Division of Condensed Matter Science
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Discoveries of new materials, for example, high temperature
superconductors, organic superconductors, graphene, and topological
insulators, have often opened new horizons in materials science.
Application of extreme conditions of low temperature, high pressure,
and high magnetic field have also revealed various unexpected
properties of matters, such as superconductivity and quantum Hall
effect. The goal of the Division of Condensed Matter Science is to
uncover novel phenomena that lead to new concepts of matter, through
combining the search for new material and the precise measurements
under extreme conditions.

Each group in this division pursues its own research on synthesis of
new materials and high quality samples, or on precise measurements
of electric, magnetic, and thermal properties, based on their own free
ideas. Their main subject is to elucidate various phenomena which
emerge as a concerted result of electron correlation, frustration,
symmetry, topology, and molecular degrees of freedom, in various
materials such as organic conductors, atomic layer (two-dimensional)
materials, and topological materials.
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J:l: ? J: 61: % % Ideue Group

FiZE T —< Research Subjects

2 DTl T E ORI 2 Bl & U 7o i RaR
Exploration of novel physical properties based on symmetry control of
two-dimensional materials

B 5 7RI 503 % RRRERE
Measurement of quantum states in atomic layer materials

B ERB% | IR, B A A A — REPR, /Lo
L IRR
Rectification effect: Nonrecirpcoal transport, superconducting diode
effect and bulk photovoltaic effect

YA ORI BEMEoRRE,  hARa 2 )L IRED il i

Phase control of atomic layer materials: Control of magnetism,
superconductivity, topological states, etc.

B HB RPF
Research Associate
TANAKA, Miuko

HEEER AFLE s

Associate Professor IDEUE, Toshiya

FI Course
TIERYETSE
App. Phys., Eng.
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Controllability of two-dimensional materials and device fabrications. (a) Thin film device
and van der Waals interface made by exfoliation, transfer and stacking techniques. (b)
Pictures of vertical junction device and field-effect device.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/ideue_group.html

Atomically thin two-dimensional materials have recently attracted
significant attention as a new materials platform. In addition to the
unique physical properties, which are absent in bulk three-dimensional
materials, we can freely control the structures, electronic states and
symmetries of two-dimensional materials and realize the emergent
functionalities by device fabrication, application of the external pressure
or electric/magnetic field, electro-chemical gating method, and making
van der Waals hetero/twisted interfaces or curved nanostructures.
We are exploring novel transport phenomena, superconducting
properties, and optical properties in these two-dimensional materials
and pioneering the frontier of material science. We are aiming at
controlling the various quantum degree of freedoms or elementary
excitations in two-dimensional materials (charge, spin, lattice, exciton,
superconducting vortex etc.), realizing exotic quantum functionalities
such as quantum rectification effect (nonreciprocal transport,
superconducting diode effect, and bulk photovoltaic effect) and quantum
phase control (electric-field-induced superconductivity, topological
phase transition, magnetic order control), and also developing new
quantum measurement techniques using microwave.
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(a) Microwave resonator coupled with two-dimensional material and observed resonance
mode. (b) Optical measurement system and photocurrent response in two-dimensional
materials.

ISSP Digest 2025

19

dnosgy anopt S S



g
z
2
=i
Q
2
g
17
2
g
g
7]
g
a
2
8

dnoip 1SexeL WS S5 > T

20

_% * m % % Takagi Group

FiZE T —< Research Subjects

B 2 HuEIRtARIE - RIC B B HTPIT LR
Search for new properties in multi-orbital strongly correlated electron
systems

R RE DI VEEEIC F Db 5 FEREMED R
Functionality related to topological magnetic structures

B /5 riju il & LB HORE! - fiiH
Debsigrll and elucidation of novel electronic phases based on molecular
orbitals

B EH ERC
Research Associate
URAI, Mizuki

HEEER B BR

Associate Professor TAKAGI, Rina

FI Course
HEEMER
Adv. Mat., Frontier Sci.
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Schematic of topological magnetic structure generated by magnetic interactions mediated
by conduction electrons in a multi-orbital strongly correlated electron system.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/takagi_group.html
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In strongly correlated electron systems, various electronic phases can be
generated by slightly changing chemical properties (element type and
crystal structure) or the physical environment (temperature, magnetic
field, and pressure) of the matter. Our group is interested in electronic
phase transitions and topological structures, in which charge, spin,
and orbital degrees of freedom interact with each other. By combining
material synthesis, macroscopic measurements of physical properties
such as magnetization and electrical conduction, and microscopic
techniques such as scattering experiments and nuclear magnetic
resonance, we aim to elucidate the physics behind the phenomena and
to design new electronic properties, especially by focusing on molecular
orbitals in crystals. Our research targets cover a wide range of materials,
including inorganic crystals such as transition metal compounds and
rare earth alloys, as well as molecular conductors. Specifically, we are
exploring new properties and functions related to topological magnetic
structures, and novel electronic phases in molecular conductors under
pressure.
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In the magnetic semiconductor FeS, a fictitious magnetic field induced by the antiparallel
spin arrangement gives rise to anomalous Hall effect at room temperature.
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FiZE T —< Research Subjects

DFOAMEZ LD LIEHAH (8 ©RE8hBskT7n b
MRIBIRDBHFE & ERETERTE
Development and studies of structural and physical properties for
novel organic (super)conductors and proton conductors based upon
molecular degree of freedom

ERRCEFNT T VT L1528 LA ISR, 2B
Tk, FAEIRDBFE & BEBEMENTZE

Development and studies of structural and physical properties for
electron-proton coupled molecular functional materials

I VEE DN (Wis. EY. TS D) ISEDWIE
Studies of responses by external stimuli (magnetic and electric fields,
temperature, pressure) for molecular materials

B AHERDIR S VAR DI

Study of organic field effect transistor

BE BEF BF
Research Associate
FUJINO, Tomoko

iR & R

Professor MORI, Hatsumi

HI Courses
EFR(CF WHEEMER
Adv. Mat., Frontier Sci.
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Novel organic superconductors: (i)single crystals of Mott-type x-ET2Cu(NCS), and
(ii) electrical resistivities under pressures for charge-ordered-type f-(meso-DMBEDT-
TTF)2PFs.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/mori_group.html

Materials science has made great progress with the discovery of new
materials that give us new concepts.

In this laboratory, we are focusing on molecular materials, which are
condensed molecules with internal degrees of freedom, and exploring
their unique functionalities such as electron and proton conductivities,
magnetism, dielectricity, external field response due to their pressure and
electric fields, and field-effect transistor properties. The development of
novel functional molecular materials has become the basic research for
materials and devices that support organic electronics, such as coated
organic conductors and electrolytes for fuel cells.

Molecular materials are attractive because 1) they can be designed and
controlled, 2) the Coulomb interaction between electrons is large, and
the wave and particle properties of electrons compete with each other,
and 3) they are soft, so they exhibit unique external field responses.

In Mori's group, we discovered and studied the properties of the
new Mott-type x-ET,Cu(NCS), and charge-ordered S-(meso-DMBEDT-
TTF)2PFg organic superconductors (left figure). More recently, we
have developed a pure organic conductor (right figure) in which
hydrogen-bonded protons and conduction electrons are dynamically
concerted, exhibiting a switching phenomenon between conductivity and
magnetism.
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Switching behavior of electrical resistivity and magnetism due to large deuteron isotope

effect in proton-electron correlated purely organic conductors x-X3(Cat-EDT-TTF)>
(X=H, D).
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IJ—I F m % % Yamashita Group

FiZE T —< Research Subjects

R B % s E RO

Study of strongly correlated-electron systems at ultralow temperatures

i AIC 3505 B IEMT RN D FA R — LR

Study of thermal Hall effects of charge-neutral excitations in insulators

B NMR 7 f W 7= 208 TR ORgE

Multipole orders studied by NMR measurements

B HE R

Research Associate
TAKEDA, Hikaru

HHEE T E
Associate Professor YAMASHITA, Minoru

FI Course
HEEMER
Adv. Mat., Frontier Sci.
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The ultralow temperature cryostat at ISSP. Nuclear demagnetization cooling enables
experiments down to 1 mK under a magnetic field up to 10 T. The lower left picture is an
enlarged view of the experimental space. The lower right picture shows a cantilever cell
for torque measurements.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yamashita_group.html
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What happens when materials are cooled down close to absolute zero
temperature? It sounds a boring question because everything freezes at T'
= 0. It is NOT true, however, because quantum fluctuations persist even
at absolute zero temperature. The richness of low-temperature physics
was first demonstrated by Heike Kamerlingh Onnes at 1911, who was
the first to liquify Helium and reached ~ 1 K. He discovered that the
resistance of mercury suddenly vanished at low temperature. Followed
by this discovery of the superconducting transition, many amazing
quantum phenomena — superfluid transition of Helium, Bose-Einstein
condensations of Alkali Bose gases — were found at low temperatures.

We are interested in these quantum condensed states at low temperatures
where the thermal fluctuations are negligible. Especially, we are now
challenging measurements of correlated electron systems at ultralow
temperatures (below 20 mK) where many interesting phenomena have
remained unexplored due to technical difficulties. Further, we are
studying thermal Hall effects of charge-neutral excitations (phonons
and spins) in an insulator, as well as detecting multipole orders by NMR
measurements.
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(Top) a schematic illustration of the topological thermal Hall effect of magnons in the lat-
tice of magnetic skyrmions. (Bottom) the magnetic field dependence of the thermal Hall
conductivity that sharply appears in the magnetic skyrmion phase (green), but disappears
in the cycloidal (blue) and the forced-ferromagnetic (pink) phases.
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Division of Condensed Matter Theory
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The Division of Condensed Matter Theory is actively engaged in
theoretical research on the cutting-edge topics in condensed matter
physics. Theoretical studies play a crucial role in condensed matter
physics: those studies at various levels extract new discoveries from
experimental results, and novel theoretical predictions also start as
well as boost experimental works. For achieving a breakthrough
in the condensed matter physics, the research based on novel ideas
is essential and indispensable, in addition to continuous research
for increasing the predictive power based on existing theories.
This division now consists of three groups and six other groups
of concurrent members. Together with other theoretical groups,
the activity of this division covers various theoretical studies from
basic theory based on analytical methods to large-scale state-of-art
numerical computation using supercomputers, and actively develops
the theory for forefront research subjects in the condensed matter
physics. Discussions and collaborations are also actively pursued with
experimental groups inside and outside ISSP.

BFIEMRE M EE
Leader KATO, Takeo
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hl] % E{ % % Kato Group

HiZE T —< Research Subjects

AV ZAEw 7RO THABIS

Quantum transport phenomena in mesoscopic systems

B v o= ZETOSEH

Fundamental theory of spintronic devices

A DI & Bkt

Nonequilibrium and transport properties in solids

BE B &
Research Associate
FUJII, Tatsuya

B EEF RAE
Research Associate
SANO, Ryotaro

HHE O mE B
Associate Professor KATO, Takeo
HI Course

BERMEBY
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% oA VAR, LTI K BIEENO R E Ui
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quantum measurement
B ) backaction

-
= heat current

heat bath heat bath
L R

two-level system

TODHALBFERATREICHES LI MR, ZEURICEFAEZT
S&L EDU—RDSEDY — FNOHERICHEZEZS (I\vIT7723Y),

A two-level system coupled to two heat baths and an apparatus for continuous quantum
measurement. The quantum measurement of the two-level system affects the heat current
from the left to the right lead, which is called backaction.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kato_group.html

Our laboratory is engaged in extensive theoretical research on transport
properties in the fields of mesoscopic and spintronics. Research on
mesoscopic systems has long focused on the quantum mechanical
properties of electrons. We are still pursuing new phenomena such as
non-equilibrium multi-embodiment phenomena, non-equilibrium noise,
and strong external field-driven phenomena. In the field of spintronics,
various spin transport phenomena are being studied, mainly in current
and heat/spin conversion phenomena.

In order to respond to these developments, our laboratory utilizes a wide
range of theoretical approaches, including non-equilibrium statistical
mechanics, quantum field theory, and many-body quantum theory.
Specific research examples include spin transport at magnetic-metal
interfaces, nonequilibrium spin relaxation, the transport properties of
anyons in the fractional quantum Hall effect, and the generation of spin
current in solids by light. We are also working closely with experimental
groups in ISSP.

Antiferromagnetic insulator

Normal metal

AEVR—VBESKERORIE, RETORE RIS R IEERAED R —
IIRG R IVDBEICL > TEL L, BKIBROKREEIEELT B,

Illustration of spin Hall magnetoresistance. Spin absorption at the interface changes
according to the orientation of the Néel vector of the antiferromagnetic insulator, and the
magnitude of the magnetoresistance changes.
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} I I m m % % Kawabata Group

HiZE T —< Research Subjects

otk Elam (PorEikaEaR

Condensed matter theory

JETHEROM I - AHEER

Nonequilibrium phases of matter
e 7

Nonequilibrium statistical mechanics
JET)VI— R

Non-Hermitian physics

HEBE )IE =T
Associate Professor KAWABATA, Kohei

HI Course
B REF
Phys., Sci.
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BFICR CEN 2 ZE LB L 23 Lo L LT, YEERD
HUWEEZ 79 % C L2 HIEY . mik T, JET#iHK
RO PR IINVHOROF B LT, R FAIAX
RBIELRICDONTIIIE L, & IHNFHSRISHICH 72 &
TR VI B FBCRICHRA OB S 2RI LT E Tz, HHFR
e b ROy — o e—fRNEEEZ b LI LT, HiE
THBMND IR DERZ LB LT TS 5 K 5 EHE
HERZEE L. LW R 2 S %,

N (mod 1) 0 T 2 3
ermion parity (~1)” Z zA % %
modular conjugation +1 +1 +1 +1
+ 0 -1 0
1 +1 1 +1
+1 0 -1 0
4 +1 +1 +1
AL=D" AI=DT A= A=D'
BDI+ S, =BDI'+ S, BDI'  BDI+S_, =Cl'+S.  BDI'
BDI Al=D' a Al=D!
N (mod 4) 0 1 2 3
fermion parity (1%, (~1)" - ZaxZa Zn  ZaxZa Z
modular conjugation 7 +1 +1 0 +1
+1 0 0 0
Q +1 +1 0 +1
R +1 0 0 0
s +1 +1 0 +1
4= 0od 4) (K K;; 0,0 = 2mod 4) | AI=DI  Al=D! A =y
q=0(mod ) (Km:i K5y €R) BDI' __ BDI' A+p=Aml_BDI'

SFHBROEIEE DA R, BOR T D Sachdev-Ye-Kitaev A DM FRMEICE &
DL AR EERANY bl [PRX Quantum 4, 030328 (2023)]

Symmetry of open quantum systems: Classification of dissipative quantum chaos. Peri-
odic tables of Sachdev-Ye-Kitaev Lindbladians. [PRX Quantum 4, 030328 (2023)]

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kawabata_group.html
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Recent years have seen remarkable progress in the physics of open
quantum systems. In view of the recent rapid development of quantum
information science and technology, it seems urgent to develop a general
theory of open quantum systems. In our group, we are broadly interested
in theoretical condensed matter physics, with a particular focus on
nonequilibrium physics, to establish new foundations and principles in
contemporary physics. Our recent research highlights topological phases
of open quantum systems, as well as dissipative quantum chaos and
lack thereof. On the basis of fundamental concepts such as symmetry
and topology, we aim to uncover new physics intrinsic to far from
equilibrium.
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TIVE— bV EFRTIVE— MR S RODAIVERE. bRODH
JVEBAA - BEEROREREICERZMA S L. BLDRR NROTAHIVER
KHEENS, [PRX Quantum 4, 030315 (2023)]

Hermitian bulk — non-Hermitian boundary correspondence. The interplay of Hermitian

topology and dissipation leads to new types of higher-order non-Hermitian topological
phenomena. [PRX Quantum 4, 030315 (2023)]




P
l% ’R E{ % % Tsunetsugu Group

HiZE T —< Research Subjects

oo
=i

Electronic states and unconventional superconductivity in strongly
correlated systems with d- or f-electrons

B 7oA L— 3 VRO

Statistical physics of frustrated systems
B 5RO HT AT R RH O PG
Theory of novel phases in quantum magnets
BFROITFEE AT I T

Nonequibrium dynamics of quantum systems

T fEFLEYE EmEF ROEFRE & ST

BiR BR B
Professor TSUNETSUGU, Hirokazu

FI Course
B REF
[Phys., Sci.|
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120 AF ¢S sTQ asTQ

(F) ZARF L 2D TEBRFERDER, J=Jcosa & K=J sin o ($BHEEERF
BoEsE/ RFWBEER. (F) HREHEOREFHEE, 0, (SLEFOHE,
==02E7 1 LU Z—DEE

(top) Phase diagram of two-component quadrupoles in a triangular lattice. J =J cos a and
J =J sin a are isotropic and anisotropic couplings of neighboring quadrupoles. (bottom)
Quadrupole configurations in the ordered phases. 0, is the direction of local quadrupole
moment, while 5, = —0,/2 is the corresponding director direction.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/tsunetsugu_group.html

Strongly correlated electron systems, particularly transition metal
compounds and rare-earth or actinide compounds are the main subjects
of our theoretical research. In these systems, strong electron-electron
interactions lead to a variety of interesting phenomena emerging at
low temperatures, such as various types of exotic magnetic orders,
unconventional superconductivity and density waves. We aim to
establish a unified theory for those complex properties and also predict
novel phenomena in those systems.

Targets of our recent study include novel types of quantum order and
quantum fluctuations in frustrated spin and strongly correlated electronic
systems with multiple degrees of freedom such as charge, spin, and
orbital. In these systems, many soft modes of fluctuations are coupled

to each other, and this affects the nature of quantum phase transitions,
as well as electronic states and dynamical properties including transport
phenomena. We also study systems with chiral structure and explore
novel behaviors of their phonon and electronic properties related to their
chirality.

Oren na(F)

(E)ICTQHED ABIEF T « LY 2 —DBRECEIL 37D KX 1 VIcHH, (R)
T ALY 2 —BE na(n EBEFERR L. KEDBDICTFET BEMHIRXT
U - U L REBOHRE TR,

(left) Snapshot of director directions on A-sublattice sites in the IC-TQ phase. The system
is divided to three types of domains. (right) Local vorticity na(r) of A-sublattice direc-
tors shows a distorted vortex lattice pattern. Dislocations exist at the vermillion polygons
indicating an appearance of Kosterlitz-Thouless transition.
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ISR DRIFRZ E WD %6

The Division of Nanoscale Science brings together laboratories
working on a variety of low-dimensional nanoscale devices and
materials. The nanoscale systems that we study are built either by
fabricating nanoscale electronic devices, typically by electron beam
lithography or focused ion beam milling, or formed spontaneously
during thin film growth or by deposition of nanoscale layers on
atomically well-ordered surfaces. We use scanning probe microscopes
for spatially-resolved physical property studies on surfaces and
a variety of low-temperature transport and magnetotransport
techniques for materials characterization and property analysis. We
have recently started a new microfabrication facility for combining
nanoscale materials and device studies with quantum measurement
methods available at ISSP. The facility helps researchers to utilize the
microfabrication and analytical tools in our laboratories to prepare
suitable device structures for a variety of quantum measurements
at low temperatures, high magnetic fields, etc. The recent research
topics include studies on the exploration of spin-to-charge current
conversion phenomena at interfaces and heterostructures, development
of spintronic devices, scanning-probe studies of superconductivity
and topological states in nanostructures formed on single crystal
surfaces, fabricating self-organized nanostructured materials, and the
development of new building blocks for quantum computers.

BRAEE Vv IR—Zvy
Leader LIPPMAA, Mikk
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Otani Group

FiZE T —< Research Subjects

BN RSO PESRAS £11C K B BRI R A ¥ VRO A
Efficient pure spin current generation by magnon-phonon coupling

B o2 G 0 AT OB O LR
Orbital current generation at the interface of light elements

Bl JE AR 350 B TR AR B S A RS B
Current-driven fast magnetic domain wall motion in noncollinear
antiferromagnets

BN 5 BN B T2 SR T E AIC & B B SOV > A
FIRT Y EV T
Anomalous Nernst effect mapping by local heat flow injection using an
atomic force microscope

BiR KB &b
Professor OTANI, Yoshichika

FI Course
HEEMER
Adv. Mat., Frontier Sci.

20 HAdODDICHE LTI AY Y ba= 2 A, EBIFRICA.
AV VAEHIROFNTH B A VHZHNAZ LT, TNET
IR WEREZ 1> Te B2 Al 2 AR TdH 5, A b
O=7 A&, Effs REY « Tr /2 TH Y T VED
HERITDY, EATO R 2 e UTHAICAZEENS [X
VAR b UTHE U, O RE T A VAHRAA,
BRI FDREIC R A LY Y/ v R—5a ik E ORI IR
xR %, e ey va=s7 A EUTERLTWS,
EOICESA TR, BFAY VT Cldk < EFHuEIc & 0 fAEE)
BEEIPERDES Lz, ThHDAY VRBEREN &
758 RGBS, ORI S a0 S A r—
JVBEETE U % T ML L BN LIS Z Fi > TV B,
A DOWIRETIE, ML CIERUT=F ) 781 Rz fliofz
FERIC KD, AERWE RS U TE U 28 4 88h 7 o0
2 A BGOMIhZIT>TW5, £, s rtkos
BhS, FRUZHHROBREMRIAC E IO HA TV S,

+0.1mT
T T T w
1 1 1 1=}
I 1 1 o
1 ! 1
' 1 1
= | i
1 1
' 1
! F---1 1
Substrate : :é: >
1 1 =
1 I z
I & 1 m
(b) . L3 B
1 | 1 <
! | 1 e
1 L=
] F=~ 3 1
1 1
1 '
el e 1
! 1 1
1 | 1 '
1 i ' 8
f I 1 (=]

RFEHBERRORHFERPIEEAEZAVCEBRIV VA FHROT Y E
>T, (a) FEDEEER. (b) RFD RIS T 1~ (o) HEBRLHENINHP DR
BXIVAPBEDRYEYTK,

Magnetic imaging by the locally induced anomalous Nernst effect using atomic force
microscopy. (a) conceptual drawing of this method. (b) The topography of the sample. (c)
The Spatially resolved anomalous Nernst effect voltage under external magnetic fields.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/otani_group.html

Spintronics, which emerged at the end of the 20th century, is a science
that creates new functional devices by using spin currents, the flow of
spin angular momenta, and charge currents. It has developed as spin
conversion science in which quasiparticles such as electrons, phonons,
photons, and magnons are interconverted through spins in solids.
Recently, this has evolved into strong coupling spintronics, producing
new coupled quasiparticles such as magnon polarons. More recently,
orbital currents have emerged that carry angular momenta not only
by electron spin but also by electron orbitals. Since these spin/orbital-
mediated conversion/coupling phenomena often occur in the nanoscale
region near the relatively simple junction interface, they have excellent
versatility and applicability. Our laboratory develops novel conversion/
coupling among quasiparticles mediated by spins/orbitals through
experiments using nanoscale devices fabricated by microfabrication
technology. Furthermore, we elucidate the mechanisms of novel
phenomena from the viewpoint of fundamental solid-state physics.

Magnetic octople domain wall

FEHLARIGRBL A Mn3Ge D RBEERSBIDREE. (a) Mn3Ge DS \IBF, (b)
FHHDSEM G, (0 BRA—MRICKYBREIN/NIVABRICK SHEDS
WIEE].

Demonstration of a fast magnetic domain wall motion in a noncollinear antiferromagnet
Mn;3Ge. (a) The magnetic octopoles of Mn3Ge. (b) SEM image of the sample. (¢)The fast
domain wall motion induced by pulse currents observed by MOKE.
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% III% m % % Shimazaki Group

FiZE T —< Research Subjects

AT T LIS 7 HR O T O R EARIENC X 2 VHEIRER
Exploration of physical properties via precise electrical control of
electrons in semiconductor moiré superlattices

772 T a—7 & Uiz BT ORFiEO B
Development of methods for exploring electronic properties using
excitons as a probe

H 2 ocEIc XA BRTTIN A

Quantum devices based on two-dimensional materials

HEBE BlE A
Associate Professor SHIMAZAKI, Yuya

FI Course
TIERYETSE
App. Phys., Eng.

PEATRICE T2 HRAIICES LIz A LR T-RICBWNTY)
MEFHHEHTZ VS T LlE, AV y ZEOEFEOE
THolze TET DX S BTN 2 KT E DRSS FDET
LFeszRH UleF / A7 — )VJE OB I B0 T HERIC
KEETNTEHO, WMEMAEIRE, BEE, @k, Moy
TV ELBOBFYIME OB R ENTVS, TD
X EH LD AT ETROIRS SO AR B R U, il
TEOOEMAERRTZ LT, T/ AT—I)VOREICE
% R 2ZYEREOIBE AR CE B,

WS T EEA 2 Dot E R e LT, ZOET L
i TOBrYIEE~ 7 akkBE Y E S V7 OkE TN
A PpEROW J5 OB SWFERTT D o FHCERE T LRI
FOREEE LRI O RIC K B T a—7 « filfHEm U TF
DETYINE « BT T1 AYEZHSMCT %, 7727
0—7 & LB FYMEOH UOBERFEIT OV T E 2T
Do

(a)

(@) 2WTIBIC LB ET LIS T (b) FEAHRTE T LB FHOEEHEEFIRE
DFEeFIcLB 70—

(a) Moir¢ superlattice formed by two-dimensional materials (b) Strongly correlated elec-
tron states in a semiconductor moir¢ superlattice probed by excitons

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/shimazaki_group.html
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Realizing artificial quantum systems with regularly arranged electrons
in semiconductors to simulate physical properties has long been a dream
in mesoscopic physics. Recently, such systems have been realized using
nanoscale-period moiré¢ superlattices formed by interference patterns
in two-dimensional materials. These systems exhibit a wide range of
quantum phenomena, including strongly correlated electron states,
superconductivity, magnetism, and topological properties. Understanding
and controlling the behavior of these novel quantum systems at a
microscopic level can lead to the development of metamaterial science at
the nanoscale.

Our laboratory focuses on the study of moiré superlattices in
semiconductor two-dimensional materials, investigating their electronic
properties from both macroscopic quantum phenomena and microscopic
quantum device physics. In particular, we aim to reveal quantum
properties and device physics through precise electrical control and
optical excitation. Additionally, we are developing new methods to
explore electronic properties using excitons as probes.

@) HFERRR (0) 2XTMET NA R (QHARISAFREY b (d) FvTHv
U7 EOTF A ZEH

(a) Optical experimental setup (b) Two-dimensional material device (c) Optical cryostat (d)
Device image on chip carrier
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B3 7 — < Research Subjects

SRR TR VBRI D T =4 it

Fractional quantum Hall quasiparticles and their statistics
FREYIIVI Y DIREO XA F I TR

Dynamics of topological edge states
B AV A3Ey 7 R0 Tk

Quantum transport in mesoscopic systems

Research Associate
SATO, Yosuke

HHE BR &%
Associate Professor HASHISAKA, Masayuki
I Course

BYRMEBY
[Phys. Sci ]

BrOETFEE & E FEMHEENZREFEE LT, #FLL
JEEHAEYIED RIS 2 C ENBH B, BIRE, DHEFR—
JVHER, BN RE ENZTORENTHZ, b BT
AR OFFRMEE., ZOHREOMEEE LTU L Zbfifdh
KHNENZ 58D %, HAEBETR—IVRICETS
bkl Gk 1) 13 BRI T THBIETOET 1 HoER GE
B KO B/NEBREERZFRF DT EDNHENIDEN TN S,
T ORI TIE, R—XWidt - 7oV 3Gt Bx S E T
Wt (= UHEDH BEOCEMNISENTHEDY, FRaY
TIVEFRBEANDOIGHMIF SN TV, KRETIE,. &
TEZARROERNRAENR - HIfHT 2 Lickd, BHOET
2 EOBERITR T TR TER, HiaraaE Rl i
ZHAE L THIgE 211> T\ 5,

DE-EREFR-IVEST AR, HER1/3HEE ERTF. Bfe/3) &
SEE 1B (BEF. Efe) OBRFT v UT7DIATYFITLY, BESES
IHEEILT7 Y FL—IZ7BIRGFHELC S,

False-color electron micrograph of the fractional-integer quantum Hall junction device.

Mismatch between the charge carriers causes Andreev-like reflection at the junction.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/hashisaka_group.html

The interplay of quantum nature and the electron correlation causes
exotic phenomena in condensed matter, such as superconductivity, the
fractional quantum Hall effect, and the Kondo effect. Our research aims
to investigate these quantum many-body phenomena in mesoscopic
systems using nanofabrication and our original measurement techniques.
The quantum many-body systems sometimes show their peculiarity
as the beautiful characteristics of the elementary excitations. The
paradigmatic is the quasiparticles in the fractional quantum Hall states.
The quasiparticles have fractional charges smaller than the elementary
charge. More interestingly, they have anyonic statistics, the quantum
statistics that differ from the Bose and Fermi statistics. The quasiparticles
with highly nontrivial non-abelian statistics may open a route for
synthesizing the fault-tolerant topological quantum computer, thus
attracting growing attention in condensed matter physics and quantum
computational science. Our goal is to establish such novel quantum
technologies originating from the intriguing nature of quasiparticles in
quantum many-body systems.
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Homemade-HEMT-based cryogenic transimpedance amplifier
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E ﬁ } I I 61: % % Hasegawa Group

B3 7 — < Research Subjects

B (K3 STM I & 2 R Smlnit / bR o Lt obss
Exploration of peculiar superconducting / topological states using low-
temperature STM

B~ 7 e A A Y VR STM I & %)/ A7 — VRESER
EREVEAFITA
Nanoscale detection of magnetic resonances and spin dynamics by
microwave-assisted spin-polarized STM

B 2 il 2R T 3 AR VIS &K B AY VRO FKZERFH
Real-space distribution of spin currents by spin-polarized scanning
tunneling potentiometry

B 57— X R RIC & B R T TRRES
Effective collection of local density of states with an assist of data
science

ER N 2 FOVEAMEE (STM) 1. Z 04725 U TEmDR
TREZIHSMCT H5DHREET, b3V EHlEIic XD
Y7 B TCOBEFIREICET 2 MAZRS 2, EHITIEA
Y M (SP-) STM IC & 2 R i S R PE -0 & i A & o #E ik
ZHIEMT T ENTE S,

EANWgEE T, MUKREES: S CE#Fd % S T M2LE
VT, REBEES & KIEHREOBN Tz —JXotRTD
MBS, AR & DTS RIC X DAL T N2 Rz i
w3 - MR Y A)VIREDOBIZ KA TV B, F. SP-STM
IS KBS T DAY X84 5 )V s B RT3 JR g < hS
WEEE, A VREBEFIRT Y a X VKB A VR
W, E5ITIE~ A 7 aiE A X B K FEE M S U R
HIAEYZAF I AOWEELHMEL THBO, Ta—TH
MBIOF T a2 B3 2 T LICE DA TV 5,

BEESBEARAEM CORENR, BEFEPb(KE, £B4H) & PbiEE (EE.
BIEEHE) ORETO b RIVDKH S, BEERFEDRED S 40nm ich
o TRH:E LTV BRFHERRENS,

Proximity effect at superconductor/metal interface. Tunneling spectra taken around an
interface between 1ML-Pb layer on Si (blue, normal metal) and a Pb thin film (yellow,
superconductor) indicate the penetration of superconductivity into the metal layer with a
decay length of 40 nm.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/hasegawa_group.html
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B LR g
Research Associate
HAZE, Masahiro

i
B RB) =
Professor HASEGAWA, Yukio

FI Course
TIERYETSE
App. Phys., Eng.

Scanning tunneling microscopy (STM) reveals not only atomic
structure of surfaces but also electronic states of sub-nanometer areas by
tunneling spectroscopy. With a function of spin-polarized (SP-) STM,
the microscope also provides local magnetic properties and surface spin
structures, and with inelastic tunneling spectroscopy (IETS), various
excitation energies can be extracted.

In Hasegawa-lab., by using STMs operated in ultralow temperature and
high magnetic field, peculiar local superconducting and topological states
that are found e.g. at surfaces, where inversion symmetry is broken,
and in the proximity with ferromagnetic and topological materials, have
been explored. We have also studied local magnetic properties of nano
magnets, peculiar spin-spiral structures, and energy dispersion of surface
magnons using SP-STM and SP-IETS. We have also explored unique
functionality of the probe microscopy; recent examples include the
investigation of local spin dynamics through the detection of magnetic
resonances using microwave-assisted SP-STM, spin current detection
using SP-scanning tunneling potentiometry, and efficient collection of
local density of states based on data-driven science.

BEVETFRWE CeColns TRAIE NcREANEHT. Co RFANESESILIE
(R, £LER) T, BEEEDFTSIMER (ETR) 2885 & ZUNIVKRD
d PEDHFETIRELNERREN S,

Surface-induced orbital ordered states observed on a heavy-fermion material CeColns.
In STM images taken on a Co-terminated surface in standard conditions, round-shaped
Co atoms are observed (center and upper- left images). In STM images taken in closer
distances (lower-right) we observed an ordered phase of dumbbell-shaped d-orbitals.
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FiZE T —< Research Subjects

ﬁﬁi%ﬂiéhf:%?llxﬁiﬁ%b@k %0 F O & R RIED
b

Activation and surface reaction of molecules on well-defined model
catalysts

Bl K% & B0 2 MR O & G
Properties and reactions of materials with hydrogen

2 T Ty DI D& IRAE & SSTED I
Electrorllic states and reactivity of edge surfaces of two-dimensional
materials

B THz OV RIS K B RMEIC BT BRI L 374 AF I 0 A
DL
Vibrational spectroscopy and dynamical processes of molecules on
surfaces using THz pulses

BiE EE B
Professor YOSHINOBU, Jun

HI Courses
EFR(CF WHEEMER
Adv. Mat., Frontier Sci.

B ST« TR BEICBHE L, Bl E R R
% R ThHa T e, FRRTORE BETRETH
%o FIH - FURIZYEBEOLZ T Tldind, TRVF—%
O E L THEETH S, 1A —)V TYIERE)Z il {#
L. HEREZ & DMEIRTINA A ZAIBLT 2 7=, i -
FUMIC B 2 2B EHRET 2 C L WARARTH S, Ll
B BEF - DFORAF 27 AMEIE, DT INA AT
T, T HICHIEREBRIERL FHIC BT 2{LZEISICDNT
EFENND 252 T NG, YW= T, £ - AHicH
FBEF - DFORAF I TR, BTV X GO
RLOME - Ptk - KOSz, IR, HE T, EE
> )V BERRER SO BRE) 4 BREFEE SUSEINIE L 2 BRAE L T
HLTW5, Fh, Yoo baryahitefniet sy
KRBT ZEHEE L TV D, i, THz 7V K % EH
TavAWEO Ty w7 MCEHRDHA TV S,

Near saturation

Clean Pd/Cu(111)

Low coverage
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BRFELET/VAME PA/CU(111) [CBIF BKEDREBEE RE)LA —N\—T A€ X

Dissociation and spillover processes of hydrogen on the single atom alloy Pd/Cu(111)
model catalyst surface

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yoshinobu_group.html

Solid surfaces play an important role as “low dimensional reaction
field”, on which we can provide atoms and molecules and manipulate
them deliberately. In addition, surface and interface are vital in the
energy conversion processes. In order to fabricate atomically-controlled
functional materials, we have to understand the dynamical behavior
of atoms and molecules on surfaces. The research of these subjects is
closely related to the basics of catalysis, semiconductor processes and
molecular electronics. In addition, we can simulate chemical reactions
on cosmic dust and clouds in atmosphere with laboratory experiments
in ultrahigh vacuum at low temperature. We have utilized surface
vibrational spectroscopy, photoelectron spectroscopy and local probe
methods in order to investigate structures, reactions and electronic
properties of atoms/molecules and thin films on surfaces. Synchrotron
radiation is also used to study the electronic states of surface and
interface, including operando X-ray photoelectron spectroscopy.
Recently, we have engaged in the study of THz-pulse driven surface
processes.

THz )NV ARSI RERIGEE HUKHRE & DHEHRE)

The apparatus for THz-pulse induced surface reactions (collaborated with
Matsunaga Lab.)
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]) "/ 70 ? — 61: % % Lippmaa Group

FiZE T —< Research Subjects

B VR L— Y —HERGEIC X B BEYis X U T a0
(@
Growth of thin oxide films and heterostructures by pulsed laser
deposition

B i) isE s X0 3V BYw MEEOEHK

Synthesis of nanostructures and nanocomposite thin films
B tilic 50 5% v V7 XA F I TR

Carrier dynamics in photocatalysts
B oA — < RAA

Autonomous synthesis of thin films

B HB AR
Research Associate
TANAKA, Tomoaki

g Vv ITv—
Professor LIPPMAA, Mikk

FI Course
HEEMER
Adv. Mat., Frontier Sci.

vy

F R ORI U IE 2 < DG RITE ST A — 2 Dfik
MRETH %, 7VAL—P—UHFEDE G, /85 A—&2%
& 6 Xel ETh B, TOI8T XA —RZE[ TRz HD
F3 7Ot AENET B =i, EEOEIIZIROREZ
it ©& % RHEED ZH W THRKEZBRT %, \»WD
MO R 2R L, FEEDR T8 A— a%hommm
R B ORI & Vo 7z, HINO RTINS i 7S
RS FRINICRING %, [FEROE< VT 1w 7
YT RT3 a YRR UTCEBL RS2 — 2 2
LU (FERD . #OTREIAED E S A—R 7S ARZY) VT 7%
175 2 LT, O & RGO MEBRBNME 5N 5,
FE L. MZEMS Y TEWBET 2D TES (A

g%~&4?§ﬁk%ﬁméc&? 28T A — R ZEIC
BT HEER R ESE 2 B U H IO S 72 kg 15 % 7=

HD AR ERHIEZTTS .

streaks

original

Bf/N\2—YThL—Zv &Nz UNet Z2—3)b 2y b=V &ERLTE
RHEED N2 —YHSDEHRA =2 LRy O, BEEE—L (FTOE
BOFRRE) IEEHT AR Y ~ EREENGEL,

Diffraction streak and spot extraction from a RHEED pattern with a UNet neural network
trained on diffraction images. The direct beam (red box in the original image) is not con-
fused with diffraction spots.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/lippmaa_group.html
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Thin film synthesis of new materials requires the optimization of many
synthesis control parameters, such as pressure, temperature, growth rate,
etc. For Pulsed Laser Deposition, the parameter space has 6 or more
dimensions. To accelerate the process of finding the optimal point in
this parameter space, we monitor the crystal growth by RHEED, which
detects thin film surface morphology and structure changes. Several
forms of machine learning are used to autonomously choose crystal
growth conditions that optimize for the desired diffraction features, such
as a crystal phase with a specific lattice parameter or the best surface
flatness.

Semantic segmentation of the diffraction images is used to extract
similar diffraction features (left figure), followed by periodicity analysis
and parameter clustering, which gives the phase composition of the film
and a quality factor for the surface structure. The phase information
can be used to build a phase stability map (right figure). Bayesian
optimization is used to obtain autonomous synthesis control to select the
best growth conditions and to rapidly obtain the desired crystal phase
in a multidimensional parameter space. This autonomous feedback
operation is more than an order of magnitude faster than traditional
manual parameter optimization.
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(Fe304) DEBFEEMEMET Y EV Y,

Automated thin film growth phase mapping of hematite (Fe,O3) and magnetite (Fe304)
on Al>O3 as a function of temperature and oxygen pressure.




E& FEﬁ m % % Kazuma Group

AR D TR RISTEZ @I B 513, fil
Kl TORIHEREZ 1 L)V CTHR U RS Z G % 2 &
NWHRETH D, T, K& FRIOHAEEMRE, RKIG%
fild 2 FEZRTTH D T ORI E R Al O —D
Tbb, Ul T EE b > VEAME 2 IV TE T
IS AL W o Te B RIS K % A SISO 77
T LAV B U OSSR EE R ORI 217> T E 72,
BUER KOV 7V 7 ik R TINC 351 % KOS D B & e Ss
OhithZ HiE L. KOG, B REz i L it 7
JVERHOFECIA . HorF LNVt &< 7 s LiH o
DRIEICHD A TWS, T/ A — VRS « 515
WgEE i L. W1 L)L & SRIBEERS . TR St
WRUN ek, AR FITEFIC K 2 KI M Z2@ad % C
ETCERMBGZ & O alfRIC B U, @gh=Rh D sl iz
[EZ ATRELS S % Ml i D ik - 5321159 %

FEMHR @B EST
Visiting Associate Professor KAZUMA, Emiko

Controlling chemical reactions on solid catalyst surfaces based on
understanding reaction mechanisms at a single molecule level is crucial
to achieving the high reactivity of solid catalysts in a sophisticated
manner. In particular, the interaction between the surface and molecule is
a principal factor governing the reaction, and controlling the interaction
is one of the important catalytic strategies. We have performed single-
molecule studies on surface reactions induced with various excitation
sources, including electrons, light, near-field light, and heat, using a
scanning tunneling microscope, and elucidated the elementary processes
and mechanisms of the reactions. To understand reactions on more
realistic catalyst surfaces and explore novel reactions, we take on the
challenge of not only developing catalyst model surfaces with highly
controlled morphological structures and electronic structures but also
combining the single-molecule-level analysis with macroscopic surface
analysis. In collaboration with Prof. Yoshinobu group, we will combine
single-molecule-level analysis with temperature-programmed desorption,
infrared reflection absorption spectroscopy, and low-energy electron
diffraction to understand surface reactions more comprehensively and
obtain strategies for developing catalyst surfaces with high efficiency
and selectivity.
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APEDHIE T H 2 2 BBEM AR, 2D WIHHEDFEIC DOV T, B L R ZF ML £ 5 &9 2 R
HBIED 52 ANASRETFZINMN L TRIEI NS, AWILEIT T, BEVZENEICET 2WITENIZEATO B EPEOMERIC
DIE LB S, BEVFOMERES AMEROEEIC K| ZINOHEER CHRORRICHGT 2T LZ2HNE LTV,

PIPEREZEAT U, 2019 4 4 HITRAIOMZEHIERILERM 17— 2SR RIPERI SR ) DR E N,

Social Cooperation Research Department (SCRD) is a joint research framework between the University of Tokyo and its corporate or other external
partners in order to collaborate in research projects that contribute to the public interest. Although SCRD is funded by external partners, its research
and education activities aiming for academic advancement and social development are conducted in such a way that secures the University’s
autonomy and independence. ISSP established its first SCRD unit, the Division of Data-Integrated Materials Science, in April 2019.

7 — 2 a MR TEDESERR

Division of Data-Integrated Materials Science

Gy BIEEE DRSO REZTEHZED TV S,
B2 OYVE AN DISH O P RENE S B AL E
NTHH, ZLOFLERRNMEETN TS, HFRICE,
CDEZTTN, FEERAOERICHZIEEE 2 5 X TD
AFLBEDHLVSWFEDNDH %, LR TIE, FBR & HE
T — ZRZNTIEIC K > THA L. E T HB O g
IZHEDWT, HH R RREZ RO R OYIE TR - BRRT
TS5 EZHNE LTWD, FERAREIR & BHFt
FEIR D Bl &2 LGSO RO B RIC K B MFUC L EE 5
I, WEZFARICHWS T Lic k> T, F2 - BUERTEZ
NENHMTRALABVERZZEF L EZHIELTY
%, THUCE ST, A bu= 7 XA, BIEEHME I
EORREED TS,

Recently, machine learning has attracted a lot of social attention. The
possibility of applying machine learning techniques to material science
research is also actively studied, and many promising and interesting
results have been reported. The expectation is that this idea, which
is called materials informatics, will be the key to accelerating the
industrial application of basic science. The division aims at developing
new methods for prediction of physical properties of innovative
materials, based on the understanding of electron correlation,
by integrating experiments and numerical calculations through
data-scientific approaches. While conventionally we have been
comparing experimental results with numerical ones, interpreting the
former by the latter, the new goal is to achieve something that cannot
be done by experiment or numerical calculation alone, by using both
of them simultaneously. In this way, we are efficiently searching for a
wide variety of new functional materials, such as spintronic materials
and superconductors.
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HiZE T —< Research Subjects

H I DPEE 2 R DY P ST O F A DRFE
Developing inverse design methods to create materials and conditions
with specific desired properties

KEDIST AR 72 Ve dis 7 — 2 [E1k
Fast data assimilation with large number of parameters

B YtEwic 350 2 Bt RS

Numerical Studies in Condensed Matter Physics

FEERR & =i

Project Associate Professor INUI, Koji

TR - WG TEDOBFICH D ATV S, —ik
MR RRIEAC X BB Tl FRE OB S&ITH L
TOBDINT AR BIEZIENEY I alb—y g U RETL,
ES N0 72/8T A ZITENTIE LWIREEN TR T 2 D 72 4
I D, LHALEDND, THIVoEFETIE, HNC AN
AT REND B 120, Bl E-LREZ ADO0 %
T A HE U0 AWFIEEE T GHIRNT - G 2 W2 7 Ta—
FICEH T, HICIFELWEEZRD, TNHEET 5 HR%K
D3 FLEOBFEIT>TWV5B, FHC, BEE Ttk {flibh
TV HBIMDIC K % KED/8T A ZOHEZE VI8
N2 ANTWVB, T WV Joififiehy « WigkstzHWa C &l
Ko T, TNETABMDEER RGN ST XS BH LVIE
RANZALOFRZE B L T EED T3,

Conventional (\‘/

el Jﬁii -

Inverse ppysical properties
« /L(g)

R® S

NS SO
Pesct

ol

Hamiltonian

AC)

Aufomatic'differentiation

BHETHMEDSTNERIRY B ETILZEET 2HREICE S 5FEDE
2, BROMEZRIEY L ZH5ELT B LD ETIVFHOEHOZBH
WRERVWTHEBILLES,

Schematic illustration of the method to solve the inverse problem of constructing a model
that achieves the desired physical properties. The parameters 0 in the model are optimized
using automatic differentiation so as to optimize the function L that represents the desired
physical property.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/inui_group.html

In our laboratory, we are pioneering the development of inverse analysis
and design methods for computational materials research. Traditional
approaches typically involve simulations with a limited set of parameters
for specific substances or conditions, focusing on identifying parameter
regions that achieve desired states. However, this method often falls
short in discovering novel substances and states due to its reliance on
predefined conditions. To overcome these limitations, we employ inverse
design techniques. These begin by defining the desired properties and
then identifying systems that can realize these properties. A key aspect
of our research is the use of automatic differentiation, a powerful tool
frequently utilized in machine learning, which allows for the control
of a large number of parameters. By integrating inverse analysis and
design, we aim to uncover new substances and mechanisms previously
unexplored. This innovative approach holds the potential to revolutionize
the field by enabling the discovery of groundbreaking materials and
processes.

Prepare a Hamiltonian ' (8)
with parameters 6

|

Calculate an objective function L(8)
representing desired physical properties

4

Calculate the derivatives 0L(8)/00
by using automatic differentiation

\4

Update to minimize L(8)
by using 0L(8)/08

|

Obtain the Hamiltonian % (8opt)
satisfying the desired physical properties

Repeat until
convergence

BEMOZRV R 7V I ALn7a—Fv— b,

Flowchart of the inverse design algorithm by using automatic differentiation.
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PEREMITERTZE 7L — TN&, ERBIGY, L2ARIG,. BRE)
ENFERFYEL T/ TNRA RFCBWTHEET 5285k
I Z A RIS DWW TN RS2 5 G IT5e 2D % T
LT, ZTORNIZAH ERMOREZ R E A L, JEHIC
HI BT LZHNET %, B4, s oMY TEs!
R, EEAREE IR #RRE DR D e, -/ A —)b
DT+ 7IEE TR E DFBREDRERANCHEA U, [RIRFIC,
R 7= ZRPAC K A BRI, D EDEHY T Iy
T ZYVZT Y YT EIRTERE 1 O HERE L
TWa, TNEE[FNEIIEREIC B U 7ZYPErFea o
WIREERG N a7 A N—=Lix b BB DT AN
KOFFNCE LDDIHEE LTBIT %,

The Functional Materials Group (FMQG) is a trans-divisional and
interdisciplinary research group aimed at unraveling the underlying
principles and unknown functionalities of diverse non-equilibrium
many-body phenomena. These phenomena manifest in biological
processes, chemical reactions, driven quantum materials, and
nanodevices. The group conducts comprehensive research to
contribute to the understanding and practical application of these
phenomena. In recent years, there have been significant advancements
in experimental techniques such as optogenetics, intracellular
measurements, time-resolved measurements of non-equilibrium
excited states, and spectroscopic measurements at the nanoscale. At
the same time, there have been notable developments in computational
and data science, as well as in non-equilibrium statistical mechanics.
Several ISSP researchers join the FMG as core members, while other
members participate as concurrent members. Moreover, as a joint-use/
research center, the FMG actively invites external researchers to
collaborate on new subjects, serving as an open platform for such
collaborations.

JIV—TEFE HEE—
Leader INOUE, Keiichi
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HiZE T —< Research Subjects

RS A A TRV AR L — 5 — L andI P T
DYt
Gain-switched short-pulse semiconductor lasers and ultrafast non-
equilibrium non-linear optical physics

UKL —H—F NS Z s BV a—)b » AT LOF LIS
il

Development and applications of semiconductor-laser devices,
modules, and systems

T O el AR B 0D i 0 8 o )L A — 2 B & R T R
S
High-efficiency energy conversion and detailed-balance-limit physics in
advanced space solar cells

FOCRHUERAE, R2OVEYFOE, n kT vy - IV
Luminescence measurement standards, firefly bioluminescence,
rhodopsin Raman spectroscopy

-

B W HRE
Research Associate
KOBAYASHI, Masataka

iR b =X
Professor AKIYAMA, Hidefumi

FI Course
B REF

PR R/ BIEO YT, RER L — Y = KRG E
DT INA AP, R 2VEYIFRN IR 82, L—Y =7 - B
oY« P EEHRIER G AR SRR - TN 2 LT
WigEL T %,

PR L — IR LT, Mg RO R 2 BN 72 0o
A MR ERRRE 2 A L, T o L SRR OV AFEAERR
W8 N9 B ETE. TR H O S A R E it D R I S 72 7 X
R RS 2 Y I B 9 B . iR S A e T
FE38 D &)1 ERN A AR Tk IE LR 2R,
WAL — =, AEEKE. BRI EOMS R ERIAD
HEMN 5172 TV %,

TCE R & LT, Mtz s E MR T 5800,
SHEZE R 2 Hdf. T/ KRG OZE I 2GS S £
i BRSO BRI ORI ZFFE L TV D, N5 DF
iz IS U R 2OV ekl Aailsd e . A ks
HEROHEMELRM S EHFITHIZE L TV 5,

HD-2700 200kV x100k TE

100 EHA T BB FMIRHFEEL — T — (ab) LRZIVIVY T 15 —E (o) DIEE

Nano-structures of 100 T-shaped quantum-wire semiconductor laser (a,b) and firefly
luciferase protein (c).

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/akiyama_group.html

Advanced laser spectroscopy on the basis of lasers and microscopy
is developed and applied to semiconductor quantum wires and other
nano-structures, in order to understand and control their optical
properties quantum mechanically.

Pico- and femto-second pulse generation directly from gain-switched
semiconductor lasers is studied intensively to understand the pulse
dynamics and the shortest-pulse limit. High-quality III-V-semiconductor
space solar cells and their internal loss rates and mechanisms are
also studied. We make the world thinnest and cleanest quantum-wire
semiconductor lasers that have superior laser performances such as
low threshold currents. Experimental findings and problems provide
us fruitful physics subjects related to 1D physics, many-body physics,
lasers, solar cells, crystal growth, material science, and semiconductor
device physics and engineering.

We are developing experimental techniques such as sensitive
luminescence detection, absolute luminescence-yield measurements,
transmission/absorption measurements of single nano-structures, micro-
spectroscopy, imaging, and solid-immersion microscopy. Some of these
techniques have been applied to study of bioluminescence of fireflies,
jelly fish, and sea fireflies as well as luminol chemiluminescence.
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Direct fs pulse generation from a gain-switched semiconductor laser.
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;:l: J: m % % Inoue Group

FiZE T —< Research Subjects

B2 v Sy ER R 7Y v D5 THREA 71 = X Lot
REMRNT IS K O eiigt
Functional and spectroscopic studies on the mechanism of molecular
function of photoreceptive membrane proteins, rhodopsins

Febi o YCEHAE DR F AN DIEH]
Application of advanced spectroscopy for biomolecular study
7Ly T — 2 LIS LT BRI R 2\ B
Exploration of novel photoreceptive proteins using genome big data
A7 & IR E B L 72 T 72 R AR ) OB REVE 1 D
fEIl &z b & D < BBIEREIE ) T FITE

Elucidation of functional determinant factors of biomolecules and the
develo&)ment of novel functional molecules using machine learning
methods and experimental automation

B#E xH =

Research Associate
NAGATA, Takashi

BEBE M EE

Project Research Associate
KATO, Yoshitaka

HHE HE £=—

Associate Professor INOUE, Keiichi

HI Courses
EFR(CF WHEEMER
Adv. Mat., Frontier Sci.

Z < OEWIRE 2, BHOLEMEH DD O T %)V
F—e, NAROBREIZL 2 T 5 IcdDOIEHRIEE L TH
9%, ZLTTOLEITHLNEEREEIZRIZTON, Lk
BNZRZVINIVETD %,

AWRE TR, N5 ZRITIEZA R >3 HDOREREFHD
AN ZALZ—ICIALMNCTZ T EzHE L, L—H—
IR ) 70 i 70 SR BROIR B 73 e I E 2@ UC, MR
THBIRZ VN A7 O E ISR Z N 2 W
ZiToTW0%, EDICEREM IR, AL AFE el
HEDESHT LT, FF - 0LV SHild - kR L~L
B X SZEENTHEZHEL TS, TLT, ThE0
M7z S L, YRR EDICHZ B E UTReNE 0k
DFORFEC LI MBI T. IEFEDORIEE T/ LN
MOFREMNET2HTT /Ly FTF—=R7&d IC, #Harzlt
EWPPENBISR & T U BID % 77T REOTRRWIT OB 515
&5 IS FERAILEDHTEZIT> TV 5,

. - Cation  Anion Inward
Hepump Na'pump GI'PUMP ghanngl  channol H* pump

oli=l=lclelo |
] oy o 28 2
T T

Tl
VLS o6 e

R 20 RO B 20 L &

SRR OMENO Ty (L) Loy N\ vERR (EF).
2N BREBITAEERRT -V XT—Y3> (A).

Microbial rhodopsins with a variety of functions (top left) and the purified protein sam-
ples (bottom left). Automated experimental workstation for protein functional analysis

(right).

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/inoue_group.html
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Most living organisms use sun light as energy source for their biological
activity and information source to recognize environmental change. In
this photobiological events, a wide variety of photoreceptive proteins
play the central role.

Our research aims unified understanding of the mechanism of
biomolecular functions of various photoreceptive membrane proteins
called “rhodopsins”. The chemical elementary process of these supra
complex photoreceptive proteins is studied by time-resolved laser
spectroscopy and vibrational spectroscopy, and we are promoting
further research by combining biochemical and electrophysiological
techniques to achieve multi-layer understanding from atomic and
molecular to cellar and individual levels. Furthermore, whereas we
are developing novel artificial biomolecules for the application to
optogenetics and so on, based on the fundamental insights, exploration
studies of new photobiological phenomena and related molecular groups,
and developments of machine learning technology and experiment
automation methods are being conducted with genome big data
accompanying the development of genome analysis technology in recent
years.

Intensity (arb. Units)

e

1200
Raman shift ()

Light Light
all-trans retinal g \ J‘SL
I I

# Light
(180-700 fs)

-
13-cis retinal

WMEAFRICLZ0 N TV OBESRBERS I 9 (L) $LUn Ty
VRFRICHBITELFF—IVOREMER (£F), RILEMRICKERES L
FrXIVA R TV VONRER BT,

Time-resolved resonance Raman spectroscopy of rhodopsin using the original optical
system (top) and photo-isomerization process of retinal in rhodopsin (bottom left). Photo
currents of ChR expressed in mammalian cells (bottom right).




It WF 7% =8

Oka Group

HiZE T —< Research Subjects

Barpaorayy - 2ov=yy vy
Floquet engineering of quantum materials
B 2RO IETHRRIE

Nonequilibrium states in quantum many-body systems

HRBIG, THHPIIEANDLE O MR OIS H]
Application of field theory to biology and information physics

FHEBIE

Fvo8)— RTT74
Project Research Associate
CHUDHARY, Swati

B BE HH
Research Associate
NUMASAWA, Tokiro

B M e
Professor OKA, Takashi

FI Course
B REF
[Phys., Sci.|

ETYEOIEFHIREEICES RO B REEFR RT3 &
EBlT, ZOMfRZ S LITYIEZ LTI UBEEFR L &
2 T RIS T B, hTE T YT « TV
VR EZINZH LOEER AR EE A ZEDTED .,
JEF B BI SR S RIS VIR S THRES % T & AVATREIC /2 D
DOH B, EHICHIH. Za—F)NVxy hT—=7bWwoicd
SR AEmBI%. HEINCIEFERBHSMRIH SN TE T
MNLEAYEL E O TEBMINTEIMAZSEICLDD,
SO HERPDBUEF B x & ORI TEAE R % 2 & TH
BETHR. PROYE, AR EOEREZE Y
HOIPEHER O 2B T h> T e did, LERIE
v T =7 REYIRICE T 2R E L. AGHIN R EENE
Y OIS ORI & Bk 2R > T3,

Floquet engineering of band topology in ultrafast

Floquet p ® £
Q<
(
ﬁA(t Control of magnetlzatlon
.A -spin current, topological order
‘ # Tnverse Faradaye fect
* Floguet Kubo and TKNN formulae fK I*’*\* Renormalized exchange coupling
= Floguet Keldysh greens function ¢ g1 S 4 Tnduced scalar chirality

¥ effective interactions Floquet-Schrieffer-Wolff transf.

Laser-assisted hopping
Floquet topological states

hyJ J, » i i
Correlated electrons driven by electric fields Megpeto-electrinoupling
. oo .
Nonlinear 'J““‘W“ Schwinger limit Switching (optical memory & Mott RRAM) New states, new functions
A | | R con Carrier generation Higher h: i i
i (hot pls s igher harmonics generation
=] ! /w [rvalatche ¢ mp.:m ) Breakdown and field induced states Freg:uency convers%on, heterodyne
g y || eg by H Heating and thermalization Usage of metamaterial
\ o, Floguet many-body methods (e.g. DMFT) -and near field techniques
avfanchd ||| Motins, Quantum field theory .
Schwinger | (nonlinear) bsorpti Euler effective L.
it ey (=Loschmidt echo)
ultrafust, o

spintronics

EFMEOTAY YT - TVIZT IV IDLENY, NV R hROY— ZEY
HE. MEETFREEOEFEPHREBICEDIC T/NA RORRICDHEHN ST
Wa,

Floquet engineering in quantum materials. T. Oka, S. Kitamura, Annu. Rev. Condens.
Matter Phys. 10, 387-408 (2019).

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/oka_group.html

Our primary research focus around studying quantum materials driven
far from equilibrium by external fields. Our objective is to discover new
fundamental laws of physics that govern these exotic states and explore
methods to control their collective dynamics. To achieve this, we employ
innovative theoretical frameworks like Floquet engineering, which
allows us to comprehend nonequilibrium physics at a similar depth
as equilibrium systems. Additionally, we draw valuable insights from
other research fields such as turbulence, neural networks, and nonlinear
semiconductor optics, and apply them to investigate new exotic quantum
materials. Our target materials encompass a wide range, including
topological systems and strongly correlated systems. We will also
investigate novel nonlinear response phenomena, such as the heterodyne
Hall effect, wherein the quantum Hall effect is induced by oscillating
magnetic fields. Furthermore, we have a keen interest in exploring
problems beyond traditional condensed matter physics, such as chemical
reaction networks in biological systems and information theory.

(b) Hypergraph of the reaction

Lo=l=03
@ 4

CHHC oy @

(a) Optogenetic control of two GPCRs
light 1  light 2

’ i
GPCR 1 s ' mel GPCR2 _“ e ®F
Gi coupled receptor © A;\AP] [cAMP] Gs coupled receptor @ =le|* @ @
[cAMP]
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Application of Floquet engineering to optogenetics and control of cell signalling.
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1: 2 ﬁ m % % Sugino Group

FiZE T —< Research Subjects
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Understanding electron transfer reactions in materials using a non-
equilibrium statistical mechanics approach

Yok « X 2 A v OmIRE

Quantum states of hydrogen and muon in a material

B & A O 8 — A

Electron-phonon couplings from first principles

B B A0 —F R

First-principles simulation of superconductors

BiR H &
Professor SUGINO, Osamu

FI Course
BRI
[Phys., Sci.|

BREAFUIHEBIL TR ARSI KD TRV F—
ZAEtE e | JETERERRR OFLA T Z % T2 DM 2175
TV, ZhlE, 78 b P ERKERAECBWTETS
KU T+ /2 U 5 #EE) T 3 )L F—7Z2 5> TEMIC
W53 % Volmer afe 7z, IEFH 7D — »BAEGEDOPHA T
Bofzo AFHEIE, SEATWIRZIR L T T 0 b OS2 b
SEOICERLIZEDICIR > TW5, NERMTEEEN i
LEZONTELEN, EMTOEFEANEETZ LT
HLC BT EEEDFAMICEETH S T eV o Tz, BRE
MW TR 2 T 3 )V F—Z a2 8 B2 R % K
RThs, HF. HHEAEHEICHEDWTHHIERICK D B3
W U T 7 D 295 217> T b,
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BEAARAA COBFBIHRIEDFEFEL A+ IV X, BFIREIBE & Bk
ICEFRE (BFEEFENR) NEETHBHILEZTRLTVS,

Non-equilibrium dynamics of electron transfer reactions at the electrode-aqueous solution
interface. It suggests that electron excitation (electron friction effect) is as important as
vibrational excitations.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/sugino_group.html
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This study explores energy conversion processes driven by chemical
reactions involving electrons and ions within the framework of
non-equilibrium kinetics. Specifically, the Volmer process, where
protons lose kinetic energy and adsorb onto the surface while exciting
electrons and phonons at the electrode-solution interface, was examined
using the non-equilibrium Green's function method. This calculation
extends previous research by explicitly considering proton motion.
Traditionally, lattice friction has been considered dominant, but our
findings reveal that electron friction, caused by the excitation of
electron-hole pairs at the electrode, is equally significant. These results
suggest the need to reconsider energy conversion processes occurring
in fuel cells. Currently, research is being conducted using models that
more faithfully reflect real systems based on first-principles calculations.
This approach aims to provide a more accurate understanding of the
mechanisms involved in energy conversion processes, potentially
leading to more efficient fuel cell designs and other applications in the
field of energy technology.

F=TENRIIWNIAZTEOKDYZaL—Y a3y, B—REHELEHTS
DR HFEDEICKY REEEY 2 L—Y 3 VHAEREICE o Te,
Simulation of liquid water interfaced with a doped zirconia surface. The first-principles

calculation was extended to long-term simulation owing to the machine learning tech-
nique.
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FiZE T —< Research Subjects

Y PSS = o — 1 > N OB DO HO B ETHBIE
Fluorescence observation of axonal transport in iPS cell derived neuron
FIAT VIR BE— 2= BT EF R Y DIEH
Force measurement of motor protein kinesin by using a nano-sized
spring
RS T2 22 T o 7 o T i 2 2% 0D el 5 A AT - 181k 1Y
invivo f A= 7 -
Extreme value analysis applied to axonal transport by motor proteins
LA R ZR AN § B > ) 7 AT R OB E TV
HER

Theoretical modeling of synapse formation related to axonal transport

IR M AxRTF
Professor HAYASHI, Kumiko

HI Course
HIRBAEMIE TS
Complex. Sci. and Eng., Frontier Sci.

Wk, BHRE, AY Y =g Xk & OEARYER 72 it
G LRtz e < Ak, Ficiifldz s L L
PPt S TN ISR D A J1 = X L 72 PR S 2 Te HICHET
BB, EETVD, DEONEDNSZXNVF—THEANDOW
TRV F—IHED D 2 MM IR P IEREICH D |
weat BRI RE S B 728, VTR HE L v g &
BA %,

AT TR ET S 2 N — AN BRI T U
Ty J1 e HE - T3VF =75 Yz R EHId 54
iz ¥ S %, BMETR & D/N— FEB 720 Tlx < IETATHTE
RINA, BOARNHRI AR EZ2BME L 7Y 7 P EIOSE 21T
9o MERZICICHIINRGOMGE T V2L, MITEN
PGz e UTERMNICHIRY 2, MffEEx £ 0o
BIRICEOL T, IRAANDOEBZ HiE 9.

Fluorescence |abel

RN OMERE, E—2—2Y\VE (BTEX  F2x 2, BITHE
HAZY) ILED TV T TADMBDEEE NS,

Material transport in the axon of a neuron (anterograde transport: kinesin, retrograde
transport: dynein). Synaptic cargos are transported by motor proteins.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/hayashi_group.html

Precise physical measurements are important for cells to understand
molecular mechanisms occurred in cells to maintain life activities as well
as for solid state materials. However, in vivo measurements are difficult
because intracellular environments are complex non-equilibrium states
and crowded with various proteins and organelles, in which theories
of equilibrium statistical physics are often violated. Because physical
measurements are often based on theorems of equilibrium statistical
physics, the violation of the theorems is serious problem.

In our lab, we develop techniques to precisely measure physical
quantities such as force, velocity and energy for proteins and organelle
inside cells, based on fluorescence microscopy. We think development
of analytical methods (software) using non-equilibrium statistical
physics, information science and mathematics is significant as well as
development of microscopes (hardware). We also aim to understand
cellular phenomena quantitatively by constructing theoretical models
using the measured physical quantities. We hope such theories can
contribute to the understanding of neurological disorders particularly.

EMPSERZ2—OVOENAA—I VT

Fluorescence imaging of human iPSC-derived neurons
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,J\ﬁjﬁiﬁm%g Obuse Group

PERR IS A RIS N AL S 2 0 RRPES - K1 & 77 U 2 S
T BZRREYPBIRIC OV TOMERNRZITE 5, TNEIE,
RIS R &0 > TEANHIPEDFE L TR R E NS
e, AHHBRICEBT 2 RME « IERERE- PSR O
BV THERKREZRIZT, &6l E4, HBCGRICET
ZARRES bR a D )VHIC B 5 DFZE DN TREE RIS B J L 7z
ik, INLOMHRBIYHEEREORERICENT, &
FTEITHEHZEL TS, TOTehb, BMRICHED
HHPIHEBISR O TS - (IIC B AT %,

o, HERIRICRE ST, BENIAIRED TPREN
YPBIGOIGEFBCE N2 ANT VS, FiC BTV 4+ —
&0 BRI R R TR IR 2 1T S RO FLREFHERDFE R %
WUT, HHiEEMEDRIFERILZHEL TV S,
CTDXS I, RN SR IV—T & ORI E T,
Z AN U T2 O 77 AT REME 2B R L T 2,

E}E b}lt % % Zhang Group

REEHE

INERE F5ER
Visiting Associate Professor OBUSE, Hideaki

We are focused on theoretical research concerning diverse physical
phenomena that exhibit symmetry and topological phases inherently
present in physical systems. Since these properties are preserved even
in the presence of impurities or defects, they take an important role
in understanding localization-delocalization transitions and critical
phenomena in disordered systems. Furthermore, recent significant
advancements in the study of symmetry and topological phases in open
quantum systems have highlighted the importance of these properties
in various fields of physics. Thus, we aim to predict and clarify novel
physical phenomena unique to open systems.

In addition, our work is not limited to theoretical research; we are also
interested in experimental verification of physical phenomena anticipated
based on the knowledge of our theoretical works. Specifically, we
aim to bridge theory and experimentation through proposals for
experimental verification using systems that implement discrete-time
quantum dynamics known as quantum walks. In this way, we explore
new possibilities in physics from foundational theories to collaborative
research with experimental groups.

&, e, PR Y— BTYENR AT S YENCD
W — JFREER RS MR IEERR 2 FI O TSR L T B, Th
£ T, 4 230 OZEMBHT T B 5220 MFRIE TR EE 36 72 R
L. NV R M RaY—DRRINGEDEZB TRV, MAV—
Ty FEFRIC X B HAHIO bR Y VB FYE T — R RN—
AT RER L, JERMAELD 24% Wb Ray v Tchsb T bx
ST LTz, 51, MR IV T 4/ v O Z R
I, BEYEZ TN L, BERAAIIV T+ /) VBXIT
T 7k ) NS T TE D, ISSPIcHW TR, [
BOTN—TLlElIciNeDT—EBEIHICHESY., K
W T+ VR AF I IVABXC RO AN T+
G OMIICH D fHA T E T2,
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NEAEEHKER & BHHE

Visiting Professor ZHANG, Tian-Tian

My research explores the intersection of symmetry, topology, and
quantum materials through first-principles calculations and single-
particle theory. Key contributions include:

. Complete symmetry-based indicator theory for all 230 space
groups, enabling systematic classification of band topologies.

. Built the first topological electronic materials database via
high-throughput calculations, revealing that 24% of nonmagnetic
materials are topological.

. Developed theory for topological phonons and predicted related
materials, e.g., double-Weyl (FeSi), quadruple-Weyl (BaPtGe),
and PT-protected nodal-line (MoB2) phonons, all experimentally
confirmed.

My current research focuses on chiral phonons and Floquet phonons,
where I have extended chiral phonon studies to 3D chiral crystals,
investigated connections between Weyl phonons and chiral phonons,
and collaborated to experimentally confirm truly chiral phonons in Te
and a-HgS. At ISSP, I look forward to advancing these topics with Prof.
Oka's group, particularly exploring non-equilibrium phonon dynamics
and topological phonon phenomena.
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Quantum Materials Group
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wm a7 IV —7

P2 E SN E T HILOE. HILVLBIR, #Hil
WHESOFRIC K > TRESHEB L TE 2, MMEWHZTT
IHFICHIE S N TV 2EMHEE TR, FOWHELEITH
B —Ji. RO T L—27 Z)b—13Z L D E. /B Ol
B> THRBENS, COEZREL LT, AFETIL—
TRETYENROE 55 M2 g L. i & HEo
BRaBIEE R L UC, REROIIZEE IO IR %8 X 72 4t
[f] « IR R HEME S B e DICHTRE Nz, M IL—T 13
200AT )= 12DFE T IV—THh5KD, B
Wk < EHE UMD, SRS TSRO LW R TR L
WESHEMEIRL O BT % HIG LR D T, HlZIE,
INV T SRR ORI R ERLL . 7 ORI IERE 2 B L
TAEY bO= 7 ABREDBHICILD ATV D, Th 5
DFEWITEE, HFiLw v Rad VxR FHOBnETTS
HERTF— LD Ha@E LT, Hin FiEOMIE L & &ICih
FICHED SN TV B,

Condensed matter physics has progressed significantly through the
discovery of new materials, new phenomena, and new concepts. A
prime example is the research on strongly correlated electron systems,
a traditional strength of the Institute for Solid State Physics (ISSP).
Breakthroughs often occur at the intersection of various research fields.
With this in mind, the Quantum Materials Group was established to
foster interdisciplinary studies that enhance collaboration between
experimental and theoretical groups, transcending traditional research
disciplines. The group comprises two core groups and twelve joint
groups, all of which vigorously pursue research to discover novel
quantum phases and functional materials in correlated electron/
spin systems. Their efforts include synthesizing new materials in
bulk and thin-film forms and characterizing them using cutting-edge
measurement systems. Additionally, device fabrication is undertaken
for spintronics applications. These experimental endeavors are
complemented by active discussions and close collaboration with
theoretical groups, which employ advanced theoretical approaches and
numerical methods to explore new topological phases.

TIV—TEFE Zis B
Leader MIWA, Shinji
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j:[F } I I m % % Oshikawa Group

HiZE T —< Research Subjects

D Mism oD ¥ 5 & RO
Anomaly in quantum field theory and classification of quantum phases
JERME R SUBL DR —HI B
Unified theory of nonlinear electrical conduction
B v FU—7 FOmE TIREE L ks
Electronic states and transport phenomena on networks
B 555 A VA ORGE L Bk

Design and study of exotic spin liquids

i
B 8 =
Research Associate
YAN, Han

B M| OER
Professor OSHIKAWA, Masaki

HI Course
B REF
Phys., Sci.

HTZRROIGR 2L E LT, JARIAR TR T % 5 &
7ERERZHER LTV %, IEDRROBE LT, HOB i
KBTI B mTEEZISHUTF v v 7L RAGEFHH ORI
TN LS T R L. RO BICH T xRhH 2
Lieb Uiz, iz, HERMWAHBERZEE 2 T, RO
R— B BRSNS 72 IR BRSNS 5 P EICE MDD HATY
%o BIZIZ. EREELRYE 1T-TaS, OEFREZIRT S
BFMEOR Y b T — IR L, B EMICE > T
KFPEICRFEE N A THH N Y FOBIZ /R LTz, EHIC, 7
A b L— MEMRIC B 2 Gk — VRN T 27 2k
RV HIVIHORBIE . T DOREBIIHKSIC DOV Tt Z2 D
T3, TNHOWMIEDZ IE, ERELFEIEE UTHEEL
TV,

[00K]

2 0 2
[h0O]

TV=I2 N4 07 a7 BFLOMEEDOEY THIVOYZaL— 3 ViC
LBREVIEBERF, TORBIERES —VERERRT 5,

Spin structure factor found in Monte Carlo Simulation of a magnet on a Breathing Pyro-
chlore lattice, which realizes a higher-rank gauge theory.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/oshikawa_group.html

We pursue universal concepts in physics, especially in quantum
many-body systems. As an example, based on anomaly in quantum field
theory, we introduced a new classification of gapless quantum critical
phases in the presence of symmetries. This opened up a new direction in
classification of quantum phases. On the other hand, taking advantage
of novel theoretical concepts, we also aim to give a unified picture on
experimental data and to make testable predictions for experiments.
For example, recently we introduced a “network model” of quantum
wires in order to describe electronic states in the charge-density-wave
material 1T-TaS, and demonstrated a realization of flat bands. Unlike
most of the known constructions of flat bands, in our novel mechanism,
the flatness is protected by symmetries and is robust. Furthermore,
we investigate possible realizations of higher-rank gauge theories and
fracton topological phases in frustrated magnets and their experimental
consequences. Much of our research is carried out in international
collaborations.

v 7= LOBFRE, WHEICTFONFENRICK Y. FENAY D
REGFHIRMREEE NS,

Electronic states on a network. An interference effect protected by symmetries guarantees
the robust appearance of flat bands.
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Jge o2
E:I: FLE  Nakatsuji Group

ik

HiZE T —< Research Subjects

N ARE DA UREPER D 2= i R
Room-temperature topological transport in magnetic materials

B 5B RIS B B B R L5 L WSRO B
Strange metal behavior and unconventional superconductivity in
strongly correlated materials

FRBEYAVEFIREORIEIC LS ALY bR=ZV X8I %
JVEF—=N—RZT ¢ VTR
Manipulation of topological states for spintronics and energy
harvesting applications

BEHE it M
Project Professor NAKATSUJI, Satoru

FI Course
B REF
[Phys., Sci.|

BE, WMERHEE, 2V b7 2V R Eh,
FROY =W EZIC K> THUEM - HEHINh, 24D
HLWYHHRORERICEDN > TS, TIN5 OYMEYHD
I, FBRE. Fiiam, = TEREETRIELTCER
BEEWKRELS D> TED ., BUFODE OMH & 28 2 T2 Hr
LWHIS TOWISENEEIC IR > TW5, FAEDIIIEE Tld,
ZOX oLz BB L 2 8 EZHSEO L,
TSR SR T O Y PERIE AT IS & o TEDERICH 5 PHlk
HlDfRHZ Hig L Tz 211> T\, TN TR, &
TUEOE S NZEEEZ ALY PO I AR RV F—
IN=ARAT 4 YIRS 21D0OMREETo>THED, FEHE

RS EFHZHED TS,
3.0 T T T T
PryLa,TiAly,
25 * :
Ta
A 2.0 89 .
- B EHEM
= 15 .
&
B o
LA i 7
- POt A4
0.5 - |
4 T/ FEREREY Lh% . o

0 0.2 0.4 0.6 0.8 1.0
PrixLaxTi2Alo DEEER, IEFERIBEEN BB TFHE (BAK) HRTHR
N3, [Nat. Commun. 16,2114 (2025)]

Low temperature phase diagram for Pri_xLayTi2Alzo. Unconventional superconductivity
appears in the ferro-quadrupole ordered phase (inset). [Nat. Commun. 16, 2114 (2025)]

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/nakatsuji_group.html
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The condensed matter physics is considered one of the most versatile
subfields of physics, embracing big ideas from particle physics,
cosmology, and quantum information. Recently, the concept of topology
has brought up a new era in condensed matter research that integrates
a diverse spectrum of fields and topics, bridging basic science with
technological innovations. Thus, it is critical to push beyond the
traditional disciplines to establish new conceptual framework and to
target at the significant problems. Our research activities focus on
designing and synthesizing new materials with emergent quantum
properties that have never been seen before, then exploring the
physics and functionalities of such properties with our world-leading
measurement facilities. Our goal is to lead the innovative quest for new
quantum materials that bear a far-reaching impact not only on basic
science but also on our everyday life in the future.
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Mn3Sn/MnN H/BRED 5 R — |VIBRROEIBEEF R, 5P RMRITHEEL
HBOAIETF LIEARDOY 7 SHREELTWNS (FAR). [Adv. Mater. 36
2400301 (2024)]

Field dependence of the anomalous Hall resistivity of the Mn3Sn/MnN bilayer. The hori-
zontal shift is induced after field cooling and its direction is determined by the sign of the
cooling field (inset). [Adv. Mater. 36 2400301 (2024)]




— ﬁ“ﬂ m :I:: Miwa Group

HiZE T —< Research Subjects

1 B Q< N = k= 4
Chiral molecular spintronics

BTWHEAEY b=y 2
Quantum material spintronics

B 7 = L PR OVAL— =S X SO A< T > Rt
Operando spectroscopy using pulse laser and synchrotron radiation

B AC kB ayCa—5 427
Brain-inspired computing using spintronics

HEE =@ B

Associate Professor MIWA, Shinjii

FI Course
HEEMER
Adv. Mat., Frontier Sci.

Rtz 7 / M7z O eI 2t si 211> T, B
RIS, PR T2 TR U T2 e B2 TS Rl = b 72 B
L. BRI 2 DL T N A X2 [V T2 1T
9o T/ OMFICBNT TR V] OEENEEICEH NS T
LICEH U, FiE - MET N DR Hi 25 (o
M) 2RO TR L. Mz L TERTRELN
WK T N1 ZYEDRIKZ HIEL T %,

BIEEDOFZV T 4 2R LIWRICENI LT3,
FIVUT 2 FPIE2T Tl AR B, KXHETE

HELTHONEZELWVHETH D, FrCEET TOFT5 Y
T(%Jﬂb\fc%lﬁ‘/bm%ﬁx'r/vrxo)m%%ﬁ&b“(b\éo
£, mTVETH S N RO AIVGEHEERD 77314 ZY)
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FIIWDFAEY FOZY R, IR T/ #EEDA b, 5L F EXTRE
¢, ¥ 7 VR A E IR M (Chirality-induced spin selectivity: CISS) 1€ & % Zfh
BAEVRIBORIEER.

Chiral molecular spintronics: a, An example of a unique nanostructure. b, Chiral molecule
and symmetry. ¢, Thermally driven spin polarization induced by chirality-induced spin
selectivity (CISS).

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/miwa_group.html

We are conducting experimental research on the physical properties of
unique nanostructures. Specifically, we utilize ultrahigh vacuum thin
film growth technology, a development from semiconductor engineering,
to study multilayer devices composed of interfaces between different
materials. Our focus is on the properties of “spin”, which become
pronounced at the nanoscale. Our goal is to uncover new physical
properties exhibited by novel material devices, to functionalize these
properties, and to understand the underlying physics for creating device
properties with significant effects at room temperature.

Recently, our research has concentrated on the chirality of materials.
Chirality is a property that finds relevance not only in physics but also
in chemistry, biology, and astronomy. We are especially progressing
in research on spintronic devices that exploit the chirality of organic
molecules. Additionally, we are investigating the device properties
of topological antiferromagnetic materials—quantum materials—and
developing "operando spectroscopy” techniques using femtosecond
pulse lasers and X-ray spectroscopy.
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2

BFMEIACY bOZY X 1a, bRAIAIVRIRBEMEAR Mn3Sn DR E Y RUKE
i, b AFRIEZFY KK VIR L ZBEBEDEFEREMREE.
¢, MREVDIVEGRBMARIC L B b > R VEERIEIR,

Quantum materials spintronics: a, Spin and crystal structure of the topological antiferro-
magnet Mn3Sn. b, Transmission electron microscope image of the multilayer structure of
Mn3Sn prepared by molecular beam epitaxy. ¢, Tunnel magnetoresistance of the topologi-
cal antiferromagnet.
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Park Group

7z BOMIRRIZAY Y ha =7 AMER T T34 ZDOHF
JUCTEN LTHR D WlET /WG BT 2 FTEY R O figl] 2
EDHTND, ALY hu=y A&, KIHEE ) O TN
ATV, AR Yy 7, IoT 2o ¥ —7% 8, £ D
TV IR ISR S B0 B, RA7e Bl TAE ViljiE b b
27 (spin-orbit torques: SOTs) | & MHE % FiffiZHF7E LT
%o TR VA LT 72 A AEY (magnetic random-
access memory: MRAM) THW SN B Edh DT )L F—
THEIC X BRI EZ ATREIC T %, TNE TIC, TRIEME / IF
WEPED “EIRZFIH LT, Bilca A bR 2 SRR L.
o 15 L I 0D JHE RO 8 S i 72 T RELC 9 % TTEL /S TANIC A K 2/ ffi
ZHT 5IEANE SOTs ZERBIL 7z, Z LT, ZOfEbizEL
Fa VT4 T ARHERFFRITSH L TV 5,

SOTs LIS &, MR T/NA XBFZBL T, AV b
0= 27 27341 ADOHREFREC-CRBEIE O EICH D fA TV
%o FhTzBIZHHERIC X B A E Y NIV 7 Db ORI E,
AEVENEZNR, AT Hall 7/ F8k#R. & L T HTHLE;
D EHED TS,

NEAREHEE NV Earvivy
Visiting Professor PARK, Byong-Guk

Our Laboratory focuses on developing spintronic materials and devices
and exploring the underlying physics of magnetic nanostructures.
Spintronics offers exciting opportunities for various device applications
including ultra-low power non-volatile memory, reconfigurable logic,
IoT sensors, and so on. In particular, we investigate spin-orbit torques
(SOTs), which enable ultrafast and energy-efficient magnetization
switching, providing an effective writing scheme for magnetic random-
access memory (MRAM). We have proposed new spin current source
materials based on ferromagnet/non-magnet bilayers that generate
unconventional SOTs with out-of-plane spin polarization, enabling field-
free SOT switching of perpendicular magnetization. Furthermore, we
have exploited this technology to implement spintronic security devices
and probabilistic computing.

Beyond SOTs, we further develop novel materials and devices to
enhance the spintronic device performance and functionality. Our
research includes orbital current-induced spin torques, electric
field control of the magnetization, spin thermoelectrics, spin Hall
nano-oscillators, and other emerging technologies.
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Materials Design and Characterization Laboratory (MDCL)
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B Jes P BT s A i

YRR AE R T ld. B OFEL (Design). WE O
A K (Synthesis), &K E N7z WEL 7% Fa & IS 37X % G
(Characterization) @ 3 fifEDW%E7%Z DSCH 1 7 )V ] &
LCHEBMICHEEES B2 Lick Dy, HiLoyt - Hhe
EOMEDRFEZ HIE L T %o AR IEPIERGHB LR,
REAHER) EWE AR - FHIES (DU, SRGEHIEE) 5 &
D, EEHRICIE KRG RN, GG I &R
AP E. XERHES, BTEMEE ERANE
2, OWEIEE, SHEAKRE. REMEED 8 RE=END
%o Rt TIE, WMENA——ara—2ZHREL
TETHOHAERAIC K> THEAREN S S X &5/
HG 2 I LD DHTE ORE 21170, ARG Tk &
FEELWEDOGH. Z DL D 73 A0 b 32 S 1A
Ziro L s, #HrL < Fh SNl - il -
FEIEE OB ERHIZ 1T > TV 3o ANtk D 4 [E LR F]
&, PR E S EERIC K D EH I N TV S,

The aim of MDCL is to promote materials science through the cycle
of three research phases, Design, Synthesis, and Characterization,
which we call the “DSC cycle”. The MDCL consists of two divisions;
Materials Design Division (MDD) and Materials Synthesis and
Characterization Division (MSCD). Supercomputer Center (SCC) of
ISSP belongs to MDD, while MSCD has eight sections for joint-use;
Materials Synthesis Section, Chemical Analysis Section, X-Ray
Diffraction Section, Electron Microscope Section, Electromagnetic
Measurements Section, Spectroscopy Section, High-Pressure
Synthesis Section, and High-Pressure Measurement Section. In MDD,
we explore novel mechanisms behind various cooperative phenomena
in condensed matter by making use of its supercomputer system, and
develop theoretical designs of new materials as well as materials with
new nanoscale structures. In MSCD, we synthesize various types of
new materials, develop single crystals, and characterize the structural,
electromagnetic, and optical properties of the materials by employing
various methods. Almost all the facilities of the MDCL are open
to domestic scientists through the User Programs conducted by the
Steering Committees of the MDCL.

M&RE MR FEh
Leader OKAMOTO, Yoshihiko
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Iﬂ ZIK m % % Okamoto Group

FiZE T —< Research Subjects

EE%E?L@% « TN 73 R AE 2 Ak g A PR SR D FT )
i 2
RZR
Exploration of new materials that exhibit novel quantum phenomena
and innovative electronic functions

Biar d BRI O
Exploration of novel d-electron systems

[ SVASY s Y/ RN R /AL EI TR R L (VA
Development of methods to find novel materials that exhibit
outstanding electronic properties

Bh# KEE EARER
Research Associate
OKUMA, Ryutaro

B ME kG
Professor OKAMOTO, Yoshihiko

FI Course
HEEMER
Adv. Mat., Frontier Sci.

BB ORI, YEOEZ RS 520 Yt
OiEfbic kE L EHIRT 2R A D, WA DR V—7
T, HrazE THSS SH R E FREE 2 R 3 hs S F A
OHMEOHRZHIET .. BESEZ ZTHE ST Z
IZ, HoWEICREBTEYEE NG E LT, BRE, .
TV —2 1 T E L ARERAE B2 T S A N L—
vay, bRaY—, AEVIERG Vo TR I —T —
RZRIEZ M5, BRL B TFEZ B G b B 12 YE R
EITH T LICKD TOHEEERT %, HlA, EFICHD
SFRPEZ A U B M A S 2 & DFTE R, JEio0
RRTTRGE E WA 2 H B ZR2 T LT Zbo T HZ R
THHUSEIA, SRR T R IVF—ZHME., chETIck
WEB T A OESE E DX S it A Z T .

75 @A CsWa0e |THIF BIE=ZEFD " DF " Aok

Regular-triangular “molecule” formation in a cubic material CsW>Oe.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/okamoto_group.html

The discovery of a new material has a potential to trigger the evolution
of condensed matter physics. We aim at discovering new materials
of crystalline solids that exhibit novel quantum phenomena and
innovative electronic functions. The main target is inorganic compounds
containing transition metal elements. We will explore novel materials
by using various synthetic methods with various keywords, such as
superconductivity, magnetism, energy conversion, electronic degrees
of freedom, volumetric functions, geometrical frustration, topological
properties, and spin-orbit coupling in mind. For example, by exploring
novel materials with a very high symmetry but a complex crystal
structure or those with an ultimate low-dimensional crystal structure,
we will find unconventional superconductors, high-performance energy
conversion materials, and unique magnetic materials that have an
unprecedented spin arrangement.
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TaaSiTes,

A thermoelectric material for low temperature applications: one-dimensional van der
Waals crystal TasSiTes.
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)E:é III% m % % Ozaki Group

FiZE T —< Research Subjects

BB RIER I 60 B ikl - EdE T E OB
Development of efficient and accurate methods for first-principles
electronic structure calculations

OpenMX DRHFE & 235
Development of the OpenMX software package

XA Y B IVEHEFEORE
Development of first-principles methods for X-ray spectroscopies
YRR - 2 DT O — B RIER [

First-principles calculations of surfaces and two-dimensional structures

Bk Rl &
Professor OZAKI, Taisuke

FI Course
EFRYES
Phys., Sci.

TG RO TR & VB R ORE IO, B —
FEFRIEHHOEBEMENB LTV 5, A IGHEEINEERR
ICHEDE, HEOIWHRZE KD REEICED IS I2DH L
FHETF - VT b7y r— OpenMX OFIFICHLD 1
ATWVB, INHATED @SWR TS Z G E LT, B/
FEEZRIGEICH D < A — & — N G BIERR 91k
IC K2 ENE, RyINEE B2 RO e 7 — U TS
bik7a & MR mEndat E T L2 U, & miIigT
X5V al—varEAREE Uz, EEIENRE 7O Mok
T 3OV F—DOFIRTFIE sty Z TBBE. Bibies
BT Vv )ik, REAHREBIBOBAIFICHL D A, B —
HEHOIS A2 EEZHIEL TS, EYEERD Y
TERSEDH MY 2 2 L— a VcBED A, RER T L —
T ORI ETT> T 5,

BT — ITEHE TR ONT SIERDT Z TR, RFERDIRZEREL
Wa,

Wannier functions of Si bulk calculated by the closest Wannier function method, almost
keeping the shape of atomic orbitals.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/ozaki_group.html
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With the development of supercomputers and the refinement of
materials science, the importance of first-principles electronic structure
calculations has been increasing. We are engaged in developing a
new computational method and software package, OpenMX, based on
density functional theory, to precisely handle systems close to reality.
Based on the versatile atomic-like basis function method, we have
developed various efficient computational methods, such as the order-N
divide-and-conquer method based on localized natural orbitals, the atom
decomposition method by modified recursive bisection, and the Fast
Fourier Transform parallelization method with minimal communication
volume, enabling simulations that can be directly compared to
experiments. Recently, we have been working on the development of
calculation methods for the absolute binding energy of core electrons, the
closest Wannier function method, machine learning potential methods,
and the development of exchange-correlation functionals, aiming for
further advances in first-principles calculations. We are also engaged
in first-principles simulations of material surfaces and two-dimensional
structures, conducting joint research with experimental groups.
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BEMBABFOHADOERE. ) /\Y FEBEDHEERIRS—BISHI LD
5. BEETIVOZHEENRDS5ND,

(a), (b) Bitriangular structure of Ge determined by DFT calculations. (c) Angle-resolved
photoemission spectrum (ARPES) of the bitriangular structure. (d) Unfolded band struc-
ture of the bitriangular structure which well reproduces the ARPES measurement.




} I I % m % % Kawashima Group

FiZE T —< Research Subjects

AT I22E T IV OFEIE-E OfFEIA

Statistical mechanical models

B 2 {hRE OB b fRE ORISR

Numerical methods for many-body physics
B i 50—

General theory of critical phenomena
BRI B % A RO

Computational complexity in condensed matter physics

B =i =2
Research Associate
TAKAHASHI, Jun

BE NS BiE
Professor KAWASHIMA, Naoki

FI Course
HEERYES
Phys., Sci.

Ralt. N LEIRE B 2SR TatE s & OWfT THam
ICEHBBICTEEMETZ > TV BN, BLOWET IL—TT
BB 2O RS EENZEEN T 7 2 5 L,
MUWFEZRT S EERRICH i ZED TWVD, ZD
JSH & UTL MR 122 O AR E 0O fi A o ssAH B i - R
B2 REBWIEE O EZ E2T>TWVWD, T THY
ENZBETFEYTHIVAERT VIV Ry T — 213KV
VRV URT—=REEEB U T T — 2R e &
FoTWa, &ICT VIV y MU — 7B EE0HIC R
BLTETWAD, L. TOFEO—MBINET— 2R
ADISHDABEMZ R L TWS, Bz, v —MFry
Ry FT—=2IC &> T, BABNTLZEHY >V TIVESD
5ZENEIBIT RSB IG5 T 2 BT TV 72 i
THT LI LTz, TOEKRET VX, *v MU — 7k
ZHBIREET 2 & TAICREND D, L2 A T O
FHOTREN < B O EHEL TV,

N

V) —DEAER, 3iBY ORREED SHPROKNMES BERAEZR/NNCT S
DERR, TOXIBRODGEFHRZZY ) —OKIHNTKEHNITHR YR LiE
BYsTET VI —nigEERELL T,

A basic transformation of a tree. From the three possibilities, choose the one that mini-
mizes the information flow carried by the central branch. By repeatedly applying this type
of branch reconnection to each part of the tree, the tree structure is optimized.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kawashima_group.htm]

Recently, the popularity of artificial intelligence, machine learning,
and quantum computing has drawn a lot of attention to computers
in society. Our research group is conducting research to clarify
the mathematical core of computational statistical mechanics and
developing new methods. As applications of these methods, we are
trying to solve vairous problems in statistical mechanics and strongly
correlated electron systems to compare with experimental research. The
quantum Monte Carlo method and tensor network method used there
also have connections with data science through Boltzmann machines
and data compression. In particular, the tensor network method has been
developing rapidly in recent years, and we are exploring the possibility
of applying this method to general data analysis. For example, we have
succeeded in constructing a generative model using a tree-type tensor
network that acquires a probability distribution function that realizes a
given multivariate sample set. This generative model is characterized by
its automatic optimization of the network structure, and we hope that it
will open up new possibilities for machine learning.

REFMIERE S&P500 ICEENBHMDEER/NZ -V DEBL SERSINY
-1, EECLITBDEINTL S, BLEELNY U —ETHIEITRT
WBFHDD B, (©2025 Kenji Harada)

A tree structure generated by learning the rise and fall patterns of stocks included in the

US stock index S&P 500. They are color-coded by industry category. We can see that
stocks in the same category are close to each other on the tree. (©2025 Kenji Harada)
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:I I: } I I 61: % % Kitagawa Group

HiZE T —< Research Subjects

FENBEED T Ty &7 55 &y B AN DR
Search for pressure-induced exotic superconductivity and novel
quantum magnetism

ATt Y5 IOt e T el e S OB FE
Development of advanced optical-sensing methods under pressure
using quantum sensors with solid-state systems

%ﬁ@‘%’é?%‘lﬁﬁﬂi%ﬂﬁé T B RAMM i e 2 E DB

Development of large-space ultrahigh-pressure device for realization of
multi-purpose electronic property measurements

Bh# EK KBS
Research Associate
SHIMIZU, Yusei

i

AHE L) AR
Associate Professor KITAGAWA, Kentaro
I Course

BYRMEBY
[Phys. Sci|

WA, KZEED® NI LAY O @IRBEEAN R I N
2L, SIEREIEBSEIRO Ty T2 7 ThB, TN
TR EINIYEOREIRRE R WISE T 5 72 8 DR
BRTA=RTH B, T TNETERET) FTER
W YIHEN L <. HE ORI TN TR, [Eik
PTCIE A Y VHLERES LB THB. Z2ERMEEDNT R
X OFWRBTHNAIOHESEZC ENH D, WA E TR
FUREED B TBIRER B A Y VIR TH B . T
FTTHELS 2 TNEEF - AT Bk, b, AEY
DOEHE, BT 2 EMNIEFICEE LTS, Y
SRS O B E E SRR EIE & BB SUE 2 VT
B TR D BT 2t T 2 721 Tiad Dtz T u—
T b LEERRE T2 V> v T & oSz v THesko
Y & i S e AR AT BE 2 0 L W R A
EERFFEL TV,

Nuclear Magnetic Precision
Resonance ~12 GPa Magnetometry
~20 GPa

<24 ton

Fix load
(Clamp)

41mm

Electrodes/fibers

<—>
dia. 29mm ‘
G

RERREOBSE T EmAER. (F) #BREKAREL/IL, RANG NMR
AEZAREIC LTc, () BBEMCAERI. — v 7IVEBtMeREEEDI 1
AT —RHFRBIEN® 2 GPa U LD BBLMERL LS RIE TIERE,

Newly developed measurement techniques under ultrahigh pressure. (Left) High-pressure
cell for NMR measurement, realizing practical NMR measurement and in-situ fluores-
cence measurement. (Right) High-pressure cell for precision magnetometry, capable of
sensing paramagnetic susceptibility even above 2 GPa.

S

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kitagawa_group.html
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Materials development under pressure has attracted a lot of attention,
as demonstrated by recent discoveries of hydride and Ni-based
high-temperature superconductors. Moreover, pressure is one of the
fundamental parameters for changing the ground state of a material,
leading to material characterization. However, magnetic properties under
pressure have been little investigated due to difficulties in the detection
methods inside pressure cells. Unconventional superconductivities in
the vicinities of magnetic quantum critical points, or quantum spin
liquids are examples of novel and exotic electronic states caused by
a combination of spin-orbit coupling, electronic correlations, multi-
body effects, and so on. To understand these states deeply, direct
observations for spin degrees of freedom, or for magnetism, are highly
desired. Our group aims to study strongly correlated electron systems
by use of state-of-the-art ultrahigh-pressure precision magnetometry
and nuclear magnetic resonance methods. Besides, we are developing
a new high-pressure device that enables us to observe conventional
and magnetic properties simultaneously by application of advanced
optical detection techniques, including quantum sensing with solid-state
systems.

NV. center

-

" SiC:Vsi
L 10 um
f Tele-mich@geope’ technique
1000ton press Q%
u

,  dforiqguantim sensing
w/ 3.5 Tesla

junder multi-extreme conditions

25 FEICEETORIVFEERIBRERE, BEKADHNEHHERR
TBINAT )y F7 2 E)VEl EHREBRABEFDRIBAEFRICK Y. &
. OEMb. B SeMEOEMERERAEZ THEICT .

The multi-purpose ultrahigh-pressure device, under construction this FY. Our hybrid-
anvil technique realizes the largest-ever sample space, and combination with advanced
measurement techniques such as optically-detected magnetic resonance enables us a
simultaneous characterization of many samples and many physical properties, transport,
magnetization, specific heat, and optical properties.




ﬁ I:l 61: % % Noguchi Group

FiZE T —< Research Subjects

B BRI OIS A F 25 R

Non-equilibrium dynamics of biomembrane
fla, NEEANY 7 )VOIEREE K

Shape transformation of cells and lipid vesicles
3 REp R NAE A8

Dynamics of complex fluids

A7 757 2—0EES

Self-organization of active matter

B ¥ %
Research Associate
NAKANO, Hiroyoshi

HEEER FO 1BE
Associate Professor NOGUCHI, Hiroshi

FI Course
B REF
[Phys., Sci.|

VT N &Z— BV R, SHERZERE L CRTTEL
TW3, BT, FARELHMI OSSR, EHERIk, 7277«
TRIRA—DEAF I ADIHC 17 ANTWD, ZTDIh
DY al—ya YV FEORE, AEET> T3,

B 2L, RIMER-CHEEEN 52 2/ MED & F X EAERE R
TOREZLZTNTWVS, TNET, HAUC K S RMmERD
ST Y a— MRS A wISIRANDEIER, [hEGFLE 2 8y
BOWA ., LEMIGIC X 2 EREORIEZ s &2 IH 5 M
LCTW3, FHCIEEH FTORAF 7 ZAZMFEL TV 5,

Fie. VU T4 T RE—ITHT BRI ZER SR —
ED TR XTATE Kz 5 e EdFEOF T A h—2
AFBRIHEDHRVIRARD X A F 27 Xz Z8a vz vz
THY 2 2 L—y g YR LTHIgEL T3,

o
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»
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(o]

protein concentration

0

B2 >\ EDRISILEURICHE SN 7 L OREOEEZEL, <UNE
Mz EHRRICHR Y R, FREOERIHEFES >/ EDRENEL.

Sequential snapshots of a shape-oscillation vesicle. Budding repeatedly occurs, accom-
panied by the traveling wave of bound proteins. Color indicates the concentration of the
curvature-inducing protein.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/noguchi_group.html

We study soft-matter physics and biophysics using theory and
simulations. Our main targets are the structure formation of
biomembrane and the dynamics of complex fluids and active matter
under various conditions. We develop coarse-grained membrane models,
hydrodynamics simulation methods, and the calculation method of
material properties.

We found the shape transitions and dynamic modes of red blood
cells and lipid vesicles in shear and capillary flows using mesoscale
hydrodynamic simulations: discocyte-to-parachute transition,
tank-treading, and swinging, etc. We also clarified the shape
transformation of membrane induced by curvature-inducing proteins
using coarse-grained membrane simulations: membrane tubulation by
banana-shaped proteins (BAR superfamily proteins, etc.), budding by
laterally isotropic proteins, and the coupling of membrane deformation,
chemical reaction, and protein diffusion in membrane (traveling wave
and Turing pattern). Membranes exhibit characteristic patterns and
fluctuations out of equilibrium. Moreover, we investigated phase
transitions of active matter and fluid dynamics of polymer solution and
cavitation in the Karman vortex and sound-wave propagation using
massively parallel simulations.
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BRI A EABE®RA DAV ViBld ERO K S I Y B CHEMEICEH
T2 BETZTF3E FrETr—avhRT Y. SEDBHIEREN TS,
ERIZEE. GRIEBEETRT.

Cavitation in Karman vortex behind cylinder arrays.
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E J:l: E:I: % ‘:glr. Hiroi Group

FiZE T —< Research Subjects

LV R T DOFER

Search for new quantum materials
A E L R OnE
Physics of the spin-orbit-coupled metal
RAE7 =4 AeaWc B 2 VBT & HrartiEh

Chemistry and physics of mixed-anion compounds

BiR BEH BZ
Professor HIROI, Zenji

FI Course
HEEMER
Adv. Mat., Frontier Sci.

B LSO R L ZOBOMFDRNIE, FEOFER
U PEAIC R Z 72 A 28T b2 5 2 % 72 indEic
RUTze TOPRUSEBILENRORH A ST, mHEE TR —
I I 2 /AL - JERIEDBER DML, WETE & AR E D Bk
ROMRE, A CVHuEM A Z IR T 22 BB, F
SRZE/N Y RRGIEICHEIN 9 2 IR IE% 78 EDIFEN & R E 7R
JEIND 2 BTV 5, FHiERRZE L TRAIOY B R %Z
U, Yo Loz e 5%ET
FIHBECED EEZABND,

ARRETIE, L ZEBERIEEYIORIE L YITEORIC
FHENBMBEICHE Lo, HitE Rz, s E
FROVERZOMAE 2L TV, FICRIITIE, &
W5d BFRVEBOBRA A V2B BRET =4 beWE
HLLICIFZEZ IR L T %,

10' Cd (Re,0s)Oq
e
10° L @-Cd,08,0; o S
/ [055 5] « ML 4
10" F o/ -
E 102l T
S l R ®
s
107 ¢ Re/Os
10* E = 7 T
Re5": 5d2] 1,
10° \a-Cd2R9207
0 100 200 300

T(K)

5d €8/ O 078t Cd20sy07 & 230 K TR ERFMEEH Y . U\
&Y 5 A2 =R\ BT E R L TR &£ 755, CdaRexO7 & 200 KLLTF
TEERENTMEE K> CBEY 5 A2 —8& bO41 ZIVEEFH*EERY .

Two 5d pyrochlore oxides. Cd20s207 exhibits a metal-insulator transition at 230 K to a
tetrahedral-cluster magnetic octupole order with losing time reversal symmetry, while an
itinerant electric toroidal quadrupole orders are realized below 200 K in CdaRe>07 with
spontaneous spatial inversion symmetry breaking. CdaRe>O7 is a spin—orbit-coupled
metal candidate.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/hiroi_group.html
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The discovery of high-temperature superconductivity and the subsequent
flow of research clearly show how the discovery of new materials has a
great impact on condensed matter physics. The ripples are not limited to
superconductivity research, but expanded greatly to the establishment
of the concept of itinerant-localization in strongly correlated electron
systems and interesting correlations between magnetism and
conductivity. Moreover, various phenomena originating from spin-orbit
interaction and off-diagonal responses due to specific band structures
have been focused. It will be more important in the future to discover
unknown physical phenomena through the search for new materials and
to open up new directions in condensed matter physics.

In our laboratory, we are searching for new materials while paying
attention to the correlation between the structure and physical properties
of various transition metal compounds, and are enjoying the fantastic
materials science. In particular, recently, we have been focusing on
heavy 5d electron systems and mixed anion compounds containing
multiple anions.

Pleochromism
* in CazReO4Cl,
(Y

Ellc

Ella

N :
ReOs square pyramid

ZEHRERITREET =4 L&Y CasRe0sCly.

Mixed-anion compound Ca3zReOsCl showing pleochroism.
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FiZE T —< Research Subjects

B A5 E OB BT S YRR
Research of physical properties from the viewpoint of crystal structure
B 57 Y— LEHVERVF Ta—T - VF R — Ui
Multi-probe and multi-scale analysis using quantum beams
HIEREMEA KL D22 & PR

Science and exploration of new functional materials

Associate Professor YAMAURA, Jun-ichi

FI Course
HEEMER
Adv. Mat., Frontier Sci.

Iz B O E Tl BEREEM R OREIIEIT T 21775 >
TW5, WdtE &, st T & 7% 2 /5 ik 2
N—RICWEDOHEZEWEMCT 2B TH 5, HBERE
FTERL, BEPEOH TR EORL KB E—LEZAN
WG L. DD, IRINWE T A — )V T ORE 4 7 il 7z
BSMCT BRmFIVTFTa—"T « RIVF A7 — Uik 7217
W, BRERBIBBOA L 2R T 2 2 LICBDTWE, 15
FEGE BT ORGSR AR 7 & OB 5 A,
R, KBFEMR EDISHMEL X T2RIA < FHTTna,
FEREMRIAZ1 T <, K0 EWVEREEZS[EHT I ES TR
BERONEEZ DD, [E>THl> THRLUWIRGE] ZEY b—
ICHAZ DS 2D TV B,

SRIBBRAEB AR T I Cd205207 ST — 46 ‘CLUTF THIRT 2 all-in-all-out
EMENDIERBITHIFEDBLE LW EVES), BEtHE R THE X 75
SEEL TS hlcENT,

A highly symmetric and beautiful spin arrangement called all-in-all-out appears below
-46 °C in Cd20s,07, which undergoes a metal-insulator transition. Resonant X-ray mag-
netic scattering using synchrotron radiation revealed this spin arrangement.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yamaura_group.html

Our laboratory conducts research on the structural physics of functional
materials. Structural physics is a field that clarifies the properties of
materials based on the crystal structures, which are the starting point
for materials research. By utilizing not only laboratory systems but also
various quantum beams like synchrotron radiation and neutrons from
multiple perspectives, we work to understand the fundamentals of the
mechanism of functional expression through quantum multi-probe and
multi-scale analysis that reveals various aspects of materials on a wide
range of atomic scales. We focus on a broad range of topics, including
practical materials like dielectrics, semiconductors, and solar cells as
well as fundamental materials like new superconductors and magnetic
materials. Under the guiding principle of "research that is pleasant to
create and measure," we do our everyday research while considering
how to clarify functions and achieve improved performance.

O1/N1
‘? 02/N2
D> O

G(r) (A?)

-
1 1
3 5 6 7 8 polar structure

PiEFE AL 2 AR BRI (£) A58 EH LIc@FE A LaTiooN O
R4 (polar) ./ #83& (£ ). KEDEIEMBME (non-polar) &N S DEMZER LT
W3,

Two-body correlation distribution function analysis using neutrons (left). Polar nano-
region of high-k dielectric LaTiO,N (right). The arrows indicate the displacement from
the non-polar structure.
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iIZLT E 9: — .ZA Yoshimi Team

KHURGT R Tl VML AVE B LT % A—
NR—TAVEa—ZEXOBEMIIEHTES L5, 2015 HE
X0V T rT 7R @EETTY 27 b (PASUMS) Z[H
LTV, AF—LTlE, ATV 7 McERENS
075 Lo - @mEb L, A—T >V —AV T U
TEUTRIT S L &8I HEH IR EOERIGE 21T >
T3, o, @ElbENY 7 v o7 ZEH L, GH(E
LRz OIS —FEH R E A G DB T AR ORESE L
FORHTR, A Rt « €27 h)vaikz2iEH Uk ER
T — R RN RE IR ST XA — R OHEE I EICHD AT
%, Fle, BEALY T v 2 T I LRI Z. TEER
WHREHICER L, A= AT V7 ZiE LicRTE
TV AETE BN T — X OO, S % i
YIRS T2 SR LI B D fHA TV 5,

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yoshimi_team.html

]) h— m % % Lee Group

BEREE (P) &R —B
Project Researcher (PI) YOSHIMI, Kazuyoshi

From the 2015 fiscal year, the supercomputer center has started the
project for the advancement of software usability in materials science to
enhance the usability of the supercomputer system of ISSP. We develop
and enhance the usability of programs adopted in this project, release
them as open-source software, and support dissemination activities
such as supporting hands-on lectures. In addition to these activities,
using the developed software packages, we theoretically study research
subjects such as the derivation and analysis of experimental data and the
estimation of effective model parameters using Bayesian optimization
and Monte Carlo methods. We also focus on information processing
and have been trying to apply this technique to materials science such
as analyzing data obtained by the quantum Monte Carlo method by the
sparse modeling method and searching new materials using machine
learning methods.

FOMWETIE. B2 KR FHCWED R R 22U HED
PRI K CEUEIIAZEICSE R Y T TV 5, FMEEIET T4
MOSARREED PEPS IREI E DT V)% hT—2 7 )b 3
D XLZHMAE LTEL, TNSIFMMHERICET % EFIK
REDNRNE LB ZRMT 28D TH %, TNEDHIEICK
D, 74—IVF LTV MrEFIOYE2—T 0 VTITBY
TEERKNE RIS T A VSN FE R E DTS
VFy 7 Ix B RO AIREIC IR %o

ISSP Digest 2025

NEANFEHE

U— kar3av
Visiting Professor LEE, Hyun-Yong

My research focuses on the theoretical and numerical study of quantum
many-body systems, particularly topological phases of matter. I
specialize in tensor network algorithms, including Density Matrix
Renormalization Group and Projected Entangled Pair States, which
provide efficient representations of quantum states in strongly correlated
systems. These methods enable the exploration of exotic quantum
phases, such as anyonic excitations and topological order, which play a
crucial role in fault-tolerant quantum computing.



N

)\ 7 ;‘jl‘ D '/\O Z HI: %% Barraza-Lopez Group

MEPEIEE & LT, EERIIIEICHES S 5 I L& it
Tk 7 EHT 2 HRR L ORZFEEZINCHITEZED TV 5,
CNE TTIOTHEOYIEIREICE B U, fld & #hEOH
BRI B\ T EHEERERE R L TER, ThDDOWIZEK
HiE, BIC RTRFEER L WS i AN ORIEDNH B,
CDMFRICBNT, RfEREZ WV 2 8 BB O — R
SIESTA OB RZF i LTz, RIREERIZ, RfEREICE DS
—FHIFHE Y — )L OpenMX I— RO THRHRETH O . Wik
WHC 3T ld SIESTA T— RTINS R i 76 4 o i
JERHE TR I L 2RIC, & 5IC OpenMX O REAE A ]
LTW53, £z, YN T ok B s iiges &
DR —EFED S T L EMFEL TV,

Al
NEAZEHE NSY Oz HLAkR—L
Visiting Professor BARRAZA- LOPEZ, Salvador

I am a materials physicist who loves conversing with experimentalists
and with theoreticians who have analytical backgrounds. Most of my
work is concerned with the properties of two-dimensional materials,
and I was an early proponent of structural modifications of those
materials (those ideas eventually spanned a field of two-dimensional
ferroelectrics). In reaching those conclusions, I have made modifications
to the SIESTA density functional theory code, which relies on a
localized basis set. Professor Taisuke Ozaki is the lead developer of the
OpenMX code, a tool for first principles calculations based on another
type of localized basis. At Tokyo, I intend to finalize an implementation
of optical second harmonic generation into the SIESTA code, and to port
it into OpenMX. I also look forward to interacting with Professor Ozaki
and additional colleagues at the ISSP working on two-dimensional
materials.
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Y EGEHE (Materials Design Division)

L

Supercomputer Center

wifiErIE KHE #®17

Senior Technical Specialist
YATA, Hiroyuki

BEmE IS EXE
Chairperson
KAWASHIMA, Naoki

BEFE BB &R EMEFIME fEH  RE
Contact Person Technical Specialist

OZAKI, Taisuke FUKUDA, Takaki

BYFRE 2F & BifEREe AL H—
Contact Person Technical Specialist

SUGINO, Osamu MOTOYAMA, Yuichi

BYFRE FO &R PHEMHE A T
Contact Person Project Academic Specialist
NOGUCH], Hiroshi ARAKI, Shigeyuki

BEMZEE P) HR —BE BEREE Bl #EE

Project Researcher
AOYAMA, Tatsumi

Project Researcher (PI)
YOSHIMI, Kazuyoshi

LN

B @A FX B HFE EX
Research Associate Research Associate
FUKUDA, Masahiro IDO, Kota

KBRS TR EH O A —8—a Y
Ca—RI AT L7, A—/8—a ¥ 1—R2LFAFHEES
DFHICED E2EOYMEIZEHE O LRF AL T 5,
BE Y AT 13,2020 4F 10 AICERBIR LIZ B AT L (¥
A7 B (ohtaka)), XU 2022 4 6 HI<H#H B L7z &l
VAT L (YAFLC (kugud) HBEBEATATLTH
Bo VAT LDNY X —LDEITHEEIC K > THETRY AT
LkfeZfRid 5 & L 8, REI—YD 5 OHFICE HM
ML CEDNS VAT LOEHEHZ1T> T\, A—78—
IV Ea—ZDOFHHFHIC OV T, F—L_X— (https://
mdclissp.u-tokyo.acjp/scc/) ZZME Nz, . 2015
FEEDND LR A—8=a Y Ea— R Y AT LD XY &R F]
M7ZRHET 27DV T b 2 7 - @E g T 7S L
(PASUMS) ZZFEffiL., 12—V 5DRFICEDEHE2, 3
DV 7 v 2 7 FEETTO TV,

FERME

System B (ohtaka): Dell PowerEdge C6525/R940 (1680 CPU nodes of
AMD EPYC 7702 (64 cores) and 8 FAT nodes of Intel Xeon Platinum 8280
(28 cores) {-¥EBEREE HRE 6.881 PFLOPS)

System C (kugui): HPE Apollo 2000 Gen10 Plus/HPE Apollo 6500 Gen10 Plus

(128 CPU nodes of AMD EPYC 7763 (128 cores) and 8 ACC nodes of AMD
EPYC 7763 (64 cores) SR EE I4EE 0.973 PFLOPS)

System B, Ohtaka
6.881 PFLOPS
memory : 420 TB
storage : 2.3 PB

[ l’a p TP
K10

o So0U
o 10l

MERERERR—/\—O> 21— 2T X7 LHERK
The Supercomputer System at the SCC-ISSP.

ISSP Digest 2025

https://www.issp.u-tokyo.ac.jp/maincontents/organization/computer.html

The Supercomputer Center (SCC) operates a supercomputer system
available to all researchers of condensed matter physics in Japan. One
can submit a proposal for a User Program to the Supercomputer Steering
Committee, and once granted he/she can use the facility with no charge.
The supercomputer system consists of two systems: The main system
(System B (ohtaka)), which started operation in Oct. 2020, and the
sub-system (System C (kugui)), which started operation in June 2022.
Information about project proposals can be found in the center's web
page (https://mdcl.issp.u-tokyo.ac.jp/scc/). In addition to maintaining
high performance of the hardware in cooperation with the venders, the
SCC also responds to questions and inquiries from users on a daily basis.
In 2015, aiming at more efficient usage of the supercomputer systems,
we started a new program PASUMS for developing a few applications
annually based on proposals from the ISSP supercomputer users.

Main Facilities

System B (ohtaka): Dell PowerEdge C6525/R940 (1680 CPU nodes of AMD
EPYC 7702 (64 cores) and 8 FAT nodes of Intel Xeon Platinum 8280 (28 cores)
with total theoretical performance of 6.881 PFLOPS)

System C (kugui): HPE Apollo 2000 Gen10 Plus/HPE Apollo 6500 Gen10 Plus (128
CPU nodes of AMD EPYC 7763 (128 cores) and 8 ACC nodes of AMD EPYC
7763 (64 cores) with total theoretical performance of 0.973 PFLOPS)

ESM-RISM

-

IS TeNeS

‘ PHYSBO 2["'1HT MateriApps Installer

VI EUITEE - BEATOY LY b (PASUMS) THELEY 7 b T 7E

Software developed by "Project for Advancement of Software Usability in Materials
Science" (PASUMS)




MG Rk - FFiEE (Materials Synthesis and Characterization Division)

IR I

Materials Synthesis Section

{L2E o0 =

Chemical Analysis Section

BHME EA  ELEE

Contact Person : OKAMOTO, Yoshihiko

wifErIEE AHF HEF

Technical Specialist : ISHII, Rieko

EYmE EA  EHhE

Contact Person : OKAMOTO, Yoshihiko

EEFBE A HEF

Technical Specialist : ISHII, Rieko

ARETIE, FEOEK. BEAIEOREL, B RE K
T EWIRB OB ZIT>TWVW5, o, BminEs
SROBAEE AT, SRR TR & 2 SO FFI T
ZiIRE LT LT B,

The main purposes of the Materials Synthesis Section are to synthesize
new compounds and to prepare well-characterized samples and single
crystals of various materials. Various kinds of furnaces are provided for
crystal growth experiments.

EE4

TJO—T 42OV -VERERBERF. FEBSUF GERMNHRLXT U v IT
VIR, 75w O RIRC T UBRIE. U2y ME. Ry 7 RIF) B
ZeALEE (10%Tor). /O—TRv IR

Main Facilities
Floating-zone furnaces, Bridgman-type furnace, Ar-arc furnace, Furnace for flux
method, Ultra-high vacuum deposition apparatus, glove box.

AZE T, WITEWIZEIC A R EIC DV T O A0 0%
LW D53 LD B KL AN TIEIC K B MR O
WB X UHEZ TS LIS, FEE - 7087 - (L2202
HAER AR AT ORI NI L T B,

The Chemical Analysis Section is engaged in determining the chemical
composition of specimens and in purifying chemical reagents for
preparation of high quality specimens. The analytical equipments,
several types of automatic balance and a system for preparation of ultra-
high purity water are provided for chemical analysis experiments.

FERMA
FEEABER TS ATEADHIER. BFA. EilkEEER

Main Facilities
ICP-AES, Automatic balances, and the system for preparation of ultra-high purity
water.

HABEAIO—TRY 2 2

Glove box for sample preparation

https://www.issp.u-tokyo.ac.jp/maincontents/organization/chemical_analysis.html =]

FEEARER T AIRADNDTEE
ICP-AES
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B G Rk - FFiEE (Materials Synthesis and Characterization Division)

X il =

X-Ray Diffraction Section

(R

Electron Microscope Section

BYFRE WE E—
Contact Person : YAMAURA, Jun-ichi

BYmE IWE EF—
Contact Person : YAMAURA, Jun-ichi

HmErImEa ER KE#

Technical Specialist : HAMANE, Daisuke

Flif G S, DEREIR DR AN LR TH D, &K
FTE, XHEHT7ZHOT, #ibbite N—21 LeYEnse
T 2 MEMIE 21T 5 LI, NS OIFZeE I LT
ax i (I Ol %Uﬁ%%ﬁibm\

Crystal structure is the most fundamental information for studying
materials science. This laboratory uses X-ray diffraction to conduct
structural properties research, which is the study of physical properties
based on crystallography, and also offers the use of its various
diffractometer facilities to researchers both inside and outside the
institute.

FEHRE
AR XERETET. BER Kol B XIRETEH SIBERESR X e
5T MBS XMREIEH. 2UIAHXD

Main Facilities

General-purpose powder X-ray diffractometer, Cryogenic Kal powder X-ray dif-
fractometer, High-power single-crystal X-ray diffractometer, General-purpose
single-crystal X-ray diffractometer, Laue camera.

YR Kal #95R X#REIfTET
Cryogenic Kal powder X-ray diffractometer

https://www.issp.u-tokyo.ac.jp/maincontents/organization/xray.html
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AZETRIWE DL HHBCC MGG 2 7Pl S % 721 EHE
RSB & B E T MBI 2 A, 2 /a5 /R
TV TO®ES - T, FTINIC BT %828 I~
XA BT, R AN OHFEFICH L TV 5,

The Electron Microscope Section supports measurements such as
electron diffraction, lattice image observations and chemical analyses for
various solid materials in both crystalline and non-crystalline forms by
using TEM and SEM equipped with EDX analyzer.

FERME
BRESTEELEBFEMSE. 8 - 28 - 2RIV E— BE - EE=
BHERD e DIE L DEE

Main Facilities

200 kV TEM and SEM with EDX analyzer, high and low-temperature holders,
and various apparatuses for sample preparation. electron microscope with an x-ray
micro-analyzer, High- and low-temperature holders, and various apparatuses for
sample preparation.

200 kV B MA Dt E FHEMER

200 kV electron microscope with an X-ray micro-analyzer




MG Rk - FFiEE (Materials Synthesis and Characterization Division)

v Bk U =

Electromagnetic Measurements Section

YEA I =

Spectroscopy Section

EELEIR:

Contact Person : YAMASHITA, Minoru

BHME EA  ELEE

Contact Person : OKAMOTO, Yoshihiko

BLmE F PR BMEFME WA |

EHmE Rl E’X

Contact Person : AKIYAMA, Hidefumi

BUFRE Mk FEIA

Contact Person : MORI, Hatsumi Senior Technical Specialist : YAMAUCHI, Touru

Contact Person : MATSUNAGA, Ryusuke

KBTI, WHOREANWMNE TH % BN IEEZ,
i3 KOS DIRWEIICh 2> TRIET % L L Bic, #
SURFPERNESEE, VBR P EE S, B 7 & D ki
Z TN DOIFEFINC A L T %,

The Electromagnetic Measurements Section offers various facilities for
measurements of electric and magnetic properties of materials. The
followings are types of experiments currently supported in this section:
electrical resistivity, magnetoresistance and Hall effect, d.c.susceptibility,
a.c. susceptibility, and NMR.

EE4
1517 7 AZBEER T X
(NMR). SQUID Bi{tRIZERE

v b 16/18 T AT B —BLRET IRy b
B (MPMS). SRABYMERIERE (PPMS)

S

Main Facilities

Superconducting magnet (15/17 T), High homogeneity superconducting magnet
(16/18 T) for NMR experiments, MPMS (SQUID magnetometer, 7 T), and PPMS
(physical properties measurement system, 9 T).

PAED & 2 ANER G L— Y — 2 m A . Arst
DHEFEFANCHEL TV B, T« S5 - FRIEIK DN « 7
BART Bb, BT~ 250t EORENTIRETH %

The Spectroscopy Section offers joint-use facilities for standard
optical measurements. The facilities can be used for measurements of
conventional absorption/reflection spectrum in the UV, visible and IR
regions and Raman scattering.

FERMAE
FIRENDIOCEST. FRADIOLER Yt Est

Main Facilities
UV/VIS absorption spectrometer, IR spectrometer, Micro-Raman spectrometer.

WS EREREE
SQUID magnetometer (MPMS)

FABLU ST DNHEE
IR and Raman Spectrometers (Room A468)
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MG Rk - FFiEE (Materials Synthesis and Characterization Division)

Y ARE D%

High-Pressure Synthesis Section

i I =

High-Pressure Measurement Section

BHME EA  ELEE

Contact Person : OKAMOTO, Yoshihiko

HMEFIE KB SAE

Senior Technical Specialist : GOTOU, Hirotada

Bume db)ll EAXER

Contact Person : KITAGAWA, Kentaro

BitiEFIE LA #®

Senior Technical Specialist : YAMAUCHI, Touru

FHEFIBE KRB HF

Project Academic Specialist : NAGASAKI, Shoko

ARETIE, AARKE. BTEE TO&RSE TICBOTRA
T (H) WEOGRZITS LIS, mEATICBT S MED
PPN T VD, & HICEMD mEFEEEE P ET 5
FEERR N 2 NS O FFIRICHE L T 5B,

The main purposes of the High-Pressure Synthesis Section are to
synthesize various (new) compounds and to investigate the behav-
ior of some materials at extreme conditions of high pressures up to
100 GPa or more and high temperatures up to several thousand °C.
Various types of high-pressure apparatuses and related experimental
equipments are provided to joint research and internal use.

FEHE

500/700 FVHETLRAEEB. A4 VEY K7 VEILtIL, XEGEIITEE.
BV DHEB. YAG L—HY—INTH. ZOft (WEMIHE. 41V
T RHIEEE. e NCETUVIXTY)

Main Facilities

500/700 ton press, Diamond Anvil Cell, X-ray diffractometer, Micro-Raman
spectrometer, YAG laser cutting machine, and others including Electric discharge
machine, Grinding machine for diamond, Lathe machine, and Modeling machine.

ARETIE, @ T TR 2O RR & S50 & KR
PRt 217> T %o Eie, SKEMED @O I FEA R E
5 EZ TN OILFEF S & LT L TW0 5,

The High-Pressure Measurement Section aims at search for novel
phenomena under pressure and characterization of high-pressure
low-temperature physical properties. This Section offers high-
pressure devices featuring good hydrostaticity for joint research and
internal use.

N
250 bUEBEBERF1-—EV I T VEIENREREE

Main Facilities
250 ton-class constant-load cubic-anvil-type high-pressure devices.

.

EHRL 700ton F1—Ev I T LR, 4GPa ECOEEBESHRERA.

Wakatsuki-type 700 ton cubic press for high pressure and high temperature
synthesis experiments up to 4 GPa.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/highpressure.html
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EREF1—EvIT7VEIVREEE, SHUMESREEIMEEFREICE Y
BKEEDOBEVBERRREZRIRT 5,
The cubic-anvil-type high-pressure apparatus equipped with constant loading force press,

realizing highly hydrostatic pressure environment by three-axis compression and liquid
pressure transmitting medium.
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Neutron Science Laboratory
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Bb s L R AT Sk

PP TIE 1 ATREOIHEDR & LTOMEE 100 meV 2
JEOMEF T IV F—Dhi+ L L TOMEZHELD, iz,
TR ER BN, MNGONEERZE DD T, FHT
Bz D0 DETHOL ZWHENZRIILES, Th
EOMEEFIH U TYEIC X B FOREL O & s # 8
L. MENDE SRR T— X > kORISR ES O 1
ZH 5B THETEGEL &V, PitEmgeaiomh
PETFREAFZE IR TR S, stER S etmiL. H
AT SISEBIFEREME OWFFE I 77 JRR-3 IR E S Nz
12 5O P HGHL2E E 2 D 7= LR R 2 LT E 7,
& 51T, KEK & H[6] T RGEE [ s s st J-PARC 1%
S NI B RRETF 3 v 78— 788 HRC 72 W 7= FE [ F1
EHEEL TV, ThUC Kb Bz, SRa Y2 UE.,
PR TG E QBRI Z 1 L L LT, HIT AR
79 A L— M8 ls EEMERERR. A A RIS
IR EDMBRIE, @ TRTIVIEEDY T h 2 —,
AR EHY L & CIRIAWPIERE, & SIS0
BlZe ERIFEENT VS, Fiz, Mfiaid kI Th
PETHGL D EF ) OEMHEE e LTEEH L. BHEO T
TEELIFZEOFEIBICEBR L TV %,

A neutron has dual nature of a wave with a wave length of about 1 A
and a particle with a kinetic energy of about 100 meV. A neutron also
has excellent transparency of matter and a nuclear magnetic moment.
Owing to these properties, neutron scattering is a powerful method
to investigate the structure and dynamics of atoms and electron spins
in condensed matter. Since 1993, Neutron Science Laboratory (NSL)
has been playing a central role in neutron scattering activities in
Japan not only by performing its own research but also by providing a
general user program using the university-owned 12 neutron scattering
spectrometers installed at the research reactor JRR-3 (20 MW), JAEA
(Tokai, Ibaraki). Furthermore, NSL owns a cutting-edge inelastic
neutron scattering spectrometer HRC in J-PARC, which started its
operation in 2009 and has been managed with KEK. Major research
areas supported by the NSL user program are solid state physics
(superconductors, topological materials, novel quantum phases, etc.),
soft matter (polymers, gels, etc.), complex systems (glass, liquid,
clathrate materials, etc.), material science (ionic conductors, hydrogen
systems, etc.), biological physics, and fundamental physics on
neutrons. The NSL also operates the US-Japan cooperative program
on neutron scattering since 1984.

MERE kg =
Leader SATO, Taku J

BlfESRE H ER
Deputy Leader MASUDA, Takatsugu
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E]A w E{ % % Kofu Group

HiZE T —< Research Subjects

LREEIEROKER TR TORAF I 7 A

Dynamics of hydrogen atoms and hydrogen-containing molecules in a
wide range of materials

AY V7T ADFE
Excitation characteristics of spin glasses
By TRODAE Y XA F IR
Spin dynamics of single-molecule magnets
PR LA DR FE R K UHIE N\ D Pk
Development of neutron scattering instruments and challenges to new
measurements

B ME W
Research Associate
AKIBA, Hiroshi

B EHF BRKF
Professor KOFU, Maiko

FI Course
TIERYETSE
App. Phys., Eng.

ARWFEE Tk, HEFEELEZ W T, L EE RO
TRD T AE YOG ZIN, BACEICHET %
RS OEEEZ AT C e ZHIELTWS, HTETIE
IKERFOBHINEE AT —T Th . KEORTEAF
SUZARTT R/ B RY RAA U AREOERID O T —
DU EDTH D, KERFEFEDBEOICEE LTHIBNT
WBD, IKEOBETIRDEICRZ T — AR TH %,
kA2 R U 72Kk EO T / IETIMEEELD 7B &R &
FULEHIREICHER L, CThETHRAGN AN > Te XA F 2
7 A7 W UTe w0, KAV RSEEE A, AV 7S5 ADH
DTG (F/WADX S IR EES MERD 75 & D—Ja%
Do WM ADMEEIT> T3, TNEDIFICIE. LW
BAFIv I LI TOMENLETHD, ERANOTFE
T oeeR e il % & & i, PETEEL YRR D
BHEIT> T3,

PdH, nanoparticle

TEM image
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FREFEIT. FEREE, AEBMEEELEIC K o TRNTNS DU LokE(Ln S/ f
FHROKZEDRE, +/HFORMAFETIE, /LT RELIEREZ S MUEGET
A MTHKENFEL. FRFTREE S CRVEEDE C B,

Hydrogen state in palladium hydride nanoparticles studied by neutron diffraction, inelas-
tic, and quasielastic scattering. Our comprehensive studies showed that some hydrogen
atoms near the surface of the nanoparticles are accommodated at the tetrahedral sites,
which is different from the bulk state, resulting in anharmonic vibrations and fast diffu-
sion.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kofu_group.html

We study the dynamics of atoms, molecules, and spins in various
materials using neutron scattering techniques, to discover novel
phenomena and universality inherent in a wide range of materials.
Neutron is a powerful probe to detect hydrogen atoms. Observation of
hydrogen quantum dynamics and proton/hydride ion conduction is one
of our major research interests. Hydrogen is known as a quantum atom,
but the quantum nature of hydrogen is rarely manifested. We will try
new measurement techniques, such as coherent/incoherent separation of
light hydrogen using polarized neutrons, and find dynamics that have not
been captured so far. Hydrates, functional liquids, spin glass, and single-
molecule magnets (which behave like nanomagnets) are also within
our scope. These studies require measurements over a wide dynamic
range, and we are using a variety of neutron spectrometers in domestic
and foreign facilities, as well as developing a neutron scattering
spectrometer.

10 o CuyMn, (x=0017), T{= 124K |
3 * Cuq,Mn, (x =0.034), T;=20.2K
EA « CuyMn, (x=0.067), T;=32K
08 47 . * FeAISiO, T{=9.8K e
E '.\,* 4 o CAmimFeCly, T¢=0.4K
=% o / cprt e L
X 06} K ¢\ N d
3 = X R
<] ISR . / POION
0.4f ' 1 ) .
02l . ) vor gl
00 \ . , . . \
] 1 2 3 4 5 6 7
hw/Epeak

TEETELHBRRIAL YIS AMET, R—XMEHRS 70— FEBFRES
BEEDMRAIE Nz, ZDRIIEED > R DBAREIRE (KY Y E—7) &8
B, ZROEREREDEKMEICERT 2EEZ 5N S,

Bose-scaled localized magnetic excitation was commonly observed in various classical
spin glasses. The excitation is highly reminiscent of localized vibrational modes (“boson
peak”) in structural glasses. The broad spectrum with the high-energy tail can be attrib-
uted to elementary excitations in a multitude of metastable states.
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1E % m % % Sato Group

HiZE T —< Research Subjects

RIS B B BRI R HISR

Macroscopic quantum phenomena in quantum magnets

B INGE 2 R DM DRSS IE S XA F 2 7 A

Magnetic structures and dynamics of quasiperiodic magnets

I 2 A VM OIR G IR HRE

Nonequilibrium steady state of spins under current flow

B Lo L TR B

Development of new neutron scattering techniques

BiR ki =
Professor SATO, Taku J

FI Course
B REF
Phys., Sci.

REVERIC BT B2 EFAE VB X O A VB EAEH O3
PRI 7 OREPERIEZ E T 2 BEIZKNFD—DTH %,
TR HE SRR 52 Z ORISR 9 % AU ECIRBE R ik
IREEDWIZE, T SICITHER IS (B &IN5,
& B o Al R 2 R 7 A OSSR O IR R - hRdIRAE
DWFEERTTTR> TV B BRI SR RFRIE O 72 i
PERIC B ZIEMR < 7/ VOB, ez O a 1
SRR R A < —RIC B B MRa YL b Y T a v O
B8, 1E 20 TR FHERS S REMEIR IS 350 B R ER Ak SR 7 O R
RENDH TSNS, TNEORPIETRAL O FEEMIEFET
H2HUETHEZRARBICIEHT 52 e THLONTEEDTH
%o WETHELE & HICRESE 2 20, Hih L ik
DHFEITHE> TV,

E (meV)

E (meV)

O/ (H,-1) or (-1, K)
1.0 2.0
0@&™

FRMEFIEEMERELIC K Y EF RIBHME 2 1 < —¥1E BaxCuSix06Cly ITH W TEA
TN MROYAIL Y TOVINY RO

Topological triplon bands in quantum dimerized antiferromagnet BayCuSizO6Cl
observed by inelastic neutron scattering

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/sato_group.html
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Geometrical arrangement of spins and their interaction bonds in
magnetic materials is one of the decisive factors for their magnetic
states. We are interested in nontrivial magnetic ground states and
excitations originating from the crystalline symmetry and its breaking, as
well as those in the quasiperiodic magnets where spin arrangement loses
apparent translational invariance. Representative examples of our recent
findings include observation of nonreciprocal magnons in a magnet
without inversion symmetry, confirmation of topological triplon bands in
a quantum dimerized antiferromagnet with screw axis, and observation
of long-range magnetic order in an icosahedral quasicrystal. Those
results have been obtained by maximal utilization of neutron scattering
technique, being our primary investigation tool. To further advance this
technique, we are also working on the development of novel neutron
scattering methods, including inelastic spectrum retrieval using energy-
dependent diffuse scattering measurement, and improvement of large
curved two-dimensional neutron detector for efficient magnetic structure
analysis.

KEBEZBRT AL VRS SHEIN M) 7OV NY RO ERKRITHE
EThiz fictitious BZDAE (KED)

Calculated triplon band dispersion based on the spin model, and similarly calculated ficti-
tious magnetic field shown by the arrows




':I:I % m % % Nakajima Group

HiZE T —< Research Subjects

Rk TIRELIC K B M RR U A IVERIF E ZF DR A F I Z A
DI

Neutron scattering studies on topological magnetic orders and their
dynamics
B i 6t P T G TR 72 R O T BEME R O RE SRS A7
Magnetic structure analysis by means of polarized neutron scattering
BT INTEIE 172 D T2 28 AR B M EBL S D Bilih
Exploration of novel cross-correlated phenomena induced by
anisotropic stress
Wi BN GELIE 72 IO T2 SOU R s - O il ORI IF %
Study on magnetic structures in high fields by means of time-resolved
neutron scattering with pulsed magnetic fields

A

UL G
Research Associate
SAITO, Hiraku

\\ S
HHE e ZH
Associate Professor NAKAJIMA, Taro

FI Course
TIERYETSE
App. Phys., Eng.

EARDRAIMEEIEIERICH KM BEISENTHE O, KM
WK ENTET—<ThH %, HIZAIXELDETICDH B
HTE. BRHOZAE U HEFEINCTHE CATENCHT > TR
MEELTWVD, ThlAcE, S8 ARIDME R R4 &
SR DEAET 20, JLEZTND O R Y VS| OB 221
R, MEOFEE, (8, B0 EERKEL
ZEHEE T ENHLENIIR>TE, AIFFEETIET D
X9 TREVHRFIC X > THER T SN2 AR S
EERMIRT—<E LT3, il LT, S58ARDREA
HFEIC L > TER WAL CEIVF T 2aAL vy 759, b
R YAV IR SIS Th DA AT IV S 4 a5
E LT, PETEGEL & XOREGEL 2 W CRES TR & 2 il
REEZIHSMCT BT LICID ATV S, iz, T
GLE Az RSG5 XL, ZEMBERE T OREPR
EE R E, B TERTIC & IO s,
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(a) ERAFIV I F VI FIRBEICH T B A EVEFIDERE (b) R AFIVI A
VYIE MnSi DEES - ERTERER, 02T OEBSHRTRME - 2895 &
THEREAFIVIH VIREHRIFRT 2,

(a) A schematic of magnetic skyrmion lattice. (b) The equilibrium and metastable state
diagram of MnSi. The metastable skyrmion lattice state is realized by a rapid temperature
sweep in a magnetic field of 0.2 T.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/nakajima_group.html

Magnetism in solids has been extensively studied in the field of
condensed matter physics. A well-known example is ferromagnetism,
which means that magnetic moments in a solid are spontaneously
aligned to be parallel to each other owing to exchange interactions.
Besides the ferromagnetism, there are various types of orders of
magnetic moments, such as collinear antiferromagnetic and helical
magnetic orders. Among them, non-collinear or non-coplanar magnetic
orders have recently attracted increasing attention because they can
lead to time-space symmetry breaking which may dramatically alter
electronic properties of the systems. We study emergent phenomena
induced by the non-collinear/non-coplanar spin orders by means of
neutron and X-ray scattering techniques. One example is spin-driven
ferroelectricity, where a spiral magnetic order breaks spatial inversion
symmetry of the system and leads to spontaneous electric polarization.
Another example is a vortex-like spin texture called magnetic skyrmiom,
which often appears in a long-wavelength helimagnet. By the virtue of
the topologically-nontrivial spin texture, the magnetic skyrmion induces
an effective magnetic field acting only on conduction electrons. We are
also exploring new methodologies in neutron and X-ray scatterings, such
as time-resolved neutron scattering, to investigate the unconventional
magnetic orders in detail.

1=0.50's, Tnor

5
Q
E
e}
s
c
ES
g
1

Q102 A")

t=0.70 s

4 0 4 4 0 4
Q (102 A)

MnSi DERERXF IV F VIEFHB UV RICE > THER L. ZOERBEREN
218127 BN B HEF/ ) VAEEELIC K o TERIAI L TR,

The results of time-resolved neutron scattering measurement on MnSi in a magnetic field;
the hexagonal diffraction patterns correspond to a triangular lattice of metastable sky-
rmions.
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E& EEI 61: % % Masuda Group

HiZE T —< Research Subjects

B SERiE R~ 7 DI A TV
Chiral split of altermagnetic magnon

Bz BERORAF I TR

Dynamics of spin supersolid
FEF o EdR DR

Development of neutron spectrometer

BE EH B
Research Associate
ASAI, Shinichiro

B RM EH
Professor MASUDA, Takatsugu

FI Course
HEEMER
Adv. Mat., Frontier Sci.

SERED B IGH F TIEIA SFZEE N TV 2 HETERIE. BFB
KOOIV T 47 ELTEZOHKRZED TV S, K
MR, BRARHEMER OB LT BS - & TIREZ 5
MICHER L, ZORMZMIATSLZHEELTVWS, T
IC J-PARC IC&E ENTW % HRC 73 tdsz R L7eitge (O
M) ZHEEL TERD, T THEE. Btkho X 1) 2
U A% CHIE T 8 LW H 153 )% 2% HOrizontally
Defocusing Analyzer Concurrent data Acquisition (HODACA,
K (@ BI8) ORFICE F2IAT Tz, 2023 EEICT T A
L — MgEAA CsFeCls 72 HW FeidBuE iz rb Nz, A (b)
WKWRENBZXIICELL T Ty T E—=7BEE N, HK (c)
IOREND KD ITIATIIZE & — BT B AU B E Nz,
PERDIIIEAR LT 7 OfEDORERNIRTH 2 T LAPISMhE
ToTze 1%IE. HRC 70)6di & HODACA 73 Yeai D ARHAFIFIC
X0 REWNAS T 2 DAL TIVRHE, A VBRERD X
AF VA, AEVPEAE e EOFH LWHRZRERT 5,

25 L L 1
-2 -1 0

(—1.33,0,1)

—
[

(a) REHEER MnTe DFREFANY bl 892 meV DY/ VHRHERIEN
feo (0) FTEENIRUEFIEERTFOAHA SIVIE, DRLEIY/ VHEESDH
ASVTAZR/DOTEERLTWS,

(a) Neutron spectrum of the altermagnet MnTe. A magnon splitting of approximately

2 meV was observed. (b) Calculated chiral term of the neutron structure factor. The split
magnons have different chiralities.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/masuda_group.html
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Magnetic materials, which are studied across a wide range from
fundamental research to applications, have also attracted significant
interest as a frontier for exploring quantum phenomena. Our group aims
to experimentally discover novel quantum phenomena and quantum
states in various magnetic materials and to elucidate their underlying
mechanisms. While our research has primarily utilized the HRC
spectrometer installed at J-PARC (see left figure), in recent years we
have also expanded our efforts to include the development of a new
neutron spectrometer, the Horizontally Defocusing Analyzer Concurrent
data Acquisition (HODACA, see right figure (a)), designed for highly
efficient measurements of magnetic dynamics. In fiscal year 2023, a
test operation using the frustrated magnet CsFeCl; was conducted. As
shown in the right figure (b), Bragg peaks were correctly observed, and
magnetic excitations consistent with previous studies were detected,
as shown in the right figure (c). It was found that HODACA offers a
measurement efficiency 70 times higher than conventional spectrometers.
Going forward, by complementarily utilizing the HRC and HODACA
spectrometers, we aim to explore new phenomena such as chiral magnon
splitting in alternating magnets, the dynamics of spin supersolids, and
spin-wave spin currents.

3
s
€

-1 1

0
(13,13, (. 1. w)

(a) HODACA 73 /t#a &=, (b) HODACA TEEIE N7 5 X b L — MEEMEAK
CsFeCls D75y =2 70774 )b, (c) HODACA TERIE hfz CsFeCls D
BRUBEEANY b b, BIRISFITHZRIC K SRR

(a) Overview of HODACA spectrometer. (b) Bragg peak profiles measured in a frustrated
magnet CsFeCl; by HODACA. (c) Magnetic excitation measured by HODACA. White
curve is a theoretical curve reported in a previous study.
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HiZE T —< Research Subjects

T ORI 0TV DBRIN L A g = X L DR
Toughening mechanism of tough polymeric materials

LT X SN LG Z W Ic 2 R Rm TV 7 b 2 —
PRI OHEIE T
Structure of multi-component polymer and soft matter systems by
small-angle neutron/X-ray scattering

PR ELIE 2 IO Te 2RO RE 0 1 - V7 bR X —
MRID R A F 3 A figh
Dynamics of multi-component polymer and soft matter systems by
quasi-elastic neutron scattering

- B B OERR
Research Associate
ODA, Tatsuro

HHE BES #—
Associate Professor MAYUMI, Koichi
I Course

HEEMER
Adv. Mat., Frontier Sci.

AEETIE, @ TZECHELEY T M 2=t
FEHBMEOIRIAZ A¥g LT\ 5, BIZE, 9/ - o7
)b T OREIEHIENT K O 5550 A O BEARE I (X TR A I 1)
LEUDDHO., ZDOXK D ImEsiE sy TAENE. AN TR
ANTIMEZREDEFEMEL, V7 haRy NHOY 7F 21—
Z—. H o RITHE EICHW 258 R & U TO IS D AT
ENTVD, A, ElES D FMRICR LT BT -
X A INAEELL S K O A dEGR PERGELIE IS K > TETE FIC
BIBF MG ZAF 7 ZAOFHNZET-o T3, EoT
MEHIZ K T ENTWVE T DN —RNTHZH, firt
THELEZ WS &, KRBT U TIC K > TEMERE
F BINWICBIET 5 EAHREL 75 %, BUELIEIC &> THH
MM ENTFEERES « XA F I 7 A&7 ain)i - s
260 & OB ZEIHT % & & &I, FRMRERGHRH OTR
1o TV,
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BRY S EBDFHMERLL. HOMMZHCESWET IV ERRE L, T
DfFRFEERIE. DZRYBRC EEEL. BEMRY IVISTORES TET
ER:N

We have developed self-reinforced gels in which polymer chains are crystallized under
stretching. The crystalline domains disappear immediately after the strain is released. The
reversible strain-induced crystallization simultaneously realizes high toughness and rapid
recoverability under repeated deformation.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/mayumi_group.html

The research goal of our group is to understand molecular mechanisms
for macroscopic properties of soft materials. One of our targets is to
understand toughening mechanisms of polymeric materials. Recently,
the fine control of nano structure has significantly improved the
mechanical toughness of polymer-based materials. The tough polymeric
materials are expected to be applied for biomaterials, soft robots, and
structural materials for automobiles and airplanes. To reveal molecular
mechanisms of their macroscopic mechanical properties, we study
nano-structure and dynamics of the tough polymeric materials under
deformation by means of in-situ light, X-ray, and neutron scattering
measurements. Especially, small-angle and quasi-elastic neutron
scattering measurements with deuterium labelling enable us to observe
separately each component in multi-component systems. By combining
the nano-scale structure/dynamics measurements with macroscopic
mechanical tests and molecular dynamics simulations, we aim to
establish molecular understandings of toughening mechanisms for
polymeric materials and discover novel molecular designs for tough
materials.

—g@r— stretch

self-reinforced gel

BEOBDFTIVDEE. BREANHBREZ5|0k2 L. TCICBRNE
BLT. BILTLE S, —AHT. BEHETILTIE. BROBFDICEVWTS
DFEDB|ELEFENTRERILT 2T LT BROERHIHIENS,

When we stretch a pre-notched specimen of a conventional polymer gel, the crack
propagates immediately and the sample is broken. For the self-reinforced gel, the strain-
induced crystallization of polymer chains near a crack tip suppresses crack propagation.

ISSP Digest 2025

73

R

~

REESRZE

E-Te

z
a

dnosp runkey it 53 32 U Jaf



Z
@
o
B
©»
<8
4]
B
2
a
s
I3
S
g
<

dnorn pps NS =5 EE

74

Ea E{ % % Seki Group

AWFZERE T, 2N aEE (Ro Y — « fFrdE - X
TeMER &) VL e E B 2@ U T, SR L Y
faZZ R« A¥Y by ARERRIIT A2 L2 HIEL
TW5, i, BrORSEWVIZIEL S5 2 5N ELR
BHC K-> THIEE NS, —75. bRa YV EkFEihEz
PES W T BTN - T2l TS T Lic kb TE]
FEM | EHIN S ERIANEEIGNE TS T ENRR
TN, ZOREMAY RIS E A OB O FIE T 2 AR A
DAEZ ZAREMEMDTVS, T LIERO RO Y— - 3t
RIE « XoetEic sk Uz RSO B TSN R 2 88 0
A B, MENIRERIE D T YRR )5 &
EW I UTHMET % L & &I, N TR ZEREL 721
7T INA ZOVERK #HZ 8 U C L BHENS 27 1 7 UL -
HEERE IR Yy VT EDISHIC D RN S, H LW TR HE
DFBUCH Y LS,

FEHR B HE—#
Visiting Professor SEKI, Shinichiro

Our group develops novel electronic and spintronic functions through
the exploration of new materials with nontrivial topology and symmetry.
Usually, the behavior of electrons is controlled by the external electric
and magnetic fields. On the other hand, in materials with topologically
nontrivial orders, electrons feel giant “emergent” electromagnetic fields
due to the curved geometry, and their effective use can dramatically
change the way to control electron dynamics. In collaboration with Prof.
Nakajima group and other members of ISSP, we design and synthesize
new material systems to realize such unique quantum phenomena. By
employing the state-of-the-art crystal growth and micro-fabrication
techniques, we develop novel electronic functions potentially suitable
for various applications such as information processing with ultra-low
energy consumption or information detection with ultra-high sensitivity.
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International MegaGauss Science Laboratory
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WhERTE, 7OVAR T 20w BT & - Tl g 7= 5
AU, BELRYE CREgk, B, B, Higikz L)
DFEFIREEZ TR TV B, JEHIER VR~ 7 3w ME 75
TFASHEZTRENETHD ., BXURE., JCAISE, W
b7x & O, & ERARE & A S DB Tl 5
REERICHWO NS, ERENNOMRESZ0E LS 5
HERPZOIZRICIRIL S SN T VWD, A—/8—F vy
Z—EJ (150 AA Y a—)b) LilAGDET Y 78
VA (1~ 10 B ZHViUE, #EEHS L U TR
BER LB AHETH O BIFMOIERIE 100 7 X TS
FRELCEHOENTWS, fly, BHERDSV A< 7 32y b
IIE—8&& a0k L BREEMTE N H D . 100 ~ 1000 7
AT DORERES = ENRET H Do MR I AR RS HY
T 2HAHSFERZEC T, AL - B> FH Y & Ol
BFHEANDEHE1775> TV 5,

In the IMGSL, electronic states of matter are investigated using pulsed
magnets. Many kinds of materials, such as semiconductors, magnetic
materials, metals, and insulators have been studied. Non-destructive
magnets can generate fields up to approximately 75 T and are used
for high-precision experiments, including electrical resistivity, optical
property, and magnetization measurements. Combinations of high
pressures and low temperatures with a high magnetic field are also
available. These experimental techniques are open for domestic as well
as international researchers. The magnet technologies are intensively
devoted to developments for the quasi-steady long pulse magnet (an
order of 1-10 sec) energized by supercapacitors (150 MJ), and also
to a 100 Tesla class nondestructive magnet. On the other hand, the
single-turn coil and electromagnetic flux compression techniques have
been utilized for ultrahigh magnetic field generation exceeding 100 T
destructively. Research with the multi-megagauss fields of around 100
to 1000 T has been conducted to discover novel phenomena. Also, we
plan to use multi-megagauss fields for interdisciplinary research with
chemistry, bioscience, and space physics.

MERE Bk EE
Leader TOKUNAGA, Masashi
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HiZE T —< Research Subjects

FEMHE VA= 7 3w b DB
Development of Non-destructive Pulse Magnets
IS 7 F O T2 A €GB EAER O5fiv Mott ik OW9E
Study of Spin-orbital Coupled Mott Insulators at High Fields
ARIEAR DR T OWZE
Study on High-field Electronic Properties of Organic Conductors
7V AR C OYIERIE FiE DO B FE
Development of Physical Property Measurement Techniques in Pulsed
Magnetic Field

B eE A
Professor KINDO, Koichi

FI Course
BRI
[Phys., Sci.|

PIVERIE TR B T bk 2 IR B 0 SV AR 2D
POVAR T 20w bORFEE . ZNMMED IOV X9l T
TOREEYIEREZ A L LI 217> T3, flX
BIRK 757 A7 (D, 4 VMO T TOREHE,. &
K 65T, 30 VMO R TOBEXIESIE, &K 43T, 1
WO T COBNIEZTT> TV, JEREERYZE 100T D
FEAR . & O RO OV Agsii DRt Z HIFL T~ 7 2y

FORFEZIT> T b, AY VHTEMHEAEH O Mott

FEAARSe A B EEA Lo © TosRfid s ™ T OWPED AR A
OEHBE 7R TR AR E U, | FRKHE (5072
FRL TV, HANHEED SR 220 % 720 T/x <,
H 5 Blkd 2V EZ2 G L T2 ER L TV 5,
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B(T)

AEVENEEEIEADEL 4d BF Mott ##§ & GaNbaSes DREALBRIR, /NE7E
b & ARG H LIRS, BREBEE T =30 K SHFENB KV EKRER
F v v TEFOREGFHMEREERENERREL TVWSILERLTVS,

Magnetization curve of a 4d transition metal Mott insulator GaNb4Seg. The featureless
magnetization curve with small magnetization indicates that the nonmagnetic ground state
with an excitation gap larger than the energy scale of the magnetic transition temperature
Twm = 30 K is realized.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kindo_group.html

We perform materials physics research based on the precise physical
property measurements under strong pulsed magnetic fields, which
are generated by the tailored pulse magnets with various strength
and duration of magnetic fields. We perform e.g. magnetization
measurements up to 75 tesla (T) in 4 msec, resistance measurements
up 65 T in 30 msec, and heat capacity measurements up to 43 T in
1 sec. We aim to develop the pulse magnets that can generate 100
T non-destructively or ultra-long pulsed magnetic field. We explore
quantum magnetic or conducting phases at high fields in strongly
correlated electron systems including spin-orbital coupled Mott
insulators and quasi-two-dimensional organic superconductors. We
synthesize the materials of interest as well as investigate the novel
materials developed by the collaborators.

J Lo
10 20 30 40 50
HoH (T)

ZRITEHEBIREM K -(BEDT-TTF)2Cu[N(CN)2IBr DEIR SRS R BIEH. Bk
BICE > TRIZEAIFI SN, BEEHRRS Ho U ETEEERELE S,

Low-temperature electrical resistance of the two-dimensional organic superconductor
k-(BEDT-TTF)>Cu[N(CN)]Br in high fields. The superconductivity is suppressed by
magnetic field and shows the transition to the normal state at upper critical field Hco.
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/ J A ?‘é" 61: % % Kohama Group

HiZE T —< Research Subjects

L —Y' =% HW RO R OIS & Z ORI F A
DILH
Magneto-optical measurements with laser optics and its application to
ultra-high magnetic field science

7SV ARG FIC 3503 % NMR JIlE & BRI
NMR mleasurement under pulsed fields and its application to magnetic
materials

T I T B8 72 P T BB E T D BFE
Development of new measurement techniques with nanofabrication
technology

BRI 2 F D 7o FARET OB & b R a2 AUk o
oIt ny—
Observation of quantum oscillation in ultra-high magnetic fields and
fermiology of topological insulators

AN

BE B IER

Research Associate
GEN, Masaki

ull
HEEIR NE B
Associate Professor KOHAMA,Yoshimitsu

FI Course
IERMETF
App. Phys., Eng.

100 T i Z2 % Wshtg iy, <l TE0RET
LINETH > IMRIREECH D . ANFARBEOWIREE & WV 2
%o TOXD RMIRERE FCRREEEMHMESN TEEINT
BO. YRR TR I NS HaTYRRERORAZ U THRAE
HIELTW%, TEERTELLCE, . L—Y—Z2Hu»
TR E L, T2, PRI 7781 A0S & % Bl disE 4
HHTED, 3. FPGA T34 R & %70V Z58kgE NMR
ELL T4, ary 00 AR R TOREhPEFai) Z%
Ha LB LTED., 2hic kL st - RIC
BUZHBHRKERERL TS, BEO AT —<IE, FRo
D ARSI 351 B RIS RIE DL,
BT RAEVRILEY OISR OHRTH 5, mt&izH
FECIE 1000 T fHIK OSBRI ZBT TED, TD
EERK O T2 8\ BRI 578 AR il 38 K O BIE Bl O BAFEIC
&N EFENTN S,

30 500
a k] P B
400} 23K
I
300 - 3.1K 4
200+ 10K 1
100 F 20K |
\ 30K
40K
0 100K ]
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45 L Lo
-30-20-10 0 10 20 30 40 50 60 70
B(T) B(T)

0-(BETS)2l3 DFFRGHUSISENE (a) ERICH VT BHSIENZIR, B & FITICHE
HBEMMY 2 E. B ZIVBKIEBNRICK 2B OBIIBRMROHVEAETND.
(b) BREEZBEICHISZET T 2 & EQHSIBRAGRAINS,

Unique magnetic field response of a-(BETS)2I3 (a) Magnetoresistance at low tempera-
tures. When a magnetic field is applied parallel to the current, a negative magnetore-
sistance due to the chiral magnetic effect is observed. (b) Positive magnetoresistance is
observed when a magnetic field is applied perpendicular to the current.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kohama_group.html
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Ultra-high magnetic field (higher than 100 T) is an extreme condition
that remains unexplored until recently. In this field region, many of
unprecedented phenomena are expected to appear, and their experimental
observations and understandings are the focus of our group. To achieve
this goal, we employ/develop the following experimental techniques,
“1. Magneto-optical measurement under pulsed magnetic fields”,
“2. Ultra-fast magnetoresistance measurement with micro-fabricated
devices”, “3. Pulsed-field NMR experiment with a FPGA module”, and
“4. Time-resolved neutron diffraction under long pulsed fields”, and
so on. With these state-of-the-art techniques, we currently investigate
various field-induced phenomena, such as the quantum transport in
topological insulators/superconductors and the novel magnetic phases
in quantum spin systems. Our final goal is the extension of the available
field range of a condensed matter research up to ~1000 T, and thus
our efforts are also devoted to technical developments for ultra-high
magnetic field generations as well as the further improvements of
measurement techniques.

18 T T T
16+ Lig. He—cooled magnet

14- ]

10+ 1
8- J

6- 4
4] Lig. N,—cooled magnet

Magnetic Field (T)

0.00 0.05 0.10 0.15 0.20
time (s)

SHIRESE (6N) BfE>fc a1 IVIc kB AV TNV ABSRE, BRISKEENU D
LTAMLUEESMERI VL /UL ARES, FMIGRERETANLES
FESAO 1 IVIC K B/ NIV RABES,

Long pulsed magnetic field generated by coil using high-purity copper (6N) wire. The
black line is a pulsed magnetic field generated by a high-purity copper coil cooled with
liquid helium. The red line is a pulsed magnetic field generated by a high-purity copper
coil cooled with liquid nitrogen.
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B35 T — < Research Subjects

SIVFT v Ay Z A O AR
Field-induced transitions in multiferroic materials
STRERRIRAEIC 351 % B TR
Electronic phase transitions in the quantum limit state
28V AR SIS0 B e CRR I

Hi§hfspeed polarizing microscope imaging in pulsed-high magnetic
fields

RO VI ORI S
High-field study of topological materials

Bh# =H*
Research Associate
MITAMURA, Hiroyuki

BhER OEBE A
Research Associate
KONDO, Masaki

B mkx B
Professor TOKUNAGA, Masashi

-l

BEBE KT M
Project Research Associate
KINOSHITA, Yuto

FI Course
HEERYES
Phys., Sci.

W53 DAY Y HuEES B X TN EZFHN T %
WETH O UIEEIZE DRI B DRI R TH %o
A3 inm 60 T X TO/ VALY NI 2Rz
WU T, s FCHRET 28 LR FIRES KUIEETE
BB SDRR 217> TV 5, &l FTHNSBIRD
AHZIEL PR B 72DICi3, 2RI Z & WK T
WESTZHTENEETH S, L, 7OVARE T TR %
WATE, SBAUREE, FAEME. ME. WRRE, R EDZE
Z BRI S 2 ETFEZHFE - AR LTS, TNnb
DORGEZFMEL T, XV FT a1y ZYHEICET %585
BIPIES® T R0 )V 8 ORGSR R 72 2158 L T
W5,

FAEM 40 MHREOEN T K O EBILFRFZ 2170, M
TIIE - JRTEAY VRWE. AR D VIE S £ Ol
Vet BRI LTV B,

800III||||||||||||||||||
600

(WC/m?)
o
ol O T W 0 I 0 A B

W PN T T T T T I T T
8009020 30 40
uoH (T)

BiFeOs ICH 1 2B KINRDHIS A AETF I, BARIE 20T U EDOMESRE
BAMEARIC BV BRI L & A Y BRDBROBORIETEZ XY,

Field-angle dependence of magneto-electric effects in BiFeOs. The inset schematically
shows rotation of the ferromagnetic moment and spin-driven electric polarization in the
canted-antiferromagnetic states above 20 T.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/tokunaga_group.html

Magnetic fields have been widely used in the research of solid-state
physics as they can directly and continuously tune the spins, orbitals, and
phases of electrons in materials. We explore novel quantum phenomena
and non-trivial field effects in pulsed-high magnetic fields up to 60 T
using various state-of-the-art experimental techniques to study their
magnetic, transport, dielectric, structural, optical, and caloric properties.

In BiFeO3, which is perhaps the most extensively studied multiferroic
material, our high-field studies clarified microscopic origin of the
magnetoelectric coupling and revealed non-volatile memory effect,
magnetic control of ferroelastic strain, and a novel multiferroic phase
at around room temperature. In addition, our high-field experiments
on semimetals and semiconductors revealed novel insulating phase in
graphite, valley polarization in bismuth, and quantum oscillations in
semiconducting tellurium.

In addition to these in-house studies, we accept about 40 joint research
projects per year and study various localized/itinerant magnets and
topological materials in high magnetic fields.

10
B(T)

b ROD AV BiSh A2 DHtiERIET. IBNEROBREMSKELZHS—

70Oy TR ERETHBZENT 5 & 1N THETHEGRD SFERBICEK
B LI, 20 TAHA THIEMRIKICTE B,
Longitudinal magnetoresistance of a topological insulator BiSb alloy. The color plot dem-
onstrates field and temperature dependence of the resistivity. Application of the magnetic
field causes semiconductor-semimetal transition at ~11 T, and induce a novel insulating
state at ~20 T.
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1:,-& EEI ’i 6‘[—\ 61: % % Y. Matsuda Group

Fi35 T — < Research Subjects

SRAHBEEE TR ORGSR kG s
The magnetic field-induced insulator-metal transition of strongly
correlated materials

AR RO O PR
Quest for the magfnetic field-induced phase transition in the
ferroelectric materia

Bl ©58RBc 51 % 7 7 2 70T — )L AEADIHEE TiRAE
Excitons in van der Waals solids at an ultrahigh magnetic field

FUEARIRIC I 2 A RO TR

Quest for the magnetic field effect on photochemical reaction

b

B aH #BA BEBH M BB
Research Associate Project Research Associate
ISHII, Yuto HAYASHI, Hiroaki

i
iR MHE R
Professor MATSUDA, Yasuhiro H.

FI Course
HEEMER
Adv. Mat., Frontier Sci.

HRS 2 O CETIRED A7 5 I MEICE K&
AL RIE TR, JEEBINNSS I ROBREIT> T
%, 1000TICBVWTHHEBEFTRAL YR EZTEL T
100 meV FEE DO T 2 )V F—=MEH T T % L HFE NS
M. R TEEEL SHEERAMEFILTEBD., O3
F— 27 —)VIEETICHRE NG S, HlZIE, Voz &S
BHBFAETCEIIRINF =Ty v T 1eVOA—X—TH %
M. 200~300 T R EE ORGEG THukg kD 5 &Rz T %,
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ERE N5 V-V O FHEED S TREERT 2% TH
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FREE) THU % Ho 72 E D5 FDRHEE & BEREIC 350 THULE
NH 5B, ZoOM, BIZEHEDSHEEIL 2RV ERE, £
RIS BT, B8RS h O JEE IR RIC X % HT
BBROGBRET> TV 5,
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Magnetic field-induced insulator-metal transition in VO,.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/y._matsuda_group.html
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We are searching for non-perturbative magnetic field effects, such as
large changes not only in the electronic state but also in the crystal
structure, using ultra-high magnetic fields. In solids, the field-induced
energy scale can be effectively enhanced due to the competing nature
of the various interactions. For example, an insulator such as VO, has
an energy gap on the order of 1 eV, but it undergoes a phase transition
from insulator to metal at magnetic fields of 200~300 T. On the other
hand, the key to understanding this phase transition is the picture of
the destabilization of the V-V molecular orbitals formed in the dimer
of V atoms by a magnetic field. The phenomenon of the breakdown
of molecules in solids in a magnetic field is expected to be similar in
mechanism to the breakdown of molecules such as H» that occurs in the
huge magnetic field of the universe (about 103 T). In addition, we are
searching for novel phenomena caused by non-perturbative magnetic
field effects in a variety of other objects in ultra-high magnetic fields.
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B-T phase diagram in Bi-based manganite
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B35 T — < Research Subjects

HRAEY T C OGO « THz 730 EE

Magneto-optics and THz experiments under ultrahigh magnetic fields
RGP O SR Y

High-field study on quantum magnets

ISIVAS T 20y - ORiFE
Magnet technology

HENH 1B =

Project Research Associate
YANG, Zhuo

HHE =H BE
Associate Professor MIYATA, Atsuhiko

FI Course
HEEMER
Adv. Mat., Frontier Sci.
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77V TIVT — IV AT FePS3 TlE. YUY U HSIEEICHR LIcEXGHR
R_BENREENTL S, BRESZMML. BIRFONIEZZ(LE
BT Llck) . BEAGRE_EHEORIHERES LT,

In the van der Waals magnet FePS3, giant linear dichroism is originating from the zigzag

magnetic structure. Ultrahigh magnetic fields can control the giant linear dichroism by
changing the symmetry of the magnetic order.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/miyata_group.html

We have been working on magnet technology and new measurement
techniques for pulsed magnetic fields and also studying ultrahigh-
magnetic-field science. Currently, we are developing THz spectroscopy
techniques using quantum cascade lasers and magneto-optical
spectroscopy for atomic-layer materials. We apply these techniques to
van der Waals magnetic semiconductors exhibiting exotic excitons and
topological Kondo insulators and excitonic insulators to understand their
unconventional band structures. We are also working on megagauss
science using destructive pulsed magnets.

Magnetization (ug/f.u.)
('n"e) Hp/WP

0 20 40 60 80 100
Magnetic field (T)

Yafet-Kittel 227 = U BEMEMR (MnCroSs) DEIRESZH(LEBEE. Mn & Cr 14>
BICEB AEVRFHEEERICE>TT I M REEZEEC R EHTIEEE &
BT &=mLic

Magnetization process of the Yafet-Kittel ferrimagnet MnCrzS4. Strong spin-lattice cou-
pling between Mn and Cr ions is the origin of its rich phase diagram including a robust
magnetization plateau.
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Center of Computational Materials Science
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b it R E R A O 2 —

MEE A== Y ¥ a—RIcREINZIEEDFE
FROFBICHE > T, KGRI RIC X 2 ER
NDT Ta—FHWEATH %D, AV Ea—2ZFH L
EIMETINC K > T WA - EREIC BT 2 mFERSY
PS5 BRI R N 5 PR T NA X
AR EMIC B 2 B IG5 E SRR PEE SIS
FEODL T EMHRFENZICHMBEICE S T JLWFIPH
WKBWTEHERRENEN> TV, Aty Z2—F, 7—
ZAIH < TR T 7OV T Y 2 7 b TE
Ty M ERASHLEE LT, TEE SUIETZeRT
LFEFHANNa Y 25 &3 25 EEIROEHZ8E U T,
NS OFEICHICID A TVWD, T5IC, 332
ZT A4V T b TR - DT DY A b MateriApps
DR « A & LEEAM OBER DT DICEI RV ER
FEENMER « EE< Y F 2771 rZ L (MP-CoMS) Z it
HTWV5,

As symbolized by the Fugaku computer, massively parallel and
exhaustive computation is actively used for solving problems in
materials science in recent years. In fact, computer-aided science has
been providing answers to many problems ranging from the most
fundamental ones, such as critical phenomena in quantum magnets,
superconductors, and superfluids, to the ones with direct industrial
applications, such as semiconductor devices and electrode chemical
reactions in batteries. Due to the recent hardware trends, it is now
crucial to develop a method for breaking up our computational task
and distribute it to many computing units. In order to solve these
problems in an organized way, we, as the major contractor of several
national projects such as Fugaku Computer Project and the DxMT
project, coordinate the use of the computational resources available
to our community, including Fugaku and ISSP supercomputers. In
addition, we also operate the web site, MateriApps, which offers easy
access to various existing codes in materials science, and in order to
develop human resources for the doctoral program, we promote the
Advanced Human Resource Development and Industry-Academia
Matching Program for Computational Materials Science (MP-CoMS).

trva—K RB &=
Leader OZAKI, Taisuke
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3 i% m % % Misawa Group

HiZE T —< Research Subjects

B 5P 2 RREID )5 B R T OR%

Development of numerical methods for quantum many-body systems
R RT Y AV B B RS

Quantum transport phenomena in topological materials
B =72 € Uik - iR

Quantum spin liquid * High-Tc superconductivity
B 5B RIS S B 77— X MBI gE

Data-driven research for strongly correlated electron systems

AR =ZF &R

Project Associate Professor MISAWA, Takahiro

BT 2RO TH 2 EADOMMAREE R TIE. &
IR - BT AY RIKICREE N2 Ha 8 FHEE <
FEY %, TNEDOBGETRIL T2 Az I L T,
HHA - FibkREZ B9 2 T L IZERERIIBI 2 DR S R HIR
TH%, AWMHETIE, TOPIRKMZIEICH LT, Ik
DHERTIE L A —/3—a V¥ 2 — 2 %2 [ T KB EG
ZERES % L THRDAMA TV, FRC, H—HBEE L &
A5 1 B RS R AT 2 AL A B D B T2 B — SRR AH B R R
HEORFEZIT>TH D COFEZHVS T LT, i 5
EPAY VK - HIRE R oRa 22U E O frar s F AR O R
P25 TV 5%, mILOWIIEH & U TR & i (R85 A D
WA RINIIV S 2T DT — XRS50
KICBI B BF A VRIADIRRZ ENH S, EHIC, H—
JEBRREAHBE SR 12 D e 7 — 2 B ) O 7 — 2 72 RG]
Lle T — 2 EREOH L EH TV S,

Ae [meV]
odh

06

0.4] I%'V'SAP

Ab initio  []

Exp O 02/

B-X(Pd(dmit)alo (X IE A F 74> ) DE—REFMREDETZ1T o iR, B—RIEHE
TR&T BB (AF) & BF AU RIEE (QSL) DI R IVF—7 Ae = EqsL-Ear( B\
1& X = EtMesSh TOBFAL Y HfHRZ EGCRBIER (BEE) 2L <BRLTV S,

Results of the ab initio effective model analysis of B'-X[Pd(dmit)2]> (X represents a cat-
ion). From the ab initio calculations, we obtain the energy difference between the antifer-
romagnetic (AF) and quantum spin liquid (QSL) phases, Ae = EqsL-EaF (shown at wall
surface). We find that the theoretical results well reproduce the experimental phase dia-
gram (shown at bottom surface) including the quantum spin liquid phase at X' = EtMe3Sb.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/misawa_group.html

In strongly correlated electron systems in solids, which are typical
examples of quantum many-body systems, many exotic quantum phases,
such as high-temperature superconductivity and quantum spin liquids,
emerge. It is a grand challenge of condensed matter physics to elucidate
a deep understanding of the physics behind these exotic phenomena and
to predict new phenomena and functions based on the understanding. In
our laboratory, we tackle this challenging issue by combining state-of-
the-art theoretical methods with large-scale numerical calculations using
powerful supercomputers. In particular, we have developed an ab initio
method for treating strongly correlated electron systems, which combines
ab initio calculations with highly-accurate methods for solving quantum
lattice models. By using this method, we have studied exotic quantum
phases such as high-temperature superconductivity, quantum spin liquids
and correlated topological phases. Recent examples of our work include
the data analysis of ab initio effective Hamiltonians for iron-based
superconductors and the study of quantum spin liquids in molecular
solids. In addition, we are now conducting data-driven research using the
ab initio method for strongly correlated electron systems.

60 r T T r r
@11 Fe-Se 00
B11 Fe-S 0
50 f{w1lFeTe ° o 1
@111 Fe-As
A111 Fe-P
. 40 o122 Fe-As °® |
[ @ 1111 Fe-As
— 30 Ha1111Fep ® o i
& 42622 Fe-As| o ¥ @
[o) A 42622 Fe-P
SIS |
A ]
10 | :
'S
0 L L

0 10 20 30 40 50 60
Tpredict [K]
o

BRBLEFOE—RIB/N\Z )V FZ7 VOMBH/NT A —2 0 5BEREINZE
RETILOS/SNERBTHEONERRE (TP) SEHFTA L ERRE
(TPredict) DLE#, ERETIVHRBERSE &K CBRTETVR T EHDD B,
Experimental 7¢ (7c%*P) vs. predicted T (Tcp“’dic‘) obtained from the regression model,
which is constructed from the microscopic parameters of ab initio Hamiltonians for iron-
based superconductors. We can see the regression model reproduce the experimental
results well.

ISSP Digest 2025

83

Tl

2]
0
i
(4
%
i
Fu
£Y
v
%
[

dnoxp emestin - HF SR SEBE| 1|



Laser and Synchrotron Research Center
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s O & — L 2 FOEREAEE R o 2 —

MRk — L > BERMASE 2 > 2 — (LASOR) T,
MU SOV A 8RS L — P — R8T L — W — 72 & O MR
WL —Y—B XU, ¥r7a b U ahec X 3 e
E— LT 2R L, SR YEREERERL T b,
L—W =R R s 2 a9 A EANTE
Z—U T H L. mMBEORGHEEZAIHELTWS, T
NS ORI EFNT, T IVY S X RE TD
JENT 3V F—HIPH T, W Y. BRI
HEE I RRECEE e, A U mMs e, BEME. [T
DAL, A A= 2T FHD IR E DM ET> T B,
N5 ORIRN R AR DY Tk 2 WV TRk, satiR
e, GEwE. EARYE. XK, A & OELEEE
e L b B, L—Y—InLAE, HEZhRDTNS
EH OGRS EE A OAIHEZR S 5, ML BXU
& v 2 /SATOL—H—FF - 5YEDfiic, SPring-8 %
T/ T 5 RCBO TR X B DO 2 7> T,

The Laser and Synchrotron Research Centre (LASOR) is developing
new lasers with extreme performance in ultra-precise, high-intensity
and ultra-short pulse lasers. The state-of-the-art soft X-ray beamline
is also being developed using synchrotron radiation. LASOR is
responsible for advanced spectroscopy, such as high-resolution,
time-resolved spectroscopy, diffraction or scattering imaging, using
new coherent light sources based on laser and synchrotron technology
over a wide spectral range from terahertz to X-ray. In LASOR,
a wide range of materials sciences for semiconductors, strongly
correlated materials, molecular materials, surfaces and interfaces, and
biomaterials will be studied, as well as industrial sciences such as laser
processing using advanced light sources and advanced spectroscopy.
The aim of LASOR is to integrate laser science and synchrotron
radiation science. Most of the research activities on the development
of new high-power lasers and their application to materials science
are carried out at Kashiwa I and II campuses. On the other hand,
experiments using synchrotron radiation are carried out at SPring-8
and NanoTerasu.

trE—R IRET

Leader KOBAYASHI, Yohei
Bltr2—K #l®RX
Deputy Leader AKIYAMA, Hidefumi

Bltr2—K RHEA
Deputy Leader HARADA, Yoshihisa
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ﬂi ﬁ 61: % % Itatani Group

HiZE T —< Research Subjects

AR & N7 iR R RV A L— Y — D BiFE
Development of phase-stable intense ultrashort-pulse lasers

X7 BRSOV AFEE LR - 577 - [ERD T SRS
Generation of soft-X-ray attosecond pulse, attosecond spectroscopy of
atoms, molecules, and solids

st L— 9" — i C O s B S O L] & il
If\iAe]zgsurement and control of ultrafast phenomena in strong optical
elds

R A X R R D Bl 5

Development of ultrafast soft X-ray spectroscopy

BHEDH KT St [BEHE RE =
Project Research Associate Project Research Associate
MIZUNO, Tomoya FUKAYA, Ryo

B R ARD
Professor ITATANI, Jiro

FI Course
EFRYES
Phys., Sci.

EREME VAL —— DL, 7Tz LS
R AP REIR D R IR SIS B T B WIS 21T 5 TV B, HEIRREFE
KB LT, AlD 5 hIRIVEI T O NI E Nz msi
M SV ZFERDOBIFE & &k « FR - lRIEBE TO SR E
AW FEAE 2 R U 72 2RI R OV 2RI B3 2 g
1o TW3, File, FRUY T 7 A7 L—Y—%# 2 Fz it
b7 SOV 2 L—H =7 Hig U TR O BaTE & o
TV, YREMFIICBE LU Tld, 7 MR XER L 2 Ol
SR T - 1 - BRI T ORI CES T X
I AT B 72 FISiT o TV B, Nkl
SNz AR L YR AR & U e AT X
D, TINVY IS XFRE TR A= UTafEdi ehis
BATRETH O . W OIEFHIRREIC BT 2 BHEE 2 b4 7%
FIEEZE L CHMEBHIL, oIt Thlidsces
HfsLTW5%,

X-ray CCD
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SX (<1 fs, 400 eV) -

Rydberg
37 (LUMO) = ! w *r s R | mlfsan
D 404 f i &
MR ] N,O*
3 153 4 ‘ N1s-31
A4y @ N,0
\]
0w D 3 e e IREEY
21 (HOMO) e &
g - 0.08
"o £ S| fo.00 -
- 8
A 396 -0.08 N5-2n
) |
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Lo Delay (fs)

7 B X R UV R L N2O 3 FO@ERINA Y L. WRBIEICES T2
IRIVF—EAL, BRAENY TH A IVOEREZ TEBERINANRY ML,

Schematic of transient absorption spectroscopy of N2O molecule using attosecond soft
x-ray pulses, energy levels involved in inner-shell excitation, and the observed transient
absorption spectra. The observed ultrafast modulation is due to the tunnel ionization of
the molecule in a core-hole state.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/itatani_group.html

We are working on the development of intense ultrashort pulse
light sources and their applications in ultrafast spectroscopy on the
femtosecond to attosecond time scale. In light source R&D, we focus on
the generation of waveform-controlled intense optical pulses from the
visible to the mid-infrared spectral range and the generation of short-
wavelength ultrashort pulses using the physics of high-order harmonic
generation in gases, solids and liquids. In addition, we are developing
the building blocks of next-generation light sources to overcome the
limitations of current Ti:sapphire laser-based technologies. Based on
these novel light sources and techniques, we are developing attosecond
soft X-ray spectroscopy and other ultrafast methods to probe field-
driven nonlinear processes in atoms, molecules, solids, and liquids. Our
waveform-controlled intense light sources and related technologies will
enable novel ultrafast spectroscopy covering an extremely broad spectral
range from THz to soft x-rays. Our goal is to observe and control the
ultrafast dynamics of non-equilibrium states of matter through multiple
degrees of freedom.

40 Fy T
® 0.05705a.u.13.85fs
35 = 0.04921a.u.14.0fs
4 0.04598 a.u. 14.0fs
v 0.04340 a.u. 14.05 fs
25 " — calculated DCS based on the SAE

Photoelectron momentum (a.u.)

05 i Y Y 10 15 20 25 30 35 40
CEP (nrad) Scattering momentum v, (a.u.)

() BL—Y—1ZHh TORBFOBREICL>THESNEF ¥ T - T \O—
TRBERIFIEICKTE LIENRBFANY bb. () BRAShIABFANRY ML
HSBIERE N BRELKTE R & iR & DI

(Left) Carrier-envelope phase dependence of the photoelectron spectra observed by
rescattering of laser-accelerated photoelectrons. (Right) Comparison of the differential
scattering cross section reconstructed from the observed phase-dependent photoelectron
spectra. The good agreement indicates that quantitative information can be obtained from
the high-energy rescattering phenomena.
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Iﬂ Ilﬂér[ m % % Okazaki Group

HiZE T —< Research Subjects

OB A R 7 iR HE L — ' — ARPES 1 & % JERER I RS D B
HHAEIH
Mechanisms of unconventional superconductivities investigated by
ultralow-temperature and ultrahigh-resolution laser ARPES

B 5 i L— ' — W53 iR ARPES 12 & 2 Yeat tisis o 1%
Ffit]
Mechanisms of photo-induced phase transitions investigated by HHG
laser time-resolved ARPES

S L—9' == A T D RAE - IREfE 707 ARPES SE DFHFE
Developments of high-resolution/time-resolved ARPES systems using
advanced lasers

UL < N

Research Associate
SUZUKI, Takeshi

HHE R A=

Associate Professor OKAZAKI, Kozo

FI Course
HEEMER
Adv. Mat., Frontier Sci.

FRE R Tt B h OB 7O E & T3V F—
DI EEEGR (23N Nk ) 2 B C & 258 ) 55Tk
THb. AWRETIE. RE\ETFIVF—0fRHE 70 peV.
EHPERE 1 K &0 SRR EEREE T 2 L—Y—fME S
fRACTE T e 2 VT, FEHER BB R EAR O B T Hd
RS v oy THEG 2 BT 2 2 & T ORI Z H
FRLTW3, ¥/, 7o LML=V —Z R 205
Kz 7 a—7Y & UTRW SRR EE 7590 Tl
JEFEIRAEIC 31 B /8 RGEO@EERE B BRI TE %, A
WRETIE. ERERLE 70— 7Y O T2 i e
T eEEEZ VT, B O BRI I K 2P
MHIEEHIELTWS, L= —FIROMKE 195 C
LIC& D, L —P =2 WO B CEE DB - i
RICEHOHATVS,
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70 A EBEE Cs(Va,Ta)sShs(Te =52K) D7 TV EEBEEF v v 7

Fermi-surface map and superconducting gap of the Kagome superconductor
Cs(Va,Ta)3Sbs(7. = 5.2 K)

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/okazaki_group.html
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Angle-resolved photoemission spectroscopy is a very powerful
experimental technique that can directly observe a dispersion relation
between momentum and energy (band structure) of the electrons in
solid-state materials. In our group, we are aiming for understanding the
mechanisms of unconventional superconductivity by direct observations
of the electronic structures and superconducting-gap structures of
unconventional superconductors by laser-based angle-resolved
photoemission system with a world-record performance that achieves the
maximum energy resolution of 70 peV and lowest cooling temperature
of 1K. In addition, by time-resolved photoemission spectroscopy
utilizing a femtosecond laser as pumping light and its high harmonic as
probing light, we can observe ultrafast transient properties of the band
structure in a non-equilibrium state. We are aiming for understanding the
mechanisms of photo-induced phase transitions and control of physical
properties of materials by light by using time-resolved photoemission
spectroscopy utilizing high harmonic laser as probing light. We are also
developing and improving photoemission systems that utilizes advanced
lasers in collaboration with the laser development groups.

E-Ef (eV)

0 &
-1 L
k, (A7) ke (A7)
FHETHERH TauNiSes |25\ B HHRIBRIE - RIS

Photo-induced insulator-to-metal transition in an excitonic insulator TayNiSes observed
by HHG laser TRPES. a, b. Spectra before and after pump, respectively.




* * ‘j‘ m % % Kimura Group

HiZE T —< Research Subjects

ERFEIN L » SHALZ TR U e @l X SOeEa 7 OR%E
Development of high-precision X-ray optical devices using ultra-
precision fabrication and measurement techniques

Fetin) Gz A U TR X RIEEM A A — 2 > Bt D B SE
Development of new X-ray microscopy technology using advanced
light sources

R X FRBEREIC K B BERIINEA A= > T
Material property imaging with soft X-ray microscopy

B X SEE L — I KB T = L A A=
Femtosecond imaging of samples in liquids using X-ray free-electron
asers

BE MR BF

Research Associate
TAKEO, Yoko

HHE AN BE
Associate Professor KIMURA, Takashi

FI Course
TIERYETSE
App. Phys., Eng.

AWFZEE T, XFREHBE T L—Y—Maht, meEm
I & o T X AREIR & BRGE X BB TR RE L,
FTz RS A A — 2 T HMOBRICH D LA TS, Bk
P&, R ERE SPring-8/SACLA T X KREAM SFts
EDIE, BT L)L OINTREE 2 R D Sl s A SlE 7'
Y A E Ule X B ORGHE-, LY AL AA X—
IV TDODOFET IV X LDFEEITS TW5,

F I ILEREE & & ICBATE LTz X BREEMEE OFE I & /4
FICHE O A TE O T /R Rt/ M7 & DRk
RZ TR <L WHELBERITESOMEEE T D v U s ik BRI
CEHAIZIT-> TV d, MERZBDT. AV Ay 7MiM
W35 & Ptk O B R 72 24 Y - R fRRE TRE U DU %
TET, #lhY AT AV T ZBIEL TV,

SPring-8 @ BLO7LSU ICHEEE L8 X 2 4 04 5 7 « #£& CARROT(Coherent
Achromatic Rotational Reflective Optics for pTychpgrahy), €&k 4§ 7 + )L 2 —
ST-ENMALEAZREEAT ST LICEY., RLATTEROM X FTHMZ
50 nm BEDDREETA A —I VI T BT ENAIRETH S,

Soft X-ray ptychography system CARROT (Coherent Achromatic Rotational Reflective
Optics for pTychpgrahy). We constructed this achromatic soft X-ray imaging system with
50 nm spatial resolution at BLO7LSU of SPring-8.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kimura_group.html

Our laboratory is engaged in the development of next-generation
X-ray imaging technologies that combine state-of-the-art X-ray
sources—such as X-ray free-electron lasers, synchrotron radiation, and
high-order harmonics—with ultra-precise X-ray optical components.
Our research includes the construction of advanced X-ray microscopes
at large-scale synchrotoron radiation facilities such as SPring-8 and
SACLA, the design and fabrication of X-ray optics using cutting-edge
semiconductor manufacturing techniques with atomic-level precision,
and the development of sophisticated computational algorithms for
lensless imaging. In close collaboration with domestic and international
research partners, we actively apply these technologies to a wide
range of samples, including inorganic materials such as nanoparticles
and magnetic nanostructures, as well as biological specimens like
mammalian cells and marine plankton. By uncovering the relationship
between mesoscopic structures and their physical or chemical properties
with high spatial and temporal resolution, we aim to open up new
frontiers in a variety of scientific fields, including materials science,
nanotechnology, and life science.

Soft X-ray image
of mammalian cell

BAAY ST K YEHRI L eI X HRTRIN (LB (B (FERY).
A OHEEEZER1LT 2 LG CBBERRT BT LN FRETH B,

Soft X-ray transmission (upper) and phase (lower) images of a mammalian cell measured
by ptychography. Intracellular structures can be observed without thinning the sample.
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/ J A M 61: % % Kobayashi Group

HiZE T —< Research Subjects

B s OV A L—Y— 3 25 LORFERR
Development of high-power ultrashort pulse laser systems
B L —y—hnToys
Fundamental understanding on laser processing
BEFICHI AR 70
Precision spectroscopy of molecules for medical applications
B YA N—T VIV AT L
Cyber-Physical System

Bh# Rl HHARD

Research Associate
NAKAGAWA, Kotaro

g W OFT
Professor KOBAYASHI, Yohei

FI Course
IHERWETSE
App. Phys., Eng.

G L— 1 — DO IIFEFE & T O T8 - it
BREOWIE 217> TV, FHOCH BT LB X TZDISH
FHEORMFE., HE VA NANRT—L—Y—=F L —
PN TOEEOMRZPLEE LTWVD, L—Y =K
TR A LRI T 2w 707 7 A N—OF iz, @8
RO L, BE T —D L —Y—2 AT LRI,
ARG, ER6. HARRN O EFEICB VW TRMT %, B
BOBRLOAMTERHARENOA—L Y XE— RRAMEL —
P—TRET %, 7o LML= =" R—2 & Uiz mfifE
Jb—L v FEENETONRE 0@ iz Hig L
Te RF IO O R VER R T 2T > Tnd, L—H—
LD & 220t e YEOHEERICENT, L—H—
INLO¥FRSEICID ATV, GEEDRYINZDH?
ZEHID 7200,

HEARBALICEZRFDN. BIFERIRILT—DEIRSEEBRERVIEL
E-FEEBAL—Y—LDEFEDEICEVIE— FODBEE MDD ATRE
ot BlEARRT—7)U He DIftE— R ED DAL,

Optical frequency comb based ultra-high precision spectroscopy. The combination of
ultra-high repetition-rate laser and ultra-high resolution spectrograph makes it possible to
resolve each comb tooth to detect the meta-stable He atom.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kobayashi_group.html
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We are developing advanced laser technologies and their applications.
Both ultimate technologies of ultrashort pulse generations and ultra
narrow-band laser generations were mixed, the optical frequency
comb then was born. It opened up a new research area such as carrier-
envelope-phase dependent phenomena, attosecond physics, and precision
spectroscopy by using a femtosecond light source. It also realized the
high-repetition and high-intensity physics. It could create wide field of
applications in the physics, metrology, medical science, and astronomy.

We are developing an Yb-fiber laser-base optical frequency comb, XUV
frequency comb, and high-power fiber chirped pulse amplifier system for
these applications. The high-repetition-rate laser system will be applied
for a calibration of a spectrograph in an observatory or an arbitrary
waveform generation in an optical field, or a breath diagnosis.

In addition, we are studying the fundamental processes of laser
processing and bridging the gap between them and industrial
applications. We would like to know “How is a material cut?”

L——INT3BR0Y 7 IR EESRAE

Measurement of laser processing dynamics with sub-picosecond time resolution.




iﬁ % m % % Kondo Group

HiZE T —< Research Subjects

B AR L — Y — R & 3 % i o R RE A 1 ) R Ty
JCHEE D FE
Development of a laser-excited ARPES system with ultra-high energy
resolution

FIEIR - AU 08 - BRSO T T R B IR
REN=S Rl e R i
Superconductivity and topological quantum phase investigated by
angle-, spin-, and time-resolved photoemission spectroscopy

B BC 2RI U7 7o)t TZEd 2 imH R R
Staqntgly correlated physics studied by photoemission with synchrotron
radiation

M AR &
Associate Professor KONDO, Takeshi
HI Course

BERMEBY

AR OE T <N REIR,. H50 2 E 7Ytz
fitd 2 ECORMEZE X %, AEDCETEE, YETH
KB NETZ2MERCTRIVF—DOBELTA A=V
79 % T ETNY FEEZ AL S BN e B TETH 5.
COHEAlZN—A L LT, NV EDFFDAE UAdZzRE L
2. IIVZETHIES 2 IV RAF IV AT 2 L
A=)V % T LT BREETYELNNY FEiER
HMLTHRATL %, YIIAETIE. TOXS BB LUIDEE
TR 2B LT, (Rl BEk, BEOETRYET
HERME. PRI DA )VR T, BRI R T g
BEFH PGS EOBRKMSYIEZ, HERBIESTHRONS
INY PG BRI T %, & DHIcid, MR L —Y —Jtik
KNUZhz ook 7zl tkEzmEL. 7 b
SHEMGL P O WHIZE AL (T3P —F v v TR
& DHEIERD ZRT %,

The momentum-resolved band structure provides fundamental
information to understand the electronic properties of materials. The
angle-resolved photoemission spectroscopy (ARPES) is a powerful
technique to visualize the band structure by mapping the intensities of
photoelectrons as a function of angle and energy. With the spin-resolved
technique, we can also identify the spin-polarized character of the band.
In addition, the time-resolved ARPES realized with a pump-probe
technique can track the reordering process of electron system from its
nonequilibrium state. In our laboratory, we utilize these various ARPES
techniques and study the following phenomena: nonconventional
superconductors, heavy fermions, strongly correlated systems,
topological quantum phases, and quantum well states. Furthermore, we
develop a new ARPES machine capable of achieving both the lowest
measurement temperature and the highest energy resolution in the
world by innovating a *He cryostat and a laser source. The state-of-art
equipment will enable us to identify even a subtle electronic feature
close to the Fermi level, such as an energy gap and a mode-coupled
dispersion, which is typically tied to exotic behaviors of conduction
electrons.

(8)
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(a) SRR LM TR RAEBR B4 BioSroCUO6+d DIERIBIE, (D) EF 77T 51—, () BEDEABTHHERRDORNE, (d) )\ FOEDRFy T2 3w b,
(e) I\ FigEDLMAR, (f) 7 TIVZEAY THIBEELEFY v v TOREER. (0) BEEEGEEERE (T) LVEE (RBR) LIER (M) TAEL
7 TIVZEBYDANRY kb, (h) (Q) TRT ANY LD Te EFTOES . BIEERADHRTESNTH Y. () TRIWITR I ROBHE WSS %,
(a)Crystal structure of Bi>SroCuOg+q high-7¢ superconductor. (b) ARPES analyzer. (c) Diagram of ARPES experiment. (d) Snapshot of dispersion image. (¢) Whole

band structure. (f) Competition between superconducting gap and pseudogap. (g) Spectra around Fermi surface below (red) and above (black) superconducting
transition temperature (7. = 35K). (h) Difference between the curves in (g). (h) Coherent spectral weight is painted with a red color, which is corresponding to the red

region represented in (f).

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kondo_group.html
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’/? EEI E:I: % % Harada Group

HiZE T —< Research Subjects

IKTEPER A D EIRAE & X 7 A —1E [ DA EAERIC
B9 2 Wit
Electronic structure analysis of aqueous solutions to study
microheterogeneity and interaction at solid-liquid interfaces

ot fi B, U R D SR STHEAT, FEAUESASOS, RIS
fEtit, RJE R 2R EOBERERT D7 D T D50 FILEOBFE
Development of in situ soft X-ray sgectroscopy for surface reaction

of batterIy catalysts and electrodes, electrochemical reaction,
photocatalytic reaction and functionality of metalloproteins

SEAHBEY IS 3503 % SRS G i lifite . A& > iikd, <27/ ik,
AR, WUEPIEED) OEIZBIN & T DRRINDOWYE

Stucéy on the origin and observation of elementary excitations (crystal

field excitation, spinon, magnon, charge density wave, orbiton) in
strongly correlated materials

XD T3V F — M RAE(L & IR o D 72
DIERE AT

Basic study on ultrahigh energy resolution optics for soft X-ray
emission and time-resolved spectroscopy

B#H AN A HERE BN BR

Research Associate Project Research Associate
KIUCHI, Hisao SHIMAMURA, Takenori

R RE BA
Professor HARADA, Yoshihisa

HI Course
FEFMER

MR T, TR SR O D X BIED—DTH %
SPring-8 & NanoTerasu IC 3B\ T “#AXHR W & MHENZH67%
WTHT LWtz L. WEOERN, MHIEE, Ot
P 72 T 2 B Z ORI > TN 2 98217 -
TWd, FHOEEELO —RTH 2 X FRFE 0 tIicE H L.
SEFHBIIEIC 351 2 ik (RGmmlike, XA E Ve, <7
J VI, AR LR, WU s &) D E R &
Z DRER O, IKTEVEHR, SR / KRS O FE IR
L X /RO, PARE A - TR O
LT S SIRAT . SCAMRE S SR D T2 b DZ DY (A RF 2V F)
INTEEE O, B2 2B OB FIREMITR 2. X
IO REA L S %5 5B MERZ NG E LT
%o KRICHRECAVIILE LT XARIAN - FE e et
RE(LDOTcHDR & D, F L TARBEEEZE & HF L TRX
TR A A= > T OIS 2T > T 5,

LUHIZE=E D SPring-8 TIREICHF Lz 50 meV DB I XIVF—DREEEF DA
EDRER X FREADHEBE, 2024 &£ 4 BK Y NanoTerasu THEL T3,

Angle-resolved soft X-ray emission spectrometer with high energy resolution of 50 meV,
originally developed by our laboratory at SPring-8, which is moved and operated at
NanoTerasu from April 2024.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/harada_group.html
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We explore the origin of the electronic structure of materials responsible
for their electronic, magnetic and optical property using intense and
energy tunable synchrotron X-ray source: SPring-8 and NanoTerasu,
one of the most brilliant synchrotron facilities in the world. We have
developed novel spectroscopies for material science in ‘soft’ X-ray
region. We are leading the world’s soft X-ray emission spectroscopy,
a kind of light scattering powerful for electronic structure analyses of
liquids and operando spectroscopy of a variety of catalysts. Our topics
include a study on elementary excitations (crystal field excitation,
spinon, magnon, charge density wave, orbiton etc.) in strongly correlated
materials, electronic structure analysis of aqueous solutions, interaction
at solid-liquid and gas-liquid interfaces, the surface reaction of fuel
cell battery catalysts and rechargeable battery electrodes, electronic
structure analysis of reaction center in metalloproteins, electrochemical
and photocatalytic reactions. We also explore basic study on high
performance soft X-ray absorption and emission spectroscopy as
well as advanced application of soft X-ray spectroscopic imaging in
collaboration with Prof. Takashi Kimura laboratory.

1b, 3a; 1b,;

Y
3 80
VTR
CroKFK
BEEMEA T X EBREDR 50,7 D7KFIZK
BREOMIL z2~x& 0 g
U mneok

BHTEH—HDF/ A— VT A XDNREFOREEM A 4V REED. FHED
A7V EFERNIGEB T BT [14F4 2 ZR Y& KDKEEEEIEZ D
LTW5B] TEDRXIGHEADHTHSD LG DT,

Soft X-ray emission spectroscopy has revealed that functional ionic liquid crystalline

KRS ICBBA
KOBEFREDOE

membranes with extremely uniform, nanometer-sized pores recognize the "hydrogen-
bonded structure of water surrounding the ions" in order to selectively permeate specific
ions.




*(L: EEI i%i E:I: % % I. Matsuda Group

HiZE T —< Research Subjects

B AT YR XRIBIC LB KE LT - Frv VT RAF I
A D5E
Operando X-ray experiments to study molecule and carrier dynamics at
surfaces

X #E ME T L—Y—2 O T IEIE X oo
Study of non-linear X-ray spectroscopy by X-ray free electron laser
HFFEMRIORGE & BB
Pesign and synthesis of novel functional materials of the monatomic
ayer
B AL Ry P&V XSRS ORI
Tetc;,hnical developments of X-ray spectroscopy experiments using Al
robots

B#E R EBE®
Research Associate
HORIO, Masafumi

B MA &

Professor MATSUDA, lwao

HI Courses
EFREY @EFRT

Phys., Sci. | Chem., Sci.

R R ESR X R L — =D B R4S B BLZe SRR~k
X #R72 W2 HE « BT « JERIE /Y e D E R
ZRAF L. BIEEE (LX) 26> THROBEIE FICET %
Raez bz TZ2o) BT 24T Y REEBREIML TV
o TR L ESUSRE O AIRE BN D T &)
T EBMETHVENE 2 B E r e 5 KT T % THBL
L. E7/)VIED S FEEMROYME L EEENEZIHS M LT
W5, & HICHIFEE TEHT 72 EFEBEOBIThIC N A T, Al
ORy MEHROEALHEL TS, WRELTWSYERE
BEICT Ty 7EFREA LREFEFERMmH Y E 0%
L/ SRERTH O, ZTNTNOEFYIES X OHEEEIEOBTZE
EiioTWb, L AV T+ T 4 7 A%ITIc, A DK
HIRFHT — R TIERE T « — RNy 7 BN oMk
DOFF EBWREITV, ZFOMHEILEEHIEL TV 5,

ART Y FRBRAT—2 3> FEAKABFANLEE, BEERICRESN
THY. MEPENGE ERLBEERISOBAICEREIND. KELERED
FRGEE) 7 IVE A LTRAS I ENTES,

An operando experiment station of ambient-pressure X-ray photoelectron spectroscopy,
developed at the synchrotron radiation facility. The instrument probes intermediates dur-
ing chemical reaction at the surface in real time.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/i._matsuda_group.html

We have developed measurement techniques for absorption spectroscopy,
photoelectron spectroscopy, and nonlinear spectroscopy using
vacuum ultraviolet rays to soft X-rays, generated from high-brilliant
synchrotron radiation (SR) and X-ray lasers. We have focused on
operando experiments to make in situ observations of a material
during its operation. At the SR facility, we have realized photoelectron
spectroscopy measurements under conditions from ultrahigh vacuum to
ambient pressure, unveiling properties and functionalities of the model
and actual systems (See the Figures). Our instrumental developments are
based on pioneering new measurement principles and, recently, they are
combined with the Al robot technology. Our material targets are mainly
monatomic layers with the exotic Dirac electrons and surface/interface
systems of strongly correlated materials. Based on the fundamental
theories and informatics, we design and synthesize novel materials while
feeding back information using our precise measurement data. We aim
to implement our functional materials in society.

Aﬁnosﬁheric i’ressdre
= | (1 bar, Hy) hv =800 eV
5
£
-,
=
‘B
C
o | Audf
£ || Au foil
90 86 82

Binding energy (eV)

FHARE CTER LILTEATE T COR X MLEBFDICAE (£BD Au 4f R
),

The real ambient pressure soft X-ray photoelectron spectrum, measured and achieved at
the laboratory (Au 4f'core-levels of a Au foil).
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1:, -L: 7j‘\< m % % Matsunaga Group

HiZE T —< Research Subjects

T TNV - HFRINEEDC L AR B 5
Develo&)ment of ultrafast pulsed laser technique in terahertz-mid
infrared range

YRS THE S NI 2 RROBEBA A FI 7 A
Ultrafast dynamics of many-body systems driven by light field
L RE P IDVERIEIC BT B IHRIEINE &IPS

Nonlinear responses and nonequilibrium phenomena in topological
semimetals

FINVYEEAEY hu= s A
High-speed terahertz spintronics

/ o |
BEBH BE B
Project Research Associate
YUMOTO, Go

BH 2B &KX
Research Associate
MUROTANI, Yuta

M Wk B
Associate Professor MATSUNAGA, Ryusuke

FI Course
B REF
[Phys., Sci.|

T TNV INS IR < SRR - AIHEIC D e s a e — L
> MEEZEFAWT, MEOHISE EABHICK > TARREIN
B IEPHRRIED T Z N T VB, ST S\ IR
DT+ YTV F—ZEH meV EETH D, YEYHICE
WTHEERY o)V IEEHEOBYUIEE LTINS N TES
FHRREBRFLEE T TS, & HIGEFERFEE NI Med T
WSR2 Fr D iR T S LY IR Z RS % T & T
BT RV F—DEF A BN BT %, H 20
FHOEFIE D & ES5ICZIIVF—DWEEIC X B Ik
HEAEEIC X > Tav— LY MEHAEHZEHRNS T &M
ARETH %0 7 T NIV FAER ORI & IERIE 2 e
FHEZHHT & e Elc, BIREPKREED X 5 B2 AR
DOHPICBNZ LGS, hRa YL EERIc BN TH
KICHNZIEEINE ., SE A VilkiHss &, JEREHIR
RETHN 2B DO T2/ IR R, Z OREREMEZ I S i
5,

BBET INIVYINIVARES LOMBREFRA UV AREICBVNS T T
NOBAREE VAL =Y XTI

Regenerative-amplified femtosecond pulse laser system for intense terahertz wave gen-
eration and phase-locked mid-infrared light generation

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/matsunaga_group.html E

ISSP Digest 2025

We use coherent light sources based on ultrafast pulsed laser technology
to generate terahertz wave, mid- and near-infrared, and visible light
to study the dynamics of light-induced nonequilibrium processes in
a variety of materials. Particularly terahertz spectroscopy can reveal
low-energy electromagnetic responses of materials on the range of
millielectronvolts, which include crucial details for the dynamical
motions of electron, phonon, or spin degrees of freedom in condensed
matter physics. A novel route for optical control of materials by strong
resonant or off-resonant excitation by light field has also been made
possible by recently discovered powerful terahertz pulse production
technology. We explore superconductivity or antiferromagnetism,
gigantic nonlinearity of topological semimetals, and high-speed spin
transport phenomena, in addition to the development of phase-stable
terahertz generating and detection techniques and novel nonlinear
spectroscopy schemes.

T INIVY BHISES LU Hall (IBEREICAV 558 « kYT - RAEEAERFT
b PP SN

Transmission, reflection, and polarization rotation spectroscopy system for terahertz elec-
tromagnetic response and Hall conductivity measurements

Fd

510




ﬁ}[;‘lﬁfﬂl Eﬁ%ﬁlﬂ{%ﬁ'@%‘z / W@ - 371 (SPring 8 1) - & (5775 2M)

Synchrotron Radiation Laboratory / Kashiwa (E-building) « Harima (in SPring-8) * Sendai (in NanoTerasu)

BRI ZE iR (SOR fiRR) 138 i -2k X
L —5' =72 R U 72 et P e i 22 0 FBa el O BRFE W 9t 72
T AIB. O3S Tr>TW\5,

BIEA T« ATIE. SRR e SPring-8 THI¥E - i#
MU T &I MPUR S IERED BN R A A Y F > T XART >
VAl —RE—LTA % 2022 FEEICHPHICBE L. BIE
WERRE & LA T X BRI A A=Y Y T AT — 3 > D R&D
217> TW5, Fiz SPring-8 1Pt L7e X fAIME T L —
B —Jfiti 7% SACLA Tl IERIE X HC2E DWFZE 70 B 7= BHh L.
T ORI B L T H T e & U T O HkiRE R A
1T>TWVW53,

A4 7 ¢ A& 2022 4F 11 FICBZE L, b RFFH L
B v S AN TR T B LW 3 GeV X B iR
NanoTerasu ICFHHSOETE T2 AT— 3 >, B0 fREER
XHRIEIAT— 3>, 3T/ ESCA AT — 3>
ERHRLUTER MO S 552 5B D, 2024 {FE X
DEHZHEL TV a,

WO R E #iTl& LASOR L—H'— 7 )LV —7 L Oiffi ¢
R ETREFRAEIC X B L—Y I E ANz A > « FERf -
IS FRICEE T RSB N O 2 RoTM 1 - R s 1)
FeEEE 2R U, EFRFAICE L T 5,

The Synchrotron Radiation Laboratory (SRL) advances novel materials
research by developing soft X-ray spectroscopic techniques using the
high-brilliance synchrotron radiation source and soft X-ray lasers at
three sites, Harima, Sendai, and Kashiwa.

In the Harima office, the world's highest performance fast polarization-
switching soft X-ray undulator beamline, developed and operated until
2022, was transferred to RIKEN, and R&D of a soft X-ray spectroscopic
imaging station is conducted in collaboration with RIKEN SPring-8.
At the X-ray free electron laser facility, SACLA, nonlinear X-ray
spectroscopy was developed and the updates have been carried out.

The Sendai office opened from November 2022, and ambient pressure
photoemission spectroscopy, three-dimensional nanoESCA, and
high-resolution soft X-ray emission spectroscopy stations have been
transported to the new 3GeV X-ray source facility NanoTerasu, which is
being built at the new Aobayama campus of Tohoku University. These
experimental stations have been upgraded and have been in operation
since FY2024.

At Kashiwa campus, there are two end-stations of photoemission
spectroscopy in the E-building that have been available for the joint-
research program. One station is dedicated to the spin-, time-, and
angle-resolved photoemission spectroscopy and the other is to the
two-dimensional angle- and time-resolved photoemission spectroscopy.
The light source is a laser that is based on the high-harmonic generation
and it is operated in collaboration with the LASOR laser group.

mEE RE BA
Leader HARADA, Yoshihisa

Bl MH &
Deputy Leader MATSUDA, Iwao

https://www.issp.u-tokyo.ac.jp/maincontents/organization/sor.html
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JE5d v

Supporting Facilities

WIPERFZEATIC 225 Eh 72 FIHIC #ED Tu { T DGR DRI 5N TV %o (RIRFERICAR AT RIZRIANY & Lok %S
R HNE - e B IIRRILE, A B TAE 21T 5 TAFE, X $EEE M MERR OB B2 17 5 G B R . AP MRS
ZZRORIZ, FEAKEOIEROME - EHZIT5NERLEND S, 2022 FH MMM TE217 5 d7WE T/ HE o A
PHREN, EHICAE L,

ISSP provides various facilities to support research activities such as the cryogenic service laboratory for supplying liquid helium and liquid nitrogen,
the machine shop for various machining, and the radiation safety laboratory for safety in experiments that utilize X-ray, y-ray and radioactive
materials, and the library. In addition, by opening the Laboratory of Nanoscale Quantum Materials in 2022, ISSP has enriched our capacity for
research and experimentation including nanofabrication among others.

HYET /RS T R

Laboratory of Nanoscale Quantum Materials

BEEEE Bk B B =R ¥ HifEPBE BEX &R
Chairperson : HASHISAKA, Masayuki Research Associate : ENDO, Akira Technical Specialist : HASHIMOTO, Yoshiaki

BTYIES /ST R TIE. NN T AR E NSRRI E 2 AT LU T T30 2B L, FINORRA RSESRHI L R T
BV ZHET 2 e 2I vy a e LTS, TRAX Y TN TR Z 2 TL— = D7 /31 2%
BT, INDOI—P—I3GE 225 L THLOREEZFIMTE S, IitO1— — L HEFH THRTL THS &K
EZFHTE%,

Our goal is to promote solid-state physics research by fabricating novel materials into micro- or nanoscale devices and linking them to various
advanced measurement technologies at ISSP. The laboratory staff is available for consultation on fabrication processes and provides advice and
training to users. Users within the institute can use the equipment by themselves after appropriate training. Users outside the institute can also use the
equipment under the joint-research program.

FEXR

BFRIVISTA—HE XAV LAT+ MNIVIST 1 ZE,
ERAAVE-LIMTEE., A VITyForREE RFENBEHE.
EEREFEME. L —EHE. VA VR4 —RE, BFEREEE.
ANy AFEERE. RTBHEEE. HRRE

Main Facilities

Electron beam lithography system, Maskless photolithography system,

Focused ion beam processing system, Dry etching system,

Atomic force microscopy system, Scanning electron microscopy system,

Laser microscopy system, Wire bonding system, Electron beam deposition system,
Sputtering deposition system, Atomic layer deposition system,

Dilution refrigerator system

BFRUVIS T —EB(TVAZVR), REIREEIE
75kV, E—LREE 2nm,

Electron beam lithography system (Elionix). The highest acceleration
voltage is 75 kV. The beam diameter is 2 nm.
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Cryogenic Service Laboratory

EEEER Bk RE wifErEE B ¢ wirErIEE Bl BF —KEmRE kXK BF

Chairperson : TOKUNAGA, Masashi Technical Specialist : TSUCHIYA, Hikaru Technical Specialist : SAGIYAMA, Reiko Technical Associate : SASAKI, Takako

TR S IEHARNY 7 L L IRA RO, 3B X IRREAMCBI T 23— E AR F v VS AR EKRDEEH AR NDE
HEIT5>TWS, AN 7 LIS E ALY DT DITH I N5, BIELTEAY Y LA AZEIR L, K8 L CH
WILd %, 2024 FEREOHIAND 7 LOE i & MHGRIZZNZ N 203,470 L, 130,421 L Th 5, WIAZERIIINTI DA
L. G L TW05, 2024 FEOWAEZOMHEIZ 7216121 £75> T\,

Cryogenic Service Laboratory supplies liquid helium and liquid nitrogen, provides general services concerning cryogenic techniques, and manages
high-pressure gas cylinders for the researchers and the students in Kashiwa Campus. The laboratory has its own liquefiers to produce liquid helium
from the evaporated helium gas that is recovered and purified for recondensing. The recondensed liquid helium is transferred from a 10,000 L storage
vessel to various small storages for users by using a centrifugal immersion pump system. The liquid nitrogen is purchased from outside manufacturer.
In the fiscal year 2024, liquid helium of 203,470 L was produced, of which 130,421 L was supplied to users, and liquid nitrogen of 721,612 L was
supplied.

FEXRME Main Facilities

ANUDLRICERB | (U>7F)  Helium liquefier system | (Linde) 200 L/hr
ANUDLTRACEB I (U>7F)  Helium liquefier system Il (Linde) 233 L/hr
TBIENY D L\FriE Liquid helium storage vessel 10,000 L
TRIRZESRATIE Liquid nitrogen storage tanks 20,000 L
BB 7 LA R [EHEE Heloum gas recovery compressor 190 m3/hr

BORNU DT LRERYT Centrifugal liquid helium pump system 20 L/min

AU T LBRICESR

HRAEANY TLAFEDEF VICK D EMEENDOEEEEN T 520 YWEHH
FAEY 2N\ U LBRIEEBOFIRAZFICE THA L BRI EER 2019F K U

1B LTee HEAENNAY T LHRDBE -BRILZTV. BREANY U LERMET 2, _ 3
Zhic kY. RENERTHEINY U LADEIN- 8- FBiR{LHLHD 2 T & HHRF AU LR, B OYEORS EF R T

ERSH Helium liquefier, storage, and transfer system

Helium Liquefying Service

The continuous increase of the world-wide demands of the scarce natural gas of
helium causes the repeated crises in obtaining helium gas for academic institutions,
requiring actions for the promotion of recycling helium gas. Since 2019, Cryogenic
Service Laboratory opens the use of the helium liquefier system for business outside
the University of Tokyo. The helium gas brought by external users is liquefied after
purifications, providing liquid helium for the external users. This service is expected to
advance the recycle of helium gas that is otherwise vented to air.

TAF=

Machine Shop

IfE8R ®E #E— BEEMEE )0 #EX —ERmEE R OER
Chairperson : KINDO, Koichi Projedt Specialist : KAWAGUCHI, Koushi Technical Associate : SAKA, Haruki
FihEMHE [FE R gitrmtee WNE §FHBZ

Project Academic Specialist : FURIHATA, Hiroshi Technical Staff : MURANUKI, Seiji

LAF=IE, WY EERZEd 2 TR O L, DI OR b % i & i O BE
NUOZOHR, Z U TEERAOHREEZIT> TS, £z, WIFEEHE SZEIC
TSR A E 21T S e DRSS TFREREEN TV 5,

The machine shop consists of a metal shop and a researcher’s machine shop, which are equipped with

various facilities for designing metal. They supply researchers required various original devices and
instruments.

FEXE

BWHTIEE 0 SERIE< Z> Tty a2— NCHR. BET7 51 X8

PRELMEE @ FHfeneid. B2 AR, 720 A8 R—)Ug

Main Facilities

Metal Shop @ Five-Axis Universal Machining Center, Numerically Controlled Lathe,
Numerically Controlled Milling Machine

Researcher’s Machine Shop : Universal Lathes, Precision Lathes, Milling Machine

ISSP Digest 2025 95
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Radiation Safety Laboratory
BESFBE FE BN

Project Specialist : NOZAWA, Kiyokazu

BatpEREZaR WHE F—

Chairperson : YAMAURA, Jun-ichi

FRE IR, ITENTFEATC B0 2 EHEE (U S5 IEIVIEZ 38 ikt
R (XAREEEET) OBRICIHBW T, BESHREEAE O e 2 i1k L,
LRZRTH L ZHNE UTREESNT VD, ZDkdD, BEHTRIERIC D 2 22T
M7 MR BESE RS & LT, O MM P IR L E O FRE N, 22 R U PE LI
FESERTREE . BORFETICHR I S 2 UM BEER S OVERL, MR E B I DA
BT, X HREEESF ORI A DS N ORI O HE < MRE-ORE IR 2 W D
FUER. BURRREIRHE OAE I EZIT> TV B, Tz, Y=RiciE, U, Th 7z EDIER
FRGIRRIIE > 22Na S EHRIEZ O 722875 £ 08 C & 2 RS DS MGHR (X e
AL BMHEZHA TO 5,

The aims of this laboratory are to protect researchers from irradiation due to radioactive sources,
X-rays, y-rays and so on and to provide rooms for radiation experiments and radiochemical operations
by use of unsealed U, Th and sealed *?Na sources. Various types of survey-meters are provided.

FTERIR
EFERRE GEBERMHIE &R CIRA DMMEREFE—DORRE) . R FOVRRE (PNa B
fREBWERRARY OV E—LICKDRBOIMTA D). AABIGIREST, Ge FEMRIEE. o fRHER.

BE D FL—2 30TV RA— EEY—NAA=F—F FEEEZE (\VFT7v /OXEZZ—
IC K BIBEFROHER)

Main Facilities

The rooms for radiation experiments and radiochemical operations (unsealed U, Th and sealed 22Na
source), various types of surveymeters, and, 7ch hand-foot-clothing monitor.

NYRT7y FOREZR—
The 7ch hand-foot-clothing monitor

HE=

Library

(EE 30 ES

Information Technology Office

[RERE

Public Relations Office

PERRRARERIE. FIRDHE 5 T 2EDHLF
HBAREDHR - BEEIICET 2N S
PRI 2 RITMES - IEZNEL. A
BIHLTV S, BEFEROREICHTHLTY
%o

The ISSP Library collects journals, books, and, more
recently, e-books on diverse condensed matter physics
to support research and educational activities for
joint-use and joint-research, as well as internal research
in ISSP.

EFRRE

International Lieson Office

EMEEMTETIE. YHERFZEAT LAN & & T Www
Y=\ WERFR—LR—) HOEEY—/\D
ERERZTV. KEREZSDERAI—T
ITRH LTV,

Information Technology Office operates the local area
network in ISSP, and WWW servers for the ISSP home
page (https://www.issp.u-tokyo.ac.jp), and it provides
other servers to support all the users in ISSP.

FE - AMEEKE

Counseling Services

[REREIE R DAERRR LT 7 7 1 E7 «
ZIL —RICIBIRAEET 2EHBZT o TV %,

The Public Relations Office is responsible for
disseminating information about the research results and
activities of the ISSP to the general public.

AbvyZib—L

Stock Room

ERAIRE TlE. MERERAMOERIR - ERt
HEHICH e BEBNE LT AEAZERE
FIEFOERBEHEFHEPERT -7 3y TO&E
EXE. B TOBHRRE. NEAHREDRHE
XEGEETOTCV S,

To promote the international collaborative research
and the internationalization of the Institute, the
International Liaison Office assists in administrating
ISSP International Collaboration Programs that
include the visiting professorship program and ISSP
international workshops.

ISSP Digest 2025

P4 - FHEAEKAETIE. BLOBERITIECTE
FEELNISEITV. BREEZRLFLLETO
W3,

A broad array of counseling and referral services are
provided to students, faculties and staffs.

ALy 7Ib=LlE EBERGA BEBRE ERR
B L TRE L NS ERR. TOMUXEER
EnHBYRETHZA TN D,

Stock room supplies stationery and parts that are
commonly used in research and experiments.
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