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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 1I:
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 I111:1996 — 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 8H1C. 1957 FICRRAFHBO2EHEF AMZERE L TRIIE N,
RILEAID S AR AMB R HEFA - HEAKZTELHMELTEHL TN S,
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.

MERFICEITSHAR

RAKEOERAEDKE

Our goal

B ©

Missions

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

B - KBEDRTIHMRRIREDORFK - BlieL. ThSZRAVICHARSFORNA

To develop medium and large-scale state-of-the-art research equipment for opening or advancing new research fields.

B HEFA - HERAERRE LT, SREREICE D HLOEROER

As a Joint Usage / Research center, develop new fields of academic research based on
ideas colleceted from a broad research community.

SHLEEFMREDEREAEZRDRE

Promote prominent young scholars and personnel exchange.

A EFNTHRELT, MERIZEORY FT7—0 DEE

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

ERAR DR Z EFEHE 78 L THARITETT.

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

MR

Research

AME M

Human Capability Development

HBERSEADT 1 —

AW/

HEF A

Joint Usage

RERAYBRZE & ERERAVRAZR DEIE T K
V. BRI E#E

HIEDEM. a5 T/ BEDIER,

TRAIRYZRIE FADRFE R & DREREVEH

RE R - ETIVORELEE
FEDRFEE VO LERINARDE N

ImEHlc LY. BRINERZEREIC
HEEL TV S,

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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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.

LEDWHEMREDT-HDHEEFA
BRoERR

HEFADHDHEZR IS, BEZH
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2010 FEL S, HEFIA - HEEZEH
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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.
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Future Vision

HEFBATRATE LT ORBEZH#EF - S8t L R TEHEZ RGOV ME - ERF OSBRI Z6HE Y,

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.

FiRMERZOR A PZALR

Next generation core center for advanced materials sciences

FIRIERFEAMDE K RIS % 8T B el

PIERED S DA/ N—2 3 VA

Creating innovation based on materials
science

Development of human capability for

Advanced facilities leading the way in
advanced materials science

materials science

BFWEFT /BESR

Laboratory of Nanoscale Quantum Materials (LNQM)

T/ELR - FFALick o T MERELS
EFHAE CE—RE LIV AT LZER, 8
FEMANDEMZ REZ CHEFRROFER.
FHREDRERZE D,

The LNQM aims at an integrated system from material 8
development to quantum measurement through nanostructure "=
and device fabrication. It looks for novel quantum phenomena

and new functions in quantum materials intending to develop 5*
quantum technology. "

L]
Cutting-edge measurement Ll "
Nanofabncatmn technology

RTUTZIVAT—2 JEVX

Materials Data Commons

MRDVZ 1 L—a VT —2 YA T X EEmE
BOFEZMA. FMRERR, HENGFHEFEZ
Faﬁ%%‘ BT 4% 5T —4% - BT — 2 EBHEN
ITtE Lice 3 LUDIIERIZD/ S 2 LRI ZE &

Y,

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
integrating synthetic, measurement, and computational data.

Measurement data

Computatlonal data

Synthesis data

mu : o .I )
ntm mg
C =, = ~ —
Fetmstl - B . st HH - FE HE - AT L%
Measurement and Control Theory and Computation Novel Materials and Systems

2030

2016 ) . WE - PR FORS R
FERABULR S A IR 2021 DEEETZZOINER Tov(;'ardesdcor?tpreilleqsive (li)asitc ltefearph institute for
e « Acceleration of interdisciplinary research laboratory condensed matter physics and materials science
rEFMEmRTIV—7 )

HEREHDIERRZR 7 IV — T |
Creation of interdisciplinary
organization:

“Quantum Materials Group”
“Functional Materials Group”

BEFWEF /BESR —— HEMEOMMESEIS L — BFH v rT —
Laboratory of Nanoscale MTHEMTORRE L= 4

Quantum Materials (LNQM) Specializement in the microstructure Enhancement of quantum

of novel materials measurement and sensing
2017 RTFVFIVA T—2AEV R — SHEMBERFEAITD ——— KBTI - ey ——
EFEHESIE 2 HIE T2 URI b EEE V7 b T TR

UONEZIUESI() YOIBasay
FERHY

Materials Data Commons

Establishment of international .
collaboration system Development of data repository

specialized for computational
materials science

Development of software for
massively-parallel computation and
machine learning

SR
Eli'g:letic 2018
field ® =R A REDEERIS 1200 7 X5 Z/R

Record the world highest indoor magnetic field of 1200 tesla
Development of High-power ultrashort pulse laser,
attosecond light source, semiconductor light source

Development of State-of-the-art laser photoelectron
spectroscopy, THz spectroscopy, biological spectroscopy

Construction of database and cyber-physical system

BEAER/NIVA L —T— 7 bR FEAIOROBRE

R L —Y —KBFOIE THz D), EBDEOmE

T—EN=R YAN=T A IAIVIATLOBE ——

SONI[IOB) 9FIL] PUB WNIPIA
RUFHES - B

AR V) e BRI R

Synchrotron Development of elemental technologies for next-generation light sources

Radiation

FNT Y FHABEFRN. RXBRADHOREL
Advanced operando photoelectron and soft X-ray emission spectroscopy
HRERICRHDIE - MERIEFOHE

Promotion of materials science that leads to social implementation

2021
o = HHEFIR (JRR-3) DEHR(E

Restart of the stationary neutron source

1000 7 X ZRIZDRR

Development of the 1000-tesla science

L—H—HETZ Y b7+ —LDER

Construction of a laser light source platform

FIRDHT 5w b T 5 — LOEE

Construction of an advanced spectroscopy platform

L—H—MITZ v k75— LOEE

Construction of laser processing platform

2024
o NERBIEE X IR RERRA

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

XD HA A—2 2 DBAE10nm R — LDZERG D FRHRE
%z Big LIt R %

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

JRR3 & J-PARCOHEFEFEFIFBIC & W\ K ERRESE - i B Z R D\ T T E
Complementary use of JRR-3 and J-PARC to promote
research mainly on hydrogen-related and magnetism-related topics
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History and Chronology

1960
PIERRZERRBART (NAA)

Inauguration of ISSP (Roppongi)

1982
BsRS - MEAR L — 1 —RERRE T

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

1981
BARBHEE (PHFEED ORS

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

1979
BERIEARRE T

Construction of Ultra-Low-Temperature Laboratory building

1957

R (Baks)

FE—HK (1957 ~ 1980)

LRI BENT W e, WD FOMIERE -
A7 ERRKEICRD BN EED LR
BiZlc TRRERAZWELELFEF B
LLTHEIENT,

ISSP Established (Komaba Campus )

First generation (1957 - 1980)

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

1980

TR
FEZHA (1980 ~ 1996)

TR ZRET 2 L 2BIRLE LT, ER
S55tE (BIEEMIE - 8RS - mRL—Y— - %
EYIE - BUERSTE) ZEs. EmRNREZES
EHIT, ZDTTOH LVEDRRZIT o feo

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) DB

Organizational (department and facilities) changes

EBPI Divisions;
1957 EBJR) Y Radio and Microwave Spectroscopy

R 2 Theory IT

Division of Physics

fEs B Crystallography |

TRBR TSRS in Extreme Conditions

1958 w.mmmm Electronics

MR L —— L

Laser physics

REWM Surfa

TYEIR _Low Temperature

BRI Ultra-high magnetic field

BT Magnetism |

BRI B Ultra-low temperatures

1959 AR Semiconductor

ﬁ% == Very high pressure

DT Molecular Physics

HEFRME  Lattice Imperfections

2l Plasticity
— S

AR IEERPT

ﬂﬁi\ ﬁu % ’g Nuclear Radiation division
6o fEEE2__ Crystallography Il

=
1976 FBIESRYIPE Ultra-low temperatures

Division of Condensed Matter

%1 Theory I

[EART77) olid

e Nucleus.

Science

1961 WEKES 2 Magnetism I1

FE&{E__Solid Materials 1965 Y14 Inorganic Materials

nRH nBFﬁ

JBBE __ High Pressure

Division of Theory

_A
%553 Theory 111

1969 =’t f.ﬁ Neutron Diffraction

1973 BERES &Eﬁnﬁ‘@ﬁ

Synchrotron Radiation
Laboratory

REFRD22 EPY (FE—EPIEE) HMERIIEERFT (E5aBIS R L — —RmEi It

ﬁ{li?m#ﬂ MR UESE) UERETIEERPI. PIEF B AR P AR R Y I ARPT
E5UICEEREFID 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.

ISSP Digest 2022
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n of Neutron Diffra

Division of
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1996
LiEE R IAVE
HERIRERET

Construction of new ISSP
experimental buildings
in Kashiwa campus

1995
E R A ERETH

Evaluation of ISSP’s
scientific achievements
by an international
external committee

THE INSTITUTE FOR SOLID STATE PHYSICS, THE UNIVERSITY OF TOKYO

1997 2004
BARBAEE (PUHFHE) | BRRAFD

on neutron scattering by an
international review committee

Relocation to Kashiwa

external committee

campus (~2000.3.31) 20 07

2014
BAWBAEE (PHEFEEL

DEBRNERETE EURFEANRRAFELES DE S ERETE
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

by an international review committee

2005 2016
1999 EIRE S RS RN ST
HEF v INZAND Evaluation of ISSP’s scientific Evaluation of
FZERRENS (~2000331) achievements by an international ISSP’s scientific 2020

achievements

by an international [E| BN ER ST

ternal i . L
external committee Evaluation of ISSP scientific

ﬁuﬁ 50 /& ﬂf$¥ achievements by an

50th year anniversary celebration

international externalcommittee

1989 F#E RAFERFT

Division of Materials
Development

1993 I FEIELFAZEHERR
Neutron Scattering Laborato

1996

RS EIRR

F=1 (1996 ~)

(BT EIEE ORHEF A A 2. it
RS0BANIZTERE L. MIEHROEE
BBl E BIEY .

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.

53R IR ERFT

sion of Advanced Spectroscopy

2010

HEFA - HEBZ
& LCERR

Authorization as a joint
usage / research center

2012 RO —L 2 hAERIFHEE Y 2 —

Laser and Synchrotron Research Center (LASOR)

BB G Y I R SR R

Synchrotron Radiation Labora

SetRFEERIZEERF) ———— 2004 F/ 24— LHIERRZEERPT

Division of Frontier Areas Research Division of Nanoscale Science

2006
BPRIRIE Y AR ZE ER T

Division of Physics in Extreme C

AR FZEERF

Division of New Materials Science
B TR

Materials Design and Characterization Laborato

i ER SR B ZE BT

Division of Condensed Matter Theory

2003 B FRISTIZEHER

= R A RS 1l A R T B

International MegaGauss Science Laboratory

2016

B R R FEERRT

Division of Condensed Matter Science

Neutron Science Laboratory

]

BRI YR, Sim R, MRREIE. fKinn e
5 KBAFEERFT & BUBTASTRZEMEER. I FAELIZCiERRICHT T
(Y ERET MR 2 I A 12 3 HERICEIRE NS
Reorganized into five divisions; New Materials Science,
Condensed Matter Theory, Frontier Areas Research, Physics
in Extreme Conditions and Advanced Spectroscopy, and
relocated to three facilities; the Synchrotron Radiation
Laboratory, the Neutron Scattering Laboratory and the
Materials Design and Characterization Laboratory.

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

STEMERFMEL 2 —

Center of Computational Materials Science

g ’[% PEREMERIZE T IV —T

Functional Materials Group

BEFUMEMREIIV-T

Quantum Materials Gr

2019 F— R A BRM BRI

Division of Data-Integrated Materials Science
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Organization

YRR ZR AT DRRFTARSIE 4 BRFEERPT 2BR5R Y L — T  SERRHER D SR SN T L2, OSBRI b — L 2 MR F
R R —ENERST I M S e R & F R A R BRI FRET D SPring-8 ICHEER N ENBHNTH Y PHEFRFAZMHER D
EEREEITHER BN OBARFIMEEREBRNICHSMEARFIFIRR-3 8XU J-PARCICREENTL S,

FRMICIZ FRAN DBRRE PHEF BENHLEICHB TESRELTEFME S /BES R ERRILE TIFE. 15
REEE NER ERIREGENENNTVD, KT ERZFAICES T IR4GEROREZEL T ILREL. XV
T—VBEDEBEAPY R— b T OBRRINE. SLUCREPEBEDHDEHKEELREIN 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 Laboratory of Nanoscale Quantum Materials, 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.

WER Fr & R
ISSP Advisory Council Director Faculty Meeting

glFr&

Vice Director

HEFARREMNEER BRI EER = ANEREGER
Advisory Committee for Joint Usage Research Strategy Office Selection Council
[ I I I 1
i M B HAZEhEEY HoEEER AR E3
Research Divisions Research Facilities Supporting Facilities ~ Group of Engineers ~ Administrative Office
[ I I : I [ I I I 1
= - — EFMES /BESR
g ﬁ ZU ;;i S— #]_’ S‘ j— | | . § WJ § EP f-b» g E-I— g *”j Laboratory of Nanoscale Quantum Materials
So ziE ZIE 2/ HEEMMBIZROIL—T7 B S S EE SR N
Q B 3% S 3 X Functional Materials Group 5% > ¥ =8 iz} e L] £ — ERRILE
% % o(_-; #].’ %%ﬂ% o'z" 7- | (? E‘I‘ ?u' ﬁ §_ aﬁ Q E g e Cryogenic Service Laboratory
S gl bt £ | mEmEERIL—F oot g2 SW of B — T
g A 9:1: g7t & b Quantum Materials Group = fih g‘ﬁ B jﬁ g g !/ Machine Shop
PES AT A0 S Y i
iP3 SE P oo OR ifE iF L% b — et
g | % 3 % ‘é 15 2 55K ¢ 1o = R é 7‘!: - Radiation Safety Laboratory
SR 3 °zr% g %9?"' gz ‘:‘:—ji\ﬁ&:n — ME=
Eil- I aB § EiE 22 oF el T
g. g | 5 8 qu g. %’_ﬁ g} I ?;ﬁ g‘ﬁ 1brary
o ] o (<} S | = -
96 2 Zt £ £ % 7% S & R = -
g K 3 3 > 7 % Information Technology Office
2 (=) g &M -
s A 3 2 5 [LERZE
,,g ?a:t | 8 E‘}i Public Relations Office
=3 N ol .
£ H s [ ERsR=
§ q:l‘g E= International Liaison Office
=3 g =]
S T - amRERE
% 2_‘\3 Counseling Services
g ik — A by TIb—L
° F3 Stock Room

AZEE - HEREEL Personnel, Number of Faculty and Staff

HEE S Number of faculty and staff members 1444518375 /As of April 1,2022

PRZRRRDEIR. HEEEE. BED AL REAL REICLVE

. — N AN _ RE Details
EHGTONBG, BB AREOEECHN T, MR AE R T
Li@@@éé\& l) E%A%E%Tﬁ%%?@%ﬁ%%?\ %ﬁg% i Position Number  Foreign nationals| ~ Female

e . [N 5 e 5 % Proft 23 1 1
BV TEH, BRIND, T, PROBECHL T, B LR o 1 ! 0
= 7 N = = =1 [ — =V T - < Toject Protessors
ZLRERDEER. \BEERHRAITINEZRITHEY . HERT e Asociate Prof 6 0 0
SEER ZFRINDB AR ssociate Professors
weh, RS ° FHEHABIR Project Associate Professors 1 0 0
. . . BEHR Visiting Professors 1 0 0
ISSP openly recruits all positions for professors, associate professors, and f‘ = 151 fng © eslwn 3 a .
research associates. ISSP's hiring of professors and associate professors is BEAERIR Vit ACHEE FIE R
decided by Faculty Meeting. Prior to the Faculty Meeting, the Personnel B Research Associates 36 0 2
Selection Council, (composed of nearly equal number of members from inside BhF Research Assistants 1 0 1
and outside 01:" ISSP), Feviews all candi'datesA All final hirir}g dec%sions of RN Project Research Associates 7 0 0
research associates positions are alsoldemded by Faculty Meeting. Pr}or to the RS e 47 19 5
Faculty Meeting, the Personnel Selection Council makes recommendations after e e :
reviewing candidates provided by a selection committee. BU-FMFRIEE Technical Staff 48 0 7
EBFRBE Administrative Staff 63 0 51
&t Total 246 20 77
(8.1%) (31.3%)

*ERNYOXTRA Y AV FEES  Included cross-appointment on campus
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Administration

MEFMDEE L. BRELUEHERDSBRENIBE I TOER BRERTEDOSND, L FIRDBMICTIGCEES
ZEIRNZHEHE L T ARPINEZB L EBUT ORAZBIC KBRS NIERERGRSDEO N AEHAREDESE
ZIRET HHEeE R LTV,

HEFA - HEARRRDOREREICEL L ARFANEZE L FBUTOFRNEELV E 2 HEF BRREFIZEERD. i
ROFBBIIGCTRRZRNS EHIC HBFIA - HEAMEE S UERFIARESOER. SLUHERZTOTVS,

MEBEZE RO ZERZHDH NFRFTEDRE 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.

NERSE{H External Review

WRATOMZEEEN A HIE L IFROAMAERET T B72612.1995 FELUEIZIF 10 FEIC. ERANDEPFIRD SERENLFHMEEEICKL S
ERANERE 21T 2 TN 2,

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.

2021 Efgitﬂ,\fﬁgﬁ FY2021 Financial Results

S E
Donations %(Dﬂtﬁ%ﬁ
7777777777777777777777777777777777777777777777777777777777777777777777777777 43 Subsidies
6,000  mmEn 11
Indirect expenses SRS - S R
324 Special purpose reserve funds,
5000 [~ e A R N (e RS IP related expenses
! Scientific 48
research expenses -

31

NEER
External funding
3000 ————— T T o — 25t
HEAZRE
Grant-in-Aid from

govermental agencies and
private corporations

1,006

4,000

pAEEEE [ e B e B
EEELE
Operating subsidies
from MEXT

1000 el AN BN B O e

2016 2017 2018 2019 2020 2001 EF Property expenses

’

SULFERORS (A1 1 BHF) 2021 FEE % HSTEOMIR (fir: EF)

Financial result over the past 5 years (Unit: Milliom yen) FY2021 Financial results (Unit:Million yen)
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Research

P RERFALNIBERO TFR/N\— MO EE LM ZER T S RNICE T Z— IV GMEREE DTV 5. 538
I =B EEYET 8 - ¥ X7 LBIF (Materials and Systems)”. Z DM E % BIE T3 “HIE - %4 (Measurements
and Control)". Z L CIERZ L . FTLW R R AR T 5 "EE5R « 515 (Theory and Computation) "D 3 DDEhA B #EM [ AR
EREELHSME - MUERFZRERALTVS,

2016 (i, THEBERIERIZE Y IV — T | TEFMEMIEY IV — T I ORI )L — TR R T RO - PIBERFICHT
BFEREHORHEH Z B RIS F AR Z HEL 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.

EEE@/ >

Theoretical approach

ME=ZDLB
- Materials and Systems

LW Al
BRZEMIS

Theory and Computation

HEZR/NS

Measurements and Control

Experimental approach

YRR OD58EF+ Features

KRG DWEDHKR L. T OWBRBADTHIC, WA TREFERBREZMA TV S, HECPREFERAT 2 mR. =
NREHF—OBEBRES. BEEPESE. BRL—Y—EV o BRRIBZFY T RIS Y. RIHEELTEO> TV,
INSOMRRBEBITNICHIA L. ZENICYEIEZTS LD TE S,

ISSP develops technologies and provides researchers the necessary resources and facilities to discover unknown materials and elucidate their properties. The research
environment includes a synchrotron radiation facility, neutron facilities and facilities capable of modelling extreme environments such as ultra-low temperatures,
ultra-high pressures, as well as the world's strongest magnetic fields and ultra-high electric fields. These research environments can perform multifaceted measurements of
physical properties in a cross-sectional manner.

N OERRIE / BENFEAEADE
HtT7RZ - B~ERESD 1200
TRAZ A7 OBETDERIE
MBS (2 T3,

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 the
non-destructive and destructive

HBER technique.
Ultra-low temperatures R L —4H—
Ultra-high electric fields

a.u

RS

Ultra-high magnetic fields

BRENAIE—L > b RERET 5T LT,
8] OX AR - BIREAD ST I ECEERMEL
FSEImD AN TE S,

SUTIVEY ~A7OTIbEY VD

FBERRE COBEBAEICLY., ME
FROEFIREERANDENTES,
Precise measurements at ultra-low temperatures

of mK to puK allow one to investigate quantum
phenomena in a matter.
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HEE

Ultra-high pressures

We have developed state-of-the-art coherent light
sources and applied them to various spectroscopic
applications, including terahertz, extreme UV and
soft X-rays.

HHASE(#+ GPa) £ TORBS LR
TTOMEEHIMEREEITO LD
TE5,

It is possible to synthesize materials and
measure physical properties under ultra-high
pressures of up to several hundreds of

thousands of atmospheres (several tens of
GPa).
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WERTITONTWRELGARETOY 17 MR SIS
Project Research in ISSP Integrated Research Systems

FOY Y M Project title  # F Period \ o . . \

o ; 110 BHEOBRORE B oS ORBIC S BHT RN BOASERET
RARRTDIVEIEEORA LY O = 2O (ST CREST) ~2023/3 Bcéh. FROEHEBEH —EHESE L CHREIT S8 HERH
BT HED RO —EFIM LB OBR L 7/ R ‘ 2018/10 R ZREL TV S, WIERHSEL TV 2 EEREEIE LT O
IRk (JST CREST) ~2023/3 DN
CPS AL —H—INTHY X7 LT LB AR — MbEHEER (SIP) 203390]23/2 To promote the creation of new academic fields through the fusion of academic
oy oy NN 2018/11 disciplines that transcend the boundaries of existing organizations, ISSP has

el —t—A /=2 34 (STQ-LEAP) ‘ ~2027/3 established the Cooperative Research Organization in which multiple

sz - STk B e SR aE —— 2019/5 departments within the university undertake collaborative research from time to
HOFF BA 72 ie &k SRBED D BAGRRBE 05T £ EH) ~2022/3 time. ISSP also participates in the following collaborative research organizations.
BF DR - (EEBFAROY ST+ —OBIF (ST EEH) ‘ 2019

~2023/3

55? C/R/ETS %)I YIZT IV ENROY AR F RO 2039/2 1023/3 ﬁﬁﬁﬁtﬁe B l%zﬁl"i
%gﬁggz%ﬁﬁ 1%/2;%)3 VFE GOUICENRL LRSI ‘ 2020/2%22/3 PR
Bl TCRE it RTVTIA S RX—=2 3 VRt 2 — -

~ /]fl:l 9§JD$$)§;&%L\E~Z_‘E’\%W%EI Lo bOzZoR - 2E 2020/11 Material Innovation Research Center 2016/7 ~ 2027/3

¥ OZY ARFRHE ST EEH ~ 2023/3 o

g STy SRt i ~ ) FEFR ST
’(} S?I' i)i?%\jjf)ﬁ']fﬁ]‘&ﬂf:%?ﬁrg BAKT INIVYINVRITR %%gfﬁmﬁ]‘ 20%9/21323/3 Reiarch Ii_stitu:; f(;L Photon Science and Laser Technology 2016/12~ 202773

e | g . b5 YRR — LB TR ERE ST

B ZRRA THA TR L T IBSTIRIC £ B RERIS 704 2 (ST CREST) 202000 4 Trans-seale Quantum Science Institute 2020/2 ~ 2030/1
BFHELICL BRI —7 IV MOFEMRA L ZDRER ‘ 2021/4 FERMER A 7 O AT LEMSEISHZEHE

(ST BRHTIRSEEE (BRNRE) ~2023/3 st i S s 2021/4~ 2031/3
ARM ARG RHESRSE AR E ERA S LIcHRE 2021/6 Multi-disciplinary Micro Systems

YA )RS OIS ARZ (NEDO) ~ 2023/3 Vo0 kO SRR 202274 ~ 2032/3

2 RIARYERBETT ) 7 ILDAIEL S HAERRIE (JST CREST) ‘ 203} 90023/3 Synchrotron Radiation Collaborative ResearchOrganization

SASCEN Number of Publications

FRE400MEVEMEREREXLTEY . DK 3NDTIEFHEETH S, HE (B - FEHE - B8R - BRI —AZk
YOI HEES D, FRNIREG S, PHFIIMEFZHRLZ . ROTHHEE, P BREMRF LG O>TNS, B#5]
FAERSCEL (Top1%, Top5%, Top10%) |$ERI30~40fFH . B - 2LV VT ET 1 ZRL TS,

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, chemistry, and basic life sciences. 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
] B 8 HIBREL 45 I top 1% M top 5% top 10%
]élrggoi/neering Enviroment and Earth science
5% 0% _ » 40
o st - g W £
i _DD’H_‘?‘ Computation and mathematics s 35
Basic life science 013%p =
3.5% 2 30
5
oy °
F El
Chemistry Z 5
5.6% p— - 20
2
TR sics @s
Materials science Phy mys &
5.8% 80.3% 10
5
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 yeprof piicaion
2021 S| HE T MR DRR BEICHERENTERXDPTHE L. fﬁﬁi—f?%ﬁ \ﬁE%ﬁf(? 7*;{;7;
= < il 31  Web of Science &
The field of articles published in 2021 Ranking of total citations to date compared among papers published in the same year

(resource: Web of Science)

FEFHEE In istry Academia Collaborations

EEHEEEDL S DHREPHREEZZ T AN TITOHBEARTIE. EFMRICE DV LWMEDERET. e s, HLWER
BOBRTEONERD / DNTHERITERENTW S, Ffo. EEREDEEDZLELIVY =27 LOEED, MO S
DRRDIFZEFEDISRTAVANDBIMNEZT O TS, 2015F051d. TRV F— - EERITHRSREREEBED [FER - F/NBEA
DIEE UHRRFEEESZE ICB1F2 THEE LR ISERESN TS,

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).

ZM
LR EYale)) -o- R 2 Others
Amount (Million yen) Number of projects 6.1%

30 4.9%
B B XA

25 Electronic / Electrial equipment Tranportation
equipment

29
]
60 20 207" 6:1%
% . . 20 183%
1R 3EE
40 15 Infomation/ 2017-20215FE LT
Telecom- Chemical
2 munication FY2017-2021 Industry
1 12.2% 18.3%
- :
20 I\l/{?chiqes
. Precision Shin- R
10 WSHUMeNts 7 o1/ Metals
0 15.9% 183%

0
2017 2018 2019 2020 2021

80
70

o

w

RREIBEEDHFEARAHEZASTEDOER HEFAZR S BEEEHHDRR
Changes in the number of joint research projects Breakdown of the number of joint research companies by industry

with private companies and received amounts
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Joint Usage

EEDYMEMRRE DO DHEBEFBARAELTRIISN 2010 FELVHEBFA - HEMAZEINRE L TR EDH
EARZ BRI ANT NS,

YIERRDE I B REBEPRE. ARMEROF| B ZRUL TV FIAREIE R MEER - sHERME TP EFRZH
RhEER ). HERSHI AR [ A —/\—02Y E1—2 | [ERERESH ZMERR IS EICEEZEITD REDES
FBEEZE CHEMABREFIZEERICCREE NS, INICKYBEN 1,000 4F0OMRREEZITANTN S,

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.

—A%  General

ERREPIEE - AN, SEERG LS, BRRECERL VWS EE - HEsZaRFIAT 550,

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

YIESRY - STfiE%{E Materials Synthesis and Characterization

MEEME. (LFAME. XPAEE. BEFEMEE. BHIAEE. AFUEE. EEMED 7 RRERVEREM - FHEH MR,
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.

Mt /B M F R FHIZSHEER Neutron Science Laboratory

BARFIARAREEOHRBRT s

20201080 SEMRIR LIE 61t

12

JF JRR-3 (20MW) [CEREB T NIz12B805
JER B LU RBERFIEEEH
JPARC (B BEnfkeeT 3 v/ -2
ytEE HRC Z BN e RIEFEE BB A
TI5TEDNTES,

Neutron scattering experiments can be
conducted using the 12 spectrometers
installed in the JRR-3(20MW), JAEA
and HRC in MLF, J-PARC.

BB AT ERIZSHEER  Synchrotron Radiation Laboratory

RDEV X T L" Ohtaka” &, Eim
TEEMEER 6.9 PFLOPS. 2022 &6 A
|THEEEHT LTz@)> X7 A" Kugui”
IFIBSREEIEAERD 1.0 PFLOPS T
Y. SRR O REEES R
EERITOTENTES,

The main system “Ohtaka” started e
operation in October 2020 with

theoretical performance of approx. 6.9 PFLOPS, and the subsystem “Kugui” started
operation in June 2022 with approx. 1.0 PFLOPS. Both systems can efficiently execute
large-scale numerical calculation in condensed matter physics.

M 8 [E PR B RS R I ZSHEER Intemational MegaGauss Science Laboratory

- -

SPring-8 WICRREBEENIcRAE— LT
A > (BLO7LSU) Z #J A L fe Bae e e X
BERETOITENTED QONEFE
HIHAE T)o 20225 ERALIEE. L—
YP—ERWERAEC Y BENRNEFH
K. X BEEBVFEIS TAEF
PHIxE DRERDATHE,

Cutting-edge soft X-ray experiments were
conducted at the UTokyo beamline
(BLO7LSU) in SPring-8, until first
semester in FY2022. Experiments using
laser spin-resolved ARPES and ambient
pressure XPS with X-ray tube became
available after second semester in FY2022.
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JINIVAR D %0y BT K % 5akki5 7% 7l
AT2TEDTES, X770~
UFDT 33— /LR T, FERIE
MIFAT 80 7 RS E T, BIENFE
TlE 10007 X Z2E X THIARIRES
FoTW3, £fe1~1080a> 278
JVATIE 50 7 RSBEE CORER
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.



THE INSTITUTE FOR SOLID STATE PHYSICS, THE UNIVERSITY OF TOKYO

HEF | BEREDFIRER & I 24 E = AZL Number of Subjects and Researchers Accepted to Joint Usage

HEFBRBRDICOICKEFT HCIE. WHERERFO—RAKRE. BEMRE (RH - BH) . BEAREOVWITNHICERT 204E
HH 5, ERDFIRRER. BLUOAREHERBABISLTDBEY

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.

SRRy S 2021 FEEDFAREEEE & WER Number of topics accepted and its breakdown in FY2021
1600 Number of adopted subjects Number of accepted researchers jieat=} BIEX S SROEITIREN EHEAZL
Researcher Category Subjects Researchers
1400 —f&
General 158 208
WEER - ERE
1200 Matex?als Synthesis and Characterization 91 140
PHEF RIS
1000 —fiZBZEE Neutron Science Laboratory 120 162
General HUERSI IR ZEERR
800 Researcher Synchrotron Radiation Laboratory 30 120
A—=I\—=avEa1—%
600 Supercomputer 337 918~
400 YIERBRRELS - BRASRRLS 84 152
High Magnetic field (ISSP and Osaka University)
200 WEEHIRE B (B - PETFED) N
Part-time Part-time Researcher (including Syncrotron Radiation 141 100
o Researcher | Laboratory and Neutron Science Laboratory)
2015 2016 2017 2018 2019 2020 2021 BYHIRR 2 (RM/ ) 4/0 3/0
HEFREEDIRES S L UREABDOERT Researcher External Researcher (Long-term / Short-term)
The yearly trend in the number of adopted subjects for joint usage and the number of accepted researchers a5t 965 1803
Total !

*2020 FEE CHRIR1IZ—5 1—Y—# 2021 FEHSREAKICEE

* Since 2021, the number of adopted unique users changed to the actual number of accepted researchers

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

HEFA - HEMREO—IRE LT, PHERR FEEROVEE T —ICDWTEFNGFEEZ T O RAMRER. BLUBRNICITD
ISSPU—2 2 3w TZRELTVED, WINLHERBEREFIZEROEZRICK o CHEORSIAEEN D,

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.

2021 EEDORME—E  List of workshops in FY2021

-@- BfEE SER Bt X5 F—< BINEH
Number of times Participants Date Category Title Participants
10 2,500 2021/5/10 SRS HZZABLUBEY DEMRORSIRMAE 207
o 4 Frontier Research on Glasses and Related Complex
9 2| ISSP Regular WS Systems
Saw | 82 B/ R — USRI DR E & $TER
8 L '«.‘ . 2,000 2021/6/22 :2223\/:7/3 v 2nd Workshop on the Frontline and Future Trends 237
7 S - ‘e in Nanoscale Science
J - \ ISSPI—43/ 3w | BFUEEREROFTER
6 . ‘e i o 1,500 2021/7/,%630 1SSP WS New Trends in Quantum Condensed Matter 325
2 " | B Theory 2021
T N 2021/8/3~5| 1SSPT—723Y7 | |55p WOMEN'S WEEK 2021 136
4 e o, . 1,000 ISSP WS
v A SI0RERY -3y 7 BT ERIED
3 » oo 2021/10/25 | [SSP—4/3 v | Sl
~28| |SSP WS 10th International Workshop on Advanced Spectroscopy of 121
2 500 Organic Materials for Electronic Applications: ASOMEA-X
1 PELEIT S DFEEURRIEDILONY © FNE EFHIRR
2021712/, 2] sp Regular\s | Frontiers in Molecular Crystals Research: 242
New Materials and Novel Phenomena
2012 2013 2014 72015 2016 2017 2018 2019 2020 2021 2099/ ISSPI—52 2w T | B = F— "B OEEN D" 18
SRR R DRI & SNEH ISSP WS High-Pressure Workshop “Recent Topics”
Number of ISSP Regular Workshop and its participants 20023028 | 1SSPT—55aw T BRER ROV — Stk - BT - SR
~ ISSP WS Open Topological System in Biology, Quantum Systems, 271
and Statistical Mechanics
5 o HAEMET 0 — T IEMEEDER
2022/3/30, | FAAZL ﬁg:rtii%r of Scanning Probe Microsco 151
4 py and
31| ISP Requiar WS | it Nano Sclence Y

;sﬁl*“m ° ;ﬁmﬁm,ﬁﬂﬂmﬁﬁ Cooperation among Joint Usage / Research Hubs across Japan

o - ) ' SRS SRR
ERE ISR T b — | HERRESKEDEHIZH RRIEDRM M R RSB RS B S 2 —
EPEE R PRI, ATRASIR IR DRI #HIR > 2 — & 5 " Matoiats Intite for Moterils Researeh.
Ho, WAHO/ UV ARBIBEFIAY 2RERIEEEA L TL5, 2021 FEL Y. it a7 Tohoku Unvensy
KD BHERRAORMBBEERR > 4~ L bERL, EREHLA0

fe 3HERZMEMTMITERY % BREIE SRS U —3RE) OEBREMKB L, T d
D& S HHRERDE—AMEBEIC K YERREICH T 25 LOHRETIAE - R )
DERZHEL TS,

RRAF YRR

/R E PR RS R R L S B T 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 /—-/"
<3

University for joint use of their pulsed magnetic fields. Cooperation with the

High Field Laboratory for Superconducting Materials of the Institute for /' ¢
Materials Research at Tohoku University also started in 2021, providing \Lf.'/
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. At

KRIRAFEBZ IR S inahimtlizrt > 2 —
Center for Advanced High Magnetic Field Science,
Graduate School of Science, Osaka University
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Human Capability Development

PIERZEFRICEIT DR ZRBE I RITHDARRZ LM RICER LICARZARREDOLLE T IERDARDIF D%
HBAHRENGMESAVFRENREZE D AMEER T 5T EICHEENTWNS,

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.

AREPFEES Graduate School

KEBRDEI & FHEE Courses and the Number of Graduate Students AFN44E4 5 18IRTE /As of April 1, 2022
[Emei L2

BHIR Course Master course Doctoral course

2019 2020 2021 2019 2020 2021
BER YIIBFEHIN Physics, Science 30 33 35 29 31 37
P (L FEHIY Chemistry, Science 3 4 7 4 5 3
TR %@I?%E{ Applied Physics, Engineering 6 10 13 7 11 8
Fhoatel B REIN Advanced Materials Science, Frontier Science 39 41 42 16 15 23
OB M T I Complexity Science, Frontier Science 3 1 0 2 2 3
= Total 81 89 97 58 64 74

FEENRE SO S Ly International Research Opportunities for Students

BN TCOHRMERZEL T ELERRER OLEFNGERIMAF CESAMEZENT 5 2 BNE LT KEREZBNDOMEHEEICE s B
BEYS 35 NBNFLERET RIS L] Z. 2017 FEN SR, ERAL TS, COVID-19 DFEITLY 2020 FELIEDIREISTEEF,

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.

IOBHAR  Period TS Institute HiZET—< Research subject
2019/4/1~5/31 KE 2 AHIRFE BRI % 15D B FHEOERIIZE
University of Chicago (U.S.) Theoretical research on quantum phases with higher-form symmetries
2019/9/1~10/31 | KE SARKFAT ) BB MR HFMEDRRICE D IBZEALV ROV A VBIRERR
Kavli Institute for Theoretical Physics & Rice Univ. (U.S.) Searching for topological superconductors by symmetry-based indicators
2019/9/3~10/4 KE AT HIVZTKRE T —I\A UK WRFEFEOBENBEEER DA
University of California, Irvine (U.S.) Application of the machine-learning scheme to the density functional theory
N by B—EEEDF7IVDIFE EBEDFHH
2019/10/7~11/21 7k ?H'?: 1ty YR Evaluation of Mechanical Property and Structure of Homogeneous Network
University of Massachusetts (U.S.) Polymer Gel

FERE « FLERSE (2019 ~ 2021 £EFE)  Career Paths and Jobs

PR CEARFEDZ I, REBEOMEHPEAME. AFPLNAAKELE. BERNNDOSIRGENET CEEL TV S,

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.
1ELERF2ME T Master guraduates BERIEE T # Doctoral graduates
HRZHES
B FZEHERS J-PARC. E{LF 7. JAXACNEDO,
Government institutions Research institutions IBS-CCES
19.1% FRIEN:

FIRAZ, University of Maryland, R
AT RRAFKRAZ. BEHD
REHE

RE®E Research institutions:

o Private sectors J-PARC, RIKEN, JAXA, NEDO,

FREEN 51.1% IBS-CCES
Educational institutions

29.8% Educational institutions:

University of Tsukuba, University of
Maryland, Kyoto University, The
University of Tokyo, Osaka University,
Keio Universituy

H1aRE
Doctoral course

45.4%

XS B Food

Tranportation equipment 6.3% 2.1%

TRF— Zoft b :
R - iU —ER Z At
Power company/ Energy Finance /Insurance /Trading : Service Others
4.2% 4.2%

RAGME EFENER Details 6.3%

T3R5 B B TR
Information / A Il;dacbnpes e — ]
Telecommunication I l'eclSIO;t

LT B E(E
Chemical Industry Informati
Industry | Steels / n instruments Tele-

y Metals

communication
. 3% ! 16.7% ! 3
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THE INSTITUTE FOR SOLID STATE PHYSICS, THE UNIVERSITY OF TOKYO

EFHATEDERM + AMTEIR Human Capability Development for Young Researchers and People's Exchange

EFMBREDOERE AMBIRO D BT EAS L UEH & 1T 100% HIERAD S DEAY & LTWD, TNET38ELDEHF -
BRI L Th Y. TR 6 F£1148 2008 F~) £G 2TV 5, BT 5 FTIEKRE - HIZEHEIN 88%. REILEN 12%
HELTHY . RN THERZERL TV,

For human capability development and exchange of young researchers, 100% of research associates move in and out of ISSP. So far, 388 research associates and assistants
have flowed through ISSP. The average period of employment is 6 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.

NI

Public research institutions

1
| I K
- -E-. Universities
LI Y
a 70°/o
1 (yo S 43%, BIER 9%, AT 3%. Z DM 15%

Assoc. Prof. 43%, Research Assoc. 9%,

\ #ﬂﬁﬁﬁ;ﬁﬁﬁ Lecturer 3%, Others 15%
1 2 % <=0 I55P I

%
Private companies

BYEER SR DNER (2017~2021 FEEDEE)

Research Associates Employment Statistics - Breakdown by Sector (total from 2017 to 2021)

REHE - BRLFZIE Next Generation Education and Support for Female Students in Science

READOHFZES PEREP—RTROFZNRE LILHEFPRZOES - EREHZITO VD, FROBVFTHEHE
EPFELBITH LTI MUERAITRLATW S CLZBRIT. REORIFAN, ERNDHREEZTO T2, fca+v
VINABEERIC TR 1 EOOBEESIUIRET 7/ T T EEDF ELRIIRFHRICHNT 55 8 ROHERRRE LSS L
TWa,

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.

N —fREES My & L RS MR R EES
Open house Public lectures lsocclﬂg(c“%l&slfglslggd lectures in cooperation with

REEF - ORECLSARRN: BT~ FERRRE 3PS

ZFHRRERIFANRY TFRFERIFANY b RIS
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

HRDOYERFICEEDD by THZEHEE - 7)V—T L EREERRE L TRERUAMRRIC S ZEEZR(EL. St
NEERMEIZ I =T —RXv T =V DBR - wtZBEL 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.

LIEE Agreements and MoUs

REMGHEE 5
FEONE DT AP LDEHIC L DTITEHPAICEIS T I0RBEDZE - TABE. HLV4FHOHEBEMEL TS,

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

Ry wwor TS omrmEemnF Y 5 omeemss

Institute of Physics of the Czech Academy of Science

Max Planck Institute for the Physics of Complex/
Systems (Germany) - g, 3
=73y TRk -y, .
Co-organized workshops - . 5 45:';? S AWATE ‘igmﬁ?ﬁ%ﬁmﬁ 4‘%“3,. 5
SN T S~ _ N evelopment cooperation of
[;];;K{t*‘i};};;z%/i i / ES ~ photoelectron spec copy equipment ' ‘-"
¥ FF) . _ - $
Max Planck Institute for AlM

Chemical Physws of So
(Germany)

ZIRHH R F O ol ectrg
Cooperation in the High Magnetic Field a ¢ (South Kore
Science in Asia y . X &

BE | Pr_ b

kE- > 2R 72z [
s Hopkins University (U.S.)
cpasmamzm [
Institutg for Complex Adaptive Matter (U.S.)

V—F707zvH—
FEBAN

Sending ISSP faculty members to JHU;

accepting JHU professors to ISSP.

Science/College of Engmee
Sun Yat-sen University (Taiwan

+—zrsurEFssmes [0

Australian Nuclear Science and Technology Organisation

onal Synchrotron Radiation

carch Center (Taiwan)
axyaaTy-stanys [0
College of Electrical Engineering and Computer Science,
National Taiwan University (Taiwan)

\

/7

B2 Eis

ry HE m
Agreemrnt MoU Memorandum of Understanding

VaVARTFVAKRE (HU) - EFWMERELY 22— CKE) RYGRT VI EMRIEEMEM (F1Y)

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

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

WM ED JHU DU S —F - 707 v —ICtfE. JHUBEEBANT S
ATV RI I DR,

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

BEEERREFR (BS) - s2iAEE Tt 2—

Center for Correlated Electron Systems, Institute for Basic Science (South Korea)
MMERERAEEZ BS ICREIRE L. XBFONDOEBEMRAB I LHEMRR G LE
75,

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

=] *ﬁﬁi* Japan-U.S. Cooperative Research Program

1980 4F I FARABURRE Chffa S N B2 RlTHDICR g 2 SEREICEDE

HET -5 3y TOEHBME

ISSP and Max Planck Institute regularly co-organized workshops.

ERILAFES R TR (672) JBEAFEARZR (BE).

REE RS 2— (FE)
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)

ITNCHV BRI FDER, TRy FEREICEIT 2R P HERRE S,
In Asia, ISSP collaborates with universities and institutions in high magnetic field science
to conduct joint research in magnet development.

1983 O SRETX/LF—E MRS BRUBEARRFIIAE

T (BRIAEA) B & DEIRIGIBRZR & L TRt E e, A — 2 U v P EIIBZEAT (ORND) [T RE SN Th 5 Z b & LIHBERENM TN T 2,

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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BND S DIBAL « ZF A International Visiting Professors and Researchers

HRBBKEDMARERE LTV o, BADSELEHREENEAT  1vr2073
é%é(wmummmO&bf EHRIRAL TV B, Ff 2017 ELVBAR e
i LT ERSEERIEIC £ . BEBINRE T 0 S LOR, BANSETHRE  Sngapore o
ENEANEBMEE (Visiting Researcher) & L CIEEIBAVT 2758 LTL 3, &z 73 10 S
PRI, 20 LLEDE & HIEANS 200 23 < OBIZRE AR, HEHZD - =
VRIY L A F—DIHITIEN T B,

* COVID-19 Db, 2021 FEDEIF ANEIL 2 CKE « FE) D,

< L—</77 Malaysia 2
R F—Z K77 Austria 2

ZDAth

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 FEE
FY2019

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 FY2021 was
only 2 (from U.S. and China).

BADSDRINF ANALL

Number of visited researchers and students

EE >V RIDL - BT —273 Y7 International Symposium and Workshop

2019FEN S 2021 FEICFESNERY Y RIY UL -BRT -7 3 v
List of International Symposium and Workshops in FY2019 through FY2021

BiER 24 ML SIMER (HEA)

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)

2020/2/3~4 New Perspective in Spin Conversion Science (NPSCS2020) 99(15)
2021/3/22~26 International workshop on Quantum Magnets in Extreme Conditions (QMEC) 396 (318)
2021/7/26~30 New Trends in Quantum Condensed Matter Theory 2021 325(149)

- 10th International Workshop on Advanced Spectroscopy of Organic Materials for
2021/10/25~28 Electronic Applications: ASOMEA-X 121(50)

IR DR REHE EFRHZHRBDEIS EFRLEZ R DOERERE

Number of published papers International co-authored papers Lnternatlonal co-authored papers
y country

40% 30% 20%

P396 39.99 =

B

PRI B 1 B FEREH IS ER K400 fRfr < WERRIC B BHERH D3 DD 1 U ED RHESR N DEFIBIS IS KE (40%).

Nearly 400 papers are published annually 30U EDE - #ilg & DERRHEE R F[E (30%). K1Y (20%) DIBITZLN,
More than one third of the total number of papers Most international co-authored papers are with the
published by ISSP, are international co-authored U.S.(40%), China (30%), and Germany (20%).

papers with more than 30 countries and regions.
] = =
BRELEDRSE NEANHE -HAREDESE
International students International researchers and faculty members

» s »
A A A AL

rrrg 1
lll' 2[ HEuHNNN

YRR ICPRIE S 524 (B BdED 55 PIIERR CRRAEN TV 5H 8 (BUR - A5 -

D 4N AU EFBND S DBFE B0 ERARBDE L Z 7 AT ADAEA
More than one in four ISSP students are from overseas One in seven ISSP researchers and faculty members
(total of master's and doctoral students). (professors, associate professors, and research

associates) are international.
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Division of Condensed Matter Science

18

R T EWEFERR

Bk, ARBIRER 7572y, bARBRYA
IUitixiA R £ DEIEL OFERDYER A OH LR k2
Y10 DT FIE BRI 50, R ToB SR R—)
R EDO TR, MIKIR, &, i v o
fo TRRRRERSE | ICB W THRINENTE /e, R RY I
P TIE, B LB R OERR & BRI 72 ATV 7 RSl
EZHATDES T LICKD, FILWYHEBIC DR %)
MR UMIAT 2 e 2BIRE LTWV5,

HIM 2T 2Tt AlEFEEOS L, HiY
B E AR ORI, MREIET T DR 2 A - 1
S BARINE 217 > T %o ARRMSAEA, BT E (TR0
Y. FRa VIS EDZRREYE NG, BT
M. 7oA L=y ay, Mt FRaY— 57A
ISR ENHZE L THNS 2R EBIGOMINCHD fA T
W5,

AL H T EWFIERE A2 SN nb - 7z,

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

Ideue group has newly joined this division in 2022.

BFEE REHEA
Leader OSADA, Toshihito
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J:I: ? J: m % % Ideue Group

FiZE T —< Research Subjects

B R OO FRPE I 72 Sl & U 7oAy PR
Exploration of novel physical properties based on symmetry control of
nanomaterials

B RS IR RIS, RS A — FEIRL /3
ZBLv ECVARIES
Quantum rectification effect: Nonrecirpcoal transport, superconducting
diode effect and bulk photovoltaic effect

%%@%’Jfﬂ] DSBS R V) VR, SRk

17

Quantum phase control: Electric-field-induced superconductivity,
topological phase transition, magnetic order control etc

HEER HFLE g

Associate Professor IDEUE, Toshiya

FI Course
TI¥R - YEIF
App. Phys., Eng.

JEIRYE Z FIEE L TR BN D 2 Kotk T AL E - 72
F ) Fa—=TREEIND T YRIEYERFOH LW S
ELTIERZATHELED TS, TNHIE 3 Itk
BRWIZ—7 2 E RS C Iichi,. T3 ZLE-
W « 7172 E OGN, BAULAHFE, Lo
T R OVERIFIC X > TYIBE ORI Z B HIETHE T
HO. TR TRHBREEEZAIN T 5 2 LA TE %,
AWIFEE T, O KD RaTF / WERE OBXUER T
ORGSR OR R L HIRIC K> T, MERED
Ty« 7T A EEHAIEL TV S, BRIPAL Y,
o e+, BHEERLT v 7 Ao ik ng Al
JEDEFRN RO R — VIR, A A v F 2 T B THREMND
AIHICED FHA TV B,

(b) Gate (d)
-[ lonic liquid

Sample

BRAGFARICL DT/ MEDOFEINTREDRIH, L <
SEBRILBLUTNA R L. (b) 1 FVRIET— b (0 77T 77— IVAREE
&, (d)F/Fa—7 - taRigE,

Emergence of unique symmetries in nanomaterials. (a) Nanodevice of few-layer two-
dimensional crystals. (b) Tonic liquid gating. (c) Van der Waals interface. (d) Nanotube
and curved nanostructure.

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

Quantum nanomaterial such as two-dimensional crystals and nanotubes
is attracting much attention as a new material platform in recent days.
In addition to the unique physical properties, which are absent in bulk
three-dimensional materials, we can freely control the symmetries of
nanomaterials and realize the emergent functionalities reflecting the
characteristic symmetries by device fabrication, application of the
external pressure or electric/magnetic field, electro-chemical gating
method, and making van der Waals interfaces or curved nanostructures.
We are exploring novel transport phenomena, superconducting
properties, and optical properties in these symmetry-engineered
nanomaterials and pioneering the frontier of nanomaterial science.
We are aiming at controlling the various quantum degree of freedoms
or elementary excitations in nanomaterials (charge, spin, lattice,
exciton, superconducting vortex etc.) and developing exotic quantum
functionalities such as quantum rectification effect (nonreciprocal
transport, superconducting diode effect, and bulk photovoltaic effect),
Hall effect of uncharged excitations (magnon, phonon, exciton), and
quantum phase control (electric-field-induced superconductivity,
topological phase transition, magnetic order control).

(b) (c)

i

(a)

Resistance (Q)

T/ MEICHIT B EFREEEDH, () REEDR—/LIHR. (b) EFERRR
ERIGE &/ VT HGERBIMR. () BRFELERE

Quantum functionalities in nanomaterials. (a) Hall effect of elementary excitations. (b)
Quantum rectification effect: Nonreciprocal transport and bulk photovoltaic effect. (c)
Electric-filed-induced superconductivity.
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E EEI 61: % % Osada Group

FiZE T —< Research Subjects

HET 1 5 VETHRO b ET )Lk
Topological properties of organic Dirac fermion systems

2 OB OB THEE & T EABIS
Electronic structure and quantum transport in two-dimensional
materials

JERMEE RO f R RS L F e — L R
Angle-dependent magnetotransport and interlayer coherence in
layered conductors

B 55774 - ORGARLE T OBEEILIC X 3 81y
A XS
Quantum size effect of ultra-thinning on magnetic-field-induced
electronic phase transitions in graphite

BhE Hf &Rt

Research Associate
TAEN, Toshihiro

#iR RE #A
Professor OSADA, Toshihito

FI Course
TIERYETSE
App. Phys., Eng.

AWRETIE, BHE (CXon WE. M RuY)VE.
NLF /K& 5 e LT, s « KR - & EEREE T Ot
EHE (B - QRS BVERNRT) OFERIZE 21T S
TEIKED, HLOEBFIRERE FIAHR. M RoYhib
PR ER - R - HIET 2 C L ZHIBEL TV S, ThEE
TR ICun AN T« SEAGILIERE 2 FH W 72 S5 e R e
RF JEEDOFETIER GETRRI VT T T %), USRS
AND 2 AT BHRAEEORSEFHL, 40 T f Vi LR
A K BoRfisaaE & Tch o, BHaEmIERe 1T
UTIT9, EHFEREET « T 7ETRS r MRS
35 M RaYh)VETIRE (B R— Vil v — 4
BHR L) b Ra Y h)Viakig GERERT R—IVaiR
O, BNRES ST 2 R VEOR R, TS
77 A S OWIGHEE TR T 2B ic kA2 T
B ZRRICB T 25217 > T 5,
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(@) BEHKFEF v v TDHZEHT « 5V VBFRD/NY FEREHTDON —ih
£, BhaRd EEBREN T TIVIELSTNS. (b) EFHEER—IVHR.
(O N —fERBEFDILFRT 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

ISSP Digest 2022

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.

(a (b)Eir& A=0017x10 d-own-spin |

up-spin |
1.0

-0.44
V]

.05
a’eB] 4rh

() AEVENEREFRDH 2 T BEWEGRS / VRV DNy FigiE, Fvv 7
RIENY ATy TRENEN S, (b) T HEREEORISTH T X)L+ —%fL
PEMRICL DALV IRMET 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.




A
Mm % % Mori Group

FiZE T —< Research Subjects

DFOHAMEZ LD LIEHAH (8 (R8s kT7n b
MRIBIRDBEFE & RETERTE
Development and studies of structural and physical properties for
novel organic (super)conductors and proton conductors based upon
molecular degree of freedom

BRI TE TN T 0 b ) &R LT AR RSk, SR
Tk, FEEEIROBFE & BRETENTZE
Development and studies of structural and physical properties for
electron-proton coupled molecular functional materials

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

B AHERDIR S VAR DI

Study of organic field effect transistor

B BE BHF
Research Associate
FUJINO, Tomoko

BEBH HE B’
Project Research Associate
DEKURA, Shun

Bk K KR

Professor MORI, Hatsumi

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

AR T, WlEBEE & D0 7h ki L7270 71
BaERge U, FFRafErte LTE - 7a b gk,
[k, AR, ZFOIE) - BB K BN, BROIR
b VYA XD ETT o TV, TNEHID T
REPIE ORI, WA RS AR B O ERE & &
L7 a0 A EZZBMEL TN ADEEIIE L
ZoTW5,

ST, 1) KEF - HIETTEETH ST L. 2)
BRI —a AR E L ot SRS
BB, 3) RSV, FIERSINGIEEIEE HH
B ELRENFETENS,

B ZE T, FrLVE Yy R ET2Cu(NCS)2 35 & OEEf
TR B-(meso-DMBEDT-TTF)2PFe A iR =84k (LX) &
FHELU, IR ET -, SHICRETE., KEFKEG 0
k> LA O EICET) LT, R L O D B R
HR2 R TMaREER (GR) ZRF LTz

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.
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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

Temperature (K)

GEBFLAEFBETO N YHNEBEYT 5B HIEZHK-ETLCUNCS),-
X3(Cat-EDT-TTF); (X = H, D) ICBWV T, KELEXRMRICK Y BB TEEES
KUBHMEDMI Y BD 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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IJ—I F m % % Yamashita Group

FiZE T —< Research Subjects

R B % s E RO

Study of strongly correlated-electron systems at ultralow temperatures

i AIC 3505 B IEMT RN D FA R — LR

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

B NMR 7 f W 7= 208 TR ORgE

Multipole orders studied by NMR measurements

B HE R

Research Associate
TAKEDA, Hikaru

HEHE LT &
Associate Professor YAMASHITA, Minoru

FI Course
HEEMER
Adv. Mat., Frontier Sci.

BEO FRTH ZHNFETIRTOWEIZED DVTL
FoT, MEMAVEHSEZENESIZEDNDS, £ TAD,
17 Ve Y &V S GEMBEE TRE OBLIRIIN AR 01 R %
EW S BEEIHS SRR T N0, ]IANY T LD
FEFRIEE ., A7V ) &R O R — Z i 7x E R I T
BRI BRIR TR RSNz, FRTIEBES EchhTL
o TRAKRV., ZE TRIESYHIB S MERFEICEN
TWEbFTH %,

WHIAZETIRCOX S TE FREHRSICHEEZ R B, (K
IRE CORBENEICEK > TEOWMEZSMNTT B 055 %
fToTWa, Fric, ETrRmMEsrE{itbNTIhEh->
72 20 mK LA N ORI fEEIC 51 % B FERE %R #is
GO 12 AN T W5, E 51, kR0 7 +
JURAE Vin E DI O 5T R — L RS> NMR
HIE 72 W e 2 ARk ORI 172 AN Titgez2 D T
%o

YR ORIEERCA R, BIEE (1 mK) - BEES (10T) DRBRHEJEE, £ F
BRHAEREMIATE, A TMHERANBER MV RERA>YF L=,

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

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

We are interested in these quantum condensed states at low temperatures
where the thermal fluctuations are negligible. Especially, we are now
challenging measurements of correlated electron systems at ultralow
temperatures (below 20 mK) where many interesting phenomena have
remained unexplored due to technical difficulties. Further, we are
studying thermal Hall effects of charge-neutral excitations (phonons
and spins) in an insulator, as well as detecting multipole orders by NMR
measurements.
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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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Visiting Professor HADDAD, Sonia

Since the discovery of an intrinsic superconductivity in twisted bilayer
graphene (TBLG) rotated at the so-called magic angle (MA), twisted
bilayer two-dimensional (2D) systems continue to be one of the hottest
subjects in Condensed Matter Physics. They are considered as excellent
playground to investigate the interplay between correlations, strain,
twist angle, disorder, and topology. There are still many open questions
regarding the physics of these materials, in particular the nature of the
strongly correlated phases occurring at the MA, the symmetry of the
superconducting order parameter, the origin of the Chern insulating
phase reported in TBLG aligned to h-BN...

We are theoretically investigating the effect of a mechanical strain on the
thermal transport and magnetotransport properties of twisted bilayers of
graphene and transition metal dichalcogenides. We focus on the quantum
limit where the topological properties of the flat bands are expected to
emerge. We also study the impact of the twist angle on the occurrence
of the Chern phases and the role of a magnetic substrate in unveiling the
electronic properties of the flat bands.
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Division of Condensed Matter Theory
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The Division of Condensed Matter Theory is actively engaged in
theoretical research on the cutting-edge topics in condensed matter
physics. Theoretical studies play a crucial role in condensed matter
physics: those studies at various levels extract new discoveries from
experimental results, and novel theoretical predictions also start as
well as boost experimental works. For achieving a breakthrough in
the condensed matter physics, the research based on novel ideas is
essential and indispensable, in addition to continuous research for
increasing the predictive power based on existing theories. This
division now consists of two groups and six other groups of concurrent
members. Together with other theoretical groups, the activity of this
division covers various theoretical studies from basic theory based on
analytical methods to large-scale state-of-art numerical computation
using supercomputers, and actively develops the theory for forefront
research subjects in the condensed matter physics. Discussions and
collaborations are also actively pursued with experimental groups
inside and outside ISSP.

BSFIEMSE M E&E
Leader KATO, Takeo
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HiZE T —< Research Subjects

AV 2Oy 7RO BT LB

Transport phenomena in mesoscopic systems
HHAEM 28RO

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

Fundamental theory of spintronics
BVt 1

Non-equilibrium statistical mechanics

BhE B Eth
Research Associate
FUJIl, Tatsuya

HEEIR Mg EE

Associate Professor KATO, Takeo

FI Course
B REF
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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

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.
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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.
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l% ’R E{ % % Tsunetsugu Group

HiZE T —< Research Subjects

?f-'a%¥\ fEFEEWR CmHBE RO EFIREE & 55 R
s

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

7 I AL L—a VRO
Statistical physics of frustrated systems
EPREMERO BT AT BT O B
Theory of novel phases in quantum magnets
BFROIFTEHEAF I T X

Nonequibrium dynamics of quantum systems

Bh¥ MHE EE
Research Associate
IKEDA, Tatsuhiko

B BR B
Professor TSUNETSUGU, Hirokazu

FI Course
B REF

EReREeY. mtE- 775 /A MMeaiz EoE
il 7 — v AR BAE R v sRAH B R 1SR DY L D Bl 2 5T
LTWa, TNH@EFRICBO T, KR THa &
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TaT—<ld, 7A=Y g VRV RE A
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R ERERIEIRZIE LD LT EHAFITANE
DX BB ZZITBONEMNT0D, Tz, HHIIRD)
N5 N R EDOIFFM A A F X7 AICHT B, BB L DREGIC
X BRI DOMRL B A>T %,

10

K/E=0.001
disordered

(=]
b —_
—_

(Temperature)/E;
=)
(=)

—0.02 0 0.02 0.04 0.06 0.08

EOIARFEBEZ L DEVBEFROBIMNEMKFER, / KIESEEY A
FEDOEARH. FFAHWEEER, £ IEITRIVF—DBEUT—BERMELRIV
F—ITHRS.

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
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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.

X

BBDMRF zyox HBIcH S 2 BRLMFDZEFECE, 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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FEER WR 198
Visiting Professor KUSUNOSE, Hiroaki

Entanglement among electronic orbitals and spins in specific crystal
structures has been extensively studied as the origins of various cross-
correlated and transport phenomena, optical responses, and hidden
electronic orderings. In particular, chiral materials are characterized by
combined electronic and lattice degrees of freedom through time-reversal
even pseudoscalar quantity, and they are expected to show parity
conversion between polar and axial physical quantities such as electric
polarization and spin moment. We have developed a methodology of a
symmetry-adapted multipole basis set in order to describe systematically
and intuitively complicated electronic degrees of freedom in specific
crystal structures and associated physical responses. By extending
the methodology to electron-lattice systems, we investigate essential
electron-phonon couplings in chiral materials, especially between chiral
phonon and spin degrees of freedom at a microscopic level. Based on
the essential couplings, we elucidate related cross-correlated phenomena
such as a conversion between phonon and spin degrees of freedom.
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The Division of Nanoscale Science brings together laboratories
working on a variety of low-dimensional nanoscale devices and
materials. The nanoscale systems that we study are built either by
fabricating nanoscale electronic devices, typically by electron beam
lithography or focused ion beam milling, or formed spontaneously
during thin film growth or by deposition of nanoscale layers on
atomically well-ordered surfaces. We use scanning probe microscopes
for spatially-resolved physical property studies on surfaces and
a variety of low-temperature transport and magnetotransport
techniques for materials characterization and property analysis. We
have recently started a new microfabrication facility for combining
nanoscale materials and device studies with quantum measurement
methods available at ISSP. The facility helps researchers to utilize the
microfabrication and analytical tools in our laboratories to prepare
suitable device structures for a variety of quantum measurements
at low temperatures, high magnetic fields, etc. The recent research
topics include studies on spin currents in nanoscale 2DEG devices,
exploration of spin-to-charge current conversion phenomena at
interfaces and heterostructures, development of spintronic devices,
scanning-probe studies of superconductivity and topological states in
nanostructured formed on single crystal surfaces, and development
of thin film methods for fabricating self-organized nanostructured
materials.

BRFEEE Uy SR— vy
Leader LIPPMAA, Mikk
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Topological spintronics

DEAEY FOZY X
Molecular spintronics

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

TSR SRS (1S & 2 iR A ¥ ARERK

Efficient pure spin current generation by magnon-phonon coupling

B —& 5L

Research Associate
ISSHIKI, Hironari
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Professor OTANI, Yoshichika

FI Course
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Adv. Mat., Frontier Sci.
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Ta/CoFeB(1.6 nm)/Mg0

Ta / CoFeB / MgO |ZH 1) R M MR DIFBR G, (A) FANILVYERET
REHMEK (SAW) Z FMBLERT BT /31 ADERAR, (B) SAW BE + k
BEU kIeH1F 2 AV FHRFADAORERMERDBRP £ 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 —&.

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

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.

BY g T=200K C) 06} ISHE T=286K SHE -

®) ) (0) o [EETE
o) 0.0 o "
E o4 E oo}l 2
© o2 || % g3} S

04 4 &'° oy
-400 200 0 200 400 642 02 46
H (Oe) H (kOe)
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D SEM 1. (B)CooMnGa MR DB IS LIzIEBAAE Y /\IVTES. (O
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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.
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H% ZIK m % % Katsumoto Group

FiZE T —< Research Subjects
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Quantum transport in charge and spin freedoms
RIS F W e 2050 OB

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

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

Quantum Hall effect
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Research Associate
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Professor KATSUMOTO, Shingo
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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
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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.
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(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 Ry.
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Exploration of peculiar superconducting / topological states using low-
temperature STM

B <1/ 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 Y 3 AR VIS & B AL O A R
Real-space distribution of spin currents by spin-polarized scanning
tunneling potentiometry

B 57— X R & % R T TIRRES
Effective collection of local density of states with an assist of data
science
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Research Associate
HAZE, Masahiro
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Professor HASEGAWA, Yukio

FI Course
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App. Phys., Eng.
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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.

BEVETFRWE CeColns TRAIE NcRENEHT. Co RFANEHESILIE
(AR, £LER) T, BEEEDFTSIMER (ETR) 2885 & ZUNIVKRD
d PEDHFETIREDNERRE 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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]) 4 70 ? — E{ % % Lippmaa Group

FiZE T —< Research Subjects

ﬂggxb—ﬁ—%%&t;é@k%@%%i@«%mﬁﬁ®
1
Growth of thin oxide films and heterostructures by pulsed laser
deposition

ﬂ%ﬁ%%%@ﬁﬁ@%%%ktﬁw&%k%*%%ﬁﬂ®%

Development of oxide photoelectrode materials for photocatalytic
water splitting

WAL/ REiEB KO/ OV RYy MEED K
Synthesis of nanostructures and nanocomposite thin films

B XUKSRIC 51 %50 RO Z D83815¢
In situ tracking of molecular motions and orientations at the air-water
interface

g

3 | B# & R
- 1 wiEl Research Associate
\\ _/‘ i N MORI, Taizo
BE VyvIv— vy

Professor LIPPMAA, Mikk

I Course

FAME R
[Adv. Mat_ Frontier Sci.|

ZRICE T AR A R LR ICE R SN,
KoCE T H AN T 2 X HSNBeY e LT, SrTiOs
12 LaAlO3 0 LaTiO3 & Z A B DB TeANT OGN H %, A
DOWFZEETld, SrTiOs H 5 7& %N\ T G R I i@ %
BTHEOFY U7 N5y ¥y AT ER I KT 8
ICDOWTHIZRL TV B, FRIC, A HRITE T AEDOI
PN, 10 K KmlcBWTncizCA5 2 2R AL, 20
SAED NSO R B REE I AEZT B e 2R L, T
OB, NTHUENICZEDOF v ) 7ENMAET S &
WKHE L T3, N7 aABEOIRPTRIZ 7 — MEEICRIET
BH, W2 (b AT =R e RT (HRKD, Thid,
—HRDF X U TN Ty SEN, AT EEEND S EAIC
REINZTEZRLTVD, L, TORI Y THET
THEL T2 Z22EE LD, BILYINT oS K2 K
TCEF A ADBRIEIER BN T, FY VT RSy T DK
BRRET BITERER LTV 5,

900F T T T 1

800 -

g 700 1
)
o

600 -

80 uc
500 R N N A ] L1 1
5 10 50
T (K)

F vy TEBOEEICKY SITiO3/LaTiOs/SITiOs N7 OEE DRI DR EKF
HET %,

Variation of the low-temperature resistivity of SrTiO3/LaTiO3/SrTiO3 heterostructures
with different cap layer thicknesses.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/lippmaa_group.html
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Two-dimensional electron gas (2DEG) layers can form at various
oxide interfaces. Some of the best known oxide 2DEGs occur in
heterostructures that combine SrTiO3 with LaAlO3 or LaTiO3. In
our recent work, we have studied the effects of crystal defects on the
accumulation of carriers in quantum wells that form at such interfaces.

In particular, we find that the low-temperature resistivity of the 2DEG
layer often shows an upturn below about 10 K (left) and this upturn is
dependent on the particular thin film growth conditions and thin film
thicknesses.

This type of behavior is related to the presence of multiple parallel layers
of carriers in the heterostructure.

As shown on the right, the resistivity of the heterostructures can be
changed by applying an electric field with a gate electrode. However, the
resistivity behavior is not monotonic and shows a memory effect, which
indicates that some of the carriers are trapped and permanently removed
from the heterostructure. In our work we attempt to determine where
the trapping occurs and find methods of eliminating the effect of carrier
traps on the low-temperature transport characteristics of the oxide 2DEG
heterostructures.

500

400
(B

300

200

ARs (%)

100

Va(V)

Fr U TBENZTNZNELZZ DD SITiO3/LaTiOz/SITiOs N7 OEEICH N T
SITO3BICF v UTHR S v EVTENDTETAEY —HRHERT 5,

Memory effect caused by carrier trapping in SrTiO3 in two SrTiO3/LaTiO3/SrTiO3 het-
erostructures with different total carrier densities.




}‘\‘ “/ /{ )Lm%% Batzill Group

2 X5t (2D) MAEHE, mNICHAR S Z R D, TR
MEERE B 2R 220, D TIE A+ —TZ DX 5%l
WEERES T2 C e TENE, 9V EEH S0
IS K > TORFFEDHIE X NS 2D MR OANT oD
MESRRTRETH B0 F 72, 2 KUTHMEIDIE & DI T AL
MiCIE. FUETILH B0 M Ra Y kT y VIRER R
FEhDB, THIT, MR F—/2 M2 HWT,
2D MRS HT T2/ RER AT S L ETE S,

R OWMZETIE, BIRED B, L ORAIREE T
IBIAWVRHEZRED 2 JUtkk & LT, BB&E X A Avay
F A4 K (TMD) ICIEHT %, TN b DT s ESLT KL
UL, A=)V COUERN R BT BRI
w05 %, ER S RIVEEMET . BRI EER - B
FEM L & ONTREIT - BT IS -2 ki X % IRAEZ L 72 3
NZDIE LI TFETH D, TN E NS,

NEABEHE NVAaIb RT4TRX X—AR
Visiting Professor ~ BATZILL, Matthias Marcus

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 EET b 2 s rE. DO S WHBAOFEIC DN T, s RP L A ZH L X 5 &9 5 R
BN 52 ANSHEFZTEH L TREST NS, AWM TR BEVRNEICEST WD B IEORERIC T
TTRLE L AN S, BEMRDOERES AMBERDIEMIC KD, AHFOHER CH2DORBICHFSG T B E2HNE LTS,

PIPERZRRTCld. 2019 4F 4 HICRA) DL #EmIZeir 7 — 2R ST RIPITERIZEEr ] R E hi.

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

G, WREEEP RN KRERTEHZED TV S,
T E ORI EIIZEADISH O rl e &S AICHIZE &
NTHO, ZLOFLEBERPRE SN TS, Hmiid,
CTOEZFM, ERERIZOEZEISHZINES Y25 2 TD
NELRDEVIWHEND %, Y TIE, EE & Bl
AR E T = ZRZN TS K > THRA L. BB O P
ICHDWT, s BREZ FF DML OPIET I « IRE T
WIS B EEHNE LTWD, F28akE 5 & Bl a5
FER OB LD RO HGRFHIC K 2 MRIC L L E S
I, WERERICHWS T LIk > T, E - Bz
NFNHMTREZLAGVERRZZB TS ERZHAELTY
%o THUT K > TUKARGA A AE Y ba =7 AR
BB RR & DR ED 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.

ISSP Digest 2022



*g % m % % Fukushima Group

HiZE T —< Research Subjects

B 8o Z)V— Ty MAPREIRIC & B R — 2 X — 2
DR
Construction of magnetic materials database by automatic high-
throughput calculations

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

3 Rt S
Computational materials design

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

FHEEZR B8 #t
Project Associate Professor FUKUSHIMA, Tetsuya

MEDOHEENA ZV—T"y MRGHR T & 7 — ZERE) R
TV TIVTHA VEREIRIRE L. KRBT — 2 N— X
ORESERE R L 7 Fa =7 A& T % Fisaerb Rl o
EiToTW5,

T TIVTHA EYERSED S 2 D N IR RE A i
T5—MNAEYIaL—ya VOURETH S, HEEL D
Z % ILHIFH DY ZE T DRI I M RHRR IS ZIE A ATRE T
HO. TORMEITHET ZIIEKBEOYIET — 2 03 HHE 7 fi#
Hr &R RIAIIC X O BRREHRLHEZE O g 7 —
ZERFIR T 1) 7 )L TV A S K B YRR RERA] R T
H %o KRWFEZETIE KKR 7'V — >V BBGEICHE DV 5 — B
BIREEHE T O 7S Loy r — Y DR, o7 — 2B
<7 V) 7)Ao 22 BIcRIHS 5 2 & T TiE6E —
TR N & ZE2WREZ R K &, MRS ZE > b
0= AMBO T A VU E#EEL T\ 5,

E—MEHNICLS
BFvial-vav | FLAPWEE
SR PWik. PAWSE
@ iantan LMTOj%, KKRik
b:Lstmulam:ms

e

HEMTTUTIVT A IV Y Y (CMD®), CMD® IFMEF2 22— 3]0
MEREOERE . [REMEOER] D55,

Computational materials design engine (CMD®™), which consists of “quantum simula-

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 O— RZzFIA L4 TS T FOE—B2D/N\1 AIV—Tv FB
A,

Automatic high throughput screening of quaternary magnetic high entropy alloys by

tion”, “deduction of physical mechanism”, and “guess of hypothetical materials”. AkaiKKR code.
EIRLE
=T e far
= o o
i:g‘{%‘ ey
https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/fukushima_group.html E'FM
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FEREMITERITE S )V —T

Yiteh SHREZ HEA . ICHICE T B 72ITiE, BJE - 1
ke 2 g & LT, bkl - JEF#EIRRE, & 51l
OGP AARICE B BN R 72 RS 2 0 E DD %o il
L EARRE S I IR DI - R, -/ A — )b
DIIHT « IERE. BE - RIS DA XZ > RETHIZ ED
FERENREEIES U, —75, GHE - T—2FRPAIC K
ZHGERRMT. Tay LYY v Uk E IR
BPROYIal—ya VENELIERLTVS, T T,
YIERESe i ORIAF D 7 )V — T v U, ¥ aiige sz
Fhd 278, BREMITENIZE Y )V —T DBk E NIz, Th
KX DET ALY BFROTZTNSOFERIZT T L,
i« A& 2 OIS, SREMT FREESIV
F AT — Vi E e SR & OWERE D . HRI
AR Bl U 72T 22 OB B A N a7 XAV N—&
BO. EHICBHOATENMERDOEIICE LDODHEE L
TEY %,

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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*‘}( IJ—I m % % Akiyama Group

HiZE T —< Research Subjects

FUFAA F2 7 AR L — 5 — 3 KUK O 7731 2P
Device physics of gain-switched semiconductor lasers and solar cells

e BRI K OIS B0 B R ROTE 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 EIES KU TN ZAOIER, @i L, R
BAROCEHAL, gt
Material physics and development of high-quality semiconductor nano-
structures via microscopy

RZ VAP & T CRTHHIE

Firefly bioluminescence and luminescence measurement standards

BhE VM HE
Research Associate
KOBAYASHI, Masataka

iR b =X
Professor AKIYAMA, Hidefumi

FI Course
B REF
[Phys., Sci.|

PR R/ BIEO YT, RER L — Y = KRG E
DT INA AP, R 2VEYFN IR 82, L—Y =7 - B
oY« EEEHRIFR G AR SRR - TN L2 LT
ML TVS,

IR L — IR LT, Mg RO il 2 B 72 0o
A, WUmIEFEERE R A U, 7 o L SRR OV AFEAERR
W8N g 7%, N TR O 25Kt ORI
7 IS B AR BE G 2 M BRI PRI S B 2%, e il B 7 2L
RGO &I AN A E. ROeE, T IEfLR
ZAKRRE, AL — T — R, MR E. MEREOIY
B ER ] KOBEN 5175 T b,

FEEEERBREAN & UC, MasFtz SRR S A Fuffi, A
SR E AT SR, T/ WG OE I 5 HIE B £
i BEMOE BRI ORI 2L T0d, 5 DF
Wiz S Uy R ZOVEYIF S Ykl Az | s e
HEER O F M5S0 )RRt & L FTHIZE L T B,

100 AEATRETFMRL —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

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.

Pt P

1 .2 ey T T T T T
W
% 1.0F Exc, 94 mW 4
S 08F  Pulse Width Peak Power
z 670 fs [Sech?) T5W
2 o6 1
g 1.04 ps
= 04F
g 0.2 1
o

0.0 L

£ % = 2 0 2 4 6 8
Delay Time (ps)

AR Ay FHEEEL—F—D 5D T T L b/ AFE

Direct fs pulse generation from a gain-switched semiconductor laser.
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J:l: J: 61: % % Inoue Group

FiZE T —< Research Subjects

WZAMIE R V80T R TS Y O5 FHEHEA 71 = X LD H
REMRNT IS K OV g
Functional and spectroscopic studies on the mechanism of molecular
function of photoreceptive membrane proteins, rhodopsins

B Jeiiity o R R O ARy TR D IS
Application of advanced spectroscopy for biomolecular study

B INC I — 2 b LI LT e eI 2 78 R
Expzioration of novel photoreceptive proteins through use of genome

ig data

B B 7 T T AR ) T O BERETRE IR 7 D [AIE & Z i
& & D HBIRRENE B E

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

Research Associate
NAGATA, Takashi

HHE e £—

Associate Professor INOUE, Keiichi

FIX Courses
EXRF QHEEMER

Z < OEWIRE 2, BHOLEMEH DD O T %)V
F—, NROBREEA L2/ T 5 DD E L TH
9%, ZLTTDLEITHOLNEREIZRIZT DN, b4
BNZRZVINVETD %,

ARRE T, TNEZRIDECRE R V787 HOWREFB
AN ZALZ—ICIALMCTE T L zHE L, L—H—
RF ) 70 i 73 VSR BRI B 70 e I E 2@ UC, e REMER
THBNRER NI AN F OIS B 2N 5 ¢
ZIT>CW0%, &EHICESEIYPIES, B AL e
HEDESHT LT, FF - 0T LV Sl - ik L~V
ICBXSZREENZHEZHIEL TV, TTN5OHE
26 i, JGRIRR EQICHZ B L LT iRtk +
DFIFEICE WO T —I7 Ty EHEDT/ LT OFERICH: S
Cw I TF—2%E Lic, FiaaotEyremBig e znicBo
% 73 FREDTRRWITT P A A D 217> TV %,

H*pump Na*pump CI pump Gafion Anion Inveard Heliorhodopsin

RS W

Guanylyl Phespho-
cycla :

P Gene Animal
Mgmlnsllmymm_n Kinase

e jfﬁl.ié%il.ffllﬁ L
“e L6 o0
._._)-Ol PO e e

SRR OMENREO N Ty (B) LzofR2Y N\ EHR (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
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Most living organisms use sun light as energy source for their biological
activity and information source to recognize environmental change. In
this photobiological events, a wide variety of 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
/" Light
(180-700 fs) B =
13-cis retinal - i) e

F/BWINVA L= =L K BMENEO R T OBERNAE () LU
ARTYURFRICETZLFF—IVONEELBRE (). RFLEMREICHE
REYFvRIVB T VDHRER (HF).

Transient absorption measurement of microbial rhodopsin by a nano-second pulsed laser

(top) and photo-isomerization process of retinal in rhodopsin (bottom left). Photo currents
of ChR expressed in mammalian cells (bottom right).




Iﬂ E:I: % % Oka Group

HiZE T —< Research Subjects

FEFH T2 AR

Nonequilibrium Quantum Many-body System
BORTH

Quantum Field Theory
HRBIG, THHPIIEANDLE O MR OIS H]

Application of field theory to biology and information physics

B BE HH
Research Associate
NUMASAWA, Tokiro

MEBE BN B
Project Research Associate
OKUMURA, Shun

Bk m RS
Professor OKA, Takashi

FI Course
B REF
[Phys., Sci.|

ETYEOIEFHIREEICES RO B REEFR RT3 &
LB, FOHEE & LICYIEMZ BEICHITE UBHERE X
5L HRNICIIGES %, T TRy T « VYT
VR EZINZH LOEERAREE A ZEDTED .,
PRGSO R S THIRS % 2 & WV AJREIC R D
DOH B, EHICHEIFH. Za—F)NVExy bT—=Z Lot
B, AEmBig, HEMWICIEP SN ENTE
BRI E O TEMENTE MR ESEIC L DD,
L OMERD BT B 7x & RN TiEE T % 2 & T
BETHR, PREYE, AR EOEELE Y
HOIPEHHR O 2B T k> T i, MHEOH
LWIFREISE R 2 R T %,

Floquet engineering of band topology Floquet engineering in ultrafast spintronics
aX A (E~Q<E,)
3 ®)  Control of magnetization,
fa) -spin current, topological order
.. ‘ # nverse Faraday effect
B # % Renormalized exchange coupling
o %% 4 Induced scalar chirality
¥ effective interactions — Floguer-Schrieffer-Wolff transf.
., Magneto-electric coupling

Laser-assisted hopping
Floquet topological states

Floquet Kubo and TKNN formulae
Floquet Keldysh greens function

Correlated electrons driven by electric fields

Field F g
Nonlinear transport inger limit Switching (optical memory & Mott RRAM) New states, new functions

Carrier generation Higher harmonics generation
Frequency conversion, heterodyne
Usage of metamaterial

-and near field techniques

ucto
(ot pla field i
P B reakdown and field induced states

©¢  Heating and thermalization
%, Floguet many-body methods (e.g. DMFT)
. Quantum field theory
(nonlinear) photo-absorption - Heisenberg-Euler effective Lagrangian
(=Loschmidt echo)

Schwger b
imit
7K, frequency @

ulirafast.
Spintronics

EFMEOTAY YT - TVIZT IV IDLENY, NV R hROY— ZEY
HE. HEEFREEOEHIEPHREBICEDIC T /NS RORRICDHEN ST
Wa,

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

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

Our 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. New non-linear response phenomena such as the
heterodyne Hall effect, 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) (b)
1 Q ac-Electric field, photon

(input signal)
input signal output signal %
o — — o+nQ
2D Dirac electro I Oscillating fields

(multiplier) (local oscillator)

Floquet state e.g. laser, plasmonics

(multiplier)
Jydy
current
(output signal)

7Oy rREEFIBLINATAZAY - TINAZ, (@) AT T IV LTA
BERBOBENENESZ S, (b) REFESZBV 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.
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1;2 ﬁ 61: % % Sugino Group

FiZE T —< Research Subjects

EEMﬁﬁ®%ém@yslu—yay&%@-%ﬂ%m@ﬂ

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

Bl B2 OB 7 & ORI 7 F T iR A AL B4
BEEROREE
Development of novel density functional theory based on machine
learning and auxiliary field

B g o/kEET - by - v FY RO 7
Quantum dynamics of hydrogen, proton, and hydride ion in materials

B A AL O RS R RIS & 2 HTRPI A O Tl
Accurate calculation of the electron-phonon coupling and prediction of
novel phase of materials

B#E FL B

| Research Associate
HARUYAMA, Jun

B 2H ©
Professor SUGINO, Osamu

FI Course
BRI
[Phys., Sci.|

PIBENRT ZRGNENEHS . BT LR TRDNE D HAR
HRREBMEMIC (Y2 al—yard3)Tkicky
fREED T ZITo TV 5B, T OIS BIEEE—FHE
EREEN, PHREORIL S TALEREYE ., MR R EREL
TS E NS TRIBEL TV, AFRETIE. VI al—
va Y TIOR3 2R (RICREFEEEER) &
BT 207 &, AT A ST kL XY DY 2 A—
NR=aAYEa—2EAVTHLNCT B9 xi1T L TiTo
T3, stBEMGIE, T rVF—2H7x 89 % Eith
BRRLENL, MET TOKER LB Y IV U TcR 1)
JI. RZVDFENYIE, FE ORESE Ptk T ifll7z &
THY ., IR E 2B Ui 21> T, Ykt
TN DR 7 )V—T L OFEFRFE B HED TN B,

B2 EDXERFODHDE—REFAH, KERFIE. WEEDN1ITEVES
ITIFEEFRICBELTORY 50, BEETIERDOK S IcEFHFHIC 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
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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.

Yeclpalr) Talr) r(r)]
) = le.ml*

Many-body Schrodinger squation
’-;Zw‘w,—ls.. Pser) = E¥U-conh | (1)

plrland £

WHFRZEE BV CBREABSIEROBR. VBN FROBELIXILF—%
HWHZEET 5T Lok BEERENEMIERMERY 52 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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= 1EI E:I: % ‘:gb Yoshinobu Group

FiZE T —< Research Subjects

ETIVIRIC & 2 /N3 ¥ OIRE(E & Kifi S OWFZE
Activation and surface reaction of small molecules on model catalysts
B 200 S I 35U B KSRANE D B & Sk
Properties and reactions of hydrogen at surfaces and interfaces
B (0t O IR & RSO
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

ALY
Bi¥ HFR BN

Research Associate
TANAKA, Shunsuke

BiE EE %
Professor YOSHINOBU, Jun
HI Courses

EFR(CF WHEEMER

Adv. Mat., Frontier Sci.

W BT « T2 BAFEICIEE L. BT LWIE 2 HEsed
% Y THa T e, FRRTORE BETRHETH
%o Il - FHIZYEBEOEE T Tldind, TRVF—%
DG LT EETH S, 1A —)V TYIERE)Z il {#
L. HREE & DB TINA A ZAIELT 2 7=, i -
FURIC B 2 2B EERET 2 EWRARTH S, Ll
BIFBET« 3 7OXAF 7 A&, LT INA1 272
T, & HICHIERBRBE R FHICH T 2 LIS DWNT
EFENND 252 T NG, YWI=E T, £ - AlicH
FBET - 3T ORAFIT A, BTV X O eH
RS - Ytk - KRz, IREE. B o, EER b
> 3 VBRSSO BREN 4 PREEE SRS E A2 BRAE U CHF
HLTW3, T, Y raba Vbt fniz4Xs5 >
RIECE TN ZHEEL T, It THz 7V RIS K 2K
Tav A0y 7 ML ATV S,

Low coverage Near saturation

Clean Pd/Cu{111)

1200 1100 1000 1200 1100 1000 1200 1100 1000
Wavenumber{em™) ber(em) ber{cm™)
(Pd 3ds ;) e N
T Vi T B (R (T | [ |
338 336 334 338 336 334 338 336 334
Binding energy (eV) Binding energy (eV) Binding energy (eV)

BRFELET/VAME PA/CU(111) [CBIF BKEDREREE RAE)LA —N\—T A€ X

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

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

Solid surfaces play an important role as “low dimensional reaction
field”, on which we can provide atoms and molecules and manipulate
them deliberately. In addition, surface and interface are vital in the
energy conversion processes. In order to fabricate atomically-controlled
functional materials, we have to understand the dynamical behavior
of atoms and molecules on surfaces. The research of these subjects is
closely related to the basics of catalysis, semiconductor processes and
molecular electronics. In addition, we can simulate chemical reactions
on cosmic dust and clouds in atmosphere with laboratory experiments
in ultrahigh vacuum at low temperature. We have utilized surface
vibrational spectroscopy, photoelectron spectroscopy and local probe
methods in order to investigate structures, reactions and electronic
properties of atoms/molecules and thin films on surfaces. Synchrotron
radiation (KEK-PF, SPring-8 etc.) is also used to study the electronic
states of surface and interface, including operando X-ray photoelectron
spectroscopy. Recently, we have engaged in the study of THz-pulse
driven surface processes.

THz )NV ARSI RERIGEE HUKHRE & DHEHAE)

The apparatus for THz-pulse induced surface reactions (collaborated with
Matsunaga Lab.)
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Quantum Materials Group
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wm a7 IV —7

PR S NE THLUOWE., HrLWEHS, 5 LU0
BOFRRICE > T, KESHEL TE Tz, YT CIE
FICHREI N T EIEMHBEE 7RG, ZOWEEHTH S,
— )7 RO TL—2 Z)V—1F. 2L OEEEOREIC
Ko THETZ, AR IN—TE. COESIHEZDOE L,
ETYENIOE SRR 1R LT, ML RO
BRI % L LIERORZEERM DIEAR 2 /8 2 72 M fm] - il
PN HEE S B Iz bic iR S Nie, YT I—T1E 2 D0
A7 TN—=T L T OOEPET N—Th 5D, HLciEL
HYE - B LA S, sEHBEE RO LWL ETHRH L
WESHEMEIRL O BT % HIR LI 2 D T %, HilZ I,
NV T SRR DGR R ERL L . 7 DR PEE 72 R L
TAEY ba= 7 ABREDBICID fHHA TV D, T 5
DEERFRE, HERFIEOMFEZEETHLO MR Y A
WS THOBRZIT S BERF— L & 15 )1 LTEFICHED T
W5,

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:[F } I I m % % Oshikawa Group

HiZE T —< Research Subjects

D Mism oD ¥ 5 & RO

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

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

Electronic states and transport phenomena on networks
HHFROERIC B B ArE & PS5

Conduction at a junction of quantum wires and conformal field theory

i

B | ER
Professor OSHIKAWA, Masaki

FI Course
B REF

BTIEZKRROMGZTLE LTHIAET> TV, BT
LR L IRE 122 R 3 K O O PR O %57 BRI &
Z. ILEIR R THOIT 8B SESE R L T05, &l
DREOHE LT, HOHMBIZRIFEEZISH LT
Fy v L AKEFRHOITH 2 A lNE L% T & &R
L. mAHODFEICH 25 BEE 725 Uiz, £z, Himi
LS R E 2 T, KRR O — R B>, Hifziad
BRICH T 2 P EICE MO HATV S, BIZIE, BRIy
HE 1T-TaSz DE TIKEZ IR T 2 B THIERDO X v b7 — T
RUIZREER L, NS ROHEIAE R Uz, T Oz e BikEC
K BN R, BUHOMR & 575 D RIS & o TR
SNZETH D, ROy v T—TRIE EEEPIET
VIR L R IR BRI 2 SR B T O D T T
T hR—LERZTENMFTES, TNSOWRDE
<ld. HEFEHERIZEE LTHEEL TV,

Tilted

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

“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.

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

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, WHEICTFONFENRICK Y. FENY FD
REFHBEMREEE 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 VR D 2 i B
Room-temperature topological transport in magnetic materials

SEFHBTEFRIC I 2 S BIEAH & LW BRSO B
Strange metal behavior and unconventional superconductivity in
strongly correlated materials

B rRo oAV FREDHIEIC L5 AEY bn=F 2L T X
WWF—=IN—RZT 1 VT
Manipulation of topological states for spintronics and energy
harvesting applications

BEHE it M
Project Professor  NAKATSUJI, Satoru
HI Course

BERMEBY
[Phys. Sci|

BIE, WMERHEE, A hao s X W i,
FREY—L WIS BERICK > THUEME - Ho3h, 24D
FLOWYIBIB SR OFE RITED > T 5, N5 OWEEoO
ZEENCIE, FRITE. TEHM. BRTEERRETRELTCEE
BEEMNRKEL D> THED ., BAFONEOVH 7z B2 78
LW TOMENEEIC A > TW5, FAEDOHIZEE T,
ZOXI LR 2 BBt 22 FEZHSIED L,
TH LR S RS 1 OIS HHIC & > TZ ORI H 2 Wik
Al % Hig LTI ETIT> TW\Wb, TN THRL, &
FEOEL REEENZ A Y PO 7 AR )V F—
IN=RAT 4 VIWHHT 72D EI 7> THD, FEH
RS EEHZED TN S,

A—JLRE V V)

o
o

| LR V, (1)
(=]

n

-30 -60 -40 20 0 20 40 &0 &0
WELHBI S (mA)

a.Mn3Sn & Pt. Cu, W EDFEBREICH D, KR—IVEEDE ERAFHER lwrite
K7, b. ZELRBDORIERER, ¢ Mn3Sn TOREVEE ML BiL R E.
[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, IR 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) IZHVF 5 a. fE&RIEE, b. BEERIV Y X FHROBEKRENE,
c. /—#A)b x JHE, [Nature 581,53 (2020)]

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




— ﬁ“ﬂ m :I:: Miwa Group

HiZE T —< Research Subjects

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

B o V07AEY ka= s X
Spintronics using a chiral molecule

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

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

BhE RA AL
Research Associate
SAKAMOTO, Shoya

HBE =% =W
Associate Professor MIWA, Shinji

FI Course
HEEMER
Adv. Mat., Frontier Sci.

R E D DRI R T/ WS 72 D T SRS 2 1T o
TW5, BARIICIZ A T 220 m E e s ik B R i 7 4
JE - MR - B FISER L. BEMESR 2 E T 2 2
JETINA A FANTHIZE R TS, F/ ORT TR O
HEMEHEICHNS Z EICEHL, Aka T Ay o=
O ABGEFBT 5754 A2 AR L T B, (ERELL 728
B MR TN ZADRT B2 (Mot 2 RO,
BEAEfb L. SIS 2 2 EWIZEHINTH %,

B D BRI IR T —< &, T A VIR ZIZ TS E L
f:g?%féw)xa/bn I AIGHRF IV TRz

YEOZ T ZOMRETH B, FHCERELEZHN UGN
%7;5%@wap—ﬁ~ PSS XA e 75 T4
D) BHOTHAZRAY Y ha= 7 ZHROMR
flgiH7Z217>TWa, Z LT TRz T, 3
BRICEIRE KRR ZRT TN ZDAIKEHIEL TV
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(a) FHNGE T /IBEDH, (b) F T FHEHE X RDHOF., BREERT
INA AR E X BRANHARDHEIC K YD RIEATIBRME A £ OBFEHT &
L CEELGBRHMINROMEREZRER 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)
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@) 7 A IVREEHEEAR MnsSn DR E Y RUREREE. (b) HERES\EFORIE
ERRATRTLICEY. T LM OVAL—TF—Z2AVTRERESBDE
B R £V IRBDERICHSH 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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z EEI 61: % % Tada Group

B E2RRE NIMEDBUS D BB LTV, H
THEHC, FEAWZRFREO PR/ FREN B2 T 2 IEA M
IRIRBEICHLIR 25> TV B, il 2. FERIT/NE VRS T
. AEERED BN SN B ML RICJEAI E B, T
DOXFEN S, WG RV E DR TFERERDET I IVF—
ARYT FIVDOIRD NPT Z &N TE S, £z, ZEWM
HRFREDIEE IR R FIRREZE T2 8 H D | gapless &
kRa Y7 VIEA W gapped MEDMEAET B K 5 i IRAEA
IR EEZ LN TES, TOK I RIRENFZERINIC
EDOXICHENZ DO & EIFENETH D, Z OfifiH
ZHEL WS, MFMEZNBERIEYIRZOEAMZTH D .
ZL DHEMPMENTVDS, L L, FEEFERMOEEN
ENTEO., WD) 42 L DO R, FNEHZEEL
THLOEFYMEZBIEL TWERVWEEZ TN 5,

e

FEEHR 2H BX

Visiting Associate Professor  TADA, Yasuhiro

We theoretically study quantum many-body systems from the view
point of symmetry. Especially, we are interested in nature of non-trivial
symmetries and quantum states arising from symmetries. For example,
translation symmetry becomes more non-trivial than naively expected
under a tiny magnetic field. Based on this symmetry, one can understand
behaviors of the low energy spectrum of a quantum many-body system
in absence of a magnetic field. Besides, spatial symmetries could lead
to non-trivial quantum states, and for example, one can theoretically
describe a quantum state where both gapless nature and topologically
gapped nature coexist. An experimental observation of such a state is
also interesting, and we investigate possible outcomes from non-trivial
quantum states. Symmetry itself is a fundamental concept and there are
already established works on this issue. However, there are still much
to be explored, and we wish to have fruitful collaborations with various
people in ISSP to uncover novel physics through such hidden properties.

ISSP Digest 2022
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Materials Design and Characterization Laboratory (MDCL)

48

B Jes P BT s A i

YRR AE R T ld. B OFEL (Design). WE O
K (Synthesis). & E NIz E 2B AR 2 Gl
(Characterization) @ 3 I OWIE% DSCH A7)V &
L CHEBMICHEET SR &Iick b, Lyt - #iEE
O ORFE IR L TV %, Al sl (LUF,
REEMER) EWE A - FEmEE (AR, SEGEHEES) A5
DR HBICIERBIE PEREZE DY, S EGGEIERIC S E B RE .
b, XERINESR, B FHEEE=E. MEIES.
FHERE, GHEEGKRED 7T FHRENDH 2. el TiE, W
MHEAZX—NR—a & a2 — 2z L CRTRIOMANER
IZ K> THEFEN DA Z 1 IBIG 7Z i L DDA
DORETEITV, BRGSO AR, B ER B
KUZ DML DI Hr- ARG 2175 L & BT, #HL
HRENTWER OB « WA - eAEEORE
FHIZ T2 TV, AftiskDEEFLFRFIHIE, PR
fifigoEEEZEERIC 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.

MR IS BEE
Leader KAWASHIMA, Naoki
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FiZE T —< Research Subjects

BT B 2 FrafrE B R OBER

Search for novel physical phenomena under high-pressure

B 1A R iR SR OBt

Study of the pressure-induced quantum phase transition

3] %InJFjjfEéE EOFFE & L EBET PR YIIENE 715 O

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

%ﬂﬁ ER iﬂj
Professor  UWATOKO, Yoshiya

FI Course
B REF
[Phys., Sci.|

WA, AR B SR O fRIH B YIS OF R R
TR VIIFST R—Z D 1 DEix-> T3 &M T Nk
W, SRS R EZ IE U &3 B SR OZEIc
BOTELOEEEELSLTWS, YR T, BEE
JIEAf 2 B U7z, S REOYERIE IS U Tz ) e 25
BORIFZITV, THERR D KWK EEREIC 1) % £ HE
BE R COYMEMEEED TV, mHBEEFRYE T,
TIRE), B AV, fER EOIEARNEME L XHE
MEVEH OB KD, SR E UTHA OBRZENYIEDH
HLUTW3, BEEhzHOE&BEHEIEHORIEZ, E0
X O ATt % bkbf<hét59b?%®mﬂ%%
EES7m>TNBDIEA S ?BIE, BWMENNE, ik
URESMEIE DT I RO 232 & L. Lﬁ@ﬁ”r—v%
HEDHTVDB, Fo, HFEFIHEFERICIT> TS,

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— :
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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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Iﬂ ZIK m % % Okamoto Group

FiZE T —< Research Subjects

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

T d ETRWE O

Exploration of novel d-electron systems

[ SYASY R N R V= LR SR DL VA
Development of methods to find novel materials that exhibit
outstanding electronic properties

B AA fFEHhE
Professor OKAMOTO, Yoshihiko

FI Course
HEEMER
Adv. Mat., Frontier Sci.

BB ORI, YEOEZ RS 520 Yt
OiEfbic kE L EIRT 2N A D, WA DR IV—7
TlE, oz B T ESS0 B 78 TREEZ R IS S e (R
DOHMEOHAZ AT, BESEZ ZTHEB ST 2
IZ, HoWEICHREBTEYEE NG E LT, BIRE, .
TV —25 T E L ARREERAE B 2 7 S A N L—
vay, bRaY— AEVIERSG & Vo TR R —T —
RZRIEZ M5, BRL B TFEZ B Gb8 - YEiih
ZITH T LICKD TOHERERT %, HlAE, EFICHD
WFRMEZER Uah 5 @M S RS2 & DR E S, J8o
Bt & WA 2B Z RS T & T Db el 7z R
THBREL, SRR V2, cnETlick
WEBETAEYORSE & DX S Infid iz T %,

75 @E CsW20e | BT BE=BFD " DF " FZR.

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

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/okamoto_group.html
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The discovery of a new material has a potential to trigger the evolution
of condensed matter physics. We aim at discovering new materials
of crystalline solids that exhibit novel quantum phenomena and
innovative electronic functions. The main target is inorganic compounds
containing transition metal elements. We will explore novel materials
by using various synthetic methods with various keywords, such as
superconductivity, magnetism, energy conversion, electronic degrees
of freedom, volumetric functions, geometrical frustration, topological
properties, and spin-orbit coupling in mind. For example, by exploring
novel materials with a very high symmetry but a complex crystal
structure or those with an ultimate low-dimensional crystal structure,
we will find unconventional superconductors, high-performance energy
conversion materials, and unique magnetic materials that have an
unprecedented spin arrangement.
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A thermoelectric material for low temperature applications: one-dimensional van der
Waals crystal TasSiTes.




)E:é III% m % % Ozaki Group

HiZE T —< Research Subjects

B 55— IRRER I BV B RINGH R FIEL - 7V dU X
L DBHFE
Development of efficient methods and algorithms for first-principles
electronic structure calculations

OpenMX DRFFE & 2B
Development of the OpenMX software package

XA B IVEHEFIEOBTE
Development of first-principles methods for X-ray spectroscopies

B ot E oS RE

First-principles calculations of two-dimensional novel structures

B AN e
Research Associate
KAWAMURA, Mitsuaki

Bk Rl %8
Professor OZAKI, Taisuke

FI Course
B REF
[Phys., Sci.|

HOGFIF AR D FE R & MVE R ORSEITE D, 35—
EFEPIREEFIROE BN LTV 5, BALIIEENBEBEE
IHDE, KOBFIGEWHRZ X O REICH OIS 72 DH
LWERFL - V7 b7 /3y r— OpenMX D FFEICHL
DHHA TV S, HENBEEFEROF HRIERICEENZ T
BO=FICLILHIT 20, BETOEHEEICER L, FHEENE
THEICHBIT ZH LA —F— NEZRFE Uiz, ATFEICK
D, TNETWORNDNHETH > 7V F 7 LA A4 >
PR ORI T 2 L— a YNATREE 2D, KBk O
EEILETRE L 2 D DDH %, I HICHEII. XEETS
Y CRINE N B NREE O s )L — D sk R
AFREZFEL, FRT N —T EHEL TV, AT x
V. HETE L PUET. Ge O T H =M T-H O XM
e ETIREEORFEICHKII L T 5, Eitmiht OWRT
T Ty bV P TOREREOMFEL ED TS,

(1) Truncation in real space

(2) Mapping into a Krylov subspace

PP oo oo (3) Evaluation of
®e eve® e®

3 "..—» seste—> Toe —>G(Z)

... *® o0e® .

0 200 et °e

H :o.-. XS °.. (4) Back transform
. . @

F—2—=N2)O7MREME (1) ERFICSHLTY S AZ %M. 2) 7
FABZ—TEERENSWAE[MH S O THRERNGFR. 3) 7 OTES
RN CEBEBEZEE. TOEM\EEHRT 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

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).

104

[ 199090¢- -
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Binding Energy (eV)

(@) &U (b) F—FREFHEICL VRS SNT 7By £ Ge BOZE=AIETHEE. ()
BEMBABFOHDERE. (d)/\Y FEBEDFHEERIRS—BI ST LD
5. BEETIVOZLEMENRDS5ND,

(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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} I I % m % % Kawashima Group

HiZE T —< Research Subjects

B LW & E iR OB

Search for novel quantum phases and quantum transitions

ZARMIRE D BE L DI

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

General theory of critical phenomena
T A LR LR

Disordered systems and computational complexity

BhE HRE 1ER
Research Associate
MORITA, Satoshi

B e EfE
Professor KAWASHIMA, Naoki

FI Course
B REF
[Phys., Sci.|

it NTHIBE/BEtl 2 E |l ER £ 0T T
WCHRBEBICT AN EZ > TV ED, RLDOWIET IV—TT
BRI, FHEMEI 2O E ENABEEN a7 2 1H
5L, HLWFERFT 2 C &R EZED T
W5, TOISHE LT, #at 15O ARMREE O > HH A
YER DM 72 3209 % Wb 2 5ifH B & T-RIC B 2 FhaiE
REDHHER EZIT> TS, TTTHWOBNSBTE
YT IIIVEERT UV )V Ry VT =T BRIV Y
RT =R EMERB U CT — 2 RZ e AR > T05, i
EDOWFEDO—flE ULTiE, TV IRy hI—=URHICK S
RZERER O ABEBDN G Z 5Nz X, ZTHhHRT—V
TR RN RS B 72 O — RIS AT E R R L
1o RN ERE FEALTTRE T D 2 EH AR THRITI e T
HETHO., MO —GRIC R TN T B2 5 R T
H5,

®RURAHKEHR CBEEF) 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.

3_0. ___________________________________________
2:54
" ,g:nanatattagg5
< e e e T e e
o NIT L N S N G AL S 9 ST A (3K e i
5 +
%15 x
o .
c e e = Y = i = Y = Wi = W = W =W =W = = = =y =
Elo e e s e e e B B BB A A
(¥
w
0.5
%
e = = e — M = M= W === M- e X
0.0 #-o-0--9-0-0-0-0-0-—0-0-0-0-0

14 16 18 20 22 24 26 28
RG step n

BRAHZBEHDEEE LTD2RTA IV ITETIVDRT—) Y TRTD
FHEfE, RARISEIFENZDEEE, [LVWAT — IV TRBIRFHENMS SN TV S,

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.




ﬁ I:l 61: % % Noguchi Group

FiZE T —< Research Subjects

B EREOIEEH R A F I U A

Non-equilibrium dynamics of biomembrane

fla, NEEANY 7 )VOIEREE K

Shape transformation of cells and lipid vesicles

BHERIAD R A F I T A

Dynamics of complex fluids
B i X B 5B

Cavitation

HHE FO E8
Associate Professor NOGUCHI, Hiroshi

FI Course
B REF
[Phys., Sci.|

VT N Z— LY B, FHER A ERE L CTgE L
TW5, KR, FREDHIEORSE K. EHERAKD X A1 F
2T ADMRINC 1 ANT WS, ZDHDOYI 2L — g
VRO, AEETo T3,

Bz, ARIMERRIEEIED 57 2/ NMaD & F X E A 5E N
TOFEZLZTNTVS, TNET, AT K3 RIMMERD
IS8T a— MIRR A wISIRANDOZIED, HhsRGFE & > 8y
BoOWE, EARISIC & 2 ERBEOREZ (b £ 2 IH 5 hic
LTW%, FRCIFE# FTORAF I 7 AENFEL TV,

Flo. WO TSRS E NS i E@F O e
A b =7 ZFEAHEDBROVRAD R A F 27 X A3
ROV KRS S 2 Lb—y g YZFMEL THPE L T %,

protein concentration

HREFEE 2 >\ EDRISILEURICHE SN 7 L ORREOEEZEL, <UNhE
M7 EEARICHE Y IR, FREOERIHEFES >/ TEDRENEL.

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 proteins (BAR
superfamily proteins, etc.), budding by laterally isotropic proteins, and
the coupling of membrane deformation, chemical reaction, and protein
diffusion in membrane (traveling wave and Turing pattern). Membranes
exhibit characteristic patterns and fluctuations out of equilibrium.
Moreover, we investigated fluid dynamics of polymer solution and
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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E J:l: E:I: % % Hiroi Group

FiZE T —< Research Subjects

LV R T DOFER

Search for new quantum materials

AV VRSB O

Physics of the spin-orbit-coupled metal
B E67 =4 LB B4 3 VB & Hiar vk Bdh

Chemistry and physics of mixed-anion compounds

BN FH KB
Research Associate
HIRAI, Daigorou

B BH EC
Professor HIROI, Zenji

FI Course
FERMER

B LSO R L ZOBOMFDRNIE, FEOFER
U PRI R Z 72 A 28T b2 5 2 % 72 indic
MUl ZOREBIGBIZEMRDOAER DS S, 5RIHBE 1 R—
fRIC I 2 /AL - IFRIEDBEZ DML, WETE & AR D Bk
RO, AEVHuEM A Z IR T 22 BB, FF
RT3V RRGEICHEEIA T 2 IR A %R EDIFENE KE 7R
JEND 2 BE TV %, F¥EFRRZE L TRMOY TSR 2
HIU, Y20 Lo iz 23 5%Ed
XIHHECED EEAEND,

ARFRETIE, L ZEBEBILEYIORIE L YITEDRIC
HOENZMHBICEH LENE, FVEERRZITO, mHpE
FROVEARZOmMAET 2L TV 5, FIcRITE, H
W5d BFROEBORA A V2B BRET =4 beWE
HUDICHIZEZ =R L TV %,

| : ; Cd {RB.QS)Os

- &
10" :Cd;0s,0;

i { [0s5:557 « 1

10° Re/Os
* r
1 !
10 o-Cd,Re,0,
100 200 300
T(K)

5d &8/ 0% 07 {4 Cd20s207 & 230 K CRRIRENFREEIY . HE
&Y 5 A2 =R BT E R L TR & 75 %, CdaRex07 & 200 KLLTF
TEERENTMEE K> CBEY 5 A2 —8& bO41 ZIVEEFH*EERY .

Two 5d pyrochlore oxides. Cd20s207 exhibits a metal-insulator transition at 230 K to a
tetrahedral-cluster magnetic octupole order with losing time reversal symmetry, while an
itinerant electric toroidal quadrupole orders are realized below 200 K in CdaRe207 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

ISSP Digest 2022

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.

[ \ v
ReOs square pyramid

ZEUETIRET 24 VL5 CasReOsCls

Mixed-anion compound Ca3zReOsCl showing pleochroism.




iIZLT E 9: — .ZA Yoshimi Team

KBURGH R Tl VMV - LT % A—
NN=aAVEa—R2EX OGN TES XS, 2015 FEF
KOV T TR mElLTTY 27 b (PASUMS) Z
LTV, AF—LTlE, ATVl McBRENES
075 Lo @bz REL, A—T V=AYV T h U
TEUTRT S L &8I HEE TR DT RIGE 21T >
T3, e, @ElbEniey 7 v o7 =EH L, G#(E
HAZPLDE LT —FELEHE & A S D T AR O K
SREZ DN, BF Ry FRTOAY VENBROMNT K E
EIToTWVWb, T, @WELY 7 Y o7 %15/ Uz
RIS Z, EEE LWHES B8 2 ERLPHH#ICHH L,
A=A ETY VI RER LB TFEYTHVOETES N
1o T — 2 D0, WS 7% O T BRI g 7o it
M7 EICE B ATV S,

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

HEMEE (P) TR —B
Project Researcher (Pl)  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.
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Y EGEHE (Materials Design Division)

L

Supercomputer Center

BYmE JIIE EiE BEMEEP)ER —B
Chairperson Project Researcher (PI)
KAWASHIMA, Naoki YOSHIMI, Kazuyoshi
BYFRE BB HEB miErPIREe XH #817
Contact Person Technical Specialist
OZAKI, Taisuke YATA, Hiroyuki
BLmE BH & EmErIBe EHE B8R
Contact Person Technical Specialist
SUGINO, Osamu FUKUDA, Takaki
BYFRE FO #ER giffErIme AL #E—
Contact Person Technical Specialist
NOGUCHI, Hiroshi MOTOYAMA,Yuichi

PHEFIBE "A T

Project Academic Specialist
ARAKI, Shigeyuki

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

KM EBE CEEITEY YA EH O A —/S—a v
Ca— &R AT L7, A—)3—av ¥ a—2LEFHERES
DOF KD E2EOYMEN T E OILFEF I L T 5,
BEY AT L&, 2020 2 10 HICHEMBB LIz =Y A7 L
(A7 LB (ohtaka)). X T 2022 F 7 HICEHBHIA L 7=
Bl AT L (AT LC (kugui) DHEZBEGIATLTH
20 VAT LDNY A — L ORITHIEIC K > THRIERT AT
LVEREZAERF T % L L B, EEI—Y) 5 OHERIC E DM
MLIECHENS, Y AT LOEHEH 27> TW\5, A—/3—
IV 2 —ZOFFRHGHONTIE, F— L= (https://
mdclissp.u-tokyo.acjp/scc/) Z S E Nz, i, 2015
FEEND Pl A== Ea—R AT LDOX D EETH]
M7ZRET 272V 7 b 2 7T - @Edg7n s 5 L
(PASUMS) ZFEfiL, IT—Vh5DRRICHDIEHE2, 3
DY 7 by 2 T HFERTTO TS,

s

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

System C (kugui): HPE Apollo 2000 Gen10 Plus/HPE Apollo 6500 Gen10 Plus
(128 CPU nodes of AMD EPYC 7763 (128 cores) and 8 ACC nodes of AMD
EPYC 7763 (64 cores) 8 35m @& M AE 0.973 PFLOPS)

System C (enaga) : 252 /— I (HPE SGI 8600, Intel Xeon 6148 (20 cores) X 2) (£
e EE ERE 0.77 PFLOPS)

A—/\—2>Ea1—%5> X7 /s B, Ohtaka (Dell PowerEdge C6525/R940)
The supercomputer system B, Ohtaka (Dell PowerEdge C6525/R940)

ISSP Digest 2022

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

The Supercomputer Center (SCC) operates a supercomputer system
available to all researchers of condensed matter physics in Japan. One
can submit a proposal for a User Program to the Supercomputer Steering
Committee, and once granted he/she can use the facility with no charge.
The supercomputer system consists of two systems: The main system
(System B (ohtaka)), which started operation in Oct. 2020, and the
sub-system (System C (kugui)), which started operation in July 2022. 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 a few applications annually based on proposals from the ISSP
supercomputer users.

Main Facilities

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

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

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

YIERRSRAEEFRBR —/\—O 1 —2 Y X7 LK
The Supercomputer System at the SCC-ISSP.




B G Rk - FFiEE (Materials Synthesis and Characterization Division)

IR I

Materials Synthesis Section

{L2E o0 =

Chemical Analysis Section

BLmE BH BC

Contact Person : HIROI, Zenji

wiiErHe AF HEF

Technical Specialist : ISHII, Rieko

BLURE EBF BC

Contact Person : HIROI, Zenji

giiErRme AF HEF

Technical Specialist : ISHII, Rieko

ARETIE, FEOEK. BEAIEOREL, B RE K
T EWIRB OB ZIT> T3, e, B inEs
ROBAE R E AT, BRI TR & 2 TR S O FFI T
ZigIR e 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.

IE%Q{E SRS N o
JO—T 4 IV -VERBRBERF. FEESF (ERMARXTU v IR
VIRC 75w RIREC T=UBIAC U2y 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.

-
-
-
-
-
"
)
"
-
-

HBEERI/O—-T Ry IR

Glove box for sample preparation

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

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

AZE T, WITEWIZEIC A R EIC DV T O A0 0%
LW D53 LD B K TME AN TS K 5 MR O
WBE X UHEZ TS LIS, FEE - 7087 - (L2205
B2 NS 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.

FEHKH
FEEOBEARTZ ARFENDNDIEE, BFRI. BIKEEE

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

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

X il =

X-Ray Diffraction Section

(R

Electron Microscope Section

BLmE BH BC

Contact Person : HIROI, Zenji

By X5 #

Research Associate : YAJIMA, Takeshi

YAJIMA, Takeshi

BLURE EBF BC

Contact Person : HIROI, Zenji

giiErma EIR KH

Technical Specialist : HAMANE, Daisuke

BIRZROPITE 2 7R WV E OBIFEPRIHMEIC BV T, A miE
fEAT I3 M CHRESNEZ DD, RAETIE, Xz
WT, BT RITE DRSS RE TR X 2 MG L s EYE R
BEOWG 21T S LI, PN ORFZEE I L THiRFIFE O
fefit, K7 217> T %,

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., BAEREEHRTA CCD ¥ A7 L WER X AREITRE,
BEAA—I T TL— FEXHREWTER. SOTAAT AX=DV T
L— 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
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AZETRIWE DL HHBCC MGG 2 7Pl S % 721 EHE
RSB L BN EFIMEIZ A, 2 /a5 /R
TV TOEES - T TINIC BT 228281 T
XA BT, RS2 AN OHFEFAICH 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.

BB \
ERESEDUBTEHE. £8 - BR - S ALS— HE - s
BRI H DML DEE

Main Facilities

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

200 kV B RAL Dt E FHEMER

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

v Bk U =

Electromagnetic Measurements Section

YEA I =

Spectroscopy Section

E-

BLfrE LT 8

Contact Person : YAMASHITA, Minoru

BHmE BEH

Contact Person : HIROI, Zenji

BLmE F R wMiErIE WA B

EHFRE Rl 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

KBTI, WHOREANWMNE TH % BN IEEZ,
L 5 K TG D IROCHIFIC b Tc > THES 2 & & &1, 1
SUFPERNESEE, VB PRS2, B 7 & D
Z TN OHFEFINCA L T 5,

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:54
1517 T AZBEER I 2y b 16/18 T Ao @E—BEET T % v b
(NMR). SQUID BALAIELEE (MPMS). SREMMERAIEZEE (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 IEREREE
SQUID magnetometer (MPMS)

PAED & 2 ANER G L— Y — 2 m A . Arst
DIEFFNCHL T B, wId - SO - ROV DOWN - [
BART Bb, T < 250t EORENTIRETH %,

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

FERIH
FIRERND IO CER FRIADIEFH TV DyeeEst

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

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

Y ARE D%

High-Pressure Synthesis Section

BLmE BH BC

Contact Person : HIROI, Zenji

wEiErHE BB SAE

Technical Specialist : GOTOU, Hirotada
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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.

sisapukg amssaid-ystH - ik 53 0D 3

E:5

500/700 b HET L AEB, A VEY F7E)b)b. XEREHTEE.
BHS T UONEB, YAG L—F NI ZOM (MEMIHE 1V
TV FHIEEE. e NCETU IR 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.

=l
#HHIEL 700ton F1—Ev U TL R, 4GPa ¥ COERRESRERA.

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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Pt rFiEE I EN, NGO OTEEZEDDT, i
TP T DR D DEFNDOL BHGEZRIELES, T
Nz2MMH U TYEIC X2 TEFORELO E NS Z2 Bl L.
BN DJFEFRMSE — A > b DELS =0 5E B D K+ 72 51
Z90EE THPEFHRGL) Lo, WIERrsEi ot +
REEARF 7R Tl H AR T JI T SRR O W72 I 547
JRR-3 D 12 5 OHWEFALELAEE 35 K ORGRIE R ¥ Dk ds i
7% J-PARC D@ fiRaeT 2 v 2 3\—71tds HRC Z i 4xE
HEEAAZHEEL CE /2, Thic kb, BREA MRno
DIIVIE, Bl E OEAYEII 2 U & L
T, AT A7 ERGERRGR, A A 8RR EOMERIEE,
A TRTIVIREDY T b 2 — LARBEEYE X TlRIA
WIIEREED R E N T W S, T, MliRgid HKIG %
3 TR RGELY S ) ORMEME & LTEEEI L, A
DOHPEFRGLITZEDFERICHINL 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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':I:I % m % % Nakajima Group

HiZE T —< Research Subjects

HUETEELIC X R AF IV I A Y OMEL ZD XA F 3
A DS
Neutron scattering studies on magnetic skyrmions and their dynamics
B R LT 2 PR T R R O R SR 6 AT
Magnetic structure analysis by means of polarized neutron scattering
B 5505 h 2 N eOVF T 2 a4y 7 E Ok & EE
PED il
Control of magnetic and dielectric properties in multiferroics by means
of anisotropic stress

Wi B PE Rl IS 2 O T2 PRI F8 10 2 JE1- 4 - g Er
KO

Time-resolved neutron scattering studies on nonequilibrium and
transient phenomena

B 7R

Research Associate
SAITO, Hiraku

u
HHE e 28
Associate Professor NAKAJIMA, Taro

FI Course
TIERYETSE
App. Phys., Eng.

EARDRAIMEEIEIERICH KM BEISENTHE O, KM
WK ENTE T =< ThH %, HIZAIXELDETICH B
T BRI R E U EFEINCTHE CAMNCHT > THRigE
MEHELTWVD, ThAcE, S8ARIDMER R4 &
WA DFEET 20, JEEZNS O X E VRSO RAE1
KA, B OFEE., 8k, H50VIEHEEERZKEL
ZALERED T EDWEMTIE> TEEy ABIRETIET D
X9 TREVHRFIC X > THIER T SN2 AR S
EERRT—<E LT3, fle LTk, S5HARDRK
FRFIc k> CERWmELECESIIVF 7 2a1y 7R, b
R YAV IR IR SRS TH B AT IV I 4 ER 5
E LT, PETFEGEL & XREGEL 2 W CRE SRR & 2 Dl
IRREZBHEMMCT 2 T LICHDHA TV S, £z, kT
SLE A A Z R X E 5 XL, ZHEMBREEE T ORE PR
HE R E, il a TR I & I s,

T T T T T
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() EKAF IV F VI FIRBEICH T B A EVEFIDERE (b) R AFIVI A
B MnSi DEAT - ERERER, 02 T OHIZHTRME - BATEHT &
THEREAFIVI A 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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MnSi DERERXF IV F VIEFHB UV RICE > THR L. ZOERBEREN
2182 Z RN B HEF/VAEEELIC K > TERIAI LR,

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

HiZE T —< Research Subjects

n%¥%ﬁﬁﬁ%tﬁwé7ixFb—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 ~VF 7 znq o ZAMADI AN RN T ) Y
Nontrivial acoustic magnon in multiferroics
B X € ViEkIREOBR
Search of spin liquid

B EH B
Research Associate
ASAI, Shinichiro

A RE EH
Associate Professor MASUDA, Takatsugu

FI Course
HEEMER
Adv. Mat., Frontier Sci.

AFERIE, BIETAE YRR T T AN L—va v Rk d
KBIZH LR THS - R IREEIBRNICHER TS &
ZHEELTWS, BOETHEREMEN T I X N L— g
ViE. B AR IRRE 2 IS U R T IREE D R ECIRAE &
% i, INEREINCBIERR TS, BRICAE VR T T
AbLb—=va YREETFHEHEO IO Y T4 7 > TH0
%o AE VMK, RVB, Fa—=Rv V7RSS LOEACIRE
L. RVF T saAy VRN T Y — AR EICBI S,
B L OB RLEGIRICHIEZ 5> T, Tl D4 OB
BE LT, <IVFT 2 aA 7 AW BaxMnGe,07 DHIEFIE
FPERGEL AR MV ZNORT, B8< T /) Y (T) BE—FD
k=082 3I)IVF—F ¥y STWEALEY - X710V 7
MAEERICERLTWA T &, ZORBREEIIHAE— X
¥ b TR EBRODMORERGFEETA T —)LEnsd T LM
LM E Nz, TOIEEFRSZ VI, BEXDmEHES
d-p IRBHEORIEZ I K O S Nz,

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
BaxMnGesO7. Energy gap at £ = 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.

0.10
B (meV)

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

BayMnGe 07 DHMEFIEMRELANY k)L, (2)0.05 KTRIEENIEANY bl
(b)-(e) ETRILF—ZAXT ;)b ((0)0.05K, (€)0.9K, (d)1.8 K, (€)2.5 K), HIFILFE
#ifR, () AVRA > b g Ay bOREKEFYE, BREISSHERR

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

T ORI 0TV DBRIN L A g = X L DR
Toughening mechanism of tough polymeric materials
TET - XM LR 2 T T2 20800 i or
MRLOKEIE AT
Structure of multi-component polymer and soft matter systems by
small-angle neutron/X-ray scattering

PR RELIE 2 IO Te 2RO RE 01 - VT 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—

4l o

Bh¥ /NHE ERR BEBH BF 2
Research Associate Project Research Associate
ODA, Tatsuro HASHIMOTO, Kei

MR B5 #—
Associate Professor MAYUMI, Koichi

FI Course
HEEMER
Adv. Mat., Frontier Sci.

AWMHEBETE, @R TrRIECHE LY T 2=k
FEOBMEOIRIAZ Aig L T\ 5, BIZE, %)/ - o7
)L T OREIEHIENC K O 5550 A O BEAREE I (X TR AL 1)
LEUDDHO ., ZOXK D ImEiE ey AR, AN TR
ANTLIME R EDERME, V7 haRy "NHOT 7 F 2 T—
Z—_ i« IR SISV B RBEME & U T OIS DM
ENTWVD, A @& FRNT LT, Hik+ -
X #INAEELIL B K O A HEGR PERGELIE IS K > TR I
BB MG« BATF I A0 NZEIT> TV, &5 T
MEIEZ RS TR SN TV B T EN—RITH S, it
THELEZ WS &, BERELTXRY T K > THMERE
FRBIRNICHST 5 LDAREL 55, BELEIC K > T
SMMCENTFEERES « XA F I 7 A&7 min)is - s
2E L OMBZRIET % & &8I, FEMRERGHER D%
EITo TV,

under
stretching

{(x13)

stretching

BRY B EBDFHMERLL. HOMMZHCESWET IV ERRE L, T
DfFRFEERIE. DZRYBRS EBELL. BEMRY IVISTOREE TET
ER:N

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

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

The research goal of our group is to 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

BEOBDFTIVDBE. BREANHBREZ5|0k2 L. TCICBRNE
BLT. BHILTLE S, —AT. BEHETILTIE. BROFDICEVWTS
DFEDF|ELEEENTRERILT 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.
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Yamamuro Group

HiZE T —< Research Subjects

75 A LWAHIRORE L 541 F 37 A
Structure and dynamics of glasses and supercooled liquids

KIS KU BHEWEL GHKZ ARSI E) ORSIEE XA FI TR
Structure and dynamics of water and related materials (e.g., gas
hydrates)

A& VIR DAI AN L XA F I T A
Thermal and dynamical properties of ionic liquids
LA OT A M A O L XA F 37 X
Structulre and dynamics of guest molecules and ions in porous
materials

B ME @

Research Associate
AKIBA, Hiroshi

B LWE &
Professor  YAMAMURO, Osamu

HI Courses
EXRES P EFRLE
Phys., Sci.

ARIFFEE TIEEME RO Z IR L TV 5, B
FEDFIZNGRIF. AT A - BHHIRIA, kI KT Z OREY)
B, A4 Viik ZAMMETH 2. H T ARBIERIADHE
WA bR EFICELT 2 REGRAHR TH D Yk
FOREORMED—DTH %, Kidwd LA WEDO—D
THBHM, KEHODRED R TRRL TR 2R T, A4
VAT, BENET 7 Y TIIVT—IVANOBEN S, T
J RAA VRGN A A F 2 7 AN %, MOF (Metal
Organic Framework) DX 3 RZALMMENOZEALH DT+
A4 NE BIRIC KO RT v )VEIDED SN ST,
PNV TR A S NEWRRRMIGER X A F I 7 A2Rd, T
NS OYEISH LT, mPEFdEL. X#REHT, AR, #E
AR EZWE L. Wb 2 A F 27 X1 D 3N S,
MR YEICNET 880 (?) RIEAEIASMNCT ST &
ZHEL TV,

T T T T T
150 CO, measured at 3K |
—— VD-glass
- —— Crystal
5 100 | Pa3 Index
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QA

FECO HZR (FRg) LiE&R (B DXREF/NZ—>. ZHhD7HhREHRE
DS, CO, RNFIRATALBERDOAA TRPDL S GRAED FREEZ &
BT EDgh ot

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
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We are studying chemical physics of complex condensed matters,
especially glasses and supercooled liquids, water and related materials,
ionic liquids, and porous materials. 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. Molecules and ions confined in porous materials such
as MOF (Metal Organic Framework) 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.

bde-(COOH),

® Observed
—5(0,w)
— (@w)@R(Q, )
— L(Q,w)
— BG

o B e acates
(5 <10 5 0 5 10 15
Tiw / peV

MIL-53 E£PEIEN % MOF (Metal Organic Framework) PRID7KS FDFR I F %58
MHELT —2BLUA—LY YBRICE DT 1 v T4V UHER. AIEIZKDFH
FrT7EBRBZTOAMNACERTH S,

Quasielastic neutron scattering data and the result of the fitting with a Lorentz function
for a MOF (Metal Organic Framework) called MIL-53. This material is a proton conduc-
tor with carriers of water molecules.
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JRR3ICERE TN TV 3 INSE (&, EANTHE—, EH M+
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RAF I A GNSETIE50F / METCHORAT—RAF Y
) HEHITE B ETEN TV, INSE THlEE NS A0—
RAFITRAE, VT R Z— « N— R Z—DYHEHfiRIC
BWTEMHTEETH %, JRR3 AV, INSE 739
MOFNE L, BRUNSEJEIC KB A0—& A F 37 Al
EOYVEMTENDIERZNET %, BARICIZ, S0+ - 3
04 REY T RRA—BXUT, AF)NVIA4AVHFREEINS
ERMEMES DO A0 —2 A F I 7 A% 55 L L, J-PARC
MLF BLO6 & OAHHNFIH & #EES % T & TRV RFZE M aE
TOYIMERIZEZ BT %,

FEEHR =FE -

Visiting Associate Professor  ENDO, Hitoshi

The neutron spin echo (NSE) is a quasielastic neutron scattering
technique with the highest energy resolution, and is suitable to measure
nm and ns-scale dynamics in materials, which are difficult to access by
other techniques. A neutron spin echo instrument, iNSE is located at
C2-3-1 port of the guide hall of the neutron reactor JRR-3, and covers
a time range up to 50 ns. After the great earthquake in 2011, iNSE has
been under commissioning. We set up iNSE and apply the instrument
to measure nano-dynamics of soft and hard matters, such as monomer /
segmental/collective motions of polymer chains, domain dynamics of
proteins, membrane fluctuation of self-assembled surfactants, and spin
fluctuation of skyrmions, which dominate the functions and properties of
the materials. In order to cover a wider time regime from ps, we will also
use a NSE spectrometer with a pulsed neutron source, MIEZE installed
at BL06 of J-PARC/MLF.
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International MegaGauss Science Laboratory
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AU, BRI (SR, REMEA. BJE. Mgkl ) o
BTIRREERRT NS, IEHHR OVA< 7 3w M 80 7
ATRRELETREETDH O, BEXURLE, YEAINE. Wit
75 EOREPERRAL SRR & A B T AR
HERCHOW BN, K ENNOMEEE 208 e 3 21
BEOMHICIRILS M SN TV 5, IHRRAKDERTEE
B (210 XY a—)V) ZHWIEO Y 77V A (1~ 107
) ZHVNE, BERRS E UTHERIER L&)
HETH O, FIFHPOIENEE 100 7 A TG REICE VD
NTW3, )y, BERDV A< T 3y Ml —&EaA
JViE L EREREENH D, 100 ~ 1000 7 AT OBsskis;
AT H o MFRARIERLSE D AL 3 2 AT B ik
LM U T, ALY - @R HYE L ORI WIS DJER
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.

MEERE  ¥AHE Fsh
Leader MATSUDA, Yasuhiro H.

ISSP Digest 2022



éﬁ‘: iﬁ m % % Kindo Group

HiZE T —< Research Subjects

FEMHE VA= 7 3w b DB
Development of Non-destructive Pulse Magnets
SRS 2 T Te A€ VLB E/ER O58u Mott Ak D IS¢
Study of Spin-orbital Coupled Mott Insulators at High Fields
ARIEAR DR 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

FERE S BF
Project Research Associate
IMAJO, Shusaku

BH Bl &
Research Associate
ISHIKAWA, Hajime

/.

7
B 2E E—
Professor KINDO, Koichi

FI Course
BRI
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K 65T, 30 VMO R TOBESXIESIE, &K 43T, 1
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ZEVENEEBEERDIEL 4d BF Mott ##5{k GaNbsSes DREALBRIR, /NE 7
Wb & BEERGHLRRIRIE. MREEIRE Tu =30 K D SBRFENS LY RER
Fv v TEFOBREGIHERERENRE L TWE I 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.

—_ [ 0 30 &0 90
S 4ol a(°) ]
T
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L 9=90°(H,)
U L L L
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toH (T)

ZRITEHEBIEEE 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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/ J A ?‘é" 61: % % Kohama Group

Fi35 T — < Research Subjects

L—Y'—7%& HW e RAOECENR O & Z ORigmf s
DIH
Magneto-optical measurements with laser optics and its application to
ultra-high magnetic field science

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

PRI AL B 72 Fl O s BUALE Tk O BaFE
Development of new measurement techniques with nanofabrication
technology

B BRSO e B TIRBI OB & R T Y ALk O
JobIiAnY—
Observation of quantum oscillation in ultra-high magnetic fields and
fermiology of topological insulators

: ¥
B BN BER
Research Associate
NOMURA, Toshihiro

.I|I|| :I il
HEER NE FR

Associate Professor KOHAMA,Yoshimitsu

FI Course
TITERYETSE
App. Phys., Eng.

100 T %8 2 % st iEikiy, S RLE T DOFET
HNEETH - TEMIREREETH D . AR ORI S WV 2
%o TOXD RMIRERE FCIRIEZEEMMESN FEEINT
BO. YWIRETE NS HaYRHERORRZ LU THRAE
HIfELTW%, TEERTELELCE, . L—Y—ZHuv
ToREAOEED, T2, BN T 734 20 & % e di B A
EHUE), T3, FPGA 7731 Al & 37 %)L Ahigs NMR il
EL T4, ar 00 ARG R TOREEmYEF a7
e UIEMRELTEDY, ThUT KDL RisfHBE 7RI
B 2R HR L TV 5, BIffOFaT—<Ik, bRo
D7 VAR BIEEY I 351 B RIS RIE DL,
HTACYRIEEVOMGFRHOWRTH %, mikHxH
FEICIX 1000 T fEIE T ORI 28T THBb, 20
BERL O 72 D\ RRRE A LR el 35 K OB IIE Bl O B
EHETFNVTN S,
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(a) CulnCraSg DEES < JBEMER, (b) X\ Y. CAAICBIF BHIBEDFER, (o)
EEGHE - FEISEHVRAIND A BEETOMMHSAENR (KB ),

(a) Magnetic-field-versus-temperature (H-T) phase diagram of CulnCrsSs. (b) Predicted
schematic of the magnetic structures for X-, Y-, and C phases. (¢) Adiabatic magnetocalo-
ric effect curves (gray) near the A-phase where abnormal magnetostriction and magneto-
capacitance responses are observed.

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

ISSP Digest 2022

Ultra-high magnetic field (higher than 100 T) is an extreme condition
that remains unexplored until recently. In this field region, many of
unprecedented phenomena are expected to appear, and their experimental
observations and understandings are the focus of our group. To achieve
this goal, we employ/develop the following experimental techniques,
“1. Magneto-optical measurement under pulsed magnetic fields”,
“2. Ultra-fast magnetoresistance measurement with micro-fabricated
devices”, “3. Pulsed-field NMR experiment with a FPGA module”, and
“4. Time-resolved neutron diffraction under long pulsed fields”, and
so on. With these state-of-the-art techniques, we currently investigate
various field-induced phenomena, such as the quantum transport in
topological insulators/superconductors and the novel magnetic phases
in quantum spin systems. Our final goal is the extension of the available
field range of a condensed matter research up to ~1000 T, and thus
our efforts are also devoted to technical developments for ultra-high
magnetic field generations as well as the further improvements of
measurement techniques.
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—&E04)VEZE BV CBRESGEREEDIER,. (a) green dioptase & (b) &
FERDERDOBIHRIF .

Relative changes of the sound velocity of (a) green dioptase and (b) liquid oxygen mea-
sured by using the single-turn coil megagauss generator.




ﬁ 7j‘\< m % % Tokunaga Group

B35 T — < Research Subjects

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

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

RO VI ORI S
High-field study of topological materials

Research Associate
MITAMURA, Hiroyuki

MIYAKE, Atsushi

M Bk BR
Associate Professor TOKUNAGA, Masashi

HI Course ‘ ; h
* ﬁ%(%tRﬁeaﬁ;\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 A58l T30 2 Ytensez
WU, | R TR 28 LR FIREB K UIEA &
YA HSRORR 217> TV 5, &l FTHNSBIRD
AHZIEL RS % 72DIi3, AR 2 & ORI T
WETZHTENEETH D, L, 7OVARE T TRET S
WATE, BAUSEE, SN, ME. WRRE. IR EDZE
Z BRI 2 E TEZ A - AR LTS, Inb
DHEZFEL T, IVF 7 a4y ZYEICBT 55874
BIPIES® T R0 )V e 8 ORGSR R 72 E 2158 L T
W5,

FTAER 40 RO EN S K CEBEILFEIFZ 2170, A
IR - RAEAC VRWE. N RO Y AVEE R E QR
Vw7 R L TV %,

0] | —

8005 ~""90"""20 30 40
uoH (T)

BiFeOs ICH 1 2 BRBESKMNR DS S MR TFE, AR 20T U EDES RS
BAMARIC BV BRI L & A Y BRDOBROBORIETRZ 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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uoH (T)

HiE& Te DR —)VBRTEHA LLEFRE, BAR) R—)VBRICST B
DE—U DHISARKEFE. BETRLEZRTRTFRENZERSIENLD
—HiE. ZOREA —RTREREICER 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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A HHERBAWETEZE v svasaa oroup

HiZE T —< Research Subjects

BN RESE A AR A DR iR
Magnetic-field-induced insulator-metal transition
SRR 35U B S TIRAE
Excitons in ultrahigh magnetic fields
B i (B AR ORI TR e
Electronic states in high-T. superconductors in a strong magnetic field
(LG - AL ARG ORISR
Ultrahigh magnetic field effects on chemical bonding and chemical
reaction

BE BHBA

Research Associate
ISHII, Yuto

Rl A
}MI LTI
i ME RR5A

Professor MATSUDA, Yasuhiro H.

FI Course
FERIMER

1000 T & T ol T THNLWEDMEIZ DV THE
F21T> TV 5% MIBIEE 7O R Y PWLEERIC E &
R U, 57RO WEOSLEIRBIE R E < &L 5,
100 T 72 K& A B OFEAEICIZMERIO< 730w e
M2 08D 0 Z OEANMEREZ A 72 /eI i RO
RN LD > TV %, HEtHBIE FR O A RS i e
HUREB RO NRIE IR T - TH B, Kie,
SRR RS T IR OB BIBRIC & IEEHBIN R IR &
N%o [EAH DR FI3OKERE 7 L FLOEFREICH D,
Z OBLIREZTIND, & 5, (L AR E DS O
WD SRS AN DS DI EIC DV T B IFFE 21T
9. TNHDWZEZTTS 728 100 ~ 1000 T fEKIC BT %
B4 78T LORHIBAR O BAFEIC & BIAICED #lA TV 5,
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W% 6% F—7 L1 VO SERRAESD 1.977 um TOMSIBBAERR. L%
500 T T2BILIC K HEBIEREDHEIODHRAETN 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.

200

B(T)

I8k FBG EHAED 5 RE TNz LaCoO3 DEUIZREMER, AlFREIL
VIRAE. RO\ RS atE. BHEDEIHIRI.
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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WKHREIDMEI S N, SRR PR Vi, AFIVIA ViR
EDOF LWHFREEN Y E AR Y MVICHIN S, FRAlE, F
ANV 7 FERB XU R TRHED 7OV AR 381 %64
RIS OW T 21T > T3, AR N 7)) v KXo
TANA D 2Kyt, 3XITkEMICTHBIT 2Ty > 2 \Fh R
R—F 0 VBRI E > TV, 2 J0TDEBSE X A
J1)V A% F A RTINS hexciton *® oxciton 7% £ DE St
T (ZFVF v IR ENRiTR) ICBT B HEERIC
DNTEMEZTT> T3,

NEAZEHER L IVIY YawT
Visiting Professor ~ KIM, Yongmin Joseph

Under high magnetic fields, charged particles in semiconductors enter
various excited states, which affect the optical transition properties. In
the case of doped semiconductor quantum wells, transition energy and
intensity oscillate in the quantum Hall regions, and new bound states
such as charged excitons, spin waves or skyrmion appear in the optical
transition signals. We are studying the optical transition properties
of semiconductor bulk crystals and quantum structures under pulsed
high magnetic fields. We are interested in the Rashba effect or polaron
formation in organic-inorganic hybrid perovskite 2D and 3D crystals.
The optical transition properties of novel excited particle systems of
multiple exciton complexes such as hexciton or oxciton appearing in
two-dimensional TMD materials are being studied.

RV B HIVIETE R vorusalt Grow

AN AT RGO IEHEED TS, 2 D07 Tua—Fzk
%o —Dld, —BEEOA )ik (STC) DHSHFERHED UG
THH., &5 =D&, AHAYAWEGNH L 752 ARG
& (0S) DYERHEDHIZETH %o

STC DFFEUEEIC DV TR, B NI — PR ORI 2
BRI, BERINICTRE S %o FHRRINICIZ T 7 5 7 —[liRA A —
DU HERINICIE T 7 AT A A) =T T a—F & n
BUADEBERAMZHTND, e, TAINVIBIRDOTRIC X B0
B GOBRDO AT REIEIC DV T E MRS %,

OS IHMEL 7 LEIGKEN S K SIS FHETH S
M. ZOREMIEREIC DO TR AR RN Z W, ER D
FHUEICRTEL TH O HEICEDIERITNE WD TH %,
—Jiv AR ASG 2 O, BROCEART MU X
ERTHHRTING )T - R—= L HO K S HEIRI RS HN
% EMREEN, 0S DEMEAA T I T AUTDOTHLEMNICT %,

NEABZEEE KILEAIL FUN—
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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b it R E R A O 2 —

M 32— 2R E N B FEOFREDFREIC
o T, KRERGIEIC X 2YERANO T T —F DA
Ths, AVEL—2ZHMHLUIEREZIETHICK - T,
WPEAAR - EHREIC B 2 mrER AR RS G EYIEY B2 O B
WD 5 PEAT N AREHOEIE IS B %
BRSSO ELODFERIEEICH ISR DL T EDHRFE N
ZI0HEICES £ T, INOHIPHICBW CEB R D2
MoTW5d, Abri—iF, IFE 7oy FPKRA
JLHEEIE T O 2 7 MM ERMS IS E LT, TEE]
YR Ze L R RI 283 v & thed &3 B R IROTEH
ZH U T, TS OFMEICHEICIRD HA TS, T5
IS, 32274V T7 MU T7HFE - EhOTZHDOYA
MateriApps DFAFE « M & LR AM OB XD T=DICE
BYEREEANMERK - Ry F o7 7u s Ltk
HTWV53,

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, 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—K RB &=
Leader OZAKI, Taisuke
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Laser and Synchrotron Research Center
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MRk — L > BERMASE 2 > 2 — (LASOR) T,
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C—LIA VERFEL, L—9 =R L fEERE & Ol
HEEBLTWS, ThSDREEAFEZANT, 71N
ISR X SR E TOIANT )V F—HiF T, kR oy
fRoy e, BRSO, BE M CE T, A E R
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T EDWIERIT> T W5, N5 ORISR T
e TRk, B, AEYE. B, &
M, Sz & ORIAVEEEYIETE L L eic, L—Y—hn
T E, HEMRDTVBEIOYERRFEE M i D
BlHZRD 5, M1, BXU I Fv >/ SZXDfhic, SPring-8
BT X B HOMEZ TS & BT, LD
TR EHERR OFEFIC & EBk 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&EX
Deputy Leader AKIYAMA, Hidefumi

Bltr2—K RHEHEA
Deputy Leader HARADA, Yoshihisa
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HiZE T —< Research Subjects

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

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

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

Development of ultrafast soft X-ray spectroscopy

i iy
B KF B
Project Research Associate
MIZUNO, Tomoya

B RR #Hx
Research Associate
KURIHARA, Takayuki

HEEIR RE ARR

Associate Professor ITATANI, Jiro

FI Course
EFRYES
Phys., Sci.
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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

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 ﬂm (b) CEP = 0.4 =
Heo]” gn oy
HCO(D) HCO{1) HCO{0) HCO(1)

PEMD (a.u.)

10 1.5 20 25 1.0 15 20 25
Photoelectron momentum k, (a.u.) Photoelectron momentum k, (a.u.)

RBENBS T RIVAF /LT Xe RFOSBMEEN. BEEL LIS
DEENEDT. (@) l&F v U7 - ToXO—THHEh 0 DIBE.(b) 1£ 047 DFE.
HCOM) 3. REZEBEFHREZTY .

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.
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Iﬂ Ilﬂér[ m % % Okazaki Group

HiZE T —< Research Subjects

BN AR L — Y — 7 O T RSB R 740 e B O B
Development of a time-resolved photoemission apparatus utilizing high
harmonic generation from a ultrashort-pulse laser

B tihEIRED b OYIE T OE T O BRSO MR, ek
(R DRI
Mechanisms of electron relaxation from photo-excited states and light-
induced superconductivity

B R 5 0 R AE L — ' — A O R FE 10 Ve K B IETER
RS D AR AR
Mechanisms of unconventional superconductivities by ultralow

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

B AR Rl
Research Associate
SUZUKI, Takeshi

AEE mE A=
Associate Professor OKAZAKI, Kozo

FI Course
HEEMER
Adv. Mat., Frontier Sci.

FRE R Tt B h OB 7O E & T3V F—
DGR (23> Nk ) 2 BN © & 258 ) 5 IR Tk
THHMN, 7 LML= =R TV, ZOENERNK
BIO—THELTHWA T LT, IEEEIRREIC T BN
RS ORI E B T2 X512k %, AIEETIE.
L—H —BAIFE DML & Hfm T @R dii L—Y — 2z vz
RER D RO HE o EEEE DRSS - ARz, R R
TS K o T, SERNEIREED 5 DO TET- O FEANR L O
T, SEFAEAERIC P S B TIREED 2 LD E B2 1T,
JIECIRBE A 5 0D B 1 D KR IS D R HA S0 Ve A i itB (3 D 1
BN X AEFAZHIEL T3, £o. TRIVF—DREE
70 peV., REHIERE 1 K &V HREaER A9 5 L—
W FE R TR T E e VT, IERER B S E A D
ERGE, B vy TG BN 5 2 & TIEER
R O MR Z BHE L TV %,

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

(800 nm, 1 kHz, 30 fs, 6 mJ)

)4 Ti:Sapphire laser + Regen (Astrella) |
£/
88O

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

OPA+DFG
(TOPAS Prime) /

BRI L — Y —Z BV RO EFOEBEDMEER

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
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Angle-resolved photoemission spectroscopy is a very powerful
experimental technique that can directly observe a dispersion relation
between momentum and energy (band structure) of the electrons in
solid-state materials, 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 RRCEF DI CERAE NI FHkE TaNises <
B BHNFEAEBRAE - EBES o, b IETNZ N, KRR KRERDANY
NI1Z

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




ARFTWFFERE  kinin crous

HiZE T —< Research Subjects

BN RSN T - GHAEZ TS A U7 RS X A0 o Rs
Development of high-precision X-ray optical devices using ultra-
precision fabrication and measurement techniques

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

B (iHEEE R AR LI L Y AL AA A=V T

Lens-less Imaging Using Phase Recovery Calculation

B MR BT

Research Associate
TAKEO, Yoko

HEE AN BE
Associate Professor  KIMURA, Takashi

HI Course
IERMETF
App. Phys., Eng.

X BREBE T L — Y —EDs, SRR & v - 72l
X BOCIRZ R Uz, Filo /s A —2 > 7l OBz
WOMHATNS,

JHT- LU B BRI T« GRS E e —L1) Y
757 475 EDIEEEELE T 0 A AR DR, b TR
FOHH X SR T 2G5 - PR Tw 5, BiRmicid,
X B OMBEASEEE S T =0 0O R 1. Nl E!
HDIZdDRA 7 aiFiEETINA Xz EDIEh., sHERZFIH
LIELYRALVAA A=Y VT DidONHEBEET LI X L
DFFRZBRET> TW5, Selit X SRR &k X 5
FRMHABEDE A A=V I & >T, LW - 2R
DI AV ATy Z RIS & YO BfRZ RN
TR« REE D fRRE THREU DU, Bilzia T A > A7%zY)D
T EEHBL TV,

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.

SPring-8 @ BLO7LSU ICHEEE L8 X iR %2 4 04 5 7 « #& CARROT(Coherent
Achromatic Rotational Reflective Optics for pTychpgrahy), £ & &t7 + )L 2 —
I5-EFALAFREEAT S LICE Y RABRROE X FETHZE
50 Nm BEDDREETA A=V VI TBHTENARETH B,

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

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

BADT ST 4 IC KW EHR LTI BB OR X AR R, MR OMiBEE
ZEALT BT EBRCBBRET ST ENTARTH S,

Soft X-ray phase image of a mammalian cell measured by ptychography. Intracellular
structures can be observed in transmission without thinning.
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,J\ M m % % Kobayashi Group

HiZE T —< Research Subjects

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

S
o
BhE & IBKER BB EH A

Research Associate Project Research Associate
TANI, Shuntaro SAKURAI, Haruyuki

B I ET
Professor KOBAYASHI, Yohei

FI Course
IHERWETSE
App. Phys., Eng.

G L— 1 — DO IIFEFE & T O T8 - it
BREOMIE 217> TV, BRI VA L—Y'— L s
WL —'— L O EHEE T H 2 YO LB X TZ DI
TR L, BE/ VA NA T —L—PF—=E NI L —
PN TOEHEOMREZPOLEE LTWVD, L—Y =N
BIZIE Yb R=T v 5w 7R 7 7 A N—D iR, #
B0 L, BE TR —D L —Y—2 AT LRI,
RS, SR6 HARRN O EFICB O TRMT %, BH
BORLOFMTERMHRENOA—L Y XE— RRAMEL —
P—BHET S, 7L L—Y—ER—=2 L LkEhg
Jb—L v FEEENETONRE 0@ iz Hig L
Te RF IO O R NVER B T 2 T> Tnd, L—H—
MO & a2t e YEDOHEERICENT, L—H—
INLO¥HRSEICID ATV, GEEDRYINEDH?
ZEHID 7200,

HARBALICEZRFDN. BIFERIRILT -SSR EBRERVIEL
E-FEBAL—Y—LDEFEDEICEVIE— FODBEE MDD FTRE
Eofe, BlEARRT—7)V He DIftE— R EDHADHL,

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

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

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

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

L—H—INTBR0Y 7 IREE ST

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




iﬁ % m % % Kondo Group

HiZE T —< Research Subjects

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

FIEITE « AR - R R 100 T RS BnE -
rRB DIV E
Superconductivity and topological quantum phase investigated by
angle-, spin-, and time-resolved photoemission spectroscopy

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

B & =
Research Associate
MORI, Ryo

HEE IR &
Associate Professor KONDO, Takeshi

FI Course
HEERYES
Phys., Sci.

AR OE T <N REIR,. H50 2 E 7Ytz
fitd 2 ECORMEZEZ %, AEDCETDEE, YETH
K ENETZ2MER TRV F—DOBE L TA A=V
79 % T ETNY P2 AL S BB e BT TH S,
COHEAlZN—A L LT, NV EDFDAE UpfdZz e L
20, 7OVZETHIES B IR P XA F IV AT 2 LM
A=)V % LT BREEFYELNNY MiEZ
HMLTHRATL %, BUIAETIE. TOXS BB LUIOEE
TR IE L T, (iR ) BREA, BOETRPET
MBRE, PR D)V R AL 8 A O [ C i g
B GR EOES ANz HEBRETEONS
INY PG BRI T % & HIcid, MR L —Y —J¢ik
MUz Mo icakbEao T eEzmEL, 7 ok
SHERTMGE 65 O B2 B RS (3L F—F v v TR
e DMEIE) Z TS %,

£
=
@
z
T
g

(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.

1 ..m{hl ¢=45°
J\l,_, HiKHaok)|
EASER
:ﬁ?&: v
=St
S
""/?\tf_—/\{\\' N 8
ey ENAT
N =,

50 0 50 -50 50
Energy [meV]

(a) SRR L= RAEBIREA BioSroCUO6+d DIERIBIE, (D) KEF 77T 51—, () BEDEABFTHHERRDORNE, (d) )\ FHEDRF Y T2 3 v b,
(e) I\ FiBEDLMAR, (f) 7 TIVZEAY THIBEELEFY v v TOREER. (0) BEEEGEEERE (T) LVEE (RBR) LIER (M) TAEL
7 TIVZEBYDANRY kb, (h) (Q) TRT ANY LD T EFTOES . BIEERADHRTESNTH Y. () TRIWITR T ROBHENET B,
(a)Crystal structure of BizSroCuOg+q¢ high-7, superconductor. (b) ARPES analyzer. (c¢) Diagram of ARPES experiment. (d) Snapshot of dispersion image. (¢) Whole

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

region represented in (f).

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

HiZE T —< Research Subjects

IKTEPER A D EIRTE & X 7 oA —1E &S O EAERIC
SRt
Electronic structure analysis of aqueous solutions to study
microheterogeneity and interaction at solid-liquid interfaces

o il A R A D RIS AT, SR ARG, ARG
fiEtt. JE 2 2R EOBRERT D7 D T D0k FILE OB FE
Development of in situ soft X-ray sgectroscopy for surface reaction
of batterIy catalysts and electrodes, electrochemical reaction,
photocatalytic reaction and functionality of metalloproteins

SEFHBIIEIC 350 % SRS (R S Slilike . A ik, <27 > il
AT EE DS . WOE RS O HE IR & 2 DRUK DL

Stucéy on the origin and observation of elementary excitations (crystal

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

WX RRFEVEI YE DM T3 )L = Rhedt & M 5 E D 72 6
DI AL

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

B AR AL
Research Associate
KIUCHI, Hisao

R RE BA
Professor HARADA, Yoshihisa

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

MR T, TR EEE D XHE T H % SPring-8 1%
VT IRX R LTINS D TR Lotk zRlh L.
PIE ORI, HAIIEE, YIS E 2 % EIkE%Z T O
BN > TN i%8 217> TV 5 FHOEHELO—HET
B BMXFRFEOCHNDOFERMICEH L. Ty MMikik, Hill
e S A O R FHBIY B 351 2 bk (R Akl
AE VN, <7 Yk, R, HUER S
E) OEREBIE T OREROWGE, IKIETERRR, BRSO
BFREE I 70 R g — YRR, i, EithEmOL
IS FSFRAT . CR S B IRAT O 72 8 D Z DI/ ML s D B FE
BRI\ HOE IR £ X IO E
L5255 MEMEZMIANRE LTS, TR
WgE & LTRGBS RIS a0 T2 X BRI - FEE
DR DD DR & DT> TV 5,

HHARED SPring8 DRRAEZMHANRT VR T -3y E—LSA Y
BLO7LSU THEICRIFE L1z 50 meV DB X /LF —DREEZF DAEDHRHX
RFESCIEE,

High energy resolution soft X-ray angle resolved emission spectrometer constructed at
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 battery catalysts and electrodes, electronic
structure analysis of reaction center in metalloproteins, electrochemical
and photocatalytic reactions. We also explore basic study on high
performance soft X-ray absorption and emission spectroscopy for the
next generation synchrotron light source.

b, 3a, 1b,

o®
ERVERY
mﬂ“ﬂw“fm i@b
cra kK
ot &
Wit (4> MX@RI ] 007
RROMIL  zR7 P h @
@ALhok

BHTEH—HDF/ A— MV A XDNREF OB A 4V REED. FHED
A AV FRNITEBY BTeHIT T4 4 2 ZEY & KDKKRBEEEEZ RH
LTWB] TEDNRXEIINHTHONEE DT,

Soft X-ray emission spectroscopy has revealed that functional ionic liquid crystalline
membranes with extremely uniform, nanometer-sized pores recognize the "hydrogen-
bonded structure of water surrounding the ions" in order to selectively permeate specific
ions.

KEFEE IHURL
KOBWFREDE




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

HiZE T —< Research Subjects

By TEICBI 57Ty 7 T VIt Y
Dirac Fermions in monatomic layers

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

B AX5 Y FXMERICK B RE LD T - FY VT R3S
A DT
operando X-ray experiments to study molecule and carrier dynamics at
surfaces

B RS B BT YV a L — R = LT A v DY
(kS

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

B R EB®

Research Associate
HORIO, Masafumi

B MA &
Professor MATSUDA, lwao
HI Courses
B REE

i

EERLE
Chem., Sci.

Phys., Sci.

R, X SREHE T L—Y — S iReE L —
W= B IS % FZEERIMR~ T X A2 O Te W e « O
B IERIE DR U, e U 7e et e
B2 ffi > THRIOBIE FIc B 5 ikEL1 bz TZ0l] Bl
THART Y FEBREEML TV 5, HFEZTNZThORMZ
FINLTY = L b5 S UMK TREFH A7 — )L TOH
2z ) TV EA LTEI L TENTNORHIZIHS M
% i, KRN RZ DEE B DY THNHLROLHE M
RS BT HEL TV D, RETREICT+ Iy VET
Rzf U BE 7 st i O Kl Sl R 2 M G L
L. TS KUEREEOMRZ1T> T 5, BEDEHER
SPring-8 # X ## €' — L5 7 > BLOTLSU Z &8 - ##E L. X
HAURSD RO C— LT 1 VI D> T %,

Dirac Nodal Fermions Nen-aquilibrium
in Mon-honeycomb 2D lattice In the 2D lattice Massive Dirac Fermicns
[Borophene] pologl
a Cu,Si layer] matal dichalcogenide]

AARECERSLCRELERFEOOAL VY 3>, ZNENFEDT 1T v
BFREBLTEY . BEFRELF v VT 230 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.

(a)

\ \
b | Monitor -

Electron Free Electron Laser © lonitor - Focusing Mirrors
Bunch (SACLA BL1)

z[® © 7%

£ _Stho=2750vs 1512

B 24 4

: Iy

*i ﬁ Bo4

g Fedp |~1 g

= 0.0l
ST s s 2
Energy (eV)

GaFeOs f&&@ N5 DE X #755 2 RiZFRFEE (SHG) & TRHIMROEAL (a) X
REMEEBFL—Y —HER SACLA BL-1 TORERDETF. (b)Fe 3p DIRINANY b
o ABIHE, o, ICT B (o) BARK L (de) SHG RDKFE,

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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1:, -L: 7j‘\< m % % Matsunaga Group

HiZE T —< Research Subjects

B SR NTIIAOE T F NV - RN L ZO B 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 SR R OB S O A & el
Study and control of collective excitations and anomalous responses in
superconductivity and antiferromagnetism

B7 5y 7 /T ERBICBT 5 ERIEIISE & st
L7 b=y X/ A8y ba=s X

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

¥ #H EfE

Research Associate
KANDA, Natsuki

- r
» /
- 4

HHEE Wk B
Associate Professor MATSUNAGA, Ryusuke

FI Course
B REF
[Phys., Sci.|

T TNV INS IR < SRR - AIHEIC D e s a e — L
> MEEZFAWT, MEOHISE EAERICK > TARREIN
B IEPHRRRIED TR &R TV B, ST 5V R0
DT+ P VIRV F—=RGF B meVIEETHD., MEYIICE
WTHEERY o)V IEEEOBYUEEZFHNS N TES
FHRTEBRFLEE ToTVE, & HIGEFERFEE NI Med T
WA FF ORI T Z LY Il R ER Y % C & T,
BT RV F—DZ A LB B3 %, H 20
BHOERIEE D & E I3V F =BG X B IE
HEAEHEIC X > Tav—L > FRHAEHZEHNS T &M
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IRIRREZ TR, Z OBEEMEZIHS ST %,

BBET INIVY INIVARES LOMBREFRN UVAREICBNS T T
NOBAREE VAL ==Y XTI

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

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/matsunaga_group.html
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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 Hal (IBEREICAWVSE8 « kYT - RAEEAERFT
B XTI

Transmission, reflection, and polarization rotation spectroscopy system for terahertz elec-
tromagnetic response and Hall conductivity measurements
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ZIRNTS 2 T &M TE D, BIEIEE AT U TRl
BEZRMIT 275, BHEEIWEICE T 25 LWIRIEO G
O¥EE5Z %, FHc, hEHIEELREMoE Lo
FIVF—DORBE)R & OMENFIEG N, RENCIE, FARR
AHEAEF DM 2B, BRSO RMEEIcB I 5 T n
5 ORI RINTS %, AL DU T, KRl - AR5
fRYEEE T YR X R tix EDR Y T T a—T 9%, R
AVDT 2aA AT IVIICH B & X FREHE L —Y—
T EDNiR TENTNEHT 5,

PITERFZE Cld, ROTHEL RIS TR I B D)L
FC BRED X N 2 SRR ICHL D fHEs, ZD K 5 R TR,
SN IIRGER T 2 M £ 72 32T 2 2 e TES D, K
A RFIBEHIC, ThSOEMEER L, BEMICHIET 2
T ExART,

NEABEHE R—J1rI—~XY 9z
Visiting Professor BOVENSIEPEN, Uwe

Ultrafast spectroscopy allows to analyze microscopic interaction
mechanisms in condensed matter systems close to and far out of
thermodynamic equilibrium. While the first provides sensitive
amendments to static spectroscopy, the latter grants opportunities to
explore novel states of matter. Interesting problems are, among others,
structural transitions, electron and energy transfer across interfaces.
Essentially, we analyze the effect of these processes on the electronic
and geometric structure while the fundamental interactions act. In
our research we use pump-probe experiments like time- and angle-
resolved photoelectron spectroscopy and soft x-ray spectroscopy in our
laboratories located in Duisburg, Germany, and user facilities like x-ray
free electron lasers, respectively.

At the Institute for Solid State Physics, I am working on optically driven
structural transitions in low-dimensional materials, in particular charge
density wave compounds. In such systems optical excitation can either
suppress or enhance structural order, and together with my host, we aim
at understanding and potentially controlling these trends.
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Synchrotron Radiation Laboratory / Harima Branch

BEBCERYIERT 2R (SOR fitiR%) & R iR 72 1
U 7 i e e R BRI O BRI 72 2 17> T %, 15
5323 Tl. SPring-8 I FR A PERED B FYEA A v F- > 7
MXERT VPV aL—BE—LT 4 GRERAMEHET Y b
AT — 3 YYrERYE— LT 41 > BLOTLSU) Z#{iL, 5
FSOCE PR T— 3 v ma fReeiR X st t A 75—
a3, 3WF / ESCA AT —3 3 2R L TeEHE
RSBz 9 U, ERRILIIE, o2 SR o & RMAYIC
ZF AN TWVWA, SPring-8 I 1) % HLIAIFI & 2022 4F i
HETTHRT L, 2022 tFEBRBOIXEFHE. L—Y—%2
HWIc A VA EECHETFER, X EZ HWIS3 A0
TR EDEBREINMT %, FIAlEICER O R HAAL
FH'EIE NanoTerasu 72 #1871 ANTIER O @ EEZ X D |
WA A=YV T AT =3 VO R&D £175 T %,
—J5i. MO EMuc BT, LASOR L—H'— 2 )L—7 LDt
[EffZE L LT, BE22Eh) - i X L —Y =2 VO Tt
DFRAEA E VR T EaEE 2 il U, E AL FEF I
LT %, BIfE, SPring-8 X0 E MUK U 7z R0
BOEEEON D EFET> TV,

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. Joint Research at SPring-8
will end in the first half of FY2022, and in the second half of FY2022,
laser-spin angle-resolved photoemission spectroscopy and ambient-
pressure X-ray photoelectron spectroscopy using X-ray tubes will be
conducted. 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 NanoTerasu. 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 RHE BA

Leader HARADA, Yoshihisa
BlfESRE tH &

Deputy Leader MATSUDA, Iwao
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Supporting Facilities

WIPERFZEATIC 225 Eh 72 FIHIC #ED Tu { T DGR DRI 5N TV %o (RIRFERICAR AT RIZRIANY & Lok %S
#2BG - MHE T A IRIRIIEE, BRI TIE 21T 5 TR, X SEEEPBEHERR OF B2 1T 5 UHRE R, AOMERS
ZZROHIZ, FEACROEROME - ERZITINERLEND S, 2022 FH MMM TE21T 5 BFWE T/ HiE o A
MHREN, EHIcEdEli,

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

HYET /RS T R

Laboratory of Nanoscale Quantum Materials

“ [ = i o4 e =1
BEESRE BX BT by EE ¥ wiErBE B HRB
Chairperson : KATSUMOTO, Shingo Research Associate : ENDO, Akira Technical Specialist : HASHIMOTO, Yoshiaki

2022 4F 3 HICH&R S NIcE TE T/ Mid 7 R Tld. TSN CEBE NI aE 2., RN LEAR>Z Ol 7731 2
e 2 AV TERZ I T L TWVWa, I, ZICAET2HLVETHSR . T RNOFHIS AT L0t N O Sebis il 2 v
THRITBENEMEIEEL2I vy a e LTS, TRAZ Y 7RI TR Z 2T (T Z7E Licin L2 k% 7%
THETEITT 5, — A, FINLI—Y =@, fHE#EEEZRZI5 LT, ASSEBEZFIMNTEENTE S,

At the Laboratory of Nanoscale Quantum Materials opened in March 2022, novel materials synthesized inside/outside the institute are processed using
nanofabrication and device-making technologies. The further mission is to connect such devices to the advanced measurements in the institute and

findings of new quantum phenomena. The lab staffs accept consultations and carry out the ordered processes. On the other hand, the users inside the
institute who took the due courses of training can utilize the corresponding process machines by themselves.

FEHRE

EFIRHERE. £R14 > E—LINTEE.
RRVLVRTA MIVIST 4 #B RTEHRELE
Main Facilities

Electron beam lithography machine, Focused ion beam processing machine,
Maskless photolithography machine, Atomic layer deposition machine

BEFRHEEEE (TVA IR ), REMEREENE 75 kV,
E— L& 2nm,

Electron beam lithography machine (Elionix). The highest acceleration
voltage is 75 kV. The beam diameter is 2 nm.

88 ISSP Digest 2022



Kimi b=

Cryogenic Service Laboratory

ERESE T & wEMEFIHE B X wifiErIEE Bl BF —MEEMEE HK KR

Chairperson : YAMASHITA, Minoru Technical Specialist : TSUCHIYA, Hikaru Technical Specialist : SAGIYAMA, Reiko Technical Associate : SHIMIZU, Miku

TR S IEHARNY 7 L L IRA RO, 3B X IRREAMCBI T 23— E AR F v VS AR EKRDEEH AR NDE
HEIT5TWS, RIANY 7 LIS E ALY D =D E N5, BIELIEAY Y LA AZEIR L, K8 L CH
WILd %, 2021 FEEOHIAND 7 LOE g & G RIZZNZ N 242,000 L, 160,000 L Th 5, WIAEHRIIINTR DA
L. G L T05, 2021 FEOWAEZROMAEIZ 825,000 L £75> T\ 5,

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 2021, liquid helium of 242,000 L was produced, of which 160,000 L was supplied to users, and liquid nitrogen of 825,000 L was
supplied.

FEXRME Main Facilities

ANUDLRICERB | (U>7F)  Helium liquefier system | (Linde) 200 L/hr
ANUDLTRCEB I (U7 ) Helium liquefier system |l (Linde) 233 L/hr
TRIENY D L\FriE Liquid helium storage vessel 10,000 L
TRIRZEZRATIE Liquid nitrogen storage tanks 20,000 L
BURANY 7 LA R EHERE Heloum gas recovery compressor 190 m3/hr

BORNU T LR ERYT Centrifugal liquid helium pump system 20 L/min

N LBERILESR

HRABTNAY T LAFEDSE Y IC K 2EMEBE\DOZEZRENT 2csd. YL
FrEd 2N\ U LBR{CEREDFAZ ZINC & TR LTeBR(LER%Z 20195 K VR
LT RHHBRAENNAY T LAARDER-BRILETV. BREANU U LZRET 2,
chiTE Y. RoNCERCTHEN U LDEU- FF5- BRILOLD S T & &8
Y %o 2020-20214FEIF 8,2351) v b L (6#) DIRIENY U LG LT,

AU D LRI, FFEROEDRH: EFR> 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. FY2020-2021, 8,235
liters of liquid He supplied for 6 projects.

TAE=E

Machine Shop

IfFRER &8 &E— witrgrig )0 #E wittwks NE Hittke FE BE
Chairperson : KINDO, Koichi Senior Technical Specialist : KAWAGUCHI, Koushi Technical Staff : MURANUKI, Seiji Technical Staff: OKABE, Kiyonobu

TAE=IE, Wi%E EBRE2 89 5 TAEMOIN T, Wi OR S 2 4iE & i O RIE
RUZOWE, Z U TEERAOHRENEZIT> TS, £z, WFEEHE SHZRIC
TSR 21T S e ORFSEE TAFREREEN TV 5,

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

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

FEHE

WHTIEE 0 SEHIE< Z> Ity 2— NCHR. BIET7 51 X8

RELMERE @ FAeheid. B2 EGelE. 720 X8 R—)Ug

Main Facilities

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

Researcher’s Machine Shop : Universal Lathes, Precision Lathes, Milling Machine
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Radiation Safety Laboratory

EZ  BEFMARE FE OB

Project Specialist: NOZAWA, Kiyokazu

BatREREaR EH

Chairperson : HIROI, Zenji

JRGHRE R, YITEDIZEATIC B0 2 i e (U RIRRIEZ 38) it
S EEE (X FR2EEEET) OIHRICIN T, BRI O iR S 2 Bk L.
LREMRTZ T ERHANE L TRBEINTND, ZO7k, BEHREERICEH % 22T
HI7 IR BRSER & LT EHPEV L P O AR AR E OFRUE . 2R U IRIC
FES AR E . BUEME IR 2 USRS 55 OFFR. i FR X I D7
BRHIE, X BREE 5 0O BIRE D SR ORI E O#E < SRE- R RS Mo
FUER. BURRRIERHE OAE I EZIT> TV 5, i, Y=iciE, U, ThxEDIER
EHZHRRIE X 22Na BEHRIRZ FI W TS5 8T & 2 BRSPS MU (X iz
) MEGEZIA TV 5,

The aims of this laboratory are to protect researchers from irradiation due to radioactive sources,

X-rays, y-rays and so on and to provide rooms for radiation experiments and radiochemical operations
by use of unsealed U, Th and sealed *?Na sources. Various types of survey-meters are provided.

FTERIR
EFERRE GEBERMHIE & R CIRA MMM —DORRE) . R FOVRRE (PNa B
FREBWERRARY OV E—LICKDRBIMTA D). AABEIGREST, Ge FEMFRIEE. o fRHER.

BE D FL—2 30TV RA— EEY—NA A% FREEZE (\VFT7v /OXEZZ—
IC K BIBEFROHER)

Main Facilities

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

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

HEZ BT = [RHRE
Library Information Technology Office Public Relations Office

PIERRRPTRE R ISFARPARIIO BTV, 7
AHAREDREPKEZREDEB L LBITEED
HREMBHEREDHIC, MHERFZROITER
ZINE L THIBIEH LTV 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.

EFRRE

International Lieson Office

BRI E Tl WA LAN & £ T WWW
H—/)\ (R — LR—Y) O EY—/\D
EEERETV. KFREZESHERARNI—Y
ITREL TV S,

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

FE - AMBEEKE

Counseling Services

[RRE IS EAFTFROAERRS T 7 7 1 E7 «
ZIL —MRITERREET 2EHZT o>V 5,

Public Relations Office manages and facilitates
disseminating research achievements and activities of
the ISSP widely to the general public.

Abvy7ib—~L

Stock Room

ERAIRE TlE. MMERRAMOERIR - ERt
HElcm e EEENE LT AEATERE
FIEFOERBEEFHECERT -7 3y TD&E
EXE. BXTOBHRRE. NEAHREDRKH
SEEEETOTCND,

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.

ISSP Digest 2022

P4 - FHESAAETIE. BLOBERITECTE
FEELBNISETV. BREEZRLFLELETO
W3

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

A by 7= Lid ElERGE. BEERRG SREBR
IHBLTREEENSERR. TOMXEER
EnHBYRETHZA TN D,

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

& B K 4 Title Name
& Fo TR Director MORI, Hatsumi
glFrE H#E = Vice Director YOSHINOBU, Jun
FIZTERPS  Research Divisions
FHERYIME RS ER P EH A Division of Condensed Matter Science, Leader OSADA, Toshihito
YRR SIS ER P AT g =4 Division of Condenced Matter Theory, Leader KATO, Takeo
+/ A — VRSP AT JyJI<— Zwy Division of Nanoscale Science, Leader LIPPMAA, Mikk
HESREMIMERIZE VIV — T HE £=— Functional Materials Group, Leader INOUE, Keiichi
EFMEMETIV—TEFE )| ERR Quantum Materials Group, Leader OSHIKAWA, Masaki
FMiEHAZEHERR  Research Facilities
R R aE B g B Materials Design and Characterization Laboratory, Leader =~ KAWASHIMA, Naoki
MiB Rt F R R R = 1& Neutron Science Laboratory, Leader YAMAMURO, Osamu
i /B E B IR EIS R I SRR R [/N= = =ZIN International MegaGauss Science Laboratory, Leader MASTUDA, Yasuhiro H.
RS EMERENEt 2 —K BB 2B Center of Computational Materials Science, Leader OZAKI, Taisuke
MiEtEpR Ot —L > M ARIERR 2 —F IR ETE Laser and Synchrotron Research Center, Leader KOBAYASHI, Yohei
Blte2—E #lL #EX Laser and Synchrotron Research Center, Deputy Leader AKIYAMA, Hidefumi
Btre2—& EBEH A Laser and Synchrotron Research Center, Deputy Leader HARADA, Yoshihisa
BB AR ST R ER BH A Synchrotron Radiation Laboratory, Leader HARADA, Yoshihisa
it pyNzz] & Synchrotron Radiation Laboratory, Deputy Leader MATSUDA, Iwao
o= AN . .
YIMHERREES  ISSP Advisory Council
K4 i & E /B4 Name Affiliation Title/Post
Eiﬁ ;ﬁ *}J% %fﬂk—?%’l’fﬂ%ﬁﬁ FrE Chair  MORI, Hatsumi ISSP, the University of Tokyo Director
£82 FHE F RERKFEMUEHEAR BIFE Member YOSHINOBU, Jun ISSP, the University of Tokyo Vice Director
£FE KRB B SRR E2ey Member OTANI, Yoshichika ISSP, the University of Tokyo Professor
£ BEA B FERKEYEMSSAR 2655 Member KATSUMOTO, Shingo  ISSP, the University of Tokyo Professor
8 EH EFBZ SRRERARUMERAERR 6] Member HIROI, Zenji ISSP, the University of Tokyo Professor
FE R BEX HFRAFRERIFRWER FZERE  Member SOMEYA, Takao Graduate School of Engineering, the University of Tokyo ~ Dean
£8 EBY Hih REAFAFEREBEFRHER BZERE Member HOSHINO, Masahiro Graduate School of Science, the University of Tokyo ~ Dean
£8 &0 B RBRAFAERFEDARNERER  HARER Member DEGUCHI, Atsushi Graduate School of Frontier Sciences, the University of Tokyo  Dean
. BR ¥R Executi
Z5 % 13 RAFE M AITO, Nobuhi iversi xecutive
£8 BE EA HERKF (FiiEs ) ember SAITO, Nobuhito The University of Tokyo Vice President
= . —— VS e o . The Graduate School of Engineering, Tokyo
L RRRIAFAFRTFHAR ke il A0, Bl University of Agriculture and Technology Liolssey
=8 = B  SAHERFEARFERIZHIR a6 Member SAWA, Hiroshi Graduate School of Engineering, Nagoya University — Professor
£8 KH 12— WBRREDFIAMATIVAMEL 52— B Member OHTA, Hitoshi Molecular Photoscience Research Center, Kobe University  Professor
£E ik B—  ELASMRA S SRR e Member ORIMO, Shin-ichi éﬂ;fj:rcsfgllnstitute for Materials Research, Tohoku Director
£E M8 BF KRMAIKFAFREBZFRMER  HR Member HOSOKOSHI, Yuko Graduate School of Science, Osaka Prefecture University  Professor
£E8 [EEHEX BHEBEAFAFLREFHER E265 Member AWAGA, Kunio Graduate School of Science, Nagoya University Professor
=8 TR B EmtAFELEMRIZEFR FrE Member FURUHARA, Tadashi Institute for Materials Research, Tohoku University ~Director
£8 FA Eth  FRERFERYIEFHER eSS Member AOKI, Shinya Yukawa Institute for Theoretical Physics, Kyoto University ~ Director
_ &I bF— RIS Insutitute for Materials Structure Science, High
= I : I , Hig
=R BF HR B ER SRR e ilemlien) SRR, il Energy Accelerator Research Organization e
BB A B SANPWREES THEWRR  fee Member YAMAMOTO, Hiroshi ~ MiStitute for Molecular Science, National InSUWES  pyogeqgor
£E8 RAIEE RERFARERIZZRMER 2653 Member HASEGAWA, Tatsuo Graduate School of Engineering, the University of Tokyo ~ Professor
£8 RAIHER] FHRAFAFHREBFRIAER E2655 Member HASEGAWA, Shuji Graduate School of Science, the University of Tokyo  Professor
F8 /I EE HRAFAFREFZRAER iz Member OGATA, Masao Graduate School of Science, the University of Tokyo  Professor
£F8 AH BE— RRAFAFREBFRAER Bz Member OHKOSHI, Shinichi Graduate School of Science, the University of Tokyo  Professor
ez FIEZEL : :
ANEEZWFESR  Selection Council
K% il Name Affiliation
ER A MR WRAFUEARR Chair MORI, Hatsumi ISSP, the University of Tokyo
E£E ABE ZFH HERAFAERFESAIMAIFEMAZER Member  ARIMA, Taka-hisa Graduate School of Frontier Sciences, the University of Tokyo
8 I = BUFRAFETZE Member ~ MATSUKAWA, Hiroshi College of Science and Engineering, Aoyama Gakuin University
£5 X EE REAFAERIZFZRER Member MOTOME, Yukitoshi Graduate School of Engineering, the University of Tokyo
8 #ER & JbBE AR AR RIS Member  AMITSUKA, Hiroshi Faculty of Science, Hokkaido University
£E HRE R [LEAEARFERIEERETZRIEMRR Member NOHARA, Minoru Graduate School of Advanced Science and Engineering, Hiroshima University

fth, FRNZE 5% 5 other members from ISSP faculty
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HEFIEMEEREFIZES  Advisory Committee for Joint Usage

FINZEE ISSP Faculty

x R EHERYIMERIZRERPT - RRAFHIMEZRRT R MORI, Hatsumi

=HE = HEREMIERRZR Y IV —T - REAFADIEAZPAEFTE  YOSHINOBU, Jun
A EE MWEER I —L > M HREHEL 2 — KIMURA, Takashi
RH #A AR MRS ERPT OSADA, Toshihito
QI = F/ R — VR ZRERPS HASEGAWA, Yukio
JyTR— 3y F/ R —IVEERZEERRY LIPPMAA, Mikk

e R EFMEMETIL—T OTANI, Yoshichika
BH EZ B il HIROL, Zenji

N8 BiE EE =B a i KAWASHIMA, Naoki
= & BB R TR A ZR MRS YAMAMURO, Osamu
55 #E— B R F R F I ZR AR MAY UMI, Koichi

Kk g B /8 [ P R R 5 L S BT SR e a8 TOKUNAGA, Masashi
MHE  ERBA b /B I PR R R S A 2 R S e RS MATSUDA, Yasuhiro H.
Bl Z=B MR EMER MR 2 — OZAKI, Taisuke

IR ETE MBMmRE I —L > AR 2 — KOBAYASHI, Youhei
FH A MBmREIE—L > MARIEAE > 2 — HARADA, Yoshihisa
[N MBMmREIE—L > MARERE Y 2 — MATSUDA, Iwao
ZitaE3-] Member from outside the ISSP
Bt EA FRERA S IRFER HEDO, Masato

IR BT HREAFAZREF KRR KOBAYASHI, Kensuke
(=TT REBRFEREFR TR KAGEYAMA, Hiroshi
K& Hid RACKFEAZ AR OHGUSHI, Kenya

HH 1T JLBERF A F R YOSHIDA, Hiroyuki
FR A RIEKF L BRI NOJIRI, Hiroyuki

AR IE—ER BOERFHEFER KISHINE, Jun-ichiro
e & BEHBRFAFFREFHER KONTANI, Hiroshi
mE K EERTKFAFREFHER WADATI, Hiroki

Al #BZ REARFAZ R ISHIDA, Kenji

2R EE HRAFRZ BRI E Z R SHIBAUCHI, Takasada
TEE &R B FHHEPAI R IR EM R > 2 — HANAGURYI, Tetsuo
g —BB HEBEAFAFFUEFHZR TERASAKI, Ichiro
B/A EiE [LEARFEARF AR T RRF MR ONIMARU, Takahiro
HE Q— KBRAFE A F B R T FHZeR IZAWA, Koichi

=77 S| RILKFARF FREF IR WAKABAYASHI, Yusuke
ROIEM RRTERFR AR RHZERT AZUMA, Masaki

i —R REBAFRFBERFHAZR YOSHIMURA, Kazuyoshi
Bl &8 FRREAF R T MIZOK AWA, Takashi
B HER ABRAFZARZ BRI SAKAL, Hideaki

TR BE KIRAFAZREER MBI EHIEREME LY %2~ HAGIWARA, Masayuki

ZH - HE (202141~ 2022.331)

Division of Condensed Matter Science, ISSP Director
Functional Materials Group, ISSP Vice Director
Laser and Synchrotron Research Center

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, University of the Ryukyus

Graduate School of Science, the University of Tokyo

Graduate School of Engineering, Kyoto University

Graduate School of Science, Tohoku University

Faculty of Science, Hokkaido University

Institute for Materials Research, Tohoku University

The Open University of Japan

Graduate School of Science, Nagoya University

Graduate School of Material Science, University of Hyogo

Graduate School of Scinece, Kyoto University

Graduate School of Frontier Sciences, the University of Tokyo

Center for Emergent Matter Sciencey, RIKEN

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

Laboratory for Materials and Structures, Tokyo Institute of Technology
Graduate School of Scinece, Kyoto University

School of Advanced Science and Engineering, Waseda University
Graduate School of Science, Osaka University

Center for Advanced High Magnetic Fieeld Science, Osaka University

Honors and Awards

?ﬂ(ﬂﬁké Faculty and staff

DEEERBRITORKE. LU, REXRBZHME AR

Surface Chemistry of Carbon Dioxide on Copper Model Catalysts Studied by Ambient-Pressure
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ASAMI, Toshio
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Project Academic Specialist

Project Researcher
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Technical Specialist
Visiting Professor

Project Researcher
Visiting Professor
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Research Associate
Visiting Associate Professor
Research Associate
Research Associate
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Technical Specialist
Project Academic Specialist
Project Associate Professor
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Project Researcher
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Affiliation; Concurrent affiliation denoted by *; Leadership role denoted by **
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
Yoshimi Team, Supercomputer Center, Materials Design and Characterization Laboratory
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

Batzill Group, Division of Nanoscale Science

Uwatoko Group, Materials Design and Characterization Laboratory

Bovensiepen Group, Laser and Synchrotron Research Center

Mori Group, Division of Condensed Matter Science

Katsumoto Group, Division of Nanoscale Science; Laboratory of Nanoscale Quantum Materials**
Endo Group, Neutron Science Laboratory

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*

Uwatoko Group, Materials Design and Characterization Laboratory

Mayumi Group, Neutron Science Laboratory

Kawashima Group, Materials Design and Characterization Laboratory
High-Pressure Synthesis Section, 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; Laboratory of Nanoscale Quantum Materials**
Mayumi Group, Neutron Science Laboratory

Hasegawa Group, Division of Nanoscale 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****

1. Matsuda Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Kondo Group, Laser and Synchrotron Research Center
Ideue Group, Division of Condensed Matter Science; Quantum Materials Group*

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

Yoshinobu Group, Functional Materials Group; Division of Nanoscale Science*
Tsunetsugu Group, Division of Condensed Matter Theory
Kindo Group, International MegaGauss Science Laboratory

Inoue Group, Functional Materials Group; Laser and Synchrotron Research Center*
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
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Name
ISSHIKI, Hironari
ITATANI, Jiro
ITO, Isao
KAKINUMA, Kunio
KANALI, Teruto
KANDA, Natsuki
KATO, Takeo

KATSUMOTO, Shingo

KAWAGUCHI, Kaishu
KAWAGUCHI, Koushi

KAWAMURA, Mitsuaki

KAWANA, Daichi

KAWASHIMA, Naoki

KIM, Changsu

KIM, Yongmin Joseph
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
KOU, Sonju

KOUTA, Hikaru

KUDO, Hirofumi
KURAHASHI, Naoya
KURIHARA, Takayuki
KUSUNOSE, Hiroaki
LE, The Anh

LI, Wenbin

LIPPMAA, Mikk

LIU, Daobin

MARIN PEREZ, Maria del

Carmen

MASUDA, Takatsugu
MATSUDA, Iwao

MATSUDA, Takuya
MATSUDA, Yasuhiro
MATSUI, Kazuki

MATSUNAGA, Ryusuke

MATSUO, Akira

MAY UMI, Koichi
MITAMURA, Hiroyuki
MIWA, Shinji
MIYAKE, Atsushi
MIZUNO, Tomoya

MOCHIDA, Madoka

Position - Title
Research Associate
Associate Professor
Technical Specialist
Project Academic Specialist
Senior Technical Specialist
Research Associate

Associate Professor
Professor

Project Researcher

Senior Technical Specialist
Research Associate

Technical Specialist

Professor

Project Researcher
Visiting Professor
Associate Professor
Professor

Project Research Associate
Project Researcher

Project Researcher
Research Associate
Research Associate
Professor

Associate Professor
Associate Professor

Project Researcher
Project Academic Specialist
Project Researcher

Advanced Academic
Specialist

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

JSPS Research Fellow
JSPS Research Fellow
Associate Professor
Professor

JSPS Research Fellow
Professor

Project Researcher
Associate Professor

Technical Specialist
Associate Professor
Research Associate
Associate Professor
Research Associate
Project Research Associate

Advanced Academic
Support Staff

Affiliation; Concurrent affiliation denoted by *; Leadership role denoted by **
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; Laboratory of Nanoscale Quantum Materials**;
Electromagnetic Measurements Section**

Kondo Group, Laser and Synchrotron Research Center
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*; Social Coopeeration Reseasrch Department*; Supercomputer Center**;
Information Technology Office**

Akiyama Group, Functional Materials Group; Laser and Synchrotron Research Center*
Kim Grop, International MegaGauss Science Laboratory

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

Fukushima Group, Center of Computational Materials Science
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
Itatani Group, Laser and Synchrotron Research Center

Kusunose Group, Division of Condensed Matter Theory

Sugino Group, Functional Materials Group; Center of Computational Materials Science*
Hasegawa Group, Division of Nanoscale Science

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
Kindo 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; Functional Materials Group*
Tokunaga Group, International MegaGauss Science Laboratory

Miwa Group, Quantum Materials Group; Division of Nanoscale Science*
Tokunaga Group, International MegaGauss Science Laboratory

Itatani Group, Laser and Synchrotron Research Center
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Name
MORI, Hatsumi

MORI, Ryo
MORI, Taizo
MORIALI Yasuaki

MORITA, Satoshi

MOTOYAMA, Yuichi
MUHAMMADY,
Shibghatullah

MUKALI, Kozo
MURAYAMA, Chizuko
MUROTANI, Yuta
NAGASAKI, Shoko
NAGATA, Takashi
NAKAJIMA, Taro
NAKAMAE, Hidekazu
NAKAMURA, Takahiro

NAKATSUJI, Satoru
NAKAZATO, Tomoharu
NOGUCHLI, Hiroshi

NOMOTO, Tetsuya
NOMURA, Toshihiro
NOZAWA, Kiyokazu
NUMASAWA, Tokiro
ODA, Tatsuro
OHDAIRA, Takeshi
OHMASA, Yoshinori
OKA, Takashi
OKAMOTO, Yoshihiko
OKAZAKI, Kozo

OKUMURA, Haruki

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

OZAKI, Taisuke

PORTUGALL, Oliver
SAGIYAMA, Reiko
SAITO, Hiraku
SAKALI, Yoshikazu
SAKAMOTO, Shoya
SAKURALI, Haruyuki
SATO, Mitsuyuki
SAWABE, Hironobu
Seno Aji

SHIBUYA, Takashi
SHIMIZU, Miku

SUGINO, Osamu

SUGIURA, Ryosuke
SUZUKI, Hiroyuki

SUZUKI, Takeshi

ISSP Digest 2022

Position - Title
Professor, Director

Research Associate
Research Associate

Project Academic Specialist

Research Associate

Technical Specialist

Project Researcher

Senior Technical Specialist
Research Assistant

Project Researcher

Project Academic Specialist
Research Associate
Associate Professor

Project Researcher

Project Researcher
Project Professor
Project Researcher
Associate Professor

Project Researcher
Research Associate
Project Specialist
Research Associate
Research Associate
Project Researcher
Project Researcher
Professor
Professor

Associate Professor
Project Researcher

Project Research Associate
Professor

Project Researcher
Professor

Project Researcher
Professor

Project Researcher
Professor

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

Technical Associate

Professor

Technical Specialist

Advanced Academic
Specialist

Research Associate

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

Mori Group, Division of Condensed Matter Science; Functional Materials Group*; Electromagnetic
Measurements Section**

Kondo Group, Laser and Synchrotron Research Center
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;
Information Technology Office*

Sugino Group, Functional Materials Group; Center of Computational Materials Science*

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; Stock Room**

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

Nakatsuji Group, Quantum Materials Group; Division of Condensed Matter Science*; Physics
Department Graduate School of Science*

Kobayashi Group, Laser and Synchrotron Research Center

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*

Mayumi Group, Neutron 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*

Okamoto Group, Materials Design and Characterization Laboratory; Quantum Materials Group*
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*
Yoshinobu Group, Functional Materials Group; Division of Nanoscale Science*

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; Division of Data-Integrated
Materials Science*; Center of Computational Materials Science*; Supercomputer Center**

Portugall Group, International MegaGauss 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®
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

Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Cryogenic Service Laboratory

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
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Name
TADA, Yasuhiro
TAEN, Toshihiro
TAKARAMOTO, Shunki
TAKEDA, Hikaru
TAKEO, Yoko
TAMAYA, Tomohiro
TANAKA, Shunsuke
TANTI, Shuntaro
TODO, Synge
TOKUNAGA, Masashi
TSUCHIYA, Hikaru
TSUNETSUGU, Hirokazu
UCHIDA, Kazuhito
USUKURA, Junko
UWATOKO, Yoshiya
WAN, Yuxuan
YAGUCHI, Makoto
YAJIMA, Takeshi
YAMADA, Akiyoshi
YAMAMURO, Osamu

YAMASHITA, Minoru

YAMAUCHI, Touru
YAMAZAKI, Jun

YAN, Jian
YANAGISAWA, Hirofumi
YANG, Zhuo

YATA, Hiroyuki
YOSHIMI, Kazuyoshi
YOSHINOBU, Jun

YU, Shan

ZHANG, Wenxiong
ZHONG, Yigui
ZHOU, Xuguang

Position - Title
Visiting Associate Professor
Research Associate
Project Researcher
Research Associate
Research Associate
Project Researcher
Research Associate
Research Associate
Professor
Associate Professor
Technical Specialist
Professor
Senior Technical Specialist
Project Researcher
Professor
Project Researcher
Project Academic Specialist
Research Associate
Project Researcher

Professor
Associate Professor

Senior Technical Specialist
Technical Specialist
Project Researcher

Project Researcher

Project Researcher
Technical Specialist
Project Researcher
Professor, Vice Director

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, 2022.

Affiliation; Concurrent affiliation denoted by *; Leadership role denoted by **
Tada Group, Quantum Materials Group
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*
Kobayashi Group, Laser and Synchrotron Research Center
Physics Department Graduate School of Science; Center of Computational Materials Science®
Tokunaga Group, International MegaGauss Science Laboratory
Cryogenic Service Laboratory
Tsunetsugu Group, Division of Condensed Matter Theory
Osada Group, Division of Condensed Matter Science
Akiyama Group, Functional Materials Group; Laser and Synchrotron Research Center*
Uwatoko Group, Materials Design and Characterization Laboratory
Kondo Group, Laser and Synchrotron Research Center
Kobayashi Group, Laser and Synchrotron Research Center
X-Ray Diffraction Section, Materials Design and Characterization Laboratory
Tokunaga Group, International MegaGauss Science Laboratory

Yamamuro Group, Neutron Science Laboratory; Functional Materials Group*

Yamashita Group, Division of Condensed Matter Science; Quantum Materials Group*; Cryogenic

Service Laboratory**; Electromagnetic Measurements Section**

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

Y. Matsuda Group, International MegaGauss Science Laboratory
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