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Preface

The Institute for Solid State Physics (ISSP)
was established in 1957 as a joint usage /
research institute attached to the University of
Tokyo. In every era, with the support of the
science community, we aim to lead the frontier of
condensed matter physics and materials science
and contribute to science and technology from
the view of basic research. We have promoted
activities focused on research, education, and
joint usage / research.

In the first 23 years (Phase I: 1957-1979),
ISSP established 20 departments (22 later) in the
fields of physics, chemistry, and engineering. We
constructed advanced facilities and contributed
to the improvement of condensed matter science
in our country. In the next 16 years (Phase 11I:
1980-1995), in view of “concentration” and
“mobility” of research in condensed matter
science, large-scale facilities and advanced
equipment for extreme conditions in the areas
of ultrahigh magnetic fields, high power lasers,
surface science, ultra-low temperatures, and very
high pressures were constructed and shared with
the community through joint usage / research.
In the third era (Phase 111:1996 — present), ISSP
moved to the Kashiwa campus in 2000, which
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provides an opportunity for us to expand and to
develop new research activities pursuing new
frontiers and becoming an international center
of excellence in condensed matter physics and
materials science.

The condensed matter physics and materials
science studies have three axes: (1) "Materials
and Systems" axis (2) "Measurements and
Control" axis, and (3) "Theory and Computation"
axis. These three axes interact in what we
call a MMT cycle to promote a upward spiral
with incorporating data science. This institute
is organized around 40 laboratories with
small-, and medium-to-large-scale equipment
and facilities. The labs were originally divided
between three divisions for condensed matter
science, condensed matter theory, and nanoscale
science. More recently, we have added three
facilities and two centers: the Material Design
and Characterization Lab., the Neutron Science
Lab., the International MegaGauss Science Lab.,
the Center of Computational Materials Science,
and the Laser and Synchrotron Research Center
(LASOR). All labs work together to maintain the
MMT cycle.

In 2016, two new interdisciplinary groups, the

Quantum Materials Group and the Functional
Materials Group, were formed to cultivate new
frontiers beyond the framework of traditional
disciplines. In the quantum materials group, we
aim to discover new quantum phenomena and
new concepts with novel materials by developing
research of strongly correlated electron systems.
The functional materials group is targeting
complicated and hierarchical materials and
systems such as soft matter, including biological
materials and energy systems where dynamics
and excited states of matter are studied. In this
way, we aim to create novel inter-disciplines
based on two groups.

In 2019, we established the “Division of
Data-Integrated Materials Science” in Social
Cooperation Research Department, in which
basic science research is conducted from a
new perspective through industry-university
collaboration research. We continue to lead
the frontiers of condensed matter physics and
materials science in the ISSP spirit and are
devoted to developing as a global center of
excellence. We appreciate your continuous
support and cooperation in our activities.
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About ISSP

YERRZEFRIE O D E DYIERIF DR FRHEED 2 8H1T. 1957 FICRRAFHBO2EHEF AMZERE L TRIIE N,
BRI LD S AR AMB R HEFA - HEAEZETELHELTEL TS,
The Institute for Solid State Physics (ISSP) was established in 1957 as a national joint research institute at the University of Tokyo to promote

condensed matter physics and materials science research in Japan. Since its inception, research, education, and joint research are the core axes of our
activities.

MEDFICE T HRARRKEDERARDLE

Our goal

Tyyav 1]

Missions

for opening or advancing new research fields.

To lead the cutting-edge research in the fields of condensed matter physics and materials science

B - REDRFTIHARRFEDOFRFE - BieL. TNSZAVHEIF DA

To develop medium and large-scale state-of-the-art research equipment

H HEFA - HEAELSE LT SRERBICE D HILLEMOER
As a Joint Usage / Research center, develop new fields of academic research based on
ideas colleceted from a broad research community.

H S#LIEFHRREOEREAZTRDMEHE

Promote prominent young scholars and personnel exchange.

B ERNTRRELT MHRZEDRY FT—T DREE

As an international research hub, develop networks in condensed matter physics and materials science.

B ERHARORRZEFZEEZEL CHRITET. BEREREANDT 1 —F\v Y

Contribute to the society by cooperating with industry and giving feedback on basic science issues.

Wi

Research

SRERHIBZE & ESRAIBT S D (C
KW EBEERI S Z

HMBEOG,. a5/ EDIFR,
TREIEAIE FEDFRFE & DX
HRE B - ETIVOREY
STEFEDRFE L IR D
ERIEESICL Y ERmitREE
ERICHEL TV,

Advancing basic condensed matter
physics and materials science by
collaborating on experimental and
theoretical research.

ISSP is comprehensively advancing basic
condensed matter physics and materials
science by collaborating on fundamental and
important aspects of experimental and
theoretical research. Our experimental work
includes topics such as the synthesis of new
materials, creation of new nanostructures,
and the development of unique measurement
methods, while theoretical studies pursue the
development of new concepts, models, and
calculation methods.
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Human Capability Development

PRI IR L Te R BT
ROBEMR [ ERREFICIID
AERIEHREDEMN

Rrid phRE A L. WMIEREICE
BLERERHEBITTINIL VD, #H
Bld. IRDFHICISCT. EFRHRE
PEEER, CEEW TERAR
HETFER, FRESAIREFHE
PERERICE L, {EROBEBR
FARBEVRE I DE VR F R
EDENETEO TV S,

Committed to graduate school education.
Fostering young researchers in
inter-disciplinary fields of study beyond
conventional educational frameworks.

We are committed to graduate school
education in condensed matter physics and
materials science by utilizing our unique and
specialized research facilities. Depending on
the research field, the faculty members
belong to either the Graduate School of
Science with a major in Physics, Chemistry,
or Engineering; the Department of Applied
Physics, or the Graduate School of Frontier
Sciences with a major in Advanced
Materials Science. We are also fostering
young researchers in interdisciplinary fields
of study beyond conventional educational
frameworks.

HEH A

Joint Usage

EEOYERREDcHDHRF
FAR9EFR

HEMBOHDHEERIT. BEZ
BOFRAARENINZFBLTL
%o 2010 FEDSIE, HEFA - HFE
RRLRDORDOERFEAEI R & L
CEBRIZEH SRR ENT LV %, H
EFHBORETRFEEN, AFFAEL
FINEE D SHEME N 5 HEF AR
BEREZEESRICE>TEEETN TV,

Joint usage institute for scientists in
condensed matter physics and materials
science in Japan.

2010, ISSP was granted a license to operate
as a joint usage / research center and act as a
center of excellence in condensed matter
physics and materials science. The ISSP joint
usage program is operated by two committees
consisting of ISSP faculty and external board
members.



THE INSTITUTE FOR SOLID STATE PHYSICS, THE UNIVERSITY OF TOKYO

AR

Future Vision

HEFI RS L TOMBEZ SR - BIEL R TOLEZREWIYE - YERFEOREHNEERMEFT ZHE T,

The functions as a joint usage / research institute have been strengthened and the achievement of the "comprehensive basic research institute for
condensed matter physics and materials science" has been aimed.

Rt AR F PR DF R

Next generation core center for advanced materials sciences

TR FE A DB

Development of human capability for

advanced materials science materials science

PR F % o8 T 2 SinhEs

Advanced facilities leading the way in

YIERIED S DA/ N—2 3 VA
Creating innovation based on materials
science

EFWMEF /EESR
Laboratory of Nanoscale Quantum Materials (LNQM)

T/ BET - =FIic K 2T MBRHEDLS
EFHAE CE—RELIV AT L 2R, 8
FRIMNDRMZ R THEFRKROFER.
FHREDRRZE S,

The LNQM aims at an integrated system from material 8 (. o

development to quantum measurement through nanostructure "=

and device fabrication. It looks for novel quantum phenomena

and new functions in quantum materials intending to develop * = "
L]

quantum technology. - -
L

L]
Cutting-edge measurement Ll - -an
Nanofabrication technology
am®
an" " [ ) .l. L)
" )
L]
Felms TRl - B e m g - 5H8

Measurement and Control

EhES. L—Y— - e, PEF. B - BE
High magnetic field, Laser and Synchrotron Radiation,
Neutron, Low temperature and high pressure

2016

BRI B 2021 SDEEETAZEONER

EFEHEIE 2 HIE
Establishment of international
collaboration system

Materials Data Commons

2018
® ENHAEHRREDEERS 1200 7 X5 EMR

L—H—=XRT Sy b7+ — LDIEE

Lo Measurement data
» L ]

Theory and Computation

Acceleration of interdisciplinary research laboratory

of novel materials

ES rE7IEMRIIV—7 ]
B THBEYIIERZR VIV — 7 )
2 pous Creation of interdisciplinary
iZation: Laboratory of Nanoscale
O ze organization: y ;
g ;fjﬁ “Q%antum Materials Group” Quantum Materials (LNQM)
e “Functional Materials Group”
S 2017 TFUFIVA F—R ATV R — SHEMERFEIFO

T—RYRI ) ZEfE
Development of data repository
specialized for computational
materials science

Record the world highest indoor magnetic field of 1200 tesla

Synchrotron

chr Development of elemental technologies
Radiation i

for next-generation light sources
ANRZ Y FABFNIE. BXERAEDEDRE

HEKEICELZME - MERF OHE

Promotion of materials science that leads to social implementation

LT
Neutron 29_%1 .

® EEHMEFIR (RR-3) DEH/E
Restart of the stationary neutron source

= Construction of a laser light source platform

Q.

= & FIDAHT Sy FT+—LOEE
3 j( Construction of an advanced spectroscopy platform

>

Q.

g & L—H—MI75y b7+ —LOWE
® E Construction of laser processing platform

o> X

A T AR e B R

2 XTV7IVAT7—2 JEVR

Materials Data Commons

WMDY Z 2L~ 3T —2T A T AW
BOFE=MA. FMRZRR. WRNEHEFAE
¥, BT —% - 5HAIT—4% - BT — 2B KN
IEHEE Lz, SLODIERIZED/NS 21 LORIEED
EY,

Adding data science and machine learning methods to
traditional simulation to explore new materials and develop
efficient computational methods. Aiming to create a new
paradigm of condensed matter science by inductively

"m 7 £ . . .
0 u = Computational data integrating synthetic, measurement, and computational data.
-

Synthesis data

E - AT LEFF

Novel Materials and Systems

2030

WM& - PR F OB E N ERFZER
Towards comprehensive basic research institute for
condensed matter physics and materials science

EFWMET /BESR —— HEAMEOMESEI L — BFHA - vV ——
INIEATDRFE

Q%314

Specializement in the microstructure Enhancement of quantum

measurement and sensing

—— KRRLWFEHE - BRFEE —
PVANEY:-t

Development of software for
massively-parallel computation and
machine learning

1000 7 X ZRZ DFFR
Development of the 1000-tesla science

BB/ VA L= — 7 FIIR FEARRDRERE
Development of High-power ultrashort pulse laser,

attosecond light source, semiconductor light source

R — U —EBFNE, THz D, EEDIEDRHE
Development of State-of-the-art laser photoelectron
spectroscopy, THz spectroscopy, biological spectroscopy
T—EN=R, YAN=T 4 IHIVY AT LDHEE
Construction of database and cyber-physical system

2024
o NEHRBIEE X IR RERRA

Start of a next-generation high-brilliance X-ray light source operation

RS HA A—D > OBA L 10nm R — IV DZEE S REE

Advanced operando photoelectron and soft X-ray emission spectroscopy %Z B LIt FRFH%

Introduction of X-ray absorption imaging and development
of optical elements for 10 nm scale spatial resolution

JRR3 & J-PARC DAEMHIGFIAIC K Y.

IKERRDHE - BRREE OISR HEE

Complementary use of JRR-3 and J-PARC to promote

research mainly on hydrogen-related andmagnetism-related topics
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History and

Chronology

1960
PIERRZERRBART (FNAA)

Inauguration of ISSP (Roppongi)

1982
HBsRS - 1ERR L — 1 — RS T

Construction of Ultra-High Magnetic Field Laboratory
and Laser Laboratory building

1981
BRBHEE (PHFEED O

Initiation of Japan-U.S. Cooperative Research Program
on neutron scattering

1979
BIERIEARRE T

Construction of Ultra-Low-Temperature Laboratory building

1957

/i1 (Baks)

F—H (1957 ~1980)
LRI BN T W e, WD T OMIERRE -
A7 ERRKEICRD BN TR LR
BiZlc TRERAZWELELFEF BRI
LLTHEIENT,

ISSP Established (Komaba Campus )

First generation (1957 - 1980)

Joint research institute to raise the level
of condensed matter physics research in

1980

TR
FEZHMA (1980 ~ 1996)

TR ZRET 2 L2BIRL LT, ER
S55tE (BIEEME - RS - mRL—Y— - %
EYIE - BUERSTE) ZEs. EmRNREZES
EHIT, ZDOTTOH LVEDRRZIT o oo

Reorganization
Second generation (1980 - 1996)

Reorganized into five research priorities to develop advanced
experimental technologies that create extreme environments

and explore new physical properties: ultra-high magnetic
fields, laser physics, surface science, ultra-low temperature
conditions, and very high pressure conditions.

Japan to international standards.

FRAMERE (BRFT - fEER) DEE

Organizational (department and facilities) changes

EBF9 Divisions;

E 47t Radio and Microwave Spectroscopy
N

K528 Theory I "

fi&EER 5] Crystallography I

1958 w.mmmm Electronics

TYEIR _Low Temperature
JHERE] Magnetism |

1959 AR Semiconductor

Fal Molecular Physics
EFRME  Lattice Imperfections
2l Plasticity
— B
JEEHRIINE Nuclear Radiation division
6o fEEHE2__ Crystallography Il
% 1 Theory I

B2l olid

1957

= .
1976 FBIESRYIE Ultra-low temperatures Di

e Nucleus.

Science

2 Magnetism II
FE&{E__ Solid Materials 1965 S 14 Inorganic Materials
EEE High Pressure
/%3 Theory I

1961

1969 =’t f.ﬁ Neutron Diffraction

1973 BERES &Eﬁnﬁ‘@ﬁ

Synchrotron Radiation
Laboratory

TERD22 BRFI (BRE—ERFISE) DMERYPIMEARPT (ESRBIS IR L — U —RE L.
ﬁ{li?m#ﬂ MR OB E) UERETIEERPI. PIEF B AR P AR R Y I ARPT
7E 5 UICEEREFID SABRPIRUES #PI1ICERR E NS

Reorganization of ISSP from 22 small divisions into five large divisions,
Physics in Extreme Conditions (including ultra-high magnetic field, laser
physics, surface science, ultra-low temperatures and very high-pressure),
Synchrotron Radiation, Neutron Diffraction, Condensed Matter and Theory
divisions and one Visiting Staff division.
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Division of Physics

PR¥DHEERFT in Extreme Conditions

MR L ——
REIE Surfa
B5RE5 Ultra-high magnetic field

Laser physics

ﬁ{&,ﬁ#@ ’I‘i Ultra-low temperatures
FBS/E Very high pressure

AR IEERPT

vision of Condensed Matter

nRH nBFﬁ

Division of Theory

Division of
TG ERP Synchrotrkon Radiation

ﬁ& ETJ%’EE‘@ ﬁ EYI g;l;(ll ?Ot}gn Radiation
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1997 2004 2014
5 BXmAEE (PHEFREL | RRAED BXHHEE (PHEFEEL
1996 | oEE R EIASEARRARL 55 DERSEREHE
JiEEE AV Evaluation of activities of the The University of Tokyo became Evaluation of the Japan-U.S. cooperative
= Japan-U.S. cooperativeprogram a National University Corporation program on neutron scattering activities
REpRERET on neutron scattering by an o by an international review committee
Construction of new ISSP international review committee
experimental buildings
in Kashiwa campus 2005 2016
1999 E RN ERET A RO EREHE
1995 BFEY VINZAAND Evaluation of ISSP’s scientific Fs"sll)‘fatlop Otf .
= T ~2000.3.31 achievements by an international P’s scientific
E PR EBETA ig?ﬁlaﬁtj%‘t( o ) e commizltee ia)chle\{ertrlentst - %;&;oﬁg;ﬁﬁ
. clocation to Kashiwa 'y an mnternationa =1[1
Evaluation of ISSP’s ~ ; 7 A
scientific achievements campus (~2000331) 2007 external committee | 0 oo of ISSP's scientific
by an international BII7 50 AESE achievements by an ]
external committee 50th year anniversary celebration international externalcommittee

1996 2010

1B R HEFA - HEME
B=HA (1996 ~) W& LTRA
(ERRB = BRI F OB Z A fo. Ytk Authorization as a joint
BEDOHRENAFEZ B L. YEmRZEOER usage / research center
= x 58T,

Reorganization

Third generation (1996 - )

To develop a comprehensive research organization
to expand the traditional condensed matter physics
framework and develop an international center of
excellence in condensed matter research.

ey i 2012 ROk —L > hERFHMRE Y 2 —
Division of Advanced Spectroscopy Laser and Synchrotron Reiearch Center (LASOR)
BB RS MR ZE A R

Synchrotron Radiation Labora

SetRFEERIZEERF) ——— 2004 F/ 24— LHIERRZEERPT

Division of Frontier Areas Research Division of Nanoscale Science

- o 2006 EIFERERISHFISHIEEE
RPRER IR PR 2 2R P International MegaGauss Science Laboratory
Division of Physics in Extreme C

2016

B P SERPT RHERYDIEARRERFT
1989 Frn B REFERFT Division of New Materials Science Division of Condensed Matter Science

Division of Materials
Development

Materials Design and Characterization Laborato
o

R SR ZSER T

Division of Condensed Matter Theory

OOSHRIEFRELMAEMER | 2003 HEFRIPRAZTHERR

Neutron Scattering Laboratory Neutron Science Laboratory

FRFHRL Y 2 —\BR
Reorganized into Laser and
Synchrotron Research Center
(LASOR)

#, = oy iR L
footr

STEMERFHREL 2 —

Center of Computational Materials Science
BRI YR, Sim iR, MRREE. Kinn S .
5 AHIZRERPT & HOE BETZRERR. "R F R EL AR R FT 2 f[% KEREMIERRZE IV — T

I EREFEiERE MA T 3 ERICEREND Functional Materials Group
Reorganized into five divisions; New Materials Science,

Condensed Matter Theory, Frontier Areas Research, Physics 5 o
in Extreme Conditions and Advanced Spectroscopy, and > L EFNMEMREITIV—T
relocated to three facilities; the Synchrotron Radiation J Quantum Materials Gr
Laboratory, the Neutron Scattering Laboratory and the

Materials Design and Characterization Laboratory. 2019 F— A BRI 2 ERPY

Division of Data-Integrated Materials Science
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Organization

YDIERRZR A DRR IS 4 BRFEERPT 2B/5R Y L — T SERRIER D SR SN T L2, OSBRI b — L > MR F
R R —ENER ST M S e R & F R A R BRI FRET D SPring-8 ICHEER N ENBHONTH Y PHEFRFAZMHER D
EEREEITHER BN OBARFIAEHEREBRICHSMEARFIFIRR-3 8XU J-PARCITREENTL S,

FRRICIE FTRA DR E PHEFAEHLHLBICH A TESHRELVERRLE. TEE BSHREERE KEX IR
RREBEDBOIN TV D K WEMARAAICH T DRA B BRORBEZIBETHLMEP. XY N —VEEOERER
PHR—IZTOBHRENE. SLCZEPHEBEDHDEAXELREIN TS,

ISSP currently consists of four Research Divisions, two Research Groups and five Research Facilities. Among these, the Synchrotron Radiation

Laboratory has a branch at the SPring-8 synchrotron in Hyogo and the Neutron Science Laboratory maintains spectrometers at the research reactor of
the Japan Atomic Energy Agency and at MLF, J-PARC in Ibaraki.

Apart from the Research Divisions and Facilities, supporting facilities that include the Cryogenic Service Laboratory, the Machine Shop, the
Radiation Safety Laboratory, the Library, and the International Liaison Office, provide services to both in-house and outside users. The Public
Relations Office provides information on ISSP activities, and the Information Technology Office handles network-related matters. Counseling
Services are also available to students, faculty, and staff for brief counseling and referral services.

WA & S C e
ISSP Advisory Council Director Faculty Meeting
[
BlFr&
Vice Director
HEFAEREMNEER BRIREER = AERERHR
Advisory Committee for Joint Usage Research Strategy Office Selection Council
[ T T I 1
BRZRERPT PSR EA TR HoEnEs Tl B
Research Divisions Research Facilities Supporting Facilities ~ Group of Engineers ~ Administrative Office
1 |
[ I I I | | [ I I I 1 — EER(E=E
N — = =\ /[ /

? ﬁ ;U: /ﬁ ;U: % ;U: j_ o . E; #Z] § E‘P % g k=:|+ g @ Cryogenic Service Laboratory

Ex zffE ZE 2/ WEEMMRZROIL—T cH S S EE IR I

03& 53 EI 2 X Functional Materials Group & 5% eS| @ o EO -

S S SER 2o | ot ¢l E9R 08B wb Machine Shop

5 B [EMENSHE I E %y ZEF B W OER R &

SREg eA s BFMEMRIL-T cm fg S GL ¢ — MR EEE

ié‘r_g 2 9‘1 g l?z'ﬁ § !)’:m Quantum Materials Group ] {ﬁ% gﬁ qg 7 5y § S l; Radiation Safety Laboratory

Zob &7 s@b & e ZIL S o g _

PP CE SFY ot S AT RER RS — Bz

= & & I3 g S w 2 Libs

I LEN Y L o
9. ¢ 2z XK i 27 U gy IEWEME
- 7|_ & g F‘lﬁ % . e A | ,;‘? par 5 bl Information Technology Office
ElE I =1 g 2. oo S
2ix 5 S f EEE opmm
) = g 5 ° ‘\t = i Public Relations Office
g 5 ES S e
B g 5 OEM - EmSRR
q§ ﬁ | g Eﬁ International Liaison Office
R A N
g # S [ TE - BEEENE
z = Counseling Services
5 M £ X
ek 3 — 2Ry o= L
o B’ Stock Room
Q. ﬁ'g
¢ M
8

ANZEE - HEREEL Personnel, Number of Faculty and Staff

_ R #HEEE%  Number of faculty and staff members
PRZEPROEER. HEIR. BIEOASIE. RAL REICK Y3k

“— =~ RN ol § % Details

ENTOND, BiE. ABEOREICEL T, MEFRINIE Al

FRBOEEL Y EHABRERBATOEELRT, HiF2 | BB Fosiion Number | RN | T

ICBWTER. BRIND, oo BIEDREZITENTE # prae Professors » :

EERROBEE. APEERHATABRIH). BERT ekl o roio 5 ; ;

R EREINS, A Associate Professors 15 0 0

. o ) SIS Project Associate Professors 1 0 0

ISSP openly r;crults all Rosn_nqns for professors, assocmtg professors, aqd [ Research Associates 41 1 )

research associates. ISSP's hiring of professors and associate professors is -

decided by Faculty Meeting. Prior to the Faculty Meeting, the Personnel B Research Assistants 1 0 1

Selection Council, (composed of nearly equal number of members from inside HE(TBHEL Project Research Associates 8 0 0

and outside of ISSP), reviews all candidates. All final hiring decisions of EHEFZEE  Project Researchers 51 20 4

research associates positions are also decided by Faculty Meeting. Prior to the PR .

Faculty Meeting, the Personnel Selection Council makes recommendations after &m%%ﬁf TCCh]_“_Ca] Sfaﬂ? o1 3 15

reviewing candidates provided by a selection committee. EHBRBE  Administrative Staff 58 0 51
A= 251 27 74
a3t Total (108%) | (295%)
PERIORTRAY b A b EEE 13448 1 BIAE / As of April, 2021

Included cross-appointment on campus
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Administration

MEFMDEE . BRELUEHRDSBRENIBE I TCOER BRZRTEDOSND, L FIRDBMICIGCES
ZEIRNZHEHE L T ARPINEZB L EBUT ORAZBIC KBRS NIERERGRSDEO N AEHAREDESE
ZIRET HHEeE R LTV,

HEFA - HEARRRDOREEICEL L ARANEZE L FBUTOFRNEELV E 2 HEF AR EFIZEERD. i
ROFBBIIGCTRRZRNSEHIC HBFIA - HEAMZES S UERFIRRESOER. SLUHERZTOTVS,

MEBEZE RO ZERZH D SFPRETEDRE G AR PEEZ R T DIHEZHEL TV S,

Administrative decisions are made in faculty meetings attended by professors and associate professors. The ISSP Advisory Council provides advice

on various aspects of administration upon inquiry of the director and is made up from a nearly equal number of University of Tokyo representatives as
outside representatives of the broader community.
The Advisory Committee for Joint Usage / Research provides opinions in response to the Director's advice and deliberates and adopts proposals for

joint research and workshops and on the use of the facility. The majority of its members are from outside the institute The Research Strategy Office
headed by the director proposes future plans to reinforce the research and management of ISSP.

NERFE(H External Review

TIRPROMIZERN ZHIE L. SEROFAERETT HcdIc 1995 FUFEIZIT 10 FBIC. ERADEFIRL SHEMENSFHEESIC
KB EBNEFHEZTT D T2,

Since 1995, ISSP has undergone an international external review at approximately ten year intervals. The committee, consisting of domestic and foreign experts, evaluate
ISSP’s research activities and examine the future directions of ISSP.

2020 EF’EE‘Z.’:H%{%E FY2020 Financial Results

FE

Donations %o){g‘lﬁ?’giﬁ
6000 | - 42
i tﬁa‘ﬁ%ﬁéﬁ 42
ndirect expenses
e PRS- ARSI
Special purpose reserve funds,
5000 | oo T BN ﬂ?ﬁ)};‘l{f% IP related expenses
i
NaEpEs research eg(lsgnlsé: 12

External funding 319
4000 |- B B w0 WSS EEm

EEERME

CEEETS o Oy
Operating subsidies 5t :
from MEXT HEIFZEE

Grant-in-Aid from

,,,,,, govermental agencies and

private corporations

3,000 | --

454 =] M(E?\'T

2,000 | -- 4,54 gillion yen XL

1,024
1,000 | (. BN 0 BN 00 B B B
e
FE Property expenses
2015 2016 2017 2018 2019 2020 FY 1,414
SHHSEROIER (81 BAHM) 2020 FEEZHABORR (861 1 THM)

Financial result over the past 5 years (Unit: Milliom yen) FY2020 Financial results (Unit : Million yen)
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Research

YR . RERFAEMEBERBD TFR/N— A EELY M ERAT A2 ERNICE I Z— I RMERMEG DTN S AR
S EfeEEEEYE T 8 - 2 X7 LBFE (Materials and Systems)”, Z D& A BIE T % “AITE - H#H (Measurements
and Control)". Z L CIERZ B L . FILWEMZ AR T 5 "H5E « 518 (Theory and Computation) "0 3 DDE A BIEHICIEE
{ERTEEANS ME - IERFZERL TS,

2016 FE(Cd, THEREMDIERRZE S IV — T ) TEFWBIFZE Y )V — 7 I ORERIELS )V — T %551 F  RER DY - HERZICH T
ZEMBH ORI A BA RIS FEMAZRZ HEEL TS,

ISSP uniquely brings together experts in experimental methods and physical theory to elucidate material science. Our research consists of "Materials
and Systems" development to create new materials, "Measurements and Control" to measure their properties, and "Theory and Computation" to
understand the results and create new science. By organically interacting with these three axes, we are developing material and physical science.

In 2016, we established two cross-disciplinary groups: the Functional Materials Group and the Quantum Materials Group. These groups promote
fusion research that goes beyond the framework of conventional disciplines in condensed matter physics and materials science.

SR A

Theoretical approach

MEED<B
%ﬁUﬂﬁ%’é%iﬁU Materials and Systems

BREEMYD

Theory and Computation

HEZANS %Eﬁ%

Measurements and Control Experimental approach

YRR DRI+ Features

REGDMEDRR D, TOMBERADOIC. ERREMA—DOHERES, BERECEEES EDOBRRIZE/EY LI Rt D Y.
ZDHOFMARLITEOTWVD, EEADRER L CEL—Y—ABFOEBIL HR—DIRIVF—DEEEE L TW\2,
INSOMRRFLBINICHIA L. ZENICEIEZTOIENTES,

ISSP develops technologies and provides researchers the facilities necessary to discover unknown materials and elucidate their properties including extreme environments
facilities capable of producing ultra-low temperatures, ultra-high pressure, and the world's strongest magnetic fields. In addition, ISSP's laser photoemission spectrometer
has the world's highest energy resolution. These research environments can perform multifaceted measurements of physical properties in a cross-sectional manner.

W OERIE / BRENTFEESDE T
BT AT - ZUB~HEHRETD
1200725 « XA VOBETDE
| RGHSREEHI TV S,

We can provide various magnetic
field environments from a few tesla
to the world record of 1200 tesla,
with a duration time from several
seconds to several microseconds by
using non-destructive and destructive

R

Ultra-high magnetic field

HBIEE technique.
R SN Y ) NALZ 3+
Ultra-low temperatures L—Y—% %¥63 FEBEERF
Laser photoemission spectroscopy systems
b &y P #AE—OIXF—DREEL D,

KD - AE DR - MENRRRENFIEE,
The systems have the world's highest energy
resolution and capability of time-, spin-,
angle- resolved measurements.

mK~ UK & WS EBIERRE TCORE

AEICEY MEROBFRREFN

BTENTES,

Precise measurements at ultra-low temperatures

of mK to pK allow one to investigate quantum .

phenomena in a matter. E %E
Ultra-high pressure

DLt GPa) & COBRERSE

TTCOMEERMMEREZTS LN

TE5,

It is possible to synthesize materials and

measure physical properties under ultra-high

: pressures of up to several hundreds of
7 thousands of atmospheres (several tens of

GPa).
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PER CITON TV R EGARTOI T M EIEHR S
Project Research in ISSP Integrated Research Systems
5 o : FEROMERBZ fFOREIC cEFRENFORNSZ BT
SESTE T FEREE  TEOERONEBA LEOMAI S AHT SR T OREE!
. R T 2re. PROEHERSH—THRNEE L CHRET SBE DR
N RODAIVEMRD R L A= 9 ZBAMTORIFE (ST CREST 2018/10 FHIE ZREBEL TV S, YERDSE L TV 2B LT O
¢ ) ~2022/3 “H
BB
BFBIED RO Y — %R A LRI R DBF & 7 /31 R 2018/10 . . . .
RllAk (JST CREST) ~2022/3 To promote the creation of new academic fields through the fusion of academic
disciplines that transcend the boundaries of existing organizations, ISSP has
. 2= e sy 2018/11 p & org ’
CPSBL—F—IITHY AT LIeE DAY — FLSHEHLR (SIP) ~ /2022/3 established the Cooperative Research Organization in which multiple
wi s S o L N 2018/11 departments within the university undertake collaborative research from time to
se ==t /A=A 2 STOEE) ~2027/3 time. ISSP also participates in the following collaborative research organizations.
RABAMTICAF TFRIOR - ZREAMBAR BEEMEA v F  2018/12
LD &> — K &9 3 L—H —MTAARDEIE (NEDO) ~2021/3
s Nt Tk B N N 2019/5 RIS A
t OFF BlA 72/ VIT L BBRED DB AR RREE (ST EEH) ~2022/3 Collaborative research institutions Period
(Hroptical SRRERAICSSHMEEORRAREFOM  2019/10 RFUTIA S R— 3 VBgEt > 8 — (MIRC) 2016/7 ~ 2027/3
(ST & ;b i )T R - 20’2:)/2022/3 Material Innovation Research Center (MIRC)
TAvYy - IVYZT YT E NRAY AR INROER 1 -
(ST CREST) ~2022/3 D FRE S EFR Sl o 2016/12 ~ 2021/11
gg;.g%%%:/ = 1%@;&%) AVEE S UCHINRH L RS 2020/2%2] B Synchrotron Radiation Research Organization
SROWE (MEXT FoRk ~ FEFRAEETIE 2016/12 ~ 2027/3
EFSREE  ERETAOSS T ¢ — DRI (ST E= A1) 2020/2%22/3 Research Institute for Photon Science Laser Technology / !
b5V AR — VB FRIFEREEH IR ~
RIS B R BER AR LABD Y — 202077 e G e e S 202072 7203071
RODREZE - Setimstl & ERERARITIC & 5 AMEAEFIRISIE D AZRR (NEDO) ~2022/6 im0 5 (152 5 1 ERE T
HASBUATE (ECMO) BEWED—7 1 > FHINOREICEET  2020/10 Caboratories for Intemational Research on 202174~ 203173
as]
SHZERAF (AMED) ~2021/3 Multi-disciplinary Micro Systems

SHSZN Number of Publications

FEA0RIVEMR ZHER L TEY . SEN3INDTIIEBRRETCHD, BE G - HEHEE - 8% - R —Adk
YOI HEE D FENIREE 5. PFRIMEFHRLE . ROTHRREFE, EREGRTE (tFEEO2TV D, B#H5]
RS (Top1%, Top5%, Top10%) 1E&ERI30~40fRH Y. B - E8LBICBLT VT ET 4 ZRL TV S,
ISSP publishes nearly 400 scholarly articles annually. About one-third of articles are internationally co-authored and on average, each faculty member (professors,
specially appointed professors, associate professors, specially appointed associate professors) publishes about 9 articles per year. The most published field is physics,

followed by materials science, basic life sciences, and chemistry. The number of highly cited papers (in the top 1%, 5%, or 10%) is about 30 to 40 per year, indicating high
quality and quantity of activities.

50
45 I top 1% M top 5% top 10%
40
BHE - g
Computation and mathematics 835 — ——
i
°cyo-M—N BB —8 8B - B
£
Materials sci ]
aterials science 2
o
b
i&

0 (HikR
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

F)
Yearof publication

FEICHRENTRNDP TR Lfe. REXTORS IR+
(317 : Web of Science & 1))

2020 FEICHERENRIDAR

The field of articles published in 2020 Ranking of total citations to date compared among papers published in the same year

(resource: Web of Science)

FEFEE Ind y Academia Collaborations

REHBIED S ORE PR EE 2T AN TITOHEMETIE. FPIMARICEDV R LVIBEDORT. Gl & FHE. HLVER
BOBGIE EOYMERD / DNTHEXITEREINT VNS, Flc. EXREOEEDHREGZ VY V7 LOEED, MgDRES
DISRDIG EF B/ A UNDEMEEZT DTN S, 2015FH0 5. FITR/IVF— - EERMHSHEFERED [HER - /hPEA
DFEE LIARHEREESE ICHIF2 BB LRHKE ISRETN TV 2,

In joint research that accepts funds and researchers from private institutions, ISSP contributes know-how, such as designing, synthesizing, evaluating new substances based
on specialized knowledge, and constructing new principles. Also, ISSP participates in exchange salons with industry as a place for collaboration and interaction with local

companies. Since 2015, ISSP has been certified as a “translational research institution" in the "Translational Research and Development Promotion Project for Small and
Medium-sized Enterprises" offered by the New Energy and Industrial Technology Development Organization (NEDO).

o Z DAt
B & () o . B ESss Others
Amount (Million yen) Number of projects Electronic / Electrial equipment 3.8%

0 2% 5.1%

70 B
Food o =
7y s 20 7.6% SRR
60 Tranportation
equipment
50 15
40 Steels / Metals QT  FRplopl1 k=355
20 10 A FY2016-2020 fedidlid
e II}/Iachinesf
5
20 Il%ti%%l:rgon/ i;setf'{lsllr(l)ennts
3 munication - 20.3%
10 127% . JEFIX
. Chemical Industry
0 0 17.7%

2016 2017 2018 2019 2020

REGEEDHEHRARDHER HEATRS BEEBAHMDMER
Changes in the number of joint research projects with private companies Breakdown of the number of joint research companies by industry
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Joint Usage

EEDYMERRE DO DHBEFBMRAELTRIIEN. 2010FEIVHEFFA - HEAZRNRE L THEREEOH
EARZRENICRITANTN S,

PIERDE I HREPRE. A2 DM AZREL TV FAREI R MESR - SR [P EFRESR
R | [FERST MR RIEER ) [ R —/\—0> 21— 2 | [ERBRHEISE FEMRIER ] S EICEEZTT O, REDKRS
FEEZE CHEFABREMIZERICTCORE NS, INUCKIBERN 1,000 FOHEREZZIFT AN TS,

ISSP is actively providing research opportunities in condensed matter physics using our state of the art equipment and large-scale facilities. Since
FY2010, we are also acting as a hub for joint usage and research activities with other institutions across the country. Approximately 1,000 research
applications are accepted annually. The Advisory Committee welcomes general applications for joint usage as well as applications in conjunction
with the Materials Synthesis and Characterization Division, the Neutron Science Laboratory, the Synchrotron Radiation Laboratory, the
Supercomputer Center, and the International MegaGauss Science Laboratory.

—F}rx" General

ERRE RIS - oD, SEMERE S, BRECEEL TCVSEE - MEEZEINBFHET 280,

For low-temperature measurement, structure and component analysis, and sample preparation, visiting researchers can request short-term use of equipment to each lab.

YIEER « FMERE Materials Synthesis and Characterization

MEEME. EFNTE. XRAER, EFEMRE. BRIAUEE. XFHIERE. SEEGHZED 7 RRENCBEEM - SHHRIHE.

Seven sections providing equipment: Materials Synthesis Section, Chemical Analysis Section, X-Ray Diffraction Section, Electron Microscope Section, Electromagnetic
Measurements Section, Spectroscopy Section, and High-Pressure Synthesis Section.

Ft B M F R IZEREER  Neutron Science Laboratory

BARRFHAEFAREEOAERRF
JF JRR-3 20MW) IeSREENTC126D5)
FER BLUKBERFIREFHER
JPARC IcB 2@ fEEF 3 v/ \—2
7788 HRC Z BU e Pt FREL =R Z
T2TEDTES,

2020 F 108D SEMBIA LB 6 1
KRR, BimEE MR 69
PFLOPS (fERLEA 2.6/8) 4. Wtk
BERRICHER KRETREFE
PrIalb—yarvaELYMENIC
TOTENTES.

Neutron scattering experiments can be
conducted using the 12 spectrometers

installed in the JRR-3(20MW), JAEA
and HRC in MLF, J-PARC.

In October 2020, ISSP started operating
the sixth-generation supercomputer
system. Its theoretical peak performance of 6.9 PFLOPS (2.6 times higher than the
previous system) greatly enhances researchers' ability to perform large-scale numerical
calculations and simulations.

BB ERIZSHESR  Synchrotron Radiation Laboratory

SPring-8 HICRBEINIEERALE — LT
A > (BLO7LSU) %= HIF L e st ytdn
X IRRBEITOCENTE S, FHK
THEFTHHEBE. 3RTEHMAET
MRATEEE. SRRREE X RRFEEOE
BOEFH. 7U—R—FTIIEBERF

& [ PR B R R R F S R International MegaGauss Science Laboratory

JNIVAR T 20y BT K 258035 7% F)
BAI25TENTES, XM70O~2
RO 3— bV RTIE, FERRE
HFET 80 7 R T X T WENFE
TlE 10007 X Z2E % THAAAE

ERAATOERNDETREL BE DTV S,

Cutting-edge soft X-ray experiments are
conducted at the UTokyo beamline
(BLO7LSU) in SPring-8 using ambient
pressure photoelectron spectroscopy, 3D
photoelectron microspectroscopy, and
high resolution soft X-ray emission
spectroscopy and researchers can install
original instrumentations using available
freeports.

ISSP Digest 2021

BOTW5, £z 1~1080a>J/%
JVATIE 50 7 RSEEFE TORAER
T2TENTES,

Provides high magnetic fields from
pulsed magnets. Short pulses of micro to
milliseconds can be used up to 80 tesla
for non-destructive methods and up to
1000 tesla for destructive methods,
respectively. Also, long pulses of 1 to 10
seconds can be used to measure up to 50
tesla.
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HEF EEREBEOETIREE & T E 4B e AZL Number of Subjects and Researchers Accepted to Joint Usage

HEFARBRDIOICKEFT HCIE. WHEREFO—RAERE. BEHRE (R - B8, BEAREOVINHICERT 20E
D&%, ELOFIRREL. SLOHREFERBABIIULTOBEY

To use the Joint usage facilities, applicants should register either as a general researcher, external researcher (short-term or long-term), or a part-time researcher. Below is a
recent number of subjects adopted and researchers accepted.

FRIREZRE m EEAK 2020 FEEDFKIRZEEEL & AIER Number of topics accepted and its breakdown in FY2020
1,600 Number of subjects Number of researchers = P = 5
/ ERE FRRAX S REIRE | REAK
Researcher Category Subjects Researchers
i o 248 214
General
1,200 WEEH - SRR - 3
Materials Synthesis and Characterization 131 114
1,000 FREF R BRSR S
—fi&BIZRE | Neutron Science Laboratory 95 0
800 General | g3E AU LSS R - .
€SCAICHEr  gynchrotron Radiation Laboratory
600 A—/\—avE1—%
Supercomputer 366 366
400 YDMETTRRBS - IRASERIE 2 43
High Magnetic field (ISSP and Osaka University)
e BEGRE W (Habt - T ET)
Part-time Part-time Researcher (including Syncrotron Radiation 114 73
0 — Researcher | Laboratory and Neutron Science Laboratory)
2014 2015 2016 2017 2018 2019 2020 meeg N
o o - e . BFUTAE =2 % 525
HERIBREDRAND L RIEABDERT Bafemal’ ~ 1 vl Reseancher (Long-term / Shortterm) 6/0 3/0
The yearly trend in the number of accepted subjects for &zt
joint usage and the number of accepted researchers "l?o:al 1,042 931

SOHARFZES - ISSP J—7% </ 3w S ISSP Regular Workshop and ISSP Workshop

HEFA - HEAMEO—IRE LT, AR EEEROVEE T —ICDWTEFRNGFZEEZ T O RAMER. BLUBRRNICITD
ISSPU—22 3w TZELTVD, WINLHEFAERSIIZERDERICE > (HEDKSNRAEE NS,

The ISSP Regular Workshop discusses specific topics in condensed matter physics, while the ISSP Workshop discusses hot issues on time, both as part of ISSP Joint usage
/ research activites. Both workshops are reviewed and approved by the Advisory Committee for Joint Usage.

2020 FEEDRE—E  List of workshops in FY2020

- - B BinEL =
Number oftimes Participants e X4y 7% SIEL
2,500 Date Category Title Participants
9 2020/7/9 LIS BFSAHE L E—RIEBHHOHER 184
~10 | ISSP Regular WS | Frontiers of Quantum Computational Science

8 ° P 2,000 2020/7/27 | 5aHAERRA P FEEZROIRIRE JRR-3 BIERE®RDOEZ

AN - ~29 | 15SP Reqularws | Present Status of Neutron Scattering Research 115
7 RN . o 9 and the Future Prospect after the Restart of JRR-3

/ Sl N v~ | BFNERARDOREDER ESEBDEL
6 h L) v [ ] 1,500 2020/9,/34 ISSP—23y7 Recent Developnﬁents and Future Prospects 170
s , ' B ISSP WS of Quantum Materials Research
AN N / N ) N o AMERZERT A/ XD > HEFIA - CCMS &R
. ¢ N ‘e 1,000 2020/12/21 | JGHRFRRR HRE TEIEMERFEOHER 2020) 153
o .. ~22 | |SsPRegular WS | Computational Materials Science
3 ° ‘e -New Perspectives 2020-
2021/2/22 | 1SSP Sy MERRICBIF BT —2RZDS ERR
2 500 ~24 ISSP3V—57/E 7 Present and Future of Data Science in 209
, Condensed Matter Physics
ISSPT—5/3v | FEthiR X SRBIANDEE T
0 0 202173/4 1 scpws Core technology toward the frontier soft 137
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 X-ray science
SEEARIZE A DR & SINE 2021/3/21 | ISSP7—%~3/3v| The International Workshop on Quantum 39
Number of ISSP Regular Workshop and its participants ~24 | 1SSPWs Magnets in Extreme Conditions

;%lﬁ‘*um . ;%Iﬁlliﬁ%m,ﬁﬁﬂa)ﬁ}% Cooperation among Joint Usage / Research Hubs across Japan

L L ; SILAS S RATRIBIERR
MEIZ SR T b — | HRERKEDRESH RRREOREM } MR RSS2 —
High Field Laboratory for Superconducting

[‘%ﬁ?ﬁﬁﬁ%ﬂ?ﬂ%‘%ﬁ’@?ﬂi\ kﬁ&kiﬁi—?ﬁﬁ%ﬂ@%ﬁ?ﬁﬁﬂ%ﬂ—?ﬂ%t TEi=& )‘J “ Materials, Institute for Materials Research,
e ("
4

T, WAD/ IV kEEHERAT 2HEFBZERL TS, 2021 FELY. it elilan Uty
RESBMEARFAOBRMSBEEMEME 2 - 0EE L. EBHMEBELEH
fe 3MERZMEMMICERT 5 BREF SRS~ —RiE ) OERZMIM LI, <
DESGHRERNE—AFRNEEE K Y IBBIGICES 53 LWHEFA - £EHZR
DEREHEL TN S,

) RRAFYIMERRZERR

P B E iR R i R S R ST R

International MegaGauss Science Laboratory,

High magnetic field collaboration: Providing the world's best standards that utilize ISSP, UTokyo

the environment for high magnetic fields

ISSP’s International MegaGauss Science Laboratory collaborates with the Center for

Advanced High Magnetic Field Science of the Graduate School of Science in Osaka /v—”
<4

University for joint use of their pulsed magnetic fields. Cooperation with the
High Field Laboratory for Superconducting Materials of the Institute for ,x"
Materials Research at Tohoku University also started in 2021, providing <*"
opportunities to use stationary magnetic field facility for existing user. )
Integrated management by all three institutions contributes to advanced

research in high magnetic fields research. ) o

RIRARFELHER B mRSRE v > 2 —
Center for Advanced High Magnetic Field Science,
Graduate School of Science, Osaka University
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Human Capability Development

ML FRICEITDAREREE I RITHDARTIZ LM RICERE LARTRRREDOE T IRERDARDFORZ
HBA TR ENEHEE LV ZENRFEZL DOAMZENT 5 EIcHZENTLS,

Graduate education at ISSP seeks to foster young researchers to develop comprehensive skills and broad perspectives, transcending the boundaries of
conventional disciplines such as physics and chemistry, or science and technology.

KEPRBEEES Graduate School

REBRDER & FHEEL Courses and the Number of Graduate Students

£

EFR YEFER
EFRAFER
TERWMETEER
R MEREL
R EMETSK

At

FEBNRETOT S L

fELERT2 BRI

Course Master course Doctoral course

2018 2019 2020 2018 2019 2020
Physics, Science 30 30 33 24 29 31
Chemistry, Science 6 3 4 2 4 5
Applied Physics, Engineering 9 6 10 3 7 1
Advanced Materials Science, Frontier Science 40 39 41 19 16 15
Complexity Science, Frontier Science 3 3 1 0 2 2
Total 88 81 89 48 58 64

International Research Opportunities for Students

BATOHREMARZBE LT ENERBREF OERNGEENBE CELAMEBNT 5 LEENE LT KEREZBNOMEEE I, A
BREY 5 MBNFERETOY S L] &, 2017 FEH SR, ZEA LTS, COVID-19 DFZEICK Y 2020 FEELEDIREIFTHEF,

Through a program initiated in 2017, ISSP offers graduate students the opportunity to enrich their skills by spending up to several months overseas and conducting joint research at
one of the leading global academic and research institutions. However, due to the impact of COVID-19, the program is currently suspended.

TRIEHAR  Period
2019/4/1~5/31

2019/9/1~10/31

2019/9/3~10/4

2019/10/7~11/21

YERR - BLERSC (2018 ~ 2020 )

GBS Institute
KE ZATKRF
University of Chicago (U.S.)
KE SAAKRFELT) BRYIIBFFAIRT
Kavli Institute for Theoretical Physics & Rice Univ. (U.S.)
KEDIVT VT KRR T —INA U
University of California, Irvine (U.S.)
KE ITYF1—tvIYKRE
University of Massachusetts (U.S.)

Career Paths and Jobs

Hi%ET—< Rescarch subject
BRI Z 7D B FIEDIEREVEFE
Theoretical research on quantum phases with higher-form symmetries
WIFEDRRICED IBRE AL e b RO DA VBEEERER
Searching for topological superconductors by symmetry-based indicators
W R FEORENBMIERN\DISH
Application of the machine-learning scheme to the density functional theory

B—BERNF7 IV DIF EEED
Evaluation of Mechanical Property and Structure of Homogeneous Network
Polymer Gel

WA CEARZEDZ I1E. REIGEOHER PEME., AZPRWHARHEL LS. BRNDZHREDTF COEEL TV,

Many of the students who have studied at ISSP are actively engaged in Japan or overseas in research and technical positions in the private sector and at universities and public

institutions.

ELERF2ET# Master guraduates

i )

Research institutions

22%

B

Government institutions

wtme |

Doctoral course

40.2%

RREIEE ZEAR Details
3R -85

Information /
on instruments | Tele=

21.6%

communication | instrument

13.7%

ISSP Digest 2021

REb%
Private sectors
55.4%
Lpeit a]
Tranportation equipment 5.9%
e - &R

Steels Metals 5.9%

Wi TRILF—
Machines /
Precision

~* Chemical
Industry

Power company T

Insuranc

Energy

13.7% 13.7%

TBERIEIE T4 Doctoral graduates

B [5iEa 12l
Government institutions  ZB{LFFHZERT. JAXACNEDO. IBS-CCES
WS FROEN:

Rescarch institutions,

RREKF KRAF BERERBAF
BRI AR. 7 Uy TR
FI— L)LY Rice University/x&

Research institutions:
RIKEN, JAXA, NEDO, IBS-CCES

Educational institutions:

University of Tokyo, Osaka University,
Keio Universituy, OIST, Philipps
University Marburg, Rice University

Rk
Private sectors

43.2%

FRIEN
Educational institutions

40.5%

1E3R -8
Information / Telecommunication

6.3%

RREIEEE ZEANER Details

LFTH il 2B
Chemical Industry Steels / Metals

18.8% 12.5%

Electrial equipment

25.0%
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EFZEEDER « AMTEER Human Capability Development for Young Researchers and People's Exchange

BFAREOERE AMBERDOO IS EAD LUERH EE1C100% ERADSDHEAY ELTWD, TNET371 ADEIF-
BELEE L CHY .. TIEEREIESFE1178 (2008 F~) L7xoTW5, B 5 FTIEKRT - HHZRMEEIN 88%. REIEEN 12%
EHLTHEY . ERANTHRZERL TV S,

For human capability development and exchange of young researchers, 100% of research associates move in and out of ISSP. So far, 371 research associates and assistants

have flowed through ISSP. The average period of employment is 5 years and 11 months (since 2008). In the last 5 years, 88% of research associates and assistants have
moved to universities and research institutes, and 12% to private companies, where they continue to actively conduct research both in Japan and abroad.

&l
'\ Privatecompanies

AT 129% E!H!I!E x

Public research institutions Universities

3 6 (y N 5 2 0/ 0
0 YT ERZEFR HEBIE 36%. BH#K 120%. B8ED 4%
‘ ISSP » ﬁ:z;):r.e}:;z 36%, Research Assoc. 12%,

RERHE - BRLZFHIE Next Generation Education and Support for Female Students in Science

THROMFEE S IFREP—ITROAENRE LIEHBFEHPREDESE - EXEEZTO TV %, FROEVWFTHETE
EPFELBITH LT MERFITR LA TV T EZENIT. RFORIFTAN, FRADEEEEZT O TS, Fictat v
VINABEERIC. TR N EOSBEESRIUIRET 7/ IOV EEDF EOMITHEREICR T 245 L tsOB BRI S L
W5,

As a part of ISSP’ s cooperation with local educational institutions since relocating facilities to Kashiwa in 1999, ISSP is engaged in educational activities and scientific
enlightenment and dissemination activities for junior high and high school students for the next generation of science and the public. ISSP provides on-site tours and offers
classes at schools to familiarize students with material science. An annual workshop by Tokatsu Techno Plaza is being held every summer.

NG — e oL EE LN FHEPHEER
Science classes and lectures in cooperation with

Open house Public lectures local communities

ZFFHERIFARY b TFRFEBF AN b HERIESE
Events for junior high and high school girls Events for female college students Lectures at junior high and high school
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International Cooperation

HADYMERFICEEDS by THHZEIE

s JI—=T L EFRESERRE LTRERUAMRRIC L BEEZRIE L. ik

NEEBRARIZ2I =T —RXV T =7 DBE - st ZBEL TV S,

By concluding agreements and participating in personnel exchanges with the world's leading research groups and institutions, ISSP continues to build

and deepen the community network for condensed matter science.

WE - REMEREE 50

& Agreements and MoUs

FEINEDAZTHEE KF EDEHEICKBATTEB PITRICEIF T IMBIE DL - ZIRBE. BLUAHEOEEZMHHEL TS,

ISSP has concluded nine agreements and four MoUs for collaborative research activities and exchanges with research institutes and universities worldwide.

Frv:=vorT s omrmeemsm [ 7z omeswrs

Max Planck Institute for the Physics of Complex,
Systems (Germany) 2

RAY RVIRTTY
Btz ..

Max Planck Institute for N/
Chemical Physics of So K
(Germany) 7

&

53

JFDEE
Cooperation in the High Magnetic Field
Science in Asia

Science/College of Engineert
 Sun Yat-sen University (Taiwas

onal Synchrotron Radiation

carch Center (Taiwan)
a7 EraBAres Ty stEnys [
College of Electrical Engineering and Computer Science,
National Taiwan University (Taiwan)

JAavARTHFVZAKRE (HU) - EFMEHAERLY2— CRED

Institute for Quantum Matter, Johns Hopkins University (U.S.)

Institute of Physics of the Czech Academy of Science

Sending ISSP faculty members to JHU
accepting JHU professors to ISSP.

+-zrsurEFszsmms [0

HEFDHE ‘iEfDEﬁ%‘Tfmﬁ
Developm
photoelectron spectrc

—

ed Electro
¢ (South Kore

k:

UY—F7 07Ty —RiE

FEEBAL

L vav xR T2k [

s Hopkins University (U.S.)

K ARE I E ST
ﬁl?@u_@hf(_)r Complex Adaptive Matter (U.S.)

Australian Nuclear Science and Technology Organisation

)

h N

(v o
MoU; Memorandum of Understanding

e
Agreemrnt

RVGRT IV U EMRIIBEMER (K1)

Max Planck Institute for the Physics of Complex Systems (Germany)

YMERZRAEAD JHU O U H—F - 707 o v HF—IC@tfE. JHUBHEEB\WNT 2
A FR Y VR I DR,

ISSP and JHU exchange respective faculty members and co-host symposiums.

BEEREFR (BS) - saEREFHERL 22—

Center for Correlated Electron Systems, Institute for Basic Science (South Korea)
MMERREAEEE BS ICRIPRE L. NHBFONOEBERERIOHEMEL L%
75,

ISSP sends faculty members to IBS for a long-term basis for development and joint research on
photoelectron spectroscopy instruments.

H *mﬁ s# Japan-U.S. Cooperative Research Program

HET -0 3 v TOEHRBME

ISSP and Max Planck Institute regularly co-organized workshops.

E L AFES R T2k (88) BEAFZEARFE GGE) .
HREEGRHS T2 — (RE)

College of Science and College of Engineering, National Sun Yat-sen University
(Taiwan), College of Natural Science, Dankook University (South Korea) and
Wuhan National High Magnetic Field Center (China)

TITIEH HREBRZDEE, <72y NERICSI HRIPEEREE S,
In Asia, ISSP collaborates with universities and institutions in high magnetic field science
to conduct joint research in magnet development.

1980 4F I BKAEIRE Chffs S N e 2R DR I 2 EHEREICEDE. 1983 ENSKE T RIVF—E EWMERERT. SLUARRTIHE
P (FRJAEA) B & DEIB IR & L CRBta S e, —2 1) v P EIIFFZERAT (ORNL) e RO REBE SN TN 5 Z L E LIeHERENMTHhN TN 5,
The governments of Japan and the U.S. concluded umbrella agreements on science and technology cooperation in 1980. Under this framework, the U.S. Department

of Energy (DOE) concluded agreements with ISSP and Japan Atomic Energy Research Institute (JAERI, currently JAEA) and have been undertaking collaborative
research on neutron scattering using spectrometers installed at the Oak Ridge National Laboratory (ORNL) since 1983.
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THE INSTITUTE FOR SOLID STATE PHYSICS, THE UNIVERSITY OF TOKYO

NEAIBAL « ZlF AN International Visiting Professors and Researchers

L—</77 Malaysia 2
ZF—A K77 Austria 2

HRESKEDYIEMZEZ TE L TN feod, BADSEBLEHREENEBARTE
FT& (Visiting Professor) & L C—EHEER L TW5, F1z 2017 F£L U ERR®EL
fe EFSEERIEIC
ANEEWZEE (Visiting Researcher) & L CEEEIBAVLT 275 LT3, ?w'jedle_n?y3 s

IMERTICIE, 20 WU EDES M S 200 2 < DFIFRE DAFIREN. HEFED . o
VURITL, I F—DHITEHHEN TS,

* COVID-19 Dz, 2020 FEEDZIFANEIE 2 (hE - O 7)) D+,

AVRRYT 3
Indonesia
_ IVHAR—IV3
KU BEBNRET TS LDRKE, BADSEFHIREZIE  Singapore

To lead the world's highest level of research on condensed matter physics, ISSP hires prominent
researchers from abroad as visiting professors. In addition, the international collaboration program (begun
in 2017) sends graduate students overseas and employs young researchers from abroad as visiting
researchers.

2019

FY2019 ﬁ?’g Taiwan

Nearly 200 researchers and graduate students from more than 20 countries and regions visit ISSP for joint
research, symposiums, and seminars. Due to COVID-19, the number of accepted students in FY2020 was
only 2 (from China and Russia).

Germany

NEAZIF AN

Number of visited researchers and students

FEE >V RI DL - BB T —223 Y7 International Symposium a

2019 FES LU 2020 FEICRRESNEERY VRV I L - BERT—02 3y
List of International Symposium and Workshops in FY2019 and FY2020

FfER 24 ~b SINER (NEALK
Date Title Number of participants (international)
2019/6/16~21 Spectroscopies in Novel Superconductors (SNS2019) 208(87)
2019/7/16~8/8 Computational Approaches to Quantum Many-body Problems (CAQMP2019) 105 (30)
2019/7/16~8/8 New Perspective in Spin Conversion Science (NPSCS2020) 99(15)
2021/3/22~26 International workshop on Quantum Magnets in Extreme Conditions (QMEC) 396(318)

* COVID-19 Dfeéd. 2020 FEEF 14 (> Z 41 BAE) DI+, Due to the impact of COVID-19, only 1 workshop (on-line) was held in FY2020.

P IERR O FR R

Number of published papers

P372¢

EFRHZERXBDES

International co-authored papers

30.6%

EfREZ R OEREE

International co-authored papers
by country

330 28%19%
ﬂ — =
| p

YRR B51) 2 FERam ISR 400 i <

Nearly 400 papers are published annually

BEEDRS

International students

- -~ - 1
WHERRICFRB S 25 E (8L - BLBREDS
51 D4 AT AUESBAD S DBFE

More than one in four ISSP students are from overseas
(total of master's and doctoral students).

MMEHC BT BHEKRRDK 3 DD 1H
20 LU EDE - g & DEBHER
Approximately one third of the total number of papers
published by ISSP, are international co-authored
papers with more than 20 countries and regions.

NEABE -HAEEDEIE

{@}‘,\%Eﬁﬁl@EEU%‘ SIEHRE (33%).
KE (28%). K1Y (19%) DIEICZL,

Most international co-authored papers are with the
China (33%), U.S.(28%), and Germany (19%).

International researchers and faculty members

nunnnan 6

WA CRAEN TV S8 E (B - #250% -

B#) EHRED 6 Al 1 ADBAEA

One in six ISSP researchers and faculty members
(professors, associate professors, and research
associates) are international.
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Division of Condensed Matter Science
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R T EWEFERR

Bk, ARBIRER 7572y, bR YA
IUitixiA 7R £ DIEL OFERDYER 2 OH L R k72
Y10 O T FIE BRI 50, R ToB SR R—)
R ED TR, MIKIE, &, s v o
fo TRRRRERSE | ICB W THRIHENTE /e, R RY I
P TIE, # LOPE R OERR & BRI 72 AT 7 RSl
EZHATDES T LICKD, FILWYHEBIC DR %)
MHSZRRUMIAT 2 e 2BIRE LTV 5,

HIM 2T 20Tt R, BlEFEEOL L, HiY)
B E AR O RS, MREIET T DR 2 A - 1
S BARINE 21T > T %, ARRMSEA, BT E (TR0
Y. FRa VIS EDZRREE R NG, BT
., 79 A b—v 3y, FPRuY— pyABERE
W22 U TBIN S ZREBIGOMBINICI D ATV,

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 pursuits 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,
topology, and molecular degrees of freedom, in various materials such
as organic conductors, atomic layer (two-dimensional) materials, and
topological materials.

BMFIEE EHEA
Leader OSADA, Toshihito
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y % m % % Mori Group

FiZE T —< Research Subjects

DYOAMER D) LIHRER (8) ShsXorm bk
(EEADBFE & e MY

Development and studies of structural and physical properties for
novel organic (super)conductors and proton conductors based upon
molecular degree of freedom

BRI CEFNT T VT L1528 LA ISR, 2B
Tk, FAEIRDRFE & BEBEMENTZE

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

VDN (Wi, EY. . B ISEDWIE
Studies of responses by external stimuli (magnetic and electric fields,
temperature, pressure) for molecular materials

B GHERDIR S VAR DI

Study of organic field effect transistor

BhE BE BF
Research Associate
FUJINO, Tomoko

BEBH HE %
Project Research Associate
DEKURA, Shun

Bk F KR

Professor MORI, Hatsumi

I Course
EFRF W FHASMER
Adv. Mat., Frontier Sci.

AWFEE T, WlEBEE & D0 7h ki L7270 1Y
BaERgE U, FRafErte LTET - 7a b gk,
[k, AR, ZFOIE) - BB K BIMG0E . BROR
b VYA XD ETT o TV, TNEHD T
REPIE ORIFEE., BT RS AR B O EME & &
EETL 7 v a0 AL ZBMEL T3 ADEEIIE L
ZoTW5,

ST, 1) KEF - HIETEE TS ST L. 2)
B —a R EEHDRE L BT ot &R kS
BB ARl 3) ROV, RIERSINGIEE IR
B ELRENFETENS,

B ZE T, FrLVEy M ET2Cu(NCS)2 35 & OEf
FR A B-(meso-DMBEDT-TTF)2PFe A iR (=84 (XD %
FHELU, IR ET -, SOICRETE, KEFKEG 0
k> LA O EICHET) LT, R L O D B R
HR2 R IMaREER (GR) ZRF LTz

y o s s
a) 5 5
=
10" ESIS SIS
meso-DMBEDT-TTF
o . {(a) 1bar
10 {b) 2.1 kbar
£ {c) 3.1 Kbar
5 {d) 4.0 kbar
s
E 10%
g ‘on!
10
‘oé 5
‘0-0 L L
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Temperature (K)

FRERBEER: () v bAEK-ETCUNCS), D B & & (i) BEREH%FE
B-(meso-DMBEDT-TTF),PFs DESUIRIMDEFIETF .

Novel organic superconductors: (i)single crystals of Mott-type k-ET2Cu(NCS); and
(ii) electrical resistivities under pressures for charge-ordered-type p-(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 k-ET>Cu(NCS); and charge-ordered B-(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.

[
>
-
(=]

Magnetic susceptibility (emu / mol)

0 100 200 300
Temperature (K)

GEBFLAEBETO N YHEBEYT 5B HIEZAEK-ETLCUNCS),-
X3(Cat-EDT-TTF); (X = H, D) ICBWVT. KELEXRNRICK Y BB TEEES
KUBHMEDMI Y BED S,

Switching behavior of electrical resistivity and magnetism due to large deuteron isotope

effect in proton-electron correlated purely organic conductors k-X3(Cat-EDT-TTF)>
(X=H, D).
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E EEI m % % Osada Group

FiZE T —< Research Subjects

HHT 1 T v ZBFHRO b RO D)Lk
Topological properties of organic Dirac fermion systems

B 2 JUcE OB & BTk R
Electronic structure and quantum transport in two-dimensional
materials

B BRSO A E kRS L B e — L 2 R
Angle-dependent magnetotransport and interlayer coherence in
layered conductors

B 55774~ ORGARE TR OIS X 3 81
A IR
Quantum size effect of ultra-thinning on magnetic-field-induced
electronic phase transitions in graphite

xy
\w

BhE B 2%

Research Associate
TAEN, Toshihiro

Bi® RE #A
Professor OSADA, Toshihito

FI Course
TIXERYETSE
App. Phys., Eng.

AWRETE, BHE (CXon WE. M RuYi)VE.
NLF /W& 5 e LT, gy « KR - & EEREE T Ot
EHE (B - QRS BVERNRS) OFERIZE 21T S
TEIKED, HLOVEBFIRESE FIAHR. M RoYhib
PR - R - HIEdT 2 C L ZHIBEL TV S, ThEE
TR L AN T« SEAGLLIERE 2 FH W 72 S5 e e
RF EEDOFETIER GETRRI VT T 7 0 —5), USRS
AND 2 AT BHRAEEORSEFHL, 40 T f Vil LR
Wi IS K 50 RHNE ETh o, BEAMRmNERE T
LTIT9, EFEREET « T v VETRS r MRS
35 M ARaYh)VETIRE (B R—)VililE, v —
BHRE) b RoYh)Viakig GERERE R—IVaR
B, BNRES ST 2 R VER OB R, TS
T 7 A+ OfGEAE IR T IR RIC X 2 =
B BRI T B9 217> T 5,
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Blsr_ry Curvature Dipole

-

SEAT] 3y, 127 eA)

(@) BEHKFEF v v TDHZEHT « 5V VBFRD/NY FEREHTDON —ih
£, BhaRd EEBREN T TIVZELSTNS. (b) EFHEER—IVHR.
(O N —fERBFDILFRT 2 v ) UEREFNE,

(a) Band structure of organic Dirac fermion system with a charge order gap and Berry
curvature of its conduction band. When the system carries electric current, the occupied
region shifts from the Fermi surface. (b) Nonlinear anomalous Hall effect. (c) Chemical
potential dependence of the Berry curvature dipole.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/osada_group.html
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Osada group aims to search, elucidate, and control novel electronic
states, quantum transport phenomena, and topological phenomena in
atomic layer (two-dimensional) materials, topological materials, and
artificial nanostructures, by transport measurements (dc/ac electric
transport, thermoelectric effects, etc.) under high magnetic field, low
temperature, and high pressure environments. The main experimental
tools include device fabrication of atomic layers, their complex stacks
and nanostructures using advanced microfabrication/evaluation
equipment (electron-beam lithography etc.), precision measurement
of double-axial angle dependence in superconducting magnets, high
magnetic field measurement with 40T-class miniature pulse magnet.
Simple theoretical studies are also performed in parallel. Recently,
we have focused on topological electronic states (quantum Hall
ferromagnetic state, Chern insulator state, etc.) and transport phenomena
(nonlinear anomalous Hall effect, etc.) in organic Dirac fermion systems
and t-type organic conductors, quantum transport in twisted bilayer
graphene and black phosphorus ultrathin films, and quantum size
effect of ultra-thinning on the magnetic-field-induced electronic phase
transitions in graphite.

p A=0.01rx10 down-spin |

_ ;,: &
Va

i 5
a‘eB/ 4mh

up-spin

Lo

@) REVEEREERDS 5 T BKEAR S/ VRV DNV MgiE, Fvv T
RIENY ALy TRENENS. (b) T HEREAORISH T X)L+ —%fL
PENRICLBRAE Y DRMET B,

(a) Band structure of the nanoribbon of the t-type organic conductor with a finite spin-

orbit coupling. There appear helical edge states in the gap. (b) Energy levels of the t-type
organic conductor under magnetic fields. Spin splitting with orbital origin can been seen.




IJ—I F m % % Yamashita Group

FiZE T —< Research Subjects

LRI BUF % imHBE EE TR O WF%E

Study of strongly correlated-electron systems at ultralow temperatures
i AIC 3505 B EMT RN D FA R — LR

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

NMR 7 F U = 2 M 7Rk 5 O 9%

Multipole orders studied by NMR measurements

B KE 2

Research Associate
TAKEDA, Hikaru

HEE LT &
Associate Professor  YAMASHITA, Minoru

FIX Course
HEEMER
Adv. Mat., Frontier Sci.

IO TIRTH 2HZFETIERTOWEIZHD DT L
Fo T, MEMBVHEFEIMOE S I b, £TAD,
17 Ve > e S (EI I TR e O BXHERSINIIR 01075 %
LWV S HURERGD R R ENTO 2RI, WIEANY 7 LD
EHRENERRE, iy )L A1) KU D R — AR ERk A 7R R T
BRI TR E N, BIRTIIARES ZickEnTL
o TRABZV, BETHEREYEESRAMEIR IS RN
TWeblITH%,

UK E T T DL S HBEFREHRICHKZ DS, K
I E CORMBENEIC K> TZEOWIEZIAS MMCTT B8 %
ToTWa, Ko, EFRIFADEIITDODNTIAD >
7z 20 mK PAF O B K A I 51 5 BT BIG. B1s
BHIROMINIC I Z AN TS, EHI, Mfgkikho 7 +
S YRAK VIR EDOJEMTERNE ORI ER— LR > NMR
72 T 72 2 M- B DRI 1172 ANTFZE 2 s T
%o

YR ORIEERDA R, BIEE (1 mK) - BEES (10T) DRBROEJEE, £ F
BRHAEREMIATE, A TMHERNBER MV RERL>YFL/N—,

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

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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Cd ARNZY A FETEAENBR— ) VUREE «, DBEREFN. BEKEFE
FECBTLBH, EHB T EOMMEERDOREEITHIEL T kg DREETHE
b2 EHDhofe. BMARIGREREY b7y TORHKK,

The temperature dependence of the thermal Hall conductivity xy, of Cd kapellasite
samples. Although the temperature dependence of all samples are similar, the magnitude
of xyy is found to depend on the magnitude of the longitudinal thermal conductivity. The
inset shows the setup of the measurements.
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A ﬁ‘ — F m % % Haddad Group

RXoTE. FCHRBEEASL T ST 2 Vi EO 0L
YE., S RuYh)UBICEIRN D B, T, FAED TV —
T o B OB TN KGRI I R 2 BRI B
ORE RN L CE e, Vo7 2 VB 3Bk
NL—hO=7 ZAOAHEMHESS, BAREFENRE —H7 27
VEEBRBEZ A VAT A RSB BEHE N RHEEO
AREMERR Uiz, EhF v —Vifiikic B 5B L FRo
V—OBRICOVWTEWNE LTz, THICHATNVBXUKSA
A TV DIREER FFDRIC I T B EAE bR a D AU
Bongertse Bt Uiz,

YIERIZEAT TR 2V —T i LT, IRNEE 8
FITrUNERT Ty U %R a-BEDT-TTR)203. HX T
bR T Y VP O BNE SRR TP EA BRI T B R D5
BOWIFERLERINCIT S . T BAHEKEADONY) J)V Ty
DRIEDIR B TN DWW T WIS B T ETH 5,
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NEABERR NE—F VI7J
Visiting Professor HADDAD, Sonia

I am interested in low dimensional materials and in particular organic
superconductors, graphene like systems and topological materials.
Recently, our group studied, theoretically, the role of mechanical
strain on the electronic and vibrational properties of two-dimensional
materials. We looked for the possibility of a strain induced valleytronics
in graphene and the emergence of flat bands in strained twisted bilayer
graphene and metal transition dichalcogenides. We also investigated the
interplay between strain and topology in Chern insulators. We found that
strain could induce topological phase transitions in systems with chiral
and anti-chiral edge states.

At the Institute for Solid State Physics, my work will be devoted
to the strain effects on the thermal transport and magnetotransport
properties of twisted bilayer graphene, organic Dirac fermion system
a-(BEDT-TTF),l3, and topological materials, in collaboration with the
experimental group. I am also willing to investigate the behavior of the
helical edge states in strained organic conductors.
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Division of Condensed Matter Theory
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PITPEBEERAFZEER T I, WITERZE O iR Sekin 70 % o PG
USRS D #A TV S, PpTEY S T I BRI/ A
HEREANZRILTBD, 75370 ToEE
EEAREREIC BT BRI K > T, ERESR»SHL
WIS HILLED . LW O T EZ2{To 1k
DY 2T ENAHELED, RO T L —7 Z)b—I2id,
B LW D SF7ehd, B PR 2 38 & & T HllRE
N7 @ % KD Eki AN INA TREARTH %o
AEBFNE 2 DOWIFEE, BXUT, ‘RFWHENK T NV—T -
PEREVIIERIZE 7V — T 723605 5 % 3 DORFFLED LK E
N2, MERFT - fRg O MR & &I, it ki sk
DL REBEHGRD B A—/8—a 2 ¥ 2 — X &IV 5 KB
ERHRICWZ 2 £ T 2R IERFIEZ )L L T
IZBU 2 RO ZEREICH D ATV, Tz, W%
FINALDFEER 7L — 7 & D s & BRINICHED T %,

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 two groups and three 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.

ESFIEME M B4
Leader KATO, Takeo
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P I9e
l% ’ﬁ m Ju % Tsunetsugu Group

HiZE T —< Research Subjects

?f-;ﬁgf\ fEE L a7 B 7R D THRIE & ¥ TR
FAS,
Electronic states and unconventional superconductivity in strongly
correlated systems with d- or f-electrons
7 I A L= 3 YROMENIE
Statistical physics of frustrated systems
BPREMERO BT AT BT O Bl
Theory of novel phases in quantum magnets
BIROITEHEAF I I X

Nonequibrium dynamics of quantum systems

Bh¥ HE EE
Research Associate
IKEDA, Tatsuhiko

BiE ER B
Professor TSUNETSUGU, Hirokazu
HI Course
EFREE

Phys., Sci.

EReRey. w7751 MMeahiz EoE
il 7 — v AR EAE R DS sRAH B R 1R DY L o Bl 2 5T
LTWa, TNH@EFRICBO T, KR THa &
PERREP ST HHAE, ISR EOZME R YT HBE
T3, TNSOEMAYEDR -MaMiRzHIEE TS L L
BICH LWHROFERZHIEL TV 3,

TaT—<ld, 7T A L— g VRV IEBERE A
EDQREY - i - PuEOH B HHEZFFORICBITHH L
WEA TORTHEFPRTOLETH D, BFLHABSRD
R, ERERIEIRZIE LD LT EHAFITANE
DX BB EZITBONEMNT0D, Tz, FHIIRD)
N5 N R EDQIFFM A A F X7 AICHT B, BB L OREGIC
X BRI OMR L B A>T %,
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EOIARFEEZ L DEVBFROBIMLEMKEFER, /. KIESEEY A
FEDEARH, FFAHWHEEER, £ IETRIVF—DBEUT—BERMELRIV
F—ITH RS,

Phase diagram of electric quadrupole orders in heavy-fermion systems with fcc structure.

Jand K are isotropic and anisotropic couplings, respectively, between nearest-neighbor
sites. £ is the energy unit corresponding to singlet excitation.

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 nonequilibrium dynamics, particularly
systems periodically driven by an oscillating external field, and
investigate relaxation processes due to coupling with a reservoir.

BDME zyox HBIcH S 2 BRLBFDZEFECE, LA FBMROIERY A b
BVTEEBFE— A FHVEERL TV S,

Spatial configuration of electric quadrupoles in the partially ordered zyox phase. Quadru-
pole moments vanish on the corner sites in the cubic unit cell.
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i"] % m % % Kato Group

HiZE T —< Research Subjects

AV 2Oy 7RO BT LTS

Transport phenomena in mesoscopic systems
HAEM 28RO

Electronic properties of interacting electron systems
AE Y b U=y ZHEFOSEE

Fundamental theory of spintronics
BT 1

Non-equilibrium statistical mechanics

e
e

“aik A oy i

B RE 2 B B EH

Research Associate Research Associate

SAKANO, Rui FUJII, Tatsuya

HEEIR B EE

Associate Professor KATO, Takeo

FI Course
B REF

F ) A= )VETORTHEREICONT, SEIEAT
R - PRI 21T > TV, TONESHEHI NS
AVZACy JREMEN, BTOBTHHNEEEICEH
UTWZEDEFIC TN T E e, Bl Tld, P2 AR -
JEVls ) A R - mVEEREN G - AE Y o=y Xk E DR
LW TR ER L TH D, AR ETIZ TN D DR
KR LT, IR ARG 0 T, 2RETmAE
W TZE R OBERIT 7 21T > TV B, ol OWizefl & LT
. T AT =IVETOMEBGR Y E T Mk - SRS
TOAY Uik, HEULE N OBENEIRSRIC B 5 2R R,
kR T Ry b OIEElERER . EAR O R R L
WET 5N, VEZATNOFKER 7 I)L— T & OILFRIIIE S
HESHTWVS,

2

06 08 1.0 1.2
T /T

AEVREY JIT & o TE L BBIERGED SBEEARND ALV RDER
EZt, BAR RS ERE - BrE RS OERAR.

al ~—
00 02 04

Main panel: Temperature dependence of a spin current induced by spin pumping from a
ferromagnetic insulator to a superconductor. Inset: A schematic of a ferromagnetic insula-
tor/superconductor junction.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kato_group.html
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We are conducting theoretical research on quantum transport properties
of nanoscale devices using various methods. In the research field that
is called mesoscopic systems for long time, there has been active
research focusing on the quantum mechanical properties of electrons.
In recent years, research has been advanced from new viewpoints such
as non-equilibrium many-body effects, non-equilibrium noise, strong
field driving phenomena, and spintronics. In response to these advances,
our laboratory is conducting a wide range of theoretical research
using non-equilibrium statistical mechanics, quantum field theory,
and many-body theory. Recent examples include adiabatic pumping
of nanoscale devices, spin transport at magnetic junctions, many-body
effects in thermal transport phenomena in superconducting circuits,
non-equilibrium transport properties of Kondo quantum dots, and high
harmonic generation in solids. In addition, we are conducting various
physical phenomena in condensed matter physics. The joint research
with the experiment groups in Institute for Solid State Physics is also
advanced.

RLC Circuit Charge Qubit »
Transmission Line

EETERET 515 Ty
V>

Cx —xeY (e Co Co
—
[ I T T
N Microwave
o~
= 10"
3 8 a=01074 L8828t e.,
x g a=0.05 Le028 °es
I o002 ,° s=05
) - °
4 6 T W05 e
w 10 6® . @ T, T T T
g R ]
- . =
< o 7/ 3 s feeaet J
s . 3
s . ’/ /wl,i = -
10 .
U
= ° T R
&" w/we
10 107 10” 107! 10°
w/we

ER B TF v I RBRERBE LBEEETFE Y b ERRY HBEEE
B, TR <47 DROBEARZER MU DROREBOBEHE LTIy FL
edbD, alFBFEY b ERBOEEEL.

Upper panel: A superconducting circuit for realizing a superconducting qubit system
coupled to the subohmic bath. Lower panel: A numerical result for the microwave reflec-
tion loss as a function of the frequency. o is the dimensionless qubit-reservoir coupling.

B Fs E
¥ e
v

%"ﬁ




ISSP Digest 2021 27



28

+ ) A — )V EE s Ean
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In Division of Nanoscale Science, we aim to explore, on atomically
prepared surfaces and interfaces of materials, nanostructures, and
precisely controlled nanoscale regions confined by lithography,
unique phenomena that cannot be seen in the bulk, such as quantum
phenomena associated with the electron/spin coherence and materials’
properties induced by the symmetry breaking. We are conducting
researches on physical and chemical phenomena in a wide range
of space and time scales, from the atomic and molecular levels to
quantum transport in infinite systems, by making full use of unique
nano-fabrication and characterization techniques, such as ultra-thin
film growth, ultra-fine lithography, surface characterization, and local
measurements using probe microscopy.

Some of the research themes are as follows.

* Quantum and spin transport in artificial nanoscale and hybrid
systems

» Local electronic and magnetic states and transport at solid
surfaces by scanning probe microscopes

*  Microscopic analysis of dynamical processes such as chemical
reaction at surfaces, and creation of new material phases

» Epitaxial growth of ultra-thin films and device applications

HMEETE BB =i
Leader HASEGAWA, Yukio
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H% ZIK m % % Katsumoto Group

HiZE T —< Research Subjects

| B = S e

Quantum transport in charge and spin freedoms
RIS F W e 250 OB

Study of many-body effects in quantum structures
FOMFRE N 70w R C 2 Y BBIR

Physics at interfaces between the phases with different symmetries
HPR—IVEIR

Quantum Hall effect

)/

I

B = ¥
Research Associate
ENDO, Akira

¥ Ay HE
Research Associate
NAKAMURA, Taketomo

Bk BEx 5
Professor KATSUMOTO, Shingo

AR S B OB ERAT. NS 2N L3 24
MizFAWT, mTHE, fIER. Ry Mot/ ihEhon
TEIR, 2R, w2 B TRICHEN S BT R—
VR EHRT VDS, EFAE Y, A VOMDETAY
SHIG B - JERTEVR B BRI HE S YIS O
1T7->TW5,

BIEESE A VEARBICRT B8 LT, T/
e A VB BERAZIAGDE BB ZTo T3,
T REE TR, 2RSSR 2 i 0 R AT 7 1 )
BEBATETET, FiLnEATDOAY VHER EER %
REZHBZTEHTES, —fIH, BrR—)UEitEo Yy ¥
REED 2 D T2 IEMIEAA ¥ ViR ETCH B, TDRTIE,
Ty VIRRE (WUEE ) LAY VEHHBE MR TTY 2V
JWLTHED, HHEEEE A U EORE2HE . FUH
HEICEATE %, JEMEA Y v EllEZ S SRk & 385
R &, HraT N ANOIBH BRI E N5,

-,

2 44 -0.7

38 40 4
B(T)

Va (V)

AEVRBEFR—IVIT Y VREEESffE—LAT ) vE, £k EEKRE,
ETF: COE—LRT ) v B ZFE>cBFFHHHNORSBKEE. 4 B
NOT—hEBESIUHSICHT 5H5—7AY b,

Beam splitter of spin-polarized quantum Hall edge states. Upper left: Configuration of
gate electrodes. Lower left: Output of an interferometer which utilizes the beam splitter,
as a function of magnetic field. Right: Color plot of the interferometer output on the plane
of gate voltage and magnetic field.

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

With the epitaxial growth of semiconductor and metallic films
and nanofabrication techniques, we study quantum effects in low
dimensional systems like quantum dots, wires and wells. Our research
also spans some applications of the physics of electron and nuclear spins
for so-called spintronics.

To expand the concept of quantum transport to spin degree of freedom,
we have tried to create spin currents in quantum structures. The
nanostructures enable us to introduce new types of spin-orbit interaction
by breaking the spatial inversion symmetry and creating a local orbital
angular momentum. An example is the non-adiabatic unitary operation
on electron spins in quantum Hall ferromagnetic edge states. Because
the spin freedom and the edge states (orbital freedom) are maximally
entangled in this system, the spin and the orbital operations can be
utilized equivalently. Similar non-adiabatic spin rotation by the normal
current can be applied to control superconductivity in a novel device.

300
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08 06 04 02 00 02 04 06 08
B(T)

@ 1 RTAPRT > v VERADEZHE (EH). BULIEE (R D2
TEFRDR— IV Ry EBETHES Roce (D) Ryx & R DZEFAIC & B85, Ry
[CHEESHREDRAEN TS,

(a) Hall resistance Ry, (left axis) and magnetoresistance Ry, (right axis) of a two-dimen-
sional electron gas with (solid line) and without (dashed line) the unidirectional periodic
potential modulation. (b) Increment in Ry and Ry, attributable to the modulation. Com-
mensurability oscillations are clearly observed also in Ryy.
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k ﬁ m % % Otani Group

HiZE T —< Research Subjects

| QENEDE AN =B
Topological spintronics

DEAEY FOZS X
Molecular spintronics

A > T — )V RO FEBIEME O & HEREME D BT
Elucidation of the mechanism of the magnetic spin Hall effect and
development of functionality

TSR SRAS (31 & 2 iR A ¥ R

Efficient pure spin current generation by magnon-phonon coupling

Bh# —&  3hRK

Research Associate
ISSHIKI, Hironari

iR KA ®=A
Professor OTANI, Yoshichika

FIX Course
HEEMER
Adv. Mat., Frontier Sci.

20 MERdRICEBE U TRAY ik OlE&RIE. S ALY
VRO DT TRIRNICRIA S 5 P2k RL LTs 2D
R AV A=y AWEIE, BRI ATk S VT
b e T ) VEORERI T, ERRO R U EE T E LT,
MAICERENS TAE VAR & UTRIE LU, b
Tk, THICTORAEVEHRIAE, BRIFIGLIx T
J Y R—=50 V% EOFFHER TIRER AR T Bk H A Y
YhEZJRELUTHREMLTWS, ThHEDAL Y EEN
LB - FEAESIE, MRS AL o)/
A — VB THE U S T 2 L, BN L ISz
FoTwa, RADHIFRRETREMBEYEOBENIE, R
Y2 A U Te i a e U R T A0 AE 5 O BATh & FEBIREME D
fRBICHLD HHA TV B, & SICHlin T2 B LT, B
P U TR 250 - G 2RI L Te A ¥ VA EE T OB
FEIT-> T 5,

+k g = 10*
-k, § = 10"

Ta/CoFeB(1.6 nm)/Mg0

Ta / CoFeB / MgO |2 H 1) BHEK M MR DIFBR Gk, (A) FANIVYERET
REHRMER (SAW) Z FMBLERT 2T /31 ADERAR, (B) SAW BE + k
BEU kIeHlF 2 AV FHRFADAORERMERDBR P £ k

Nonreciprocal propagation of magnetoacoustic waves in Ta/CoFeB/MgO. (A) Device

schematics of SAWs coupling to an FM layer at gigahertz frequencies. (B) Attenuation of
acoustic waves, Pxy, near a spin-wave resonance condition for SAW numbers +k and —4.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/otani_group.html
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The concept of “spin current”, which appeared at the end of the 20th
century, established the principle of effectively using electric and spin
currents. Thereby, spintronics research has evolved as a “spin conversion
science” in which quasiparticles such as electric charges, spins, phonons,
photons, and magnons are converted to each other through spins in
solids. More recently, this spin conversion science has evolved into
strong coupling spintronics, producing novel coupled quasiparticles, such
as magnetic polarons. Since these spin-mediated conversion/coupling
phenomena often occur in the nanoscale region near the relatively simple
junction interface, they have excellent versatility and applicability.
From the viewpoint of fundamental solid-state physics, our laboratory
is developing novel quasiparticle conversions and coupling mediated by
spins and elucidating their mechanisms. We also research and develop
nanoscale spin conversion/coupling devices based on the quasiparticle
conversion and coupling that we have elucidated using microfabrication
technology.

(b) o4 T=200k] (C) 06fisHE T=Z86k SHE -
e, I
= 00f & = 03
£ L il 3
E o4 E oo} 2
=
X o2 & g3 o
03 08

€ 4 -2 0 2 4 8
H (kOe)

Weyl 58414 4K CooMnGa DE XA E Y R— VR, (A) JERAEBEIERT
D SEM %, (B)CooMnGa ##R DB FEICKH IS LTI ERBPRAE Y NIV TES. (O
CooMnGa DAE Y R— LR EMAE Y R—ILFHRDES.

Giant spin Hall effect of a Weyl ferromagnet CooMnGa. (a) SEM image of a non-local
spin valve structure. (b) The non-local spin valve signals with and w/o Co,MnGa wire. (c)
The signals of spin Hall effect and it’s inverse of CooMnGa.




E ﬁ } I I 61: % % Hasegawa Group

B3 7 — < Research Subjects

Bl {5 STM I & 2 RFR =S / bR oY Utk OFsR
Exploration of peculiar superconducting / topological states using low-
temperature STM

B <17 i AR AR STM IS X% T/ R — VRS
EREVEAFITA
Nanoscale detection of magnetic resonances and spin dynamics by
microwave-assisted spin-polarized STM

B AC U ARRUERRT > 3 AR VIS &S AL O AR
Real-space distribution of spin currents by spin-polarized scanning
tunneling potentiometry

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

Bh# AP e
Research Associate
HAZE, Masahiro

B RA) =i
Professor HASEGAWA, Yukio

FIX Course
IERMETF
App. Phys., Eng.

EE Y IVEMEE (STM) &, Z 057 TEmD
A REAHLMNCTZORRET, b RIVEllEIC X
DY TF B TOEFIREICET AHMAEZS 2, T5IKiE
A R (SP-) STM IZ & % R FThiE & R M 2 A ¥ o #
WEaGIEHI T ENTE S,

ERImEE T, MUKIEEEY T CTHIfEd 5 S T M2sE
BN T, BEBIRE R & KON 7z —ReRTD
TR, REMEIR & ORI RIC X DAL T N2 Rtz
£« bRV AVIREOBIINZA T %, £z, SP-STM
12 K BN T DAY > Z08A 5 )V 7k 8RR 75 R i &
B, A UEMRRT Y g X NIk B A ViR
W, E5ITIE~ A 7 aiiE A X B A IR S U
HIAE Y ZAF I AOMELHHEL THBD, To—"T
MBI T2 72t L2 PR T 2 T LICE DA TV 5,

BEESBEARAEMCORENR. BETFEPb(KE, £B4H) & PbiEE (EE.
BIEEE) ORETO b RIVDKH S, BEERFEDRED S 40nm (ch
o TRHIE LTV BERFHERRENS,

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

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.

BEVETRWE CeColns TRAIE NcRENEHF. Co RFNEHESILIE
(AR, £LER) T, BEEEDFTSIME (ETR) 2885 & 2UNIVKRD
d PEDHFETIREDNEREE NS,

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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]) “j 70 \'\7 — 61: % % Lippmaa Group

B3 7 — < Research Subjects

;é%x L — B —HERSTEIC & AL 7 LT T RSO

Growth of thin oxide films and heterostructures by pulsed laser
deposition

%ﬁﬁé%%@ﬁﬁﬁ@%%%{tbc T 7o FEAEW 5 b R D B

Development of oxide photoelectrode materials for photocatalytic
water splitting

WALy /RSS2SR Yy MDA

Synthesis of nanostructures and nanocomposite thin films

R A — e T D A1 Y

Development of novel organic - inorganic interfaces

BH H FE
.| Research Associate
\ MORI, Taizo

BqE Vv Iv—3vy
Professor LIPPMAA, Mikk

FIX Course
FEEMER
Adv. Mat., Frontier Sci.

DRI E 2 F 2 —ikz AV TR R Y 7z
KT 2T &T, FEICHIT R ER - RAURHEZ BT
x5, L ZE, TIVER—=TEINEHRmCE T XIHE
RNCEA CIAD SNz F v U TlERrk 2 5 i Uiz, EX
&, SrTiOs FIcHEE LI 2B LaTiOs @ R E T 7z
%, & 5IC SrTiOz ZHERE & WP R L 7z SrTiO3/La0 N7 A%
WEThb, FlaBlic k5 INEREEFETOWVLONE,
FFEE 2T U THEE U7z SITIO3 JBEANR—7EN%, 2O
FORSERN T, —SOBFRIRELLZY., SEneTFH
FARERUZD., BEBICERRICIEDS 120 &, ZROE )
Mz T %0 REMEZENHET —T V7 ZHEHL F—
TIBICBITF B La DFEFHZHEdT 52 & T, BraomDkk
THRWRESOWZRETE, 2B OBEEUE R E D
a2t Uiz, FRICRT LIS, Fr VU TEIELRT S L
WSRO Z NS S N5,
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La, St 7IV A R=TIc K BEME N SITIOs AT AMEE F2UIEFHEICHS
(La,SNO BOKUCELY F—TENZF v U THOHIEE NS,

Delta-doped SrTiO3 heterostructures where the number of doped carriers is controlled by
the number of (La,Sr)O layers in the titanate lattice.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/lippmaa_group.html
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The ability to grow atomically flat oxide thin films by laser molecular
beam epitaxy allows us to study the transport behavior of carriers
accumulated in two-dimensional layers at delta-doped interfaces. Left
figure shows examples of such heterostructures where a single or double
layer of LaTiO3 was grown on a SrTiO3 and capped with another SrTiO3
layer. Each La atom donates an extra electron, some of which will dope
the adjacent SrTiO3 layers by charge transfer. We find that multiple
electron populations form in this structure, with some electrons localized
at the interface, some forming a metallic quantum well, and some
spreading deep into the substrate. The relative sizes of these different
populations can be tuned by adjusting the total La number in the doping
layer, by utilizing surface depletion, or using electrostatic gating. We
can observe distinct changes in the magnetotransport behavior when the
relative electron population sizes change, as illustrated in right figure,
which shows the variation of in-plane magnetoresistance when the
carrier number is changed.
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SITiO3/La0 N7 OBEDENRLHIR. #is%zERAMICK L TFTICHmL
AE L, BRBSKEBRDGF 2 VB FEORFE LaO DB (1,2,5) K VE
I %,

In-plane magnetoresistance, measured with the magnetic field parallel to the current flow,
for heterostructures doped by 1, 2, or 5 LaO atomic layers in the titanate lattice.
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2 X5t (2D) MAEHE, mNICHER S Z R D, YA
HEEREBZR 200, D TIEAF Y —TZ DX 558
WEERES T2 C e TENE, 9OV EEH UL
TS K > TORFFEDHIE X NS 2D MR OANT oD
MESRRTRETH o F 72, 2 KUTHMEIDIx & DI P AREESH
MiCIE. FUETILH B0 M RaY kT y VIRER R
FEhDB, THIT, MR F—/R2 M2 HWT,
2D MRS HT T2 /s RER AT S L ETE S,

R OWMZETIE, BIRED 5, FL ORAIRREE T
MBIAWRHEZRED 2 JUthk & LT, BB&EX A Avay
F4 K (TMD) IC{EHT %, TN b DT s ESLT KL
UL, A=)V O R HE T DR
w05 % ER S IVEEMET . BRI EER - B
FEM L & DT REENT - BT IS -2 ki X % IRAEZ L 72 3
NZDIE L I-TFHETH D, TN E NS,

| ASF

NEAREHKE NVaIl ITATRA
Visiting Professor ~ BATZILL, Matthias

Two-dimensional (2D) materials exhibit covalent bonding within
a molecular plane and have no unsaturated chemical bonds normal
to that plane. The ability to grow these extended ultrathin sheets by
molecular beam epitaxy (MBE), in principle, allows an assembly of
heterostructures of dissimilar 2D materials whose properties are altered
only through weak interlayer interactions or proximity effects. In
addition, lattice discontinuities, for example, at edges of 2D materials
may exhibit trivial or topological edge states. Point defects or impurity
dopants may also be used to introduce new functionalities into 2D
materials.

In our studies we focus on transition metal dichalcogenides (TMDs) as a
broad family of 2D materials that span a large range of properties from
super- to semi-conducting and various magnetic states. These materials
can be thought of as a set of building blocks that if successfully prepared
in heterostructures enables the study of nanoscale proximity effects.
Scanning tunneling microscopy/spectroscopy are preferred tools to
investigate local modifications in TMDs due to interlayer interactions,
proximity with dissimilar materials, or local lattice modifications.
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RO EE T b 2 s U7 rE. DO S WHBAOFEIC DN T, R L A 2L X 5 &9 5 R
BN 52 ANSHEFZTEH L TRES NS, AWIREHI TR, BEVRNEICEST WD B IEORERIC T
TTRLE L AN S, BEMADERE S AMBERDIEMIC KD, AHFOHEER CH2DORBICHFSG T B E2HNE LTS,

PIPEREZRRTCld. 2019 4F 4 HICRA) DRI 7 — 2R ST RIITERIZEEr ) R E ni.

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

. W EP RN KRERTEHZED TV S,
TR E OB RIS DISH O Al e &R AICHIZE &
NTHO, ZLOFLEBERMRE SN TS, Hmiid,
CTOEZFM, ERRIZOEZEISHZINES Y25 2 TD
NFELRDEVIWHEND %, Y TIE, EE & Bl
R T — 2R TS K > THRA L. BB O P
ICHEDNT, EHMRBEEER FFOM B OIETR - HERT
BRI T B EEHNE LTWS, F28kE 5 & Bl a5
FER OB LD RO HIC K 2 MRIC L L E S
I, WERERICHWS T LIk > T, £ - Bz
NTFNHMTRELAGVERRZZE TR ERZHAELTY
%o THUT K > TIKARGA A AE Y ha =7 AR
BB RR & DBEREED TV B,

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 permanent
magnets, soft magnets, spintronic materials, and superconductors.
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*Eg % m % % Fukushima Group

HiZE T —< Research Subjects

B 8 V=T MAPREIRIC & B R T — 2 X — 2
DR
Construction of magnetic materials database by automatic high-
throughput calculations

B 7 — 25 7 ) 7L T A IS KB BRI BT R
Exploration of new functional materials by data-driven materials design

3 Rt S
Computational materials design

AEIRR T/ RS O -IRE & BRI
Electronic structure and magnetism in substitutional and structural
disordered nano-materials

FHEEER B8 #t
Project Associate Professor  FUKUSHIMA, Tetsuya

MEDOHEENA Z)V—"T"y MRGHR T & 7 — ZERE) R
TV TITHA VBRI L. KB T — 2 N— X
ORESERE R L 7 Fa =7 A& % FisaerbRl o
EiToTW5,

T TIVTHA EYERSED S 2 S N IR RE A A
T5—MNEYIaL—ya VOURETH S, HEEL D
Z % ILHIFH O P ZE T DRI IR M RHRR IS ZIE A ATRE T
HO. TOWRMEITHTT ZIIEKBEOYIET — 2 03 HHE 7 fi#
Hr &R RIAIIC R O BREEHRSHEZE O Hd 7 —
ZERFIRI T 1) 7 )L T A NS K B YRR RER AR T
%o ARWFEZETIE KKR 7'V — VBB DV 55— B
BIREEH R T O 7S Loy r — Y DR, o7 — 2B
<7V 7)Ao 2 EIcRI S 5 2 & T Ti6E —
TR N & ZE2WREZ R K &, MRS ZE > b
0= AMBO T AV E#iEL T\,

E—RERNICLS

&Fvial—2ay FLAPWiE
2 " - PWik, PAWE
" quantum ¢ LMTO3. KKRik

HmoERit
HEBITUTIVTYA YTV (CMD?), CMDP FIE8F ¥ Ial—v 3l
MO EE . MRBMEDOHER] D 5mM5.

Computational materials design engine (CMD®™), which consists of “quantum simula-
tion”, “deduction of physical mechanism”, and “guess of hypothetical materials”.

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

We construct large-scale magnetic materials databases by an original
high-throughput calculation tool, and develop data-driven materials
design (materials informatics) which is a fusion of data science
and material science to explore new functional materials realizing
next-generation electronics to replace the present Si-CMOS technology.

Materials design is an inverse problem of general simulation and is
actually very difficult task. Due to the developments of computer
performances and numerical algorithms, nowadays one can not only
analyze physical properties in real systems but also design hypothetical
systems with novel functionalities, based on quantum mechanical
electronic structure calculations. However, it is almost impossible to
perform systematic exploration in an infinitely wide range of material
space. In order to overcome such problem, we need to perform
materials exploration by materials informatics which can extract useful
knowledges quickly from large-scale material database. Our main
purpose is to efficiently solve the inverse problem from “functionality”
to “material” by the data-driven material design method.

High-throughput screening
of high entropy alloys
147,630 systems

AkaiKKR I— FZFIB LIc 4 TR I Y FOE—BEDN\1 RIL—Tv b B
EHE.

Automatic high throughput screening of quaternary magnetic high entropy alloys by
AkaiKKR code.

ISSP Digest 2021

35

RCEEINE N —N

=

]
TE
i
7%
%l';
"

a

dnoxp ewiysmoyng N AR



Functional Materials Group
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FEREMITERITE S )V —T

Piteh SHREZHEA . ICHICE T B 72IciE, BJE - 1
rRiEOYME 2 g & LT, bkl - JEF#EIRRE, & 51l
OSSP AARICE B B0 R 72 RS 2 0 E DD %o il
L EARRE R I IRAE DI - R E . -/ A — )b
DIIHT « IERE. BE - RISHDOAXZ > REIHE ED
FERENREEIES U, —75, GHE - T—2FRAICK
ZHGERRMT. Tay LYY v Tk B IR
BPROYIal—ya VENELIERLTVS, T T,
YIERFSE T ORIAF D 7 )V — T v U, ¥ gtz
Fhd 278, BREMTENIE Y )V —T DBk E Nz, Th
KX DET ALY BFROTZTNSOFERIZT TH L,
JEF- o A& 2 OBIERIS, SREMT FREESIV
F AT — )V E e SR & OWEREN D . HINRII
AR B U 72 P ST OB B A N a7 XAV N—&
BO, EHIBHOFAENMERDOEIICE LDODHEE L
TET %,

The Functional Materials Group (FMG) is one of two new trans-
divisional and interdisciplinary research groups and deals with excited
states and dynamics in systems with hierarchical and inhomogeneous
structures, including chemical reactions and dynamical processes
in biological systems. Recently, time-resolved spectroscopy of
excited states and non-equilibrium states, nano-scale observation
and measurement as well as operando spectroscopy/measurement
have greatly advanced. Theoretical analysis based on first principles
calculation and data science, computational simulation methods for
non-equilibrium quantum phenomena such as Floquet engineering
have achieved a remarkable development. There are already pioneering
works done at ISSP along such directions as mentioned above. To get
started, several current faculty and staff members of ISSP have been
assigned to the core members. The core members are expected to
provide seeds of collaboration and organize a research team involving
other divisions and facilities as well as researchers outside ISSP. It is
particularly important to collaborate with research facilities of ISSP
so that their advanced and unique resources can enhance the scientific
quality. By taking advantage of being a joint-use/research center, we
can always invite external researchers to collaborate on new subjects.
The FMG should work as an open platform for such collaborations.

JIV—TEFE HEE—
Leader INOUE, Keiichi
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I | 1!3 61: Ju % Yoshinobu Group

HiZE T —< Research Subjects

B € 7)UIIC X B/ T TR L & R RIEDOIZE
Activation and surface reaction of small molecules on model catalysts
B 20 S I 35U B KRANED B & Sk
Properties and reactions of hydrogen at surfaces and interfaces
B (0t O IR & FOSTEORSE
Electronic states and reactivity of low-dimensional materials
B THz /L RIC K B EREEIC BT BT« HFHEAFIT A
D%
Dynamical processes of atoms and molecules on solid surfaces using
THz pulse

SN,
B B BN

Research Associate
TANAKA, Shunsuke

BiE EE %
Professor YOSHINOBU, Jun

FIX Course
EYRF QHEEMER
[Chem., Sci. )l Adv. Mat., Frontier Sci.

W BT « T2 BAFEICIEE L. BT LWIE 2 s
% R ThHa T e, FRRTORE BETRETH
%o Il - FWHIZYEBEOEE T Tldind, TRVF—%
O E LT EETH S, H 1A —)V TYIERE)Z il {E
L. HREE & DMEIR T INA A& AT 2 7= id, i -
FUIC BT 2 2B EERET 2 EWARARTH S, Ll
B BET - 3 7OXAF 7 AW, LT INA1 72
F T <, & HICHIERBRBE R FHICB T 2 LIS DWNT
EFENND 252 T NG, YWIE=E T, £ - AlicH
FBET - 3TORAFIT A, BT VAR XX eH
RS - VIt - K2, IREE. BB o, EER b
> 3 VBRSO BREN 4 PREFEE SRS E L2 BRAE U CHF
HLTWb, T, Y raba Vbt fniz4Xs5
RIEET N ZHEAEL T 5, i, THz 7V RIS K 52K
T A0 Ty 7 MR ATV S,

Pd-Zn-Cu E7)VARIRICE 1 B CO2 DIKFEILRIG

A schematic model of CO, hydrogenation on a Pd-Zn-Cu model catalyst

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 (KEK-PF, SPring-8 etc.) is also used to study
electronic structure of surface and interface, including operando X-ray
photoelectron spectroscopy. Recently, we have engaged in the study of
THz-pulse driven surface processes.

SPring-8 BLO7LSU DFESIEEF NN AT LERBRFT — L

Ambient pressure X-ray photoelectron spectroscopy system
at BLO7LSU of SPring-8 and our team
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*‘}( IJ—I m % % Akiyama Group

HiZE T —< Research Subjects

FUFAA F2 7 AR L — S — 3 KUK 7731 2P
Device physics of gain-switched semiconductor lasers and solar cells

e B R RT3 K OIS B0 B RROTE T IEAL
F v ) 7 DR & IR

Many-body interactions and non-equilibrium properties of low-
dimensional electron-hole systems in clean semiconductor quantum
wires and wells

PR B IE S KU TN ZAOIER, @i L, R
BEMOCEHAL, gt
Material physics and development of high-quality semiconductor nano-
structures via microscopy

B2 VAP & T CRTHHIE

Firefly bioluminescence and luminescence measurement standards

»

BhE VM HE
Research Associate
KOBAYASHI, Masataka

iR b EX
Professor AKIYAMA, Hidefumi

FI Course
B REF
[Phys., Sci.|

BER R/ BIEOEYITE, RER L — P — > KRG E
DT INA AP, R 2OVEYIFR IR 82, L—Y =7 - B
oY« P EEHRER G AR SRR - TN L2 -V T
WL TS,

PR L — IR LT, Ml g i 2 BRERE 72 0
A, WUHIEFEERRE R A U, 7 o L MR OV AFEAERR
WiB N g 7%, N THEEH O 25Kt ORI
7 IS B R BE G 2 M BRI PRI S 2 2%, e il B 7 2
R FREE O &I AN e, (ROeE, T IEfLR
ZAKRIRE, AL — T — R, MR E. MERE O
B E R ROBEDN 5175 T s,

FEEERBREAN & UTC, MasFetz SIS 2 fuffi, A
SR AT 2Rk, T/ WG OFE I G B £
i BRSO BRI ORI ZHFE L TWd, T 5 DF
Wiz S Uy R 2OV Rkl Az | s (e,
HEER O H M5S0 )RRt h & L FTHIZE L T B,

Firefly luciferase

100 BEATEETFMRL —H'— (b) LKRZIVILY T T 5—F (o) DIEE

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

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

Forrtimmrrss Puise
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Direct fs pulse generation from a gain-switched semiconductor laser.




1;2 ﬁ m % % Sugino Group

HiZE T —< Research Subjects

EEMﬁE®%—ﬁ@yslu—yay&%@-mﬂ%m@ﬂ

First-principles simulation of solid-liquid interfaces and science of
batteries and fuel cells

Bl B2 OB 7 & ORI 72 P Te iR A AL B 4
PR OMEE
Development of novel density functional theory based on machine
learning and auxiliary field

WEHOKEFRET - 7a > - B U FORTHE)¥

Quantum dynamics of hydrogen, proton, and hydride ion in materials

B S A A O RS RIS X 2 TR EA O T3
Accurate calculation of the electron-phonon coupling and prediction of
novel phase of materials

B & B
| Research Associate
HARUYAMA, Jun

i

B 2H ©
Professor SUGINO, Osamu

FI Course
BRI
[Phys., Sci.|

YIBENRT ZRGNENBHS . BT LR TRDNE D HAR
FRRZEEMNCHL (YIalb—varydb)Tkicky
fREED T ZITo TV 5B, T OIS BFIEE—FHE
ERHEN, YO IT5 5 IR, MRR R B R4
BHICE N> TRELTVWS, AIEZETIE. I al—
va Y TIOR3 2k (RICREFEEEER) ~
BT 207 &, AT A STk Z R O Y2 A—
NR=AV ¥ a—2EHAVTHLNCT ST L TiT>
T3, stBEMGIE, T rVF—2H7x 89 % Eith
BRRLEL, MEh TOKEBR BT Y IV U TzR 1)
JI. RZVDFENYIE, FE ORESE Pk 77z &
THO. BLEWAE B U z2{T-> T %, Ytk
TN DR 7 IV—T & ORI B HED TN B,

B2 EDXERFODHDE—RIEFAH. KERRFIE, WEEDL1ITEVES
ITIFEEFRICBELTORY 50, BEETIERDK S IE8FHFHIC Fcc
YA~ & Hep U b EICE D> THHT B,

First-principles calculation of hydrogen atom on a platinum surface. Hydrogen atoms
distribute like a classical particle when the coverage is close to one, while they are delo-
calized over the Fcc and Hep sites under the lower coverage conditions because of the
quantum effect as shown in the figure.

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

This group studies properties and phenomena of various materials
by numerically solving the basic equations, such as Schrodinger
equation, that electrons and nuclei follow. This research field is called
first-principles calculation and has been widely developed in physic,
chemistry, biology, and materials science. Owing to the development of
supercomputers and the simulation packages, material simulations are
recently done with increasing reality. This group has been contributing
to this field by (1) the development of computational many-body theory,
mainly based on the density functional theory, and (2) the large-scale
material simulations done on ISSP- and Fugaku supercomputer. The
topic includes the energy conversion process occurring in batteries
and fuel cells, the quantum dynamics of hydrogen coupled with
electron, the bioluminescence process of firefly, solid oxygen, bandgap
renormalization, cuprates and so on. Owing to tight collaboration with
experimentalists and availability of machine learning methods, this
group has put special focus on the prediction of new material properties.

\ Yelps (P 95(r2:1)
)= thrn*

One body Schredinger (KSeq)
|_;w + Wy # Ve # Vina | welrd = i)

plr) and £

HZW' B L )

pir) and £

TR ZEE BV CBREABRSIEROBR. VBN FROBELIXILF—%
WHZEET 5T Lok BEERENEBERMERT 5 2 LA AIRICE ST,

Completing the density functional theory with the machine-learning technique. Only by
machine learning the density and energy of a few molecules, it is made possible to con-
struct the exchange-correlation potential of high accuracy.
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Iﬂ m % % Oka Group

HiZE T —< Research Subjects

BYPWHEO7A YT« VTV Y
Floquet engineering of quantum materials

FET- it R D FHEE RS B S D SERREDT 7%

Phase transitions in nonequilibrium systems

KRB, AEHRPIERA DGO GO JE

Application of field theory to biology and information physics

" 4
IR BE HE  SERH AN B
Project Research Associate Project Research Associate
NUMASAWA, Tokiro OKUMURA, Shun

B m fEse
Professor OKA, Takashi

FIX Course
B REF
Phys., Sci.

E TR OIEFHIREEIC S RO B REE R RT3 &
LB, FOHFEE & LICYIEHZ BEICHITE LR X
5SS %, T TRy T « VYT
VR EZINZH LOERARTEE R ZEDTED .,
JEF B BISR 7 S RIS VIR S TRIRES % T & AVATREIC /2 D
DOH B, EHICEFH. Za—F)NVxy bT—=2bwoicd
B, AEmBig. HEMWICIEP RSN ENTE
BRI E O TEMENTE MR ESEICL DD,
OGP BB x & RN TiEE T % 2 & T
TR, PREYE, ARG EOEELE Y
E (EK) OIFFHHRRON R ZB k> T &b,
MEOH LWIERIICE R B XER) ZHRET 5,

Floguet engineering of band topology Floguet engineering in ulirafast spintronies
—

(E_~a<E )
- " a
'*Afl] Control of magnetization,
Cei ] spin current, topological order
& Iuverse Faraday effect
Yot K- Faraday eff
K o F Ny Renommalized exchange coupling

Laser-assisted hopping
Floquet topological states

Floguet Kubo and TRNN formuloe

Floguet Keldvsh greens finction o g8 % b Induced scalar chirality
W effectiveintersctiond  [jaguer Scirieler Wolfl transf
: hdod Magneto-electric coupling
Correlated electrons driven by eleciric felds 1

Field £} o g
Schwityer limit

Nendineur transgon. |

Switching (optical memory & Mott RRAM)  New states, new functions
Camier generation Higher harmonics generation
Breakdown and field induced states Ffv.?qucncy mm-cmli(un\ heterodyne
Heating and thermalization Usage of metamaterial ’
Floguet many-body methods fe.g. DMFT) -and near field technigues
Gt flelid theary .
; berg-Enler effective L
= Loschumids echo)

EFWEOTOYY - TVIZT IV VIDENY, NV FhRAY— AEY
HE. HEEFREEOEHIEPHRBICEDIC 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
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Our main research subject is quantum materials driven far away from
equilibrium by external fields such as laser light. The aim is to seek
for new laws of physics that govern such exotic states and to find a
way to control their collective dynamics. We employ new theoretical
frameworks such as Floquet engineering which enables us to understand
nonequilibrium physics with the depth comparable to equilibrium
systems. We can also obtain important insights from other existing
research fields such as turbulence, neural network, and non-linear
semiconductor optics, and apply them to new exotic quantum materials.
The target materials range from topological systems to strongly
correlated systems (left figure). New non-linear response phenomena
such as the heterodyne Hall effect (right figure), i.e. quantum Hall effect
induced by oscillating magnetic fields, will be studied as well. We are
also interested in problems outside of the traditional condensed matter
physics, such as chemical reaction networks in biological systems and
information theory.

(a) Periodic driving (local oscillator)

lsz

input signal output signal
o — — 0tQ

Floquet state
(multiplier)

(b)

ac-Electric field, photon
(input signal)

Oscillating fields
(local oscillator)
e.g. laser, plasmonics

2D Dirac electros
(multiplier)

«—

Jy dy
current
(output signal)

7Oy rREEFIBLIATAZAY - TINAZ, (@) AT T HIVIELTA
BERBOBENENESZ S, (b) REFELSZBV AT OS2V KR—ILR)
EOES:IN

Heterodyne device utilizing Floquet states. (a) Frequency mixed output is realized. (b) A
realization of the heterodyne Hall effect using 2D Dirac semimetals.




J:l: J: 61: % % Inoue Group

HiZE T —< Research Subjects

B 2 mmI 2 2 -a R Y Y D5 TRERE A 51 = X L O
REMBAT 35 X OV Yo

Functional and spectroscopic studies on the mechanism of molecular
function of photoreceptive membrane protein, rhodopsins

B e Yea R O LB S TR\ DG

Application of advanced spectroscopic measurement method for

biomolecular study
B 7/ LCy 77— 2% LIC U A A 2 8RR

Exploratlon of novel photoreceptive proteins through use of genome

big data
B R B 1 7 O T2 B Ry T O BSRERE IR 7 DAl E & 2 e
& & D  HHBEREME 7T FHFE

Machine-learning study on the determining factor for the function of
biological molecules and its application for the development of novel
functional molecules

B# xH =
Research Associate
NAGATA, Takashi

HEE e £

Associate Professor INOUE, Keiichi

FIX Course
EYRF QHEEMER

Z { DENI KRB 2 B DOFPIEE D TeH DT 3 )VF—
PR, SR OERZ L2 R T 5 Tc o OFHR & LT
%o TLTIDEZITHDLIEREZRIZT DN, B3
ZHRRINTETH S,

KRBT, TN BRILNZAE R 237 EDORRETEH

AN A LZHE—NCHASMMCT S E2HNE L, L—Y—
IR [E] 0 i 70 Y SRR OHR B 0 Ve B2 E i U T m kMR
THBNZREZ IS E O 2R )GZm e 2 N 5 %

ZIT>CW0%, &EHICESEIMPIEY, B AmTiE e
HEDESHT LT, FF - 0T LVl - kL~
ICBXSZREENZHEZHIEL T0S, TTN5DOHE
26 i, JGRIRR EQICHZ B L UTeirett Atk +
DFAFEIC EED T —F T\ EFEDT/ LRt DFERICHE S
Cw I TF—2%E Lic, FiaaotdEyremBig e znicBo
% 3 FREDPRRWITTPEEA A DB 21T > TV %,

Anion Inward
H* pump MNa*pump CFpump cmw hannel H* P Htllomodppsln

oo ol t'é'ﬂ JEIRA

I m. Guanylyl Phospho- Animal
nigml regulation iesterase rho

R Eﬁ

LS ». X 4
Ve P H ¢ eoww.

SRR OMENREO N TV Y (B) L2oR2YN\VERR (F).

Microbial rhodopsins with a variety of functions (upper) and the purified-protein samples
(lower).

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

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 photo-receptive 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 a development of machine
learning technology are being conducted with big data accompanying the
development of genome analysis in recent years.

all-trans retinal

l / Light

(180-700 fs)

13-cis retinal S s

F/BINVA L= —Ic & BMENED N T2 > 0BERNAE (£
ARTYUHFRICSITELFF—ILOXEELER (F).

) BLU

Transient absorption measurement of microbial rhodopsin by a nano-second pulsed laser
(top) and photo-isomerization process of retinal in rhodopsin (bottom right). Photo cur-
rents of ChR expressed in mammalian cells.
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Iﬁ m % % Chen Group

nag AR 7 X5~ (LHP) &, KFs@Ei s L—
W'— LED R T Ol T THEHESNZDHMHTH D, L—
YP—RHIRE, 7/ UMV S /ay FoT7 7 7Y Xa—
RUMRARS . UNER, M. F2—T OV ARV T Fr 5
U —E—F (WOM) UNMHRE THRE SN TV S0, L—Y'—
FEHRAP T DD VARSI T 2 il 7 DF 576 EHA X 7
ZALDZ S DARBATH %, HERATHIA « BT IL—T T,
—BRAE Y a— N ERGE TR E A PR LHP R 2, A
%0 CVD {5 T2 K7z LHP fitsh / 7/ Mg 2 F L, L—
P—RHIRZBI L TE /e, TS DHEROY) IR FfiEd
B 1, FfFART BVEHAL L—H—D 731 2L &Kk
A, R AR CREIC K 2 EEHAR Y FIVRAF Y
AaHla &%, YIEVHS TIT 5. TNHEDFEN S, kT
WMREZGEROTAAA NI/ /<A 7RO L—9 =)
B2 %,

ISSP Digest 2021

NEAZEHER R D'
Visiting Professor - CHEN, Shaogiang

Lead halide perovskites (LHPs) are currently stimulating huge activity
across the field of optoelectronics for both light-harvesting and light-
emitting applications. Lasing operations have been reported in a number
of LHP micro-/nanostructures, such as microspheres, microplates,
and microcubes by forming the whispering gallery mode (WGM)
microcavities. These results demonstrate the high optical gain of LHPs
and their considerable potential for applications in nonlinear optics.
However, underlying mechanisms are controversial. We formed obtain
high-quality LHP thin films by one-step spin-coating method, and
synthesized various kinds of LHP micro/nanostructures through efficient
liquid-phase and chemical vapor deposition (CVD) methods. These
samples have shown single- and/or multi-longitudinal laser emissions.

Aiming to understand in depth mechanisms of the above mentioned
phenomena, we perform in ISSP characterization of material gain,
optical device fabrication and lasing characterizations, and investigation
of ultrafast spectral dynamics with time-resolved spectroscopy
measurements.
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Quantum Materials Group
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wmYrEmsE IV —7

PR S NE THLUOWE, HrLWEHS, 5 U0
BOFRRICE > T, KESHEL TE T, YT I
FICHR TN T EIEMHBEE 7RG, ZOWELHTH S,
— )7 RO T L—27 Z)V—1F. 2L OEE ORI
Ko THRTZ, AR IN—TE. DL HEZDOE L,
ETYENOE SRR AR LT, ML KD
BRI % L LIERORZEERM OIEAR 2 8 2 72 M ] -
PN R HEE S B Iz Ic iR S Nie, YT —T1E 2 D0
A7 TNN—=T L T OOEPET =T h 5D, HnciEL
HYE - B LA S, sEHBEE RO LWL ETHRH L
WESHEMEIRL D BT % HIR LW e 2t T %, Bl 2,
NV T SRR ORI R ERL L . 7 ORGSR E 2 R L
TAEY ba= 7 ABREDBICID fHHA TV D, T 5
DI, HERFIEOMFEZEECTHLO MR Y A
Vi THOBEZTT S BERF— L & 15 )1 LIEFEICH#ED T
W3,

Condensed matter physics has progressed, relying on discoveries of
new materials, new phenomena, and new concepts. A good example
can be found in the history of research on strongly correlated electron
systems, one of the major traditional strengths of ISSP. On the other
hand, breakthroughs have often been made at an intersection of
various research fields. Aiming at another leap forward, the Quantum
Materials Group has been created to promote interdisciplinary studies
based on the collaboration between the experimental and theoretical
groups beyond the conventional research disciplines. The quantum
materials group currently consists of two core groups and seven joint
groups. All the groups vigorously conduct collaborative research to
discover novel quantum phases and functional materials in correlated
electron/spin systems. The activities include new material synthesis
in bulk and thin-film forms and their characterization through state-
of-the-art measurement systems. Device fabrication is also carried out
for spintronics applications. These experiments are conducted through
lively discussion and tight collaboration with theory groups, which
search for new topological phases by using an advanced theoretical
approach and numerical methods.

TJIV—TEFE I ER
Leader OSHIKAWA, Masaki
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j:ql } I I m % % Oshikawa Group

HiZE T —< Research Subjects

GO MimoD g5 & RO

Anomaly in quantum field theory and classification of quantum phases
JERME R SRS DR —HI B

Unified theory of nonlinear electrical conduction
Fov b= LOTTIRE L kIS

Electronic states and transport phenomena on networks
wHHFROERIC B B & PS5

Conduction at a junction of quantum wires and conformal field theory

g | ER
Professor OSHIKAWA, Masaki

FIX Course
B REF

BIEZKRROMGZTLE LTHIRET> TV, BT
LR L IRE 12 R 3 X O O PR O %87 BRI &
Z. LI RTHOIT BN SESE R L T05, &l
DREOHE LT, HOHMBI 3R IFEEZISH LT
Fy v L AKEFRHORITH 2 A lMNE L% T & &R
L. mAHODFEICH 25 BEE 725 Uz, £z, Himi
BHMES R E 2 T, KRR O — R B>, #ifziad
BRSNS 2 T EICE MDA TV S, BIZIE, BRIy
B 1T-TaSz DE TIKEZ IR T 2 B THIERDO X v b7 — T
RUIZREER L, NS ROHEAER Uz, T Oz e BikEC
K BTN R, BN L 575 D MRS & > TR
SNZETH S, ROy v T—TRIE EEEPIET o
VIR L R IR BRI 2 S B T O D T T
TTw hR—LERZTENMAGTES, TNSOMKRDE
<id. EFEHERIZEE LTHEEL TV 5,

Tilted

EBFEDBFEAHRRICRYT MEW) BEEREM. CORAKGZERBLT
HWREADHREA ST LT, BFRR & Lieb-Schultz-Mattis EXE(CDWT
HBEMRNESNS,

“Tilted” boundary condition imposed on a quantum many-body system on a lattice.
Invoking this boundary condition, we can obtain a new insight into quantum anomaly and
Lieb-Schultz-Mattis theorem.

Our main focus is quantum many-body theory. Based on the close
correspondence among quantum many-body systems, classical statistical
systems, and field theory, we pursue universal concepts in physics. As
an example of our recent achievements, 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. 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 other constructions of flat bands, the flatness is protected by
symmetries and is robust. The network model will be a new platform
to realize many interesting phenomena including superconductivity and
non-Fermi liquids. Much of our research is carried out in international
collaborations.

v 7= LOBFRE, WHEICTFONTFENRICE Y. FENY D
REFHIRMREEE NS,

Electronic states on a network. An interference effect protected by symmetries guarantees
the robust appearance of flat bands.
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':I:I ;‘;i m % % Nakatsuji Group

HiZE T —< Research Subjects

R AR DA UREPEA D 2 i B
Room-temperature topological transport in magnetic materials

SEFHBTE RIS 2 S BIEAH & LW BHEE RO B
Strange metal behavior and unconventional superconductivity in
strongly correlated materials

B FRoYhVR rREOHIEIC LAY tno s AL T
WVF—=IN—RZT 1 VT
Manipulation of topological states for spintronics and energy
harvesting applications

FEBH EE 554
Project Research Associate
TOMITA, Takahiro

BEHER it A
Project Professor  NAKATSUJI, Satoru
HI Course

BYRMBY
[Phys. Sci|

BIE, WMERMEE, A b s XV i,
FREY—L WIS BERICK > THUEME - HEo3h, 24D
HLWYIBIB SR OFE RITED > T 5, N5 OWEEO
ZEENCIE, FRITE. FEHM. BRTEERARETRELTCEE
BEENRKEL Do THED ., BAFONE OV &z A 75
LW TOMENEEIC A > TW5, FAEDOHIZEE T,
ZOXI T L2 BBt T 22 PEZHSIED L,
TH LR S RS 1 OIS HHIC & > TZ ORI H 2 Wik
RO % Hig LTI EIT> TWb, TN TERL, &
FEOEL REHEENZ A Y PO 7 AR )V F—
IN=ARAT o4 VITIWCHHT B2 DWFEE 7> THD, FEHE
RS EEHZED TN S,
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a.Mn3Sn & Pt. Cu, W EDFEBREICH B, KR—IVEEDE ERAHER Iwrite
KTFMH, b. ZELRDORIIERER, ¢ Mn3Sn TOREVEE bV Bib RE.
[Nature 580, 608 (2020)]

a. Hall voltage vs. write current Zyrite for the Mn3Sn/ Pt, Cu, W bilayer devices. b. Illus-
tration of the multi-valued memory device. The multi-valued Hall voltage is achieved by
changing the lower limit of the write current, J'L“me. c. Spin-orbit torque switching real-
ized in Mn3Sn. [Nature 580, 608 (2020)]

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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FesX (X = Ga, Al) (51T % a. fERIBIE. b. RERIVLY X FHROBEKEFNE.
c./—4A&)bo T T, [Nature 581,53 (2020)]

Crystal structure of Fe3X (X = Ga, Al). b. Temperature dependence of the anomalous
Nernst effect. ¢. The nodal web in momentum space. [Nature 581, 53 (2020)]




— ﬁ“ﬂ 61: :l: Miwa Group

HiZE T —< Research Subjects

B armEA ey hu=s 2
Spintronics using a quantum material

B 5 V07AEY ba= s X
Spintronics using a chiral molecule

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

B AC kBN Ca—F 427
Brain-inspired computing using spintronics

BhE RA AL

Associate Professor
SAKAMOTO, Shoya

HBE =% =MW
Associate Professor MIWA, Shinji

FIX Course
HEEMER
Adv. Mat., Frontier Sci.

R ED DRI R T/ S 72 O T SRS 2 AT o
TW3, BURIITIE A T2 08 i B2 i i i B R i 72 4
JE - Mk - B FICEH L. BEMESR 2 AT 2 2 )E
JETINA 2 FANTHIZE 2 T9 . F/ORT [AEY] O
HENHFICHNS Z EICHEHL, HAha T Ay o=
I ZRRIEFIT % T3 AZAIRK L TWD, TERLL 28
B MR TNA AR 2w (W orEE) = RO,
BEAElL L. IOt S 2 C EWIEHINTH %,

B D BRI IR T — <&, TAIVREERZIZ TS E L
kg?%ﬁ@Xt/bn I RS F IV TR AV A

VIR ADWMEETH D, FHCEIRELZHINL &
E71LF@NWXb~ﬁ_ PYER X BRI e 72175 T

D] BRWTHARAY Y ba= 7 ZBG O NS
fRIHZ1T> T\Wd, Z L TR CRzMAZRN T, 3
BRICEIRE KRR ZRT TN ZDAIKEHIEL TV 5%
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(a) FHNGE T /IBEDH, (b) F T FHEHE X RDHDOF., BREEHERT
INA AR E X BRANHARDHEIC K YD RIEATIBRME A £ OBFEhHT &
L CEELGBRHMINROMEREZER L.

a) An example of a unique nano-structure. (b) An example of operando synchrotron X-ray

spectroscopy. The origin of the voltage-controlled magnetic anisotropy, which is impor-
tant for future non-volatile random access memory, has been revealed.

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

We study the experimental condensed matter and material physics
using high-quality and unique nanostructures. We employ the ultrahigh
vacuum technique, which has been used for semiconductor engineering,
for the multilayer fabrication with metals, insulators, and organic
molecules. We focus on spin and orbital properties, which can be
pronounced in nano-structure, and fabricate quantum spintronics devices.
Our research purpose is to characterize the novel physical properties of
such devices and use them for application.

Recently, we study a spintronics device using a quantum material such
as Weyl and line-node magnets. We also study a spintronics device
using a chiral molecule. We reveal the microscopic origin of the various
spintronics phenomena using operando spectroscopy with a femtosecond
pulse laser system and synchrotron radiation. Using the obtained
knowledge, we design and fabricate spintronics devices showing large
effects at room temperature.

(a) (b)

oFogs
[0170] Y }
¥
4 I—. X [4170) Mn Sn
[0001]

Kerr rotation angle (mdeg)

I00'01]

Delay time (ps)

@) 7 A IVREEHEEAR MnsSn DR E Y RUREREE. (b) HERES\EFORFIE
ERATRTLICEY. T LMYV AL—F—Z2AVTREERESBDE
R £V IRBDERICHISH TR LTz,

(a) Spin and crystal structures of Weyl antiferromagnet Mn3Sn. (b) Using a property of
the cluster magnetic octupole, we have succeeded in observing the time-resolved spin
oscillation of a metallic antiferromagnet by employing a pulse laser system.
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Materials Design and Characterization Laboratory (MDCL)

48

B Jes P BT s A i

YR ERM AE R T ld. B OFEL (Design). YE O
K (Synthesis). & E NI EZ B AR 2 Gl
(Characterization) @ 3 O % DSCH A1 7 )V] &
LCHEBMICEET S T &Iick b, Lyt - #iEE
O ORFE IR L TV %, Al sl (LT,
REEMER) EWE A - FEmEE (AR, BEGEHEE) A5 &
D | EEHBICIE KB PEREE DY, S EGEHIERIC S E A RE .
T, XERINESR, B FHEEE=E. MEIES.
FUHERE, GHEEGKRED 7T FHRENDH 2. el TiE. W
MHEAZX—R—a & a— 2z L CRTRIOMAER
IZ &> THEFEN DA Z 1 IBIG7Z i L DDA
DRETEITV, BRI CEWE O AR, B ER B
KUZ DML DI Hr- ARG 2175 L & BT, #HL
HRENTWER OB - WA - CZIEEORE
FHIZ T2 TV B, AftiskDEEFLFRFIHIE, YRR
ifigoEEEZERIC I DER N TV,

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 seven sections for joint-use;
Materials Synthesis Section, Chemical Analysis Section, X-Ray
Diffraction Section, Electron Microscope Section, Electromagnetic
Measurements Section, Spectroscopy Section, and High-Pressure
Synthesis 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 optic
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.

mERE IS BEE
Leader KAWASHIMA, Naoki
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E J:l: m % % Hiroi Group

HiZE T —< Research Subjects

LV R TR DORER

Search for new quantum materials

A E LR OmE
Physics of the spin-orbit-coupled metal

RE7 = eaYc B0 BV ERTe & e tiiih

Chemistry and physics of mixed-anion compounds

BN FH KB
Research Associate
HIRAI, Daigorou

B EH EZ
Professor HIROI, Zenji
I Course

FALME R

BRSO R L ZOBOMFADRNIE, FEDOFER
U IEAIC KR Z 72 A 28T b2 5 2 % 72l dic
MUl ZOREBIGBIZEMRDOAKR DS S, sRIHBE R —
fRICHB0F 2 /AL - IFRIEDBEZ DML, HETE & A D Bk
RO, AEVHuEMAEHZ IR T 22 BB, FF
AT/ NV RRGEICHEEIA T 2 IER A %R EDFIFENE KE 7R
JEWD 2 BE TV %, Fi¥EHRRZE L TRMOY TSR 2
R, Y20 LTz b 23 5%Ed
XIHHECED EEAEND,

ARFRETIE, L ZEBEBLEYIORIE L YITEORIC
HOENBZMHBICEH LENS, FVERRZITO, mHpE
FROVEARZOmMAT ZMEL TV 5, FIcRI T, H
W5d BFROEBORAA V2B BRET =4 LEWE
HUDICHIZEZ =R L TV %,

; Cd (Re,0s)Oq

* L]
10°F Re/Os
i
10% \wcdzﬂszov
0 100 200 300
T(K)

5d &8/ 0% 07 {4 Cd20s207 & 230 K CRRIRENFHEE Y . ME
&Y 5 A2 =R\ BT E R L TR & 755, CdaRexO7 & 200 KLLTF
TEERENTMEE K> CEEY 2 A2 —8B& 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

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

ZBETIRET 24 VL5 CasReOsCls

Mixed-anion compound Ca3ReOsCl showing pleochroism.
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} I I % m % % Kawashima Group

HiZE T —< Research Subjects

B LW &R OB

Search for novel quantum phases and quantum transitions
B 2 RRE OB b fRE ORISR

Numerical methods for many-body physics
RSB S D —fiefi

General theory of critical phenomena
T VA LR EGFEE

Disordered systems and computational complexity

BE HRE ER
Research Associate
MORITA, Satoshi

BE e EfE
Professor KAWASHIMA, Naoki

FI Course
B REF
[Phys., Sci.|

it NTHIGE /BEtl 2 E |l a7 £ O T T
WCHRTBEBICT AN EEZ > TWED, RLDOWIETIV—TT
BRI, FHEMEI OIS E ENABEEN a7 2 1H
S5 U, HILWFERFT 2 C &R EZED T
W5, TOISHE LT, #at 15O AMRERE O <> HH A
TER D72 3209 % Wb 2 5ifH B & 7RI B 2 FhaiE
"EDLHER EZIT> TS, TTTHWOBNSBTE
YT IIVEERT VIV Ry VT =BV R Y
T =R EHERB U CT— 2 RZ e AR > T05, i
EDOBFEDO—flE ULTiE, 7oV IRy hI—=URHICK S
RZEREROABEBDN G Z 5N EEI, ZTHhHRT—U
TR RN RS B 72 O — RIS AT E R R L
Too FRARMNIC ERE FEALTTRE T D 2 EH AR THRITI e T
HETHO., MO —GRICR T TN T B2 5 R T
H5,

BRUAHKEHR CEEF) OB,

Schematic illustration of a renormalization operator.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kawashima_group.html
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Recently, new trends in computation, such as artificial intelligence,
machine learning and quantum computation are attracting social
attention. Our research group tries to clarify the mathematical core of
the methods of computational physics and computational statistical
mechanics. We are conducting research based on the development of
new methods. As its application, we are elucidating unsolved problems
in statistical mechanics and performing comparative calculations
with experimental studies in strongly correlated quantum systems, in
which interactions dominate physical properties. The quantum Monte
Carlo and tensor network methods used here are closely related to
data science through Boltzmann machines and data compression. For
an example of recent works of our group, we developed a general
prescription for obtaining the scaling dimensions systematically from
the real-space renormalization transformation based on tensor network
representation. This is a systematically improvable method and requires
only a polynomial computational time, providing a missing piece in the
conventional statistical mechanics.
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BRAHZBEHDEEE LTD2RTA IV IETIVDRT—) Y TRTD
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Scaling dimensions of 2D Ising model vs the number of renormalization steps. Dashed
lines indicate the expected exact values. Scaling dimensions are estimated precisely in a
broad scale range.
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HiZE T —< Research Subjects

BT B 2 FrafrE B R OBER

Search for novel physical phenomena under high-pressure

B 1A R TR R OBt

Study of the pressure-induced quantum phase transition

.%wfﬁ%% EOFFE & L EBET PR EYIIENE 715 O

Development of high-pressure apparatus and establishment of physical
property measurement techniques under the multi extreme conditions

BhE #5i JIE
Research Associate
GOUCHI, Jun

B LR EB
Professor UWATOKO, Yoshiya

FI Course
B REF
Phys., Sci.

AR R B S D RS BT P B S 0 3 LT R
TRV ST R—Z D 1 DEin-> TV &M Nk
PE L, SHEE FRYEZ T T &3 2 FERYIEOBIZIC
BOTEZLDORAEEEESLTWVS, YHIFRETIE., BEE
JIEAf 2 B U7z, S REOYERIE IS U 7z ) e 25
EORFZITO, ATRERIR D K WEUKIEEREIC B 5 2 HE
S R TOMEmMEEED TV %, sMHBEE 2B Tl 1
FHRE, B AV, WER EOEARNEBE &S
MHEEROBEICK D, #ERE UTHEA OBIFE N YEN S
HLTW5, BEEHZENWCESHEHEENORIEIZ, 0
XD IRk 25 bkbf<hét69b7%®mﬁ%%
EEIRoTVBDIEAS M ?BIE, BYMHEIE, ik
USRS D IETIIR OS2 8 U, LRl Ot 7—7%
HEHTWB, Ko, HEEFIHEERICTS T3,

The high-pressure group has been studying various materials under
high-pressure conditions in combination with low temperature and/or
high magnetic field. Combination of such multiple extreme conditions
are becoming popular and indispensable for research in solid state
physics. However, the developments of techniques that can realize in-situ
measurements under multiple extreme conditions are often challenging
and require sophisticated considerations. This group has persistently
devoted numerous efforts in developing such advanced high-pressure
techniques and in turn have become successful studying the strongly
correlated electronic systems, which is one of the most important themes
in modern condensed matter physics research. Since many mysterious
phenomena in strongly correlated electronic systems results from a
delicate interplay of multiple energy scales involving electron-phonon,
electron-electron interactions as well as orbital degrees of freedom,
we foresee the discovery of many unknown exotic phenomena under
multi-extreme conditions. Besides, high pressure offers an effective
knob in tuning the inter-atomic distances and the density of electronic
states at the Fermi level, which are crucial for controlling the complex
interactions present in correlated materials in a much cleaner way.

35 ———r— :
EuCu,Ge,
30 & fhaetal.
- ® this work
25
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FRABME (L B4 EuCusGeo EF5 8 14/mmm) DESREER, Pc= 6.5 GPa 3£ T T IE2EITHS L. Eu O
BFERIC L HBFERRS (QCP) BREL TV S, BARIE, BEIEHE O mag =0 mago + BT DA FIEH n
(ST BENDR. BRENT. 80 En=1I385<,

The pressure-temperature phase diagram of the antiferromagnetic compound EuCu>Ges. At critical pressure, Pc =

6.5 GPa,

Tx disappears abruptly due to the valence transition of Eu ions suggesting a QCP. Inset of figure shows the pressure depen-
dence of exponent, n, of the pmag = pmago + BT". Near the critical pressure, the exponent n moves toward n = 1.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/uwatoko_group.html
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)E:é III% m % % Ozaki Group

HiZE T —< Research Subjects

BRI FC 550 B AR T - 7 LY X
L DBHFE
Development of efficient methods and algorithms for first-principles
electronic structure calculations
OpenMX DRFFE & 2B
Development of the OpenMX software package
XM HEARY BV FIEORFE
Development of first-principles methods for X-ray spectroscopies
T OB — R BE RAER TR

First-principles calculations of two-dimensional novel structures

BhE AN e
Research Associate
KAWAMURA, Mitsuaki

Bk Rl %8
Professor OZAKI, Taisuke

FI Course
B REF
Phys., Sci.

EEFIEH R O el L VB R EORFE I D, 3 — R
HPREEGTEOEEM NI LT 5, F&L TR IN BT
ICEDE, KOBRITNRZ KD EHICHID ]S 7DD
LWERFL - V7 b7 3y 77— OpenMX D RFEICHL
DIHATV S, HENBEEIEROERIIRICTENSHE T
BoZFICHHIT 20, ETOEMRECEH L, FHRED R
FEUCTHHIT B H LA — X — NEZBFE Lo, ATFEICK
D, TNETWORODRHETHD 572U F 7 LA 4 VB
PR ORI R 2 L— g U afaEL a0, ErE D
EELENHEL E D DDH B, S OIChE. XHEE T
JEHE THUANE N2 N OO SRS 3OV — D ik Rt
RREZHFEL, I —TLHEL Ty Au Tz
Vo WEFOBU T PURT. Ge O & =8 & DKM
W IREEDRFEICHII LTV b, EibmiihEOWET
T T bV FREFORGHRHOREEED TV S,

(1) Truncation in real space
ee*’Se s, (2)Mapping into a Krylov subspace
(3) Evaluation of
° L ]
e —>G(2)

F—2—N2)O7MREME (1) ERFICSHLTI A Z2 %M. 2) 7
FABZ—TERRENSMBAE[MH ST A THAERNGFZ. 3) 7 ATES
TN CEBEBEZEE. TOEM\UEHRT 2,

Underlying idea of the O(N) Krylov subspace method. (1) Construction of truncated
cluster for each atom. (2) Projection of the truncated subspace into a Krylov subspace. (3)
Solution of the eigenvalue problem in the Krylov subspace, and back-transformation to
the original space.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/ozaki_group.html
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In accordance with development of recent massively parallel computers,
first-principles calculations based on density functional theories (DFT)
have been playing a versatile role to understand and design properties
of a wide variety of materials. We have been developing efficient
and accurate methods and software packages to extend applicability
of DFT to more realistic systems as discussed in industry. Although
the computational cost of the conventional DFT method scales
as the third power of number of atoms, we have developed O(N)
methods, whose computational cost scales only linearly, based on
nearsightedness of electron. The O(N) method enables us to simulate
Li ion battery, structural materials, and graphene nanoribbon based
devices which cannot be easily treated by the conventional method,
and to directly compare simulations with experiments. In addition to
this, we have recently developed a general method to calculate absolute
binding energies of core levels in solids, resulting in determination of
two-dimensional structures such as silicene, borophene, single atom
dispersion of Pt atoms, and bitriangular structure of Ge in collaboration
with experimental groups. Our continuous methodological developments
have been all implemented in OpenMX (Open source package for
Material eXplorer).

E2 1%
-
Rrrrrrii
Errrrrrig
k(A)
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Binding Energy (eV)

(@) &U (b) F—REFHEICL VRS SN ZrBy £ Ge BOZE=AEIFTHEE. (0)
BEMBABFOHDERE. (d)/\Y FEBEDFHEERIRS—BI ST 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.
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Non-equilibrium dynamics of biomembrane

fla, NEEANY 7 )VDIEREE K

Shape transformation of cells and lipid vesicles

BHERIAD A F I T A

Dynamics of complex fluids

A ) RO R

Fracture of polymer materials

BhE AL thR
Research Associate
HIGUCHI, Yuji

HHE FO #8
Associate Professor NOGUCHI, Hiroshi
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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 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 (BAR) proteins, 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 the fracture process of polymer
materials, cavitation in the Karman vortex, and sound-wave propagation
using massively parallel simulations.
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Cavitation in Karman vortex behind cylinder arrays.
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ilzl__f E .9: — JA Yoshimi Team

KBTS Tl VMV - LT % A—
NN=AVEa—R2EXOFEICEHTES X5, 2015 FEF
XOVT Uo7 @ELLTTY 27 kb (PASUMS) Z
LTV, AF—LTlE, A0V 7 McERENES
075 LOMFE - EEtEHEE L, A—T V=AYV T T
TEUTRT 2 L &8I BB DT RIGE 217>
T3, o, EElbEnizy 7 v o 7 =EH L, G#(E
HAZPLDE UT s —FELGHE & A S D T AR O K
REZOMN, BT Ry BRTOAE VEEMBIROMN % L
1o TWb, BTl @Y 7 MY =7 2 3EH L
I A, EEE L WIEEZ B8 2 WL RcE H L,
ZIN=RAETFY VI RER LB TFE YT AHVOETES N
7o T — Z OFRNTR. BEEE 7 Fl W T i B LI ) 7206
M7 EICE B ATV %,

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yoshimi_team.html
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BEMERE(P) R —B
Project Researcher (PI)  YOSHIMI, Kazuyoshi

From the 2015 fiscal year, the supercomputer center has started the
project for 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,
by using the developed software packages, we theoretically study
research subjects such as derivation and analysis of low-energy effective
Hamiltonians of organic conductors and analysis of spin relaxation
phenomena in quantum dot systems. We also focus on the 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.




Y EEHE (Materials Design Division)

L

Supercomputer Center

BUFE JIIE BEiE BEREREP) TR —B
Chairperson Project Researcher (PI)

KAWASHIMA, Naoki YOSHIMI, Kazuyoshi

BYmE REIE =B mEErBe KHEH #8117
Contact Person Technical Specialist

OZAKI, Taisuke YATA, Hiroyuki

BLUmE HF (& wEErMBe /E BR
Contact Person Technical Specialist

SUGINO, Osamu FUKUDA, Takaki

BYmEe FO 1#8 FHEMBE WA BT

Project Academic Specialist
ARAKI, Shigeyuki

Contact Person
NOGUCHI, Hiroshi

gz EHE BX B HFE EBX
Research Associate Research Associate
FUKUDA, Masahiro IDO, Kota

KM EBE CEEITEY Y EH O XA —/S—a v
Ca—&RI AT L7, A—)3—av ¥ a—2HEfHEES
DOFHCHD ER2EOYMENTLE OILFEF I L T 5,
BAY AT L&, WEFE 10 HIGERBB LI TES AT L (A
7 L\ B (ohtaka)). BXRUEIZ AT L (A7 L C (enaga)) »
LBRBZEEVATLTH D, VAT LONY X — LD InH
IS K> TRIEGR Y AT Lz HtRig 5 L L vic, 2Ea—
D OHFRICEDHIMN IS TN D, ¥ AT LOEME]
EF>TW0Wh, A—8—2 Y 2 —ZOFFHHEICDOVTIE,
R — L= (https://mdclissp.u-tokyo.acjp/scc/) 7z S8
Nz, 7z, 2015 FFEMNS L A—\—a v Ea—& T A
TLOXOREERFHZIEET Z720Y 7 MU 2 T - &
FE(bsciR 70 75 I (PASUMS) ZFEi L. L—H7 504
RIHDEEHE2, 3OV T b 2 THFEET> T 5,
FERME
System B (ohtaka) : 1680 CPU /—F (Dell Powerkdge C6525, AMD EPYC 7702
(64 cores) X 2) + 8 FAT /—F (Dell PowerEdge R940, Intel Xeon Platinum 8280
(28 cores) X 2) (#pIEmEEIEAE 6.881 PFLOPS)

System C (enaga) : 252 /— I (HPE SGI 8600, Intel Xeon 6148 (20 cores) X 2) (54
HEERETIERE 077 PFLOPS)

A—/\—2>E1—%52< X7 L\ B, Ohtaka (Dell PowerEdge C6525/R940)
The supercomputer system B, Ohtaka (Dell PowerEdge C6525/R940)

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)) and the sub-system (System C (enaga)). 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 PASMUS for
developing 2 or 3 applications annually based on proposals from the
ISSP supercomputer users.

Main Facilities

System B (ohtaka) : 1680 CPU nodes (Dell PowerEdge C6525, AMD EPYC 7702
(64 cores)) + 8 FAT nodes (Dell PowerEdge R940, Intel Xeon Platinum 8280 (28
cores) x2) (total theoretical performance = 6.881 PFLOPS)

System C (enaga) : 252 nodes (HPE SGI 8600, Intel Xeon 6148 (20 cores) x2)
(total theoretical performance = 0.77 PFLOPS)

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

Slusszjs s U5 A2
WERRAREFIARA—N\—3 Y E1—2 Y X7 LERR
(VA7 L ClE 2022 F 4 BICEHHTE)

The Supercomputer System at the SCC-ISSP.
(System C will be replaced on April 2022.)
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ARk - FFiEE (Materials Synthesis and Characterization Division)

PR

Materials Synthesis Section

(L& =

Chemical Analysis Section

BLmE BH BC

Contact Person : HIROI, Zenji

wiiErme A HEF

Technical Specialist : ISHII, Rieko

BUFRE BF BC

Contact Person : HIROI, Zenji

giiErme A HEF

Technical Specialist : ISHII, Rieko

ARETIE, FEOEK. BAEOREL, HisRE K
T EWIARB OB ZIT> T3, e, B inEs
SROBAE R E R, BRI TR & 2 RS O FF T
ZigIRE LT LTV 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.

Igﬂﬁ SRS N o
JAO—=T 4 IV -VERBRBERF. FEESF (ERMARXTU v IR
VIR 75w ORI T8RO 2y MRC Ry RIF). B
ZeRERE (109Tom), YA—T Ry IR

Main Facilities

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

-
-
-
-
-
-
-
-
-
-
w
-
]

HBBEERI/O-T Ry IR

Glove box for sample preparation

https://www.issp.u-tokyo.ac.jp/maincontents/organization/synthesis.html
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https:/www.issp.u-tokyo.ac.jp/maincontents/organization/chemical_analysis.html ~ [S]9

ARZE T, WIS A R EIC DWW T O A0 0%
LW D53 LD B K TME AN TIEIC K 5 MR Ok
WB X UHEZITS LIS, FEE - 7087 - (L220PICD %
HhE s 2 TN OHRFIFICH L TV 5,

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.

FEKH
FEEOBARTZ ARFENDNDIERE, BFRI. BAKERE

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

FEEARER T Z AIRADNDNTEE
ICP-AES




G Rk - FFiEE (Materials Synthesis and Characterization Division)

X Bl =

X-Ray Diffraction Section

(R

Electron Microscope Section

BLmE BH BC

Contact Person : HIROI, Zenji

By X5 #

Research Associate : YAJIMA, Takeshi

x5
YAJIMA, Takeshi

BUFRE BF BC

Contact Person : HIROI, Zenji

giiErmae EIR KH

Technical Specialist : HAMANE, Daisuke

BIRZROPITE 2 7R I WV E OBIFEPRIHMEIC BV T, A imiiE
fEAT ISR CHRESNEZ DD, AETIE, Xz
WT, HTRIE DRSS RHE TR EIC & 2 MG b 7s SV E R
BEOWG 21T S LIS, PN ORFZEEI L THiRFIFE O
fefit, K7 217> TV %,

The main purposes of the X-Ray Diffraction Section are structural
analysis and identification of powder and single crystal specimens for
solid state physics. By using the Powder X-ray diffractometer equipped
with a refrigerator, the structural analysis is performed in the temperature
range of 4-300 K.

E:5

IR XAREHTRE. BAERMERTA CCD & A7 L WER X AREITRE,
BEAA—I T TL— FEIXHREWTER. SUTHAAS AX=DV T
L— b B EE

Main Facilities

Powder X-ray diffractometer, CCD system for the single-crystal structure analysis,
Powder X-ray diffractometer with a refrigerator, Warped imaging plate type dif-
fractometer, Monochromated Laue camera, and Imaging plate reader.

TRER X AR EHTRE

Powder X-ray diffractometer for low temperature application

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

AZETRIWE DL AHBCC MGG 2 7l S % 721 EHE
RSB L BN EFIEMEI A, 2 /a5 /R
TV TO®ES - it TN %8281 T
XA BT, RS2 2NN 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.

FEKH
BRMHTEEHEEFEME. EE - 58 -
BERD e DIE A DEE

DRIV E—, BE - HER

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 RAL Dt E FHEMER

200 kV electron microscope with an X-ray micro-analyzer
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G Rk - FFiEE (Materials Synthesis and Characterization Division)

v B U e =

Electromagnetic Measurements Section

YEA =

Spectroscopy Section

BLfrE LT B8

Contact Person : YAMASHITA, Minoru

BLmE BH BC

Contact Person : HIROI, Zenji

BLmE F R wMiErIE WA B

EHFmE il WX

Contact Person : AKIYAMA, Hidefumi

BYmE fk 2R

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

BLmE BEX EE
Contact Person : KATSUMOTO, Shingo

Contact Person : MATSUNAGA, Ryusuke

KRETIE, WHOREANWIEE TS % BN IEEZ,
35 K T DILWFIFIC D7z > TIET 5 & LB, i
SUFPERESEE, YIBREPEE S, B & D
Z TN DOIFEFI NI L T 5B,

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.

E:5
1517 T AZBEER T2y b 16/18 T Ao @E—BEET T % v b
(NMR). SQUID BALAIELEE (MPMS). SREMMERAIERE (PPMS)

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).

WS EREREE
SQUID magnetometer (MPMS)

ISSP Digest 2021
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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.

FEKH
FIREND IO CER, FIADINEFH TV DyeeEst

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

FABLU ST UDNEE
IR and Raman Spectrometers (Room A468)




G Rk - FFiEE (Materials Synthesis and Characterization Division)

Y ARE D%

High-Pressure Synthesis Section

|ymE EHF EZ

Contact Person : HIROI, Zenji

wiErHE BB SAE

Technical Specialist : GOTOU, Hirotada

ARETRE, AAKTE BT EE TOREAETCBOTHRA
7w (H) WHEOGRZTTS LI, mEATICBT SWHED
PPN T VD, & HICEMD mEFEEEE P IET 5
FgEdin 2 A OIERFI AL T B,

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.

sisoukg amssard-ystH ik 53 0D Fn

E:5

500/700 b HET L AEB, A VEY R7E)b)b. XEREHTEE.
BHS T UONEB, YAG L—F NI ZOM (MEMIH 1V
TV FOIEEE. e NCETU VIR Y)

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.

EWEL 700ton F1—Ev I T LR, 4GPa E TOREBESHERA.

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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Neutron Science Laboratory
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7% J-PARC D@ fiRaET 2 v 2 3\—41)tds HRC Z i 4xE
HEFAAZHEEL CE /2, Thic kb, BREA, MRno
DIIVIE, Bl E OEAYEI 2 U & L
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3 TP RGELY S ) ORMEME & LTEEEI L, A
DHPEFRELITZEDOFERICHIN L TV 5,

A neutron 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 1961, the 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
stateof-art inelastic neutron scattering spectrometer HRC in J-PARC,
which started its operation in 2009. Major research areas supported
by the NSL user program are solid state physics (strongly correlated
electron systems, superconductors, heavy fermion systems, topological
materials, multiferroic materials, novel quantum phases etc.), soft
matter (polymers, gels, membranes etc.), complex systems (glass,
liquid, clathrate materials, etc.), material science (ionic conductors,
hydrogen systems etc.), biological physics, and neutron optics. The
NSL also operates the US-Japan cooperative program on neutron
scattering since 1984.

ME&RE WWE &
Leader YAMAMURO, Osamu
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HiZE T —< Research Subjects

B 7o i, R v E— 2 EORBARGERO X AT 37
A

Dynamics of disordered condensed systems, such as glass transitions
and boson peaks

IKBIOBIEME (BKZ AR RRE) OMEE 2 AFITA
Structure and dynamics of water and related materials such as
hydrated porous crystals

Bl A kOB IR & 41 F 25 R
Thermal and dynamical properties of ionic liquids

IKEW RS T /R OREE XA F I T A

Structural and dynamical properties of nanoparticles of hydrogen
storage metals

B ME @

Research Associate Research Associate
AKIBA, Hiroshi LI, Xiang

Professor  YAMAMURO, Osamu

HI Course
EFRMEF REFRLFE
Chem., Sci.

ARWFFEEE TR RO 7 LT %, BIfE
DOFTGRIE, T A EEETA, KX O ZORHYIE,
A K Uik, KBRS R TH B T R
EIRGEZ 2K X TIELT 2 AR AEHRTH . I
HEYFZOEFEDORKEED—DTH %, KiZEdEITAYE
D—DTHZM, IKERECHRED LT kAL TR RN 2R,
AT VIR TIE, BEHET 7 o TIVT—=IVAHOFEEN D,
T RAAL UREERBEENZ AT 27 AENS, &)/
iR OKER &, BRFRICK D ET Vo )VEHED
5NBH. NV TIRASNEWREEERX AT 27
ABERY, TNEOYEICHR LT, L. X EREHT.
BAR, BEBMEEZIEL, G- X172 - 8
2O 3HEN S, EHEEEICNAET B EHE (?) RkHE
HEMNCT BT eZHIEL TS,
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X-ray diffraction patterns of the vapor-deposited glass (red curve) and crystal (blue
curve) of CO,. The pair-distribution function analyses revealed that the nearest-neighbor
configuration of CO> molecules is as shown in the figure for both glassy and crystalline
states.

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

We are studying chemical physics of complex condensed matters,
especially glasses and supercooled liquids, water and related materials,
ionic liquids, and nanoparticles of hydrogen storage metals. Glass
transition is a mysterious phenomenon in which liquids solidify without
structural change. This is one of the big and long-standing issues in
physics. Water, which is the most familiar material for us, exhibits
various unique phenomena caused by hydrogen bonds. Ionic liquids
have nanometer-size domains and hierarchical dynamics generated
by competing electrostatic and van der Waals interactions. Hydrogen
atoms in metal nanoparticles give rise to unusual structure and dynamics
caused by the surface effects and resultant distorted potential energy
surfaces. These substances are investigated by neutron scattering,
x-ray diffraction, heat capacity, and dielectric measurements. Our aim
is to find simple (?) rules involved in complex systems from the three
different points of view, i.e., structure, dynamics, and thermodynamic.

T T T T T
l bulk PdHg 7
BF o o NSE 3
a HFBS
& ¢ DCS
_g}- nano PdHy 4
- ® m HFBS
o,
£
2 -0
12
-14
0

1000 /T[K]

NIV ELUF/RFNGIOLKEMDOT L0 T Ay b, TS DREFEF
fld 4 BRI I DPEFEREREICKYRES NI, BAND Q MK7FH
A5 T 23 d O FA b 1w [E T A bD HEREFOIEIC LB ENDH of,

Arrhenius plots of bulk and nanoparticles of palladium hydrides. These relaxation times
were determined by the QENS experiments with 4 spectrometers. The O dependence
of the relaxation clarified that 11, 72 and 13 correspond to the H atomic diffusion at the
O-sites while 14 at the T-sites.
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ﬁ EEI m % % Masuda Group

HiZE T —< Research Subjects

n%¥%ﬁﬁﬁﬁwﬁwé7ixFb—b@ﬁ%@#ﬁ%&ﬁ
KE—R
Nontrivial hybridized mode in frustrated magnet near quantum critical
point
B I £ B A VA Y VHOMI
Detection of spin wave spin current by neutron
B VT 7 znq s 2AMADI AN RN T ) Y
Nontrivial acoustic magnon in multiferroics
B X E ViIREOBR
Search of spin liquid

B xH B
Research Associate
ASAI, Shinichiro

AHE RE EH
Associate Professor MASUDA, Takatsugu

FIX Course
HEEMER
Adv. Mat., Frontier Sci.

AR, BITAE YRR T T A ML —va v Rk d
KBIZH LR THS - R IREEIBRNICHER TS &
ZHEELTWS, BMOETHEREMEN T I XN L— g
ViE. B AR IRRE 2 IS U R T IREE D R ECIRAE &
% i, NS REINCBIER TS, BRICAE VR T T
AbLb—=va YREETFHEHEO IO YT 7 k> TH0
%o AEVIA, RVB, Fa—Rv V7RSS LOEACIRE
L. RVF T saAy VRN T Y — AR SICBIT S,
B L OWEBSRLAGIRICHIEZ 5> T, Tl D4 OB
BE LT, <IVFT 2 aA 7 AW BaxMnGe,07 DHPETF-IE
FPERGEL AR MV RNORT, < T /) Y (T) E—FD
k=0IcBIZ2Z3I)IVF—F ¥y TIEALEY - xXT 10V 7
MAEERICERLTWA T &, ZORBREEIIHAE— X
¥ b TR EBRDMORERGEETA T —)LENs T LM
M E NIz, TOIEEFRSZ EWVIE, BEXmEHES
d-p IRBHEOMRIEZ I KO S Nz,
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One of the research goals in our group is to find a novel quantum
phenomenon and to reveal its mechanism in low-dimensional spin
magnets and frustrated magnets. Strong quantum fluctuation or
geometrical frustration disturbs the development of trivial magnetic
states and induces a non-trivial quantum state. Furthermore, such a
state is sensitive to a small perturbation and, thus, the area is frontier
of quantum phenomena. Our research topic includes spin liquid, RVB,
Cuboc structure, etc. Another goal is to observe a new magnetoelectric
effect in multiferroic compounds and/or relaxor magnets. Figure
shows inelastic neutron scattering spectrum measured on multiferroics
BaxMnGe»O7. Energy gap at k£ = 0 of acoustic magnon (T1) mode
originates from spin nematic interaction, and its temperature dependence
is scaled by electric polarization instead of magnetic moment. The
nontrivial behavior of the anisotropy gap can be rationalized as change
of the hybridized d-p orbital with temperature.

(1, k. 1/2) (r.LLu.)

BayMnGe 07 DHMEFIEBMRELANY k)L, (2)0.05 KTRIEENIEANY bb,

(b)-(e) ETRILF—ZAXT ;)b ((0)0.05K, (€)0.9K, (d)1.8 K, (€)2.5 K), BIFIZFE
#ifR, () AVRA 2 b g Ay FOREKEFE, BRISSHERR,

Inelastic neutron scattering (INS) spectra on Ba;MnGe;0O7. (a) False color plot of the INS
spectrum measured at 0.05 K. (b)-(e) The INS spectra focused on the low-energy range
measured at (b) 0.05 K, (c) 0.9 K, (d) 1.8 K and (e) 2.5 K. (f) Temperature evolution of
constant-g cuts.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/masuda_group.html
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HiZE T —< Research Subjects

HEFIELIC K DR AFIV I A YOG L 2D S A F 32
A DIZE
Neutron scattering studies on magnetic skyrmions and their dynamics
FEDTERINCIEE T BENE - =LY haxd /> -
Magnetic excitations driven by the electric field component of light -
electromagnons -

SIS 2 W<V T a Ay T YE ORI L EEE
PED
Control of magnetic and dielectric properties in multiferroics by means
of anisotropic stress

HE o0 B P BT 2 DO TeREPE RIS F5 U 2 J P « S B
KO
Time-resolved neutron scattering studies on nonequilibrium and
transient phenomena

N /"

B 7B A

Research Associate
SAITO, Hiraku

HHE e 28
Associate Professor NAKAJIMA, Taro

FIX Course
TIXERYETSE
App. Phys., Eng.

EARDRAIMEEIEIERICH KM BEISENTHE O, KM
WK ENTE T =< ThH %, HIZAIXELDETICH B
T, BRI R E U EFEINCTHE CANCHT > THRigE
MWEELTWD, ThlAcE . S8ARIDME R R4 &
WA DFEET 20, JEEZN5 O X E VRS ORI
KA, YEOFEE., 8k, H50VIEHEEERZKEL
ZALERED T EDWEMTIE > TE e AR TIET D
X9k TREVHRFIC X > THIER T SN2 AR S
EERRT—<E LT3, fle LTk, S5HARDRAK
FRFIc k> CERMmELECE<IIVF 7 a1y 7R, b
R0 YAV IR IR SRS TH B AT IV I 4 ER 5
E LT, PETFEGEL & XORREGEL 2 W CRE SRR & 2 D il
IRREZIHEMMCT 2 T LICHDHA TV S, £z, kT
SLE A A Z IR X E 5 XL, ZHEMBREEE R ORIE PR
EE R E, iz a AT I & 0 s,
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0 '
20 22 24 26 28 30 32
Temperature (K)

() ERAF IV F VI FIRBEICH T B A EVEFIDERE (b) R AFIVIA
B MnSi DET - ARERER, 02T OHIZHTRME - BATEHT &
THEREAFIVIF VIREHRIRT 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=0.00 s, Thom=20.9 K ¥ t=0.50's, Tnom=27.9 K
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Q,(102 A7)

MnSi DERERXF IV F VIEFHB UL RICE > THR L. ZOERBEREN
21812 & BN BT/ VAEEELIC & 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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L‘E\t '3 61: % % Mayumi Group

HiZE T —< Research Subjects

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

LT X N LI 2 W Te 2 o R
PRI O REERET

Structure of multi-component polymer and soft matter systems by
small-angle neutron/X-ray scattering

PR RELIE 2 IO e 2 RO RE 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

VT RRZ—

Al

Bh# /NHEERR
Research Associate
ODA, Tatsuro

MR B5 #—
Associate Professor MAYUMI, Koichi

FIX Course
HEEMER
Adv. Mat., Frontier Sci.

AWHEBETIE, @R TERIECHELEY T R Z2—0Yk
FEOBMEOIRIAZ Aig LT\ 5, BIZE, %)/ - o1
)L T OREIEHIENC K O 550 AR O BEAREE I (X FREE AL 1)
LEUDDHO ., ZOXK D ImEmE ey AR AN TR
ANTLIME R EDEEME, V7 aRy "NHOT 7 F 2 T—
Z— i« IR SISV B RBEME & U T OIS DM
ENTWVD, A @& AR LT Hik—+ -
X #INAEELIE B K O A dEGR PERGELIE I K > TEB I
BB MG BATF I 7 ZADFHNEIT> TV, &5 T
MEIEZ D TR SN TV B T EN—RITH S, it
THELEZ WS &, BERKELTARY T K > THMRRE
FEBIRNICHE T2 LAAREL 55, BELIEIC K > TH
SMMCENTFEERES « XA F I 7 A&7 ain)is - s
Z2EE OMBZRIPT % & &8I, FEMRERGHER OHR
EITo TV,
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BRY B EBDFHMERLL. HOMMZH BRIV ERRE L, T
DfFRFEERIE. DZRYBRS EELL. BEMHRY IVISTORER 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
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The research goal of our group is to reveal molecular mechanisms for
macroscopic properties of soft matter systems. One of our targets is to
understand toughening mechanisms of polymeric materials. Recently, the
fine control of nano-structure has improved significantly 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. We study nano-structure and
dynamics of the tough polymeric materials by means of small-angle and
quasi-elastic neutron scattering measurements with deuterium labelling.
The deuterium labelling technique enables us to observe separately each
component in multi-component systems. By combining the nano-scale
structure/dynamics measurements, 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.

self-reinforced gel —g— stretch

BEOBDFTIVDBE. BREANHBREZ5|0k2 L. TCICBRNE
BLT. BILTLE S, —AT. BE@HETILTIE. BROFDICEVWTS
DFEDF|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.

{ :ﬁ‘#
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J-PARC OYE - ‘EdnklaEbafusk (MLF) ICfE Sz
MEFHELEEIC W T, 77— 2R, FRCA XY il 7 —
LIRS AT I & 2R RRE 2 A G D B T e -
T — 2T ORF & HALZHEE L TV 5, FRCRER
HNCHE U fe 7 — 2adi s N2t Uy BRHC Nz 53 945
(W5, . W, EN&RE) ORFZLICHE S iR
YRR OIS ERL A D T L2 AlREE LT E T2,

T, WU RV I CRREMED SN TV S T
Fw b by T a2 TV ARG ER 2 J-PARC 0 73)L AH
T IREEEIC A AR, BRI OEIGIC X 2 YR O IGE 7z
HET =255 & T bR ERIE L 7 — XUy 27
LOBFENZE TS . £ 72 JRR-3 DEFEITH L J-PARC DF—
RN & 7 — ZWLBLODEL A Z M7 %,

FEEHIR N #5h
Visiting Associate Professor  INAMURA, Yasuhiro

We have been developed and produced the novel experimental method
and data treatments for neutron scattering measurement at the beam lines
in the Materials and Life Science Facility (MLF) of the J-PARC using
the event-recording data acquisition system (DAQ) and various sample
environments. Especially, with the event-recorded data, which is most
useful to divide along a time line, it has been successfully realized to
observe time-depending phenomena responded by applied external field
on samples like a temperature, electrical and magnetic field, a pressure
and so on.

One of our aim is to develop and establish the method to measure the
transition phenomena in sample under the magnetic field using the new
device developed at ISSP installed in the neutron beamline at J-PARC,
MLF. This device enables to apply to samples a flat-top-pulsed magnetic
field which is suitable for the pulsed neutron scattering experiment.

In addition, we begin a study to install the DAQ system, device control
system and data treatment software used at MLF into the beamline at
JRR-3.

]) — ]\ /\\} I/ ]\ m%% Rietveld Group

T A OV LEE M2 L TV %, im O MRS
By (APD Z353Ed % C &k, inEaEEzERIC L, FiEr
PR G 2720 BEHTH 5, FADOTHWRMAFICB VT, <
DRIFIFEEAEEL LRV, FERZF. APL LEAIE OF
BRALEIGR EDZ K ORENFEA T Z 0 HeENH D, T
N HIEDBREEEOWEAEZTET T, TDXD KRHE
ZlohkEd 5728, BB OB R LE R 50N H % o

FADBILED ISSP TOWIZEIE. APl DEKRZHET BT &
ThH b, AAEIE AP HERICIT 29 A HAET & Bk L
THEH., TOMWHRITFH AR REEO TR, FRcH 1
MMHEERRT ¥ VOBRICB W TEETH 5, Bl
T, FHEBIC K22 IRORERDIENITIE. KTr oy
IWORKERED DN S TH D, HEEHRT >+
JVOERRODA Bk, 227 B TR T L, fthoz <
DBV T EHRILD,

NEAZEHE U—-tNILE AR
Visiting Professor RIETVELD, Ivo

My research is focused on the physical stability of drug formulations.
It is essential that drugs deliver a designed quantity of active
pharmaceutical ingredient (API) to ensure therapeutic activity and
to avoid toxicity. There should be little variation in this quantity on
drug handling or storage. Many problems can arise such as crystalline
polymorphism, interactions between API and excipients, or chemical
reactions, which may cause toxicity and loss of therapeutic activity. It
implies that the thermodynamic stability profiles of drug formulations
need to be known so that changes in the behavior of the drug can be
avoided.

My current research in ISSP involves an in-depth study of the heat
capacity of some APIs as the heat capacity is related to the interactions
between the molecules in their crystal structure. This information is
very important for the development of computational crystal structure
prediction in particular for the interaction potentials between molecules
in the crystal structure. At present, polymorph stability rankings are still
difficult to determine, due to the uncertainties in the many interaction
potentials involved. Improved understanding of the interaction potentials
in turn can be applied in many other areas, such as interactions involving
proteins or industrial catalysts.
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International MegaGauss Science Laboratory
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B0 s 1 B st it B -~ WS et %

iR Tld. 7SVAR T 3oy M K o Tl 25
AU, BRI (PR, REMEA. BJE. Mgkl ) o
BTIREERXRT NS, IEHHER OV A< 7 30w M 80 7
ATRRELETREETDH O, BEXURLE, YEAINE. it
75 EOREPERRAL KR & A B T AR
HECHOW BN, K ENNOMEE 208 e 3 21
BEOMRCIRILS FIH SN TV 5, IHRRAKDERTEE
B (210 XAV a—)V) ZHWIEO Y 77V A (1~ 107
) Z VIR, BERRS E UTHERIER L6
HETH O, FIFHPOIENEE 100 7 A TG REICE VDS
NTW5, )y, BERDV A< T 2y Ml —&EaA
JViE L EBREREERH DL 100 ~ 1000 7 AT DOlBssEk %
ZHANHETH 5. MFRARIERLSS D AL 3 2 AT B G ik
LM U T, ALY - @R HYE L ORI WIS D JER
HE1T72 > 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 are studied. Non-destructive magnets
can generate approximately 80 T and are used for high precision
experiments including electrical resistivity, optical property, and
magnetization measurements. Combination of high pressures and low
temperatures with the high magnetic field is 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 the world largest DC generator (210 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
in destructive manner. Researches with the multi-megagauss fields
of around 100 to 1000 T have been conducted aiming to a discovery
of novel phenomena. Also, we plan to the use multi-megagauss fields
for interdisciplinary researches with chemistry, bioscience, and space
physics.

MR YA Esh
Leader MATSUDA, Yasuhiro H.
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HiZE T —< Research Subjects

FEMHE VA< T 3w b DB
Development of Non-destructive Pulse Magnets
SRS 2 T Te 2 € VHUERTE/ER Os8u Mott Ak D¢
Study of Spin-orbital Coupled Mott Insulators at High Fields
ARIZERD RIS T OWZE
Study on High-field Electronic Properties of Organic Conductors
730V AR5 C DY PERNE FIE DB FE
Development of Physical Property Measurement Techniques in Pulsed
Magnetic Field

MEBNE S AME
Project Research Associate
IMAJO, Shusaku

BH Bl &
Research Associate
ISHIKAWA, Hajime

o >\ ll\;
B 2E E—
Professor KINDO, Koichi

FIX Course
BRI

PITERIE FRIC & DB e bk B BER S OV AR Z R
POVAR T 20w bORFEE. ZNMMED IOV X9l T
TORFEYIEREZ S} & LI z2iT->Tw5, X
BRKT757A7 (T, 4 VPO T TOBERE. &
K 65T, 30 VMO R TOBEXIRFIE, &K 43T, 1
WO T COBRIEZ1T> TW5, JEEEAYZE 100T D
FEAR, & O RO OV Ai@ii DR L2 HIEL T~ 7 2y

FORFEZIT> T, AY VETEHBALEH O Mott #t

FRARSS 0T E BB RIEA & o T T COYITED A
DA E TR TAMAANR L U, B KHE 8072
RRL TS, RSN SRR 220 % 720 T <,
HSBlRD 2WEZ AR LTI 2B L TV 5,
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B(T)

ZEVENEEBEERDEL 4d BF Mott ##&{k GaNbsSes DREALBRIR, /NE7x
Wb & BRI LRRIRIE. MREEIRE Tu =30 K D SBRFENS LY RER
Fv v TEFOREGIHERERENRE L TWE T LERLTVS,
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.

20 L3 T T T T L) T T
L 40,
ESO 23K
.Y 20
5% 19 i ]
—_ % 30 60 90
S 1ol a(°) ]
T
50 ]
[ 6=90°(H,)
01620 8040 B0

toH (T)

ZRITEHEBIEER K -(BEDT-TTF)2CulN(CN),IBr DIERRESHZHEBRIET. Tk
BICE > TRIZEAIFI SN, BEEHRRHES Ho U ETEEERELE S,

Low-temperature electrical resistance of the two-dimensional organic superconductor
k-(BEDT-TTF)>Cu[N(CN)2]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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HiZE T —< Research Subjects

TS - MRS B RS
Magnetic-field-induced insulator-metal transition
B @R U Bk IR
Excitons in ultrahigh magnetic fields
B EiR R A o iR b A iRAE
Electronic states in high-T. superconductors in a strong magnetic field
LT - (LIS D BRI R
Ultrahigh magnetic field effects on chemical bonding and chemical
reaction

BhE hHE  BEEZ
Research Associate
IKEDA, Akihiko

Professor MATSUDA, Yasuhiro H.

FIX Course
FEBIMER

1000 T & T ol T THNLWEDMEIZ DOV THE
F21T> TV % MiEIEE 7O R Y PWEERIC E
R U, 57 K O WEOSLEIRBIE R E <ZLd %,
100 T 72 K& A B OFEEICIZMERI O 730w e
M2 E D O Z OEANMEREZ A 72 /eI i RO
WHERIEDNLD > TV %, SEtHBIE RO A RS i e
BUREB RO NRIE IR T - TH B, Kie,
SRR T IR OB BIBRIC & IEEHBIN R IR &
N%o [EAH DR FE3OKRE 7 L FLOEFREICH D,
Z OMBLIREZTIND . & 5, (L AR ENDHSHN RO
WP SRS N D WS DI EIC DOV T B 52T
9. TNHODWIZEZTTS 728D 100 ~ 1000 T fEKICFBT %
B4 78T LORHIBAR O BAFEIC & BIAICED #lA TV 5,

Transmission

0.10 L i 1 1 i L ] L
0 200 400 600 800

B(T)

W% 6% F—7 L1 VO SERRESD 1.977 um TOMSIBBAERR. L%
500 T T2BILIC L HEBIEREDHEIODEAEN TS,

Magneto-transmission at 1.977 um in a W-doped (6%) VO thin film. The magnetic field
induced metallization is indicated by a significant decrease of the transmission at around
500 T.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/y._matsuda_group.html
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We have been studying properties of solids that appear in ultrahigh
magnetic fields of up to 1000 T. The ground state of matter can
significantly change by applying such a strong magnetic field through
direct interaction of a magnetic field with spin and that with kinetic
motion of an electron. Unexplored research area is open in a magnetic
field range over 100 T because specially designed destructive manners
are required to produce the magnetic field. Metal-insulator transition and
high-T. superconductivity are intriguing subjects for the ultrahigh field
research. Non-perturbative effects are expected in the hydrogen-atom-
like energy state of an exciton in the strong magnetic field, which is a
similar situation with a hydrogen atom at an extremely high magnetic
field of 10% T in the neutron star. Effects on chemical bonding by 1000 T
magnetic field is studied in terms of influences of magnetic fields to
structural phase transitions in solids. In order to experimentally study the
1000 T science, development of measurement techniques has also been
done as parts of purposes of the research.

0 50 100 150 200 250 300
B(T)

i8NS FBG EHED SRE S e LaCoOs DHFREMERN, AlIFSEAL
VIREE, RO, BB ot BAEDERMRIER,

Magnetic field-temperature (B-T) phase diagram of LaCoO3 determined by the FBG
magnetostriction measurements. Right figures schematically represent different spin
states and high-field o and f phases.
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SIVFT v Ay Z YA O EE AR
Field-induced transitions in multiferroic materials
STERRIRAEIC 351 5 FE TR
Electronic phase transitions in the quantum limit state
28OV AR SIS B B e CBR I

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

RO VI ORI S
High-field study of topological materials

Research Associate
MITAMURA, Hiroyuki

MIYAKE, Atsushi

HEEIR Bk R

Associate Professor TOKUNAGA, Masashi

E1® Course all h
* ﬁ%(%tngeaﬁ;\FAssgg:tt
ys., Sci.

KINOSHITA, Yuto

W53 DAY Y HuEES B X TN EZFHN T %
NETH O UIEEZE DRI B ORISR R TH %o
A ldinem 60 T £ TO/ )V A5l T30 2 Ytensez
WU T, | R TR 28 LR FIREB K UIEAM &
ARG ORER 21T > T\ b, 5l FTHNSBH5D
AHZIEL SRS % 72DIid, AR 2 & ORI T
WESTZTENEETH S, L, 7OVARE T TR S
WATE. BAUREE, AN, ME. WRRE, IR EDZ(E
Z2 BRI 2 E TEZ A - AR LTS, Tnb
DOREZFEM LT, ~IVFT a1y ZYEICET %585
BIPIES® T R0 Ve 8 ORGSR 72 E 2158 L T
W5,

FTAER 40 RO EN G X CEBEILFEIFZ 2170, A
IRIE - RAEAC VRWE, N RO Y VEE R E QR
Vw7 R L TV B,

800 TT T T T T T T P T TP oo T

_80001 1 11101 1 12IO| 11 13101 11 |4lo|
uoH (T)

BiFeOs ICH 1 2 BRBESKMNRDBLIZ S MR, AR 20T U EDESRE
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.
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HiE& Te DR —/)VBERTEHA LLEFRE, BAR) R—)VBRICST B
DE—U DHISARKFE. BETRLEZRTRTFRENZERSIENLD
—HE. ZOREBA —RTREREITER T 5 LR

Quantum oscillations observed in Hall resistance of a single crystal of Te. (inset) Field-
angle dependence of differential peaks in Hall resistance shows two-dimensional behavior
shown by the solid lines. This coincidence indicates existence of metallic surface states in
semiconducting Te.
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/ J \ ?‘é" 61: % % Kohama Group

HiZE T —< Research Subjects

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

7SV ARG FICH503 % NMR JIlE & BRI
NMR mleasurement under pulsed fields and its application to magnetic
materials

TR I T B 72 P T F B E T D BFE
Development of new measurement techniques with nanofabrication
technology

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

B BN BER
Research Associate
NOMURA, Toshihiro

| |1 i
HHE ONE B
Associate Professor  KOHAMA,Yoshimitsu

FIX Course
IERMETF
App. Phys., Eng.

100 7 AT % B4 B, < RLE TZOHRET
HNHETH - TEMIREREETH D . AR ORI e WV 2
%o TODXDEMIBEE FTREERVMHHERISFHINT
BO. YWIRETE NS HaYRHERORRZ U THRAE
HIfELTW%, TEEmRTELELCE, . L—Y—Z2Huv
TEREAOEED, T2, BN T 734 21 & % B mdi B A
EHUE), T3, FPGA 7731 AU & 37 %)L Ahlig NMR
EL, T4, ar 00 ARG R TOREEmPE a7
Ha LIEBFELTED., 2hiuc koL ZistHEEE - RIC
B 2R HR LTV 5, BIffOFaT—<Ik,. bRo
D7 AR BIEEY I 351 B RIS EELRIE DL,
HTACVRIEEVOMGFEHOWRTH %, mikHxH
FEIZIE 1000 7 A i T DR H a7t 281 TH D .|
T DK 7= b\ IR 76 A Bt 35 K O H BRI E Rt OB
FICE N ZENT NS,

1 L 1
100 150 200 250
B(T)

BRI T ICBWT, IHREGE - Y aRIBRAE N, BARIE, LE—
DEADREE LSS ALO3 FITHIFD Cr (4 2 %ERT,

Zeeman splitting pattern of the R lines of Ruby. The non-linear Zeeman splitting was
observed in ultra-high magnetic field region above 100 T. The inset shows the octahe-
drally coordinated Cr** ions in Al>O3 which is the cause of the photoluminescence of
ruby.

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 those
observations 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”. With these
techniques, we currently investigate 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 future work will also be devoted to technical
developments for ultra-high magnetic field generations as well as the
further improvements of measurement techniques.

60- 1
R(OT,~20K)
50- l
404 ]
& 30 1
o’ 204 1

Fe(Se,Te) |

SO e
0 20 40 60 80 100
HH (T)

Fe(Se,Te) RBEEAICHIF BHESIBHUAIE. TDY > 7IWICHEWNTIE 40 THE
ICBRIBIRODY v 745 HQ BMERAIE NS, ThSDFElicE Y. BKIR
Fild 200 T R F CTRIERTRE.

Magnetoresistance of the upper critical field on Fe(Se,Te) superconductor. The upper
critical field accompanied by the resistivity jump was observed around 40 T. The acces-
sible field range for the magnetoresistance measurement is ~200 T.




:j.s } 1/ ]\ ﬁ‘ } 1/ m % % Portugall Group

AT ZRGOIHIEED 2, 2 D07 JTa—Fk &
%, —DlF. —BE a1k (STC) DGR DUEE
THOH, &9 —DlF. AHNT ARG HEE T5 5B
1k (0S) DIECEFHEDIZETH B,

STC ORHESGEIC DNV TIE, WA — D RERMR 71 7%
FERIN FRERINICTE S % HEBRINCIE T 7 5 T —[alliE A A—
VT HERINCIE T 7 AT AR ) =T T a—F LG
BRDBERDA IS, o, TAIVIBRO T RIC K B0
HHS ORI O TTREMEIC DWW T B Mt %,

OSIFAKEL 7L CIcREINZ KD I LEETH S
M. FOREILEFEIC OO TIE AR S B, ERiAY)
THUEICRE L TBORGISEDIEFITNE WD TH S,
—Jiy AHHT ARG ONUE, BEEROEFEANRT MVIc K
U RITGHURTING /T - R—= LD K 5 I HEhsh s
N5 EHFEN, 0S DERA A F 27 A DODWTIHLEMTT
Bo

NEAZEHEE RKIVEAIL )N —
Visiting Professor PORTUGALL, Oliver

Our aim is to promote the use of megagauss fields in scientific
experiments in two ways: by improving and characterizing the
performance of single-turn coils (STC) for different scientific
applications; and by studying the optical properties of organic
semiconductors (OS) as an example for materials where megagauss
fields are essential.

To improve the characterization of STC, we determine their
time-dependent field homogeneity both experimentally using Faraday
rotation imaging, and theoretically based on a filamentary approach
for the current distribution inside the conductor. This approach will
also be used to investigate whether suitable coil shapes can reduce the
destructive effect of explosive conductor sublimation inside the bore at
very high fields.

OS are widely used in main-stream technology such as OLED-TVs, yet
some of their intrinsic properties remain elusive. This is partially due
to the inefficiency of magneto-spectroscopic investigation methods as
charge carriers are localized in molecular orbitals and hence insensitive
to an applied field. However, megagauss fields can create at least
perturbative effects, giving rise to phenomena such as Davydov or
Aharonov-Bohm splittings. Our plan is to investigate these phenomena
in order to learn more about the charge carrier dynamics of OS.
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bl it R E R A O 2 —

FEfm] 2V Ea—2RESNDEEOFRBEOFIEIC
o T, KBIBGEHRIC X2 MERANDT T a—F NikA
THb, AVY 2—ZEFIM LIKBEDIETIICE > T,
WEPEIR « BUREIC B 2 B AR BI 57 SYIE Bz o 1
TR 7S MRED B, YA T N A AREH MR B B %
M TR EIOFEREEZEISHICH DL T e S h
BISHMEICE S E T, JRWVEIPHIC IO TERBERER A2
MoTW3, Atriz—ik, Mg Tuvcy bk
7 ny 7 MaEzB5 e LT, TEE SYIEmse
FLEFIH A8 a > Zz2hkeh &3 25 REIROMH 28 U T,
NS OB HAT VWS, 5, a3 a
ZT4 VT MUY - B R DIDHDY A~ MateriApps
DRFE < FEH &L AM OB KD Tz I i F PR
BEANMEK « Ry F 277005 LEED TV,

As symbolized by the Fugaku computer, massively parallel
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 Elements Strategy Initiative,
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.

trva—FK RE =B
Leader OZAKI, Taisuke
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AR~ TV TILTA YRR VR, PR &
BRI AP 3 & UF N5 % FW I @ SHEM Rl O BRI BE 7
BT —< L TW5, EERERARIAT ORI AS 5 57 i
HAD—DTH %, slEE< TV 7IVTHA VIFE T2
DT, RO HEER AT 2 - Mtz Himde 5 (&
FTFHA V), TOKD Wi EE i FiZ—fRICINEETH
M, BT AUTR, By Ial—raryX5atHERK
FHOARTZER A E U T RBIOBE A S MIcT % T &I
Ko TCOMEZERELS, ZTTEEFNZKEBEDOT—XZEHWV
B b m AT LTHEAENS, BFY 32—
YA cBIZTEOMIEE EEAVIIGRETH L. EkE
E—FEEHEFROMIE L LB, F) — YEEGEICE DL
TEAREISE, BB — R E T 7)) —  BAEGE DO RFE, KB
FHENC A P2 ) — S BIEGE, S INBEEGE IS B K
D ROV OBHFEE ZHEHE L TV 5,

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

MRS (P) RH A

Project Researcher (PI)  AKAI, Hisazumi

Our main objective is to predict/discover new functionality materials
by means of computational materials design (CMD). In particular, the
development of new high-performance permanent magnets is one of
our main targets. CMD aims at to design materials and/or structures on
the basis of quantum mechanics, corresponding to the inverse problem
of quantum simulation. In general, solving such problems is very
difficult. In CMD, we solve them by making use of the knowledge,
which is obtained through “experiments performed inside computers”
using quantum simulations, about underlying mechanisms realizing
specific features of materials. The technique of machine learning also
can be exploited on the vast data thus created. The developments of
new methods of quantum simulation also are our important themes.
Among them are developments of methods of accurate first-principles
electronic structure calculations in general, linear response theory and
first-principles non-equilibrium Green’s function both based on the
KKR Green’s function method, order-N screened KKR-method for huge
systems, and the methods beyond LDA.
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Laser and Synchrotron Research Center
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s O & — L 2 R EREAE o 2 —

MR e — L > BERMASE > 2 — (LASOR) T,
MU SOV A 8BRS L — P — 0K L — W — 72 & D[R
WAL —Y—B XU, ¥r7a b ghec & 3 e
C—LIA VAL, L—9 =R L fEERE & Ol
HEEBLTVWS, ThESDREEAFEZANT, 77
ISR X SR E TOIANT )V F—HiF T, kR oy
fRoy e, RS, BE M CE T, AE R
Ve BEOYE. BIFTOHGEL. A A= T R
T EDWIERIT> T W5, N5 DOMBRINZZ R T
e TRk, B, AEYE. BN, &
M, Sz & ORIAWEEEYIETIE L L eic, L—Y—hn
T8, HEMRDTVBEIOYERRFEE 7 i D
BlZERD 5, M1, BXU I Fv /82X Dfhic, SPring-8
BT X B OMEZITH & & BT, HILDX IR
TR EHERR OFEAFIC & BBk L TV B,

Laser and Synchrotron Research (LASOR) Center develops new
lasers with extreme performance of ultraprecise, high intensity
and ultra-short pulse lasers. The cutting edge soft X-ray beamline
is also developed using synchrotron radiation. LASOR center is
responsible for the advanced spectroscopy such as high resolution,
time-resolved spectroscopy, diffraction or scattering imaging, by new
coherent light sources based on laser and synchrotron technology
over a wide spectrum range from terahertz to X-ray. In LASOR
center, a variety of materials sciences for semiconductors, strongly-
correlated materials, molecular materials, surface and interfaces, and
bio-materials are studied as well as industrial science such as laser
processing using advanced light sources and advanced spectroscopy.
The aim of LASOR center is synthetic science for photon sciences and
collaborations with materials science. Most of the research activities
on the development of new lasers with an extreme performance and
the application to material science are studied in specially designed
buildings D and E with large clean rooms and the isolated floor
in Kashiwa Campus. On the other hand, the experiments utilizing
the synchrotron radiation are performed at beamline BLO7LSU in
SPring-8 (Hyogo). We contribute to construct the next-generation
synchrotron radiation facility at Tohoku.

TUE—R IRET

Leader KOBAYASHI, Yohei
gltr2—K #il®RX
Deputy Leader AKIYAMA, Hidefumi

Bltr2—K RHEHREA
Deputy Leader HARADA, Yoshihisa
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/ J A M m % % Kobayashi Group

HiZE T —< Research Subjects

B 5D VA L—— > 2T LOWRHFER O L —5 — Dk
el
Development and precise control of ultrashort pulse laser systems
L—— LR
Fundamental understanding on laser processing
EEFRISHIT ARV +-0 0
Precision spectroscopy of molecules for medical applications
B YA —7 ¢ DIV AT L
Cyber-Physical System

e ';M} L
e — o .
¥ B BXER BEBH EH A

Research Associate Project Research Associate
TANI, Shuntaro SAKURAI, Haruyuki

g I ET
Professor KOBAYASHI, Yohei

FIX Course
ITHERWETSE
App. Phys., Eng.

G L— 1 — DO IFFEFE & T O TAE5% - it
BREOMIE 217> TV, BRSOV A L—Y'— L s
WL —'— L O EHEE T H 2 YO LB X TZDIEH
TR L, BE/ VA NI —L—PF—=E i L—
PN TOEHEORMEZPLEE LTWVD, L—Y =N
BIZIE Yb R=T v 5w 77 7 A NN—D iR, #
BREOR L, BE TR —D L —Y—32 AT LEERI,
RS, SR6 BN O EFICB VW TRMT %, B&
BORLOFMTERHRENOA—L Y XE— RRAMEL —
P—BHET S, T2 LM L—Y—ER—=2 & UkEhg
Jb—L v FEEENETONRE 0@ iz Hig L
Te RH IO O FRNVER B D T 2 i T> Tnd, L—H—
MO & 22t e YEDOHEERICBENT, L—H—
INLO¥HRSRICID ATV, GEEDRYNEDH?
IO 7200,

HARBALICEZRFDN. BFERIRILT—DHEIRSREBRERVIEL
- FEBAL—Y—LDEFEDEICE VT FODBEE MDD FTRE
Eofe, BlIEARRT—7T)V He DIftE— RRED 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

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——INTBR0Y 7 IR EE ST

Measurement of laser processing dynamics with sub-picosecond time resolution.
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,/? EEI 61: % % Harada Group

HiZE T —< Research Subjects

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

ORI Al B D2 1 S S ARAT . FEXUL A RIS, Al S S AT
BIE 2 2R B OBEBERNT D T2 0D Z DI FIED BT
DeveIOﬁ)ment of in situ soft X-ray spectroscopy for surface reaction of

fuel cell catalysts, electrochemical reaction, photocatalytic reaction and
functionality of metalloproteins

SEFHBI P EIC 5002 SRk fn sl . A ke, <7/ ik,
AR, WP OE BN & T DRRINOWYE

Stucéy on the origin and observation of elementary excitations (crystal

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

WX RRFEVEID YE DM T3 )L = Rhedt & M iR 5 e D 72 6
DERE AT

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

B KA AL
Research Associate
KIUCHI, Hisao

R RE BA
Professor HARADA, Yoshihisa

HIR Course
FEFMER
[ Adv. Mat., Frontier Sci.

MR Tk, AR S O X T % SPring-8 IC ¥
WT X ERHENZ AV TH LW SEERBR L,
YIBOBSN., BMKINEE, YRR EZ A 5B T IkEZZD
RS > TN %2TT> T 5B, FHOEELO T
BB XFRFEN D EDFRIEICER L, v Mk, Hi
IR A O RRAT Y I 54 B 2k G S35 i,
AV, %7/ VI, A, s R s
) OEEEN L F OO, KIETERIK, BRSO
FEIRREE 2 7o g PRI, oo i 5 ST
FERMEES ISR D 72 8 D Z DMk E OBHFE, 4lE & 28
I BEOBIRRERNTR &, XN EEA LS %555
D BB ZER G E LT W53, FIERDEEREE LT
DA R D GRS 00 728k XARIRIY « Ot
PEHEL DD DR & D ZITH> T 5,

HHAREHD SPring8 DRRAZMHANXT VR T -3y E—LSA Y
BLO7LSU THEICRIFE LTz 50 meV DB X /LF —DREEZF DAEDHRHX
BRI IEE,

High energy resolution soft X-ray angle resolved emission spectrometer constructed for
University of Tokyo outstation beamline BLO7LSU in SPring-8.

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 X-ray source: SPring-8, 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 promising 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 like
Mott insulators and novel high-Tc superconductors, electronic structure
analysis of aqueous solutions, interaction at solid-liquid interfaces, the
surface reaction of fuel cell catalysts, 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 for the next generation
synchrotron light source.

1b, 3a, 1b,

o®
0 03
MW— >
/ croAFIAK
.
Wit 1> mX@RIAH ] 007
SR ARY b h ﬁ
ALk ok

BHTEH—HDF/ A— MV A ZDNREF OB A 4V REED. HED
A AV FRNITEBY BTeHIT T4 4 2 ZEY & KDKEEEBEZ RH
LTWB) TEDNRXRIIDHTHRONEE DT,

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

RS ICHURL
KOBFREOE

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

By PEICBI 5T Ty 7 T2Vt Y
Dirac Fermions in monatomic layers

X BREA BT L —Y— =2 W T IERIE X B Ot
Study of non-linear X-ray spectroscopy by X-ray free electron laser

B A4X5 Y FXBMERICKBEE LD T - FX VT EAF 3
A D%
operando X-ray experiments to study molecule and carrier dynamics at
surfaces

B RS B BT YV a L — R = LT A DY
(kS

Developments of frontier technologies for undulator beamlines of the
next generation synchrotron radiation

BhE R EB®
Research Associate
HORIO, Masafumi

BiR MHE &
Professor MATSUDA, Iwao
I Course
EFRWET

EFRLF

R, X MREHE T L—Y — S iReE L —
W= 5 IS B FZEERIMR~ T X A2 O Te W e « O
BT IERIECDEARBHEZ U, e L 7e et e
72l o THRIOBIE NI 2 IR821 ke [0k Bl
THART Y FEBREEML TV, HFETNZThORMZ
FINLTY 2 L b5 S UMK TREFH A7 — )L TOH
2tz ) 7V EA LTI L TZENTNORHIZIHS M
% e, KRN RZ DEEEDE THNHLROLHE M
RS BT HEL TV D, RETREICT+ Iy VET
FRzf U BE 7 st i B O Kk Sl R 2 M G L
L. ZOYES KUEREEOMRZ1T> T 5, SR
SPring-8 # X ## €' — L5 7 > BLOTLSU Z &8 - ##E L. X
HAURSD RO C— LT 1 VI D> T %,

Dirac Femions in Non-honeycomb 20 lattice and the pair-formation
[Borophene (atomic ayer of B))

) mrn.c'a:c‘om Non-equilibrium
in Non-honeycomb 2D lattice in the 2D lattico Massive Dirac Fermions
[Borophene] [Topological B (HB) [Topol h B)
a Cu,Sl layer] metal dichalcogenide]

AARECERSLCRELKRFEBOOAL Y 3y, TNENFEDT 1T v
BFREBLTEY ., BEFRELF v VT 220 RAZFHMEAN .

A collection of monatomic layers with various types of Dirac Fermions that are synthe-
sized and examined in our group.

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

We have developed advanced techniques for absorption spectroscopy,
photoelectron spectroscopy, and nonlinear spectroscopy using vacuum
ultraviolet rays to soft X-rays, generated from high-intensity synchrotron
radiation, X-ray free electron lasers, and high-order harmonic generation
lasers. With our completed spectroscopy systems, we have conducted
operando experiments to “in situ” observe any changes of the material
states under the operation conditions of functionalities. Using the
characteristics of each light source, the dynamic changes in each time
scale from femtoseconds to milliseconds are tracked in real time to
clarify the details and a series of the temporal information is chronically
connected to capture the whole picture of the dynamic phenomenon.
In our laboratory, we are mainly studying physical properties and
functionalities of monoatomic layers with exotic Dirac Fermions and
at surfaces/interfaces of strongly correlated materials. We manage
and operate high-brilliant soft X-ray beamline BLO7LSU at SPring-8.
We are also devoting ourselves in constructions of beamlines for the
next-generation synchrotron radiation facility.
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®) © i £ [@
w . s
& 5 [Pw=27.5 6V ; 1.2 E 1.2 o= 53 6V
= =4 I
£ 5 P =08 =08
& ga L y 2 2
= 22 / Fo4 g 04
‘% Fedp =11 E i
= 0 il 5 0.0 5 0.0/
54 56 58 0 5 10 15 20 2 5 10 15 20 5 10 15 20
Energy (eV) Iy (ud) I () b ()

GaFeOs f&&@ N5 DE X #755 2 RiZFRRFE (SHG) L TRHIMROEA. (a) X
REMEBFL—Y—HER SACLA BL-1 TORERDETF. (b)Fe 3p DIRNANY b
o ABIHE, o, ICT B (o) BARK L (de) SHG RDKFFE,

The soft X-ray second harmonic generation (SHG) and the Fe 3p resonant effect in the
GaFeO;3 crystal using free electron laser. (a) The measurement set-up and (b) the absorp-
tion spectrum. Intensity, I, of (c) the fundamental (ho = 27.5 eV), (d,e) SHG (2ho = 55
and 53eV) with respect to the incident intensity, Io.
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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 - 477 - [ERD T SRS
Generation of soft-X-ray attosecond pulse, attosecond spectroscopy of
atoms, molecules, and solids

i L— 9" =15 C O B SR OB & il
Observation and control of ultrafast phenomena in strong optical fields
B X R YETL DB FE

Development of ultrafast soft X-ray spectroscopy

B K Bt
Project Research Associate
MIZUNO, Tomoya

B RR #Hx

Research Associate
KURIHARA, Takayuki

HEEIR RE ARR

Associate Professor ITATANI, Jiro

FI Course
B REF
Phys., Sci.

IR VA L—Y —DBFE L, mL—Y i Rk
F57 L5 7 MRSEE OB RS RICE T B
ToTW5, HERFICE L TE, mT#H» 5 hRSEE T O
NEFHEIRE & N e i OV ZADFE & KABE TOmE
REFPFEAE R Uz 7 SRR X 817 OV AFEAICBE T 2 1
THREIT > TCW0D, £lo, FRUY T 747 L—Y—7%if
Z T AR OV A L—Y =Rz B R U CEERIT O
FHEED TV D, YEFEFICE LT, 7 PRI X VA
DFEHI IS T - 0 - FEARR T O EmEEEY T
BXEh X NIz JERRE RS BT B 382 TS T > TV %,
TR & N T kb L 2O JE gt & L2k E
ZHUC KO, TNV B X fE TR A /3— Ui
SNV REIARETH D . WE DI FARAEIC 51 % Bty
RER IR EHE RS U CEFBER L, & 5IeThlis
5T LEHELTVS,

i
3¢

oo 250 30 o 40 4w s00
Phaton enargy (eV)

IR first +

(&)

o

s Rymery
ke
18-2%

\

Py -
o
et

7 A BBX R/ UV R ZERAV T NO D FDIBERINS V. (a) RERECHE. (b) %X
KRINIVZAD AR e (€) NO BFDIRIVF—HAL, (d) BRIET N BERIN
ARG R be (e) EFRETDRXANRY kLo

Transient absorption spectroscopy of NO molecules using soft-X-ray attosecond pulses. (a)
Experimental setup. (b) Spectrum of attosecond pulses. (c) Relevant energy levels of NO
molecules. (d) Observed transient absorption spectra. (e)Absorption spectra of the NO
molecules at the ground state without excitation.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/itatani_group.html
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We work on the development of intense ultrashort-pulse light sources
and their applications to ultrafast spectroscopy of strong-field-driven
processes on the femtosecond to attosecond scales. Regarding the R&D
of light sources, we focus on the generation of waveform-controlled
intense optical pulses from visible to mid infrared spectral ranges, and
the generation of soft-X-ray attosecond pulses using the physics of high
harmonic generation. Furthermore, we develop the building blocks of
next-generation light sources to break the limit of current Ti:sapphire
laser-based technologies. Based on these novel light sources and
techniques, we develop attosecond soft-X-ray spectroscopy and other
ultrafast methodology to explore field-driven nonlinear processes of
atoms, molecules, and solids. Our waveform-controlled intense light
sources and related technologies are expected to realize novel ultrafast
spectroscopy that cover an extremely broad spectral range from THz
to soft X rays. We aim to observe and control ultrafast dynamics of
non-equilibrium states of matters through various freedoms.

(a) CEP =0 W (b) CEP=04n
HOOM] 2% HooEn R %
HEO(0) HCO() HCO(o) HCO(1)
;|
‘_:10.5 HCO[1) ,;_‘10-&
g HCO[0) s HEO( HCO(0)
o 10* Q10*
= 10 = 1]
w w
o o
107 107 weopn  |f|
N

10 15 20

10 15 20 25 25
Photoelectron momentum k_(a.u.)

5
Photoelectron momentum k, (a.u.)

BBENBS T RIVAF /M LTe Xe RFOSBMEEN. BEELLIES
DEENENDT. (@) l&F v U7 - ToNO—THHEh 0 DIBE. () 1£ 047 DHE.
HCOM) 3. REZBEFREZTY .

Photoelectron momentum distribution of tunnel ionized Xe atoms. Due to the rescattering
process, the photoelectrons are accelerated with a strong dependence on the carrier-enve-
lope phase. HCO(n) shows the electron trajectories at different half cycles as indicated in
the insets.




3& % m % % Kondo Group

HiZE T —< Research Subjects

HoRR L — 9" — 72 R EIR & 9 % il i 70 AR AE A FE 7 RO CEE 107
JCHEE D FE
Development of a laser-excited ARPES system with ultra-high energy
resolution

LR « Ao - WD R 100 T RS BnE -
rRE DIV E T
Superconductivity and topological quantum phase investigated by
angle-, spin-, and time-resolved photoemission spectroscopy

TR LT 70 C T T % siiH B A R it
St{iongly correlated physics studied by photoemission with synchrotron
radiation

BhE BRH X
Research Associate
KURODA, Kenta

M AR &
Associate Professor KONDO, Takeshi

FIX Course
B REF
Phys., Sci.

EAHOE A <N RIER. H 50 2E Tz
fitd 2 ECORMEZE X %, AEDCETIEE. YETH)
Y ENET2MER TRV F—DORBE L TA A=V
79 % T ETNY FEZ AL S BB e BT TH S,
COHEAlZN—A L LT, NV DD AE UphdZzRE L
20, 7OVZETHIES B P XA F IV AT 2 LM
A=)V % LT BREEFYENNY MEiEZ
HMLTHRATL %, BUIRETIE, TOXS BB LUIDEE
TR BE L T, (iR ) BREA, BOETRPET
MBRYE, PR D)V R, A C i g
B RG R E OB YINEZ, HEBRETEONS
INY PG RIS T % & HIcid, MR L —Y — ik
MUz M@k aotEF o eEzmEL, 7ok
SHERTMGE 65 O B2 B RS (3L F—F v v TR
e DMEME]) Z TS %,

pectral weight

(a)

sample !

(e)

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.
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=

=
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3
1

i

IS
19971
noda

T
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SRS

(a) SRR L= RAEBIREA BioSroCUO6+d DIERIBIE, (D) KEF 771 51—, () BEDEABTHHERRDOENE, (d) )\ FHEDRF Y T3 v b,
(e) I\ FiBEDLMAR, (f) 7 TIVZEAY THIBEELEFY v v TOREER. (o) BEEEGEEERE (T) LUEE (RR) LIER (M) TAEL
7 TIVZERAYDANYT b, (h) (9) TRTANRY VD Te L FTDESD, BIREMADRTESNTE Y. (f) TERAMITRT ROBEHEXIET 5.
(a)Crystal structure of BizSroCuOg+q¢ high-T, 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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1:, -L: 7]< m % % Matsunaga Group

HiZE T —< Research Subjects

B SOREENTIIZOE T F NV - RN L ZO BT R O R H
(ks
Development of intense, phase-locked terahertz-mid infrared pulse
generation and detection technique

ﬂi%%?ﬁ%@éhkﬁ?%%%%@ﬁ%ﬁﬁ%ﬁﬁX®m
7%

Ultrafast nonequilibrium dynamics of many-body systems in solids
driven by strong light field

B B8 SRRGMEC 3510 2 SRR R OB S O AR & el
Study and control of collective excitations and anomalous responses in
superconductivity and antiferromagnetism

B7 5y 7/ TV ERBICBT 5 ERIEIIGE & st
L7 b= X/ A8y b=y X

Giant nonlinear responses in Dirac/Weyl semimetals for high-speed
electronics and spintronics

BhE #H EfE

Research Associate
KANDA, Natsuki

HEEE Wk B
Associate Professor MATSUNAGA, Ryusuke

FI Course
B REF
[Phys., Sci.|

T TNV IS PRI < SRR - AIHEIC D e s a e — L
> MEEZFAWT, MEOHISE EAEHICK > TARREIN
B IEPHRRIED T 2 IR T VB, ST 5V IR0
DT+ P VIRV F—=R3F B meVIEETHD., MEYIICE
WTHEERT o)V IEEEOBYUSE LTINS N TES
FHRTEBRFLEE T o TV0E, & HIGEFERFEE NI Med T
WA RO ETREE T Z LY Il R ER Y % C & T,
BT 3V F—DHAh A LB LT %, H 2V
BHOERILE D & EHICZIIVF—DERWEEBIFIC X B IE
HEAEIEIC > Tav—L > MRHAMEHZEHNS T &M
ARETH %o T TNV FER ORI & FERE 5 ElE
FEZHHT B & e E I, BIREPRRHEED X 5 B2 AR
DOHFICBINZ LGS, R YL EERIcB TR
KICHNZ IR E 2 &, JEPALIREETHN 2 B DO ¥ /-
IRIRREZ TR, Z OBEEMEZIHS ST %,

BBET INIVY INIVARES LOMBREFRNA UV AREICBVNS T 1
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

ISSP Digest 2021

We investigate light-matter interactions and dynamics of light-induced
nonequilibrium phenomena in a variety of materials by utilizing terahertz
wave, mid- and near-infrared, and visible coherent light sources based on
ultrafast pulsed laser technology. Especially terahertz spectroscopy can
unveil low-energy electromagnetic responses of materials on the order
of millielectronvolts which include essential information for dynamical
motions of electron, phonon, or spin degrees of freedom in condensed
matter physics. Recently-developed intense terahertz pulse generation
technique has also opened a new pathway toward optical control of
materials by strong resonant or off-resonant excitation by light field. In
addition to the development of phase-stable terahertz generation and
detection technique and novel nonlinear spectroscopy scheme, we study
cooperative behaviors in many-body systems like superconductivity or
antiferromagnetism and giant nonlinearity in topological semimetals,
and seek hidden transient phases of matters in nonequilibrium system to
reveal the functionalities of materials for fast electronics and spintronics
in terahertz frequency.

T INIVY BHISES LU Hall (IBEREICAWVSE8 « kYT - RAEEAERFT
B2 AT L

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




Iﬂ Ilﬂér[ m % % Okazaki Group

HiZE T —< Research Subjects

R ERIE L — 9 — 72 FI O T R ) AR C BB 170 e O B 7E
Development of a time-resolved photoemission apparatus utilizing high
harmonic generation from a ultrashort-pulse laser

SR 5 OV OB T ORABH ORI, i
(B D E BN
Mechanisms of electron relaxation from photo-excited states and light-
induced superconductivity

MR B 5 0 R BE L — " — 1y 257 6 7R 700 e K B IFTER
TR RIS D B iR
Mechanisms of unconventional superconductivities by ultralow

temperature and ultrahigh resolution laser-based angle-resolved
photoemission spectroscopy

UL G 2 NI
Research Associate
SUZUKI, Takeshi

AR mE E=
Associate Professor OKAZAKI, Kozo

FIX Course
HEEMER
Adv. Mat., Frontier Sci.

RS R T e B h OB O R & T3V F—
DGR (23N> NG ) 2 B © & 258 ) 55Tk
THHMN, 7 LB L= =R TV, ZOERERNK
BIO—T7HE L THWA T LT, IEFERREIC T BN
RS ORI EBI T2 X512k %, AIEETIE,
L—H —BAFE DML & Hfm T @R dii L—y — 7z vz
RER D RO HE o EEEE DRSS - R 2D, KR
ToHIC &K o T, HNEIREED B D T OFEHIEFL D E
T, SEFAEAEREIC P S B TIREED 2 L O E B2 1T 00,
JIEIRBE A 5 0D B D KRS D R A0 Y A it (3 D 1
RN XA EFAZHIEL T3, o, TRIVF—DREE
70 peV., REHERE 1 K v HREkaEE A9 5 L—
W EE R T E e IV T, IERER B S E A D
ERGE, B vy TG BT 5 2 & TIEER
RIBRE O MR Z BHE L T\ %,

Ti:Sapphire laser + Regen Ace
(800 nm, 10kHz, 30 fs, 0.7 mJ)

Ti:Sapphire laser + Regen (Astrella)
r/4 (800 nm, 1 kHz, 30 fs, 6 mJ)

BBO
(SHG:400 nm, 50 fs, 1.5mJ)

OPA+DFG
(TOPAS Prime) /

BRERE L — Y — 2 BV RO EF O EBEDMEER

Schematic diagram of a time-resolved photoemission apparatus utilizing a femtosecond
laser and its high harmonic generation.

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

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, whereas by utilizing a femtosecond laser as
pumping light and its high harmonic generation (HHG) as probing light,
we can observe ultrafast transient properties of the band structure in a
non-equilibrium state. In our group, we are developing and improving
a time-resolved photoemission apparatus that utilizes high harmonic
generation of an ultrashort-pulse laser in collaboration with laser
development groups, and aiming for understanding the mechanisms
of electron relaxation dynamics from photo-excited states and
demonstration of photo-induced superconductivity by direct observations
of transient electronic states using pump-probe type time-resolved
photoemission spectroscopy (TRPES). In addition, we are aiming for
understanding the mechanisms of unconventional superconductivity by
direct observations of the electronic structures and superconducting-gap
structures of unconventional superconductors with a laser-based angle-
resolved photoemission apparatus with a world-record performance that
achieves a maximum energy resolution of 70 pueV and lowest cooling
temperature of 1 K.

ky (AT)

BREAR L — — BB D ERCEF DI CERAE NI FHkE TaNiSes <
B BN - EBE o, b IETNZ N, SRR KRERDANY
NIZ

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

ISSP Digest 2021

81

it
PR
a
e
|
7
v
S
}lﬁ
3y
7
o
7u
t
v
2
|

oo pezeno WS HEH



TUC—F UBEH

=N

e
)

?’
i
Ju
&
v
2
1
I
g
£
g
g
g
B
a
1]
&

dnoxp ey Hi NS ST

82

* * ‘j‘ 61: % % Kimura Group

HiZE T —< Research Subjects

BN RSN T - GHAEZTE A U7 RS X SO o Rs
Development of high-precision X-ray optical devices using ultra-
precision fabrication and measurement techniques

B X di - L — =1 K B T 2 L R AT
Femtosecond imaging of samples in liquids using X-ray free-electron
asers

MFREEI 2R LI L Y AV AL A—=T 0 T

Lens-less Imaging Using Phase Recovery Calculation

B MR BT
Research Associate
TAKEO, Yoko

HEE AN BE
Associate Professor KIMURA, Takashi

FIX Course
TIXERYETSE
App. Phys., Eng.

X BEBE T L= —EHE, SR & v - 72l
X BOCIRZ R Uz, Filo /sl A —2 > J il OBz
WO TS,

JHT- LA B BRI T - GRS E e —L1) Y
757 47 EONERELSE T O Ak A G DY, A RE
FOHH X SR T2 d%G - (PR TVv 5, BiRmicid,
X MR OMBEASEEE S T — 00 0O R NP E!
WDIzbD< A 7 AT INA Zx EDIEFH, FHEREE R
LIELYRALVAA A=Y VT DidONHEBEE T )LD X L
DFFRZBET> TV, Selit X SRR &k X S5
TERHAEDEEA A=YV TICE 5T, B - JEEYZR
DI AV ATy Z IR HEIREE & YO BIfR 2RI RN
22 - BRI IRAE THE O™ DU, #ile/a Y A Y A%=Y)H
LT eEEBLTVS,

XIREHEFL - MR SACLA ICRBENcRIBEEIE—L > bERT A
A=V TREB, ZEBEENIS-TENTNBBEXF/ULRICEY, &
BT 2nm DEREETDA A =TIV THEJREE RO TV,

High-resolution coherent diffraction imaging system at SACLA, X-ray free electron

laser facility. High-photon-density femtosecond pulses focused by multi-layered mirrors
enable imaging at a resolution of up to 2 nm.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kimura_group.html
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We are developing new micro-imaging techniques using advanced X-ray
sources such as X-ray free-electron lasers, synchrotron radiation and
high-order harmonics.

We design and fabricate various types of novel X-ray optical elements
by combining ultra-precise fabrication and measurement technologies
at the atomic level with semiconductor fabrication processes such
as electron beam lithography. Specifically, we are developing ultra-
precise focusing mirrors and spectroscopic optical elements for X-rays,
microfluidic devices for measuring samples in solution, and phase
recovery algorithms for computer-aided lens-less imaging. By combining
advanced X-ray light sources with ultra-precise X-ray optical elements,
we aim to open up new science by linking mesoscopic microstructures
and physical properties with unprecedented spatial and temporal
resolution in organic and non-organic materials.

|XIRDTF /ERIHBIT BV 4IVEZ—I5—HFR

‘Wolter mirror optics for soft X-ray nano focusing.




M m % % Hayashi Group

SUROIK D FIEAN - N LT 00 Fadik - HdES L
IWENIR D T 7 a A6, B #5. BR Bhsl
DOFEMRMEES « MERHEICEZ £ T, Bom b OkkL x5y
F7aER - FREHEICED > T0d, FHTEEER A A5
m (RS, ANLAMREL Mk 82 a8 5m) I8V T,
PUTEN: « 9 FRliOEIRIEZE T 2 REGERN LR T
ENALHICEHS>TETVS,

ARPFE = TIE, B DML ¥ 1 i (Self-assemble
monolayer: SAM) il 7% i MERE 7% i 718 B (AFM) T
BIIL. MROFENED 2 WIS EOFBI S % ki
KD FOEENZIHS M U, & SICTHZERIKRED 5 RIS
X BWeaE ko T OB E MBI ZL X B, ) X fRFOEEE
MO TKDEFIREEHRNTVS, Thickb, MEOL
WEIE. PIEICHE UTeoky 7O TIKEE, Fik sy 107k EkE
BIREE, FNUC K-> THIER T I Z REHRICES £ T,
I D a7 SR D R B T REIC 72 5 6

ot
FEEHE M B

Visiting Associate Professor HAYASHI, Tomohiro

Interfacial water at interfaces is involved in various molecular
processes and interfacial phenomena, such as molecular recognition
and self-assembly of biological and artificial molecules to macroscopic
phenomena and material properties such as friction, adhesion,
contamination, and wetting. In recent years, it has become clear
that self-assembly is a major factor in determining anti-adhesion
and selectivity of molecular recognition at bio-interfaces (interfaces
containing biomolecules, artificial materials, cells, etc.).

In this laboratory, the role of interfacial water molecules in the
development of anti-adhesion or adhesion of materials is clarified by
observing the surface of self-assemble monolayer (SAM) using high
performance atomic force microscopy (AFM).
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UE BRI TEWEFE R / 6 ) =

Synchrotron Radiation Laboratory / Harima Branch

BB BCRYIERT 2R (SOR fitin%) & el iR 72 1
U 7 i e e R BRI O BRI 72 2 17> T %, 15
5323 Tld. SPring-8 I AR A PERED B FYEA A v F- > 5
MXIRT VPV aL—BE—LF 4> GRERAMEDET 7 b
AT — 3 YYEREE — L5 4 > BLOTLSU) Z#(iiL. &%
FSOCE PR T — 3 v s ek X S8t t A 7—
vay, 3XyeF / ESCA AT — 3 VR L TEELE
RISz 92 U, ERRILIIE, o2 SR & RMAYIC
ZFANT VD, T RIMAEEEZ BRI I AN T2 IE R
WOEERZRD, FIZICA A A= VT AT—2 32D
R&D H17-> TV 5%, —J7. HID EMiIcIBWTid, LASOR L—
W= =T ORI LT, HZ2EN R X 7 L — 5 —
A W B fRAE A € MRV T s E R R L.
EEFEEF IS L TV 5, HIE, SPring-8 & 0 E MUc Bk
U TR B T EEE OV D B E1T> T2,

The synchrotron radiation laboratory (SRL) advances novel materials
research by developing soft X-ray spectroscopic techniques using the
high-brilliance synchrotron radiation source. In the Harima Branch, we
have the world's highest performance fast polarization-switching soft
X-ray undulator beamline (University of Tokyo Synchrotron Radiation
Outstation Beamline) at SPring-8 BLO7LSU, which is equipped with
ambient pressure photoemission spectroscopy, three-dimensional
nano-ESCA, and high-resolution soft X-ray emission spectroscopy
stations. We actively accept joint research projects including
international and industrial collaborations. We are also working on
the R&D of a new spectroscopic imaging station to advance our
measurement techniques for the next generation synchrotron radiation.
In the E-building at Kashiwa, an ultra-high resolution spin-resolved
photoemission spectrometer equipped with the VLEED spin detector,
is under operation and open for joint research using vacuum ultraviolet
and soft X-ray laser sources developed by the LASOR laser group. We
are also starting up a time-resolved photoemission spectroscopy system
moved from SPring-8 to the E-building.

R RE BA

Leader HARADA, Yoshihisa
BlfESRE tH &

Deputy Leader MATSUDA, Iwao

ISSP Digest 2021
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Supporting Facilities

PRSI UG 2 PV IS ESD T e OIGEERR DRI 5N TV S (RIRFBICA AT RIGIRIRN Y & LA kiR %
R BE - AT 2 RIRIRIE R, g R 21T 5 TIFE, X BEREOHUR R OB M2 17 5 U E B ACOMERS
ZZRECD A BEASGIRPIHIOME - EHZ2T NERZEND S,

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.

Rimike=

Cryogenic Service Laboratory

wKitE AR RXE

Technical Associate : SHIMIZU, Miku

mifiErma Bl BF

Technical Specialist : SAGIYAMA, Reiko

EMEFBE B %

Technical Specialist : TSUCHIYA, Hikaru

EEEER IUT &

Chairperson : YAMASHITA, Minoru

IR B IEANY & L EIRRERE O, B X CIKIREAMNCE T 2 Y — B AR F ¥ VAR KD EEH AR NDE
AT > TV 5o IRIEANY 7 LIS D2 EOIEIZE D DI I NG, EFE LAY T LA A ZEIL, L TH
LT %, 2020 FEEDOHANYD 7 LD R & M EIZZNZ N 270,000 L, 181,000 L TH 5, WIKZEEIIITE DA
L. 6L T35, 2020 FFEDORIAELEOMIHE 822,000 L £ 75> TWnd,

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 2020, liquid helium of 270,000 L was produced, of which 181,000 L was supplied to users, and liquid nitrogen of 822,000 L was

supplied.

FEHE Main Facilities

ANUDLHERICEE | (U7 ) Helium liquefier system | (Linde) 200 L/hr
AT LRICEE I (U>7)  Helium liquefier system |l (Linde) 233 L/hr
HRIEN T L8 Liquid helium storage vessel 10,000 L
TRIRERATIE Liquid nitrogen storage tanks 20,000 L
BUXANY 7 s R EHEH Heloum gas recovery compressor 190 m3/hr
BORANY T LR ERY T Centrifugal liquid helium pump system 20 L/min

AT LERILEE (2019 F~)

HRABAU Y LAFBEDSE YITL ZFMHE\OXEZRENT 21cd. WERDLFE
I LBRICEBDFBZFMNCE THIA e, FHRATNNY T LARADIER-
BRILZTV. REAND U LZRET D, chickl. RENCERTHENY U LD
Bl - BRICDIEDS C EEBFT B,

AT LRI, BrERUEDRS EFRY T
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.
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Library

(CE:E5 300

Information Technology Office

L=

Public Relations Office

PERRRPIRE R ISFARPARIDO BTV, 7
WHAREDHEPAZREDHB L LLIC2ED
HEMBHREDHIC, MERFZROITER
ZE L TRIBIEL TV S,

The ISSP Library collects books and journals of
condensed matter physics, materials science and related
topics, and it provides various services for researchers
of joint-use and joint-research as well as inside the
ISSP.

ISSP Digest 2021

IBRBME TIE WHERZRRT LAN & £ U WWW
Y=\ WERR—LR—) thoEEY —/\D
EEERZETV. KFEREESHLRNI—Y
ITHRELTWS,

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.

[REREIL MRS DI MR Y7 7 7 £ 7 «
L —IRICIBIREET 5EHBET TV S,

Public Relations Office manages and facilitates
disseminating research achievements and activities of
the ISSP widely to the general public.
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Chairperson : KINDO, Koichi Project Academic Specialist: TANAKA, Yusuke Technical Staff : MURANUKI, Seiji
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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.

FEHE

R ITIEE SEHIE<Y Z > T 2— NCHElR, BMET o1 X%
AZRETIRE | Feeheid. B/ ANER. 751 A8 R—UE

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

TR RS B =

Technical Staff: OKABE, Kiyonobu

Radiation Safety Laboratory

5= HEEMRE FE BN

Project Specialist: NOMURA, Kiyokazu

matinEREaR EH

Chairperson : HIROI, Zenji

RE RS, VI B 5 IEHEE (U IRREZ S 8) i
R E (X AREEZ ) ORURICIHBW T, IR E O BURRRkE S 2 Bk U,
LBREWHRT 2T LZHNE LTRESNTWVD, TODD, BESHTEICBD % 43
75 IR B & LT, R EV B P O B OFRUEH] . 2N U B kIC
FES TR E . BIEFETICIRIN T 2 IO E PR S E5F OFEK, R B I D7
BRE, X RRREE S O E IR A O FEE K ORI E O < Sa ORI RS o
FUER. BRI E OBE IS 217> TV b, £z, Y=k, U, Thix oI
FHGIRRIIEL P 22Na BEEHRIRZ FI WV Te 2875 8V C & 2 RS DS RAGHR (X fiz
B MdRZIHA T3,

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.

FERRE

LFEEBRE GERHRIRRE % BRI CIRA 2MEMEFRHE—DERE), KV FOVERE (PNa B
ERERBWHERRY FOYE—LICEZRENMTZ D). BEOUREET. Ge BRI EEE. o fARH SR,
BAEY D FL—2a VAo a— BT —RAA—2—F BREFEE \VFT7v OXEZL—
|IT K BIEFROHER

Main Facilities

The rooms for radiation experiments and radiochemical operations (unsealed U, Th and sealed 2’Na
source), various types of surveymeters, and, 7ch hand-foot-clothing monitor.

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

EFRRE

International Lieson Office

FE - AMEEKE

Counseling Services

AbvyZib—L

Stock Room

ERRETlE. YIERERROERIIR - ERE
HElcm e EEENE LT AEATEME
HESOERESHEPEE T -7 > 3 v D&
EXE. RXTOERREE. NEAHREDRKHE
ZEGEETOTC VS,

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

FA - BEEEAETIE BELOERITSLTE
FEELNISETV. BREEZRLFLLETO
W3,

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

Ay 7= Lld ElERG. BEERRGE SREB
IHBLTRELENSERR. TOMUXEER
EnHBYRETAZA TN,

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

fth, FRNZE& 5% 5 other members from ISSP faculty
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+/ R — VR ZRERPI E A E=S I
HEREMIERZS Y IV — T EE HE =
EFYEMET IV —TEE I ESR
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Z£E BH Hi\ HFRAFAEREBEZRMER HMERE
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£8 EE LA RREKF (FZEiE )
£8 TR & RRETARF TR Bz
£E E B RHERFEAERIEMZER B
£E KH 2 HEREDFIIMAIVAMEL - g
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Z8& wR B  RIEAFESBEMRHER ZiE=S
8 BA (Bt FEHAKFERIBEFAIA R
N e BT %IV — RIS
BB BE PRy mensmoen —
Z£E e Bt BAREMREES TREMSRR R
£8 RAIEE RERFRERIZZRMER B
£8 RAIEE HRRAFAFEREBEFZRMER iz
8 W EBE RERAFAFEREBEZRMAER 265
8 K E— RERAFKEREBEFRAER B
)\E;%%bﬁ%%% Selection Council
K 4 Fi &
EE &K R ERAPUMERZER Chair
£8 BEFH-5 RRAFAFERIFZRHAZER Member
£E BHR & RILKZ BRI Member
£8 BE HE WP AFARFRREEFHER Member
Z£E ABAE FH HERAFEAERHEFAIREIEMAZEE Member
Z& Wl B BLUERKFETFEE Member

Title
Director
Vice Director

Division of Condensed Matter Science, Leader
Division of Condenced Matter Theory, Leader
Division of Nanoscale Science, Leader
Functional Materials Group, Leader

Quantum Materials Group, Leader

Materials Design and Characterization Laboratory, Leader
Neutron Science Laboratory, Leader

International MegaGauss Science Laboratory, Leader
Center of Computational Materials Science, Leader

Laser and Synchrotron Research Center, Leader

Laser and Synchrotron Research Center, Deputy Leader
Laser and Synchrotron Research Center, Deputy Leader
Synchrotron Radiation Laboratory, Leader

Synchrotron Radiation Laboratory, Deputy Leader

Name
MORI, Hatsumi
YOSHINOBU, Jun

OSADA, Toshihito
KATO, Takeo
HASEGAWA, Yukio
INOUE, Keiichi
OSHIKAWA, Masaki

KAWASHIMA, Naoki
YANAMURO, Osamu
MASTUDA, Yasuhiro H.
OZAKI, Taisuke
KOBAYASHI, Yohei
AKIYAMA, Hidefumi
HARADA, Yoshihisa
HARADA, Yoshihisa

MATSUDA, Iwao

Name Affiliation Title/Post

Chair  MORI, Hatsumi ISSP, the University of Tokyo Director
Member YOSHINOBU, Jun ISSP, the University of Tokyo Vice Director
Member OTANI, Yoshichika ISSP, the University of Tokyo Professor
Member KATSUMOTO, Shingo  ISSP, the University of Tokyo Professor
Member HIROI, Zenji ISSP, the University of Tokyo Professor
Member SOMEYA, Takao School of Engineering, the University of Tokyo Dean
Member HOSHINO, Masahiro School of Science, the University of Tokyo Dean
Member DEGUCHI, Atsushi Graduate School of Frontier Sciences, the University of Tokyo  Dean
Member SAITO, Nobuhito The University of Tokyo s/)i(:g;l:;:ident
Member KATORI, Hiroko Tokyo University of Agricalture and Technology Professor
Member SAWA, Hiroshi Graduate School of Engineering, Nagoya University ~ Professor
Member OHTA, Hitoshi Molecular Photoscience Research Center, Kobe University  Professor
Member ORIMO, Shin-ichi Institute for Materials Research, Tohoku University — Professor
Member HOSOKOSHI, Yuko Graduate School of Science, Osaka Prefecture University  Professor
Member AWAGA, Kunio Graduate School of Science, Nagoya University Professor
Member FURUHARA, Tadashi Institute for Materials Research, Tohoku University —Director
Member AOKI, Shinya Yukawa Institute for Theoretical Physics, Kyoto University ~ Director
e S i Elisgtll:ngze(;g\//[z:ecré?elia?:rul?el;reearsccl*:e(r)l:ge;nization HEclEety
Member KAWAI, Maki Institute for Molecular Science Director
Member HASEGAWA, Tatsuo School of Engineering, the University of Tokyo Professor
Member HASEGAWA, Shuji School of Science, the University of Tokyo Professor
Member OGATA, Masao School of Science, the University of Tokyo Professor
Member OHKOSHI, Shinichi School of Science, the University of Tokyo Professor

Name Affiliation

MORI, Hatsumi ISSP, the University of Tokyo

KANODA, Kazushi Guraduate School of Engineering, the University of Tokyo

NOIJIRI, Hiroyuki Institute for Materials Research, Tohoku University

HARIMA, Hisatomo Guraduate School of Science, Kobe University

ARIMA, Taka-hisa Graduate School of Frontier Sciences, the University of Tokyo

MATSUKAWA, Hiroshi Aoyama Gakuin University College of Science and Engineering
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ISSP Faculties

MORI, Hatsumi
YOSHINOBU, Jun
MASUDA, Takatsugu
OSADA, Toshihito
HASEGAWA, Yukio
LIPPMAA, Mikk
OTANI, Yoshichika
HIROI, Zenji
KAWASHIMA, Naoki
YAMAMURO, Osamu
MAY UMI, Koichi
TOKUNAGA, Masashi
MATSUDA, Yasuhiro H.
OZAKI, Taisuke
KOBAYASHI, Youhei
HARADA, Yoshihisa
MATSUDA, Iwao

Member from outside the ISSP

AMITSUKA, Hiroshi
FURUKAWA, Hazuki
SAWA, Hiroshi
KOBAYASHI, Kensuke
TOHYAMA, Takumi
HEDO, Masato

SATO, Taku

NOHARA, Minoru
KAGEYAMA, Hiroshi
ISHIDA, Kenji
SHIBAUCH]I, Takasada
HANAGURI, Tetsuo
TERASAKI, Ichiro
ONIMARU, Takahiro
1ZAWA, Koichi
WAKABAYASHI, Yusuke
AZUMA, Masaki
YOSHIMURA, Kazuyoshi
MIZOKAWA, Takashi
SAKALI Hideaki
HAGIWARA, Masayuki

Division of Condensed Matter Science, ISSP Director
Functional Materials Group, ISSP Vice Director
Neutron Science Laboratory

Division of Condensed Matter Science

Division of Nanoscale Science

Division of Nanoscale Science

Quantum Materials Group

Materials Design and Characterization Laboratory
Materials Design and Characterization Laboratory
Neutron Science Laboratory

Neutron Science Laboratory

International MegaGauss Science Laboratory
International MegaGauss Science Laboratory
Center of Computational Materials Science

Laser and Synchrotron Research Center

Laser and Synchrotron Research Center

Laser and Synchrotron Research Center

Faculty of Science, Hokkaido University

Faculty of Research, Ochanomizu University

Graduate School of Engineering, Nagoya University

Graduate School of Science, the University of Tokyo

Faculty of Sciences, Tokyo University of Science

Faculty of Science, University of the Ryukyus

Institute of Multidisciplinary Research for Advanced Materials, Tohoku University
Graduate School of Advanced Scinece and Engineering, Hiroshima University
Graduate School of Engineering, Kyoto University

Graduate School of Scinece, Kyoto University

Graduate School of Frontier Sciences, the University of Tokyo

RIKEN Center for Emergent Matter Sciencey

Graduate School of Science, Nagoya University

Graduate School of Advanced Sciences of Matter, Horoshima University
Graduate School of Enegineering Science, Osaka University

Graduate School of Science, Tohoku University

Institute of Innovative Research, Tokyo Institute of Technology

Graduate School of Scinece, Kyoto University

School of Advanced Science and Engineering, Waseda University

Graduate School of Science, Osaka University

Graduate School of Science, Osaka University

Honors and Awards
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Journal of Physics: Condensed Matter 55 IOP Publishing Outstanding Reviewer Award 2019
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Monte Carlo Simulation of Magnetic Behaviors of Ferromagnet with Long-range Interaction
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Name
AKALI Hisazumi
AKIBA, Hiroshi

AKIYAMA, Hidefumi

Al Samarai Mustafa

ARAKI, Mihoko
ARAKI, Shigeyuki

ARGUELLES, Elvis Flaviano
ASAL, Shinichiro

ASAMI, Toshio

ASANO, Yuta
BAGHERZADEH, Reza
BAREILLE, Cedric
BATZILL, Matthias Marcus
BHOI, Dilip Kumar

CHEN, Shaoqgiang
DEKURA, Shun

ENDO, Akira

FUJII, Tatsuya

FUJINO, Tomoko
FUJIWARA, Hirokazu

FUKUDA, Masahiro

FUKUDA, Takaki
FUKUSHIMA, Akiko
FUKUSHIMA, Tetsuya

GHAZANFARI, Seyed Rez
GOTOU, Hirotada
GOUCHI, Jun

HADDAD, Sonia
HAMADA, Masayuki
HAMANE, Daisuke

HARADA, Yoshihisa
HARASAWA, Ayumi
HARUYAMA, Jun

HASEGAWA, Yukio
HASHIMOTO, Mitsuhiro
HASHIMOTO, Yoshiaki
HAYASHI, Tomohiro
HAZE, Masahiro

HIGUCHI, Yuji

HIRALI, Daigorou

HIROL Zenji

HOEMKE, Joshua Patric
HORIO, Masafumi

IDO, Kouta

IIMORI, Takushi
IKEDA, Akihiko
IKEDA, Tatsuhiko
IMAJO, Shusaku
INAMURA, Yasuhiro
INOUE, Keiichi
ISHIGAKI, Kento
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Position - Title
Project Researcher

Research Associate
Professor

Project Researcher

Project Academic Specialist
Project Academic Specialist

Project Researcher
Research Associate
Technical Specialist
Project Researcher

Project Academic Specialist
Project Researcher
Visiting Professor

Project Researcher
Visiting Professor

Project Research Associate
Research Associate
Research Associate
Research Associate

Project Researcher

Research Associate

Technical Specialist
Project Academic Specialist
Project Associate Professor

Project Researcher
Technical Specialist
Research Associate
Visiting Professor
Technical Specialist
Technical Specialist
Professor

Senior Technical Specialist
Research Associate
Professor

Technical Specialist
Technical Specialist

Visiting Associate Professor

Research Associate
Research Associate

Research Associate

Professor

Project Researcher

Research Associate
Research Associate

Senior Technical Specialist
Research Associate
Research Associate

Project Research Associate
Visiting Associate Professor
Associate Professor

Project Researcher

Affiliation; Concurrent affiliation denoted by *; Leadership role denoted by **
Akai Team, Center of Computational Materials Science
Yamamuro Group, Neutron Science Laboratory

Akiyama Group, Functional Materials Group; Laser and Synchrotron Research Center*;
Spectroscopy Section**

Harada Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center

Supercomputer Center, Materials Design and Characterization Laboratory; Information Technology
Office*

Sugino Group, Functional Materials Group; Center of Computational Materials Science®
Masuda Group, Neutron Science Laboratory

Yamamuro Group, Neutron Science Laboratory

Noguchi Group, Materials Design and Characterization Laboratory
Inoue Group, Functional Materials Group

Okazaki Group, Laser and Synchrotron Research Center

Batzill Group, Division of Nanoscale Science

Uwatoko Group, Materials Design and Characterization Laboratory
Chen Group, Functional Materials Group

Mori Group, Division of Condensed Matter Science

Katsumoto Group, Division of Nanoscale Science

Division of Condensed Matter Theory

Mori Group, Division of Condensed Matter Science

Okazaki Group, Laser and Synchrotron Research Center

Supercomputer Center, Materials Design and Characterization Laboratory; Ozaki Group*; Center of
Computational Materials Science*

Supercomputer Center, Materials Design and Characterization Laboratory; Information Technology
Office*

Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center

Fukushima Group, Division of Data-Integrated Materials Science; Center of Computational Materials
Science*

Kawashima Group, Materials Design and Characterization Laboratory
High-Pressure Synthesis Section, Materials Design and Characterization Laboratory
Uwatoko Group, Materials Design and Characterization Laboratory

Haddad Goup, Division of Condensed Matter Science

Hasegawa Group, Division of Nanoscale Science

Electron Microscope Section, Materials Design and Characterization Laboratory

Harada Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center;
Functional Materials Group*

Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center

Sugino Group, Functional Materials Group; Division of Condensed Matter Theory*; Center of
Computational Materials Science*

Hasegawa Group, Division of Nanoscale Science; Library**; International Liaison Office**
Kobayashi Group, Laser and Synchrotron Research Center

Katsumoto Group, Division of Nanoscale Science

Hayashi Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Hasegawa Group, Division of Nanoscale Science

Noguchi Group, Materials Design and Characterization Laboratory; Center of Computational
Materials Science*

Hiroi Group, Materials Design and Characterization Laboratory

Hiroi Group, Materials Design and Characterization Laboratory; Quantum Materials Group*;
Materials Synthesis Section**; Chemical Analysis Section**; X-Ray Diffraction Section**; Electron
Microscope Section**; Electromagnetic Measurements Section**; High-Pressure Synthesis
Section**; Radiation Safety Laboratory**; Public Relations Office**

Katsumoto Group, Division of Nanoscale Science
1. Matsuda Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center

Supercomputer Center, Materials Design and Characterization Laboratory; Kawashima Group*;
Center of Computational Materials Science*

Yoshinobu Group, Functional Materials Group; Division of Nanoscale Science*

Y. Matsuda Group, International MegaGauss Science Laboratory

Tsunetsugu Group, Division of Condensed Matter Theory

Kindo Group, International MegaGauss Science Laboratory

Inamura Group, Neutron Science Laboratory

Inoue Group, Functional Materials Group; Laser and Synchrotron Research Center*

Uwatoko Group, Materials Design and Characterization Laboratory
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M

Name
ISHIGUCHI, Yuko

ISHIL, Rieko

ISHII, Yuto
ISHIKAWA, Hajime
ISSHIKI, Hironari
ITATANI, Jiro

ITO, Isao
KAKINUMA, Kunio
KANALI Teruto
KANDA, Natsuki
KATO, Takeo
KATSUMOTO, Shingo
KAWAGUCHI, Koushi

KAWAMURA, Mitsuaki

KAWANA, Daichi

KAWASHIMA, Naoki

KAWATSU, Tsutomu
KIM, Changsu
KIMURA, Takashi
KINDO, Koichi
KINOSHITA, Yuto

KISWANDHI, Andhika
Oxalion

KITAKATA, Emi
KIUCHI, Hisao
KOBAYASHI, Masataka
KOBAYASHI, Yohei
KOHAMA, Yoshimitsu

KONDO, Takeshi

KONNO, Masae
KOSEGAWA, Yuka
KOUTA, Hikaru
KUDO, Hirofumi
KURAHASHI, Naoya
KURIHARA, Ryosuke
KURIHARA, Takayuki
KURODA, Kenta

LAFUENTE, Sanpietro Alban

LE, The Anh

LI, Wenbin

LI, Xiang
LIPPMAA, Mikk
LIU, Daobin

MARIN, PEREZ Maria del
Carmen

MASUDA, Takatsugu
MATSUDA, Iwao

MATSUDA, Takuya
MATSUDA, Yasuhiro H.
MATSUI, Kazuki

MATSUNAGA, Ryusuke

MATSUO, Akira
MAYUMI, Koichi
MITAMURA, Hiroyuki
MIWA, Shinji

Position - Title

Project Specialist
Technical Specialist

Project Researcher
Research Associate
Research Associate
Associate Professor
Technical Specialist

Project Academic Specialist
Senior Technical Specialist
Research Associate
Associate Professor
Professor

Senior Technical Specialist
Research Associate

Technical Specialist

Professor

Project Researcher
Project Researcher
Associate Professor
Professor

Project Research Associate
Project Researcher

Project Researcher
Research Associate
Research Associate
Professor

Associate Professor
Associate Professor

Project Researcher

Project Academic Specialist
Advanced Academic Specialist
Technical Specialist

Project Researcher

Project Researcher
Research Associate
Research Associate

Project Researcher

Project Researcher

Project Researcher
Research Associate
Professor

JSPS Research Fellow
JSPS Research Fellow
Associate Professor
Professor

JSPS Research Fellow
Professor

JSPS Research Fellow
Associate Professor

Technical Specialist
Associate Professor
Research Associate

Associate Professor

Affiliation; Concurrent affiliation denoted by *; Leadership role denoted by **

International Liaison Office

Materials Synthesis Section, Chemical Analysis Section, Materials Design and Characterization
Laboratory

Y. Matsuda Group, International MegaGauss Science Laboratory

Kindo Group, International MegaGauss Science Laboratory

Otani Group, Division of Nanoscale Science

Itatani Group, Laser and Synchrotron Research Center

Kobayashi Group, Laser and Synchrotron Research Center

Kindo Group, International MegaGauss Science Laboratory

Itatani Group, Laser and Synchrotron Research Center

Matsunaga Group, Laser and Synchrotron Research Center

Kato Group, Division of Condensed Matter Theory; Center of Computational Materials Science*
Katsumoto Group, Division of Nanoscale Science; Electromagnetic Measurements Section**

Kindo Group, International MegaGauss Science Laboratory; Machine Shop*

Ozaki Group, Materials Design and Characterization Laboratory; Center of Computational Materials

Science*
Yamamuro Group, Neutron Science Laboratory

Kawashima Group, Materials Design and Characterization Laboratory; Center of Computational
Materials Science*; Division of Data-Integrated Materials Science*; Supercomputer Center**;
Information Technology Office**

Sugino Group, Center of Computational Materials Science; Functional Materials Group*
Akiyama Group, Functional Materials Group; Laser and Synchrotron Research Center*
Kimura Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Kindo Group, International MegaGauss Science Laboratory; Machine Shop**

Tokunaga Group, International MegaGauss Science Laboratory
Osada Group, Division of Condensed Matter Science

Harada Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Harada Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Akiyama Group, Functional Materials Group; Laser and Synchrotron Research Center*
Kobayashi Group, Laser and Synchrotron Research Center

Kohama Group, International MegaGauss Science Laboratory

Kondo Group, Laser and Synchrotron Research Center; Quantum Materials Group*; Synchrotron
Radiation Laboratory*

Inoue Group, Functional Materials Group

Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center

Office for Advancement of Research Administrators; Center of Computational Materials Science
Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center

Harada Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Tokunaga Group, International MegaGauss Science Laboratory

Itatani Group, Laser and Synchrotron Research Center

Kondo Group, Laser and Synchrotron Research Center

Akiyama Group, Functional Materials Group; Laser and Synchrotron Research Center*
Sugino Group, Functional Materials Group; Center of Computational Materials Science*
Hasegawa Group, Division of Nanoscale Science

Yamamuro Group, Neutron Science Laboratory

Lippmaa Group, Division of Nanoscale Science; Functional Materials Group*

Harada Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Inoue Group, Functional Materials Group

Masuda Group, Neutron Science Laboratory

1. Matsuda Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center;
Functional Materials Group*

Matsunaga Group, Laser and Synchrotron Research Center
Y. Matsuda Group, International MegaGauss Science Laboratory
Kohama Group, International MegaGauss Science Laboratory

Matsunaga Group, Laser and Synchrotron Research Center; Quantum Materials Group*;
Spectroscopy Section**

Kindo Group, International MegaGauss Science Laboratory
Mayumi Group, Neutron Science Laboratory
Tokunaga Group, International MegaGauss Science Laboratory

Miwa Group, Quantum Materials Group; Division of Nanoscale Science*
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Name
MIYAKE, Atsushi
MIZUNO, Hayato
MIZUNO, Tomoya
MOCHIDA, Madoka
MORAS, Paolo

MORI, Hatsumi

MORI, Taizo
MORIALI, Yasuaki

MORITA, Satoshi

MOTOYAMA, Yuichi
MUKAL Kozo
MURAYAMA, Chizuko
MUROTANI, Yuta
NAGASAKI, Shoko
NAGATA, Takashi
NAKAIJIMA, Taro
NAKAMAE, Hidekazu
NAKAMURA, Takahiro
NAKAMURA, Taketomo
NAKATSUIJI, Satoru
NAKAZATO, Tomoharu
NGUYEN, Duy Khanh

NOGUCHLI, Hiroshi

NOMOTO, Tetsuya
NOMURA, Toshihiro
NOZAWA, Kiyokazu
NUMASAWA, Tokirou
OHATA, Katsumi
OHDAIRA, Takeshi
OHMASA, Yoshinori
OKA, Takashi
OKAZAKI, Kozo

OKUMURA, Haruki

OKUMURA, Shun
OSADA, Toshihito
OSHIKAWA, Masaki
OSHIMA, Masaharu
OTANI, Yoshichika
OTSU, Toshio

OZAKI, Taisuke

PORTUGALL, Oliver
RAY, Mayukh Kumar
RIETVELD, Ivo Boudewijn
SAGIYAMA, Reiko
SAITO, Hiraku
SAKALI, Yoshikazu
SAKAMOTO, Shoya
SAKANO, Rui
SAKURALI, Haruyuki
SATO, Mitsuyuki
SAWABE, Hironobu
Seno Aji

SHIBGHATULLAH,
Muhammady

SHIBUYA, Takashi
SHIGA, Masanobu
SHIMIZU, Miku
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Position - Title
Research Associate
Project Researcher
Project Research Associate
Project Specialist

Visiting Professor
Professor - Director

Research Associate

Project Academic Specialist
Research Associate

Project Researcher

Senior Technical Specialist
Research Assistant

Project Researcher

Project Academic Specialist
Research Associate
Associate Professor
Project Researcher

Project Researcher
Research Associate

Project Professor

Project Researcher

Project Researcher
Associate Professor

Project Researcher
Research Associate

Project Specialist

Project Research Associate
Project Academic Specialist
Project Researcher

Project Researcher
Professor

Associate Professor
Project Researcher

Project Research Associate
Professor

Professor

Project Researcher
Professor

Project Researcher
Professor

Visiting Professor
Project Researcher
Visiting Professor
Technical Specialist
Research Associate
Project Researcher
Research Associate
Research Associate
Project Research Associate
Project Researcher
Technical Specialist

Project Researcher
Project Researcher

Technical Specialist
Project Researcher

Technical Associate

Affiliation; Concurrent affiliation denoted by *; Leadership role denoted by **
Tokunaga Group, International MegaGauss Science Laboratory
Otani Group, Division of Nanoscale Science
Itatani Group, Laser and Synchrotron Research Center
Public Relations Office
1. Matsuda Group of Laser and Synchrotron Research Center

Mori Group, Division of Condensed Matter Science; Functional Materials Group*; Electromagnetic
Measurements Section**

Lippmaa Group, Division of Nanoscale Science; Functional Materials Group*
Kobayashi Group, Laser and Synchrotron Research Center

Kawashima Group, Materials Design and Characterization Laboratory; Center of Computational
Materials Science*

Yoshimi Team, Supercomputer Center, Materials Design and Characterization Laboratory
Yoshinobu Group, Functional Materials Group; Division of Nanoscale Science®

Osada Group, Division of Condensed Matter Science

Matsunaga Group, Laser and Synchrotron Research Center

Uwatoko Group, Materials Design and Characterization Laboratory

Inoue Group, Functional Materials Group

Nakajima Group, Neutron Science Laboratory

Akiyama Group, Functional Materials Group; Laser and Synchrotron Research Center*
Akiyama Group, Functional Materials Group; Laser and Synchrotron Research Center*
Katsumoto Group, Division of Nanoscale Science

Nakatsuji Group, Quantum Materials Group; Division of Condensed Matter Science*
Kobayashi Group, Laser and Synchrotron Research Center

Otani Group, Division of Nanoscale Science

Noguchi Group, Materials Design and Characterization Laboratory; Functional Materials Group*;
Center of Computational Materials Science*; Supercomputer Center**

Kohama Group, International MegaGauss Science Laboratory

Kohama Group, International MegaGauss Science Laboratory

Radiation Safety Laboratory

Oka Group, Functional Materials Group; Division of Condensed Matter Theory*

Kindo Group, International MegaGauss Science Laboratory

Harada Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
‘Yamamuro Group, Neutron Science Laboratory

Oka Group, Functional Materials Group; Division of Condensed Matter Theory*

Okazaki Group, Laser and Synchrotron Research Center; Quantum Materials Group*

Fukushima Group, Center of Computational Materials Science; Division of Data-Integrated Materials
Science*

Oka Group, Functional Materials Group; Division of Condensed Matter Theory*

Osada Group, Division of Condensed Matter Science; International MegaGauss Science Laboratory*
Oshikawa Group, Quantum Materials Group; Division of Condensed Matter Theory*

Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center

Otani Group, Division of Nanoscale Science; Quantum Materials Group*

Kobayashi Group, Laser and Synchrotron Research Center

Ozaki Group, Materials Design and Characterization Laboratory; Center of Computational Materials
Science*; Division of Data-Integrated Materials Science®; Supercomputer Center**

Portugall Group, International MegaGauss Science Laboratory
Nakatsuji Group, Quantum Materials Group; Division of Condensed Matter Science*
Neutron Science Laboratory

Cryogenic Service Laboratory

Nakajima Group, Neutron Science Laboratory

Kindo Group, International MegaGauss Science Laboratory

Miwa Group, Quantum Materials Group; Division of Nanoscale Science*
Kato Group, Division of Condensed Matter Theory

Kobayashi Group, Laser and Synchrotron Research Center

Osada Group, Division of Condensed Matter Science

Y. Matsuda Group, International MegaGauss Science Laboratory

Nakajima Group, Neutron Science Laboratory
Sugino Group, Functional Materials Group; Center of Computational Materials Science®

Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Miwa Group, Quantum Materials Group

Cryogenic Service Laboratory
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Name

SUGINO, Osamu

SUGIURA, Ryosuke
SUZUKI, Hiroyuki

SUZUKI, Takeshi
TAEN, Toshihiro
TAKARAMOTO, Shunki
TAKEDA, Hikaru
TAKEO, Yoko
TAMAYA, Tomohiro
TANAKA, Shunsuke
TANAKA, Yusuke
TANI, Shuntaro
TODO, Shinji

TOGA, Yuuta
TOKUNAGA, Masashi
TOMITA, Takahiro
TSAI, Hanshen
TSUCHIYA, Hikaru
TSUNETSUGU, Hirokazu
TSUNEY UKI, Shinji
UCHIDA, Kazuhito
USUKURA, Junko
UWATOKO, Yoshiya
YAGUCHI, Makoto
YAJIMA, Takeshi
YAMAMURO, Osamu
YAMANE, Ryou

YAMASHITA, Minoru

YAMAUCHIL Touru
YAMAZAKI, Jun

YAN, Jian
YANAGISAWA, Hirohumi
YANG, Zhuo

YATA, Hiroyuki

YAWO, Hiromu
YOKOMORI, Sou
YOSHIMI, Kazuyoshi

YOSHINOBU, Jun

YU, Shan

ZHANG, Peng
ZHANG, Wenxiong
ZHONG, Yigui
ZHOU, Xuguang
ZHU, zheng

Position - Title

Professor

Technical Specialist
Advanced Academic Specialist

Research Associate
Research Associate
Project Researcher
Research Associate
Research Associate
Project Researcher
Research Associate

Project Academic Specialist
Research Associate
Professor

Project Researcher
Associate Professor
Project Research Associate
Project Researcher
Technical Specialist
Professor

Professor

Senior Technical Specialist
Project Researcher
Professor

Project Academic Specialist
Research Associate
Professor

Project Researcher
Associate Professor

Senior Technical Specialist
Technical Specialist
Project Researcher

Project Researcher

Project Researcher
Technical Specialist

Project Researcher
JSPS Research Fellow

Project Researcher
Professor - Vice Director

Project Researcher
Project Researcher
Project Researcher
Project Researcher
Project Researcher

Project Researcher

List of faculty and staff members (excluding the administrative office) enrolled or informally recruited as of April 1, 2021.

Affiliation; Concurrent affiliation denoted by *; Leadership role denoted by **

Sugino Group, Functional Materials Group; Division of Condensed Matter Theory*; Materials Design

and Characterization Laboratory*; Center of Computational Materials Science*; Supercomputer
Center**; Information Technology Office**

Yamamuro Group, Neutron Science Laboratory

Office for Advancement of Research Administrators; Research Strategy Office; Public Relations
Office*

Okazaki Group, Laser and Synchrotron Research Center

Osada Group, Division of Condensed Matter Science

Inoue Group, Functional Materials Group

Yamashita Group, Division of Condensed Matter Science

Kimura Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Kato Group, Division of Condensed Matter Theory

Yoshinobu Group, Functional Materials Group; Division of Nanoscale Science*

Machine Shop

Kobayashi Group, Laser and Synchrotron Research Center

Physics Department, Graduate School of Science; Center of Computational Materials Science®
Center of Computational Materials Science

Tokunaga Group, International MegaGauss Science Laboratory

Nakatsuji Group, Quantum Materials Group; Division of Condensed Matter Science*
Nakatsuji Group, Quantum Materials Group; Division of Condensed Matter Science*
Cryogenic Service Laboratory

Tsunetsugu Group, Division of Condensed Matter Theory

Physics Department, Graduate School of Science; Center of Computational Materials Science®
Osada Group, Division of Condensed Matter Science

Akiyama Group, Functional Materials Group; Laser and Synchrotron Research Center*
Uwatoko Group, Materials Design and Characterization Laboratory

Kobayashi Group, Laser and Synchrotron Research Center

X-Ray Diffraction Section, Materials Design and Characterization Laboratory

Yamamuro Group, Neutron Science Laboratory; Functional Materials Group*

Yamamuro Group, Neutron Science Laboratory

Yamashita Group, Division of Condensed Matter Science; Quantum Materials Group*;
Electromagnetic Measurements Section**; Cryogenic Service Laboratory**

Electromagnetic Measurements Section, Materials Design and Characterization Laboratory
Center of Computational Materials Science

Yamashita Group, Division of Condensed Matter Science

Hasegawa Group, Division of Nanoscale Science

Kohama Group, International MegaGauss Science Laboratory

Supercomputer Center, Materials Design and Characterization Laboratory; Information Technology

Office*

Inoue Group, Functional Materials Group

Mori Group, Division of Condensed Matter Science

Yoshimi Team, Supercomputer Center, Materials Design and Characterization Laboratory

Yoshinobu Group, Functional Materials Group; Division of Nanoscale Science*; Counseling
Services**

Uwatoko Group, Materials Design and Characterization Laboratory

Kondo Group, Laser and Synchrotron Research Center

Harada Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Okazaki Group, Laser and Synchrotron Research Center

Y. Matsuda Group, International MegaGauss Science Laboratory

Otni Group, Division of Nanoscale Science
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