on heavy fermion
Uranium compounds

Laser-photoemission study on oxide films

Photoemission study on 4f materials

Observation of magnetic domain structures by ultra-high
resolution photoemission electron microscopy

Time resolved photoemission on Mn compounds

Construction and utilization research of aberration correction
photoelectron emission microscopy

Development of micr- and time-resolved beamline

Research on electron state of molecular crystals using
photoemission spectroscopy

Electronic-structure study of topological insulators

Study of surface dynamics by time-resolved photoemission

spectroscopy with high-brilliant soft x-ray synchrotron radiation

Research and development of soft X-ray undulator beamline

Research and development of a new photoelectron spin
detector

Magnetization in process of magnetic nano structure by PEEM

Study of electronic states in strongly correlated materials with
high brilliant soft-Xray

Name

Ritsuko Eguchi

Kaname Kanai

Shinichi Fujimori

Shunsuke Tsuda

Masaharu Matsunami

Takeshi Nakagawa

Mario Okawa

Masato Kotsugi

Takayuki Muro

Takayuki Kisu

Akio Kimura

Hiroshi Kondoh

Kenta Amemiya

Taichi Okuda

Toyohiko Kinoshita

Hiroshi Kumigashira

Organization

Okayama University

Tokyo University of
Science

JAEA

NIMS

Toyota Technological
Institute

Kyushu University

Tokyo University of
Science

Tokyo University of
Science

JASRI

Osaka University

Hiroshima University

Keio University

KEK

Hiroshima University

JASRI

KEK
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Title Name

Development of 2D display type spin resolved photoelectron

Hiroshi Daimon
energy analyzer

Study of time-resolved photoemission spectroscopy for

. Kazuhiko Mase
molecular adsorption system

Study of scattering theory for the resonant magneto-optical

Kerr effect Taguchi Munetaka

Study on the electronic property of electrode materials for Li-

ion batteries by soft X-ray absorption/emission spectroscopy Eiji Hosono

” Daisuke Asakura

Study on vanadium oxides by high resolution Photoemission Hidenori Fujiwara

Construction of a noble system for circular and linear

dichroism in soft X-ray emission and RIXS spectroscopy Suga Shigemasa

Study on the physical properties of soft materials by a
combination of ultra-small-angle X-ray scattering and soft X-ray Yoshiyuki Amemiya
absorption/emission spectroscopy

Nanoscale analysis of electronic states of graphene device Hirokazu Fukidome

Operando nano-spectroscopy for energy efficient, power

. . Masaharu Oshima
generation and energy storage devices

Studying structures and magnetism of materials by resonant

hard and soft x-ray scattering Youichi Murakami

Operando analysis of the electronic structure of actual devices

by 3DnanoESCA Naoka Nagamura

Observation of electric ordered state under external field by

: Yuichi Yamasaki
resonant soft x-ray scattering

Organization

Nara Institute
of Science and
Technology

KEK

Nara Institute
of Science and
Technology

AIST

AIST

Osaka University

Osaka University

The University of
Tokyo

Tohoku University

The University of
Tokyo

KEK

NIMS

The University of
Tokyo
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Title

Effects of crystal symmetry and orbital degeneracy in ordered
states of strongly correlated electron systems

Theoretical and experimental studies of determination of
superconducting symmetry

Magnetization and specific heat measurements of Pr2PtsGais at
low temperature

Low-temperature magnetization measurements of ordered
states in Kondo semiconductor

Magnetization measurements of anti-ferromagnetic compound
SmTr2Zn2o (Tr = Rh, Ir) with first-order transition and field-
induced phase transition

Investigation of the origin of the exotic low temperature
excitation in LnOBiS2

Specific heat measurements of the ruthenate Sr2RuO4 under
uniaxial pressure

High-pressure syntheses of materials with unique spin-orbital
coupling

Name

Makoto Yokoyama

Yumi Sakon

Kazunari Machida

Yuji Matsumoto

Takuya Ueda

Takashi Tayama

Daishirou Yutani

Kase Naoki

Tanahashi Masataka

Ryuji Higashinaka

Takuya Asano

Hiroshi Yaguchi

Teruo Yamazaki

Takahisa Arima

Yusuke Tokunaga

Organization

Ibaraki University

Ibaraki University

Ritsumeikan University

Nagoya Institute of
Technology

Nagoya Institute of
Technology

University of Toyama

University of Toyama

Niigata University

Niigata University

Tokyo Metropolitan
University

Tokyo Metropolitan
University

Tokyo University of
Science

Tokyo University of
Science

The University of
Tokyo

The University of
Tokyo
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Title

Low temperature physical properties of metal-radical complex
matarials

Quantum spin liquid in Th2+xTi2xO7+y

Magnetic eld induced transition in an organic Mott insulator

with one-dimensional triangular lattice

Study of the charge-lattice interaction in the charge
supercooled liquid and glass states in strongly correlated
organic compounds

Low temperature physical properties at magnetic fields in
strongly correlated electron system

Effects of the 3d,5d transition metal on metallic conductivity at
transition metal oxides hetero interface

Name

Nobuyuki Abe

Keisuke Matsuura

Hiroki Sumi

Yuri Fujima

Hironori Yamaguchi

Yuta Sasaki

Masataka Okada

Hiroaki Kadowaki

Hiroki Edamoto

Yasuhiro Shimizu

Kenichiro Hashimoto

Takao Ebihara

Mihee Lee

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Osaka Prefecture
University

Osaka Prefecture
University

Osaka Prefecture
University

Tokyo Metropolitan
University

Tokyo Metropolitan
University

Nagoya University

Tohoku University

Shizuoka University

Nara Institute
of Science and
Technology
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Title

A study of structural and functional properties of perovskite
solar cells fabricated by vacuum evapolation method

The creation of novel wurtzite-type tetrahedral ferroelectric
materials

Structural and material-property characterization of multi
component oxide films with nano-scale phase separation

Nickel Flux-effect under the direct reduction process for solar
grade silicon

Hall coeflicient measurement of Pb-substituted Bi-based
superconductors(3)

Structural and physical studies of photoactive oxynitrides and
oxysulfides as materials for water splitting catalysts

Name

Kazuhiro Kawashima

Shintaro Yasui

Yuji Matsumoto

Shingo Maruyama

Yuta Kawahira

Kenji Itaka

Shiro Kambe

Gi Yokuryou

Saya Suzuki

Takehiro Suzuki

Takumi Masukawa

Taro Yamada

Zhong Miao

Hiroshi Nishiyama

Yosuke Goto

Organization

The University of
Tokyo

Tokyo Institute of
Technology

Tohoku University

Tohoku University

Tohoku University

Hirosaki University

Yamagata University

Yamagata University

Yamagata University

Yamagata University

Yamagata University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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STM study on the structure of a (1 x 1) TiO2z film formed on

Ag(110)

The electron-phonon coupling in the empty bands investigated
by the HREELS: A study of single crystalline graphite

FTIR measurements of metastable physisorption processes on

Si(001)

Wet chemical etching process of the hydrogen terminated

Si(110)-(1 x 1) surfaces

High resolution vibration spectroscopy of dopamine molecules

Study of novel phenomena in graphene, carbon nanotube, and

2D mono-atomic layers

Title

Name

Enju Sakai

Yosuke Moriya

Motoki Iwase

Rikio Settai

Shin-ichiro Tanaka

Shinya Ohno

Shimizu Shotaro

Shozo Suto

Erina Kawamoto

Tadahiro Komeda

Tsuyoshi Takaoka

Sho Asami

Jyunji Haruyama

Chika Ohata

Kumiko Nomura

Yoshino Fukai

Organization

The University of
Tokyo

The University of
Tokyo

Meiji University

Rikkyo University

Osaka University

Yokohama National
University

Yokohama National
University

Tohoku University

Tohoku University

Tohoku University

Tohoku University

Tohoku University

Aoyama Gakuin
University

Aoyama Gakuin
University

Aoyama Gakuin
University

Aoyama Gakuin
University
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HOLLAARS 2R} measurements
TR A FERE T 24 Analysis of magnetic anisotropy of rare-metal-free magnetic
materials
SN KEEBHAGEI T Hydrogen absorption at the interface of Ag thin film and
2L
AU LAEART “EWFER Si(111) substrate
o S, - Time resolved spectroscopy of optical responses from nano-
N -+ S
ARG 22 ROEBARIZERT structures on metal / semiconductor surfaces
A gy ae g Positron-annihilation studies of Al-Pd-Mn quasicrystal and its
HOALFERT BT approximant crystals
e RPBEHE T
Lt
KIS 2SS S ”
JbpEnRlEs: =5 U 744 Low temp. STM investigation of epitaxial silicene and
MiR2EBERY: v AWF%ER germanium on diboride
JERESESRIER =7 ) 7 L4 ,
MRZFEBERYE v ARFSERE
RS ~ 7 ) 7Ly 4 ,
MiRPBERSY: T AR
T A KEEBELZW9E  Development of a miniature STM for low-temperature and
- bt high-eld measurements of heavy fermion superconductors
JUHRE KEEBE LA ”
JUHRE KEEBE LA ”
b SRR Thermal conducitivity measurements in a charge-glass state of

an organic compound with a triangular lattice

Name

Yoto Katagiri

Koichi Izawa

Masato Kotsugi

Kan Nakatsuji

Norikazu Kawamura

Ikuzo Kanazawa

Tomoaki Sasaki

Yukiko Takamura

Antoine Fleurence

Takahiro Yonezawa

Tastuya Kawae

Hiroki Takata

Masanobu Shiga

Organization

Aoyama Gakuin
University

Tokyo Institute of
Technology

Tokyo University of
Science

Tokyo Institute of
Technology

NIPPON HOSO
KYOKAI

Tokyo Gakugei
University

Tokyo Gakugei
University

Japan Advanced
Institute of Science and
Technology

Japan Advanced
Institute of Science and
Technology

Japan Advanced
Institute of Science and
Technology

Kyushu University

Kyushu University

Kyushu University

Kenichiro Hashimoto Tohoku University
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PRI SR AR

SRR

HHRE

BEHE R RAR A
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KA TR
B
KA TR
B
KA TR
B

KB T2
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Zikt
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SEOF

AT
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el

BT

Title

Study of cross-correlation between spin flow and electric field
in superfluid He-3 Al

Studies on electrical properties of conductive langmuir-blodgett

films under high pressure

Pressure dependence of charge transfer transition temperature
of square planar iron oxide

Specific measurement of ternary compound EuCuP2

Synthesis and single crystal growth of Pr-Zn-Ge novel ternary
intermetallics

Resistivity measurement of LaFe2P2 under high pressure

Study of the temperature-pressure phase diagram of the one-
dimensional charge-ordered organic compound 0 c -(BPDT-
TTF)2ICl2

Name

Keiya Shirahama

Akira Yamaguchi

Satoshi Murakawa

Michihiro Tagai

Yasuhiro Miura

Takafumi Yamamoto

Yoji Kobayashi

Takeiri Fumitaka

Taito Murakami

Tetsuya Fujiwara

Toru Shigeoka

Tetsuya Fujiwara

Toru Shigeoka

Tetsuya Fujiwara

Toru Shigeoka

Organization

Keio University

The University of
Hyogo

The University of
Tokyo

Keio University

Toin University of
Yokohama

Kyoto University

Kyoto University

Kyoto University

Kyoto University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Kenichiro Hashimoto Tohoku University
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BBk HHE
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L
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Title

Magnetic transition of polymorphic compound Rlrz2Si2(R=rare
earth) 5

Magnetic characteristics of pseudoternary system (Ho,Gd)
Rh2Si2 single crystal 2

Investigation of valence transition of Eu compounds under high

pressure

Electrical resistivity measurements of Yb2PteX15(X=Al, Ga)
under high pressure

Development of high pressure technique orienting to the
research of organic concductors

Investigation of the high pressure effect on the conductivity

of a series of halogen-bridged gold mixed valence complexes,
Cs2Au2Xs (X = Cl, Br, I).

Pressure effect of superconducting transition temperature on
filled skutterudite compounds

Study on pressure-induced martensitic phase transformation in
Co-based Heusler alloys

Magnetic and transport properties in YbH2+x

Name

Ryota Kobayashi

Toru Shigeoka

Tetsuya Fujiwara

Toru Shigeoka

Tetsuya Fujiwara

Honda Fuminori

Yoshichika Onuki

Yuji Matsumoto

Yuki Nakamura

Keizo Murata

Masaya Enomoto

Kojima Norimichi

Yukihiro Kawamura

Shingo Deminami

Shigeta Iduru

Yutaro Fujimoto

Osamu Nakamura

Organization

Tohoku University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Yamaguchi University

Tohoku University

University of the
Ryukyus

Nagoya Institute of
Technology

Nagoya Institute of
Technology

Osaka University of
Economics and Law

Tokyo University of
Science

Toyota Physical and
Chemical Research
Institute

Muroran Institute of
Technology

Muroran Institute of
Technology

Kagoshima University

Kagoshima University

Okayama University of
Science
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Title

Resistivity measurements under pressure for SraMO4 (M =V,
Cr)

Magnetism and superconductivity in the strongly correlated Ce
alloys

Substitution effect at Co element in YbCo2Znzg 11

Study of quantum fluids and solids using rotating dilution
refrigerator

Substitution effect at Zn element in YbCoz2Znzo 11

Quantum phase transition and magnetic properties in the
strongly correlated Ce compounds

Substitution effect of metamagnetic transition of Mn2Sb-based
magnetic material

Magnetic properties of Cr-based itinerant ferromagnetic
materials

Name

Hiroya Sakurai

Yusuke Amakai

Naofumi Aso

Riki Kobayashi

Yasuyuki higa

Keiya Shirahama

Daisuke Takahashi

Satoshi Murakawa

Tomoya Tsuiki

Naofumi Aso

Riki Kobayashi

Haruki Takamura

Shigeyuki Murayama

Yoshifuru Mitsui

Taoto Wakamori

Yoshifuru Mitsui

Soshi Yoshinaga

Organization

NIMS

Muroran Institute of
Technology

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

Keio University

Ashikaga Institute of
Technology

The University of
Tokyo

Keio University

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

Muroran Institute of
Technology

Kagoshima University

Kagoshima University

Kagoshima University

Kagoshima University
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e
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REEBEBE LRI
ikt

RGBT AEIF
Fikt
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Jit

KA T
%2t

T
KRBT
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KB T
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BEEHR

RGBT AEIF
Fikt

BAAR

KRBT
Kb

ik il

Electrical resistivity measurement of CeTX3 (T:Transition Metal
X:Si,Ge) under high pressure

Magnetization of Heusler compoundFe2CoGa under pressure

Magnetic properties of Mn2Sb-based metamagnets

Studies on high pressure properties of organic molecular

conductors

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

Pressure effect on transport properties of transition metal

compounds

Trasport properties of valence fluctuating compounds under

pressure

Physical properties of the Ullmannite-type compounds under

high pressure

Transport properties of non-centrosymmetric transition metals
compounds under high pressure

Name

’ Hirose Yusuke

Ryohei Meguro

Masakazu Ito

Hidenori Matsuguma

Keiichi Koyama

Adline Ngozi Nwodo

Kiyoshi Torizuka

Masato Hedo

Yousuke Ashitomi

Takao Nakama

Teruya Atsushi

Tomoyuki Yara

Takao Nakama

Fuminori Suzuki

Takao Nakama

Kengo Nishimura

Masato Hedo

Organization

Niigata University

Niigata University

Kagoshima University

Kagoshima University

Kagoshima University

Kagoshima University

Musashino 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

University of the
Ryukyus

University of the
Ryukyus
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Title

Pressure effect on the magnetic quasi-period ordered phase in
TmB4

Study of the valence fluctuation of rare-earth compounds

Investigation of novel quantum critical phenomena in layerd
rare earth compound and its pressure effect

Investigation of the novel quantized vortices in superfluid 3He-

A phase between parallel plates

Electrical resistivity measurement under high pressure on
KxFez-yS2 related with iron based superconductors

Parallelization of a tensor network variational method

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

Masashi Kakihana

Fumitoshi Iga

Shinji Michimura

Nakano Tomohito

Eisuke Takahashi

Nakano Tomohito

Terashima Soichiro

Osamu Ishikawa

Hisao Kobayashi

Kenji Harada

Shu Yamaguchi

Shogo Miyoshi

Kazuhiko Tanaka

Keiichiro Honda

Shu Yamaguchi

Organization

University of the
Ryukyus

Ibaraki University

Saitama University

Niigata University

Niigata University

Niigata University

Niigata University

Osaka City University

The University of
Hyogo

Kyoto University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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No. A K4 FiTlE Title Name Organization
156 » SHFOIEE ROk %ﬁhT?ﬁﬁ » Shogo Miyoshi %ﬁygmvmity of
157 ” Hri Mz BRE %iﬁii%m ” Kazuhiko Tanaka $£1Eyléniversity of
158 iggz%&:c Z)/& ;;%jﬁ; LTV ELEHWE 20 i BT e %ﬁﬁfﬁfﬁiﬁ?ﬁ? aH;%llll ?;stgizszﬁggraigl;g;ﬁs to 20 GPa using the opposed- Ayako Shiozaki Nagoya University
159 Fu PRI SRAMOMIE X SEGHIE Bl 3 A Jy TR Hieh pressure xoaay diftcction measuremnt for BusubstUed ygirogp kageyama  Kyoto University
160 ” J; ];jé ]/I/ 7 R ﬁ?ﬁi#ﬁ?% ” Cedric Tassel Kyoto University
161 ” 11z NI 3 THBRA ﬁiﬁj‘#ﬁ% ” Takafumi Yamamoto Kyoto University
162 ” A BE TR ﬁiﬁi?ﬁﬁ% ” Yuki Matsumoto Kyoto University
163 53 TR A {LAPIOTIE AR & Tl P M ke STPELTOTE D pressure symbesis and characterization of molecular e N1wa Nagoya University
164 ) B gk TR ” Matsuzaki Fumiya  Nagoya University
165 ITERE A AV EESROMEAR I B gy 700 TR Hih brossue sybiiests of novel ton conductive oxides Ken Niwa Nagoya University
166 ” o pE— AT ERY Q?K;”EI?E}T%% ” Eiichi Hirose Nagoya University
167 ?g(ﬂéﬂg& PR T A A R O BN T Al R R ﬁ?[‘fﬁ]:?ﬁ)?% High pressure synthesis of novel A-site ordered perovskites Shimura Gen Nagoya University
168 HEEALIERIER SIEE YD REAR B i iR RS ;S?%I?ﬁﬁ% High pressure synthesis of late transition metal nitrides Yuichi Shirako Nagoya University
169 ” SFE A LT ERY: ??ﬁi?ﬁ?% ” Terabe Toshiki Nagoya University
10 JT ARSI KRR (g PRERR Nt s s o v mides st Sk o Uty
171 ” INH 5 LR %(‘#l‘%j:#ﬁﬁ% ” Shogo Yamada Nagoya University

ST AR T A - B g ERALEE . o g T R ; - PO ;
A T % F O 7 B T RLE R 4 m b BRI IE Y e RAABET#WF%%  Synthesis of novel phosphor-rich transition-metal phosphides

172 L oRIEL B in ultra-high pressures

Masashi Hasegawa  Nagoya University
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Title

High-pressure synthesis of alkaline earth metal based new filled
skutterudite compounds

Peptide formation of amino acids under high pressure

Reactivity of nitrogen with minerals at mantle conditions

Magnetic impurity effect on spin dynamics of triangular spin
tubes

Alignment of Ce(Rui-xRhyx)2Al1¢ single crystals by high-energy
X-ray Laue diffaction

Interplay between unconventional superconductivity and
magnetism in heavy-fermion compounds

Magnetic orders of the rare-earth alloy Gdj-xLax

Name

Keita Nishidouzono

Chihiro Sekine

Hayato Mikage

Hiroyuki Kagi

Chikako Fujimoto

Hiroyuki Kagi

Ayako Shiozaki

Toshinori Kubo

Hirotaka Manaka

Naofumi Aso

Riki Kobayashi

Haruki Takamura

Makoto Yokoyama

Ryo Otaka

Teruo Yamazaki

Organization

Nagoya University

Muroran Institute of
Technology

Muroran Institute of
Technology

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Nagoya University

The University of
Tokyo

Kagoshima University

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

Ibaraki University

Ibaraki University

Tokyo University of
Science
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FiTlE Title

R T AAR
ikt

BT 2 Effect of Te-annealing in the Fe-based superconducters
LT FeTe1xChx (Ch=S, Se)
KEEGERE T 24

gl

Effect of Oz-annealing in the pure single crystals of the Fe-
based superconducters FeTejxSx

BT 2R

PET S48 ”

KL 2
Jit

Specific heat measurement at very low temperature in
substituted YbCoz2Znzo system

BAAR
HIAAR ”

KA T
%2t

Dynamic Study of amorphous polystyrene with low molecular

Lo weight near the glass transition temperature

REBE LA
Bt

;;?F‘%I?Fﬂ%

21 AT RIS Research and development of pulsed magnets combined with

3% adiabatic refrigerator below 1 K

KEFbE LoAge

i i

B Physical properties in rare earth intermetallic compounds at
i

high magnetic fields

Name

Mai Kurihara

Teruo Yamazaki

Satoshi Kubota

Hiroshi Yaguchi

Teruo Yamazaki

Takeaki lizumi

Naofumi Aso

Riki Kobayashi

Yasuyuki higa

Itaru Tsukushi

Eri Nishiyama

Fujimura Jun

Satoru Noguchi

Kento lida

Takao Ebihara

Organization

Tokyo University of
Science

Tokyo University of
Science

Tokyo University of
Science

Tokyo University of
Science

Tokyo University of
Science

Tokyo University of
Science

University of the
Ryukyus

University of the
Ryukyus

University of the
Ryukyus

Chiba Institute of
Technology

Chiba Institute of
Technology

Chiba Institute of
Technology

Osaka Prefecture
University

Osaka Prefecture
University

Shizuoka University
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Title

Geometrically frustrated effect and magnetic properties under
high-magnetic fields on titanium compounds

Magnetization studies of the frustrated magnets

Specific heat measurements of Ca2CoSi20O7 in high magnetic
fields

Development of a large wide-bore pulse magnet for a 10 MJ
capacitor bank

Specific heat measurements for understanding magnetic
properties of heavy-fermion oxypnictide CeFexCrxPO

Transport phenomena in high-Tc superconductors under pulsed
high magnetic fields

Magnetizaiton of some Heusler compounds in high magnetic
field

magnetism of single crystals of transition metal fluorides with
frustrated lattices under high magnetic field

Name

Takayuki Asano

Yuta Hifumi

Hikomitsu Kikuchi

Kenji Kunieda

Mitsuru Akaki

Masayuki Hagiwara

Kazuya Taniguchi

Yoichi Kamihara

Kazunori Ida

Itsuhiro Kakeya

Sachio Komori

Yoshiki Nomura

Masahiko Hiroi

Tomoya Tazoko

Hiroaki Ueda

Masato Goto

Sho Shinohara

Organization

University of Fukui

University of Fukui

University of Fukui

University of Fukui

Osaka University

Osaka University

Osaka University

Keio University

Keio University

Kyoto University

Kyoto University

Kyoto University

Kagoshima University

Kagoshima University

Kyoto University

Kyoto University

Kyoto University
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Title

High field magnetization of spin frustrating cluster magnets
with local charge fluctuations

Unraveling the spin states in the low temperature and high
magnetic field region of organic/inorganic spin systems

Magnetic properties of spinel FeCr2SixSex in high magnetic
field

Magnetic and thermal properties of valence-skipping
superconductor reference (Ca,Sr)FeO3

High field physical property of Kondo insulator (Yb, R)Bi2
(R=Zr, Sc, Y) up to 80T class by using the pulse magnet

Magnetic and thermal properties of rare earth dodeca-borides

produced by high pressure synthesis

Name

Chishiro Michioka

Yuya Haraguchi

Hayato Katsuma

Toshio Ono

Youji Endo

Naoya Ikawa

Kazuhiro Kasatani

Kyohei Okuda

Yota Miyake

Masakazu Ito

Hidenori Matsuguma

Fumitoshi Iga

Kikuchi Shoya

Eiji Kawawa

Fumitoshi Iga

Toru Wada

Fumitoshi Iga

Organization

Kyoto University

Kyoto University

Kyoto University

Osaka Prefecture
University

Osaka Prefecture
University

Osaka Prefecture
University

Osaka Prefecture
University

Osaka Prefecture
University

Osaka Prefecture
University

Kagoshima University

Kagoshima University

Ibaraki University

Ibaraki University

Ibaraki University

Ibaraki University

Ibaraki University

Ibaraki University
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Title

Magnetic properties of metal nanocrystals

Electronic transport properties of metal cluster networks under
high-magnetic field

Transport properties in Fe doped Bi-2212 under high pulsed
magneticFields

Measurement of transport properties of iron-chalcogenide film
under ultrahigh magnetic fields

Transport properties in Fe doped Bi-2212 under high pulsed
magneticFields

Physical properties at super high magnetic fields in rare earth
intermetallic compounds

Magneto-chiral dichroism in a chiral ferrimagnet

Name

Naoyuki Uematsu

Mitsuru Inada

Yuya Nakatani

Mitsuru Inada

Tomoki Miyake

Takao Watanabe

Atutaka Maeda

Yoshinori Imai

Yuichi Sawada

Tomohiro Usui

Yuki Teramoto

Takao Ebihara

Takahisa Arima

Nobuyuki Abe

Toyoda Shingo

Naoaki Netsu

Organization

Ibaraki University

Kansai University

Kansai University

Kansai University

Kansai University

Hirosaki University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Hirosaki University

Hirosaki University

Shizuoka University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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Title

High-field magnetization of Celr(In;-xCdx)s

Investigation of saturation magnetization in CugMo20g using
horizontal single-turn coil system

High field magnetization of Kondo insulator (Yb,R)B12 and

valence fluctuation material (Y,Tm)Bg by using one-turn coil in

a 120 T pulse magnet

Field-induced phase transition in O2-N2 mixed solid

Physical properties at super high magnetic fields in rare earth
intermetallic compounds

Investigation on physical properties of FeMn-based shape
memory alloys

Magnetoresistance in pulsed magnetic field on semiconducting

tellurium

High field magnetization measurements of breathing pyrochlore

lattice antiferromagnets

Investigation of field-insensitive nature of heavy-fermion
compounds SmT2Alzo

Study of magnetic-field induced phase transitions in graphite
using pulsed magnetic fields

The high-field magnetization of the heavy fermion compound
YbAgCus

Magnetostriction in CusMo20g under pulsed magnetic field II

Name

Rikio Settai

tsunoda ryoma

Haruhiko Kuroe

Fumitoshi Iga

Yuto Osanai

Tatsuo Kobayashi

Jumaeda Jatmika

Xiao Xu

Kaya Kobayashi

Yoshihiko Okamoto

Ryuji Higashinaka

Akira Yamada

Hiroshi Yaguchi

Hirose Yusuke

Tsunoda Ryoma

Haruhiko Kuroe

Organization

Niigata University

Niigata University

Sophia University

Ibaraki University

Ibaraki University

Okayama University

Shizuoka University

Tohoku University

Okayama University

Nagoya University

Tokyo Metropolitan
University

Tokyo Metropolitan
University

Tokyo University of
Science

Niigata University

Niigata University

Sophia University
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269 }égr%z(zr%(?l\;%m-yl:ey)()S D RGN & BVER I B KR é?%]:?ﬁﬁ% gilltifserrxr((gzr;ig}rllpes;)rg:nd thermoelectric properties in Hiroshi Nakatsugawa [Yj(r)]l:\c;ilrirlxtl; National
270 gf%ﬁ%ﬁg%g ffﬁ flﬁﬁﬁ IAN—HEBNT KRE T HALRY: BRI Egilgf;g; g; emx;}gliZtglif;:éenr?lcltelg:;rle?nl:;]ttshﬁ? (;;iudl_sreaéj i}?fglh Takumi Kihara Tohoku University
~ magnetic fields
271 ” SR R HRIEE R ;§$&}$L$M% ” Takuya Kanetomo :[)‘1? Elgcntlr‘(l)_e—rSI.ty
Communications
273 FEROETRLAY UPdoCdzo ORBGHIRAL  FEW Mt BBk B Ui, magnetization of the new heavy fermion ompound  pirose yusuke Niigata University
274 ” BN PR R Eﬁ%ﬁﬁﬁﬁh ” Hiroshi Doto Niigata University
FEMPTE L ETRR
s S TTEINT S MKCNOSON i gy ey rm MWD oS VLl du oS gy oo Unerty o
276 ﬁjf%jg ij?%i)}ﬁ?ﬁ?éﬂ%b%mwt CusMo209 BT B RRA T2 glt: gl}é(t)irili%?le S;:tté?r? in CuzMo20g below 4 K using vertical . i Kuroe Sophia University
277 Z):i é i E% Ié {;3 g) ;].gi E%"i }gﬁ%%l{(g) Brzfio7 7 e Hf A BT A ﬂﬁl:l?(zlgorgzg;:ref;z?ﬁ%%ﬁz gli(éefrustrated magnets containing  pp o oo Chuo University
278 ” KK Kb rheR A iﬁﬁﬂi?ﬁ ” Daisuke Otsuka Chuo University
oro WML R 07 WORSD T30 o g o KPR Sy on coni popers oforromelic o 11t T 0 o
280 ” tpAy e P YNES %ﬁﬁii%ﬁ ” Yuiga Nakamura %gﬁyléniversity of
FERMPTE BRIl 355
81 G e T sk i microceavty st 0O T Hiroyuki Yoguehi Saltama Universiy
282 ” EEOE RERE ?@;ﬁ?}i&ﬂiﬁ'{%—k ” Kengo Takamiya Saitama University
283 ” I EME RS %i%fﬁiiﬁﬁ » Masaki Sutou Saitama University
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Title

Development of mode-locked lasers

Electronic structure and its spin polarization of one-dimensional
bismuth surface layers grown on III-V semiconductor substrates

Time-resolved and angle-resolved photoemission study on the
iron-based superconeductors

Direct observation of superconducting state in bismuth
compound with topologically protected surface bands

Observation of spin polarization in inversion-symmetry broken
materials

APRES Study on Pseudogap in Iron-Pnictides

Observation of intrinsic electronic states of half-metallic
ferromagnets studied by bulk-sensitive high-resolution spin-
resolved photoemission spectroscopy

7

Nonequilibrium carrier dynamics in Black Phosphorus

TrARPES of Dirac semimetals with a single three-dimensional
Dirac cone

Unveiling nonequilibrium dynamics of Dirac fermions in
topological insulators

Electronic structure and its spin polarization of one-dimensional
bismuth surface layers grown on III-V semiconductor substrates
I

Name

Takuro Ideguchi

Yoshiyuki Ohtsubo

Kishi Junichiro

Takahiro Shimojima

Masato Sakano

Kyoko Ishizaka

Tatsuya Sonobe

Takayoshi Yokoya

Hirokazu Fujiwara

Akio Kimura

Ryohei Yori

Chen Jiahua

Akio Kimura

Kazuki Sumida

Yoshiyuki Ohtsubo

Organization

The University of
Tokyo

Osaka University

Osaka University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Okayama University

Okayama University

Hiroshima University

Hiroshima University

Hiroshima University

Hiroshima University

Hiroshima University

Osaka University
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Title

Terahertz spin spectroscopy using metamarials

Study of magnetic oxide using terahertz spectroscopy

Infrared spectroscopy in perovskite lead halide thin films

Analysis of magnetic anisotropy of rare-metal-free magnetic
materials

Y& - SHliEdE P 7 5 A / Materials Synthesis and Characterization P Class Researcher
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Title

Study of structural physics on transition metal oxynitrides and

oxyhydrides

Growth of single crystals of transition metal compounds with

charge, orbital and spin degrees of freedom

Name

Kishi Junichiro

Makoto Nakajima

Kosaku Kato

Shota Kuromiya

Shinichi Ohkoshi

Asuka Namai

Marie Yoshikiyo

Takayuki Makino

Yuto Yamazaki

Kotsugi Masato

Name

Junichi Yamaura

Sachiko Maki

Naoyuki Katayama

Organization

Osaka University

Osaka University

Osaka University

Osaka University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

University of Fukui

University of Fukui

Tokyo University of
Science

Organization

Tokyo Institute of
Technology

Tokyo Institute of
Technology

Nagoya University
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Title

7

FHfEfH G 2 2 A / Materials Synthesis and Characterization G Class Researcher

Title

Kinetic analysis of solid acid and base catalyzed reactions in
sub- and supercritical water

7

Kinetic analysis of solid catalyzed reactions in sub- and
supercritical water

7

Multi-step organic synthesis in sub- and supercritical water

7

Development of electro-catalysts and kinetics analysis for
electrolysis using proton conducting fuel cells

7

Material synthesis of hetero junction layers using mixed ion
conductors and analysis of transport phenomenon of its
interface

7

Electrochemical Synthesis and Kinetic Analysis of Ammonia
using Proton Conducting Solid Electrolyte

7

Decomposing mixtures of organic and inorganic waste and
recycling metal compounds using supercritical water

7

Name

Kento Sugawara

Name

Yoshito Oshima

Makoto Akizuki

Yoshito Oshima

Hiroki Inoue

Yoshito Oshima

yusuke nakai

Junichiro Otomo

Fumihiko Kosaka

Junichiro Otomo

Shuhei Mastuoka

Junichiro Otomo

Takehisa Nakamura

Yoshito Oshima

Masukawa Shun

Organization

Nagoya University

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
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Title Name

Study of cation diffusion of solid oxide fuel cell Junichiro Otomo

” Shintaro Okamura

Evaluation of cation diffusion in the electrode/electrolyte

interface of solid oxide fuel cell Junichiro Otomo

” Naoto Hashikita

Material design and development of catalyst for ITFC using

proton conductor Junichiro Otomo

” Kojo Gen

Evaluation of long term stability and reduction kinetics of metal
oxides supported on perovskite oxides as oxygen carriers in
chemical looping systems

Junichiro Otomo

Ochieng James
Ochieng

Development of air battery with redox reaction of metal oxide

. Junichiro Otomo
in molten salt

” Reina Tsukimura

Hydrothermal treatment of waste solar panels for recovery of

. . . Teppei Nunoura
inorganic materials

” Hiroaki Tsushima

The development of in situ organic modification technology of

fine particles in high temperature and pressure water Yoshito Oshima

” Lei Yue

Study of layered solid catalyzed reaction in sub- and

- Yoshito Oshima
supercritical water

” Shiori Sasaki

Development of oxygen carrier composite particles with high

activity in a chemical loop method Junichiro Otomo

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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I RITTERT

Title

Structure analysis of metal oxide nanoparticles synthesized
under supercritical water

Degradation of oxygen carrier materials in chemical loop
systems

Study of compound oxide nano-particles using supercritical
hydrothermal synthesis

Preparation of fine metal oxide particles on the surface of
supports using supercritical water

Characterization of metal catalysts prepared on mesoporous
materials and graphene oxides

characterization of magnetic anisotropy of transition metal
compounds with a triangular lattice

Electrical conductivity and magnetic properties of Icosahedral
cluster solids

UV-visible spectrophotometry of an electron-proton correlated
single-component molecular conductor with ferroelectricity

Name

Kazuyuki Miya

Yoshito Oshima

Akira Yoko

Junichiro Otomo

Yuya Saito

Yoshito Oshima

Shinsuke Kato

Yoshito Oshima

Li Mengting

Takehiko Sasaki

Etty Nurlia
Kusumawati

Hiroaki Ueda

Masato Goto

Yasuaki Tanioku

Kaoru Kimura

Takanobu Hiroto

Tajahiko Sasaki

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

Kyoto University

Kyoto University

Kyoto University

The University of
Tokyo

The University of
Tokyo

Tohoku University
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in situ measurement of Raman scattering for heterogeneous

catalytic reactions

Name

Keisuke Ito

Takehiko Sasaki

Evaluation of micro-texture and crystallinity of natural minerals Mariko Nagashima

Continuous synthesis of functional metal oxide nanoparticles

using a micromxer

Microstructural studies of newly developed permanent magnet

materials

Distortion measurement for multifunctional metal complex by
transmission electron microscope

Dynamic oxidation of thermal protection system using arc-

heater

Magnetoresistance on semiconducting Te in low magnetic field

Measurements for electric properties of Laves phase
compounds YbM2 (M = late transition metals)

Electronic and magnetic properties of novel transition metal

sulfide solid solutions

Study on the magnetic and transport properties of half-metallic

Heusler alloys

Magnetic properties of spinel sulfides

Study on the magnetic and electrical properties of Heusler

compounds

Kiwamu Sue

Tetsuji Saito

Miho Itoi

Ai Momozawa

Soichiro Sano

Kaya Kobayashi

Yuichi Shirako

Yuta Saito

Masashi Hasegawa

Takahiro Akita

Shigeta Iduru

Satoshi Shigematsu

Yoshihiko Okamoto

Masahiko Hiroi

Organization

Tohoku University

The University of
Tokyo

Yamaguchi University

AIST

Chiba Institute of
Technology

Nihon University

Tokyo City University

The University of
Tokyo

Okayama University

Nagoya University

Nagoya University

Nagoya University

Nagoya University

Kagoshima University

Kagoshima University

Nagoya University

Kagoshima University
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Title Name
” Tomoya Tazoko
Substitution effect on Fe-based ladder compounds

Kenya Ohgushi

Exploration of new 5d transition metal compounds Takahisa Arima

” Yusuke Tokunaga
” Shingo Toyoda

” Shingo Toyoda

” Keisuke Matsuura
” Netsu Naoaki

” Hiroki Sumi

” Kana Maeshima
” Yuri Fujimiya

Precipitation behavior and magnetic properties of fine magnetic

particles in single crystals of Cu - Ni base alloys Mahoto Takeda

i U 7 9 A / Materials Synthesis and Characterization U Class Researcher

” Kim Junseop
” Hibiki Sakakura
Title Name

Fabrication of amorphous and diamond-like carbon
nanocoatings by surface dielectric barrier discharges generated Sven Stauss
in supercritical fluids

Organization

Kagoshima University

Tohoku 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

Yokohama National
University

Yokohama National
University

Yokohama National
University

Organization

The University of
Tokyo
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BERHADETERE
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JERHADETERE
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SR TAATTERE

Title Name

A contamination study of ultra-low loss mirrors for the KAGRA

gravitational wave detector using SEM Elichi Hirose

” Kunihiko Hasegawa

Control of Graphene Optical Spectrum in Terahertz region Takanori Matsuki

Metallic-covalent bonding conversion of icosahedral cluster in

Al-based approximant crystals Tkuzo Kanazawa

” Tomoaki Sasaki

Study on the creation of the gas sensing device using a self-

. . Shinichi Warisawa
organizing phenomenon (provisional)

” Takamichi Nakamura

Chlorine partitioning between earth’ s core and mantle

Title Name

Development of high-pressure cell for neutron diffraction and

in-situ observation of hydrogen-bonding materials Riko lizuka

Title Name

Seebeck coefficient calculation from first-principle Ko Sonjy

Hideharu Kuwahara

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Tokyo Gakugei
University

Tokyo Gakugei
University

The University of
Tokyo

The University of

Tokyo

The University of
Tokyo

Organization

Ehime University

Organization

Osaka University
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Title

IRT: GPTAS (Triple Axis Spectrometer)

Structure of electrolyte solutions for novel sodium ion batteries

Search for coulomb phase in the Dy3Als012 garnet

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

Study on superexchange interaction of BazZnzFe12022 and
BaFe12019 systems by neutron diffraction

Neutron study on pyrochlore oxide materials

A study of magnetic state in ferromagnetic superconductors.

Inelastic neutron scattering experiments on Sr2RuOg4

A study of magnetic state on Fe-based superconductors

Neutron diffraction study on CeRhIns under pressure

Pressure-induced magnetic phase transition in YbCo2Zn2g

Effect of uniaxial stress on hidden order state in heavy-fermion
compounds

Chiral order of shandite-type transition-metal compound
Co3SnzxInxSz

Magnetic structure analysis of EuRuzP2

Magnetic structure analysis of EuCozP2

Name

Taku J Sato

Yasuo Kameda

Taku J Sato

Kiyoichiro Motoya

Shigenori Utsumi

Hazuki Furukawa

Hazuki Furukawa

Hazuki Furukawa

Hazuki Furukawa

Riki Kobayashi

Kazuyuki
Matsubayashi

Makoto Yokoyama

Yoshikazu Tabata

Tetsuya Fujiwara

Tetsuya Fujiwara

e —% / Joint Research List of Neutron Scattering Researcher 2015

Organization

Tohoku University

Yamagata University

Tohoku University

Tokyo University of
Science

Tokyo University of
Science, Suwa

Ochanomizu University

Ochanomizu University

Ochanomizu University

Ochanomizu University

The University of
Tokyo

The University of
Tokyo

Ibaraki University

Kyoto University

Yamaguchi University

Yamaguchi University
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Magnetic structures of 1D frustrated chain "
compound NaCuMoO4(OH) HH P
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Title Name

Establishment of the unified explanation about the phase

Organization

transition mechanism (displacive and order-disorder type) in ~ Hirotake Shigematsu Yamaguchi University

Ferroelectrics

Topological phase transition in spin ice Hiroaki Kadowaki

Spin fluctuations of hole-doped iron-based superconductors Chul-Ho Lee

IRT: PONTA (Polarized Neutron Triple Axis Spectrometer) Takatsugu Masuda

Neutron diffraction study on ferromagnetism of alkali-metal

. . Takehito Nakano
nanoclusters arrayed in zeolite crystal

Real-time observation of magnetic structural change by means

of time-resolved neutron scattering experiments Kiyoichiro Motoya

Polarization analyses of electromagnon in multiferroics

BazCoGe207 Minoru Soda

l\‘Ion—‘trl\_nal magnetic phase induced by magnetic field in Minoru Soda
Caz2CoSi207
Polarized neutron study of the nematic state in Fe-based

Kazuhiko Ikeuchi
superconductor

Polarized neutron diffraction study on a novel type of

ferromagnetic order in LaCog.8Rho.203 Shinichiro Asai

Uniaxial-stress control of magnetic phase transition and electric

S . . Setsuo Mitsuda
polarization in a spin-lattice coupled system

Magnetic structures of 1D frustrated chain compound Takatsueu Masuda
NaCuMoO4(OH) sugu At
Chiral helimagnetic structure in chiral inorganic compound

CsCuCls Yusuke Kousaka

Direct observation of the “Hidden Order” due to multipole

ordering in URu2Siz2 Yusuke Kousaka

Determination of the magnetic structure of Cuz.g5Zno.15M0209 Masashi Hase

IRT: PONTA (Polarized Neutron Triple Axis Spectrometer) Kouichi Hayashi

Tokyo Metoropolitan
University

AIST

The University of
Tokyo

Osaka University

Tokyo University of
Science

The University of
Tokyo

The University of
Tokyo

CROSS

The University of
Tokyo

Tokyo University of
Science

The University of
Tokyo

Hiroshima University

Hiroshima University

NIMS

The University of
Tokyo
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Title

IRT: TOPAN (Tohoku-University Polarization Analysis Neutron
Spectrometer)

Two-channel Kondo effect in PrT2Znzo (T = Ru, Rh, Os, Ir)

Magnetic impurity effect on the metal-nonmetal transition
associated with totally-symmetric electron multipole ordering

Double-gap electronic state evidenced from magnetic excitation

in CesT4Sn3 (T = Co, Rh)

Gradon as a localized atomic motion in mass-graded
inhomogeneous systems

Study on dynamical spin hierarchy structure in itinerant-
electron antiferromagnet Mn3Si

Orbital effect on lattice vibrations in LiFeAs

Study of spin correlations in novel T -structured cuprate oxide
Prz xCaxCuO4

Study of magnetic correlations in novel spin-ladder system
BiCu2POg

Study of Al-induced stripe order and superconductivity in Al-
substituted La-214 cuprate

IRT: HER(High Energy Resolution Triple-Axis Spectrometer)

Spin dynamics of the iron-based ladder compound BaFe2Se3

Two-channel Kondo effect in PrT2Znzo (T = Ru, Rh, Os, Ir)

Magnetic impurity effect on the metal-nonmetal transition
associated with totally-symmetric electron multipole ordering

Double-gap electronic state evidenced from magnetic excitation

in CesT4Sni3 (T = Co, Rh)

Name

Kazuaki Iwasa

Kazuaki Iwasa

Kazuaki Iwasa

Kazuaki Iwasa

Kazuaki Iwasa

Haruhiro Hiraka

Kazuhiko Ikeuchi

Masaki Fujita

Masaki Fujita

Kensuke Suzuki

Makoto Yokoyama

Yusuke Nambu

Kazuaki Iwasa

Kazuaki Iwasa

Kazuaki Iwasa

Organization

Tohoku University

Tohoku University

Tohoku University

Tohoku University

Tohoku University

KEK

CROSS

Tohoku University

Tohoku University

Tohoku University

Ibaraki University

Tohoku University

Tohoku University

Tohoku University

Tohoku University
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Title

REBEHZAMFSE  Successive magnetic phase transition with enhancement in

magnetic anisotropy of DyFe2Zn2o

Electromagnon and spin-nematic interaction in Ca2CoSi2O7

Electric control of magnetic anisotropy in Ba2CoGe207

Spin wave dispersion relation in a spin-lattice coupled system
CuFeO2 ander uniaxial stress

Magnetic excitation of S = 1/2 breathing pyrochlore compound
Ba3zYb2Zn5011

Study of spin correlations in novel T -structured cuprate oxide
Pr2 xCaxCuOg4

Quantum spin liquid

Magnetic excitations in YbCoz2Znzo in vicinity of a quantum
critical point

Magnetic fluctuations in a non-centrosymmetric superconductor

CeRhSi3

Detailed measurements of temperature dependences of
structural and magnetic phase transitions in localized 4d
electrons system LasMo04O16

Spin fluctuations of hole-doped iron-based superconductors

Magnetic state in Kagome-Triangular lattice antiferromagnet
NaBazMnsF11

IRT: SANS-U (Small Angle Neutron Scattering Instrument,
University of Tokyo)

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

Mixing state of imidazolium-based ionic liquid+glyme solutions

Structure and stacking behavior of nanodiscs

Name

Kazuaki Iwasa

Minoru Soda

Minoru Soda

Setsuo Mitsuda

Takatsugu Masuda

Masaki Fujita

Hiroaki Kadowaki

Naofumi Aso

Naofumi Aso

Kazuki lida

Chul-Ho Lee

Takatsugu Masuda

Mitsuhiro Shibayama

Takuya Shimomura

Takuya Shimomura

Minoru Nakano

Organization

Tohoku University

The University of
Tokyo

The University of
Tokyo

Tokyo University of
Science

The University of
Tokyo

Tohoku University

Tokyo Metoropolitan
University

University of the
Ryukyus

University of the
Ryukyus

CROSS

AIST

The University of
Tokyo

The University of
Tokyo

Muroran Institute of
Technology

Muroran Institute of
Technology

University of Toyama
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o
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LR WFges
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RS JE P S BRT
TR JE P SE BRI

- % TL R R
BROKELFRK REBEAFAL
# AIEEBLAFZERE
BROKELFRK REBEAFAL
¥ BIBBIAIRZERE
BROKELFR R¥BEANFAL
¥ BIREBIADRZERE
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R RS HEAARR
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Title Name

Induction of Flip-Flop by transmembrane peptides Minoru Nakano

Effects of curvature on dynamics of membrane lipids Minoru Nakano

Subunit exchange in alpha crystallin as studied by small angle

A Rintaro Inoue
neutron scattering

SANS analysis of radiation-fabricated advanced porous polymer

Nobuhiro Sato
gels

Current driven motion of skyrmions in MnSi Yusuke Nambu

Anomalous vortex state in Sr2RuOg4 studied by SANS

. Hazuki Furukawa
experiments

Herical vortex phase on non-centrosymmetric superconductors Hazuki Furukawa

Vortex study on Fe-based superconductors Hazuki Furukawa

Field direction dependence of vortex lattice structure on

CeColNs in Dilution temperature Hazuki Furukawa

Spontaneous vortex phase in ferromagnetic superconductors  Hazuki Furukawa

Pseudo-chaperone effect of confined water in ionic liquids Koji Yoshida

Characterization of unusual magnetic scattering in reproduced

by high-pressure torsion straining Yojiro Oba

Observation of the long period magnetic domain structure in

metallic helimagnet MnP Teruo Yamazaki

Structural change of protein connecting to Bicelle with GM1 Masaaki Sugiyama

Nanostructure and stimuli-sensitivity of totally ionic block

. Hideki Matsuoka
copolymer micelles.

Observation of structure of high-molecular weight component

for high-performance separator Go Matsuba

Investigation of DNA structure in polymer gels under electric

field Mitsuhiro Shibayama

Organization

University of Toyama

University of Toyama

Kyoto University

Kyoto University

Tohoku University

Ochanomizu University

Ochanomizu University

Ochanomizu University

Ochanomizu University

Ochanomizu University

Fukuoka University

Kyoto University

Tokyo University of
Science

Kyoto University

Kyoto University

Yamagata University

The University of
Tokyo
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85 ATl H P o 4k s o0 IR L

86 SHHIAEMEDOM E 23 2 FfiiE kA

7 BRI Lo 50 5 2RI 5%

88 ;ﬁ'fd\ﬁ@’ﬁkﬁlﬁhb: £ 2 7 R DB ORGSR

89 I NTERICET BT EAIR

&

g0 43 )Y LFRA T VR E RV RV FEE RO
RARBICNT 5 BiA A v — m HEEH DR

o1 FVI=TLY FOMBEICKTTRARY v — o

D—XHiE (P Ry —) OF#E

WIEATAC & O IIRT 2 IR 7 A DAL Kk
92 fhr

93 ULS (Hi/hfiiflasie) IRT 3

s‘%n

gq THANNREIE & ATV 2o AR SOBURR 1 AESRER SR O
72 & D AT

- HEELE C1-3: mf-SANS

i

(]

&

\
A

[

v
!

PN

e

K4

FE5h

FE5h

Fesh

w—H

w—H

A

sz

wlfy
Yoy

2!

WA

Heli

P Title
PN LRI Mesoscopic structural analysis of hair
A PR E\I‘/fglcbtu(;i iﬁ—terminal amphiphilic region on aggregation of
HRKE LRI AR Pressure-responsive phase behavior of polymer in ionic liquid
RO IR e e tesolved small angle neutron scattering.
PEIIRL AR B Elelilrgfe‘elfrc()tirécc(il(;:lwquizn wall motion in a electromagnetic
P yNCS Leanienn Visualization of cross-link points in polymer network
SR PR 2EER Surfactant molecules behaving as a surface-inactive agent
B T2 ll:lr?(\i/g ;:l{g}llcglr;)s(;}lllz;\eng(r) ;1(111?1 :Il]ixturc of water / organic solvent
R TR A ;1%%7‘ 4 7HE aP;ZTiesIel 5&?;?;?2 ngilérgses on protein condensate by small
THERRAF H=20E 0 Effects of molecular weights on shish-kebab formation
G ZE?[‘%I?%H Eﬁects_of _cat_ion: fid interac'tion on I_nixi_ng state of imidazolium-

Zekk based ionic liquid and benzene derivatives

LT ERY: T2 R Influence of topology on the miscibility of a polymer blend
%’ﬁ%fi‘iﬁﬁﬂ?k Bea T2 Deformation induced nanoscale structural inhomogeneity in
oF bulk metallic glass
b (e n %‘g%%j%’:ﬁﬁ % IRT: ULS (Ultra Small Angle Scattering Instrument)
iR f;/%%;fﬁ’%ﬁﬁﬁ%%—k Study of crystal-diffraction for search of neutron EDM

Name

Mitsuhiro Shibayama

Mitsuhiro Shibayama

Mitsuhiro Shibayama

Mitsuhiro Shibayama

Setsuo Mitsuda

Kengo Nishi

Koichiro Sadakane

Koichiro Sadakane

Tatsuya Nojima

Toshiji Kanaya

Toshiyuki Takamuku

Atsushi Takano

Nozomu Adachi

Yoshie Ohtake

Masaaki Kitaguchi

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Tokyo University of
Science

The University of
Tokyo

Ritsumeikan University

Ritsumeikan University

Tokyo Institute of
Technology

Kyoto University

Saga University

Nagoya University

Toyohashi University
of Technology

RIKEN

Nagoya University
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No. A K4 FiTlE Title Name Organization
95 C1-3 (INEUHEHTRUI A BELASIE) IRT H ERHE LA ;}*Kffj%ﬁ % %ﬁ;’rﬁgﬁfs (mini-focusing Small Angle Neutron Scattering o pinirg Furusaka  Hokkaido University
- g2 C2-3-1: INSE
96 INSE (fptE:1A Yy a—%#E) IRT i ESIT N HHURSE YIVERE T IRT: iNSE (New issp Neutron Spin Echo Spectrometer) Mitsuhiro Shibayama %l)l]fyléniversity of
97 SR TRIYY BaFesSes DT Ay a— i KEsE HALRY: i;}?%fﬁﬂ?ﬁ CNOe;ggSnsé) i];]alizzg erSneasurements on the iron-based ladder Yusuke Nambu Tohoku University
98 ER TN a— L OREENE LAY — [T =3 E A YN ﬁ?ﬁi#ﬁ?% Structural relaxation and rheology of higher alcohols Tsuyoshi Yamaguchi Nagoya University
99 RHEAEEOM E % 3 2 FHEIGMHA Hal W LRy gﬁ#ﬁﬂ%@ﬂ Surfactant molecules behaving as a surface-inactive agent Koichiro Sadakane  Ritsumeikan University
HI35%4E C3-1-1: AGNES
100 %(‘;;ES (FSTIRRE SV AT HE S 68) IRT = & P YNES LeaniEnn IRT: AGNES (Angle Focusing Cold Neutron Spectrometer) Osamu Yamamuro B)lﬁy[jniversily of
101 Zn-Ln-Zn BOFRHAEDAEY ¥4 F 27 A I RRERT AR YIEwrZER Spin dynamics in sigle-molecule magnets Zn-Ln-Zn Maiko Kofu :{:(k)lle(ryl(iniversity of
102 X;%fgg?& leizr)igit;;li&%si 1?51 P}Il ;faé(r)lr(ril: in BN ORAT  BiRTACE LTS X;lérr?éignal excitations of H atoms in nanocrystalline palladium Maiko Kofu %l:lfygnivcrsity of
103 jg \i g ‘4{;)_ 'E7 Z;;;ﬁ% F R B X N2 OWEH D W e Sk VIR Egzti (;i};l;;;ltl;(lﬁnoef Ii)rirlligz(s)zlium based ionic liquids and their Osamu Yamamuro $£1](:,y[éniversity of
104 };Z ZI LTI RFROKFIR L OB T A F 2 = & HH R YIvERTSE T Fast dynamics of hydrogen atoms in palladium nano-particles Osamu Yamamuro %l)l]fyléniversity of
105 WRBIREHICE T BKDY 4 F 327 2 i & WK YRR FE T Dynamics of water on surface of reverse osmotic membranes  Osamu Yamamuro :i:(t)llizyléniversity of
106 3 zgz;ﬁf‘lék%]queC004 IZBF5F/ FX BfH B SRt IR T g:)t;r:litéolr; ?:fg{i?ngézﬁefitirggggj nuclear and magnetic o %glﬁygniversity of
107 K/ Wi BERADE NS L F 3 7 A = & RS YIERESE T Slow dynamics of water/(reverse osmotic membranes) systems Osamu Yamamuro The University of

Tokyo

The University of

108 ROM-11.5D20 DEWV'4 F 3 7 A 1 Tokyo

ft
W

HHORAE YIERRFE T Slow dynamics of ROM-11.5D20 Osamu Yamamuro
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No. MES

MINE1 KM b T uE] - S E#RE)
109 R g A%

112 2 R8T N4 A Df% %7

- HIgELE C3-1-2: MINE2

MINE2 (5UAH : &l T35t - ROERE!) 7

110 IRT L
11 BT 72 0 O 734 B Jer
113 2 SOG4 34 R DBISE Huy

114 BT AR B0 L L ORHRBOR 4 gy

115 JRAWMARTIC BT 2 E5 T o I 2 ) e
- HIFEEEE T1-1: HQR
116 HQR (Forfiagrh ik railasiE) IRT FfE iR

|17 B HIRETELIE I & 2 AR
e 8

PbCuSO4(OH)z DREHHIC &k > TIHR I N 2 Hi&ER .y,

118 T LI

119 CeRhing DIy F it FRBFIRIC X BRAE L M ) o
EE MO TI%E

A UEFREARICB T AR & B
120 05 " s Syl A

121 %gﬁﬁiﬁ%ﬁ%ﬁ { ZRIGHIF CeNiCe DA i

122 EuRugP2 DS IGRT RIS
123 EuCozP2 DX E M TREJE

K4

1B

1%

1E#

i

fis—Hp

S

#ith

b

HHRAE

HHRAE

TR

HA R RS

SR

UM

HM R

HHRE

FORBLRER A

AR

FURRA:

FORCELRERAE

R ERA

LR

I Ep==

P
JET R I

JET RS2

JE - HF L BRT

BIREHTII £
N4

JE TR ST

REABET2ARTE
b

T

LRI S
BUT2AE
BT A
WEwRSERT
BAER

BT AARTTERE

AT

Fikt

R T oA
ikt

Title Name

IRT: MINE (Multilayer Interferometer and Refrectometer for

Neutron) 1 Masahiro Hino

Development of 2-dimensional focusing device Masahiro Hino

IRT: MINE (Multilayer Interferometer and Refrectometer for

Neutron) 2 Masahiro Hino

Development of optical devices for ultra cold neutrons Masaaki Kitaguchi

Development of 2-dimensional focusing device Masahiro Hino

Analyses of adsorbed biomolecules at the polymer/water

‘ Hisao Matsuno
interface

Swelling behavior of polymer thin films in mixed non-solvents Keiji Tanaka

IRT: HQR (High Q Resolution Triple Axis Spectrometer) Hideki Yoshizawa

Real-time observation of magnetic structural change by means

of time-resolved neutron scattering experiments Kiyoichiro Motoya

Magnetic-field-induced anomalous quantum phase of

PbCuSO4(OH)2 Yukio Yasui

Neutron diffraction study on CeRhIns under pressure Riki Kobayashi

Uniaxial-stress control of magnetic phase transition and electric

T . . Setsuo Mitsuda
polarization in a spin-lattice coupled system

Magnetic structures of the non-centrosymmetrical 2D system

CeNiC2 Susumu Katano

Magnetic structure analysis of EuRuz2P2

Fujiwara Tetsuya

Magnetic structure analysis of EuCo2P2 Fujiwara Tetsuya

Organization

Kyoto University

Kyoto University

Kyoto University

Nagoya University

Kyoto University

Kyushu University

Kyushu University

The University of
Tokyo

Tokyo University of
Science

Meiji University

The University of
Tokyo

Tokyo University of

Science

Saitama University

Yamaguchi University

Yamaguchi University
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130
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134
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138

139
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RbaMoO4 I8 34 sEEY 7 74 /7~ Eib

SrFeOg @ multi-q RERIRTEIC B 1) 2 R RFRERER i
Big

2 S = A% T SRR A CoNDb20g 128 1) 5 58

BT (A 5Dl 12 & 2 B it

i T1-2: AKANE
AKANE (AL AREH « =l d k748 ) Jili
IRT 2iiE
@R SORBEEA MnsSi I B T 2BINAE Y
B JE RS E DO HTTE H

< NF 7 zuaA4 v 7YH SmMn20s DRERFLT & okt
A

2)F 7 zuAfy 7PEH YMn20s5 IZ 8

3F 5 g Jobt
L SRFAAIEORLEA & > R

*ﬁiﬁ T R d — L F— 7R3t PraxCaxCuOg JHEF
BT 2 5B OBI%E

FHHAE v 9 4 —% BiCuzPOg DKM DL

ALEHA L 72 La214 RSPS9k o 2

b 54 THIF L RSSO A
CrX (Cr=Si, Ge) D H 4 7 VEEREDOHEE
MPO4 (M: B#E)E ) DA A4 7 VBESKHEE OWGEE PR
177 7 A B L — b5 (M, Mg)CroOa IS5 1
2 5 AWESREED 7 0 A A — N —

F—b B — 7 RIgRBIEERD 2 E i) 7%

K4

it
w

k]

Mg 3l

e

e

Su \

71y

il

e

il

Tk

NI,
PelwNd SRR
IR BT

LR HH

LTS if@%ﬁ?ﬁ
RORBRLAY: B

E%&%;%m ?ﬁ%ﬁﬂ?ﬁ
HAb A i%%ﬁﬂMﬁ
gL iéﬁflﬁ* S}
HULRY: TR
FULR: BRI
PElwd BRI
N 2 ﬁ%ﬁm%%ﬁ?
Ny ﬁ%ﬁm@%ﬁj{”
N g#%@#m%
PSRBT T 2L 2 — Bl
5T R

Title

Study of magnetic correlations in novel spin-ladder system
BiCu2POg

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

Polymorph transition and soft phonon in Rb2MoO4

Long-time magnetic relaxation in the multi-q state of SrFeO3

Anisotropic control of exchange interactions in a frustrated
isosceles triangular lattice Ising antiferromagnet CoNb20g

IRT: AKANE (Advanced Kinken Neutron Spectrometer)

Study on dynamical spin hierarchy structure in itinerant-
electron antiferromagnet Mn3Si

Antiferromagnetism and ferroelectricity in multiferroic
compounds of SmMn205

Substitution effect of magnetic ions on magnetism and
ferroelectricity in multiferroic YMn20s

Study of spin correlations in novel T -structured cuprate oxide

Pra2.xCaxCuOg4

Study of magnetic correlations in novel spin-ladder system
BiCu2POg

Study of Al-induced stripe order and superconductivity in Al-
substituted La-214 cuprate

Chiral magnetic structure in CrX (X=Si, Ge)

Chiral magnetism in MPO4 (M: Transition Metal)

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

Spin fluctuations of hole-doped iron-based superconductors

Name

Masaki Fujita

Hirotake Shigematsu

Hirotake Shigematsu

Taro Nakajima

Setsuo Mitsuda

Kenji Ohoyama

Haruhiro Hiraka

Hiroyuki Kimura

Hiroyuki Kimura

Masaki Fujita

Masaki Fujita

Kensuke Suzuki

Yusuke Kousaka

Yusuke Kousaka

Yusuke Kousaka

Chul-Ho Lee

Organization

Tohoku University

Yamaguchi University

Yamaguchi University

RIKEN

Tokyo University of
Science

Tohoku University

KEK

Tohoku University

Tohoku University

Tohoku University

Tohoku University

Tohoku University

Hiroshima University

Hiroshima University

Hiroshima University

AIST
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140 HERMES  (HUALAS:HE = bt PBrkIn i s )
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144 [EREREIEA X2 A ar 4 FORSREE

145 sty

146 75 1 BB BREAIRILY DKM

147

148 s oo e

199wt o s

150 REGEEiligk~<o 7204 R Ok KRNE

151 7 v MEAHALY DR E & AR

152 By

153 passsment

154 Magnetic structures of frustrated magnets

155

ZJE = ORI FeaGazSs DG FHE &

SR R DR 7 iR
ResRusAlz(Re=Ce,Pr,Nd) RS T Rsd:
FEIR Fili$k %2 £F> (Ba,Sr)FeO3 DM &

E 4B Mn A 4 v 2 ELEE0 7 AA 4 b

BT F=7T< v i VB OBL O K & R

>y v 54 M EEREEAAY CosSnzxIngSz @

—RIG7 7 A b L — h i ANi(VO4)(OD)
(A=Ca,Sr) DREEHEE

Kl #FH]
TyEL &
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J\R IEA
J\E IEA
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FE e
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UNIEN
A B
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i At
E 3 7N
I i
HA
TR PR
MR HEA

FAbRA

HHRE

FUOR LR

FOR LR

bR

FbRA:

AL AR

HAERF

HHRAE

KBRS R

RBRIRF 7 R A

FH R

SRS

FUORA:

HRHLRERAE

P

BT TR
R

KA LA

B

REFBEBE LRI
Zikt

REFBERE LA

KR

% TCE B
E
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e Eg
JLHt

THWrgERt

21 L FHERIE
i
PRI 7 —
21 I FHERI
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R > 5 —

TEARFTER

Title

IRT: HERMES(Kinken Powder Diffractometer for High Efficiency

and High Resolution MEasurementS)

Investigation of the structure and magnetism of a new
oxynitride family

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

Crystal structure and photocatalytic activity of visible-light
responsive photocatalyts

Magnetic structures of layered transition metal
oxychalcogenides

Crystal and magnetic structures of the bilayer triangular
antiferromagnet FexGaz2Ss

Magnetic structure of rare earth and transition metal oxides

Magnetic structure of ResRugAlz2(Re=Ce,Pr,Nd) without spatial
inversion symmetry

Investigation for magnetic structure and phase boundary of
(Ba,Sr)FeO3 with an unusually high valence strate of iron

Magnetic structures of square-coordinated Mn complex
perovskite oxides

Magnetic structures of Fe**-congaining complex perovskite
oxides

Crystal structures and magnetic transitions of chromium
complex sulfides

Magnetization reversal and magnetic structure of electron
doped manganites

Magnetic structure of shandite-type transition-metal compound

Co3Sn2xInkS2

Magnetic structures of frustrated magnets

Magnetic structure of frustrated chain magnetism AM(VO4)(OD)

(A=Ca,Sr;M=Co,Ni)

Name

Kenji Ohoyama

Cedric Tassel

Masatomo Yashima

Masatomo Yashima

Makoto Wakeshima

Yusuke Nambu

Yoshihiro Doi

Daisuke Okuyama

Takafumi Yamamoto

Ikuya Yamada

Ikuya Yamada

Keitaro Tezuka

Michiaki Matsukawa

Yoshikazu Tabata

Takatsugu Masuda

Masato Hagihara

Organization

Tohoku University

Kyoto University

Tokyo Institute of
Technology

Tokyo Institute of
Technology

Hokkaido University

Tohoku University

Hokkaido University

Tohoku University

Kyoto university

Osaka Prefecture
University

Osaka Prefecture
University

Utsunomiya University

Iwate university

Kyoto University

The University of
Tokyo

Tokyo University of
Science
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FilRu 7224 EE AA” BO4 BlfE% D
Eﬁ%ﬂf)@f F U AREAE DR ENE & A A SR B
DR

157 T #EESAM LY OB GBS & SRS ORIG M

158 4 A F —&4 RuzCrSi o JKEafGHE R g8 gt

159 $hek 112 [ EEAROULRIRT RSO AR
a7 ANA PRBEMYINT 2KEMA A

160 SR =310

161 PB4 7 VEEVE CrX (X: Si, Ge) ORESHES ol
fiE b

L2 FOHLA A Z VREERR MPO4 (M: MBS IE ) ORES o

N 277 =

AT

163 FRB Y AN R —VEIRERTRE S ARG i
SrFeOs 12 %17 3 Rh s H "

164 S:RIBIEEAR O S & ST B

L65 VI 4 Fefirhi§idiz 9 % LAk fRebEfh~ v 7 A

166

167

168

169

170

171

TR D IE IR DY

FHY 7 2 v FEEEZ AT 2 IEAE A A
Zy Vg a T A ORSIEEIREOTE

VT =y hE@Ha 72 h A4 LY o b1 A
B 7

FONDER (+f#:7- 4 Wifilnl$7 4 1#) IRT 2 AFE

VL 722 111 7 7 PioFe BORREENIC 3517 200BE 1
0> 5 BUEHS

2 ¥ v ZHIHBEEM SroRuO4 O —HiliE ) R il
T HELSER "

DyFesZnag 12551 % REASRATERIE £ BK
SR &

K4

E N

Eoe-

Su \

I

A&

WHITERY HITApER
ALK @M R T

sy g REEGER T 2200F
VR R R
ALK SEAM R
TR TAERTE R
N ﬁ#%iﬁ?lﬂf%‘i
T B s ﬁ#l‘fﬁiﬁﬂ#ﬁﬁ%
s oot
PEERMIR AT = L X — 8l
Bz ol ]
VB EIIERE  Sehnii R 7 e
i A=y b
VBRI el 7 e
i A2z b
FEREBANRAETT 23y A%
Zemr V¥ — R8I

o % E R

ALK Je i
HFR T
WRHRERY: BT
Hib A %{(}‘?’fﬁfﬁﬁ‘%’fﬁ%

Title

Structural investigation of the novel perovskite related AA’
BOg4-type materials ? oxide-ionic and electronic conducting
materials?

Relation between superconducting mechanism and crystal
structure in T’ cuprate oxide

Antiferromagnetic state of Heusler alloy Ru2CrSi

Study of magnetic structure of 112-type iron arsenide
superconductor

Hydride Insertion into Perovskite Oxynitrides

Magnetic structure analysis in new chiral magnetic compounds
CrX (X: Si, Ge)

Magnetic structure analysis in new chiral magnetic compounds
MPOg4 (M: transition metal)

Rh-substitution effect on a metallic helimagnet SrFeO3

Relationship between crystal structure and superconductivity in

Fe-based superconductors

Neutron diffraction study of new square-lattice magnet
Sr2MnO2Cl2 with square planar coordination

Neutron diffraction study of new square-pyramidal coordinated
nickel oxyhalides Sr2NiO3X (X = F, Cl)

Neutron diffraction study of ruthenium containing perovskite
oxides.

IRT: FONDER (Four-circle-Off-center-type Neutron
Diffractometer)

Mechanism of ferromagnetism in plastically deformed PtsFe
antiferromagnet

Neutron scattering of the triplet superconductor Sr2RuO4 under

uniaxial pressures

Successive magnetic phase transition with enhancement in
magnetic anisotropy of DyFe2Zn2o

Name

Kotaro Fuii

Masaki Fujita

Iduru Shigeta

Kensuke Suzuki

Hiroshi Kageyama

Yusuke Kousaka

Yusuke Kousaka

Taro Nakajima

Chul-Ho Lee

Yoshihiro Tsujimoto

Yoshihiro Tsujimoto

Katsuhiro Nomura

Hiroyuki Kimura

Satoru Kobayashi

Teruo Yamazaki

Kazuaki Iwasa

Organization

Tokyo Institute of
Technology

Tohoku University

Kagoshima University

Tohoku University

Kyoto University

Hiroshima University

Hiroshima University

RIKEN

AIST

NIMS

NIMS

AIST

Tohoku University

Iwate University

Tokyo University of
Science

Tohoku University
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2 IF 7 zuAf vy 7YE SmMn205 DB & Aokt
s

2NVF7 a4y 7YE YMn20s 128 1) 5k

173 L shambE ORI A o » IR AR

17q MR T2 € Y ROFE 7 A -
K4CusOClyo DM -
CasFesxAlyOs Ic B 3 AE Y 70y THBIED

175 i W20 0 B bt

176 ISTVIERER T2 Y ROFRAEFAIE
K4CusOClyo DG5S MEE o

- HIGE¥E Accessory

177 77 %%V — IRT #E R

Fth

HAERS

FALRA

FUBIRLR A

FURRA:

FORELRERAE

FUHORA:

Pt

% IR

s
%L E R
ZETT

PR —

HRURAIR B
WgeRt

HIAAR

PRI SE T

Title

Antiferromagnetism and ferroelectricity in multiferroic
compounds of SmMn205

Substitution effect of magnetic ions on magnetism and
ferroelectricity in multiferroic YMn20s

The magnetic structure of K4CusOClio as new ideal isotropic
quantum spin tetrahedral system.

Magnetic structure study in magnetoelectric CazFe2.xAlxOs

The magnetic structure of K4CusOCljo as new ideal isotropic
quantum spin tetrahedral system.

IRT: Accessory

Name

Hiroyuki Kimura

Hiroyuki Kimura

Masayoshi Fujihara

Nobuyuki Abe

Masayoshi Fujihara

Yoshiya Uwatoko

Organization

Tohoku University

Tohoku University

Tokyo University of
Science

The University of
Tokyo

Tokyo University of
Science

The University of
Tokyo
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SRR 27 AR FE ol e Y se sk HeFA]HEE— / Joint Research List of Syncrotron Radiation Researcher 2015
No. Y K4 il Title Name Organization

%P5 4598 / Harima Branch

= e e p 5 N Kt . L = Promoting development of experimental techniques using The University of
. i L : 5 \ e TR

1 fEeE I U 7o SRRk X RSB BB T O e AN HH R L/ ERTIE polarized high-brilliant soft X-ray Iwao Matsuda Tokyo

BLt Bzt - EETANANAZADARFTVFF/ B S HERHEHEEENTZE  Operando nano-spectroscopy for energy efficient, power . . The University of
2 Vip,n Jeis ILin HUR T generation and energy storage devices Masaharu Oshima Tokyo

KEE T O f4 B3 A = 4y AR R X M6t 2% N, e P Development of angle resolved ultrahigh resolution soft X-ray ey The University of
3 AT L DORAFE SR A HUR VIHERTAT emission spectroscopy in atmospheric pressure Yoshihisa Harada Tokyo

%4 Z v F 3D nano-ESCA % 7z ZRIuk 1 Operando analysis and device applications of hetero-
4 GEEANTOEAROBIE L TN, AR () Mk ) fE— | Bl FELXOBEWIZEAT junctioned 2D atomic layers (I) Establishment of operando Hirokazu Fukidome Tohoku University

1152 & o S A spectromicroscopy using graphene as a model system

FRT v PR X RN ) I L B0 F 7 4 PEMRA AT T 7oL E — Rl Operando soft x-ray absorption/emission spectroscopy studies of

5 A A EHERMR O FREMIT, & X078 Wiy KB L
TR B XS B Bl TR D% 5 D R 7u

6 R KRIUHALISIF AL XL IC & % R — )L FiE

electrode materials for Li-ion batteries and investigation of the role Daisuke Asakura AIST
of ligand elements against the charge-discharge reaction

WHEHRF

HAF T Hi#%E BT —2J5/ Charge excitations in high-Tc cuprates studied by resonant

- o
— 7RISR (LA i A2 35 A o S AT ik S e it~ % —  inelastic x-ray scattering at the oxygen K-edge Kenji Ishii JAEA
X MR RAEE T WA EVETSR L U P Soft x-ray time-resolved photoemission study on the valence . Tokyo University of

7 Y L&Y DMBEEENRE OB FOULIIAE L P S S fluctuation in heavy-fermion Yb compounds Mario Okawa Science

8 CaMMAENETRTS 74 —oME M G- Uk SR o PPTent of pieosecond timeesolved PROIOEICCion - kouichi Hayashi  Tohoku University
LT 7 RSB T DBERMOKE X v |, R e e BRTEWEZERMY  Influence of oxygen defects of titanium dioxide surfaces on the . Tokyo Institute of

9 Y 7 FE DR AE HOLTARS B Rl EI photoexcited carrier lifetime Kenichi Ozawa Technology

PN y 4 Analysis of structures and electronic states of [active-site]

pa N 2 2 T | N

H %‘Aiﬁgii& 5547@5@1&%} in functional materials by microscopic high-resolution two- Hiroshi Daimon NAIST
AT - RRUE dimensional photoelectron spectroscopy

1o SR ERE JOWDEE I X % BAEEYH K
LB TEEY A L ORGEYITET

The University of

11 <wVF7zuA v 7WEOHS RIXS JE whth = FH R YIMEWTZE T RIXS of multiferroic materials in magnetic field Jun Miyawaki Tokyo
FHAXBEETONICE 277 7 2 v E@EICE - SO P, Adsorbed states of CO2 on a graphene surface studied by ) . The University of
12 1} % COz DWFEIRREDWI A & HUR YIHERTAT ambient-pressure X-ray photoelectron spectroscopy Susumu Yamamoto Tokyo
FEELCET DI L 2(L2BHM L 2ERMICE Lo o I, P Activation and hydrogenation of COz on chemically-modified " The University of
13 7% COz2 DifMAL® Xk ORFEEG wifd AR VIR Cu surfaces studied by ambient-pressure XPS Jun Yoshinobu Tokyo
HEF AR TT 74— - YA FER XPS ) Revealing room-temperature ferromagnetism of ZnSnAsz:Mn S
14 1T X % ZnSnAsz:Mn #EO =iREREEF B NE  EE Elﬁ&ﬂhﬂ%ﬁ T2 thin films by atomic and magnetic structure analysis based on Naotaka Uchitomi Na{;aoka University of
o 4 . X Technology
DIFEEA photoelectron holography and site-selective XPS measurements
SRR Co 2p SLIBIERIHE X BlALSIEEIC Kol Toppge Observation of the spinsstate transition of LaCoOs by using Osaka Prefecture

15 T s2R KBUFREE B high-resolution Co 2p resonant inelastic x-ray scattering Yukihiro Taguchi

% LaCoO3 ® A & VIO #IMI spectroscopy

University
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F RS v PR E 7 20 — o R AOEE
FoNA ZDWIZEE% (1) GaN-HEMT 12 81F % 2 Wi
7 7 ABIR DR

ATV X BRI/ FE s kB ) F 7 a4

7 v B AEMIR OB IR, B X ORIKE WHE
SO R4 2 Bl AT O 5 O 20 2

FHSNE ﬁ%n;%ﬁ%%%w%ﬁmﬁﬁékﬁ
COz BLUT7 4 VX — F DKE =
wNFT7 204y 7YEOMS T RIXS HIE T &

HEFFR I 74k Ry F=75 4%
YA - BlgE

EUFORIAY R A M Ik

Grioni Marco

a5ET

%Xﬁ%%/ﬁﬂﬁﬁﬂﬁui57%b:bUwﬁkﬁ Wk ook

e LA O FE - IRE I T

1% v > 2% A E #fi / Laser and Synchrotron Research Laboratory in Kashiwa

23

24

25

26

27

28

29

30

31

A VR - FEESRS I & B Pt/Ge(001) — fegs
RGO B FIREDTFZE H

xEV—ﬁ&%ﬁ%%mxacmnnﬁm%T%k%
HEOD 2 & v Mg o

A« SRS EIZ X B YIG HiM | BizSes A
J Y Cr ¥ — 7 BizSes 0 Fifi®E T-IRIED I s

FEESY RS HEIC & 2 SrTiOs D& FRAEDHT 53t
’jﬁ{j =]

w?:ﬁbﬁk%&@4UV7A@M%@%ﬁﬁ}m%
T2 > fhit

Bi(111)/Si DYtk ARPES A
Bi(111) £fETIREDL —% — SARPES I X % .,
KB

A ¥ R EE OB

%ﬁ%%xEVﬁ%ﬁﬁtiécmunﬁﬁﬁ?%%
RED 2 © > HEERTSE =

B8

Jo—Hp

|

11t

H—ER

Je—HB

P

FALR HRGBE AT
PEFBAME AU Az 2L ¥ —iF
JLit Eittil|
FURRA: YIEDTTET
FURRA: WEwRERT
PESEBARTHRS AT
g
;;zﬂmiﬂ Oy R

TR WrgeRt
FURA: WEwRER
FURRA: LRI S
FURHRA: WEWTSERT
FURRA YIEDTTET
FURRA: WEwRgERT
;nyryﬁ s
FRURA: WEwRERT
FUHORA: WEwRERT
FUHORA: WEwRERT

Title

Research and development of green next-generation

communication devices by using operando spectromicroscopy Hirokazu Fukidome

(I) Investigation of collapse phenomena in GaN-HEMT

Operando soft x-ray absorption/emission spectroscopy studies of
electrode materials for Li-ion batteries and investigation of the role Daisuke Asakura

of ligand elements against the charge-discharge reaction II

Hydrogenation of CO2 and formate on model Cu catalysts

studied by ambient-pressure XPS

RIXS of multiferroic materials in magnetic field II

Analysis of dopant-site in boron doped diamond by using

photoelectron holography

Monitoring the ferroelectric instability of BaTiO3 by RIXS

Study on the electronic states of acetonitrile based

Name

Jun Yoshinobu

Jun Miyawaki

Yukako Kato

Marco Grioni

superconcentrated electrolyte by soft X-ray absorption/emission Masashi Okubo

spectroscopy

One-dimensional surface states of Pt-induced atomic nanowires

on Ge(001) studied by spin- and angle-resolved photoelectron Koichiro Yaji

spectroscopy

Direct observation of the spin-polarized L-gap surface state

on Cu(111) by spin- and angle-resolved photoelectron
spectroscopy

Interface state measurement of Bi2Se3 or Cr-doped Bi2Ses on
YIG by spin and angle-resolved photoelectron spectroscopy

Electronic structure of SrTiO3 studied by angle-resolved
photoelectron spectroscopy

Spin-polarized surface electronic state in rutenate and iridate

Spin polarization measurements of the Fermi arc surface states

of Weyl semimetal TaAs

Polarization-dependent ARPES on Bi(111)/Si

Spin polarization of Bi(111) surface studied by laser SARPES

Spin-polarized surface state on Cu(111) studied by high-

resolution SARPES

Koichiro Yaji

Iwao Matsuda

Koichiro Yaji

Takeshi Kondo

Suyang Xu

Yukiaki Ishida

Koichiro Yaji

Koichiro Yaji

Organization

Tohoku University

AIST

The University of
Tokyo

The University of
Tokyo

AIST

Ecole Polytechnique

Federale de Lausanne

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Princeton University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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Bi % b R A Lo L —F =R © v oy
[ R

Pb/Ge(111) EH DL —F —fil Ay -
[ R

=)y

L= =R ORAET I & 5 A Y VS
v I MARIEDTSE

AR PR E DN 7B IS B 1 5 A B v 77k
DB

M-V BRI RSB L 72 2~ A 1 X6
HEXED A & o iR T-IRAE

Ag(111) RIBREDOEGDRERE > - AL
IR -4t

A

PS=

K4

ZN

e

Baojie Feng

A

iR

N

JER

flR

Ll
N.

H W H

FUHORA

R

HHRE

HHRE

HHRE

RBR

FRURA:

s

WIERITZE T

YVERITZE T

LRI S

LIRS

REAE T2 R A

Fikt

A BERERTZE R

WEDRERT

Title Name

SARPES using laser light on Bi-based topological insulators Kenta Kuroda

Laser-SARPES measurement of spin-polarized surface states on Koichiro Yaii
Pb/Ge(111)- B J
Probing the electronic structure of WTez using high resolution Baoiie Fen
spin-ARPES ) g
Laser spin-resolved photoemission study on spin-orbital

entangled materials Kenta Kuroda

Observation of spin polarization in inversion-symmetry broken

materials Kyoko Ishizaka

Electronic structure and its spin polarization of one-dimensional

bismuth surface layers grown of III-V semiconductor substrates Yoshiyuki Ohtsubo

High-resolution spin- and angle-resolved photoemission

spectroscopy of electronic structure on Ag(111) surface Ayumi Harasawa

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

Osaka University

The University of
Tokyo
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No. AU K44 e Title Name Organization
1. 55— J5#EIH5 / First-Principles Calculation of Materials Properties
1 A= RROY 7 ) WE R TRE L ST m Rk TR Atomic strgctures and slectronic properties of hard- and soft- Atsushi Oshiyama :l:he University of
nanomaterials Tokyo
HRFR ISV 2 & Y oM H AR 25§ % FEIRFE] L S vt o SHELRI2AMFE & First-principles calculation of interactions between extreme I ) .
2 iR KA — PR v y— pulse light and matter Kazuhiro Yabana University of Tsukuba
FHHHEI BN T2 L= a vtk BARY - o, REBETL2MF9%  First-principles statistical thermodynamics simulations on the . . N
3 — il D RERE & RSO IR NI R structure and reactivity of heterogeneous catalysts Yoshitada Morikawa - Osaka University
" ” . - o RFBeseim e
4 %5 LMK Cr(NbSg)s D55 —FFREH 5 == (PN = N HeEp AR First-principles study of chiral magnet Cr(NbSz)s3 Tatsuya Shishidou  Hiroshima University
WEHGGE L BTIREOE MY T2 —vay we we e oy KB 2 2 Development and application of first-principles simulation of - . The University of
5 Fgo FA%E & ity A HURF ekt material structure and Electronic Properties Shinji Tsuneyuki Tokyo

o FAMANRICIES OB IR TR e o

S RIS Development of first-principles electronic-structure and

it FiR i NES transport calculation method based on real-space finite- Tomoya Ono University of Tsukuba

i e e = Y H 5 S — ~ ~ —
ARSI A TR L S a L —va v =4 difference approach
H—J5 B GW+Bethe-Salpeter #12 & % NIEH N, P First-principles GW+Bethe-Salpeter calculations of core - . The University of
7 RS g R BARE YIVERISE T electron excitations Yoshifumi Noguchi Tokyo
N - N Vi L 2 y - e - % 2 FIEE R Atomic structures and electronic properties of ard- and soft- . . The University of
8 N—FRUY 7 b/ WHOIE TG LBtk b HURRE: TAERWAER L terials Atsushi Oshiyama
nanomaterials Tokyo
9 /KGO RFEE O E— B ra IR RYE o . . ) N
RGO E - HEE AR i iR NE S oretis First-principles study of quantum transport in nanostructures ~ Nobuhiko Kobayashi University of Tsukuba
BB Y T aL—v a Itk BARY th »y KEAEBET A% First-principles statistical thermodynamics simulations on the ) . N
10 — il DR & BT O TR G AR B structure and reactivity of heterogeneous catalysts Yoshitada Morikawa  Osaka University
1 - SO W RS - A A kI 3 Gl WH - MEHTTZE %&T{ ;;% DFT study on electron transfer and ionic transport at solid- Yoshitaka Tatevama NIMS
DFT &F5E0 o B 76 & S L ek e liquid and solid-solid interfaces ¥
BS54 F 3y 7 ZFHEIC K 5 CARE N s - . L . . .
- ; o - _ . REBE LM% First-principles meta-dynamics analysis of catalytic referred . . N
#HH - N 4y i 7 ~E
12 %7 vt A DR - Ko & QR TorEEBRROM filE  #E KR B etching method (analysis of atom removal process) Kouji Inagaki Osaka University
ESM 512 & % operando £ MR X $r ko . FEFERNTR AT Simulation of an operando soft x-ray spectroscopy using the . .
B osarvay Ky *E ST ESM method Minoru Otani AIST
B RE - REICE T BKEB X CBEORIG gy 2y KEEBE L4098 Investigations of hydrogen and oxygen reactions on oxide . . . N
14 = K72 O L UNTTNES B surfaces and interfaces Hideaki Kasai Osaka University
AL - FUEICE T 5 A E VB AR D N P THFZEI %Y Spin-orbit coupling parameters at surfaces and interfaces of RPN R
15 H— R ik ERAF Bl semiconductors: first-principles study Fumiyuki Ishii Kanazawa University
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H—REEIEIC X 5 a-InGaZnO4 DOREE T 3

SRR O Iy T B AR 2 o 2 RS ey
I DAL H

NF 7 zuA 7 AYE~NOEILEN—-THE HH

SHIEHZE IR CRBIRIE — 5L ITINGE

WL A PO s S aL—say O
SiC % M\ 7 X R T —F N4 2 DEFERIEIC I

;%D ﬂ+

WFERE WAy AL —tu= 7 ADME |y

P

Agvbn=s72 Hﬂki()ﬁ%lﬁﬁ%ﬁ%@)ﬁ?% SN
Wi, WAIRTE, B TRE DT
ERSELOZ AR LaYOBE—HBEE A

°v b a =7 2tk K O TR O R T
R, WESUIRTE, FEIRE D MT

WX 5 54 F 2 v 2 ZEHEIC L 5 CARE N
1g:?7 0t A DEY] - £ & DR EERE O fiE

A% - SEAH IR S 1B A
Eaiblte

7INFH

SRR BE 4 2 B Wy

BRI X 5 Fe/Cuiliofigs & O

RS T AL

ik

it

G

Hiel

A JREHEY & BOBTIE T RIS QUL o s

j(iﬁﬁ %*%Lﬁnﬁﬂ

uwﬁﬁhf@miﬂﬁﬁimﬁmmgwéﬁ%5HF
L 20):Z e
FHE T2 8 5 AR A ERIK O & EFIR Tl
BB — R

EAHMEBAR S S 2L —>a v (A1

TiO2(110) TOEEFHT T DA BRIC B T 2 Al

HEA L 7 B K B o0 R 40

Fi]

g
g

INITRE %i%gﬁii
iR N %E%I%MM
SR @%@#m%h
AR ffgﬁﬁvx
PN/PN FESE R
SR gég%ﬁﬁ%
PN PN FE RIS
SRR %;g%ﬁﬁ%
PNTN ﬁ?%r?ﬁ%
BiBkA: JUIE S
HRRY: %‘r?[‘fﬂﬂ?ﬁ)}%
BHURE: ﬁ%hi%m
KPR ﬁ%hi%m
fEA K ﬁ%gﬁ%ﬂ#
HROKF YRR
JAEIE 75 24 KB T 27

Title Name

First-principles study of the structure of a-InGaZnOg4 Satoshi Yasuno

Microscopic investigations of solid / liquid interfaces using first-

A ;i - Ken-ichi Fukui
principles and classical molecular dynamics

Doping effects of heavy elements for multiferroic materials Yoshihiro Gohda

Development of first-principles electronic-structure and
transport calculation method based on real-space finite-
difference approach

Tomoya Ono

Computational design of SiC-based future power devices Kenji Shiraishi

Materials design toward spin-valleytronics by using ferroelectric

. Kunihiko Yamauchi
oxides

Analyses on atomic structure, magnetism, and electronic

) . - . Tatsuki Oda
structure in spintronics materials and molecular magnets

First-principles palculations of transition metals and their alloys

and compounds Tamio Oguchi

Analyses on atomic structure, magnetism, and electronic

. . . . Tatsuki Oda
structure in spintronics materials and molecular magnets

First-principles meta-dynamics analysis of catalytic referred .. .
. . Kouji Inagaki

etching method (analysis of atom removal process)

Theoretical investigation of spin polarization induced at the

. . y Susumu Yanagisawa
organic-metal interfaces

Structural and magnetic anisotropy analyses in Fe/Cu ultra-thin

films by first-principles calculation Yasutomi Tatetsu

Parallelized ultra-large-scale electronic-structure theory based

on first principle calculation and novel numerical method Takeo Hoshi

Quantum effects of hydrogen and oxygen reactions on solid Hideaki Kasai
surfaces.
First-principles molecular-dynamics study of structural and

electronic properties of covalent liquids under pressure Fuyuki Shimojo

Constant-potential simulation of electrode interfaces Osamu Sugino

The role of the negatively charged oxygen vacancy in the

chemisorption process of oxygen molecules on TiO2 (110) Kenji Yasuoka

Organization

JASRI

Osaka University

Tokyo Institute of
Technology

University of Tsukuba

Nagoya University

Osaka University

Kanazawa University

Osaka University

Kanazawa University

Osaka University

University of the
Ryukyus

The University of
Tokyo

Tottori University

Osaka University

Kumamoto University

The University of
Tokyo

Keio University
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FIEPLB BRI D IR 7 + 2 v D8

R ]

T/ RGO R ARE DR — L BIFH 4N

BEEAREHOEZAE YN — =27 ZOME A
BHFE

AR R B D BRI SE VU

HRIRIN SV 256 & WP ORI ILAE R § % FEiefH 546
B

S BUEHIC 3 C R OIS TR D
] I

TR AINGE— JRBRGEEL & MR Rk & 2 AL
S O B AR

LI
F A4 1 RS NyIC D BLHIfEIC B 5 2 B B
gL

RIS 517 5 KRR OB « 252, ||
P& A A ALIREL

NA 7Y v K abinitioQM/MM & S 2L —3> 3 &~ 2
12 & 2 KRS 70 PR AT "

& VST T AOBFL O B iR N AT HH

BB DIR B 2\ 2 R 2 HEE AL DB FoA

R

[ - S S OB TBE) - 4 4 vEpRIcBT 5 fiLl
DFT FHEEA 0B & SE3E

YT & R 1R & A IRE D IF%E A
RSt Rt & BIRAE D5 — BT 5 A5

B — R NIy T AR 2 T A R R L
VAR / FEMLAUENC 3 U 2 B o B

IRFFI A 77 2 FE N BE i 2 3D < B8 — [T B Tk Tk
v IalL—% -0l EIEH

JerF

e

|
=%

s

I
. KB TR
R e
PR KEE }‘%'ffﬂji
KB PRI
HF A T
ok R
T KB R
EE/J\)\% % 5[’
A TARBER
o BT
SR T
TR B R T
sk R
I e
ABARE R
- BT TRV
LA NEETI
n EiF 7 —%
e PRI 2 =
el
KB TR
R gﬂ%éﬁ%%
e AR
R TR A TR
i
. KRR T
ABR: e
T

Title

Numerical studies on anharmonic phonon properties based on
density functional theory

First-principles study of quantum transport in nanostructures

Materials design toward spin-valleytronics by using ferroelectric
oxides

Theoretical investigation of growing process of organic
semiconductors

First-principles calculation of interactions between extreme
pulse light and matter

First-principles study of coercivity in hard magnetic materials

Theoretical analysis of electrochemical interfaces by first-
principles calculation and statistical approach

Theoretical design of heat resistivity of NylC

Defect generation at metal/semiconductor interfaces: stability
and ionization diffusion

Hybrid ab initio QM/MM simulations of biological
macromolecular systems

First-principles analyses on protein folding processes

Exploration of structure motifs characterizing the behavior of
metal oxides

DFT study on electron transfer and ionic transport at solid-
liquid and solid-solid interfaces

Study of atomic structure and electronic states of interfaces
and dislocations

First-principles study of atomic and electronic structure of grain
boundaries

First-principles and classical molecular dynamics investigations
of electrolyte solution / electrode interfaces: potential
dependence

Development and application of first-principles electron-
transport simulator based on time-dependent density functional
theory

Name

Terumasa Tadano

Nobuhiko Kobayashi

Kunihiko Yamauchi

Kazume Nishidate

Kazuhiro Yabana

Daisuke Hirai

Yasunobu Ando

Yasuteru Shigeta

Takashi Nakayama

Masaru Tateno

Yasuteru Shigeta

Kazuto Akagi

Yoshitaka Tateyama

Yuichi Ikuhara

Yuichi Ikuhara

Ken-ichi Fukui

Yoshiyuki Egami

Organization

The University of
Tokyo

University of Tsukuba

Osaka University

Iwate University

University of Tsukuba

The University of
Tokyo

The University of
Tokyo

University of Tsukuba

Chiba University

University of Hyogo

University of Tsukuba

Tohoku University

NIMS

The University of
Tokyo

The University of
Tokyo

Osaka University

Hokkaido University
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FTBRERICET 2T 7 LoB BT N Al

B PIPERIIET Ry b= e
R T ADEIREEICEET 2015 ﬁ
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g 7 VBROTAREROLOOR gy e
BT A0k HCHBILF /A5 —7 L—h—
A4 ADHE NV FRA

190 - RRAECHLS N BRI BT 2 gy o
HRITF% L

NA 7Y v K abinitioQM/MM ¥ S 2L —3 a v "
2 & 2 AT 5 -0 BT R
OB TRELHIE S PA(100) BHEBOBHE (e o

24t

FRALH DFEREE SR O 5 — UG T R
BORARARREM O FISE & SMMPHC BT 2R g s

At 1 D A

AbinitioGW+ ¥ =2 & 7 v b L Z v 7B

TEHD AR N OVEIEGEHE R R

A ¥ VLGS & BERE D S — BB [EPI vl

FUHORA

S RAC

R

Hi R

PNITNS

HHREESE R

NTNES

ERRF

i RE VNG

SRR

JuiEE R

JUNTHEREE

IR

s

REAWE T 22T
okt

B

BB
FhR

RRMAEL - > 2
7 LWRERT

S LTS
B
AR

ﬁ?%I?ﬁ%

B TSR
FER

REAET2ERFE
B

B

REAGEA: A B
WHsEst

BUT2AE

JET 5 T ARLBL
EAEE TP

O LA
Kj%

BT B
BT

Title

Theoretical analyses on ionic transport properties, electrical
properties and interfacial electronic states of nanostructures

First-principles study of excited electronic states and dynamics
of nanostructures under external fields

First-principles calculation for device application of wide gap
semiconductors

First-principles study on device properties of emerging phase-
change memory devices

First principles study of catalytic properties of Pt cluster
supported on graphene

First-principles study of moire patterns in atomic layers

Ab initio molecular dynamics study for the static structure of
the network forming glass

First principles study of catalytic properties of Pt cluster
supported on graphene

First-principles calculation for device application of wide gap
semiconductors

Theory of self-organized nano-interfaces for electronic devices

Theoretical investigation of spin polarization induced at the
organic-metal interfaces

Hybrid ab initio QM/MM simulations of biological
macromolecular systems

Change in magnetism of Pd(100) ultrathin films due to the
modulation in the interface electric states

First-principles investigation of functional interfaces in metallic

oxides

Development of oxygen storage materials and analysis of
hydrogen embrittlement properties of steel

Ab initio GW+cumulant study for spectral function of low-
dimensional system

First-principles calculation of spin-orbit field and thermopower

Name

Satoshi Watanabe

Kazuyuki Watanabe

Mineo Saito

Masaaki Araidai

Yuji Hamamoto

Kazuyuki Uchida

Akihide Koura

Yuji Hamamoto

Mineo Saito

Hannes Raebiger

Susumu Yanagisawa

Masaru Tateno

Tetsuya Sato

Wang Zhongchang

Yuji Kunisada

Kazuma Nakamura

Fumiyuki Ishii

Organization

The University of
Tokyo

Tokyo University of
Science

Kanazawa University

Nagoya University

Osaka University

Kyoto Sangyo
University

Kumamoto University

Osaka University

Kanazawa University

Yokohama National
University

University of the
Ryukyus

University of Hyogo

Keio University

Tohoku University

Hokkaido University

Kyushu Institute of
Technology

Kanazawa University
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Title Name

Development of measurement technique of local optical
property and analysis of hydrogen embrittlement properties of Yuji Kunisada
steel

Doping effects on light absorption of light-harvesting molecules:

ab initio molecular-dynamics study Satoshi Ohmura

F1r_st-p_r1nc1ples analysis of the dielectric response at metal/ Shusuke Kasamatsu
oxide interfaces

Development and application of first-principles electron-

transport simulator based on time-dependent density functional Yoshiyuki Egami
theory

First-principles calculations of iron solid solution effects on the

lattice thermal conductivity of lower mantle minerals Haruhiko Dekura

Pt stepped structure dependence for oxygen reduction reaction Hidetoshi Kizaki
in fuel cell

Large scale ab initio calculations on the fundamental processes
of energy convergence devices and on their optimization for
high conversion efficiency

Koichi Yamashita

Temperature dependence of low-energy plasmaron states of

materials: Ab initio GW analysis Kazuma Nakamura

First principles calculation of point defects in electrodes of

solid oxide fuel cells Akihide Kuwabara

Ab initio calculation of superconducting pairing interactions in

materials with complex Fermi surface Ryosuke Akashi

First-principles study of excited electronic states and dynamics

of nanostructures under external fields Kazuyuki Watanabe

Theoretical analyses on ionic transport properties, electrical AT
. . . . Satoshi Watanabe

properties and interfacial electronic states of nanostructures

Derivation of effective model in transition metal compounds by

first-principles calculation and its analysis from the view point Hirofumi Sakakibara

of many body effect

First-principles analysis on the strain effect on the

. . . Junichiro Shiomi
thermoelectric properties of nanomaterials

Theoretical investigation on electronic properties of organic

X Susumu Yanagisawa
solids

Model calculations in Si surfaces with adsorbates Ken Hattori

Study on catalyst synthesis and surface reaction analysis for

Junichiro Otomo
novel energy storage systems

Organization

Hokkaido University

Hiroshima Institute of
Technology

The University of
Tokyo

Hokkaido University

Ehime University

Osaka University

The University of
Tokyo

Kyushu Institute of
Technology

Japan Fine Ceramics
Center

The University of
Tokyo

Tokyo University of
Science

The University of
Tokyo

Tottori University

The University of
Tokyo

University of Ryukyus

Nara Institute
of Science and
Technology

The University of
Tokyo
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Title

Analysis of magnetic anisotropy energy in corundum-type
Cr203 and Fe203

First-principles simulation of electrolyte diffusion process on
constant-potential electrodes

Development of first-principles electronic structure calculation
package xTAPP

Study on formation and property mechanism of semiconductor

surfaces/interfaces/defects

First-principles study of magnet materials and spin-orbit
systems

First-principles study on the defects in semiconductors

Ab-initio DFT calculations of photocatalyst material for water
splitting

Search for electronic properties of new nanoscale interfaces

A first-principles study on magneto-crystalline anisotropy of
ferromagnetic metal interfaces with spinel barrier

Local structure analysis around impurity atoms in a metal oxide Kazuto Akagi

Electronic structure of rare earth magnets

Ab initio simulation of SiC nanocluster for high-temperature
oxidation and water splitting

Calculations of Fe compounds magnetism

Stabilities, structures, and electronic properties of atomic-
layered materials

Study of interaction between radiation damage and interstitial
atom

Ab initio calculations for the silicon cluster superlattice

First principles calculations on electronic structures,
magnetism, and electric field effects in transition-metal films
and organometallic complexes

Name Organization

Fukushima National

Yohei Kota College of Technology

Chunping Hu Kyoto University

The University of

Yoshihide Yoshimoto
Tokyo

Hiroyuki Kageshima Shimane University

Takashi Miyake AIST

Jun Yamauchi Keio University

The University of

Kaoruho Sakata Tokyo

Katsuyoshi Kobayashi Ochanomizu University

Kyoto Institute of

Yoshio Miura Technology

Tohoku University

The University of

Hisazumi Akai Tokyo

Kenji Tsuruta Okayama University

Shuji Obata Tokyo Denki University

Tokyo Institute of

Yoshitaka Fujimoto Technology

Kazuhito Ohsawa Kyushu University
AIST

Nozomi Orita

Kohji Nakamura Mie University
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2. #AHBY / Strongly Correlated Quantum Systems
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BleEntgirt
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Electronic structures of carbon nanomaterials

Stabilities, structures, and electronic properties of atomic-

layered materials

Theoretical investigation on electronic properties of organic

solids

Name

Susumu Okada

Yoshitaka Fujimoto

Susumu Yanagisawa

Theoretical research on dissociation of N2 and Hz for designing Yoichi Kamihara

new ammonia synthesis catalysts

Electronic structure of rare earth magnets

First-principles calculation on electronic structure of

thermoelectric material

First-principles momentum dependent local ansatz theory and
its application to Fe compounds

Electronic state and proximity effects around interface in

layered superlattices

Theory of magnetic alloys with octahedral frustration

Wear mechanism of diamond tool

Exploring of low-dimensional honeycomb materials consisting

of heavy elements

Geometric and electronic structures of magnetic molecules at

solid surfaces

Wear mechanism of diamond tool

Geometric and electronic structures of honeycomb materials of

heavy atoms

Investigation on molecular magnetism at solid surfaces

Photoinduced phase transitions in strongly correlated

superconductors

Hisazumi Akai

Yukio Sato

Yoshiro Kakehashi

Kunitomo Hirai

Takashi Uchida

Yutaka Uda

Noriaki Takagi

Noriaki Takagi

Yutaka Uda

Noriaki Takagi

Noriaki Takagi

Hideo Aoki

Organization

University of Tsukuba

Tokyo Institute of
Technology

University of Ryukyus

Keio University

The University of
Tokyo

Kyushu University

University of Ryukyus

Nara Medical
University

Hokkaido University of
Science

Osaka University

The University of
Tokyo

The University of
Tokyo

Osaka Electro-
Communication
University

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo
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Title Name

Numerical studies on ab initio low-energy effective models
for thin films of cuprates by high-precision variational wave
functions

Masatoshi Imada

Improvement of many-variable variational Monte Carlo method

and its application to iron-based superconductors Takahiro Misawa

Theoretical study of novel physics by synergy between electron

. . . R Yukitoshi Motome
correlation and spin-orbit coupling

Numerical study of critical phenomena in strongly correlated

R Yuichi Otsuka
dirac electrons

Splr_l-orblt coupling in strongly correlated electron systems with Akihisa Koga
orbital degeneracy

Density-matrix renormalization group method for quantum
impurity models

Topologically nontrivial phases and nonequilibrium phenomena

in strongly correlated superlattice and quasiperiodic systems Norio Kawakami

First-principles study of multi-orbital correlated materials Ryotaro Arita

New physics opened by charge-spin-orbital coupling in strongly . .
correlated electron systems Yukitoshi Motome

Study of correlation effects on topological phases Tsuneya Yoshida

Numerical study of an ab-initio effective model for an iron-

based superconductor with electron-phonon interactions Takahiro Ohgoe

Numerical simulation of 4He adsorbed on substrates Yuichi Motoyama

Superconductivity and ordered phases in correlated fermion

systems with internal degree of freedom Akihisa Koga

Study of correlation effects on topological phases Tsuneya Yoshida

Multi-variable variational Monte Carlo study of the Hubbard ., .
. . R T'akahiro Ohgoe

model with electron-phonon interactions

Development of parallelized MPS algorithm and its application

to various frustrated systems Ryo Igarashi

Correlation effects in nonequilibrium/inhomogeneous cold

Norio Kawakami
atom systems

Tomonori Shirakawa

Organization

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

RIKEN

Tokyo Institute of
Technology

RIKEN

Kyoto University

RIKEN

The University of
Tokyo

Kyoto University

The University of
Tokyo

The University of
Tokyo

Tokyo Institute of
Technology

Kyoto University

The University of
Tokyo

The University of
Tokyo

Kyoto University
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Title Name

Monte carlo study of itinerant and localized chiral helimagnets Shintaro Hoshino

Study on the enhanced pairing due to peculiar hoppings in the

: Kazuhiko Kuroki
iron-based superconductors

Magnetic properties and spin liquids in the strongly correlated Atsushi Yamada
electron systems
Optical conductivity near the magnetic transition in a square-

lattice Hubbard model Toshihiro Sato

Quantum Monte Carlo study of strongly correlated electron

Takashi Yanagisawa
systems

Numerical analyses of nonequilibrium state in electron-lattice

Sumio Ishihara
correlated systems

Numerical study of correlated electron systems by quantum

Monte Carlo and first-principles calculations Takashi Yanagisawa

Novel quantum phase and real time dynamics in correlated

Sumio Ishihara
electron systems

Research for multipole ordering and superconductivity induced
by multipole fluctuations in seven-orbital Hubbard model with Takashi Hotta
spin-orbit coupling

The()_ren?al study of many-body effects on spin transports in a Naoya Arakawa
multiorbital system

Exciton condensation, CDW, and superconductivity induced by
cooperation and competition between Coulomb interaction and Hiroshi Watanabe
electron-lattice interaction

Numerical simulation of 4He adsorbed on substrates Yuichi Motoyama

Theoretical study of chiral magnetic effect in materials Masaki Oshikawa

Possibility of supersolid in helium 4 adsorbed on graphite Naoki Kawashima
surface
Development and application of the quantum Monte Carlo

method for critical phenomena of random bosonic systems Akiko Masaki-Kato

Structure formation of biomembranes Hiroshi Noguchi

Organization

The University of
Tokyo

Osaka University

Chiba University

RIKEN

AIST

Tohoku University

AIST

Tohoku University

Tokyo Metropolitan
University

RIKEN

RIKEN

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

RIKEN

The University of
Tokyo
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Title

Novel phases in frustrated magnets

Dynamical properties of honeybomb lattice magnets

Efficient sampling simulation of the soft modes significantly
contribute to protein properties

Novel phases in frustrated magnets

Study on relation between impurity doping and magnetic
refrigeration efficiency

Numerical studies on photoinduced superconductivity in

two dimensional doped Hubbard model by high-precision
variational wave functions

Shape transformation of lipid membranes induced by protein
adsorption and chemical reaction

Possibility of supersolid in helium 4 adsorbed on graphite
surface

Numerical study on low-energy states of quantum spin systems

Equilibrium and dynamical properties in glassy systems

Name

Tsuyoshi Okubo

Takafumi Suzuki

Akio Kitao

Tsuyoshi Okubo

Ryo Tamura

Masatoshi Imada

Hiroshi Noguchi

Naoki Kawashima

Hiroki Nakano

Koji Hukushima

Study of quantum phases in triangular Kitaev-Heisenberg model Takami Tohyama

Mangetic excitations of the Heisenberg-Kitaev model on a
honeycomb lattice

Viscoelastic analysis on soft matter systems (polymer, liquid
crystal, micelle) and multiscale simulation

Entanglement and quantum phase transition in quantum spin
systems

Quantum information processing based on the ising models

Molecular dynamics study on polymer drag reduction effect

Entanglement and quantum phase transition in quantum spin
systems

Takafumi Suzuki

Takahiro Murashima

Synge Todo

Shu Tanaka

Hiroshi Watanabe

Synge Todo

Organization

The University of
Tokyo

University of Hyogo

The University of
Tokyo

The University of
Tokyo

NIMS

The University of
Tokyo

The University of
Tokyo

The University of
Tokyo

University of Hyogo

The University of
Tokyo

Tokyo University of
Science

University of Hyogo

Tohoku University

The University of
Tokyo

Waseda University

The University of
Tokyo

The University of
Tokyo
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Title

Dynamical ordering of biomolecular systems by molecular
dynamics simulations

Numerical study of the low-lying excited state in low-
dimensional frustrated magnetism

Rheology of glassy materials

Equilibrium and dynamical properties in glassy systems

Field-induced quantum phase transition in the kagome lattice
antiferromagnet

Dynamical phase transitions under time dependent external
fields

Scaling theory of disordered topological insulators

Novel order in frustrated magnets

Study on entanglement properties in exactly solvable models

Quantum phase transition of the spin nanotubes

Tensor network calculation on two-dimensional quantum spin

models

Numerical study of dynamics in spin glass models with long-
range interactions

Novel order in frustrated magnets

Variety of bulk-edge correspondence by numerical methods

Quantum Monte Carlo simulations of interacting bosons on
kagome lattices with the parallelized multi-worm algorithm

Computational study of the mechanism of voltage sensing
proteins

Development of a method to estimate a model Hamiltonian
from observed data

Name

Hisashi Okumura

Tokuro Shimokawa

Akira Furukawa

Koji Hukushima

Toru Sakai

Seiji Miyashita

Tomi Ohtsuki

Hikaru Kawamura

Shu Tanaka

Toru Sakai

Kenji Harada

Yusuke Tomita

Hikaru Kawamura

Yasuhiro Hatsugai

Akiko Masaki-Kato

Yu Takano

Ryo Tamura

Organization

Institute for Molecular
Science

Osaka University

The University of
Tokyo

The University of
Tokyo

University of Hyogo

The University of
Tokyo

Sophia University

Osaka University

Waseda University

University of Hyogo

Kyoto University

Shibaura Institute of
Technology

Osaka University

University of Tsukuba

RIKEN

Hiroshima City
University

NIMS
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Title

Molecular dynamics simulation study of growth promotion
mechanism of ice basal plane by antifreeze protein

Tensor network calculation on two-dimensional quantum spin
models

Improvement of dynamical scaling and accurate analysis of
nonequilibrium relaxation data

Quantum phase transitions of one-dimensional spin systems
coupling with lattice degrees of freedom

Name

Hiroki Nada

Kenji Harada

Yukiyasu Ozeki

Hidemaro Suwa

Characterization of thermal transport at nanostructure interface Junichiro Shiomi

Physics of friction

Spectral analysis of quantum phase transition between
competitive magnetic order and lattice order phases

Heat transfer characteristics of condensate film flow along
vertical plates with microscopic grooves

GPU parallelization of MPS algorithm and its application to
various frustrated systems

Molecular dynamics simulation of ferroelectrics using a shell
model

Improvement of dynamical scaling and accurate analysis of
nonequilibrium relaxation data

Simulation of cell-cell adhesion control of collective cell motion

Study on numerical mathod to solve n-beam Takagi equation

Numerical study of the one-dimensional quantum spin systems

with spatial structures

Hiroshi Matsukawa

Hidemaro Suwa

Takahiro Adachi

Ryo Igarashi

tamotsu hashimoto

Yukiyasu Ozeki

Katsuyoshi
Matsushita

Kouhei Okitsu

Takashi Tonegawa

Simulation of quantum response of graphene quantum devices Koichi Kusakabe

Spin dynamics of frustrated quantum spin chain in magnetic
field

Melting phenomena and polyamorphism

Hiroaki Onishi

Kazuhiro Fuchizaki

Organization

AIST

Kyoto University

he University
of Electro-
Communications

The University of
Tokyo

The University of
Tokyo

Aoyama Gakuin
University

The University of
Tokyo

Akita University

The University of
Tokyo

AIST

The University
of Electro-
Communications

Osaka University

The University of
Tokyo

Kobe University

Osaka University

JAEA

Ehime University
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Title

Hydrodynamic effects on phase ordering 3

Novel properties of low-dimensional electron systems at solid
surfaces and finite electron systems in nanoparticles

Numerical study of the novel magnetic phenomenon on the
honeycomb magnetism

Numerical study of semiconductor nanocrystals

Simulation of collective migrations induced by the cell-cell
adhesion and the cell polarity

Melting phenomena and polyamorphism

Numerical study of semiconductor nanocrystals

Numerical simulations on statistical models of earthquakes

Parallelization of tensor network method

Numerical simulations on statistical models of earthquakes

Numerical research of many-body effects on phonon transport
by a quantum Monte Carlo method

Self-propelled motion of a Janus particle in periodically phase
separating mixtures

Search of close packing states of multicomponent hard-sphere
systems by the parallelized Wang-Landau sampling

Spin-lattice coupling effects in Heisenberg antiferromagnets on
breathing pyrochlore lattices

Study of Heisenberg-Kitaev model by exact diagonalization
package Rokko

Molecular simulation study of micellar shape transition in
amphiphilic solution

Absorbing phase transition and viscoleasticity of Non-Brownian

suspension in low Reynolds number fluid

Name

Hajime Tanaka

Takeshi Inaoka

Tokuro Shimokawa

Takamichi Terao

Katsuyoshi
Matsushita

Kazuhiro Fuchizaki

Takamichi Terao

Hikaru Kawamura

Satoshi Morita

Hikaru Kawamura

Takeo Kato

Takeaki Araki

Tomoaki Nogawa

Kazushi Aoyama

Tatsuya Sakashita

Susumu Fujiwara

Masaki Sano

Organization

The University of
Tokyo

University of Ryukyus

Osaka University

Gifu University

Osaka University

Ehime University

Gifu University

Osaka University

The University of
Tokyo

Osaka University

The University of
Tokyo

Kyoto University

Toho University

Osaka University

The University of
Tokyo

Kyoto Instituteof
Technology

The University of
Tokyo
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Title

Numerical study of the one-dimensional quantum spin systems
with spatial structures

Analysis of deterministic Monte Carlo algorithms

Heat transfer characteristics of condensate film flow along
vertical plates with microscopic grooves

Study on protein crystal structure analysis using X-ray n-beam
dynamical diffraction theory

Phase transition in quantum spin systems coupled to lattice
degrees of freedom

Numerical study of one dimensional frustrated quantum spin
systems

Nonequilibirum phase transition in the large scale dense hard
sphere molecular dynamics simulation

Phase transition on scale-free networks 2

Phase transition on scale-free networks

Name

Takashi Tonegawa

Hideyuki Suzuki

Takahiro Adachi

Kouhei Okitsu

Chitoshi Yasuda

Kazuo Hida

Masaharu Isobe

Masanori Shiro

Masanori Shiro

Organization

Kobe University

The University of
Tokyo

Akita University

The University of
Tokyo

University of Ryukyus

Saitama University

Nagoya Institute of
Technology

AIST

AIST
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Title

Nonadiabatic electron dynamics and many-body nuclear
dynamics in molecules

Superconducting mechanism driven by both electron-phonon
and strong electron correlations

Study of excitation dynamics in strongly correlated electron
systems

Study of novel quantum phases and critical phenomena by
monte carlo method and tensor network

Multi-scale simulation of nano-structured materials from
electronic to mechanical properties

Density-functional study on prediction of electronic properties
of spatiotemporal fields in nanostructures

Development and application of first-principles simulations for
new materials exploration

Materials design for spintronics/multiferroics applications

Prediction of electronic properties in spatiotemporal nano-field
based on the density functional theory

Molecular science of virus by all-atom simulation

Large scale calculations on the fundamental processes of solar
cells and their optimization in conversion efficiency

Interface science on energy conversion

Analysis of enzymatic reaction for biomass energy creation

First-principles simulations of electrode-electrolyte interfaces in
secondary batteries with a bias-control technique

All electron spectra and dynamics of functional materials from
nanoclusters to crystals

Name

Kazuo Takatsuka

Masatoshi Imada

Takami Tohyama

Naoki Kawashima

Shuji Ogata

Atsushi Oshiyama

Shinji Tsuneyuki

Mineo Saito

Katsuyuki Nobusada

Susumu Okazaki

Koichi Yamashita

Osamu Sugino

Norio Yoshida

Minoru Otani

Kaoru Ohno

Organization

The University of
Tokyo

The University of
Tokyo

Tokyo University of
Science

The University of
Tokyo

Nagoya Institute of
Technology

The University of
Tokyo

The University of
Tokyo

Kanazawa University

Institute for Molecular
Science

Nagoya University

The University of
Tokyo

The University of
Tokyo

Kyushu University

AIST

Yokohama National
University
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Title

Computational-science study of frustrated magnets

Ordering of topological excitations of the frustrated magnets

Ab initio calculation of high-temperature superconducting
mechanism - Comparison of cuprates and iron-based
superconductors

Study of excitation dynamics in strongly correlated electron
systems

Monte carlo study of novel quantum phases and critical
phenomena

Multi-scale simulation of nano-structured materials from
electronic to mechanical properties

Density-functional study on prediction of electronic properties
of spatiotemporal fields in nanostructures

Highly accurate calculation of impurity hydrogen in oxides

Materials design for spintronics/multiferroics applications

Prediction of electronic properties in spatiotemporal nano-field

based on the density functional theory

Large scale computational simulations of non-equilibrium
transport phenomena

Structure and functionality of electrode-electrolyte interface in
battery

Analysis of enzymatic reaction for biomass energy creation

First-principlemolecular dynamics study toward a high
performance Li-ion battery

All electron spectra and dynamics of functional materials from
nanoclusters to crystals

Name

Hiroki Nakano

Tsuyoshi Okubo

Masatoshi Imada

Takami Tohyama

Naoki Kawashima

Shuji Ogata

Atsushi Oshiyama

Shinji Tsuneyuki

Mineo Saito

Katsuyuki Nobusada

Susumu Okazaki

Yoshihiro Asai

Osamu Sugino

Norio Yoshida

Minoru Otani

Kaoru Ohno

Organization

University of Hyogo

The University of
Tokyo

The University of
Tokyo

Tokyo University of
Science

The University of
Tokyo

Nagoya Institute of
Technology

The University of
Tokyo

The University of
Tokyo

Kanazawa University

Institute for Molecular
Science

Nagoya University

AIST

The University of
Tokyo

Kyushu University

AIST

Yokohama National
University
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KRB

(epiita . .
R Computational-science study of frustrated magnets

YT Ordering of topological excitations of the frustrated magnets

Name

Hiroki Nakano

Tsuyoshi Okubo

Organization

University of Hyogo

The University of
Tokyo



Publications

Division of New Materials Science

Takigawa group

We have been performing nuclear magnetic resonance experiments on various quantum spin systems and strongly correlated
electron systems to explore novel quantum phases with exotic ordering and fluctuation phenomena. The major achievements
in the year 2015 include: (1) Investigation by 'P-NMR of the quasi two dimensional antiferromagnet RbMoOPO,Cl with the
frustrating nearest neighbor and the next nearest neighbor interactions that lead to the identification of a stripe type antifer-
romagnetic order. (2) Combined studies of "Li-NMR and neutron scattering experiments on the breathing pyrochlore antifer-
romagnet Li(Ga,In)Cr4Og, in particular the observation of a second order phase transition in the In 5% doped sample. (3) Inves-
tigation of spin dynamics in the quantum spin ice compound Pr,Zr,O5 by 1Zr- NQR/NMR that revealed contrasting behavior
when a magnetic field is applied along <001> and <111>.

1. "Structural anomalies and short-range magnetic correlations in the orbitally degenerate system Sr,VOy: 1. Yamauchi, K.
Nawa, M. Hiraishi, M. Miyazaki, A. Koda, K. M. Kojima, R. Kadono, H. Nakao, R. Kumai, Y. Murakami, H. Ueda, K.
Yoshimura and M. Takigawa, Phys. Rev. B 92 (2015) 064408(1-7).

2. “One-Third Magnetization Plateau with a Preceding Novel Phase in Volborthite: H. Ishikawa, M. Yoshida, K. Nawa, M.
Jeong, S. Kramer, M. Horvatic, C. Berthier, M. Takigawa, M. Akaki, A. Miyake, M. Tokunaga, K. Kindo, J. Yamaura, Y.
Okamoto and Z. Hiroi, Phys. Rev. Lett. 114 (2015) 227202(1-5).

3. 'Real Space Imaging of Spin Polarons in Zn-Doped SrCu,(BOj3),: M. Yoshida, H. Kobayashi, I. Yamauchi, M
Takigawa, S. Capponi, D. Poilblanc, F. Mila, K. Kudo, Y. Koike and N. Kobayashi, Phys. Rev. Lett. 114 (2015) 056402
(1-5).

4. *Single crystal 27Al-NMR study of the cubic I'; ground doublet system PrTiyAlyy: T. Taniguchi, M. Yoshida, H. Takeda,
M. Takigawa, M. Tsujimoto, A. Sakai, Y. Matsumoto and S. Nakatsuji, J. Phys.: Conf. Ser. 683 (2016) 012016(1-9).

5. "Site-selective ''B NMR studies on YbAIBy,: S. Takano, M. S. Grbic, K. Kimura, M. Yoshida, M. Takigawa, E. C. T. O.
Farrell, K. Kuga, S. Nakatsuji and H. Harima, J. Phys.: Conf. Ser. 683 (2016) 012008(1-6).

Sakakibara group

We study magnetism and superconductivity of materials having low characteristic temperatures. These include heavy-electron
systems, quantum spin systems and frustrated spin systems. The followings are some selected achievements in the fiscal year
2015. (1) Field and temperature variations of the specific heat C(H,T) of the heavy fermion superconductor URu,Si, (7=
1.4 K) were examined at temperatures down to 200 mK. The occurrence of quasiparticle excitations due to the Doppler-shift
effect was detected regardless of the field direction in C(H), implying the presence of a line node. Furthermore, the polar-angle-
dependence of the specific heat C(6) under a rotating magnetic field within the ac plane exhibits a shoulder-like anomaly at 6 ~
45° and a sharp dip at 8 = 90° (H // a) in the moderate-field region. These features are supported by theoretical analyses based
on microscopic calculations assuming the gap symmetry of k. (k,+iky), whose gap structure is characterized by a combination
of a horizontal line node at the equator and point nodes at the poles. The present results have settled the previous controversy
over the gap structure of URu,Si, and have authenticated its chiral d-wave superconductivity. (2) We examined low-temperature
magnetic properties of a new verdazyl radical crystal a-2-Cl-4-F-V. Molecular orbital calculations predict that this material is
a spin-1/2 quasi-one-dimensional antiferromagnet. The magnetization curve at 0.1 K shows gapless behavior like conventional
one-dimensional quantum spin systems and saturates at about 5 T. A peak is observed in the temperature dependence of the
heat capacity at 0 T, indicating that a three-dimensional ordering occurs at about 0.2 K. On the other hand, the temperature
dependence of the magnetization at various magnetic fields shows an anomaly similar to that observed in many of gapped spin
systems. This behavior is attributed to the highly frustrated nature of the interchain interactions.

1. “Field Evolution of Quantum Critical and Heavy Fermi-Liquid Components in the Magnetization of the Mixed Valence
Compound B-YbAIB,: Y. Matsumoto, K. Kuga, Y. Karaki, Y. Shimura, T. Sakakibara, M. Tokunaga, K. Kindo and S.
Nakatsuji, J. Phys. Soc. Jpn. 84 (2015) 024710(1-7).

* Joint research among groups within ISSP.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

TObservation of a New Ordered Phase in the Kondo Semiconductor CeOsySby,: T. Tayama, W. Ohmachi, M. Wansawa,
D. Yutani, T. Sakakibara, H. Sugawara and H. Sato, J. Phys. Soc. Jpn. 84 (2015) 104701(1-6).

"Pauli-limited superconductivity and antiferromagnetism in the heavy-fermion compound CeCo(In|_yZn,)s: M.
Yokoyama, H. Mashiko, R. Otaka, Y. Sakon, K. Fujimura, K. Tenya, A. Kondo, K. Kindo, Y. Ikeda, H. Yoshizawa, Y.
Shimizu, Y. Kono and T. Sakakibara, Phys. Rev. B 92 (2015) 184509(9).

+Quantum phase near the saturation field in the S = 1/2 frustrated spin ladder: H. Yamaguchi, H. Miyagai, Y. Kono, S.
Kittaka, T. Sakakibara, K. Iwase, T. Ono, T. Shimokawa and Y. Hosokoshi, Phys. Rev. B 91 (2015) 125104(1-5).

S =112 ferromagnetic-antiferromagnetic alternating Heisenberg chain in a zinc-verdazyl complex: H. Yamaguchi,
Y. Shinpuku, T. Shimokawa, K. Iwase, T. Ono, Y. Kono, S. Kittaka, T. Sakakibara and Y. Hosokoshi, Phys. Rev. B 91
(2015) 085117(1-6).

*Unstable spin-ice order in the stuffed metallic pyrochlore Pr,,,Ir, (O;_s: D. E. MacLaughlin, O. O. Bernal, L. Shu, J.
Ishikawa, Y. Matsumoto, J. -J. Wen, M. Mourigal, C. Stock, G. Ehlers, C. L. Broholm, Y. Machida, K. Kimura, S. Nakat-
suji, Y. Shimura and T. Sakakibara, Phys. Rev. B 92 (2015) 054432(1-12).

Field-Induced Quantum Criticality and Universal Temperature Dependence of the Magnetization of a Spin-1/2 Heisen-
berg Chain: Y. Kono, T. Sakakibara, C. P. Aoyama, C. Hotta, M. M. Turnbull, C. P. Landee and Y. Takano, Phys. Rev.
Lett. 114 (2015) 037202(1-5).

Field-Orientation Dependence of Low-Energy Quasiparticle Excitations in the Heavy-Electron Superconductor UBe;3:
Y. Shimizu, S. Kittaka, T. Sakakibara, Y. Haga, E. Yamamoto, H. Amitsuka, Y. Tsutsumi and K. Machida, Phys. Rev.
Lett. 114 (2015) 147002(1-5).

'i'*Antiferromagnetic Transition in a Novel Star-Shaped High-Spin Fe(Ill) Tetranuclear Cluster from a Mononuclear
Coordination Anion Featuring n-Extended Schiff Base Ligands: K. Takahashi, K. Kawamukai, T. Mochida, T. Sakurai,
H. Ohta, T. Yamamoto, Y. Einaga, H. Mori, Y. Shimura, T. Sakakibara, T. Fujisawa, A. Yamaguchi and A. Sumiyama,
Chem. Lett. 44 (2015) 840-842.

*Antiferromagnetic transition of the caged compound TmTiAl,y: N. Kase, Y. Shimura, S. Kittaka, T. Sakakibara, S.
Nakatsuji, T. Nakano, N. Takeda and J. Akimitsu, J. Phys.: Conf. Ser. 592 (2015) 012052(1-5).

%Experimental Realization of a Quantum Pentagonal Lattice: H. Yamaguchi, T. Okubo, S. Kittaka, T. Sakakibara, K.
Araki, K. Twase, N. Amaya, T. Ono and Y. Hosokoshi, Sci. Rep. 5 (2015) 15327(1-6).

"First-order ferromagnetic transition of quantum spin ice system Yb,Ti,O;: Y. Yasui, N. Hamachi, Y. Kono, S. Kittaka
and T. Sakakibara, SPIN 5 (2015) 154002(1-6).

Low temperature magnetic properties of a new quasi-one-dimensional organic magnet a-2-Cl-4-F-V: Y. Kono, S.
Kittaka, T. Sakakibara, H. Yamaguchi and Y. Hosokoshi, Phys. Procedia 75 (2015) 679-686.

Evidence for chiral d-wave superconductivity in URu,Si, from the field-angle variation of its specific heat: S. Kittaka,
Y. Shimizu, T. Sakakibara, Y. Haga, E. Yamamoto, Y. Onuki, Y. Tsutsumi, T. Nomoto, H. Tkeda and K. Machida, J. Phys.
Soc. Jpn. 85 (2016) 033704(1-4).

Field-induced phase transitions and magnetoferroelectricity in the perfect triangular lattice antiferromagnet
RbFe(MoQy,), in a vertical magnetic field: H. Mitamura, R. Watanuki, N. Onozaki, Y. Amou, Y. Kono, S. Kittaka, Y.
Shimura, I. Yamamoto, K. Suzuki and T. Sakakibara, J. Magn. Magn. Mater. 400 (2016) 70-72.

First-order superconducting transition of Sr,RuQy investigated by magnetization and magnetic torque: S. Kittaka, A.
Kasahara, T. Sakakibara, D. Shibata, S. Yonezawa, Y. Maeno, K. Tenya and K. Machida, J. Magn. Magn. Mater. 400
(2016) 81-83.

Heat capacity measurements on UBej3 in rotated magnetic fields: anisotropic response in the normal state and the
absence of nodal quasiparticles: Y. Shimizu, S. Kittaka, T. Sakakibara, Y. Haga, E. Yamamoto, H. Amitsuka, Y. Tsutsumi
and K. Machida, J. Magn. Magn. Mater. 400 (2016) 52-55.

"Unconventional S = 2 alternating chain realized by a metal-radical hybrid-spin approach: H. Yamaguchi, Y. Shinpuku,
Y. Kono, S. Kittaka, T. Sakakibara, M. Hagiwara, T. Kawakami, K. Iwase, T. Ono and Y. Hosokoshi, Phys. Rev. B 93
(2016) 115145(1-7).

?Quadrupole Order in the Frustrated Pyrochlore Tby,Ti> <O7,y: H. Takatsu, S. Onoda, S. Kittaka, A. Kasahara, Y. Kono,
T. Sakakibara, Y. Kato, B. Fak, J. Ollivier, J. W. Lynn, T. Taniguchi, M. Wakita and H. Kadowaki, Phys. Rev. Lett. 116
(2016) 217201(1-6).
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20. "Possible observation of highly itinerant quantum magnetic monopoles in the frustrated pyrochlore Yb,Ti,O7: Y.
Tokiwa, T. Yamashita, M. Udagawa, S. Kittaka, T. Sakakibara, D. Terazawa, Y. Shimoyama, T. Terashima, Y. Yasui, T.
Shibauchi and Y. Matsuda, Nat. Commun. 7 (2016) 10807(1-6).

21. TQuadrupole order in the frustrated pyrochlore magnet Tb,Ti,O;: H. Takatsu, T. Taniguchi, S. Kittaka, T. Sakakibara
and H. Kadowaki, J. Phys.: Conf. Series 683 (2016) 012022(1-6).

22. *Low—Energy Excitations and Ground State Selection in Quantum Breathing Pyrochlore Antiferromagnet
Ba3;Yb,Zn504;: T. Haku, K. Kimura, Y. Matsumoto, M. Soda, M. Sera, D. Yu, R. A. Mole, T. Takeuchi, S. Nakatsuji, Y.
Kono, T. Sakakibara, L. -J. Chang and T. Masuda, Phys. Rev. B (2016), in print.

Mori group

We have successfully developed and unvailed unprecedented functional properties for the molecular materials. The
major achievements in 2015 are (1) to discover the peculiar hydrogen-bond-dynamics-based switching of conductivity
and magnetism triggered by deuterium and charge transfers in the hydrogen-bond-unit for the purely organic conductor
k-D3(Cat-EDT-ST), , (2) to develop the novel donor-acceptor-type molecular dyad with small HOMO-LUMO gap, and (3)
to develop the chiral molecular conductors composed of chiral BEDT-TTF derivatives with hydrogen bonds, o'-[(R,R)-BEDT-
TTF(CH,0H),],Cl04(H,0). The introduction of a large variety of molecule degree of freedom to solid promises the develop-
ment of new trends in functional molecular materials.

1. Dynamics of Charge Ordering in the Nonlinear Regime of 8-(BEDT-TTF),CsZn(SCN),: M. Abdel-Jawad, I. Terasaki, T.
Mori and H. Mori, J. Phys. Soc. Jpn. 84 (2015) 033707(1-4).

2. TPhase-change memory function of correlated electrons in organic conductors: H. Oike, F. Kagawa, N. Ogawa, A. Ueda,
H. Mori, M. Kawasaki and Y. Tokura, Phys. Rev. B 91 (2015) 041101(R)(1-4).

3. T*Antiferromagnetic Transition in a Novel Star-Shaped High-Spin Fe(Ill) Tetranuclear Cluster from a Mononuclear
Coordination Anion Featuring n-Extended Schiff Base Ligands: K. Takahashi, K. Kawamukai, T. Mochida, T. Sakurai,
H. Ohta, T. Yamamoto, Y. Einaga, H. Mori, Y. Shimura, T. Sakakibara, T. Fujisawa, A. Yamaguchi and A. Sumiyama,
Chem. Lett. 44 (2015) 840-842.

4. Unexpected Formation of ortho-Benzoquinone-fused Tetraselenafulvalene (TSF): Synthesis, Structures, and Properties
of a Novel TSF-based Donor—Acceptor Dyad: A. Ueda, H. Kamo and H. Mori, Chem. Lett. 44 (2015) 1538-1540.

5. Modulation of a Molecular n-Electron System in a Purely Organic Conductor that Shows Hydrogen-Bond-Dynamics-
Based Switching of Conductivity and Magnetism: A. Ueda, A. Hatakeyama, M. Enomoto, R. Kumai, Y. Murakami and
H. Mori, Chem. - Eur. J. 21 (2015) 15020-15028.

6. Synthesis of racemic and chiral BEDT-TTF derivatives possessing hydroxy groups and their achiral and chiral charge
transfer complexes: S. J. Krivickas, C. Hashimoto, J. Yoshida, A. Ueda, K. Takahashi, J. D. Wallis and H. Mori,
Beilstein J. Org. Chem. 11 (2015) 1561-1569.

7. Novel electronic ferroelectricity in an organic charge-order insulator investigated with terahertz-pump optical-probe
spectroscopy: H. Yamakawa, T. Miyamoto, T. Morimoto, H. Yada, Y. Kinoshita, M. Sotome, N. Kida, K. Yamamoto, K.
Iwano, Y. Matsumoto, S. Watanabe, Y. Shimoi, M. Suda, H. M. Yamamoto, H. Mori and H. Okamoto, Sci. Rep. 6 (2016)
20571(1-10).

8. ARSI 2 HRREMIVEDHT —n FE 1 LKR DI — FR FI4L, Mol. Sci. 9 (2015) A0081.

Nakatsuji group

Our group explores novel quantum phases and phase transitions in rare-earth and transition metal based compounds. The
followings are some relevant results obtained in 2015. (1) We discovered the first example of an antiferromagnet that exhibits
the anomalous Hall effect at room temperature, the chiral antiferromagnet Mn;Sn (2) The quantum criticality at ambient
pressure in B-YbAIB, is found robust against pressure, and possibly forms a strange metal phase. In addition, this phase is
separated from a magnetic criticality by a Fermi liquid phase stabilized under pressure (3) A field induced quantum metal-
insulator transition was found in the pyrochlore iridate Nd,Ir,O, when the field is applied only along the narrow angle range
close to [100]. (4) A Fermi node at the quadratic band touching in Pr,Ir,O; was found and indicates that Pr,Ir,O; should be
viewed as a mother compound for various topological phases in the correlated electron system, such as Weyl semimetals, and
topological insulators.
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10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

Conduction electron spin resonance in the a-Yb_4Fe,AlB4 (0 < x < 0.50) and a-LuAlB4 compounds: L. Holanda, G.
Lesseux, E. Magnavita, R. Ribeiro, S. Nakatsuji, K. Kuga, Z. Fisk, S. Oseroff, R. Urbano, C. Rettori and P. Pagliuso, J.
Phys.: Condens. Matter 27 (2015) 255601(1-5).

“Field Evolution of Quantum Critical and Heavy Fermi-Liquid Components in the Magnetization of the Mixed Valence
Compound B-YbAIB,: Y. Matsumoto, K. Kuga, Y. Karaki, Y. Shimura, T. Sakakibara, M. Tokunaga, K. Kindo and S.
Nakatsuji, J. Phys. Soc. Jpn. 84 (2015) 024710(1-7).

?*Magnetic Order in the Frustrated Ising Quasi-One Dimensional Compound NaCo(acac);-Benzene: Y. Karaki, K.
Kuga, K. Kimura, S. Nakatsuji, K. Matsubayashi and Y. Uwatoko, J. Phys. Soc. Jpn. 84 (2015) 084708(1-5).

Magnetization Anomaly due to the Non-Coplanar Spin Structure in NiS,: T. Higo and S. Nakatsuji, J. Phys. Soc. Jpn. 84
(2015) 053702(1-5).

*X—ray Absorption Spectroscopy in the Heavy Fermion Compound a-YbAIB, at High Magnetic Fields: T. T. Terashima,
Y. H. Matsuda, K. Kuga, S. Suzuki, Y. Matsumoto, S. Nakatsuji, A. Kondo, K. Kindo, N. Kawamura, M. Mizumaki and
T. Inami, J. Phys. Soc. Jpn. 84 (2015) 114715(1-4).

Field-induced quadrupolar quantum criticality in PrV,Al,g: Y. Shimura, M. Tsujimoto, B. Zeng, L. Balicas, A. Sakai and
S. Nakatsuji, Phys. Rev. B 91 (2015) 241102(1-5).

Large trigonal-field effect on spin-orbit coupled states in a pyrochlore iridate: D. Uematsu, H. Sagayama, T. Arima, J. J.
Ishikawa, S. Nakatsuji, H. Takagi, M. Yoshida, J. Mizuki and K. Ishii, Phys. Rev. B 92 (2015) 094405.

Optical evidence for a Weyl semimetal state in pyrochlore Eu,Ir,O7: A. B. Sushkov, J. B. Hofmann, G. S. Jenkins, J.
Ishikawa, S. Nakatsuji, S. Das Sarma and H. D. Drew, Phys. Rev. B 92 (2015) 241108(1-4).

*Unstable spin-ice order in the stuffed metallic pyrochlore Pry,,Ir, (O;_s: D. E. MacLaughlin, O. O. Bernal, L. Shu, J.
Ishikawa, Y. Matsumoto, J. -J. Wen, M. Mourigal, C. Stock, G. Ehlers, C. L. Broholm, Y. Machida, K. Kimura, S. Nakat-
suji, Y. Shimura and T. Sakakibara, Phys. Rev. B 92 (2015) 054432(1-12).

Spin Fluctuations from Hertz to Terahertz on a Triangular Lattice: Y. Nambu, J. S. Gardner, D. E. MacLaughlin, C.
Stock, H. Endo, S. Jonas, T. J. Sato, S. Nakatsuji and C. Broholm, Phys. Rev. Lett. 115 (2015) 127202(1-5).

High-Field Multi-Frequency ESR in the Rare-Earth Spinel Compound CdYb,S,4: D. Yoshizawa, T. Kida, S. Nakatsuji,
K. Iritani, M. Halim, T. Takeuchi and M. Hagiwara, Appl. Magn. Reson. 46 (2015) 0937-9347.

Large anomalous Hall effect in a non-collinear antiferromagnet at room temperature: S. Nakatsuji, N. Kiyohara and T.
Higo, Nature 527 (2015) 212-215.

BTHHEOERTWLXIEZH L OHBEE : WA A, 23T+ 30-7 (2015) 2-6.

Anisotropic transverse magnetoresistivity in a-YbAIB,4: Y. Matsumoto, J. Hong, K. Kuga and S. Nakatsuji, J. Phys.:
Conf. Ser. 592 (2015) 012086(1-6).

Anomalous Enhancement of Seebeck Coefficient in Pr-Based 1-2-20 System with Non-Kramers Doublet Ground States:
Y. Machida, T. Yoshida, T. Ikeura, K. Izawa, A. Nakama, R. Higashinaka, Y. Aoki, H. Sato, A. Sakai, S. Nakatsuji, N.
Nagasawa, K. Matsumoto, T. Onimaru and T. Takabatake, J. Phys.: Conf. Ser. 592 (2015) 012025(1-9).

Anomalous specific heat behaviour in the quadrupolar Kondo system PrV,Al,;: M. Tsujimoto, Y. Matsumoto and S.
Nakatsuji, J. Phys.: Conf. Ser. 5§92 (2015) 012023.

*Antiferromagnetic transition of the caged compound TmTi,Alyy: N. Kase, Y. Shimura, S. Kittaka, T. Sakakibara, S.
Nakatsuji, T. Nakano, N. Takeda and J. Akimitsu, J. Phys.: Conf. Ser. 5§92 (2015) 012052(1-5).

*High Pressure Measurements of the Resistivity of B-YbAIB4: T. Tomita, K. Kuga, Y. Uwatoko and S. Nakatsuji, J.
Phys.: Conf. Ser. 592 (2015) 012019(1-5).

Shubnikov-de Haas Oscillation in the cubic I';-based heavy fermion superconductor PrV,Al,y: Y. Shimura, M. Tsuji-
moto, A. Sakai, B. Zeng, L. Balicas and S. Nakatsuji, J. Phys.: Conf. Ser. 592 (2015) 012026(1-4).

*Synchrotron X-ray spectroscopy study on the valence state and magnetization in a-YbAl; ;Fe,B; (x = 0.115) at low
temperatures and high magnetic fields: T. Terashima, Y. H. Matsuda, K. Kuga, S. Suzuki, Y. Matsumoto, S. Nakatsuji, A.
Kondo, K. Kindo, N. Kawamura, M. Mizumaki and T. Inami, J. Phys.: Conf. Ser. 592 (2015) 012020 (6 pages).
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21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

T*Quadratic Fermi Node in a 3D Strongly Correlated Semimetal: T. Kondo, M. Nakayama, R. Chen, J. J. Ishikawa, E.
-G. Moon, T. Yamamoto, Y. Ota, W. Malaeb, H. Kanai, Y. Nakashima, Y. Ishida, R. Yoshida, H. Yamamoto, M. Matsu-
nami, S. Kimura, N. Inami, K. Ono, H. Kumigashira, S. Nakatsuji, L. Balents and S. Shin, Nat. Commun. 6 (2015)
10042 (1-8).

Foreword: Y. j. Kao, S. Onoda and S. Nakatsuji, SPIN 5 (2015) 1502001 (2 pages).

Special Issue on Quantum Spin Ice and Liquid in Geometrically Frustrated Magnets: Y. Kao, S. Onoda and S. Nakatsuji,
SPIN 5 (2015) 1540001-1540006.

Unconventional Quantum Criticality in p-YbAIB,4 Detached from Its Magnetically Ordered Phase: T. Tomita, K. Kuga,
Y. Uwatoko, P. Coleman and S. Nakatsuji, Phys. Procedia 75 (2015) 482-487.

*Field-induced quantum metal-insulator transition in the pyrochlore iridate Nd,Ir,O7: Z. Tian, Y. Kohama, T. Tomita, H.
Ishizuka, T. H. Hsieh, J. J. Ishikawa, K. Kindo, L. Balents and S. Nakatsuji, Nature Phys. 12 (2015) 134-139.

Pressure-Induced Local Structural Changes in Heavy Fermion B-YbAIB 4: Y. Sakaguchi, S. Ikeda, K. Kuga, S. Suzuki,
S. Nakatsuji, N. Hirao, Y. Ohishi and H. Kobayashi, J. Phys. Soc. Jpn. 85 (2016) 023602(1-4).

Chemical and orbital fluctuations in BazCuSb,Og: Y. Wakabayashi, D. Nakajima, Y. Ishiguro, K. Kimura, T. Kimura,
S. Tsutsui, A. Q. R. Baron, K. Hayashi, N. Happo, S. Hosokawa, K. Ohwada and S. Nakatsuji, Phys. Rev. B 93 (2016)
245117(1-13).

Dimensional Reduction in Quantum Dipolar Antiferromagnets: P. Babkevich, M. Jeong, Y. Matsumoto, I. Kovacevic,
A. Finco, R. Toft-Petersen, C. Ritter, M. Mansson, S. Nakatsuji and H. M. Rgnnow, Phys. Rev. Lett. 116 (2016) 197202
(1-5).

*Experimental exploration of novel semimetal state in strong anisotropic Pyrochlore iridate Nd,lr,O; under high
magnetic field: Z. M. Tian, Y. Kohama, T. Tomita, J. Ishikawa, H. Mairo, K. Kindo and S. Nakatsuji, J. Phys.: Conf. Ser.
683 (2016) 012024(1-6).

“Frustrated magnetism in a Mott insulator based on a transition metal chalcogenide: S. Kawamoto, T. Higo, T. Tomita,
S. Suzuki, Z. M. Tian, K. Mochitzuki, A. Matsuo, K. Kindo and S. Nakatsuji, J. Phys.: Conf. Ser. 683 (2016) 012025
(1-4).

*Single crystal 2’Al-NMR study of the cubic I'; ground doublet system PrTiyAlyy: T. Taniguchi, M. Yoshida, H. Takeda,
M. Takigawa, M. Tsujimoto, A. Sakai, Y. Matsumoto and S. Nakatsuji, J. Phys.: Conf. Ser. 683 (2016) 012016(1-9).

“Site-selective ' 'B NMR studies on YbAIBy,: S. Takano, M. S. Grbic, K. Kimura, M. Yoshida, M. Takigawa, E. C. T. O.
Farrell, K. Kuga, S. Nakatsuji and H. Harima, J. Phys.: Conf. Ser. 683 (2016) 012008(1-6).

Absence of Jahn-Teller transition in the hexagonal Ba;CuSb,0y single crystal: N. Katayama, K. Kimura, Y. Han, J.
Nasu, N. Drichko, Y. Nakanishi, M. Halim, Y. Ishiguro, R. Satake, E. Nishibori, M. Yoshizawa, T. Nakano, Y. Nozue, Y.
Wakabayashi, S. Ishihara, M. Hagiwara, H. Sawa and S. Nakatsuji, Proc. Natl. Acad. Sci. U.S.A. 112 (2015) 9305-9309.

Spin dynamics of the triangular-lattice antiferromagnet NiGa,S4 over an extended timescale: Y. Nambu, J. S. Gardner,
D. E. MacLaughlin, C. Stock, H. Endo, S. Jonas, T. J. Sato, S. Nakatsuji and C. Broholm, Phys. Rev. Lett. 115 (2015)
127202(1-5).

*Low-Energy Excitations and Ground State Selection in Quantum Breathing Pyrochlore Antiferromagnet
Ba3;Yb,Zns0;;: T. Haku, K. Kimura, Y. Matsumoto, M. Soda, M. Sera, D. Yu, R. A. Mole, T. Takeuchi, S. Nakatsuji, Y.
Kono, T. Sakakibara, L. -J. Chang and T. Masudal, Phys. Rev. B (2016), in print.

Division of Condensed Matter Theory

Takada group

Employing several standard techniques including the Green's-function method, quantum Monte Carlo simulations, band-struc-
ture calculations, and various types of variational approaches, we are studying several aspects of quantum many-body problems
in condensed matter physics, based primarily on the first-principles Hamiltonian. This year we have studied the following
issues: (1) The failure of the conventional self-consistent GW approximation in the calculation of both normal and supercon-
ducting properties is made clear by comparing the results among the GoW (one-shot GW), GW, and GWT approximations. (2)
Diffusion Monte Carlo (DMC) simulations are performed on the system of an atom embedded in an electron gas with a view
of investigating Kondo physics from first principles. A detailed analysis of the Friedel oscillations around the impurity atom
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reveals that a proton-embedded electron gas can exhibit the Kondo temperature well beyond 1000 K. The obtained accurate
electron-density profile is used to improve on the GGA-PBE version of the exchange-correlation energy functional in the
density functional theory. In making this improvement, we have paid special attention to fulfilling the cusp theorem at the atom
site. The improved functional will be applied to a wide range of topics in the future, including the phase diagram of the solid
hydrogen under high pressures. (3) With proposing a better functional form for the vertex function I, always satisfying both
the Ward identity and the momentum conservation law, we study the low-density electron gas in the GWT scheme to find an
anomalous mass reduction as a result of avoiding the collapse of the normal state into a spontaneously excited electron-hole
pair condensed state. Concomitantly with this mass reduction, an anomalous behavior of the momentum distribution function is
found for the density parameter r, around 20.

1. Emergence of a Kondo singlet state with Kondo temperature well beyond 1000 K in a proton-embedded electron gas: Y.
Takada, R. Maezono and K. Yoshizawa, Phys. Rev. B 92 (2015) 155140(1-11).

2. Generic Features of an Electron Injected into the Luttinger Liquid: H. Maebashi and Y. Takada, J. Supercond. Nov.
Magn. 28 (2015) 1331-1335.

3. Role of the ward identity and relevance of the c'w? approximation in normal and superconducting states: Y. Takada,
Mol. Phys. 114 (2016) 1.

4. Theory for Reliable First-Principles Prediction of the Superconducting Transition Temperature: Y. Takada, in: Carbon-
based New Superconductors: Toward high-Tc superconductivity (ISBN 978-981-4303-30-9 (Hardcover), 978-981-4303-
31-6 (eBook)), Ch 8, edited by J. Haruyama, (Pan Stanford Publishing Pte. Ltd., 2015), pp. 193-230.

5. Reference Module in Materials Science and Materials Engineering: Y. Takada, in: Materials Science and Materials
Engineering, edited by S. Mahfoudh and M. Nicholls, (Elsevier, 2016), B9780128035818007748.

Oshikawa group

We studied a wide range of fundamental problems in condensed matter theory and statistical mechanics. In particular, we
discovered that even trivial phases, which are adiabatically connected to a product state without any entanglement, are not
unique in the presence of an appropriate symmetry. We discussed a simple example of S = 1 quantum spin chain with a
symmetry under a combined operation of the site-centered lattice inversion and the global n-rotation about z axis. In this model,
there are two trivial phases, adiabatically connected to the Néel state and the large-D state (product of S*=0 states), which are
always separated by a quantum phase transition in the presence of the above symmetry. We demonstrated this using field theory,
numerical calculation, and a general proof based on Matrix Product State representation. The present result brings about a new
perspective in classification of quantum phases, a central issue in current condensed matter physics.

1. Equilibrium surface current and role of U(1) symmetry: Sum rule and surface perturbations: Y. Tada, Phys. Rev. B 92
(2015) 104502(1-15).

2. TSelection of factorizable ground state in a frustrated spin tube: Order by disorder and hidden ferromagnetism: X. Plat,
Y. Fuji, S. Capponi and P. Pujol, Phys. Rev. B 91 (2015) 064411 (1-21).

3. ?Spin fluctuations and superconductivity in layered f-electron superlattices: Y. Tada and R. Peters, Phys. Rev. B 92
(2015) 035129(1-8).

4. TAbsence of Quantum Time Crystals: H. Watanabe and M. Oshikawa, Phys. Rev. Lett. 114 (2015) 251603(1-5).

5. 'Distinct Trivial Phases Protected by a Point-Group Symmetry in Quantum Spin Chains: Y. Fuji, F. Pollmann and M.
Oshikawa, Phys. Rev. Lett. 114 (2015) 177204.

6. Gravitational Casimir Effect: J. Q. Quach, Phys. Rev. Lett. 114 (2015) 081104(1-5).

7. TOrbital Angular Momentum and Spectral Flow in Two-Dimensional Chiral Superfluids: Y. Tada, W. Nie and M.
Oshikawa, Phys. Rev. Lett. 114 (2015) 195301.

8. TWEWpRis, ~YrEICECEE IS~ I IR, BELRY: 620 (2015) 40-45.

9. Foldy-Wouthuysen transformation of the generalised Dirac Hamiltonian in a gravitational-wave background: J. Q.
Quach, Physical Review D 92 (2015) 084047.

10. "Flux quench in a system of interacting spinless fermions in one dimension: Y. O. Nakagawa, G. Misguich and M.
Oshikawa, Phys. Rev. B 93 (2016) 174310.

11. ?Magnetism and superconductivity in ferromagnetic heavy-fermion system UCoGe under in-plane magnetic fields: Y.
Tada, S. Takayoshi and S. Fujimoto, Phys. Rev. B 93 (2016) 174512(1-7).

T Joint research with outside partners.

ISSP Activity Report 2015 161



12. TPlaquette order in the SU(6) Heisenberg model on the honeycomb lattice: P. Nataf, M. Lajko, P. Corboz, A. M. Liuchli,
K. Penc and F. Mila, Phys. Rev. B 93 (2016) 201113(R)(1-6).

13. Spin gravitational resonance and graviton detection: J. Q. Quach, Physical Review D 93 (2016) 104048(1-6).

14. T 250 ZMMEBEEIC B 2 S SVFHELT 2 ALY S EIEREE . Al &, IS B, g &, mo
I, LM B, A T, FE{EYEE 50 (2015) 123-132.

15. BET-RE LYY (KL MR, 2o 1 4) - (BRFYE): #)I1 IE$, ~V7+ 31 (2016) 43-45.
16. WYL 0B in  ~S5Om imSHA IS E~ « #1] IE3, BEERY 633 (2016) 41-46.

Tsunetsugu group

We have studied optical conductivity near an antiferromagnetic phase transition in the square-lattice Hubbard model at half
filling using the cluster dynamical-mean field approach. We investigated the effects of vertex corrections on optical conduc-
tivity and found that they have large contributions and change some important features of optical conductivity. The vertex
corrections enhance frequency dependence of conductivity in both metallic and insulating phaes. Another important discovery
is the presence of a temperature region above the transition temperature where dc conductivity shows non-increasing behavior
with lowering temperature. This is not due to a pseudogap behavior, but the electron spectral function does not show a dip
at Fermi energy. (Reference: arXiv:1605.00387) We have continued the study of quadrupole order in Pr 1-2-20 system. We
used a classical Monte Carlo calculation to investigate the effects of thermal fluctuations in temperature-magnetic field phase
diagram. We found that the same number of ordered phases appear as predicted by our previous mean-field analysis, but the
phase boundaries are strongly modified by thermal fluctuations and have a different topology. A new tetracritical point appears
when magnetic field is applied along (001) direction. Criticality of parasitic ferro quadrupole order is also investigated, and we
have found an unusual critical behavior in their temperature dependence. (Reference arXiv:1605.05175) We have also studied an
antiferromagnetic Heisenberg model on breathing pyrochlore lattice, and found that the ground state in the S = 3/2 case has an
interesting "dimerized" pattern that differs from the previously studied S = 1/2 case.

1. Fano resonance through Higgs bound states in tunneling of Nambu-Goldstone modes: T. Nakayama, I. Danshita, T.
Nikuni and S. Tsuchiya, Phys. Rev. A 92 (2015) 043610(1-19).

2. Dynamical Characteristics of the Mott Transition: Examination of Doublon Dynamics in a Triangular-lattice Hubbard
Model: T. Sato and H. Tsunetsugu, Physics Procedia 75 (2015) 376-382.

Sugino group

We have done first-principles study of the excited-states, ferroelectric interfaces, electrochemical interfaces, and the ground-
state wavefunctions. We have improved our GW+ BSE program of excited-state calculation so as to manipulate large number
of atoms (~200 atoms), which has significantly activated collaboration with experiments. We also advanced density functional
methods to compute the electrically biased interface, which are used to investigate the system of negative capacitance as well as
the electrochemical reactions. We further developed a variational approach to strongly correlated electron systems to investigate
the structure of the many-body wavefunction.

1. All-electron GW+Bethe-Salpeter calculations on small molecules: D. Hirose, Y. Noguchi and O. Sugino, Phys. Rev. B
91 (2015) 205111.

2. TFirst-principles calculation of charged capacitors under open-circuit conditions using the orbital-separation approach:
S. Kasamatsu, S. Watanabe and S. Han, Phys. Rev. B 92 (2015) 115124.

3. Symmetry breaking and excitonic effects on optical properties of defective nanographenes: Y. Noguchi and O. Sugino, J.
Chem. Phys. 142 (2015) 064313.

4. Configuration interaction with antisymmetrized geminal powers: W. Uemura, S. Kasamatsu and O. Sugino, Phys. Rev.
A 91 (2015) 062504.

5. "Vibronic Structures in Absorption and Fluorescence Spectra of Firefly Oxyluciferin in Aqueous Solutions: M. Hiyama,
Y. Noguchi, H. Akiyama, K. Yamada and N. Koga, Photochem. Photobiol. 91 (2015) 819.

6. *First-Principles Investigation of Strong Excitonic Effects in Oxygen 1s X-ray Absorption Spectra: Y. Noguchi, M.
Hiyama, H. Akiyama, Y. Harada and N. Koga, J. Chem. Theory Comput. 11 (2015) 1668-1673.

7. "TOMBO: All-electron mixed-basis approach to condensed matter physics: S. Ono, Y. Noguchi, R. Sahara, Y. Kawazoe
and K. Ohno, Comput. Phys. Commun. 189 (2015) 20.
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8. 'Pressure dependence of the magnetic ground states in MnP: M. Matsuda, F. Ye, S. E. Dissanayake, J. -G. Cheng, S.
Chi, J. Ma, H. D. Zhou, J. -Q. Yan, S. Kasamatsu, O. Sugino, T. Kato, K. Matsubayashi, T. Okada and Y. Uwatoko,
Phys. Rev. B 93 (2016) 100405(1-5).

9. ?Emergence of Negative Capacitance in Multidomain Ferroelectric-Paraelectric Nanocapacitors at Finite Bias: S.
Kasamatsu, S. Watanabe, C. S. Hwang and S. Han, Adv. Mater. 28 (2016) 335.

Kato group

The main research subject of our laboratory is theory of non-equilibrium properties in nanoscale devices. We have studied (1)
photon-assisted current noises under strong AC fields in quantum dot systems, (2) a multi-orbital Anderson impurity at high bias
voltages, and (3) non-equilibrium current noises of quantum dots in the Kondo regime. We have also studied form factors of the
Kondo model by the Bethe ansatz method.

1. Effects of Coulomb interaction on photon-assisted current noise through a quantum dot: T. J. Suzuki and T. Kato, Phys.
Rev. B 91 (2015) 165302(1-12).

2. Exact Green’s function for a multiorbital Anderson impurity at high bias voltages: A. Oguri and R. Sakano, Phys. Rev. B
91 (2015) 115429(1-14).

3. Universality of non-equilibrium fluctuations in strongly correlated quantum liquids: M. Ferrier, T. Arakawa, T. Hata, R.
Fujiwara, R. Delagrange, R. Weil, R. Deblock, R. Sakano, A. Oguri and K. Kobayashi, Nature Phys. 12 (2015) 230-235.

Division of Nanoscale Science

Iye group

Electronic transport in monolayer graphene grown on vicinal surface of 6H-SiC(0001) with a quasi-regular step-and-terrace
structure is studied. Conductivity under a magnetic field normal to the plane showed a high degree of anisotropy. The quantum
Hall effect (QHE) with zero resistance manifests itself for the current along the steps, whereas the QHE is obscured by
pronounced positive magnetoresistance with quadratic magnetic-field dependence for the current across the steps.

1. "Ballistic transport in graphene antidot lattices: R. Yagi, R. Sakakibara, R. Ebisuoka, J. Onishi, K. Watanabe, T.
Taniguchi and Y. Iye, Phys. Rev. B 92 (2015) 195406(1-6).

2. +*Highly Anisotropic Parallel Conduction in the Stepped Substrate of Epitaxial Graphene Grown on Vicinal SiC: A.
Endo, F. Komori, K. Morita, T. Kajiwara and S. Tanaka, J. Low Temp. Phys. 179 (2015) 237-250.

Katsumoto group

Conductance fluctuation in InAs two-dimensional electrons versus in-plane magnetic field was found and attributed to the sign
of so called "Zitterbewegung" (trembling motion) due to spin-orbit coupling. We have succeeded in making low resistance
semiconductor-superconductor junctions not only for InAs two-dimensional electrons but also for a diluted magnetic semicon-
ductor (In,Fe)As. Anomalous response in the latter will be our next subject.

1. 'Gate-Tunable Atomically Thin Lateral MoS, Schottky Junction Patterned by Electron Beam: Y. Katagiri, T. Nakamura,
A. Ishii, C. Ohata, M. Hasegawa, S. Katsumoto, T. Cusati, A. Fortunelli, G. Iannaccone, G. Fiori, S. Roche and J.
Haruyama, Nano Lett. 16 (2016) 3788-3794.

Otani group
We have studied on three topics including spin Hall effect, spin diffusion length, and magnonic crystals.

1. Tunable configurational anisotropy in collective magnetization dynamics of NiggFe,, nanodot arrays with varying dot
shapes: B. K. Mahato, S. Choudhury, R. Mandal, S. Barman, Y. Otani and A. Barman, J. Appl. Phys. 117 (2015) 213909.

2. Tunable spin wave spectra in two-dimensional NiggFe,( antidot lattices with varying lattice symmetry: R. Mandal, S.
Barman, S. Saha, Y. Otani and A. Barman, J. Appl. Phys. 118 (2015) 053910.

3. Crossover between spin swapping and Hall effect in disordered systems: H. B. M. Saidaoui, Y. Otani and A. Manchon,
Phys. Rev. B 92 (2015) 024417.
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4. Revisiting the measurement of the spin relaxation time in graphene-based devices: H. Idzuchi, A. Fert and Y. Otani,
Phys. Rev. B 91 (2015) 241407.

5. Spin relaxation mechanism in a highly doped organic polymer film: M. Kimata, D. Nozaki, Y. Niimi, H. Tajima and Y.
Otani, Phys. Rev. B 91 (2015) 224422.

6. Strong Suppression of the Spin Hall Effect in the Spin Glass State: Y. Niimi, M. Kimata, Y. Omori, B. Gu, T. Ziman, S.
Maekawa, A. Fert and Y. Otani, Phys. Rev. Lett. 115 (2015) 196602.

7. ACVHGEMAEMORGEAhDZEY F VR L RS I, B BEE, EAPEE 50 (2015) 575-590.

8. Spin relaxation characteristics in Ag nanowire covered with various oxides: S. Karube, H. Idzuchi, K. Kondou, Y.
Fukuma and Y. Otani, Appl. Phys. Lett. 107 (2015) 122406.

9. Selective mode excitation in three-chained magnetic vortices: N. Hasegawa, S. Sugimoto, H. Fujimori, K. Kondou, Y.
Niimi and Y. Otani, Appl. Phys. Express 8 (2015) 063005-1.

10. Reciprocal spin Hall effects in conductors with strong spin—orbit coupling: a review: Y. Niimi and Y. Otani, Rep. Prog.
Phys. 78 (2015) 124501.

11. Spin transport in non-magnetic nano-structures induced by non-local spin injection: H. Idzuchi, Y. Fukuma and Y. Otani,
Physica E: Low-dimensional Systems and Nanostructures 68 (2015) 239.

12. Realization of a micrometre-scale spin-wave interferometer: O. Rousseau, B. Rana, R. Anami, M. Yamada, K. Miura, S.
Ogawa and Y. Otani, Sci. Rep. 5 (2015) 9873.

13. Quasiparticle-mediated spin Hall effect in a superconductor: T. Wakamura, H. Akaike, Y. Omori, Y. Niimi, S. Takahashi,
A. Fujimaki, S. Maekawa and Y. Otani, Nature Mater. 14 (2015) 675.

14. Tunable picosecond spin dynamics in two dimensional ferromagnetic nanodot arrays with varying lattice symmetry: S.
Saha, S. Barman, S. Sugimoto, Y. Otani and A. Barman, RSC Adv. 5 (2015) 34027.

15. All-optical investigation of tunable picosecond magnetization dynamics in ferromagnetic nanostripes with a width down
to 50 nm: S. Saha, S. Barman, Y. Otani and A. Barman, Nanoscale 7 (2015) 18312.

Komori group

Reproducible dependence of the STM images on the distance between the surface and the STM tip apex for a monatomic layer
of iron nitride (Fe,N) formed on a Cu(001) surface was found in the bias-voltage range corresponding to the Fe 3d states. The
results are attributed to a shift in surface orbitals detected by the tip from the d states to the sp states. Electronic structures of the
Pt-adsorbed Ge(001) surface with a one-dimensional atomic structure were studied by high-resolution ARPES and SARPES.
One-dimensional Fermi surfaces of four surface states were confirmed by ARPES. One of them is spin-split due to the Rashba
effect.

1. "Nonlinear terahertz field-induced carrier dynamics in photoexcited epitaxial monolayer graphene: H. A. Hafez, 1.
Al-Naib, M. M. Dignam, Y. Sekine, K. Oguri, F. Blanchard, D. G. Cooke, S. Tanaka, F. Komori, H. Hibino and T. Ozaki,
Phys. Rev. B 91 (2015) 035422 (1-9).

2. *Scanning tunneling spectroscopy study of quasiparticle interference on dual topological insulator Bi;_,Sby: S.
Yoshizawa, F. Nakamura, A. A. Taskin, T. limori, K. Nakatsuji, I. Matsuda, Y. Ando and F. Komori, Phys. Rev. B 91
(2015) 045423(1-6).

3. T*Highly Anisotropic Parallel Conduction in the Stepped Substrate of Epitaxial Graphene Grown on Vicinal SiC: A.
Endo, F. Komori, K. Morita, T. Kajiwara and S. Tanaka, J. Low Temp. Phys. 179 (2015) 237-250.

4. 772 KBS S REE T EEIC kB2 T 7 2 OMEERF v ) 7HL F 7 ADEHF Tracing Ultrafast Carrier
Dynamics in Graphene with Femtosecond Time-resolved Photoemission Spectroscopy: $e#& Fesl , W8F i— , I 17
B % AR E, B WRER, AR SOK, F BE, AN g, RITEFE 36(8) (2015) 418-423.

5. T*Layer number dependence of carrier lifetime in graphenes observed using time-resolved mid-infrared luminescence:
H. Watanabe, T. Kawasaki, T. limori, F. Komori and T. Suemoto, Chem. Phys. Lett. 637 (2015) 58-62.

6. Selective Formation of Zigzag Edges in Graphene Cracks: M. Fujihara, R. Inoue, R. Kurita, T. Taniuchi, Y. Motoyui,
S. Shin, F. Komori, Y. Maniwa, H. Shinohara and Y. Miyata, ACS Nano 9 (2015) 9027-9033.
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7. ™One-dimensional metallic surface states of Pt-induced atomic nanowires on Ge(001): K. Yaji, S. Kim, I. Mochizuki,
Y. Takeichi, Y. Ohtsubo, P. L. Fevre, F. Bertran, A. Taleb-Ibrahimi, S. Shin and F. Komori, J. Phys.: Condens. Matter 28
(2016) 284001(1-9).

8. *High—resolution three-dimensional spin- and angle-resolved photoelectron spectrometer using vacuum ultraviolet laser
light: K. Yaji, A. Harasawa, K. Kuroda, S. Toyohisa, M. Nakayama, Y. Ishida, A. Fukushima, S. Watanabe, C. Chen, F.
Komori and S. Shin, Rev. Sci. Instrum. 87 (2016) 053111(1-6).

9. Orbital Selectivity in Scanning Tunneling Microscopy: Distance-Dependent Tunneling Process Observed in Iron
Nitride: Y. Takahashi, T. Miyamachi, K. Ienaga, N. Kawamura, A. Ernst and F. Komori, Phys. Rev. Lett. 116 (2016)
056802(1-5).

10. MSpin Polarization and Texture of the Fermi Arcs in the Weyl Fermion Semimetal TaAs: S.-Y. Xu, 1. Belopolski, D.
S. Sanchez, M. Neupane, G. Chang, K. Yaji, Z. Yuan, C. Zhang, K. Kuroda, G. Bian, C. Guo, H. Lu, T.-R. Chang, N.
Alidoust, H. Zheng, C.-C. Lee, S.-M. Huang, C.-H. Hsu, H.-T. Jeng, A. Bansil, T. Neupert, F. Komori, T. Kondo, S.
Shin, H. Lin, S. Jia and M. Zahid Hasan, Phys. Rev. Lett. 116 (2016) 096801(1-7).

11. Ribbon-Like Nanopattern Formed on Nitrogen-Adsorbed Vicinal Cu(001): M. Yamada, N. Kawamura, K. Nakatsuji and
F. Komori, e-J. Surf. Sci. Nanotech. 14 (2016) 43-46.

12. “Photoelectrochemical water splitting enhanced by self-assembled metal nanopillars embedded in an oxide semicon-
ductor photoelectrode: S. Kawasaki, R. Takahashi, T. Yamamoto, M. Kobayashi, H. Kumigashira, J. Yoshinobu, F.
Komori, A. Kudo and M. Lippmaa, Nat. Commun. 7 (2016) 11818(1-6).

Yoshinobu group

We conducted several research projects in the fiscal year 2015. (1) The activation and hydrogenation of CO, on clean and
Zn-deposited Cu(111) and Cu(997) surfaces studied by AP-XPS. (2) The surface chemistry of formic acid on Zn-Cu(111)
studied by SR-PES. (3) Spectroscopic characterization of H-Cu(111), Zn-Cu(111) and Pd-Cu surfaces by XPS. (4) Spectro-
scopic characterization of Au on SrTiO3 under O, exposure using SR-XPS (5) LT-STM study of CO, on Cu(997) (6) Indepen-
dently driven four-probe conductivity measurement of organic thin films.

1. Quantitative analysis of desorption and decomposition kinetics of formic acid on Cu(111): the importance of hydrogen
bonding between adsorbed species: Y. Shiozawa, T. Koitaya, K. Mukai, S. Yoshimoto and J. Yoshinobu, J. Chem. Phys.
143 (2015) 234707.

2. Observation of Fano line shapes in infrared vibrational spectra of CO, adsorbed on Cu(997): T. Koitaya, Y. Shiozawa, K.
Mukai, S. Yoshimoto and J. Yoshinobu, J. Chem. Phys. 144 (2016) 054703.

3. “Photoelectrochemical water splitting enhanced by self-assembled metal nanopillars embedded in an oxide semicon-
ductor photoelectrode: S. Kawasaki, R. Takahashi, T. Yamamoto, M. Kobayashi, H. Kumigashira, J. Yoshinobu, F.
Komori, A. Kudo and M. Lippmaa, Nat. Commun. 7 (2016) 11818(1-6).

4. "Real-time observation of reaction processes of CO, on Cu(997) by ambient-pressure X-ray photoelectron spectroscopy:
T. Koitaya, S. Yamamoto, Y. Shiozawa, K. Takeuchi, R.-Y. Liu, K. Mukai, S. Yoshimoto, K. Akikubo, I. Matsuda and J.
Yoshinobu, Topic in Catalysis 59 (2016) 526-531.

5. The chemistry of simple alkene molecules on Si(100)c(4x2): the mechanism of cycloaddition and their selectivities: K.
Akagi and J. Yoshinobu, Surface Science (2016), accepted for publication.

Hasegawa group

We have developed spin-polarized scanning tunneling microscopy (SP-STM), which enables us to detect the orientation of
spins / magnetic moments on surfaces in atomic-scale spatial resolutions. Using the method, we investigated the formation
mechanism of spin spiral structures of Mn ultrathin films formed on a W(110) substrate. Because of the absence of inversion
symmetry due to the thin film structure and the spin-orbit interaction in the heavy-elemental substrate, the Dzyaloshinskii-
Moriya interaction (DMI) is exerted among the spins in the thin films, which induces chirality in the spin structures. In order to
investigate the details of DMI, we directly measured the rotational sense of the spin spiral structures by SP-STM, and revealed
that both Ist and 2nd Mn layers exhibit chirality and the same polarization of DMI despite their different types of spin structures
and propagation directions. These results, combined with previous reports on the chirality of domain walls observed in magnetic
thin films on the same substrate, lead us to conclude that the DMI polarization is dominantly determined by the substrate.
Aiming for a bottom-up approach of fabricating quantum spin systems and their microscopic investigations, we studied the
adsorption of oxygen molecules, which have a spin triplet state (S = 1) as a ground state, on a Ag(111) substrate. It was found
that by low temperature exposure the molecules adsorb on the substrate in a physisorbed manner lying down to form a triangular
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lattice. Different from an isosceles triangular lattice expected from the ellipsoidal shape of the molecule, the lattice is deformed
to scalene. Based on a Monte Carlo calculation using parameters that account for the solid oxygen phases, we found that the
introduction of antiferromagnetic interaction among the adsorbed molecules explain the deformation quantitatively. The antifer-
romagnetic order indicates the preservation of the spin of the adsorbed molecules, opening up the possibility that the system
can be utilized for fabrication / construction of one- or two- dimensional spin structures using an atom / molecular manipulation
method of STM.

1. Disorder-induced suppression of superconductivity in the Si(111)-(\'7 x v3)-In surface: Scanning tunneling micros-
copy study: S. Yoshizawa, H. Kim, Y. Hasegawa and T. Uchihashi, Phys. Rev. B 92 (2015) 041410(R)(1-5).

2. Electronic and magnetic effects of a stacking fault in cobalt nanoscale islands on the Ag(111) surface: K. Doi, E.
Minamitani, S. Yamamoto, R. Arafune, Y. Yoshida, S. Watanabe and Y. Hasegawa, Phys. Rev. B 92 (2015) 064421(1-8).

3. Site-Dependent Evolution of Electrical Conductance from Tunneling to Atomic Point Contact: H. Kim and Y. Hasegawa,
Phys. Rev. Lett. 114 (2015) 206801(1-5).

4. V7 Cr 8% Hv7- W(110) _F o Mn @il 28 AR STM/STS 8125 . 6 566, & 5S5E, B ek, £
R 36 (2015) 403-407.

5. TImpact of Surface Conditions on the Superconductivity of Si(11 1-(7 x+3)-In: S. Yoshizawa, H. Kim, T. Kawakami,
Y. Nagai, T. Nakayama, X. Hu, Y. Hasegawa and T. Uchihashi, e-J. Surf. Sci. Nanotech. 13 (2015) 151-154.

6. Direct visualization of surface phase of oxygen molecules physisorbed on Ag(111) surface: A two-dimensional quantum
spin system: S. Yamamoto, Y. Yoshida, H. Imada, Y. Kim and Y. Hasegawa, Phys. Rev. B 93 (2016) 081408(R)(1-5).

7. Insensitivity of atomic point contact conductance to a moiré structure: H. Kim and Y. Hasegawa, Phys. Rev. B 93 (2016)
075409(1-6).

8. Spatial variation in local work function as an origin of moiré contrast in scanning tunneling microscopy images of Pb
thin films / Si(111): H. Kim and Y. Hasegawa, Jpn. J. Appl. Phys. (2016), accepted for publication.

9. Superconducting proximity effect on Rashba-split Pb/Ge(11 l)—B\/? x v 3 surface: H. Kim, Y. Miyata and Y. Hasegawa,
Supercond. Sci. Technol. (2016), accepted for publication.

Lippmaa group

We work on various aspects of oxide thin films and interfaces. One of our aims is to explore novels polar oxide phases that
may exhibit new type of magnetoelectric coupling. In particular, we have looked at double perovskites that can sustain both
ferromagnetism and ferroelectricity in a strained lattice. We have continued working on magnetic interfaces, mostly looking at
band alignment and magnetic coupling in manganite-titanate heterostructures. The third topic is the development of photocata-
lytic materials. Our recent work has involved the analysis of carrier dynamics in optically excited crystals, surface chemical
reactions, and the development of nanoscale composite materials for efficient collection of photogenerated charge in a photo-
catalyst.

1. Interfacial capacitance between a ferroelectric Fe;04 thin film and a semiconducting Nb:SrTiOj3 substrate: R. Takahashi,
Y. Cho and M. Lippmaa, J. Appl. Phys. 117 (2015) 014104(1-10).

2. A-site-driven ferroelectricity in strained ferromagnetic La,NiMnOQOg thin films: R. Takahashi, I. Ohkubo, K. Yamauchi,
M. Kitamura, Y. Sakurai, M. Oshima, T. Oguchi, Y. Cho and M. Lippmaa, Phys. Rev. B 91 (2015) 134107(1-9).

3. "Determination of band diagram for a p-n junction between Mott insulator LaMnO3 and band insulator Nb:SrTiO5: M.
Kitamura, M. Kobayashi, E. Sakai, R. Takahashi, M. Lippmaa, K. Horiba, H. Fujioka and H. Kumigashira, Appl. Phys.
Lett. 106 (2015) 061605(1-5).

4. Magnetic coupling at perovskite and rock-salt structured interfaces: M. Matvejeff, E. Ahvenniemi, R. Takahashi and M.
Lippmaa, Appl. Phys. Lett. 107 (2015) 141604(1-5).

5. "Photo-electrochemical epitaxy of silver-oxide clathrate Ag;0gM (M=NOj3, HSO,) on rutile-type Nb-doped TiO, single
crystals: R. Tanaka, R. Takahashi, S. Takata, M. Lippmaa and Y. Matsumoto, CrystEngComm 17 (2015) 3701-3707.

6. *Optical pump-THz probe analysis of long-lived d-electrons and relaxation to self-trapped exciton states in MnO: J.
Nishitani, T. Nagashima, M. Lippmaa and T. Suemoto, Appl. Phys. Lett. 108 (2016) 162101(1-5).

7. "Photoexcited d-electron dynamics in transition metal oxide MnO studied by optical pump-THz probe measurements:
J. Nishitani, T. Kurihara, A. Asahara, T. Nagashima, M. Lippmaa and T. Suemoto, Phys. Status Solidi C 13 (2016)
113-116.
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8. The effect of polar (111)-oriented SrTiO3 on initial perovskite growth: 1. Hallsteinsen, M. Nord, T. Bolstad, P. -E.
Vullum, J. E. Boschker, P. Longo, R. Takahashi, R. Holmestad, M. Lippmaa and T. Tybell, Cryst. Growth Des. 16
(2016) 2357-2362.

9. “Photoelectrochemical water splitting enhanced by self-assembled metal nanopillars embedded in an oxide semicon-
ductor photoelectrode: S. Kawasaki, R. Takahashi, T. Yamamoto, M. Kobayashi, H. Kumigashira, J. Yoshinobu, F.
Komori, A. Kudo and M. Lippmaa, Nat. Commun. 7 (2016) 11818(1-6).

Division of Physics in Extreme Conditions

Uwatoko group

We report electrical resistivity, ac magnetic susceptibility and X-ray absorption spectroscopy measurements of intermediate
valence YbNi3Gag under pressure and magnetic field. We have revealed a characteristic pressure-induced Yb valence crossover
within the temperature-pressure phase diagram, and a first-order metamagnetic transition is found below P, ~9 GPa where the
system undergoes a pressure-induced antiferromagnetic transition. Zirconium-based bulk metallic glass (Zr-based BMG) has
outstanding properties as a cylinder material for piston-cylinder high pressure apparatuses and is especially useful for neutron
scattering. The piston cylinder consisting of a Zr-based BMG cylinder with outer/inner diameters of 8.8/2.5 mm sustains
pressures up to 1.81 GPa and ruptured at 2.0 GPa, with pressure values determined by the superconducting temperature of lead.
We report the discovery of pressure-induced superconductivity below T, = 14 K in the iron-based spin-ladder material BaFe,S5,
a Mott insulator with striped-type magnetic ordering below ~120 K. Our findings indicate that iron-based ladder compounds
represent promising material platforms, in particular for studying the fundamentals of iron-based superconductivity. The
perovskite PbCrOj is an antiferromagnetic insulator. However, the fundamental interactions leading to the insulating state in this
single valent perovskite are unclear. We report a variety of insitu pressure measurements including electron transport properties,
X-ray absorption spectrum, and crystal structure study by X-ray and neutron diffraction. These studies reveal key information
leading to the elucidation of the physics behind the insulating state and the pressure-induced transition.

1. "Electron transport in TTF-CA under High pressures: R. Takehara, K. Miyagawa, K. Kanoda, T. Miyamoto, H. Matsu-
zaki, H. Okamoto, H. Taniguchi, K. Matsubayashi and Y. Uwatoko, Physica B 460 (2015) 83-87.

2. " Anomalous Quantum Transport Properties in Semimetallic Black Phosphorus: K. Akiba, A. Miyake, Y. Akahama, K.
Matsubayashi, Y. Uwatoko, H. Arai, Y. Fuseya and M. Tokunaga, J. Phys. Soc. Jpn. 84 (2015) 073708(1-4).

3. TCorrelation between T. and Crystal Structure in S-Doped FeSe Superconductors under Pressure: Studied by X-ray
Diffraction of FeSejgSg, at Low Temperatures: T. Tomita, H. Takahashi, H. Takahashi, H. Okada, Y. Mizuguchi, Y.
Takano, S. Nakano, K. Matsubayashi and Y. Uwatoko, J. Phys. Soc. Jpn. 84 (2015) 024713(1-8).

4. TElectrical Transport in the Quasi-Two-Dimensional Ionic Mott Insulator M,P-TCNQF, under High Pressures: R.
Takehara, K. Miyagawa, T. Miyamoto, H. Okamoto, H. Taniguchi, K. Matsubayashi, Y. Uwatoko and K. Kanoda, J.
Phys. Soc. Jpn. 84 (2015) 104702(1-5).

5. %High Pressure Effect on the Superconductivity in VN: B. Wang, K. Matsubayashi, Y. Uwatoko and K. Ohgushi, J. Phys.
Soc. Jpn. 84 (2015) 104706(1-4).

6. T*Magnetic Order in the Frustrated Ising Quasi-One Dimensional Compound NaCo(acac);-Benzene: Y. Karaki, K.
Kuga, K. Kimura, S. Nakatsuji, K. Matsubayashi and Y. Uwatoko, J. Phys. Soc. Jpn. 84 (2015) 084708.

7. TPressure-Induced Valence Transition and Heavy Fermion State in Eu,;Ni3Ges and EuRhSis: A. Nakamura, T. Okazaki,
M. Nakashima, Y. Amako, K. Matsubayashi, Y. Uwatoko, S. Kayama, T. Kagayama, K. Shimizu, T. Uejo, H. Akamine,
M. Hedo, T. Nakama, Y. Onuki and H. Shiba, J. Phys. Soc. Jpn. 84 (2015) 053701(1-4).

8. %Transport and Magnetic Properties of EuAl, and EuGay: A. Nakamura, T. Uejo, F. Honda, T. Takeuchi, H. Harima, E.
Yamamoto, Y. Haga, K. Matsubayashi, Y. Uwatoko, M. Hedo, T. Nakama and Y. Onuki, J. Phys. Soc. Jpn. 84 (2015)
124711(1-9).

9. Upper Ceritical Field, Critical Current Density and Activation Energy of the New La;_,Sm,Og sF (5BiS,(x= 0.2, 0.8)
Superconductors: G. K. Selvan, G. S. Thakur, K. Manikandan, Y. Uwatoko, Z. Haque, L. C. Gupta, A. K. Ganguli and S.
Arumugam, J. Phys. Soc. Jpn. 84 (2015) 124701(1-5).

10. Ferromagnetic superexchange in insulating Cr,MoOg by controlling orbital hybridization: M. Zhu, D. Do, C. R. Dela
Cruz, Z. Dun, J. -G. Cheng, H. Goto, Y. Uwatoko, T. Zou, H. D. Zhou, S. D. Mahanti and X. Ke, Phys. Rev. B 92 (2015)
094419(1-6).
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

*Temperature and composition phase diagram in the iron-based ladder compounds Ba;_Cs,Fe,Ses;: T. Hawai, Y.
Nambu, K. Ohgushi, F. Du, Y. Hirata, M. Avdeev, Y. Uwatoko, Y. Sekine, H. Fukazawa, J. Ma, S. Chi, Y. Ueda, H.
Yoshizawa and T. J. Sato, Phys. Rev. B 91 (2015) 184416.

Pressure Induced Superconductivity on the border of Magnetic Order in MnP: J. -G. Cheng, K. Matsubayashi, W. Wu, J.
P. Sun, F. K. Lin, J. L. Luo and Y. Uwatoko, Phys. Rev. Lett. 114 (2015) 117001(1-18).

Pressure-Induced Valence Crossover and Novel Metamagnetic Behavior near the Antiferromagnetic Quantum Phase
Transition of YbNi3Gag: K. Matsubayashi, T. Hirayama, T. Yamashita, S. Ohara, N. Kawamura, M. Mizumaki, N.
Ishimatsu, S. Watanabe, K. Kitagawa and Y. Uwatoko, Phys. Rev. Lett. 114 (2015) 086401(1-5).

Development of High-Pressure and Multi-Frequency ESR System and Its Application to Quantum Spin System: T.
Sakurai, R. Matsui, K. Kawasaki, S. Okubo, H. Ohta, K. Matsubayashi, Y. Uwatoko, K. Kudo and Y. Koike, Appl.
Magn. Reson. 46 (2015) 1007-1012.

TDevelopment of High-Pressure ESR System Using Micro-coil: K. Kawasaki, T. Sakurai, E. Ohmichi, S. Okubo, H.
Ohta, K. Matsubayashi and Y. Uwatoko, Appl. Magn. Reson. 46 (2015) 987-992.

Zr-based bulk metallic glass as a cylinder material for high pressure apparatuses: K. Komatsu, K. Munakata, K. Matsub-
ayashi, Y. Uwatoko, Y. Yokoyama, K. Sugiyama and M. Matsuda, High Pressure Res. 35 (2015) 254-262.

TStrange metal without magnetic criticality: T. Tomita, K. Kuga, Y. Uwatoko, P. Coleman and S. Nakatsuji, Science 349
(2015) 506-509.

Charge Transfer Induced Multifunctional Transitions with Sensitive Pressure Manipulation in a Metal-Organic Frame-
work: J. Yang, L. Zhou, J. Cheng, Z. Hu, C. Kuo, C.-W. Pao, L. Jang, J.-F. Lee, J. Dai, S. Zhang, S. Feng, P. Kong, Z.
Yuan, J. Yuan, Y. Uwatoko, T. Liu, C. Jin and Y. Long, Inorg. Chem. 54 (2015) 6433-6438.

T*Development of non-metallic diamond anvil cell and quantum oscillation measurement of CePtIn; in a pulsed-
magnet: A. Miyake, Y. Kohama, S. Ohta, Y. Hirose, R. Settai, K. Matsubayashi, Y. Uwatoko, A. Matsuo, K. Kindo and
M. Tokunaga, J. Phys.: Conf. Ser. 592 (2015) 012149(1-6).

*High Pressure Measurements of the Resistivity of -YbAIB4: T. Tomita, K. Kuga, Y. Uwatoko and S. Nakatsuji, J.
Phys.: Conf. Ser. 592 (2015) 012019.

TDevelopment of multi-frequency ESR system for high-pressure measurements up to 2.5 GPa: T. Sakurai, K. Fujimoto,
R. Matsui, K. Kawasaki, S. Okubo, H. Ohta, K. Matsubayashi, Y. Uwatoko and H. Tanaka, J. Magn. Reson. 259 (2015)
108-113.

™ Pressure-induced superconductivity in the iron-based ladder material BaFe,S3: H. Takahashi, A. Sugimoto, Y. Nambu,
T. Yamauchi, Y. Hirata, T. Kawakami, M. Avdeev, K. Matsubayashi, F. Du, C. Kawashima, H. Soeda, S. Nakano, Y.
Uwatoko, Y. Ueda, T. J. Sato and K. Ohgushi, Nature Mater. 14 (2015) 1008-1012.

Charge disproportionation and the pressure-induced insulator-metal transition in cubic perovskite PbCrOjs: J. Cheng, K.
E. Kweon, S. A. Larregola, Y. Ding, Y. Shirako, L. G. Marshall, Z. -Y. Li, X. Li, A. M. D. Santos, M. R. Suchomel, K.
Matsubayashi, Y. Uwatoko, G. S. Hwang, J. B. Goodenough and J. -S. Zhou, Proc. Natl. Acad. Sci. U.S.A. 112 (2015)
1670-1674.

Kondo Effect in CeX, (X, =S, Se, Te) Studied by Electrical Resistivity Measurements under High Pressure: Y. Hayashi,
S. Takai, T. Matsumura, H. Tanida, M. Sera, K. Matsubayashi, Y. Uwatoko and A. Ochiai, J. Phys. Soc. Jpn. 85 (2016)
034704(1-7).

Superconducting and Fermi Surface Properties of Single Crystal Zr,Co: A. Teruya, M. Kakihana, T. Takeuchi, D. Aoki,
F. Honda, A. Nakamura, Y. Haga, K. Matsubayashi, Y. Uwatoko, H. Harima, M. Hedo, T. Nakama and Y. Onuki, J. Phys.
Soc. Jpn. 85 (2016) 034706(1-10).

*Pressure dependence of the magnetic ground states in MnP: M. Matsuda, F. Ye, S. E. Dissanayake, J. -G. Cheng, S.
Chi, J. Ma, H. D. Zhou, J. -Q. Yan, S. Kasamatsu, O. Sugino, T. Kato, K. Matsubayashi, T. Okada and Y. Uwatoko,
Phys. Rev. B 93 (2016) 100405(1-5).

Quantum Criticality Beneath the Superconducting Dome in 3-YbAIB 4: T. Tomita, K. Kuga, Y. Uwatoko and S. Nakat-
suji, J. Phys.: Conf. Ser. 683 (2016) 012007(1-5).

Magnetic and Structural Properties of Metamagnetic MnCoyg g,Fe( g3Ge Compound: K. Ozono, Y. Mitsui, M. Hiroi, R. Y.
Umetsu, K. Takahashi, K. Matsubayashi, Y. Uwatoko and K. Koyama, Mater. Trans. 57 (2016) 316-320.
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Osada group

We have systematically studied quantum Hall transport in monolayer-bilayer graphene heterojunctions on hexagonal boron
nitride substrate. It has been found that the observed asymmetric transverse and Hall resistances across the junction are well
understood by the Landauer-Biittiker edge transport picture assuming the pair annihilation of edge channels with opposite
chirality at the junction. We show that the above picture works well even in the system where the monolayer and bilayer regions
have different carrier density, which corresponds to the preceding work. This result demonstrates the bulk-edge correspondence
at the boundary of two quantum Hall states on different crystal and band structures. In addition, we found that fine structures
around charge neutrality points, which are considered to originate from the degeneracy breaking of zero-energy Landau levels
of monolayer and bilayer graphene.

1. Edge State and Intrinsic Hole Doping in Bilayer Phosphorene: T. Osada, J. Phys. Soc. Jpn. 84 (2015) 013703(1-4).

2. Electronic Structure and the Properties of Phosphorene and Few-layer Black Phosphorus: S. Fukuoka, T. Taen and T.
Osada, J. Phys. Soc. Jpn. 84 (2015) 121004(1-12).

3. Surface Transport in the v = 0 Quantum Hall Ferromagnetic State in the Organic Dirac Fermion System: T. Osada, J.
Phys. Soc. Jpn. 84 (2015) 053704(1-4).

Yamashita group

As a joint project with Dr. Shishido at Osaka Prefecture University, we’ve performed dHVA measurements of the heavy-fermion
superconductor CeColns. We succeeded to measure clear quantum oscillation measurements of the alpha bands of CeColns
down to 5 mK and up to 10 T. Unexpectedly, we found that the amplitude of the quantum oscillation is suppressed below 20
mK at 8 T (above Hcz of CeColns). At the same time, the frequency of the quantum oscillation shows a drop. These changes
can be attributed to an emergence of a new ordered phase neighboring the superconducting phase. To clarify the property of the
new phase, we started NMR measurements of CeColns at ultra-low temperatures with Takigawa group, which is still a project
under way in 2016. We’ve also measured longitudinal and transverse thermal transport measurements of a candidate material of
quantum spin liquid, BazCuSb209. We found that the longitudinal thermal conductivity is strongly suppressed in wide tempera-
ture range, showing that there are strong scatters of phonons. Further, a clear thermal Hall effect has been observed. Given that
there are no mobile spin excitations in Ba3CuSbyOg from our measurements and NMR measurements, this thermal Hall effect
is a phonon Hall effect. We believe that this work is the first systematic study of a thermal Hall effect of phonons including the
temperature dependence of the thermal Hall conductivity. We’ve performed thermal Hall measurements of Mn3zSn where the
first observation of the anomalous Hall effect in antiferromagnetic system has been reported. A clear anomalous thermal Hall
effect has been observed. We found that the temperature dependence of the Lorentz number implies that intrinsic scatterings
play an important role for the anomalous Hall effect.

Materials Design and Characterization Laboratory

Hiroi group

One-Third Magnetization Plateau with a Preceding Novel Phase is discovered in Volborthite. We have synthesized high-quality
single crystals of volborthite, and carried out high-field magnetization measurements up to 74 T and >'V NMR measurements
up to 30 T. An extremely wide 1/3 magnetization plateau appears above 28 T and continues over 74 T at 1.4 K, which has not
been observed in previous studies using polycrystalline samples. NMR spectra reveal an incommensurate order (most likely
a spin-density wave order) below 22 T and a simple spin structure in the plateau phase. Moreover, a novel intermediate phase
is found between 23 and 26 T, where the magnetization varies linearly with magnetic field and the NMR spectra indicate an
inhomogeneous distribution of the internal magnetic field. This sequence of phases in volborthite bears a striking similarity
to those of frustrated spin chains with a ferromagnetic nearest-neighbor coupling J; competing with an antiferromagnetic
next-nearest-neighbor coupling J,. In addition, the metal-insulator transition (MIT) of VO, is discussed with particular emphasis
on the structural instability of the rutile compounds toward dimerization. Ti substitution experiments reveal that the MIT is
robust up to 20% Ti substitutions and occurs even in extremely thin V-rich lamellas in spinodally decomposed TiO,-VO,
composites, indicating that the MIT is insensitive to hole doping and essentially takes on a local character. These observations
suggest that either electron correlation in the Mott-Hubbard sense or Peierls (Fermi-surface) instability plays a minor role on the
MIT. Through a broad perspective of crystal chemistry on the rutile-related compounds, it is noted that VO, and another MIT
compound NbO; in the family eventually lie just near the borderline between the two structural groups with the regular rutile
structure and the distorted structures characterized by the formation of dimers with direct metal-metal bonding. It is also shown
that the two compounds of the rutile form do not follow the general trends in structure observed for the other rutile compounds,
giving clear evidence of an inherent structural instability present in the two compounds. The MITs of VO, and NbO, are natural
consequences of structural transitions between the two groups, as all the d electrons are trapped in the bonding molecular
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orbitals of dimers at low temperatures. Such dimer crystals are ubiquitously found in early transition metal compounds having
chain-like structures, such as MoBr3, NbCly, Ti4O7, and V40, the latter two of which also exhibit MITs probably of the same
origin. In a broader sense, the dimer crystal is a kind of “molecular orbital crystals” in which virtual molecules made of transi-
tion metal atoms with partially-filled 7,, shells, such as dimers, trimers or larger ones, are generated by metal-metal bonding and
are embedded into edge- or face-sharing octahedron networks of various kinds. The molecular orbital crystallization opens a
natural route to stabilization of unpaired f,, electrons in crystals.

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

T*Charge Order Induced by Cation Order in 6-Ag,3V,05: T. Baba, T. Yamauchi, S. Yamazaki, H. Ueda, M. Isobe, Y.
Matsushita and Y. Ueda, J. Phys. Soc. Jpn. 84 (2015) 024718(1-7).

Large Diamagnetic Susceptibility from Petit Fermi Surfaces in LaV,Al,y: T. Hirose, Y. Okamoto, J.-I. Yamaura and Z.
Hiroi, J. Phys. Soc. Jpn. 84 (2015) 113701(1-5).

Magnetic Phase Diagram of the Breathing Pyrochlore Antiferromagnet LiGa;_,In,Cr4Og: Y. Okamoto, G. J. Nilsen, T.
Nakazono and Z. Hiroi, J. Phys. Soc. Jpn. 84 (2015) 043707(1-5).

*Competing electronic states under pressure in the double-exchange ferromagnetic Peierls system K,CrgOjq: T.
Yamauchi, K. Hasegawa, H. Ueda, M. Isobe and Y. Ueda, Phys. Rev. B 92 (2015) 165115(1-7).

*Complex magnetostructural order in the frustrated spinel LilnCr4Og: G. J. Nilsen, Y. Okamoto, T. Masuda, J. Rodri-
guez-Carvajal, H. Mutka, T. Hansen and Z. Hiroi, Phys. Rev. B 91 (2015) 174435(1-8).

"Effects of stoichiometry and substitution in quasi-one-dimensional iron chalcogenide BaFe,S5: Y. Hirata, S. Maki, J.-1.
Yamaura, T. Yamauchi and K. Ohgushi, Phys. Rev. B 92 (2015) 205109(1-7).

Structural stability of the Wadsley-type bronzes B-Agy33V,0s5 and P-Lip33V,05 on compression: A breakdown of
the two-leg ladder system in the nonsuperconducting high-pressure phase of p-Lip33V,0s5: A. Grzechnik, Y. Ueda, T.
Yamauchi, M. Hanfland, P. Hering, V. Potapkin and K. Friese, Phys. Rev. B 91 (2015) 174113(1-8).

*Superconductivity in 122-type antimonide BaPt,Sb,: M. Imai, S. Ibuka, N. Kikugawa, T. Terashima, S. Uji, T. Yajima,
H. Kageyama and I. Hase, Phys. Rev. B 91 (2015) 014513(1-8).

All-In-All-Out Magnetic Domains: X-Ray Diffraction Imaging and Magnetic Field Control: S. Tardif, S. Takeshita, H.
Ohsumi, J.-I. Yamaura, D. Okuyama, Z. Hiroi, M. Takata and T.-H. Arima, Phys. Rev. Lett. 114 (2015) 147205.

“One-Third Magnetization Plateau with a Preceding Novel Phase in Volborthite: H. Ishikawa, M. Yoshida, K. Nawa, M.
Jeong, S. Kramer, M. Horvatic, C. Berthier, M. Takigawa, M. Akaki, A. Miyake, M. Tokunaga, K. Kindo, J. Yamaura, Y.
Okamoto and Z. Hiroi, Phys. Rev. Lett. 114 (2015) 227202(1-5).

*Pressure-induced Mott transition followed by a 24-K superconducting phase in BaFe,S;: T. Yamauchi, Y. Hirata, Y.
Ueda and K. Ohgushi, Phys. Rev. Lett. 115 (2015) 246402(1-5).

"*Semimetallic transport properties of epitaxially stabilized perovskite CalrO5 films: D. Hirai, J. Matsuno, D. Nishio-
Hamane and H. Takagi, Appl. Phys. Lett. 107 (2015) 012104(1-4).

*Superconducting properties of BaTi,Pn,O (Pn = Sb, Bi): T. Yajima, K. Nakano, Y. Nozaki and H. Kageyama, Physica C
504 (2015) 36-38.

Na;MoO,_sF4,5 - a perovskite with a unique combination of atomic orderings and octahedral tilts: H. Ishikawa, I.
Munao, B. E. Bode, Z. Hiroi and P. Lightfoot, Chem. Commun. 51 (2015) 15469-15471.

Theoretical and experimental evidence for the post-cotunnite phase transition in zirconia at high pressure: D. Nishio-
Hamane, H. Dekura, Y. Seto and T. Yagi, Phys. Chem. Miner. 42 (2015) 385-392.

"Direct Observation of Short-Range Structural Coherence During a Charge Transfer Induced Spin Transition in a CoFe
Prussian Blue Analogue by Transmission Electron Microscopy: M. Itoi, T. Jike, D. Nishio-Hamane, S. Udagawa, T.
Tsuda, S. Kuwabata, K. Boukheddaden, M. J. Andrus and D. R. Talham, J. Am. Chem. Soc. 137 (2015) 14686-14693.

"Effect of surfactant/water ratio and reagents’ concentration on size distribution of manganese carbonate nanoparticles
synthesized by microemulsion mediated route: G. Granata, F. Pagnanelli, D. Nishio-Hamane and T. Sasaki, Appl. Surf.
Sci. 331 (2015) 463-471.

Superconductivity in LaPd,As, with a collapsed 122 structure: S. Ganesanpotti, T. Yajima, K. Nakano, Y. Nozaki, T.
Yamamoto, C. Tassel, Y. Kobayashi and H. Kageyama, J. Alloys Compd. 613 (2015) 370-374.

On the microscopic dynamics of the 'Einstein solids' AIV,Al,y and GaV,Al,, and of YV,Aly,: a benchmark system
for 'rattling' excitations: M. M. Koza, H. Mutka, Y. Okamoto, J.-I. Yamaura and Z. Hiroi, Phys. Chem. Chem. Phys. 17
(2015) 24837-24850.
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31.

32.

33.
34.

*Substrate-induced anion rearrangement in epitaxial thin films of LaSrCoO4_yH,: G. Bouilly, T. Yajima, T. Terashima,
Y. Kususe, K. Fujita, C. Tassel, T. Yamamoto, K. Tanaka, Y. Kobayashi and H. Kageyama, CrystEngComm 16 (2015)
9669-9674.

?*Ferriakasakaite—(La) and ferriandrosite-(La): new epidote-supergroup minerals from Ise, Mie Prefecture, Japan: M.
Nagashima, D. Nishio-Hamane, N. Tomita, T. Minakawa and S. Inaba, Mineral. Mag. 79 (2015) 735.

*Imayoshiite, CazAl(CO3)[B(OH)4](OH)6*12H,0, a new mineral of ettringite group from Ise City, Mie Prefecture,
Japan: D. Nishio-Hamane, M. Ohnishi, K. Momma, N. Shimobayashi, R. Miyawaki, T. Minakawa and S. Inaba,
Mineral. Mag. 79 (2015) 413-423.

"Pressure-induced superconductivity in the iron-based ladder material BaFe,S5: H. Takahashi, A. Sugimoto, Y. Nambu,
T. Yamauchi, Y. Hirata, T. Kawakami, M. Avdeev, K. Matsubayashi, F. Du, C. Kawashima, H. Soeda, S. Nakano, Y.
Uwatoko, Y. Ueda, T. J. Sato and K. Ohgushi, Nature Mater. 14 (2015) 1008-1012.

Lifshitz metal-insulator transition induced by the all-in/all-out magnetic order in the pyrochlore oxide Cd,0s,07: Z.
Hiroi, J. Yamaura, T. Hirose, I. Nagashima and Y. Okamoto, APL Mater. 3 (2015) 041501(1-11).

Spinodally decomposed nanostructures in a TiO,—VO, crystal: Z. Hiroi, T. Yoshida, J. Yamaura and Y. Okamoto, APL
Mater. 3 (2015) 062508 (1-8).

Y F Y UL O R TE R AR« SRR K, SPring-8 FIFFZLR AL 3 (2015) 6-9.

%*Impurity-lnduced First-Order Phase Transitions in Highly Crystalline V,03 Nanocrystals: Y. Ishiwata, E. Takahashi,
K. Akashi, M. Imamura, J. Azuma, K. Takahashi, M. Kamada, H. Ishii, Y.-F. Liao, Y. Tezuka, Y. Inagaki, T. Kawae, D.
Nishio-Hamane, M. Nantoh, K. Ishibashi and T. Kida, Adv. Mater. Interfaces 2 (2015) 1500132(1-6).

Structural instability of the rutile compounds and its relevance to the metal-insulator transition of VO,: Z. Hiroi, Prog.
Solid State Chem. 43 (2015) 47-69.

%*Magnetic properties of SmsFe 7 melt-spun ribbons and their borides: T. Saito and D. Nishio-Hamane, AIMS Mat. Sci.
2 (2015) 392-400.

"Pressure-induced non-superconducting phase of 8-Naj33V,05 and the mechanism of high-pressure phase transitions
in 3-Nag 33V,05 and 8-Lij 33V,05 at room temperature: A. Grzechnik, Y. Ueda, T. Yamauchi, M. Hanfland, P. Hering, V.
Potapkin and K. Friese, J. Phys.: Condens. Matter 28 (2016) 035401(1-9).

T*Hybrid Amine-Functionalized Graphene Oxide as a Robust Bifunctional Catalyst for Atmospheric Pressure Fixation
of Carbon Dioxide using Cyclic Carbonates: V. B. Saptal, T. Sasaki, K. Harada, D. Nishio-Hamane and B. M. Bhanage,
ChemSusChem 9 (2016) 644.

?*Light and SEM observation of opal phytoliths in the mulberry leaf: O. Tsutsui, R. Sakamoto, M. Obayashi, S.
Yamakawa, T. Handa, D. Nishio-Hamane and 1. Matsuda, Flora 218 (2016) 44-50.

SEPIEVLSHO 1 IR K, WIS 70 (2015) 446-449.
TR - E AR DR IOV L AR K, SRR 44 (2015) 57-59.

Kawashima group

We have been investigating quantum spin/boson systems and frustrated systems by means of large-scale numerical simula-
tion. We also develop new numerical techniques. Our group's activities of 2015 include: (1) new interpretations and findings
of computational results for the SU(N) Heisenberg models with and without higher order interactions, (2) development of
quantum Monte Carlo code for Bose systems in continuous media, (3) correlation between computational hardness of the spin
glass instances and the thermodynamic properties and (3) large-scale non-equilibrium molecular dynamics simulation of bubble
growth in under-pressured near-transition liquid.

1.

Quantum Spin Liquid in Spin 1/2 J;—J, Heisenberg Model on Square Lattice: Many-Variable Variational Monte Carlo
Study Combined with Quantum-Number Projections: S. Morita, R. Kaneko and M. Imada, J. Phys. Soc. Jpn. 84 (2015)
024720(1-11).

Scaling relation for dangerously irrelevant symmetry-breaking fields: T. Okubo, K. Oshikawa, H. Watanabe and N.
Kawashima, Phys. Rev. B 91 (2015) 174417(1-4).

SU(N) Heisenberg model with multicolumn representations: T. Okubo, K. Harada, J. Lou and N. Kawashima, Phys.
Rev. B 92 (2015) 1344048(1-5).
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Thermal phase transition of generalized Heisenberg models for SU(N) spins on square and honeycomb lattices: T.
Suzuki, K. Harada, H. Matsuo, S. Todo and N. Kawashima, Phys. Rev. B 91 (2015) 094414.

5. Variational Monte Carlo method in the presence of spin-orbit interaction and its application to Kitaev and Kitaev-
Heisenberg models: M. Kurita, Y. Yamaji, S. Morita and M. Imada, Phys. Rev. B 92 (2015) 035122(1-11).
6. Thermal phase transitions to valence-bond-solid phase in the two dimensional; generalized SU(N) Heisenberg models:
T. Suzuki, K. Harada, H. Matsuo, S. Todo and N. Kawashima, J. Phys.: Conf. Ser. 5§92 (2015) 012114.
7. Tensor network algorithm by coarse-graining tensor renormalization on finite periodic lattices: H.-H. Zhao, Z.-Y. Xie, T.
Xiang and M. Imada, Phys. Rev. B 93 (2016) 125115(1-14).
Noguchi group

We have studied the membrane shape transformation in various conditions. We clarifed the following behavior: (i) The absorp-
tion of banana-shaped proteins can induce polygonal membrane tubes and polyhedral vesicles. (2) Under chemical reaction an
oil droplet can transform into vesicles via closing of a disk-like micelle. (3) At genus g >2, the vesicle shape transformation
from stomatocyte to discocyte is a discrete transition for low reduced volume.

1.

"Formation of polyhedral vesicles and polygonal membrane tubes induced by banana-shaped proteins: H. Noguchi, J.
Chem. Phys. 143 (2015) 243109.

Shape transitions of high-genus fluid vesicles: H. Noguchi, Europhys. Lett. 112 (2015) 58004.

Morphological changes of amphiphilic molecular assemblies induced by chemical reactions: K. M. Nakagawa and H.
Noguchi, Soft Matter 11 (2015) 1403-1411.

Shape transformations of toroidal vesicles: H. Noguchi, A. Sakashita and M. Imai, Soft Matter 11 (2015) 193.

Shape deformation of lipid membranes by banana-shaped protein rods: Comparison with isotropic inclusions and
membrane rupture: H. Noguchi, Phys. Rev. E 93 (2016) 052404(1-10).

"Monte Carlo study of the frame, fluctuation and internal tensions of fluctuating membranes with fixed area: H. Shiba,
H. Noguchi and J.-B. Fournier, Soft Matter 12 (2016) 2373-2380.

Membrane tubule formation by banana-shaped proteins with or without transient network structure: H. Noguchi, Sci.
Rep. 6 (2016) 20935.

Rheological evaluation of colloidal dispersions using the smoothed profile method: formulation and applications: J. J.
Molina, K. Otomura, H. Shiba, H. Kobayashi, M. Sano and R. Yamamoto, J. Fluid Mech. 792 (2016) 590-619.

Materials Synthesis and Characterization group

1. T*Charge Order Induced by Cation Order in §-Ag,3V,05: T. Baba, T. Yamauchi, S. Yamazaki, H. Ueda, M. Isobe, Y.
Matsushita and Y. Ueda, J. Phys. Soc. Jpn. 84 (2015) 024718(1-7).

2. Magnetic properties of Sm-Fe-N bulk magnets prepared from Sm,Fe7N3 melt-spun ribbons: T. Saito and D. Nishio-
Hamane, J. Appl. Phys. 117 (2015) 17D130.

3. "Effects of stoichiometry and substitution in quasi-one-dimensional iron chalcogenide BaFe,S5: Y. Hirata, S. Maki, J.-1.
Yamaura, T. Yamauchi and K. Ohgushi, Phys. Rev. B 92 (2015) 205109(1-7).

4. "Structural stability of the Wadsley-type bronzes B-Agy33V,05 and P-Lip33V,05 on compression: A breakdown of
the two-leg ladder system in the nonsuperconducting high-pressure phase of p-Lip33V,05: A. Grzechnik, Y. Ueda, T.
Yamauchi, M. Hanfland, P. Hering, V. Potapkin and K. Friese, Phys. Rev. B 91 (2015) 174113(1-8).

5. *Superconductivity in 122-type antimonide BaPt,Sb,: M. Imai, S. Ibuka, N. Kikugawa, T. Terashima, S. Uji, T. Yajima,
H. Kageyama and I. Hase, Phys. Rev. B 91 (2015) 014513(1-8).

6. "Semimetallic transport properties of epitaxially stabilized perovskite CalrO5 films: D. Hirai, J. Matsuno, D. Nishio-
Hamane and H. Takagi, Appl. Phys. Lett. 107 (2015) 012104(1-4).

7. *Superconducting properties of BaTi,Pn,O (Pn = Sb, Bi): T. Yajima, K. Nakano, Y. Nozaki and H. Kageyama, Physica C
504 (2015) 36-38.
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Theoretical and experimental evidence for the post-cotunnite phase transition in zirconia at high pressure: D. Nishio-
Hamane, H. Dekura, Y. Seto and T. Yagi, Phys. Chem. Miner. 42 (2015) 385-392.

"Direct Observation of Short-Range Structural Coherence During a Charge Transfer Induced Spin Transition in a CoFe
Prussian Blue Analogue by Transmission Electron Microscopy: M. Itoi, T. Jike, D. Nishio-Hamane, S. Udagawa, T.
Tsuda, S. Kuwabata, K. Boukheddaden, M. J. Andrus and D. R. Talham, J. Am. Chem. Soc. 137 (2015) 14686-14693.

"Effect of surfactant/water ratio and reagents’ concentration on size distribution of manganese carbonate nanoparticles
synthesized by microemulsion mediated route: G. Granata, F. Pagnanelli, D. Nishio-Hamane and T. Sasaki, Appl. Surf.
Sci. 331 (2015) 463-471.

New hard magnetic phase in Mn—Ga—Al system alloys: T. Saito and D. Nishio-Hamane, J. Alloys Compd. 632 (2015)
486.

*Substrate-induced anion rearrangement in epitaxial thin films of LaSrCoO,4_H,: G. Bouilly, T. Yajima, T. Terashima,
Y. Kususe, K. Fujita, C. Tassel, T. Yamamoto, K. Tanaka, Y. Kobayashi and H. Kageyama, CrystEngComm 16 (2015)
9669-9674.

?*Ferriakasakaite—(La) and ferriandrosite-(La): new epidote-supergroup minerals from Ise, Mie Prefecture, Japan: M.
Nagashima, D. Nishio-Hamane, N. Tomita, T. Minakawa and S. Inaba, Mineral. Mag. 79 (2015) 735.

*Imayoshiite, CazAl(CO3)[B(OH)4](OH)6*12H,0, a new mineral of ettringite group from Ise City, Mie Prefecture,
Japan: D. Nishio-Hamane, M. Ohnishi, K. Momma, N. Shimobayashi, R. Miyawaki, T. Minakawa and S. Inaba,
Mineral. Mag. 79 (2015) 413-423.

™ Pressure-induced superconductivity in the iron-based ladder material BaFe,S3: H. Takahashi, A. Sugimoto, Y. Nambu,
T. Yamauchi, Y. Hirata, T. Kawakami, M. Avdeev, K. Matsubayashi, F. Du, C. Kawashima, H. Soeda, S. Nakano, Y.
Uwatoko, Y. Ueda, T. J. Sato and K. Ohgushi, Nature Mater. 14 (2015) 1008-1012.

Synthesis of oxamate and urea by oxidative single and double carbonylation of amines using immobilized palladium
metal-containing ionic liquid@SBA-15: S. T. Gadge, E. N. Kusumawati, K. Harada, T. Sasaki, D. Nishio-Hamane and
B. M. Bhanage, J. Mol. Catal. A: Chem. 400 (2015) 170.

Synthesis of Polyester Amide by Carbonylation—Polycondensation Reaction Using Immobilized Palladium Metal
Containing Ionic Liquid on SBA-15 as a Phosphine-Free Catalytic System: A. Satapathy, S. T. Gadge, E. N.
Kusumawati, K. Harada, T. Sasaki, D. Nishio-Hamane and B. M. Bhanage, Catal. Lett. 145 (2015) 824.

" F 8 LAY OEIE R A ER © ST Kl , SPring-8 FIHIFLHU AR 3 (2015) 6-9.

?*Impurity-lnduced First-Order Phase Transitions in Highly Crystalline V,05 Nanocrystals: Y. Ishiwata, E. Takahashi,
K. Akashi, M. Imamura, J. Azuma, K. Takahashi, M. Kamada, H. Ishii, Y.-F. Liao, Y. Tezuka, Y. Inagaki, T. Kawae, D.
Nishio-Hamane, M. Nantoh, K. Ishibashi and T. Kida, Adv. Mater. Interfaces 2 (2015) 1500132(1-6).

?*Magnetic properties of SmsFe 7 melt-spun ribbons and their borides: T. Saito and D. Nishio-Hamane, AIMS Mat. Sci.
2 (2015) 392-400.

"Pressure-induced non-superconducting phase of -Na33V,05 and the mechanism of high-pressure phase transitions
in 3-Nag 33V,05 and -Lig 33V,05 at room temperature: A. Grzechnik, Y. Ueda, T. Yamauchi, M. Hanfland, P. Hering, V.
Potapkin and K. Friese, J. Phys.: Condens. Matter 28 (2016) 035401(1-9).

%*Hybrid Amine-Functionalized Graphene Oxide as a Robust Bifunctional Catalyst for Atmospheric Pressure Fixation
of Carbon Dioxide using Cyclic Carbonates: V. B. Saptal, T. Sasaki, K. Harada, D. Nishio-Hamane and B. M. Bhanage,
ChemSusChem 9 (2016) 644.

HLight and SEM observation of opal phytoliths in the mulberry leaf: O. Tsutsui, R. Sakamoto, M. Obayashi, S.
Yamakawa, T. Handa, D. Nishio-Hamane and 1. Matsuda, Flora 218 (2016) 44-50.

T - AR DI ONT IR A, EESERISE 44 (2015) 57-59.
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Neutron Science Laboratory

Shibayama group

Shibayama group has been exploring the structure and dynamics of soft matter, especially polymer gels, micelles, and phenolic
resin, utilizing a combination of small-angle neutron scattering (SANS), small-angle X-ray scattering (SAXS), and dynamic
light scattering (DLS). The objectives are to elucidate the relationship between the structure and variety of novel properties/
functions of polymer gels/resins. The highlights of 2015 include (1) development of high-toughness Ion gel for CO, separa-
tion, (2) gelation and cross-link inhomogeneity of phenolic resins, (3) structure evolution of catalyst ink for fuel cell in drying
process, (4) rubber elasticity for percolation network consisting of Gaussian chains, (5) gelation mechanism of Tetra-Armed
Poly(ethylene glycol) in aprotic ionic liquid, (6) structural analysis of lipophilic polyelectrolyte solutions and gels in low-polar
solvents and so on.

1.

Gelation Mechanism of Tetra-Armed Poly(ethylene glycol) in Aprotic Ionic Liquid Containing Non-volatile Proton
Source, Protic Ionic Liquid: K. Hashimoto, K. Fujii, K. Nishi, T. Sakai, N. Yoshimoto, M. Morita and M. Shibayama, J.
Phys. Chem. B 119 (2015) 4795-4801.

2. Microscopic Solvation Structure of Glucose in 1-Ethyl-3-methylimidazolium Methylphosphonate Ionic Liquid: K.
Hirosawa, K. Fujii, K. Hashimoto, Y. Umebayashi and M. Shibayama, J. Phys. Chem. B 119 (2015) 6262.

3. Electrophoretic mobility of semi-flexible double-stranded DNA in defect-controlled polymer networks: Mechanism
investigation and role of structural parameters: K. Khairulina, X. Li, K. Nishi, M. Shibayama, U.-I. Chung and T. Sakai,
J. Chem. Phys. 142 (2015) 234904.

4. Rubber elasticity for percolation network consisting of Gaussian chains: K. Nishi, H. Noguchi, T. Sakai and M.
Shibayama, J. Chem. Phys. 143 (2015) 184905.

5. Phase Behavior of Block Copolymers in Selective Supercritical Solvent: M. M. M. Ito, K. Ito, M. Shibayama, K.
Sugiyama and H. Yokoyama, Macromolecules 48 (2015) 3590.

6. Structural Analysis of Lipophilic Polyelectrolyte Solutions and Gels in Low-Polar Solvents: K. Nishi, S. Tochioka, T.
Hiroi, T. Yamada, K. Kokado, T.-H. Kim, E. P. Gilbert, K. Sada and M. Shibayama, Macromolecules 48 (2015) 3613.

7. EFTINVEBIOT O HEELICHERE 53T 2 S0 FRah , R 25 (2015) 120-125.

8. Carbon Dioxide Separation Using a High-toughness Ion Gel with a Tetra-armed Polymer Network: K. Fujii, T. Makino,
K. Hashimoto, T. Sakai, M. Kanakubo and M. Shibayama, Chem. Lett. 44 (2015) 17.

9. Reliable Hydrogel with Mechanical “Fuse Link” in an Aqueous Environment: S. Kondo, T. Hiroi, Y.-S. Han, T.-H. Kim,
M. Shibayama, U.-I. Chung and T. Sakai, Adv. Mater. 27 (2015) 7407.

10. Dynamic light scattering study on curing mechanisms of novolac-type phenolic resins: Y. Shudo, A. Izumi, T. Takeuchi,
T. Nakao and M. Shibayama, Polym. J. 47 (2015) 79-81.

11. Gelation Kinetics and Polymer Network Dynamics of Homogeneous Tetra-PEG Gels: T. Birshtein, Macromol. Symp.
348 (2015) 9.

12. Supercoiling transformation of chemical gels: M. Asai, T. Katashima, T. Sakai and M. Shibayama, Soft Matter 11
(2015) 7101.

13. Multiblock copolymers exhibiting spatio-temporal structure with autonomous viscosity oscillation: M. Onoda, T. Ueki,
M. Shibayama and R. Yoshida, Sci. Rep. 5 (2015) 15792.

14. Structural evolution of a catalyst ink for fuel cells during the drying process investigated by CV-SANS: T. Kusano, T.
Hiroi, K. Amemiya, M. Ando, T. Takahashi and M. Shibayama, Polym J 47 (2015) 546.

15. Self-oscillating AB diblock copolymer developed by post modification strategy: T. Ueki, M. Onoda, R. Tamate, M.
Shibayama and R. Yoshida, Chaos 25 (2015) 064605.

16. Nearly Ideal Polymer Network Ion Gel Prepared in pH-Buffering Ionic Liquid: K. Hashimoto, K. Fujii, K. Nishi, T.
Sakai and M. Shibayama, Macromolecules 49 (2016) 344.

17. Transitions of Aggregation States for Concentrated Carbon Nanotube Dispersion: T. Hiroi, S. Ata and M. Shibayama, J.
Phys. Chem. C 120 (2016) 5776.

18. /I X MRHEEIC L B 7 =/ — VIR R — % V7RO Z DB EhT - FIR B, Fitka 0, Hik =, e Rk, %
(L #85A , Fv b7 =27 Y= — 2015 (2015) 83-88.
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19. Small-angle Neutron Scattering of Polysaccharide Hydrogels: M. Shibayama, in: Polysaccharide hydrogels: Charac-
terization and Biomedical Applications, Ch 7, edited by P. Matricardi, F. Alhaique and T. Coviello, (Pan Stanford
Publishing Pte. Ltd., Singapore, 2016), 245-264.

Yoshizawa group

A systematic study on spin dynamics in a two-dimensional transition-metal Ni oxide has been carried out with use of the high
resolution chopper spectrometer installed at BL12 in the Material and Life Science Facility, J-PARC. The checkerboard-type
spin-charge ordering in the highly hole-doped region of the layered nickelate was studied in detail. The nature of the excitation
spectra and the thermodynamic properties in the checkerboard phase was found to show qualitative differences from those in the
stripe phase. Magnetic properties of a family of Ce-based non-centrosymmetric heavy fermion compounds CeTSi; (T=transition
metal ions) were also studied.

1. Neutron Diffraction Study of Parasitic Nd-Moment Order in the Checkerboard-Type Phase Nd; 3Sry;NiO4: R.
Kobayashi, H. Yoshizawa, M. Matsuda, R. Kajimoto, K. Ishizaka and Y. Tokura, J. Phys. Soc. Jpn. 84 (2015) 064711.

2. Resistance Anomalies Accompanying Crossover from Heavy-Fermion Regime to Intermediate-Valence Regime: A
Study of Cu—Ni Substitution and Pressure Effects on CeCu,Si,: Y. Ikeda, Y. Ito, S. Araki, T. C. Kobayashi and H.
Yoshizawa, J. Phys. Soc. Jpn. 84 (2015) 024702.

3. Single-Crystal Neutron Diffraction Study of the Heavy-Electron Superconductor CeNiGes: Y. Ikeda, D. Ueta, H.
Yoshizawa, A. Nakao, K. Munakata and T. Ohhara, J. Phys. Soc. Jpn. 84 (2015) 123701.

4. Transport and Thermodynamic Studies of Stripe and Checkerboard Ordering in Layered Nickel Oxides R,_,Sr,NiO,
(R =La and Nd): Y. Ikeda, S. Suzuki, T. Nakabayashi, H. Yoshizawa, T. Yokoo and S. Itoh, J. Phys. Soc. Jpn. 84 (2015)
023706.

5. "Pauli-limited superconductivity and antiferromagnetism in the heavy-fermion compound CeCo(In;_4Zny)s: M.
Yokoyama, H. Mashiko, R. Otaka, Y. Sakon, K. Fujimura, K. Tenya, A. Kondo, K. Kindo, Y. Ikeda, H. Yoshizawa, Y.
Shimizu, Y. Kono and T. Sakakibara, Phys. Rev. B 92 (2015) 184509(9).

6. *Temperature and composition phase diagram in the iron-based ladder compounds Ba;_,Cs,Fe,Se;: T. Hawai, Y.
Nambu, K. Ohgushi, F. Du, Y. Hirata, M. Avdeev, Y. Uwatoko, Y. Sekine, H. Fukazawa, J. Ma, S. Chi, Y. Ueda, H.
Yoshizawa and T. J. Sato, Phys. Rev. B 91 (2015) 184416.

7. Characterization of Ferromagnetic Order in CePd,P,: Y. Ikeda, H. Yoshizawa, S. Konishi, S. Araki, T. C. Kobayashi, T.
Yokoo and S. Itoh, J. Phys.: Conf. Ser. 592 (2015) 012013.

8. "Science from the Initial Operation of HRC: S. Itoh, T. Yokoo, T. Masuda, H. Yoshizawa, M. Soda, Y. Ikeda, S. Ibuka,
D. Kawana, T. J. Sato, Y. Nambu, K. Kuwahara, S.-I. Yano, J. Akimitsu, Y. Kaneko, Y. Tokura, M. Fujita, M. Hase, K.
Iwasa, H. Hiraka, T. Fukuda, K. Ikeuchi, K. Yoshida, T. Yamaguchi, K. Ono and Y. Endoh, JPS Conf. Proc. 8 (2015)
034001.

9. [Inelastic Neutron Scattering Study of Stripe and Overdoped Checkerboard Ordering in Layered Nickel Oxide
Nd,_,Sr,NiOy: Y. Ikeda, S. Suzuki, T. Nakabayashi, H. Yoshizawa, T. Yokoo and S. Itoh, J. Phys. Soc. Jpn. 85 (2016)
023701.

Yamamuro group

Our laboratory is studying chemical physics of complex condensed matters by using neutron scattering, X-ray diffraction,
calorimetric, dielectric, and viscoelastic techniques. Our target materials are glasses, liquids, and various disordered systems.
This year, we have succeeded to observe the inelastic neutron scattering spectra of palladium hydride nanoparticles. The peaks
characteristic to the nanoparticles are attributed to the vibration of the H atoms located at the tetrahedral sites of the Pd lattice,
which were predicted by our neutron powder diffraction work. Another topic is on the dynamics of a reverse osmotic membrane
consisting of aromatic polyamide and water. This system is remarked for seawater desalination and waste-water reclamation.
Several quasielastic neutron scattering experiments in a wide time range (0.5 ps to 5 ns) revealed that the polyamide network is
drastically plasticized by water and moving with water even at 240 K. This information will give a new insight into the mecha-
nism of water purification. Other than above topics, we have made some progresses in the studies on vapor-deposited molecular
glasses and ionic liquids with plastically crystalline phases.

1. Glass transition and positional ordering of hydrogen in bulk and nanocrystalline palladium: H. Akiba, H. Kobayashi, H.
Kitagawa, M. Kofu and O. Yamamuro, Phys. Rev. B 92 (2015) 064202.
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2. Thermal and Structural Studies of Imidazolium-Based Ionic Liquids with and without Liquid-Crystalline Phases: The
Origin of Nanostructure: F. Nemoto, M. Kofu and O. Yamamuro, J. Phys. Chem. B 119 (2015) 5028-5034.

3. Quasielastic neutron scattering studies on glass-forming ionic liquids with imidazolium cations: M. Kofu, M. Tyagi, Y.
Inamura, K. Miyazaki and O. Yamamuro, J. Chem. Phys. 143 (2015) 234502.

4. Inelastic neutron scattering study on boson peaks of imidazolium-based ionic liquids: M. Kofu, Y. Inamura, Y. Moriya,
A. Podlesnyak, G. Ehlers and O. Yamamuro, Journal of Molecular Liquids 210B (2015) 164-168.

5. Connecting thermodynamics and dynamics in a supercooled liquid: Cresolphthalein-dimethylether: S. Samanta, O.
Yamamuro and R. Richert, Thermochimica Acta 636 (2016) 57-62.

6. Effect of water on the structure of a prototype ionic liquid: O. Borodin, D. L. Price, B. Aoun, M. A. Gonzilez, J.
B. Hooper, M. Kofu, S. Kohara, O. Yamamuro and M.-L. Saboungi, Phys. Chem. Chem. Phys. (2016) 10.1039.
C6CP02191C, in print.

7. HEFHEELTBIA A RO EIRSGE L F 372 0 IUE &, BA Xh, WIF KT, "IEDOREEEA 25
(2015) 200-207.

8. (R AE L TR 2B 4 7 ADREE « 1N &, KEF 5345 , W5 BRAKT , HAK 258 58 (2016) 13-17.

9. AIYVVILRATVRDOFEIEN - WIAYAFI7A b fF BT, ILE &, HAKSSE2EE 58 (2016) 18-23.

Masuda group

The goal of our research is to discover a new quantum phenomenon and to reveal the mechanism of it. In this fiscal year we
studied the following topics; complex magnetostructural order in the frustrated spinel LilnCr4Og, magnetic model in multifer-
roic NdFe3(BO3)4, specific heats of triangular spin tube in magnetic fields, and magnetic anti-cancer compound for magnet-
guided delivery and magnetic resonance imaging.

1.

10.

11.

*Complex magnetostructural order in the frustrated spinel LilnCr4Og: G. J. Nilsen, Y. Okamoto, T. Masuda, J. Rodri-
guez-Carvajal, H. Mutka, T. Hansen and Z. Hiroi, Phys. Rev. B 91 (2015) 174435(1-8).

Magnetic model in multiferroic NdFe3(BO3), investigated by inelastic neutron scattering: S. Hayashida, M. Soda, S.
Itoh, T. Yokoo, K. Ohgushi, D. Kawana, H. M. Rgnnow and T. Masuda, Phys. Rev. B 92 (2015) 054402.

2NF 7204y 7YE BaxCoGerO7 ICBIFBAY Y - Z2oF4 v Z7HHEMEHOBUH : 25H W, Z4H &, EEH 50
(2015) 111.

Inelastic Neutron Scattering on Multiferroics NdFe3;(BO3)4: S. Hayashida, M. Soda, S. Itoh, T. Yokoo, K. Ohgushi, D.
Kawana and T. Masuda, Physics Procedia 75 (2015) 127.

Specific Heats of Triangular Spin Tube in Magnetic Fields: H. Manaka, M. Hagihala, S. Hayashida, M. Soda, T. Masuda
and Y. Miura, Physics Procedia 75 (2015) 718.

A magnetic anti-cancer compound for magnet-guided delivery and magnetic resonance imaging: H. Eguchi, M.
Umemura, R. Kurotani, H. Fukumura, I. Sato, J.-H. Kim, Y. Hoshino, J. Lee, N. Amemiya, M. Sato, K. Hirata, D. J.
Singh, T. Masuda, M. Yamamoto, T. Urano, K. Yoshida, K. Tanigaki, M. Yamamoto, M. Sato, S. Inoue, I. Aoki and Y.
Ishikawa, Sci. Rep. 5 (2015) 9194.

“Science from the Initial Operation of HRC: S. Itoh, T. Yokoo, T. Masuda, H. Yoshizawa, M. Soda, Y. Ikeda, S. Ibuka,
D. Kawana, T. J. Sato, Y. Nambu, K. Kuwahara, S.-I. Yano, J. Akimitsu, Y. Kaneko, Y. Tokura, M. Fujita, M. Hase, K.
Iwasa, H. Hiraka, T. Fukuda, K. Ikeuchi, K. Yoshida, T. Yamaguchi, K. Ono and Y. Endoh, JPS Conf. Proc. 8 (2015)
034001.

Crystal Field Excitations in the Breathing Pyrochlore Antiferromagnet Ba;Yb,ZnsO;;: T. Haku, M. Soda, M. Sera, K.
Kimura, S. Itoh, T. Yokoo and T. Masuda, J. Phys. Soc. Jpn. 85 (2016) 034721.

Dielectric and Magnetic Properties in Relaxor Magnet LuFeCoQO,4: M. Soda and T. Masuda, J. Phys. Soc. Jpn. 85 (2016)
034713.

Spin Model of O,-Based Magnet in a Nanoporous Metal Complex: M. Soda, Y. Honma, S. Takamizawa, S. Ohira-
Kawamura, K. Nakajima and T. Masuda, J. Phys. Soc. Jpn. 85 (2016) 034717.

Magnetic ordering of the buckled honeycomb lattice antiferromagnet Ba,NiTeOg: S. Asai, M. Soda, K. Kasatani, T.
Ono, M. Avdeev and T. Masuda, Phys. Rev. B 93 (2016) 024412.
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International MegaGauss Science Laboratory

Takeyama group

Single-walled carbon nanotubes (SWNT) with a typical tube diameter an order of 1 nm are characterized by the quasi-one
dimensional system. Optical properties are enriched by the enhancement of the excitonic band-edge structure. When a magnetic
flux penetrates through the tube, the electronic band structure is subjected to substantial modulation via the mechanism of
Aharonov-Bohm (A-B) effect. This effect lifts the quantum degeneracy of the band-edge states, induces splittings of the exciton
optical absorption peak in megagauss magnetic field. The magneto-optical A-B splitting was investigated in magnetic fields of
up to 300 — 400 T by observing band-edge exciton absorption spectra. The spectra evolved as a simple bright and dark exciton
splitting with a linear magnetic field dependence as has been predicted by T. Ando. The ratio of the splitting is governed by a
microscopic information of the environment dielectric substances surrounding the SWNTs.

1. *Magnetic—Field—Induced Insulator-Metal Transition in (Pri_,Y,)o7Cag3C00; at Ultrahigh Magnetic Fields: S. Lee, Y.
H. Matsuda, T. Naito, D. Nakamura and S. Takeyama, J. Phys. Soc. Jpn. 84 (2015) 044703-7.

2. Exciton splitting in semiconducting carbon nanotubes in ultrahigh magnetic fields above 300 T: D. Nakamura, T. Sasaki,
W. Zhou, H. Liu, H. Kataura and S. Takeyama, Phys. Rev. B 91 (2015) 235427.

3. "Phase boundary of 6 phase of solid oxygen in ultrahigh magnetic fields: T. Nomura, Y. H. Matsuda, S. Takeyama, A.
Matsuo, K. Kindo and T. C. Kobayashi, Phys. Rev. B 92 (2015) 064109 (4 pages).

4. +*One-Way Transparency of Light in Multiferroic CuB204: S. Toyoda, N. Abe, S. Kimura, Y. H. Matsuda, T. Nomura, A.
Ikeda, S. Takeyama and T. Arima, Phys. Rev. Lett. 115 (2015) 267207 (5 pages).

5. "Effect of very high magnetic field on the optical properties of firefly light emitter oxyluciferin: W. Zhou, D. Nakamura,
Y. Wang, T. Mochizuki, H. Akiyama and S. Takeyama, J. Lumin. 165 (2015) 15.

6. “Anomalous diamagnetic shifts in InP-GaP lateral quantum-wires: Y. H. Shin, B. K. Choi, Y. Kim, J. D. Song, D.
Nakamura, Y. H. Matsuda and S. Takeyama, Opt. Express 23 (2015) 28349-28357.

Kindo group

Long pulsed magnetic field has been improved. The maximum field of long pulse magnet was limited to 36 T due to the control
system. We have improved the control system and succeeded in generating 42.5 T. The other improvement is development of
almost perfect flat-top field. We have added a small coil into the bore of the large long pulse magnet and controlled the small
coil to obtain the flat-top magnetic field. We have succeeded in generating 40 + 0.005 T for 0.2 sec. These improvements will
expand the possibility of the high field study on the condensed matter physics.

1. "Field Evolution of Quantum Critical and Heavy Fermi-Liquid Components in the Magnetization of the Mixed Valence
Compound 3 -YbAIB,4: Y. Matsumoto, K. Kuga, Y. Karaki, Y. Shimura, T. Sakakibara, M. Tokunaga, K. Kindo and S.
Nakatsuji, J. Phys. Soc. Jpn. 84 (2015) 024710(1-7).

2. “Possible Excitonic Phase of Graphite in the Quantum Limit State: K. Akiba, A. Miyake, H. Yaguchi, A. Matsuo, K.
Kindo and M. Tokunaga, J. Phys. Soc. Jpn. 84 (2015) 054709(1-6).

3. ?Spin-Liquid Ground State in the Spin 1/2 Distorted Diamond Chain Compound K3Cu3AlO,(SO,4)4: M. Fujihala, H.
Koorikawa, S. Mitsuda, M. Hagihala, H. Morodomi, T. Kawae, A. Matsuo and K. Kindo, J. Phys. Soc. Jpn. 84 (2015)
073702(1-4).

4. *X-ray Absorption Spectroscopy in the Heavy Fermion Compound a-YbAIB, at High Magnetic Fields: T. T. Terashima,
Y. H. Matsuda, K. Kuga, S. Suzuki, Y. Matsumoto, S. Nakatsuji, A. Kondo, K. Kindo, N. Kawamura, M. Mizumaki and
T. Inami, J. Phys. Soc. Jpn. 84 (2015) 114715(1-4).

5. ?High-magnetic-field phase transitions and H-T phase diagram of the Kagome-staircase compound Ni3V,0g: Z. Q.
Lin, M. Yang, H. W. Wang, Q. Guo, Y. J. Liu, X. T. Han, Y. B. Han, J. F. Wang, Z. Z. He and K. Kindo, J. Magn. Magn.
Mater. 382 (2015) 7.

6. 'Evolution of exchange interaction constants across magnetic phase transitions in the chromium spinel oxide CdCr,Oy:
S. Kimura, Y. Sawada, Y. Narumi, K. Watanabe, M. Hagiwara, K. Kindo and H. Ueda, Phys. Rev. B 92 (2015)
144410(1-9).

7. "Pauli-limited superconductivity and antiferromagnetism in the heavy-fermion compound CeCo(In;_4Zny)s: M.
Yokoyama, H. Mashiko, R. Otaka, Y. Sakon, K. Fujimura, K. Tenya, A. Kondo, K. Kindo, Y. Ikeda, H. Yoshizawa, Y.
Shimizu, Y. Kono and T. Sakakibara, Phys. Rev. B 92 (2015) 184509(1-9).
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

“Phase boundary of 0 phase of solid oxygen in ultrahigh magnetic fields: T. Nomura, Y. H. Matsuda, S. Takeyama, A.
Matsuo, K. Kindo and T. C. Kobayashi, Phys. Rev. B 92 (2015) 064109 (4 pages).

"Successive magnetic phase transitions in a-RuCl;: XY-like frustrated magnet on the honeycomb lattice: Y. Kubota, H.
Tanaka, T. Ono, Y. Narumi and K. Kindo, Phys. Rev. B 91 (2015) 094422.

TValence-speciﬁc magnetization of the charge-ordered multiferroelectric LuFe,O4 using soft x-ray magnetic circular
dichroism under 30 T pulsed high magnetic fields: Y. Narumi, T. Nakamura, K. Saito, T. Morioka, Y. Fukada, T. Kambe,
N. Ikeda, Y. Kotani, T. Kinoshita, K. Kindo and H. Nojiri, Phys. Rev. B 91 (2015) 014410.

Generation of flat-top pulsed magnetic fields with feedback control approach: Y. Kohama and K. Kindo, Rev. Sci.
Instrum. 86 (2015) 104701(5).

“One-Third Magnetization Plateau with a Preceding Novel Phase in Volborthite: H. Ishikawa, M. Yoshida, K. Nawa, M.
Jeong, S. Kramer, M. Horvatic, C. Berthier, M. Takigawa, M. Akaki, A. Miyake, M. Tokunaga, K. Kindo, J. Yamaura, Y.
Okamoto and Z. Hiroi, Phys. Rev. Lett. 114 (2015) 227202(1-5).

T UOVABRRGES T IS B AR REVR AN MBI E TR OB« R T, NE B, R R, el v, [
50 (2015) 371.

T*Anisotropy in the upper critical field of FeSe and FeSe( 35Te ¢7 single crystals: J. L. Her, Y. Kohama, Y. H. Matsuda,
K. Kindo, W.-H. Yang, D. A. Chareev, E. S. Mitrofanova, O. S. Volkova, A. N. Vasiliev and J.-Y. Lin, Supercond. Sci.
Technol. 28 (2015) 045013 (6 pages).

TLarge magnetoresistance of EuPtP;_,As,: M. Sugishima, H. Wada, A. Mitsuda, A. Kondo and K. Kindo, Phys. Status
Solidi B 252 (2015) 2784-2788.

T*Superconductivity protected by spin—valley locking in ion-gated MoS,: Y. Saito, Y. Nakamura, M. S. Bahramy, Y.
Kohama, J. Ye, Y. Kasahara, Y. Nakagawa, M. Onga, M. Tokunaga, T. Nojima, Y. Yanase and Y. Iwasa, Nature Phys. 12
(2015) 144-150.

T*Development of non-metallic diamond anvil cell and quantum oscillation measurement of CePt;In; in a pulsed-
magnet: A. Miyake, Y. Kohama, S. Ohta, Y. Hirose, R. Settai, K. Matsubayashi, Y. Uwatoko, A. Matsuo, K. Kindo and
M. Tokunaga, J. Phys.: Conf. Ser. 592 (2015) 012149(1-6).

*Synchrotron X-ray spectroscopy study on the valence state and magnetization in a-YbAl;  Fe,B, (x = 0.115) at low
temperatures and high magnetic fields: T. Terashima, Y. H. Matsuda, K. Kuga, S. Suzuki, Y. Matsumoto, S. Nakatsuji, A.
Kondo, K. Kindo, N. Kawamura, M. Mizumaki and T. Inami, J. Phys.: Conf. Ser. 592 (2015) 012020 (6 pages).

“Field-induced quantum metal-insulator transition in the pyrochlore iridate Nd,Ir,O7: Z. Tian, Y. Kohama, T. Tomita, H.
Ishizuka, T. H. Hsieh, J. J. Ishikawa, K. Kindo, L. Balents and S. Nakatsuji, Nature Phys. 12 (2015) 134-139.

T*Magnetic and Structural Studies on Two-Dimensional Antiferromagnets (MCl)LaNb,O; (M = Mn, Co, Cr): A.
Kitada, Y. Tsujimoto, M. Nishi, A. Matsuo, K. Kindo, Y. Ueda, Y. Ajiro and H. Kageyama, J. Phys. Soc. Jpn. 85 (2016)
034005(6).

"Field-driven successive phase transitions in the quasi-two-dimensional frustrated antiferromagnet Ba,CoTeOg and
highly degenerate classical ground states: P. Chanlert, N. Kurita, H. Tanaka, D. Goto, A. Matsuo and K. Kindo, Phys.
Rev. B 93 (2016) 094420(7).

*Experimental exploration of novel semimetal state in strong anisotropic Pyrochlore iridate Nd,lr,O; under high
magnetic field: Z. M. Tian, Y. Kohama, T. Tomita, J. Ishikawa, H. Mairo, K. Kindo and S. Nakatsuji, J. Phys.: Conf. Ser.
683 (2016) 012024(6).

*Frustrated magnetism in a Mott insulator based on a transition metal chalcogenide: S. Kawamoto, T. Higo, T. Tomita,
S. Suzuki, Z. M. Tian, K. Mochitzuki, A. Matsuo, K. Kindo and S. Nakatsuji, J. Phys.: Conf. Ser. 683 (2016) 012025(4).

Tokunaga group

We are focusing on physics in the quantum limit state, in which all the carriers are accommodated in the lowest Landau level.
Since the carriers are confined in the smallest cyclotron orbit, kinetic degree of freedom normal to the field is suppressed.
Thereby, the ratio between Coulomb interaction and bandwidth becomes large. Such strong correlation in the quantum limit
state can realize anomalous quantum state. We can realize the quantum limit state in some kinds of semimetals with using
non-destructive pulse magnets installed at ISSP. We studied magnetization and transport properties on various types of graphite
in pulsed magnetic fields up to 74 T. The results suggest that the quantum limit state is realized in magnetic fields greater than
53 T applied along the c-axis. From systematic experimental studies, we proposed emergence of excitonic BCS-like state in
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the quantum limit state of graphite. We also studied transport properties of the semimetallic black phosphorus under pressure.
We found anomalously large positive magnetoresistance and quantum oscillations in this material. The observed small Fermi
surfaces, high mobilities, and light effective masses of carriers in semimetallic black phosphorus are comparable to those in the
representative elemental semimetals of bismuth and graphite.

1. "Anomalous Quantum Transport Properties in Semimetallic Black Phosphorus: K. Akiba, A. Miyake, Y. Akahama, K.
Matsubayashi, Y. Uwatoko, H. Arai, Y. Fuseya and M. Tokunaga, J. Phys. Soc. Jpn. 84 (2015) 073708(1-4).

2. Field Evolution of Quantum Critical and Heavy Fermi-Liquid Components in the Magnetization of the Mixed Valence
Compound B-YbAIB,: Y. Matsumoto, K. Kuga, Y. Karaki, Y. Shimura, T. Sakakibara, M. Tokunaga, K. Kindo and S.
Nakatsuji, J. Phys. Soc. Jpn. 84 (2015) 024710(1-7).

3. “Possible Excitonic Phase of Graphite in the Quantum Limit State: K. Akiba, A. Miyake, H. Yaguchi, A. Matsuo, K.
Kindo and M. Tokunaga, J. Phys. Soc. Jpn. 84 (2015) 054709(1-6).

4. High field studies on BiFeOj5 single crystals grown by the laser-diode heating floating zone method: M. Tokunaga, M.
Akaki, A. Miyake, T. Ito and H. Kuwahara, J. Magn. Magn. Mater. 383 (2015) 259-261.

5. Magnetic field induced polar phase in the chiral magnet CsCuCls: A. Miyake, J. Shibuya, M. Akaki, H. Tanaka and M.
Tokunaga, Phys. Rev. B 92 (2015) 100406(1-5).

6. One-Third Magnetization Plateau with a Preceding Novel Phase in Volborthite: H. Ishikawa, M. Yoshida, K. Nawa, M.
Jeong, S. Kramer, M. Horvatic, C. Berthier, M. Takigawa, M. Akaki, A. Miyake, M. Tokunaga, K. Kindo, J. Yamaura, Y.
Okamoto and Z. Hiroi, Phys. Rev. Lett. 114 (2015) 227202(1-5).

7. T OOV T I BRERENR AN LB E FIEOBIFS « RE T, ANE S, K R, a0l i, EiRmE
50 (2015) 371.

8. NARE—FAATTHMANZEISYINE - T8 R[5, [EAYIEL 50 (2015) 163.

0. %*Superconductivity protected by spin—valley locking in ion-gated MoS,: Y. Saito, Y. Nakamura, M. S. Bahramy, Y.
Kohama, J. Ye, Y. Kasahara, Y. Nakagawa, M. Onga, M. Tokunaga, T. Nojima, Y. Yanase and Y. Iwasa, Nature Phys. 12
(2015) 144-150.

10. ﬂ‘Development of non-metallic diamond anvil cell and quantum oscillation measurement of CePtyln; in a pulsed-
magnet: A. Miyake, Y. Kohama, S. Ohta, Y. Hirose, R. Settai, K. Matsubayashi, Y. Uwatoko, A. Matsuo, K. Kindo and
M. Tokunaga, J. Phys.: Conf. Ser. 592 (2015) 012149(1-6).

11. Magnetic control of transverse electric polarization in BiFeO3: M. Tokunaga, M. Akaki, T. Ito, S. Miyahara, A. Miyake,
H. Kuwahara and N. Furukawa, Nat. Commun. 6 (2015) 5878(1-5).

12. 'T hermodynamics and Kinetics of Martensitic Transformation in Ni-Mn-based Magnetic Shape Memory Alloys: X.
Xu, R. Kainuma, T. Kihara, W. Ito, M. Tokunaga, T. Kanomata, N. Schryvers and J. Van Humbeeck, MATEC Web of
Conferences 33 (2015) 01004(1-9).

13. ?Spin Structure Change in Co-Substituted BiFeO3: H. Yamamoto, T. Kihara, K. Oka, M. Tokunaga, K. Mibu and M.
Azuma, J. Phys. Soc. Jpn. 85 (2016) 064704(1-4).

14, [E T o EBEHcE T 2 B R FIABIR « K RIA, =58 F&, UK [, R m—, By 51 (2016)
249.

15. Resistive memory effects in BiFeOs3 single crystals controlled by transverse electric fields: S. Kawachi, H. Kuroe, T. Ito,
A. Miyake and M. Tokunaga, Appl. Phys. Lett. 108 (2016) 162903(1-4).

16. ?Quantum Hall effect in a bulk antiferromagnet EuMnBi, with magnetically confined two-dimensional Dirac fermions:
H. Masuda, H. Sakai, M. Tokunaga, Y. Yamasaki, A. Miyake, J. Shiogai, S. Nakamura, S. Awaji, A. Tsukazaki, H.
Nakao, Y. Murakami, T. -h. Arima, Y. Tokura and S. Ishiwata, Science Advances 2 (2016) e1501117(1-6).

Y. Matsuda group

The valence state and magnetization of the heavy fermion compound a-YbAIB,4 have been investigated. This compound shows
the strong valence fluctuation and its Yb valence is around 2.8 which is distinctly smaller than the expected valence state 3.0 for
local magnetic Yb ions. Although the fluctuated valence is expected to be influenced by magnetic field due to the suppression
of the Kondo effect, the valence state has been found to be almost independent of magnetic field even at rather high magnetic
field of up to 40 T. This experimental fact contrasts to that obtained in a related antiferomagnetic compound a-YbAl,_Fe,B4
(x = 0.115); the small valence increase is observed when magnetic field exceeds 20 T. The quantum criticality might be
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enhanced in YbAIB, at low temperatures and the criticality is not significant in Fe-doped substance, which may explain the
different magnetic field dependence of the Yb valence. In addition to the study of YbAIB4, the B-T phase diagram of solid
oxygen has been clarified and the high-field 6-phase has found to have low entropy and be clearly different from the high-
tempereture y-phase. We also studied issulator-metal transtion of Co-oxides, Fe-based superconductors and magneto-optics of
the multiferroic CuB,Oy.

1. *Magnetic-Field-Induced Insulator-Metal Transition in (Pr;_,Y,)o 7Cag3C003 at Ultrahigh Magnetic Fields: S. Lee, Y.
H. Matsuda, T. Naito, D. Nakamura and S. Takeyama, J. Phys. Soc. Jpn. 84 (2015) 044703-7.

2. *X-ray Absorption Spectroscopy in the Heavy Fermion Compound a-YbAIB, at High Magnetic Fields: T. T. Terashima,
Y. H. Matsuda, K. Kuga, S. Suzuki, Y. Matsumoto, S. Nakatsuji, A. Kondo, K. Kindo, N. Kawamura, M. Mizumaki and
T. Inami, J. Phys. Soc. Jpn. 84 (2015) 114715(1-4).

3. "Phase boundary of 6 phase of solid oxygen in ultrahigh magnetic fields: T. Nomura, Y. H. Matsuda, S. Takeyama, A.
Matsuo, K. Kindo and T. C. Kobayashi, Phys. Rev. B 92 (2015) 064109 (4 pages).

4. T*One-Way Transparency of Light in Multiferroic CuB204: S. Toyoda, N. Abe, S. Kimura, Y. H. Matsuda, T. Nomura,
A. Ikeda, S. Takeyama and T. Arima, Phys. Rev. Lett. 115 (2015) 267207 (5 pages).

5. T*Anisotropy in the upper critical field of FeSe and FeSe( 33Te( ¢7 single crystals: J. L. Her, Y. Kohama, Y. H. Matsuda,
K. Kindo, W.-H. Yang, D. A. Chareev, E. S. Mitrofanova, O. S. Volkova, A. N. Vasiliev and J.-Y. Lin, Supercond. Sci.
Technol. 28 (2015) 045013 (6 pages).

6. L X SRSEER OGS Z MY - A BESA , EE 28 (2015) 221-228.
7. T RS CHR SN2 EIRIEEOH L - B HEL , 2$) 54 30 (2015) 48-51.

8. ™ Anomalous diamagnetic shifts in InP-GaP lateral quantum-wires: Y. H. Shin, B. K. Choi, Y. Kim, J. D. Song, D.
Nakamura, Y. H. Matsuda and S. Takeyama, Opt. Express 23 (2015) 28349-28357.

9. *Synchrotron X-ray spectroscopy study on the valence state and magnetization in a-YbAl;_Fe,B4 (x = 0.115) at low
temperatures and high magnetic fields: T. Terashima, Y. H. Matsuda, K. Kuga, S. Suzuki, Y. Matsumoto, S. Nakatsuji, A.
Kondo, K. Kindo, N. Kawamura, M. Mizumaki and T. Inami, J. Phys.: Conf. Ser. 592 (2015) 012020 (6 pages).

10. "Probe of the Band Structure of MBE Grown p-Type InMnAs at Ultrahigh Magnetic Fields: Y. Sun, F. V. Kyrychenko,
G. D. Sanders, C. J. Stanton, G. A. Khodaparast, J. Kono, Y. H. Matsuda and H. Munekata, SPIN 05 (2015) 1550002 (16
pages).

Center of Computational Materials Science

Akai group

(1) It is crucial to treat f-states properly to describe the magnetic properties of rear-earth permanent magnet materials. However,
the local or semi-local approximations to the density functional method, which is the common basis of first-principles electronic
structure calculations, are unable to treat the f-states in a reasonable way. To overcome this situation we have developed several
methods that go beyond the local density approximation. One of them are the optimized effective potential method combined
with the exact-excahnge and random-phaseapproximation. Another is the self-interaction corrected LDA/GGA applied to
f-states. Using these methods, the magnetic crystalline anisotropy of Sm,Fe 7N, (0<x<3) is calculated. The results obtained
by two different methods show considerable differences and the origin of these discrepancies are discussed. (2) A scheme that
combines the non-equilibrium Green's function method with the Korringa-Kohn-Rostoker (KKR) Green's function method is
proposed. The scheme applied to Schottky contact composed of Al/GaN/Al trilayer. The transport property of this system under
various finite bias voltages is calculated. It is shown that the asymmetric behavior of electron transport against the direction of
bias voltage occurs in this system, confirming the feature of rectification.

1. Ab initio study of %Co NMR spectra in Co,FeAl;_,Siy Heusler alloys: H. Nishihara, K. Sato, H. Akai, C. Takiguchi, M.
Geshi, T. Kanomata, T. Sakon and T. Wada, Physica B 485 (2015) 66-70.

2. Near-field correction in the first-principles calculations by the exact two-center expansion for the inverse of the distance:
M. Ogura, C. Zecha, M. Offenberger, H. Ebert and H. Akai, J. Phys.: Condens. Matter 27 (2015) 485201(1-8).

3. Optimized effective potential method and application to a static RPA correlation: T. Fukazawa and H. Akai, J. Phys.:
Condens. Matter 27 (2015) 115502(1-10).
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4. Formulation of the augmented plane-wave and muffin-tin orbital method: T. Kotani, H. Kino and H. Akai, J. Phys. Soc.
Jpn. 84 (2015) 034701(1-9).

5. Role of N in the Permanent Magnet Material SmyFe7N,: M. Ogura, A. Mashiyama and H. Akai, J. Phys. Soc. Jpn. 84
(2015) 084702(1-6).

6. The metamagnetic behavior and giant inverse magnetocaloric effect in Ni-Co—Mn- (Ga, In, Sn) Heusler alloys: P. Entel,
V. V. Sokolovskiy, V. D. Buchelnikov, M. Ogura, M. E. Gruner, A. Gruenebohm, D. Comtesse and H. Akai, J. Magn.
Magn. Mater. 385 (2015) 193-197.

7. Relevance of 4f-3d exchange to finite-temperature magnetism of rare-earth permanent magnets: An ab-initio-based spin
model approach for NdFe;,N: M. Matsumoto, H. Akai, Y. Harashima, S. Doi and T. Miyake, J. Appl. Phys. 119 (2016)
213901(1-7).

Ozaki Taisuke group

First-principles calculations based on density functional theories (DFT) have been playing an invaluable role as a cornerstone in
computational materials science. For a wide variety of materials ranging from metals, insulators, semiconductors, and molecules
the DFT calculations enable us to quantitatively predict the chemical and physical properties within a reasonable computa-
tional cost. With a recent advance of massively parallel computers, even realistic materials discussed in industrial fields have
been becoming the potential targets. However, it is a challenging problem to develop algorithms and software being suitable
for massively parallel computers typified by the K-computer, which results in a fact that users and developers are distinguished
from each other in recent years, and that most of users use specific software. We have been developing OpenMX (Open source
package for Material eXplore) towards a de fact standard DFT code, and in 2015 released the Ver. 3.8 to the public under
GNU-GPL. To improve numerical accuracy, optimized pseudopotentials and pseudo-atomic basis functions have been devel-
oped based on a norm-conserving pseudopotential method with multiple reference energies and a variational optimization
method for radial basis functions. The optimization over 80 elements in the periodic table results in the reliable database storing
optimized pseudopotentials and pseudo-atomic basis functions, where the accuracy of the database was validated by the delta
gauge method. In addition, new functionalities including stress tensor calculation, band unfolding method, and eigenchannel/
real space current analysis have been developed, which makes OpenMX a versatile tool for many applications.

1. First-Principles Study on Cubic Pyrochlore Iridates Y,Ir,O; and PryIr,O7: F. Ishii, Y. P. Mizuta, T. Kato, T. Ozaki, H.
Weng and S. Onoda, J. Phys. Soc. Jpn. 84 (2015) 073703(5 pages).

2. Reproducibility in density functional theory calculations of solids: K. Lejaeghere, G. Bihlmayer, T. Bjorkman, P. Blaha,
S. Blugel, V. Blum, D. Caliste, I. E. Castelli, S. J. Clark, A. Dal Corso, S. de Gironcoli, T. Deutsch, J. K. Dewhurst, 1.
Di Marco, C. Draxl, M. Du ak, O. Eriksson, J. A. Flores-Livas, K. F. Garrity, L. Genovese, P. Giannozzi, M. Gianto-
massi, S. Goedecker, X. Gonze, O. Granas, E. K. U. Gross, A. Gulans, F. Gygi, D. R. Hamann, P. J. Hasnip, N. A. W.
Holzwarth, D. Iu an, D. B. Jochym, F. Jollet, D. Jones, G. Kresse, K. Koepernik, E. Kucukbenli, Y. O. Kvashnin, I. L.
M. Locht, S. Lubeck, M. Marsman, N. Marzari, U. Nitzsche, L. Nordstrom, T. Ozaki, L. Paulatto, C. J. Pickard, W.
Poelmans, M. 1. J. Probert, K. Refson, M. Richter, G. -M. Rignanese, S. Saha, M. Scheffler, M. Schlipf, K. Schwarz, S.
Sharma, F. Tavazza, P. Thunstrom, A. Tkatchenko, M. Torrent, D. Vanderbilt, M. J. van Setten, V. Van Speybroeck, J. M.
Wills, J. R. Yates, G. -X. Zhang and S. Cottenier, Science 351 (2016) aad3000(1-7).

3. Hybrid and 4-D FFT implementations of an open-source parallel FFT package OpenFFT: T. V. T. Duy and T. Ozaki, J
Supercomput 72 (2016) 391-416.

Laser and Synchrotron Research Center

Suemoto group

(1) We tried to control the orientation of macroscopic magnetization in an orthoferrite ErFeOs by using terahertz magnetic
field enhanced by a split ring resonator. The magnetization orientation was successfully controlled by changing the time delay
between the terahertz pulse and the heating pulse. In addition, it was found that two kinds of mechanisms, i.e., spin precession
motion and oscillating external magnetic field, are relevant on the symmetry breaking at the beginning of spin reorientation
phase transition induced by the heating pulse. This is probably the first demonstration of coherent control of the macroscopic
magnetization using direct magnetic dipole interaction with radiation. (2) Femtosecond infrared luminescence was observed in
a topological insulator (T1BiSe2) and the luminescence component below the band gap energy (0.35 eV) was ascribed to the
carrier recombination in the metal-like two-dimensional Dirac bands at the surface, while that above 0.35¢V was assigned to
the transitions in the semiconductor-like bulk bands. These results show that the luminescence method is usable under ambient
condition for investigation of carrier dynamics, while photoemission method requires ultrahigh vacuum, which is different from
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the operand condition of realistic devices.

1.

10.

11.

Dynamics of photoinduced change of magneto-anisotropy parameter in orthoferrites probed with terahertz excited
coherent spin precession: K. Yamaguchi, T. Kurihara, H. Watanabe, M. Nakajima and T. Suemoto, Phys. Rev. B 92
(2015) 064404.

Magnetization-free measurements of spin orientations in orthoferrites using terahertz time domain spectroscopy: T.
Suemoto, K. Nakamura, T. Kurihara and H. Watanabe, Appl. Phys. Lett. 107 (2015) 042404.

Ultraviolet stimulated emission from high-temperature-annealed MgO microcrystals at room temperature: H. Soma, Y.
Uenaka, A. Asahara, T. Suemoto and T. Uchino, Appl. Phys. Lett. 106 (2015) 041116(1-5).

“Transient gain analysis of gain-switched semiconductor lasers during pulse lasing: S. Chen, T. Ito, A. Asahara, H.
Nakamae, T. Nakamura, M. Yoshita, C. Kim, B. Zhang, H. Yokoyama, T. Suemoto and H. Akiyama, Appl. Opt. 54
(2015) 10438.

T*Layer number dependence of carrier lifetime in graphenes observed using time-resolved mid-infrared luminescence:
H. Watanabe, T. Kawasaki, T. limori, F. Komori and T. Suemoto, Chem. Phys. Lett. 637 (2015) 58-62.

*Optically detecting the edge-state of a three-dimensional topological insulator under ambient conditions by ultrafast
infrared photoluminescence spectroscopy: S.-Y. Maezawa, H. Watanabe, M. Takeda, K. Kuroda, T. Someya, I. Matsuda
and T. Suemoto, Sci. Rep. 5 (2015) 16443(1-8).

Tlnvestigation of insulator-metal transition in Ti4O; using terahertz probe pulse: H. Kamioka, J. Nishitani, H. Tsukada,
R. Yamaguchi and T. Suemoto, Appl. Phys. Lett. 108 (2016) 071908.

*Optical pump-THz probe analysis of long-lived d-electrons and relaxation to self-trapped exciton states in MnO: J.
Nishitani, T. Nagashima, M. Lippmaa and T. Suemoto, Appl. Phys. Lett. 108 (2016) 162101(1-5).

“Photoexcited d-electron dynamics in transition metal oxide MnO studied by optical pump-THz probe measurements:
J. Nishitani, T. Kurihara, A. Asahara, T. Nagashima, M. Lippmaa and T. Suemoto, Phys. Status Solidi C 13 (2016)
113-116.

TMagnetic—excitation—assisted photoluminescence from self-trapped exciton states in MnO: J. Nishitani, T. Nagashima
and T. Suemoto, J. Phys. Condens. Matter 28 (2016) 016004.

TDynamics of photoinduced phase transitions in a Prussian blue analog studied by CN vibrational spectroscopy (Review
paper): T. Suemoto, R. Fukaya, A. Asahara, H. Watanabe, H. Tokoro and S.-I. Ohkoshi, Current Inorganic Chemistry 6
(2016) 10-25.

Shin group

We studied high Tc Fe-pnictide superconductors using 7-eV laser. High resolution photoemission study with polarization depen-
dence is very powerful for the study of the superconducting mechanism. Orbital fluctuation mechanism is also important in
addition to the spin fluctuation mechanism.

1.

T*Low—Temperature and High-Energy-Resolution Laser Photoemission Spectroscopy: T. Shimojima, K. Okazaki and S.
Shin, J. Phys. Soc. Jpn. 84 (2015) 072001(1-26).

THybridization gap formation in the Kondo insulator YbB1, observed using time-resolved photoemission spectroscopy:
M. Okawa, Y. Ishida, M. Takahashi, T. Shimada, F. Iga, T. Takabatake, T. Saitoh and S. Shin, Phys. Rev. B 92 (2015)
161108(1-5).

T*Nonequilibrium electronic and phonon dynamics of Cug (7Bi,Ses investigated by core-level and valence-band
time-resolved photoemission spectroscopy: T. Yamamoto, Y. Ishida, R. Yoshida, M. Okawa, K. Okazaki, T. Kanai, A.
Kikkawa, Y. Taguchi, T. Kiss, K. Ishizaka, N. Ishii, J. Itatani, S. Watanabe, Y. Tokura, T. Saitoh and S. Shin, Phys. Rev.
B 92 (2015) 121106(1-6).

*Ultrafast spin-switching of a ferrimagnetic alloy at room temperature traced by resonant magneto-optical Kerr effect
using a seeded free electron laser: Sh. Yamamoto, M. Taguchi, T. Someya, Y. Kubota, S. Ito, H. Wadati, M. Fujisawa,
F. Capotondi, E. Pedersoli, M. Manfredda, L. Raimondi, M. Kiskinova, J. Fujii, P. Moras, T. Tsuyama, T. Nakamura, T.
Kato, T. Higashide, S. Iwata, S. Yamamoto, S. Shin and I. Matsuda, Rev. Sci. Instrum. 86 (2015) 083901(1-5).

TUltrahigh-spatial—resolution chemical and magnetic imaging by laser-based photoemission electron microscopy: T.
taniuchi, Y. Kotani and S. Shin, Rev. Sci. Instrum. 86 (2015) 023701(5 pages).
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

%Gigantic Surface Lifetime of an Intrinsic Topological Insulator: M. Neupane, S.-Y. Xu, Y. Ishida, S. Jia, B. M. Fregoso,
C. Liu, L. Belopolski, G. Bian, N. Alidoust, T. Durakiewicz, V. Galitski, S. Shin, R. J. Cava and M. Zahid Hasan, Phys.
Rev. Lett. 115 (2015) 116801(1-5).

?Temperature Dependence of Magnetically Active Charge Excitations in Magnetite across the Verwey Transition: M.
Taguchi, A. Chainani, S. Ueda, M. Matsunami, Y. Ishida, R. Eguchi, S. Tsuda, Y. Takata, M. Yabashi, K. Tamasaku, Y.
Nishino, T. Ishikawa, H. Daimon, S. Todo, H. Tanaka, M. Oura, Y. Senba, H. Ohashi and S. Shin, Phys. Rev. Lett. 115
(2015) 256405(1-5).

72 BRI S R T I X B2 9 7 2 Y DR F v ) 7H A F I 7 ADEH Tracing Ultrafast Carrier
Dynamics in Graphene with Femtosecond Time-resolved Photoemission Spectroscopy: #¢4% F5l , W f#— , HH 17
B, EH A A B IRER, AR SCR, 3 E, IR ik, R 36(8) (2015) 418-423.

TReaction of Sb on In/Si(111) surfaces: Heteroepitaxial InSb(111) formation: M. Hashimoto, A. Nakaguchi, F. -Z. Guo,
M. Ueda, T. Yasue, T. Matsushita, T. Kinoshita, K. Kobayashi, M. Oura, T. Takeuchi, Y. Saito, S. Shin and T. Koshikawa,
Surf. Sci. 641 (2015) 121-127.

T K v A O [ R RS 53 76 B8 753 Yo~ Application of High Harmonic Generation to Time-Resolved Photo-
emission Spectroscopy of Solids: [lifF 3% = , 3¢ 4 , L —3 —F%E 43 (12) (2015) 838-843.

"Selective Formation of Zigzag Edges in Graphene Cracks: M. Fujihara, R. Inoue, R. Kurita, T. Taniuchi, Y. Motoyui,
S. Shin, F. Komori, Y. Maniwa, H. Shinohara and Y. Miyata, ACS Nano 9 (2015) 9027-9033.

™Ppoint nodes persisting far beyond Tc in Bi2212: T. Kondo, W. Malaeb, Y. Ishida, T. Sasagawa, H. Sakamoto, T.
Takeuchi, T. Tohyama and S. Shin, Nat. Commun. 6 (2015) 7699(8 pages).

'i'*Quadratic Fermi Node in a 3D Strongly Correlated Semimetal: T. Kondo, M. Nakayama, R. Chen, J. J. Ishikawa, E.
-G. Moon, T. Yamamoto, Y. Ota, W. Malaeb, H. Kanai, Y. Nakashima, Y. Ishida, R. Yoshida, H. Yamamoto, M. Matsu-
nami, S. Kimura, N. Inami, K. Ono, H. Kumigashira, S. Nakatsuji, L. Balents and S. Shin, Nat. Commun. 6 (2015)
10042(1-8).

#*Emergent photovoltage on SmB¢ surface upon bulk-gap evolution revealed by pump-and-probe photoemission
spectroscopy: Y. Ishida, T. Otsu, T. Shimada, M. Okawa, Y. Kobayashi, F. Iga, Y. Takabatake and S. Shin, Sci. Rep. §
(2015) 8160(1-6).

™Ultrafast electron dynamics at the Dirac node of the topological insulator SbyTes: S. Zhu, Y. Ishida, K. Kuroda, K.
Sumida, M. Ye, J. Wang, H. Pan, M. Taniguchi, S. Qiao, S. Shin and A. Kimura, Sci. Rep. 5 (2015) 13213(1-6).

"Electronic Structure Evolution across the Peierls Metal-Insulator Transition in a Correlated Ferromagnet: P. A. Bhobe,
A. Kumar, M. Taguchi, R. Eguchi, M. Matsunami, Y. Takata, A. K. Nandy, P. Mahadevan, D. D. Sarma, A. Neroni, E.
Sasioglu, M. Lezaic, M. Oura, Y. Senba, H. Ohashi, K. Ishizaka, M. Okawa, S. Shin, K. Tamasaku, Y. Kohmura, M.
Yabashi, T. Ishikawa, K. Hasegawa, M. Isobe, Y. Ueda and A. Chainani, Phys. Rev. X § (2015) 041004(1-9).

™ One-dimensional metallic surface states of Pt-induced atomic nanowires on Ge(001): K. Yaji, S. Kim, I. Mochizuki,
Y. Takeichi, Y. Ohtsubo, P. L. Fevre, F. Bertran, A. Taleb-Ibrahimi, S. Shin and F. Komori, J. Phys.: Condens. Matter 28
(2016) 284001(1-9).

TCoexistence of a pseudo-gap and a superconducting gap for the high-Tc superconductor LSCO using photoemission
spectroscopy: T. Yoshida, W. Malaeb, S. Ideta, D. H. Lu, R. G. Moor, Z. -X. Shen, M. Okawa, T. Kiss, K. Ishizaka, S.
Shin, S. Komiya, Y. Ando, H. Eisaki, S. Uchida and A. Fujimori, Phys. Rev. B 93 (2016) 014513(5 pages).

fRevealing the ultrafast light-to-matter energy conversion before heat diffusion in a layered Dirac semimetal: Y. Ishida,
H. Masuda, H. Sakai, S. Ishiwata and S. Shin, Phys. Rev. B 93 (2016) 100302(6 pages).

*High-resolution three-dimensional spin- and angle-resolved photoelectron spectrometer using vacuum ultraviolet laser
light: K. Yaji, A. Harasawa, K. Kuroda, S. Toyohisa, M. Nakayama, Y. Ishida, A. Fukushima, S. Watanabe, C. Chen, F.
Komori and S. Shin, Rev. Sci. Instrum. 87 (2016) 053111(1-6).

%*Spin Polarization and Texture of the Fermi Arcs in the Weyl Fermion Semimetal TaAs: S.-Y. Xu, I. Belopolski, D.
S. Sanchez, M. Neupane, G. Chang, K. Yaji, Z. Yuan, C. Zhang, K. Kuroda, G. Bian, C. Guo, H. Lu, T.-R. Chang, N.
Alidoust, H. Zheng, C.-C. Lee, S.-M. Huang, C.-H. Hsu, H.-T. Jeng, A. Bansil, T. Neupert, F. Komori, T. Kondo, S.
Shin, H. Lin, S. Jia and M. Zahid Hasan, Phys. Rev. Lett. 116 (2016) 096801(1-7).

VARSI T VeI K B RSB SE IR S H T S LA R B S AR DB X v T L RBIGE X vy OB OIS
e R, TN [ETE, o 5, FEAEE 51.(2016) 203-221.

e R IR T ERE -0t - A ATE, RIRRY 37 (2016) 31-36.
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24. "Electronic structure and relaxation dynamics in a superconducting topological material: M. Neupane, Y. Ishida, R.

25.

Sankar, J.-X. Zhu, D. S. Sanchez, I. Belopolski, S.-Y. Xu, N. Alidoust, M. Mofazzel Hosen, S. Shin, F. Chou, M. Zahid
Hasan and T. Durakiewicz, Sci. Rep. 6 (2016) 22557(7 pages).

TQuasi—particles ultrafastly releasing kink bosons to form Fermi arcs in a cuprate superconductor: Y. Ishida, T. Saitoh, T.
Mochiku, T. Nakane, K. Hirata and S. Shin, Sci. Rep. 6 (2016) 18747(8 pages).

Akiyama group

In 2015, we studied radiation damage effects of in multi-junction solar cells via absolute electroluminescence-efficiency
measurements, by developing LED radiance secondary standards. We studied pico- and femto-second short-pulse generation
via gain switching in GaAs double-hetero semiconductor lasers. We studied quantum yields of equarin in jelly-fish biolumines-
cence. We also made intensive studies on theoretical quantum-chemistry and molecular-dynamics calculations on oxyluciferins.

1.

10.

11.

12.

13.

14.

15.

Time-resolved observation of coherent excitonic nonlinear response with a table-top narrowband THz pulse wave: K.
Uchida, H. Hirori, T. Aoki, C. Wolpert, T. Tamaya, K. Tanaka, T. Mochizuki, C. Kim, M. Yoshita, H. Akiyama, L. N.
Pfeiffer and K. W. West, Appl. Phys. Lett. 107 (2015) 221106.

Time-resolved photoluminescence measurements for determining voltage-dependent charge-separation efficiencies of
subcells in triple-junction solar cells: D. M. Tex, T. Ihara, H. Akiyama, M. Imaizumi and Y. Kanemitsu, Appl. Phys. Lett.
106 (2015) 013905.

LA R IDZWT - B EFOCHONE - FECR AR OREM : FKIL 23, IEHPHE 84 (2015) 319-325.

“Transient gain analysis of gain-switched semiconductor lasers during pulse lasing: S. Chen, T. Ito, A. Asahara, H.
Nakamae, T. Nakamura, M. Yoshita, C. Kim, B. Zhang, H. Yokoyama, T. Suemoto and H. Akiyama, Appl. Opt. 54
(2015) 10438.

“Effect of very high magnetic field on the optical properties of firefly light emitter oxyluciferin: W. Zhou, D. Nakamura,
Y. Wang, T. Mochizuki, H. Akiyama and S. Takeyama, J. Lumin. 165 (2015) 15.

Multi-junction-solar-cell designs and characterizations based on detailed-balance principle and luminescence yields: H.
Akiyama, L. Zhu, M. Yoshita, C. Kim, S. Chen, T. Mochizuki and Y. Kanemitsu, Proc. SPIE 9358 (2015) 93580B1-8.

Time-resolved observation of excitonic dynamics under coherent terahertz excitation in GaAs quantum wells: K.
Uchida, H. Hirori, T. Aoki, C. Wolpert, K. Tanaka, T. Mochizuki, C. Kim, M. Yoshita, H. Akiyama, L. N. Pfeiffer and K.
W. West, Proc. SPIE 9361 (2015) 93611L.1-6.

Analysis of Oxyluciferin Photoluminescence Pathways in Aqueous Solutions: M. Hiyama, T. Mochizuki, H. Akiyama
and N. Koga, Photochem. Photobiol. 91 (2015) 74.

*Vibronic Structures in Absorption and Fluorescence Spectra of Firefly Oxyluciferin in Aqueous Solutions: M. Hiyama,
Y. Noguchi, H. Akiyama, K. Yamada and N. Koga, Photochem. Photobiol. 91 (2015) 819.

Degradation mechanism of perovskite CH3;NH3Pbl; diode devices studied by electroluminescence and photolumines-
cence imaging spectroscopy: M. Okano, M. Endo, A. Wakamiya, M. Yoshita, H. Akiyama and Y. Kanemitsu, Appl.
Phys. Express 8 (2015) 102302.

On the importance of cavity-length and heat dissipation in GaN-based vertical-cavity surface-emitting lasers: W. J. Liu,
X. L. Hu, L. Y. Ying, S. Q. Chen, J. Y. Zhang, H. Akiyama, Z. P. Cai and B. P. Zhang, Sci. Rep. 5 (2015) 9600.

Thorough subcells diagnosis in a multi-junction solar cell via absolute electroluminescence-efficiency measurements: S.
Chen, L. Zhu, M. Yoshita, T. Mochizuki, C. Kim, H. Akiyama, M. Imaizumi and Y. Kanemitsu, Sci. Rep. 5 (2015) 7836.

*First—Principles Investigation of Strong Excitonic Effects in Oxygen ls X-ray Absorption Spectra: Y. Noguchi, M.
Hiyama, H. Akiyama, Y. Harada and N. Koga, J. Chem. Theory Comput. 11 (2015) 1668-1673.

Strong localization effect and carrier relaxation dynamics in self-assembled InGaN quantum dots emitting in the green:
G.-E. Weng, W.-R. Zhao, S.-Q. Chen, H. Akiyama, Z.-C. Li, J.-P. Liu and B.-P. Zhang, Nanoscale Res. Lett. 10 (2015)
31

Absolute Electroluminescence Imaging of Multi-Junction Solar Cells and Calibration Standards: M. Yoshita, L. Zhu, C.
Kim, H. Akiyama, S. Chen, T. Mochizuki, H. Kubota, T. Nakamura, M. Imaizumi and Y. Kanemitsu, The 42nd IEEE
Photovoltaic Specialists Conference Proceedings 7356199 (2015) 1-4.
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16.

17.

18.

19.

20.

21.

22.

23.

Characterizations of radiation damages in multi-junction solar cells focused on subcell internal luminescence quantum
yields via absolute electroluminescence measurements: L. Zhu, M. Yoshita, S. Chen, T. Nakamura, T. Mochizuki, C.
Kim, M. Imaizumi, Y. Kanemitsu and H. Akiyama, The 42nd IEEE Photovoltaic Specialists Conference Proceedings
7355671 (2015) 1-4.

Determining Subcell Carrier-Collection Efficiencies of Triple-Junction Solar Cells Using Time-Resolved Photolumi-
nescence: D. M. Tex, T. Thara, H. Akiyama, M. Imaizumi and Y. Kanemitsu, The 42nd IEEE Photovoltaic Specialists
Conference Proceedings 7356197 (2015) 1-4.

Solar-cell radiance standard for absolute electroluminescence measurements and open-circuit voltage mapping of
silicon solar modules: T. Mochizuki, C. Kim, M. Yoshita, J. Mitchell, Z. Lin, S. Chen, H. Takato, Y. Kanemitsu and H.
Akiyama, J. Appl. Phys. 119 (2016) 034501.

Conversion efficiency limits and bandgap designs for multi-junction solar cells with internal radiative efficiencies below
unity: L. Zhu, T. Mochizuki, M. Yoshita, S. Chen, C. Kim, H. Akiyama and Y. Kanemitsu, Opt. Express 24 (2016)
A740-A751.

*High—precision group-delay dispersion measurements of optical fibers via fingerprint-spectral wavelength-to-time
mapping: T. Ito, O. Slezak, M. Yoshita, H. Akiyama and Y. Kobayashi, Photon. Res. 4 (2016) 13-16.

Calibration standards and measurement accuracy of absolute electroluminescence and internal properties in multi-
junction and arrayed solar cells: M. Yoshita, L. Zhu, C. Kim, T. Mochizuki, T. Nakamura, M. Imaizumi, S. Chen, H.
Kubota, Y. Kanemitsu and H. Akiyama, in Proc. of SPIE Photonics West 9743 (2016) 97430D1-6.

Characterization and modeling of radiation damages via internal radiative efficiency in multi-junction solar cells: L.
Zhu, M. Yoshita, T. Nakamura, M. Imaizumi, C. Kim, T. Mochizuki, S. Chen, Y. Kanemitsu and H. Akiyama, in Proc. of
SPIE Photonics West 9743 (2016) 97430U1-7.

Characterizations of Radiation Damage in Multijunction Solar Cells Focused on Subcell Internal Luminescence
Quantum Yields via Absolute Electroluminescence Measurements: L. Zhu, M. Yoshita, S. Chen, T. Nakamura, T.
Mochizuki, C. Kim, M. Imaizumi, Y. Kanemitsu and H. Akiyama, IEEE J. Photovoltaics 6 (2016) 777-782.

I. Matsuda group

Developments and experiments of the advanced spectroscopies have been carried out by using vacuum ultraviolet (VUV) and
soft X-rays (SX). At SPring-8 BLO7LSU, we have succeeded in realizing fast-switching (10 Hz) of the light polarizations for the
segmented cross-type undulator. Moreover, we could measure a spectrum of X-ray magnetic circular dichroism for a magnetic
sample using the fast-switching of left and right circular polarized light. At the end-station, we routinely supported picosecond-
time-resolved SX photoemission spectroscopy experiments of joint-researches. Studies of photovoltaics and photocatalysis have
been carried out mainly. In the laboratory, we studied electronic structure of novel two-dimensional materials that could show
intriguing dynamical properties.

1.

Deeper insight into phase relations in ultrathin Pb films: R.-Y. Liu, A. Huang, C.-C. Huang, C.-Y. Lee, C.-H. Lin, C.-M.
Cheng, K.-D. Tsuei, H.-T. Jeng, I. Matsuda and S. -J. Tang, Phys. Rev. B 92 (2015) 115415(1-8).

*Scanning tunneling spectroscopy study of quasiparticle interference on dual topological insulator Bi;_Sby: S.
Yoshizawa, F. Nakamura, A. A. Taskin, T. limori, K. Nakatsuji, I. Matsuda, Y. Ando and F. Komori, Phys. Rev. B 91
(2015) 045423(1-6).

“Ultrafast spin-switching of a ferrimagnetic alloy at room temperature traced by resonant magneto-optical Kerr effect
using a seeded free electron laser: Sh. Yamamoto, M. Taguchi, T. Someya, Y. Kubota, S. Ito, H. Wadati, M. Fujisawa,
F. Capotondi, E. Pedersoli, M. Manfredda, L. Raimondi, M. Kiskinova, J. Fujii, P. Moras, T. Tsuyama, T. Nakamura, T.
Kato, T. Higashide, S. Iwata, S. Yamamoto, S. Shin and I. Matsuda, Rev. Sci. Instrum. 86 (2015) 083901(1-5).

Photoemission Circular Dichroism and Spin Polarization of the Topological Surface States in Ultrathin Bi,Te; Films: C.
-Z. Xu, Y. Liu, R. Yukawa, L. -X. Zhang, 1. Matsuda, T. Miller and T. -C. Chiang, Phys. Rev. Lett. 115 (2015) 016801
(1-5).

72 BRI S R E T X 57T 7 2 Y DR F v ) 7 H A F I/ ADEH Tracing Ultrafast Carrier
Dynamics in Graphene with Femtosecond Time-resolved Photoemission Spectroscopy: %% Fesl , WF #i— |, IHH 17
B, K, AR E, RS IREE, AR SCK, o i, IS B, RIEREE 36(8) (2015) 418-423.

Significantly enhanced giant Rashba splitting in a thin film of binary alloy: W.-C. Chen, T.-R. Chang, S.-T. Tai, S.
Yamamoto, J.-M. Kuo, C.-M. Cheng, K.-D. Tsuei, K. Yaji, H. Lin, H.-T. Jeng, C.-Y. Mou, 1. Matsuda and S.-J. Tang,
New J. Phys. 17 (2015) 083015(1-12).

T Joint research with outside partners.

ISSP Activity Report 2015 185



10.

11.

12.

13.

14.

Y057 2 DR ESIR R R TE B - e WSk, W T, I B, 6794 72 A 26 (2015) 31.

*Optically detecting the edge-state of a three-dimensional topological insulator under ambient conditions by ultrafast
infrared photoluminescence spectroscopy: S.-Y. Maezawa, H. Watanabe, M. Takeda, K. Kuroda, T. Someya, I. Matsuda
and T. Suemoto, Sci. Rep. 5 (2015) 16443 (1-8).

Microscopic observation and chemical mapping of opal phytoliths in a mulberry leaf: O. Tsutsui, R. Sakamoto, M.
Hattori, K. Hasegawa, T. Handa, D. Nishio-Hamane and I. Matsuda, Flora 218 (2015) 44-50.

Anisotropic effective mass approach for multiple subband structures at wide-gap semiconductor surfaces: Application
to accumulation layers of SrTiO; and ZnO: R. Yukawa, K. Ozawa, S. Yamamoto, R. -Y. Liu and I. Matsuda, Surface
Science 641 (2015) 224-230.

Generation of metallic eg,-derived band at Cs/SrTiO; interface observed by polarization-dependent photoemission
spectroscopy: K. Akikubo, I. Matsuda, D. Schmaus, G. Marcaud, S. Yamamoto, R.-Y. Liu, R. Yukawa, M. G. Silly, F.
Sirotti and M. D’ Angelo, Thin Solid Films 603 (2016) 149-153.

R 3 AR X ARG 100 Gk R A HINC 361 2 0EIEE % v ) 7 D FERF BN < (LA 32, BAHH fi% , FIRiRlY: 37 (2016)
9-13.

Capturing transient charged states at the Cgo/TiO,(110) interface by time-resolved soft X-ray photoelectron spectros-
copy: K. Ozawa, S. Yamamoto, R. Yukawa, K. Akikubo, M. Emori, H. Sakama and I. Matsuda, Organic Electronics 31
(2016) 98-103.

“Real-time observation of reaction processes of CO, on Cu(997) by ambient-pressure X-ray photoelectron spectroscopy:
T. Koitaya, S. Yamamoto, Y. Shiozawa, K. Takeuchi, R.-Y. Liu, K. Mukai, S. Yoshimoto, K. Akikubo, I. Matsuda and J.
Yoshinobu, Topic in Catalysis 59 (2016) 526-531.

Kobayashi group

We have demonstrated the highest repetition rate in a Kerr-lens mode-locked oscillator in the world. 15-GHz mode space of the
optical frequency comb can be resolved by using commercially available spectrum analyzer. We started to develop a new HHG
beam line for industrial applications. We have demonstrated 300-mW, 193-nm light source with single longitudinal mode at 6
kHz repetition rate for next generation lithography technology.

1. 7300-mW narrow-linewidth deep-ultraviolet light generation at 193 nm by frequency mixing between Yb-hybrid and
Er-fiber lasers: H. Xuan, Z. Zhao, H. Igarashi, S. Ito, K. Kakizaki and Y. Kobayashi, Opt. Express 23 (2015) 10564-
10572.

2. Direct 15-GHz mode-spacing optical frequency comb with a Kerr-lens mode-locked Yb:Y,O3 ceramic laser: M. Endo, 1.
Ito and Y. Kobayashi, Opt. Express 23 (2015) 1276-1282.

3. "-High average power coherent vuv generation at 10 MHz repetition frequency by intracavity high harmonic generation:
A. Ozawa, Z. Zhao, M. Kuwata-Gonokami and Y. Kobayashi, Opt. Express 23 (2015) 15107-15118.

4. Offset-free broadband Yb:fiber optical frequency comb for optical clocks: T. Nakamura, I. Ito and Y. Kobayashi, Opt.
Express 23 (2015) 19376-19381.

5. TSingle frequency, 5 ns, 200 W, 1553 nm fiber laser using silica based Er-doped fiber: Z. Zhao, H. Xuan, H. Igarashi, S.
Ito, K. Kakizaki and Y. Kobayashi, Opt. Express 23 (2015) 29764-29771.

6. T*Emergent photovoltage on SmBg surface upon bulk-gap evolution revealed by pump-and-probe photoemission
spectroscopy: Y. Ishida, T. Otsu, T. Shimada, M. Okawa, Y. Kobayashi, F. Iga, Y. Takabatake and S. Shin, Sci. Rep. §
(2015) 8160(1-6).

7. "Femtosecond optical parametric oscillator frequency combs: Y. Kobayashi, K. Torizuka, A. Marandi, R. L. Byer, R. A.
McCracken, Z. Zhang and D. T. Reid, J. Opt. 17 (2015) 094010(1-14).

8. Ytterbium fiber-based, 270 fs, 100 W chirped pulse amplification laser system with 1 MHz repetition rate: Z. Zhao and
Y. Kobayashi, Appl. Phys. Express 9 (2016) 012701(1-4).

9. *High-precision group-delay dispersion measurements of optical fibers via fingerprint-spectral wavelength-to-time
mapping: T. Ito, O. Slezak, M. Yoshita, H. Akiyama and Y. Kobayashi, Photon. Res. 4 (2016) 13-16.

10. 5. L—¥— (2014 FHA AL OWFRENN) « AR ¥, AV 3, D62 44 (2015) 141-144.

1L 774N = =SB LB LR A DIERE : /AR PR, ATIA 7 br=22 34 (2015) 144-147.
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Itatani group

We carried out several application experiments using the optical parametric chirped pulse amplification (OPCPA) system that
can produce carrier-envelope phase (CEP)-stable, 1.5-mJ, 10-fs infrared pulses at a repetition rate of 1 kHz. First, we produced
soft-X-ray continuum extending to the photon energy of 320 eV, and measured the static absorption spectrum of a thin film
containing carbon atoms. We successfully resolved the peaks arising from the C=C and C-C bonding with an accumula-
tion time of approximately 100 seconds. This result shows the capability of laser-based time-resolved soft-X-ray absorption
spectroscopy. Second, we measured the photoelectron spectra of ionizing atoms, and observed the CEP-dependent high-energy
structures. By mapping the CEP-dependent cutoffs of photoelectron spectra, we successfully reproduced the differential cross
sections of rare gas atoms with a high degree of agreement with the most advanced scattering theory. Third, under the collabora-
tion with Prof. Tanaka at Kyoto University, we produced broadband THz pulses using organic crystals. New directions of the
BIBO-based ultrabroadband optical parametric amplifiers are pursuit as well. First, we developed a high-repetition-rate optical
parametric amplifier using newly developed dispersion compensation mirrors. We have successfully produced CEP-stable 10
uJ, 9-fs infrared pulses at 20 kHz, which were applied to high-throughput electron scattering experiments. Second, we modified
a high-energy OPCPA system to amplify two spectral components in infrared followed by differential frequency genera-
tion, resulting in the generation of intense mid-infrared pulses. A strong optical field up to 50 MV/cm was achieved with a
capability of sub-cycle EO sampling using 6.5-fs visible pulses. We also kept collaboration with Shin, Komori, and Matsuda
groups at LASOR-ISSP on time-resolved ARPES using a femtosecond EUV source. Photo-induced electronic dynamics of
CuMj 17Bi,Se; and graphene are successfully measured.

1. ?*Nonequilibrium electronic and phonon dynamics of Cug (7Bi,Ses investigated by core-level and valence-band
time-resolved photoemission spectroscopy: T. Yamamoto, Y. Ishida, R. Yoshida, M. Okawa, K. Okazaki, T. Kanai, A.
Kikkawa, Y. Taguchi, T. Kiss, K. Ishizaka, N. Ishii, J. Itatani, S. Watanabe, Y. Tokura, T. Saitoh and S. Shin, Phys. Rev.
B 92 (2015) 121106(1-6).

2. Ultrabroadband infrared chirped mirrors characterized by a white-light Michelson interferometer: K. Kaneshima, M.
Sugiura, K. Tamura, N. Ishii and J. Itatani, Appl. Phys. B 119 (2015) 347-353.

3. T AR R E T OEIC L BT 7 2 OBE R v ) 7L F I/ ADEY Tracing Ultrafast Carrier
Dynamics in Graphene with Femtosecond Time-resolved Photoemission Spectroscopy: #e45 F&s , W& fi—, HH 1T
B, IR, A E, B TREE, AR SCR, 9 B, A B, RIFFE 36(8) (2015) 418-423.

4. ‘Generation of ultrashort intense optical pulses at 1.6 um from a bismuth triborate-based optical parametric chirped
pulse amplifier with carrier-envelope phase stabilization: N. Ishii, K. Kaneshima, T. Kanai, S. Watanabe and J. Itatani, J.
Optics 17 (2015) 094001(1-8).

5. Generation of carrier-envelope phase-stable mid-infrared pulses via dual-wavelength optical parametric amplification:
K. Kaneshima, N. Ishii, K. Takeuchi and J. Itatani, Opt. Express 24 (2016) 8660(1-6).

Harada group

After three years development of differential pumping system we have for the first time succeeded in the near ambient pressure
soft X-ray RIXS experiments at SPring-8 BLO7LSU. The best demonstration was done for O 1s RIXS of SiO, under around
360 Torr (0.5 bar) air pressure. We also have implemented rotation of the RIXS spectrometer to enable momentum dependent
RIXS experiments urgently requested for the study of strongly correlated systems. This year we have accepted 8 collaborative
works at BLO7LSU HORNET endstation, which include oxygen site analysis of high Tc cuprates, operando analysis of Li ion
battery electrodes, RIXS study of multiferroic materials applying magnetic field, spin transition of LaCoOj3, monitoring vibra-
tional excitations at Ti site in ferroelectric BaTiO3, and electronic structure analysis of high concentration electrolyte for Li ion
batteries.

1. "Multi-Phonon Excitations in Fe 2p RIXS on Mg,FeHq: K. Kurita, D. Sekiba, I. Harayama, K. Chito, Y. Harada, H.
Kiuchi, M. Oshima, S. Takagi, M. Matsuo, R. Sato, K. Aoki and S.-I. Orimo, J. Phys. Soc. Jpn. 84 (2015) 043201(1-3).

2. 'Electron-Phonon Coupling in the Bulk of Anatase TiO, Measured by Resonant Inelastic X-Ray Spectroscopy: S.
Moser, S. Fatale, P. Kriiger, H. Berger, P. Bugnon, A. Magrez, H. Niwa, J. Miyawaki, Y. Harada and M. Grioni, Phys.
Rev. Lett. 115 (2015) 096404 (1-5).

3. X-ray Emission Spectroscopy of Bulk Liquid Water in "No-man's Land": J. Sellberg, T. McQueen, H. Laksmono, S.
Schreck, M. Beye, D. DePonte, B. O'Kennedy, D. Nordlund, R. Sierra, D. Schlesinger, T. Tokushima, S. Eckert, V.
Segtnan, H. Ogasawara, K. Kubicek, S. Techert, U. Bergmann, G. Dakovski, W. Schlotter, Y. Harada, I. Zhovtobriukh,
M. Bogan, P. Wernet, A. Fohlisch, L. Pettersson and A. Nilsson, J. Chem. Phys. 142 (2015) 044505(1-9).

4. "Enhancement in Kinetics of the Oxygen Reduction Reaction on a Nitrogen-Doped Carbon Catalyst by Introduction of
Iron via Electrochemical Methods: J. Wu, D. Zhang, H. Niwa, Y. Harada, M. Oshima, H. Ofuchi, Y. Nabae, T. Okajima
and T. Ohsaka, Langmuir 31 (2015) 5529-5536.
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10.

11.

12.

13.

Active site formation mechanism of carbon-based oxygen reduction catalysts derived from a hyperbranched iron phtha-
locyanine polymer: Y. Hiraike, M. Saito, H. Niwa, M. Kobayashi, Y. Harada, M. Oshima, J. Kim, Y. Nabae and M.-A.
Kakimoto, Nanoscale Res Lett 10 (2015) 179(1-11).

TOperando soft x-ray emission spectroscopy of LiMn,O, thin film involving Li-ion extraction/insertion reaction: D.
Asakura, E. Hosono, H. Niwa, H. Kiuchi, J. Miyawaki, Y. Nanba, M. Okubo, H. Matsuda, H. S. Zhou, M. Oshima and Y.
Harada, Electrochem. Commun. 50 (2015) 93-96.

*First—Principles Investigation of Strong Excitonic Effects in Oxygen 1s X-ray Absorption Spectra: Y. Noguchi, M.
Hiyama, H. Akiyama, Y. Harada and N. Koga, J. Chem. Theory Comput. 11 (2015) 1668-1673.

"Redox Potential Paradox in Na,MO, for Sodium-Ion Battery Cathodes: Y. Nanba, T. Iwao, B. M. D. Boisse, W. Zhao,
E. Hosono, D. Asakura, H. Niwa, H. Kiuchi, J. Miyawaki, Y. Harada, M. Okubo and A. Yamada, Chem. Mater. 28
(2016) 1058-1065.

In Situ Hard X-ray Photoelectron Study of O, and H,O Adsorption on Pt Nanoparticles: Y. Cui, Y. Harada, E. Ikenaga,
R. Li, N. Nakamura, T. Hatanaka, M. Ando, T. Yoshida, G.-L. Li and M. Oshima, J. Phys. Chem. C 120 (2016) 10936-
10940.

TCharacterization of nitrogen species incorporated into graphite using low energy nitrogen ion sputtering: H. Kiuchi, T.
Kondo, M. Sakurai, D. Guo, J. Nakamura, H. Niwa, J. Miyawaki, M. Kawai, M. Oshima and Y. Harada, Phys. Chem.
Chem. Phys. 18 (2016) 458-465.

Pt-free carbon-based fuel cell catalyst prepared from spherical polyimide for enhanced oxygen diffusion: Y. Nabae, S.
Nagata, T. Hayakawa, H. Niwa, Y. Harada, M. Oshima, A. Isoda, A. Matsunaga, K. Tanaka and T. Aoki, Sci. Rep. 6
(2016) 23276(1-7).

TLewis Basicity of Nitrogen-Doped Graphite Observed by CO, Chemisorption: H. Kiuchi, R. Shibuya, T. Kondo, J.
Nakamura, H. Niwa, J. Miyawaki, M. Kawai, M. Oshima and Y. Harada, Nanoscale Res Lett 11 (2016) 127(1-7).

"Intermediate honeycomb ordering to trigger oxygen redox chemistry in layered battery electrode: B. M. D. Boisse, G.
Liu, J. Ma, S.-I. Nishimura, S.-C. Chung, H. Kiuchi, Y. Harada, J. Kikkawa, Y. Kobayashi, M. Okubo and A. Yamada,
Nat. Commun. 7 (2016) 11397(1-9).

Wadati group

We succeeded in the observation of a devil’s staircase in the novel spin-valve system SrCogO; by resonant soft x-ray scattering.
We also performed time-resolved reflectivity study of ferrimagnetic alloy GdFeCo thin films by using seeded free electron laser
in FERMI (Italy), and observed ultrafast spin-switching of Fe spins by resonant magneto-optical Kerr effect.

1.

Investigating Orbital Magnetic Moments in Spinel-Type MnV,0, Using X-ray Magnetic Circular Dichroism: J.
Okabayashi, S. Miyasaka, K. Hemmi, K. Tanaka, S. Tajima, H. Wadati, A. Tanaka, Y. Takagi and T. Yokoyama, J. Phys.
Soc. Jpn. 84 (2015) 104703(1-5).

X-ray spectroscopic study of BaFeOj thin films; an Fe*t ferromagnetic insulator: T. Tsuyama, T. Matsuda, S. Chakra-
verty, J. Okamoto, E. Ikenaga, A. Tanaka, T. Mizokawa, H. Y. Hwang, Y. Tokura and H. Wadati, Phys. Rev. B 91 (2015)
115101(1-7).

*Ultrafast spin-switching of a ferrimagnetic alloy at room temperature traced by resonant magneto-optical Kerr effect
using a seeded free electron laser: Sh. Yamamoto, M. Taguchi, T. Someya, Y. Kubota, S. Ito, H. Wadati, M. Fujisawa,
F. Capotondi, E. Pedersoli, M. Manfredda, L. Raimondi, M. Kiskinova, J. Fujii, P. Moras, T. Tsuyama, T. Nakamura, T.
Kato, T. Higashide, S. Iwata, S. Yamamoto, S. Shin and I. Matsuda, Rev. Sci. Instrum. 86 (2015) 083901(1-5).

Engineering a spin-orbital magnetic insulator by tailoring superlattices: J. Matsuno, K. Thara, S. Yamamura, H. Wadati,
K. Ishii, V. V. Shankar, H.-Y. Kee and H. Takagi, Phys. Rev. Lett. 114 (2015) 247209(1-5).

Observation of a Devil’s Staircase in the Novel Spin-Valve System SrCogO;;: T. Matsuda, S. Partzsch, T. Tsuyama, E.
Schierle, E. Weschke, J. Geck, T. Saito, S. Ishiwata, Y. Tokura and H. Wadati, Phys. Rev. Lett. 114 (2015) 236403(1-5).

Electronic structure of Lij,[MngsNips];.xO, studied by photoemission and x-ray absorption spectroscopy: Y.
Yokoyama, D. Ootsuki, T. Sugimoto, H. Wadati, J. Okabayashi, X. Yang, F. Du, G. Chen and T. Mizokawa, Appl. Phys.
Lett. 107 (2015) 033903(1-4).

Topotactic synthesis of strontium cobalt oxyhydride thin film with perovskite structure: T. Katayama, A. Chikamatsu, H.
Kamisaka, Y. Yokoyama, Y. Hirata, H. Wadati, T. Fukumura and T. Hasegawa, AIP Advances 5 (2015) 107147(1-7).
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8. FMAY Y o= ALMTROREEL : FIE KE, 2%V 7+ 31(2016) 48-51.
9. Material/element-dependent fluorescence-yield modes on soft X-ray absorption spectroscopy of cathode materials for
Li-ion batteries: D. Asakura, E. Hosono, Y. Nanba, H. Zhou, J. Okabayashi, C. Ban, P. -A. Glans, J. Guo, T. Mizokawa,
G. Chen, A. J. Achkar, D. G. Hawthron, T. Z. Regier and H. Wadati, AIP Advances 6 (2016) 035105(1-8).
Kondo group

We use angle-resolved photoemission spectroscopy (ARPES) with ultrahigh energy resolution. The main findings in 2015 are as
follows: (1) Quadratic Fermi Node in a 3D Strongly Correlated Semimetal. (2) Point nodes persisting far beyond Tc in Bi2212.

1.

10.

Tunable spin current due to bulk insulating property in the topological insulator T1;_,Bi;,,Se,_s: K. Kuroda, G. Eguchi,
K. Shirai, M. Shiraishi, M. Ye, K. Miyamoto, T. Okuda, S. Ueda, M. Arita, H. Namatame, M. Taniguchi, Y. Ueda and A.
Kimura, Phys. Rev. B 91 (2015) 205306.

™Point nodes persisting far beyond Tc in Bi2212: T. Kondo, W. Malaeb, Y. Ishida, T. Sasagawa, H. Sakamoto, T.
Takeuchi, T. Tohyama and S. Shin, Nat. Commun. 6 (2015) 7699(8 pages).

?*Quadratic Fermi Node in a 3D Strongly Correlated Semimetal: T. Kondo, M. Nakayama, R. Chen, J. J. Ishikawa, E.
-G. Moon, T. Yamamoto, Y. Ota, W. Malaeb, H. Kanai, Y. Nakashima, Y. Ishida, R. Yoshida, H. Yamamoto, M. Matsu-
nami, S. Kimura, N. Inami, K. Ono, H. Kumigashira, S. Nakatsuji, L. Balents and S. Shin, Nat. Commun. 6 (2015)
10042(1-8).

*Optically detecting the edge-state of a three-dimensional topological insulator under ambient conditions by ultrafast
infrared photoluminescence spectroscopy: S.-Y. Maezawa, H. Watanabe, M. Takeda, K. Kuroda, T. Someya, I. Matsuda
and T. Suemoto, Sci. Rep. 5 (2015) 16443(1-8).

™Ultrafast electron dynamics at the Dirac node of the topological insulator SbyTes: S. Zhu, Y. Ishida, K. Kuroda, K.
Sumida, M. Ye, J. Wang, H. Pan, M. Taniguchi, S. Qiao, S. Shin and A. Kimura, Sci. Rep. 5 (2015) 13213(1-6).

Pairing, pseudogap and Fermi arcs in cuprates.: A. Kaminski, T. Kondo, T. Takeuchi and G. Gu, Philosophical Magazine
95 (2015) 453-466.

*High—resolution three-dimensional spin- and angle-resolved photoelectron spectrometer using vacuum ultraviolet laser
light: K. Yaji, A. Harasawa, K. Kuroda, S. Toyohisa, M. Nakayama, Y. Ishida, A. Fukushima, S. Watanabe, C. Chen, F.
Komori and S. Shin, Rev. Sci. Instrum. 87 (2016) 053111(1-6).

Generation of Transient Photocurrents in the Topological Surface State of Sb,Te; by Direct Optical Excitation with
Midinfrared Pulses: K. Kuroda, J. Reimann, J. Giidde and U. Hofer, Phys. Rev. Lett. 116 (2016) 076801.

?*Spin Polarization and Texture of the Fermi Arcs in the Weyl Fermion Semimetal TaAs: S.-Y. Xu, I. Belopolski, D.
S. Sanchez, M. Neupane, G. Chang, K. Yaji, Z. Yuan, C. Zhang, K. Kuroda, G. Bian, C. Guo, H. Lu, T.-R. Chang, N.
Alidoust, H. Zheng, C.-C. Lee, S.-M. Huang, C.-H. Hsu, H.-T. Jeng, A. Bansil, T. Neupert, F. Komori, T. Kondo, S.
Shin, H. Lin, S. Jia and M. Zahid Hasan, Phys. Rev. Lett. 116 (2016) 096801(1-7).

T R R EE T I K B RSB E O S W H T SRR (L R S R DB v v 7 LR vy T OBA TG« E
W A, TN ETE, o hE, EAEEL 51.(2016) 203-221.

Okazaki group

We have developed and improved a time- and angle-resolved photoemission (TrARPES) apparatus using EUV and SX lasers by
high harmonics generation (HHG). In the fiscal year 2015, we have installed a new Ti:Sapphire regenerative amplifier system
and fairly improved a performance and stability of this apparatus. We have studied nonequilibrium electronic states of semicon-
ductor surfaces, graphene, high-Tc cuprates, iron-based superconductors, and strongly correlated electron systems. Particularly,
we have observed coherent phonon excitations both in the hole and electron Fermi surfaces of a parent compound of iron-based
superconductors BaFe,As,. In addition, we have also investigated superconducting-gap structures of iron-based superconductors
and BiS2-based superconductors by a low-temperature and high-resolution laser ARPES apparatus.

1.

?*Low-Temperature and High-Energy-Resolution Laser Photoemission Spectroscopy: T. Shimojima, K. Okazaki and S.
Shin, J. Phys. Soc. Jpn. 84 (2015) 072001(1-26).

Dependence of electron correlation strength in Feq,yTe;_,Sex on Se content: L. C. C. Ambolode, K. Okazaki, M. Horio,
H. Suzuki, L. Liu, S. Ideta, T. Yoshida, T. Mikami, T. Kakeshita, S. Uchida, K. Ono, H. Kumigashira, M. Hashimoto, D.
-H. Lu, Z. -X. Shen and A. Fujimori, Phys. Rev. B 92 (2015) 035104.
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In-plane electronic anisotropy in the antiferromagnetic orthorhombic phase of isovalent-substituted Ba(Fe_yRuy),As,:
L. Liu, T. Mikami, S. Ishida, K. Koshiishi, K. Okazaki, T. Yoshida, H. Suzuki, M. Horio, L. C. C. Ambolode, J. Xu, H.
Kumigashira, K. Ono, M. Nakajima, K. Kihou, C. H. Lee, A. Iyo, H. Eisaki, T. Kakeshita, S. Uchida and A. Fujimori,
Phys. Rev. B 92 (2015) 094503(1-5).

T*Nonequilibrium electronic and phonon dynamics of Cug7Bi,Ses investigated by core-level and valence-band
time-resolved photoemission spectroscopy: T. Yamamoto, Y. Ishida, R. Yoshida, M. Okawa, K. Okazaki, T. Kanai, A.
Kikkawa, Y. Taguchi, T. Kiss, K. Ishizaka, N. Ishii, J. Itatani, S. Watanabe, Y. Tokura, T. Saitoh and S. Shin, Phys. Rev.
B 92 (2015) 121106(1-6).

Reversed anisotropy of the in-plane resistivity in the antiferromagnetic phase of iron tellurides: L. Liu, T. Mikami, M.
Takahashi, S. Ishida, T. Kakeshita, K. Okazaki, A. Fujimori and S. Uchida, Phys. Rev. B 91 (2015) 134502.

IR R T O FURI RS R B -4 e~ Application of High Harmonic Generation to Time-Resolved Photo-
emission Spectroscopy of Solids: [lifF i = , 2 #i, L —¥ — %% 43 (12) (2015) 838-843.

Suppression of the antiferromagnetic pseudogap in the electron-doped high-temperature superconductor by protect
annealing: M. Horio, T. Adachi, Y. Mori, A. Takahashi, T. Yoshida, H. Suzuki, L. C. C. Ambolode, K. Okazaki, K. Ono,
H. Kumigashira, H. Anzai, M. Arita, H. Namatame, M. Taniguchi, D. Ootsuki, K. Sawada, M. Takahashi, T. Mizokawa,
Y. Koike and A. Fujimori, Nat. Commun. 7 (2016) 10567(1-8).
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