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THE INSTITUTE FOR SOLID STATE PHYSICS, THE UNIVERSITY OF TOKYO

Preface

Established at the University of Tokyo (UT) in 1957 as a research institute
to be utilized jointly by researchers from all over Japan, the Institute for Solid
State Physics (ISSP) has served as Japan's core research institute in materials
science for over 65 years. In 2000, ISSP moved from its original Roppongi
Campus to the spacious Kashiwa Campus. In 2010, after UT became a national
university corporation in 2004, ISSP received accreditation as a Joint Usage/
Research Center for materials science under the Ministry of Education, Culture,
Sports, Science and Technology's Joint Usage/Research Center System. With
the aim of "pursuing scientific principles and contributing to science and
technology by promoting advanced basic research in materials science", and
with the support of the condensed matter community, ISSP has consistently
worked on three pillars: research, education, and joint use/research.

Materials science studies and advances understandings of the diverse
properties of various materials at the level of their microscopic constituents,
i.e., atoms, molecules, and electrons. A diamond’s hardness derives from
the strong chemical bonding of carbon atoms with each other, the electric
and magnetic properties, on the other hand, reflect the characteristics of
electrons. Acting according to the laws of quantum mechanics, electrons
sometimes behave as particles and sometimes as waves. A particle as small
as an electron is not a resident of the familiar world of Newtonian mechanics
that can explain why the apple falls off the tree, but of the mysterious world
of quantum mechanics. Amazingly, when, aggregated, the myriad electrons
in solids can exhibit peculiar phenomena that cannot be predicted from the
properties of a single electron. The most obvious example is superconductivity.
This is a state in which electrical resistance is completely zero below a critical
temperature. Superconducting properties enable devices that are providing
societal benefits such as high field magnets for MRI and magnetic levitation
trains. Given the properties exhibited by matter are diverse, and given materials
science has many phenomena yet to be elucidated, there are even more
unknown phenomena and functions to be discovered. For example, gaining
a sophisticated understanding of the behavior of molecules and electrons can
better explain the functions exhibited by many substances in living organisms.

The technological innovations that will lead to solutions for modern
society for issues such as energy and the environment and bring about real
breakthroughs cannot be achieved without a foundation of steady basic
research. The ISSP explores basic science to comprehend the various
properties of materials and, through the discovery of unknown phenomena, to
link this to applied research that is beneficial to society.
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ISSP Director, HIROI, Zenji
October 2023

Studying the properties of materials requires: the organic combining of
synthesis techniques to create a variety of samples ranging from large crystals
to nano-sized materials; precision measurements to examine the obtained
samples using various techniques under special environments such as strong
magnetic fields and high pressure; large-scale experimental facilities utilizing
quantum beams such as synchrotron radiation and neutrons; and understanding

of the experimental results using human wisdom and large-scale simulations

via supercomputers.

The ISSP is a world-class, materials-focused research institute that achieves
these goals at a high level, and functions as a Center of Excellence for materials
science research. Furthermore, the ISSP provides a rich research environment
to the materials science community through the joint-use program, attracting
many researchers from all over the country to use its experimental equipment.
The new breeze of ideas and scientific seeds that are brought to the ISSP are
developed into further cutting-edge research. As a result of this movement of
people, researchers are encouraged to collaborate and exchange ideas, which

benefits all researchers, but especially young ones.

The current ISSP is the third generation since the last reorganization in
1996. The environment surrounding us during that quarter of a century has
changed dramatically, and academic trends have shifted markedly. In order to
adapt to these changes and to open up a new future, we are now in the process
of laying the foundation for the fourth generation. The Institute for Solid State
Physics is determined to see where the future of materials science will take
us, and our faculty, staff, and students are united in our efforts toward further
development. We look forward to your continued understanding and support.

ISSP Digest 2023
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About ISSP

YRR ZEFRIE O D E DYIERIF DR FRHEED 2 8H1C. 1957 FICRRAFHBO2EHEF AMZERE L TRIIE N,
RILEAID S AR AMB R HEFA - HEAEZTELHELTEL TS,
The Institute for Solid State Physics (ISSP) was established in 1957 as a national joint research institute at the University of Tokyo to promote

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

WERFICEITZHRAERKEDERMAZEDLE

Our goal

T ©

Missions

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

B - KBIDRTIHMRRIEDORFK - BlieL. ThSZAVICHARSFORNE

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

B HEFA - HEAERRE LT, SREREICE D HLLEHROER

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

B =sHLICEFRAREOEREAZZROMEE

Promote prominent young scholars and personnel exchange.

A EFRNTHRELT. MHERZEORY FT7—0 DEE

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

B ERMROMR%EEFEREZE L THAITGETT.

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

MR

Research

AHE K

Human Capability Development

HEBREBREADT 41— NNy

HRFA

Joint Usage

KERAVBRZE & ERERAVEA TR DEE T K
V. ERMERZEEHE

HMBEDE. EET/ BEOER,
TRAI 7 AIEFEDRRE £ DRERMER
REL FBEER - ETIVOREPHE
FEDRFE LV O LERIAR DB N
Bl LY BRIERZEEREIC
HEELTWS,

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, the Graduate School of Frontier
Sciences with a major in Advanced Materials
Science or the Department of Complexity Science
and Engineering. We are also fostering young
researchers in interdisciplinary fields of study
beyond conventional educational frameworks.

LEDYEMEEDT-HDEEFA
BREPR

HEFMBOIOHDHEREFRIT. BREH
DFFAEELNINEFABL TV S,
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Joint usage institute for scientists in condensed
matter physics and materials science in Japan.

In2010, 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 the Advisory Committee for Joint
Usage consisting of ISSP faculty and external
board members.
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Future Vision

HEF BATRATE L TOREEZH#E - 8t L A TEHEZ KRGV IS - ERZ O S EERMISFIZHE T,

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

FinPERIE O R A PSR

Next generation core center for advanced materials sciences

TR FEAM DB PR R % 8T B S inhEaR PIERIFED S DA/ NX—2 3 VA

Development of human capability for Advanced facilities leading the way in Creating innovation based on materials
advanced materials science materials science science

—— RTUTIWATF—RZ AEVR
Materials Data Commons
WRDYZ 2L —Y 3T —2 T4 TR EHmE
BOFEEMA. FMRERER, ShENGFHEFEE
Fﬂ%%o EET 7 u+//ﬁJT 7 qug?*’? %E%E"J
ICHRE UL\ FLOVIERZD/ND 21 LD =S

BTFWEF/BES R

Laboratory of Nanoscale Quantum Materials (LNQM)

F/REERR - BRI Ko T MEREL S
BFTAECE ML LI AT LZIEBR, 8
FRMNDERE FRAHEBFRROFER,
AR DHEIRZIE D,

< o
The LNQM aims at an integrated system from material g ", . . . .
development to quantum measurement through nanostructure ~ ®a " Add}r}g datg science and machine leamning methOdS to
and device fabrication. It looks for novel quantum phenomena ™ . Measurement data traditional simulation to explore new materials and develop
. . . o
and new functions in quantum materials intending to develop . ] ] Cfﬁ“?nt computational mcthods._Almlng Lo create a new
wantum technolo - M . paradigm of condensed matter science by inductively
d 24 u - O " e NCIEIREIER  integrating synthetic, measurement, and computational data.

L]
Cutting-edge measurement .- -
Nanofabrlcatlon technology S

SCEREEE) - I e mr  HE - 5HE S - > 27 LA

Measurement and Control Theory and Computation Novel Materials and Systems

2030

2016 ) ME - PR ORS RN
FERTEULR S A BIEE 2021 DEFRERTZEOMNE Towards comprehensive basic research institute for
e i Acceleration of interdisciplinary research laboratory condensed matter physics and materials science

rEFIEmRyIV—7 )
THEREMIERRZR U IV — T |

= =13 o~~~ A
% W Creation of interdisciplinary ETMES /EBEZR —— %ﬁ?;%;ﬁ_@ﬂ%ﬂ]*ﬁxﬁti‘%{t — BFFA -t —
= 7o organization: Laboratory of Nanoscale INTHATDRE Q%314
2 47 “Quantum Materials Group” Quantum Materials (LNQM) Specialization in the microstructure Enhancement of quantum
°§ o “Functional Materials Group” of novel materials measurement and sensing
2.1
: 20'{; o RFUTWA F—RAEY X — SHEMENFEIID  ——— SRS - ey —
@ZL%%“E%%J’E ) Materials Data Commons T2 URY b & VAN EWH: kS
fg{ﬁ:ﬂgﬁg{?ﬁ@%‘éﬁf mational Development of data repository Development of software for
specialized for computational massively-parallel computation and
materials science machine learning
EEie )
e 2018
magnetic e oo o — > =13
field o EAREHARE DRSS 1200 7 A5 ER 1000 7 A SRFDRHR
Record the world highest indoor magnetic field of 1200 tesla Development of the 1000-tesla science
BHEOBR/NVA L= =7 bR EERCRORE LY RISy b T —LDBE
Development of high-power ultrashort pulse laser, Construction of a laser light source platform
z attosecond light source, semiconductor light source
2 Ny NE== A2 A7 Mz Mz =
£ REGL — P —REF O THZ DR EEDHDRERE — REDHT SV b T4 —LOER
8 - Development of state-of-the-art laser photoelectron Construction of an advanced spectroscopy platform
N spectroscopy, THz spectroscopy, and biological spectroscopy
B . N N ~y < = S = —
= F—BN=R BAN=TAINIVYRATLOER —— L=V MITT 5y bTx—LotEs
%= K Construction of database and cyber-physical system Construction of laser processing platform
g
: EOERY oo / R g5
g TSR AN Te ERFAMRRR o Nt REIBE X AR CREMRA
Synchrotron Development of elemental technologies for next-generation light sources Start of a next-generation high-brilliance X-ray light source operation
radiation
=~ NN A== M2 Az Az = 1] Vi —J l 3 - BE
7_'-d/\7 g bj‘cg&¥?ﬁ‘l ;X ﬁ%?ﬁ)‘ﬁ@l%]g{t é%gg”&??ﬁ;)%%%%ﬁ DEAL10nm AT — )V DZERE S REE
Advanced operando photoelectron and soft X-ray emission spectroscopy al/c S
A TR B - BRSO Introduction of X-ray absorption imaging and development of optical elements

3 N : T . for 10 nm scale spatial resolution
Promotion of materials science that leads to social implementation P’

2021 _ —ep S i 5
. JRR-3 & J-PARCOEFEIGFIFR TR Y K ERRDE B B 2 O\ CRASRHEE
° Eﬁ¢ﬁ¥lﬁ (RR-3) DEHE Complementary use of JRR-3 and J-PARC to promote
Restart of the stationary neutron source research mainly on hydrogen-related and magnetism-related topics
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History and Chronology

1960
PIERRZERRBART (FNAA)

Inauguration of ISSP (Roppongi)

1982
BsaRS - 1EAR L — 1 —RERRE T

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

1981
BRI HEE (PHFEED OR%A

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

1979
BIERIEARRE T

Construction of Ultra-Low-Temperature Laboratory building

1957

/i1 (Baks)

FE—H (1957 ~ 1980)

LRI BEN T\ e, PR FOMIERRE -
A ERRKEICRD BN EEDB LR
BiZIc 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 L2BIRLE LT, ER
S55tE (BIEEME - RS - mRL—Y— - %
EYIE - BUERSTE) ZEs. ERNREZES
EHIT, ZDOTTOH 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.

FRAHERE (BRFT - fEER) DEE

Organizational (department and facilities) changes

BBPI Divisions;
1957 EJR) Y Radio and Microwave Spectroscopy

R 2 Theory IT

Division of Physics

fEsB1 Crystallography |

TRBR TSRS in Extreme Conditions

1958 w@m Electronics

MR L — ' —

Laser physics

REWM Surfa

TBYEIR _Low Temperature

BRI Ultra-high magnetic field

JERE] Magnetism |

TR B Ultra-low temperatures

1959 AR Semiconductor

ﬁ% == Very high pressure

nF Molecular Physics

T&FRME  Lattice Imperfections

B Plasticity
— S

AR IEERPT

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

=
1976 FBIESRYIPE Ultra-low temperatures

Division of Condensed Matter

%‘I Theory I

[EART 77 olid

e Nucleus.

Science

1961 WEKUES 2 Magnetism I1

FES{E__ Solid Materials 1965 HEHEY 14 Inorganic Materials

nRH nBFﬁ

JBBE __ High Pressure

Division of Theory

_A
%553 Theory III

1969 =’t f.ﬁ Neutron Diffraction

1973 BERES &Eﬁnﬁ‘@ﬁ

Synchrotron Radiation
Laboratory

EFRD2 EPY (FE—EPIEE) HMERIEERFT (E5aBES R L — —RmEi it

ﬁ{li?m#ﬂ MR UESE) UERETIEERRPI. PIEF B AR P AR R R Y I ARPT
755 UICEEREFID SABRPIRUES #PIICERR 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 2023
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1996
LiEE R IAVE
HERIRERET

Construction of new ISSP
experimental buildings
in Kashiwa campus

1995
E S ERETH

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

DEEANERETHE
Evaluation of activities of the
Japan-U.S. cooperativeprogram
on neutron scattering by an
international review committee

FF ¥ 2 INZAAND
F2ERRENS (~2000331)

Relocation to Kashiwa
campus (~2000.3.31)

1997 2004
BARBAEE (PHFHI) | RRAFED

EUIRFEARRKELES

The University of Tokyo became
a National University Corporation

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

THE INSTITUTE FOR SOLID STATE PHYSICS, THE UNIVERSITY OF TOKYO

2014

BARBAEE (PEFHE)
DEFFHEBETAH

Evaluation of the Japan-U.S. cooperative
program on neutron scattering activities
by an international review committee

2005 2016
1999 RS\ ERETAH ERE A LR

Evaluation of
ISSP’s scientific
achievements

2020
by an international [E| AN ZRETA T
external committee

Evaluation of ISSP’ scientific
achievements by an
international externalcommittee

2007
BII3T 50 BEEE

50th year anniversary celebration

1989 FHE RAFERFT

Division of Materials
Development

1993 It FEELFATEHERR
Neutron Scattering Laborato

1996

HEBEIRR

F=1K (1996 ~)

R EIRE ORHEFE A 2. i
REDBANIAZTERE L. MIEHROERE
BBl A 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

T

Division of Frontier Areas Research

2006

MPRIR IR M B ST ERFT

Division of Physics in Extreme C

FiER FZEER

Division of New Materials Science

=B il

Materials Design and Characterization Laborato

YRR SR AR T

Division of Condensed Matter Theory

2010
HERA - HERE
& LTERR

Authorization as a joint
usage / research center

— 202 @Rat—LY rARFERRL 22—

Laser and Synchrotron Research Center (LASOR)

BB G Y 1 R S R

Synchrotron Radiation Labora

———— 2004 F/ R — ) VYpERRZEERFT

Division of Nanoscale Science

| R SRR 1l A R T B S

International MegaGauss Science Laboratory

2016
AR ZEERFT

Division of Condensed Matter Science

2003 FEFRISTIZEHER

Neutron Science Laboratory

#

2012 [l B
FRFHRL Y 2 —\BR
Reorganized into Laser and
Synchrotron Research Center
(LASOR)

STEMERFMEL 2 —

Center of Computational Materials Science

[t vi=E

BRI YR, Soim R, MRREIE. fKinn S
5 KBFEERFT & BUBTRSTIRZEHERR. 4 FRRELBZCiEaRICHT T
SHAfER A T2 3 MsRICER 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.

2019 F— ZiF A BM BRI

Division of Data-Integrated Materials Science

PEREMIIERIZR T IV —T

Functional Materials Group

oM
i

BEFUWEMREIIV-T

Quantum Materials Gr
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Organization

YIRS DB R ARG 4 BFFRERFS. 2BV IV — T SRR D SBRMENT L2, ZDSBMB I b — L > MRS
Eﬁnt/'ﬁ—ihﬁﬁﬂlﬁﬂﬂl Iiﬁﬁnﬁﬁax F. 18 - #BEE (SPring-8 ) -+ L& (NanoTerasu ) D 3 LS ICCRATNTE Y HHETF
RFRRIERDEREB IS THER BN OBRRFHAERERBRNICHDMEAEFIFIRR-3 HXU J-PARC [TREE
ncwa,

FﬁP\]LZLi FIRADHZEE PHEFAEIHLBICH A TESRRELTEFYE S /BES R ARERILE. TFEZE. 105
REEZE NEXE EFRRE &b\%b‘hfb\é LI MMERERFRICEITBRLBIEROREZIBL T HLEREL. XY
T — '755 BOEIBER LY R—FETOBHRRME. BXUREPEHEDHDEAELREETN LD,

ISSP currently consists of four Research Divisions, two Research Groups and five Research Facilities. Among these, the Synchrotron Radiation
Laboratory advances research at the three sites: Kashiwa, Harima(in SPring-8), and Sendai(in NanoTerasu).The Neutron Science Laboratory
maintains spectrometers at the research reactor JRR-3 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.

AR Fr & HER

ISSP Advisory Council Director Faculty Meeting
I

glFfR

Vice Director

HEMARREMNEZER

Advisory Committee for Joint Usage

BB =

Research Strategy Office

AEREGER

Selection Council

i ! M HAFhERR @R FAMTER =5
Research Divisions Research Facilities Supporting Facilities Group of Engineers ~ Administrative Office
I T T T | | I 1 1 1 1 | BFWES/EESR
% ﬁc E ;;i g % g 4 } § % § EF' g g E_I, g @ Laboratory of Nanoscale Quantum Materials
SR zffs ZE z/ MEEEMMEMIZEOIL—T 2B S S EH SR | EER(E=
< 5] 5] 5] . ; = 5 g 2
g pE:] g = z i% g A Functional Materials Group & ﬁﬁ ; o g‘ iz} = L) 2 ] Cryogenic Service Laboratory
TS s T | < Zat gﬁ E ;Q’E 2k T
ERE S SHE 5 | EBFWMEMRIIL-—T g5 £F SO SH e — s
‘i %‘E g Ei g 78 Z t{r% Quantum Materials Group & ﬁ@ gﬂi %;%l_ ¥ L achine Shop
B EZ EE8 & SHE 23 R S S | e
[P g =p 2t S 5 1% im oAt Do Lo
TR Em T ig gy ixil .
= > g g 2 5 % o 5 =N .
ily 5 i fm 2 Timoi iyl —Ee=
3 3 & = N a =) = 3 Library
ag O - i : chE 242 9?;’?} it
oM 5 & 3 | g S S| ERR L BEREATE
S A B BX & <4 z % . N
s|a 2 Iy s 2 o 2 Information Technology Office
53 g 5 @ Ay
= g =3
£ Sim — L=
2 3 /oo Public Relations Office
8 b g B7b
£ by ey EBIRE
< =4 — ALZE
= I B International Liaison Office
g g
=5 U - HERIESE
z §‘|§ Counseling Services
£ Py — A bV IIb—L
© Stock Room

}\% O %&H&k é?ﬂ( Personnel, Number of Faculty and Staff

HEIELL Number of faculty and staff members ~ $%5 445 1BHAE As of April 1,2023

RFTOE. HEHE. BHEDASEIE. REL REICKVE

L R# Details
EQTOND, BUR. EHEOE be\"( zt\ PIERRSNZ A NEA s
imﬁ@y =P 55 A%‘“%ngj u%é?@%ﬁ%%f\ %@g% E&E Posn‘tlon Nu;nber Foreign ;Jatlonals Female

CHVTES BAEND, Ko, BHOBEICHTIS, 2 e = .
< roject Protessors
ERZERODEER. N\BEZHRERIMAEZEIEY .. BiER S e i
. AR Associate Professors 19 0 1
R BRAIND, AR Project Associate Professors 1 0 0
. . . FEHE Visiting Professors 0 0 0
ISSP openly recruits all positions for professors, associate professors, and @fxﬁ - N ?ng © es,sors 4 0 1
research associates. ISSP’s hiring of professors and associate professors is SRR VS AT MRS
decided by Faculty Meeting. Prior to the Faculty Meeting, the Personnel B Research Associates 33 0 3
Selection Council, (composed of nearly equal number of members from inside RHEBHE Project Research Associates 3 0 0
and OULSidS OflSSP), 'r§views alll ca(;ldi'((iiatde; AFll filnathirir}g d?)ci'sions Ef S Research Assistants 1 0 1
research associates positions are also decided by Faculty Meeting. Prior to the . q 18
Faculty Meeting, the Personnel Selection Council makes recommendations after %H:Eihﬁ - Pm]ec_t Researchers 49 !
reviewing candidates provided by a selection committee. Bl FRBE Technical Staff 46 0 17
EBRBE Administrative Staff 60 0 48
&t Total 240 19 80
(7.9%) (333%)

*BRIORTRA Y AV EES  Included cross-appointment on campus
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Administration

MEFDEE . BRELUEHRDNSBRENIBE R TOER BRER TCEDHOSND, F FARDBREIGCER
HIRNBHE S LT ARPANEZE L E BT OFRAZBIC KBRS NSRBI ZEES D EO N ATAREDESE
ZIRET HHEEZERIL TV,

HEFIA - HEATRLDOREREICE LTI ARFANEZEEFBUTOFRNEELV 2 HEF BRREFIZEERD. i
ROFBEITECTERZBRNSEHICHBEFA - HEARELUHERFARESDER. BLURZTOTL %,

MR E RN ZEREHD JIRFTEDRE G EARPEE ZRC T SEHEEHEL TS,

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.

NERBSEMH External Review

AR OMIEBN Z 4018 L SERO A B AR T 5720101995 LR F 10 FEBIC. BEANADEFRD SBRENLFTHMEEEICL S
ERANEREHHZIT 2 TN D,

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.

2022 E}EJ&%@E FY2022 Annual Expenditures

FE

Donations

6000 | P 0

Indirect expenses

Z DA
Subsidies

36
PR EERE - AN RAIRIR 2

233 Facility maintenance fee and IP
5000 RERE related expenses 54
Scientific
research expenses

386

4000 |- NERER
External funding ﬂ%ﬂﬁﬁ E§§§1qﬁ

3000 [ - | B et

HEIRfZEE " Personnel
Grant-in-Aid from 46.0E0 UoEEEEs
- N NN N B B overmental agencies an -~
2000 € private c%rporations 4,60 8illion yen 3,060 1,506

ERERNE 778

Operating subsidies
from MEXT
1000 [
FE P 5@{’5}—%
3 roperty expenses
2018 2019 2020 2021 2022 Y 1,555

REREERDHERS (841 1 HHM)

Financial result over the past 5 years (Unit: Million yen)

2022 FEREHEEDONR (@6 EHM)
FY2022 Financial results (Unit:Million yen)
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PPERE DS

Research

YIRS RERFAEMEBEBRD T+ R/N\— M EZ LRI 2 RNICE L Z—TEMERFAE G2 TV, S
W B EEYET M8 - X7 L% (Materials and Systems)”. Z DM B & BIE T 2 “HITE - %4 (Measurements
and Control) "\ Z L CiERZ B L. LW EMZ R 95 "125R - 5175 (Theory and Computation) "D 3 DDEhA B #EM | TR
ERTELGAS IE - ERFEZERL TS,

2016 4R ICld. THEREYDIERRZE S IV — 7 ) & T BIRZES IV — 7 IDOMEIEL S |V — T &R F ek « M1BRZICHIT
BEBEOBEHEBA RS F ML HEL TN,

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.

EEEﬁ/ ~

Theoretical approach

MEEDLB
- Materials and Systems

LR Al
HR=ENIS

Theory and Computation

HEZRHND

Measurements and Control

Experimental approach

Eﬁ‘ﬁj(é& Number of Publications

i 400 MLV FilER 2 HREX L TCH Y. D B4 8IISERHE TH 2 HEEHE - AR - #£283R - FEAER) — ALY O

XHIIHEESD, FR 10 FEG2. DFIRIMBELRD S . RVTHREE, (L% TR EE > TWS. &5 B (Top1%,
Top5%, Top10%) (FEE 30~40 fFdp Y. B - 8LBICEVT VT 1 ET 4 ZR LTV, K cREEID 5 E F N HIEEEEHBDE

i 6 R AFEADEREL 100% L5 DT,

ISSP publishes nearly 400 scholarly articles annually. About 40% of articles are internationally co-authored and on average, each faculty member (Professors, Project
Professors, Associate Professors, Project Associate Professors) publishes about 10 articles per year. The most published field is physics, followed by materials science,
chemistry, and engineering. 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. The number of work-related patent applications resulting from research activities is 6, and these cases have been 100% transferred to the ISSP.

AE SHER - BF
%ﬁ%ggﬁﬁw (niomputation and mathematics 45 N top 1% [ top 5% top 10%
T 17% FO% e s
Ensincerin RIE & HIBKELF ) 40
6 1%/ g Environment and Earth science
1% 0.2% 35
1k £ 30
Chemistry g
9.8% 5 25
IR £ 20
MERZ Physics Z 15
Materials science 70.0%
U7 %
11.1% X 10
&
5
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 HikRE
Year of publication
2022 FICREREI NI DWER EEICHERENTA DR TR L REE TORS IS v+ >0

(317 : Web of Science & ¥)
Ranking of total citations to date compared among papers (publishcd w tlgc f_asmp yca;
resource: Web of Science

The field of articles published in 2022
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70T T MEUBAGE - SEERTTEAS Project-Based Research /Integrated Research Systems

MR TITHONTWB AR T O 24 MIZE  Project Rescarch in ISSP

PIAERFClE. CERFEEOEHEICL D NBRMRBEICRIRIN IOV 17 MR, BLUAREELREICLBZZEMRETOTH Y.
2022 FEDKEUL 158 HF & 75> T W5,

ISSP conducts project research adopted through publicly-funded research programs by Japanese Ministries such as MEXT and other organizations and research
commissioned by research institutions and private companies, totaling 158 projects in FY 2022.

KEITOI 14 b4 Large-Scale Project Title Hi B Period
CPSBIL —H—INTH R T LT KB AT — MELEREENLS (SIP) 2018711 ~2023/2
BFEIED M ROY—%FIA LA IR IEM R DBERE & 7/ 1 Bl (JST CREST) 2018/10 ~ 2023/3
L —HY—+1 /X—=2 3 ¥l (JST Q-LEAP) 2018/11 ~ 2023/3
IKEREREMEIDAIREIE - IRAEERAT (RIBH - FFrEEZE (FRRRIEIREREY) ) 2019/4 ~ 2023/3
THERBRER UVA L —H—IC &7 MORFOFHER (B - B (9) 2018/4 ~ 2023/3
2 MITRURFBR T T IV DRIEL & #EERSIR (JST CREST) 2021/10 ~ 2023/3
ROBHMERRICH T 2 BRFEIROME (R - 48T (A) 2022/4 ~2023/3
Bt I v I ROBEMEREN (B - SMEEEEZE (A) 9ES) 2022/4 ~2023/3
BIR-BFRBEKREBFLEDHY T U IICKDHBERT /A ADHRGT (RIHE - FEMBEESZE (ZREERR)) 201874 ~ 2023/3
AR — MRERRTFICH) RBERTEBMNORE @ - 8% (5) 2021/4 ~2023/3

HIERIZEHEAE  Integrated Research Systems

BIEOEMORZEBR L ZORMEIC L DM TTEFRDHFORIEZBHEYT 5 fcd. FRORBEBE SN —ERRLESE L THIZEETT S 188 DEEMZtig)
ZREL TV 5, WA ESE L TV SEEMZSHEEIS LI TDEY

To promote the creation of new academic fields through the fusion of academicdisciplines that transcend the boundaries of existing organizations, ISSP has
established the Cooperative Research Organization in which multiple departments within the university undertake collaborative research from time to time. ISSP also
participates in the following collaborative research organizations.

EHEHAE Collaborative research institutions HA RS Period

RTUTIA S N=2 3 VR 2 — Material Innovation Research Center 2016/7 ~ 2027/3
W TR ST I Research Institute for Photon Science and Laser Technology 2016/12 ~ 2027/3
kS > AR — )V EFRFE SR IS Trans-scale Quantum Science Institute 2020/2 ~ 2030/1
FREET A OV AT LEREEI IS Laboratories for International Research on Multi-disciplinary Micro Systems 2021/4 ~ 2031/3
240 b O YRS OE T IS Synchrotron Radiation Collaborative Research Organization 2022/4 ~ 2032/3

EFEE Industry Academia Collaborations

RSN S OMEEPHREEZIT AN TIT O HARE CTIE. EFIHMRICE DV LWVIEDORT. Sl sl #HLWVER
BOBEGEOMERD ./ JNTDNEEITEREN TN, Fe. BEREOBEDHEGZ VY -7 LOEEP, MOz s
DRRDFEFEDISRTAVANDBMEEZIT O TS, 015FD 5. HIRIVF— - EERINEESHERBEBD THER - fUhPEA
DiEE LIRHRERESRSE | 1T 5 MTBELMRKERE] ISRESN TV S,

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).

B &5 (570 -o-1HEL 28
Amount (Million yen) Number of projects Fooudz
80 29 30 2.5%
Z DAt
70 25 %iN-2R Others
Steels / Metals 10.0%
60 2 20, » 7.5% C
50 - e 1 EmEaan
Y Electronics / Electrical equipments
40 15 e on 2018-20226
FY2018-2022
30 'I O A =
1635385
20 Int:lo_gllggg'rﬁ/ ransportatiol
5 munication - FEER
10 113%  Machines/
. Precision
0 0 instruments
2018 2019 2020 2021 2022 16.3%
BB OHERREHEZ AR HEMZR I BEEBHDNR
Changes in the number of joint research projects with private companies and received amounts Breakdown of the number of joint research companies by industry
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Joint Usage

EEDOWEMRRE D HDHEFAHAFERE L TRIIEN. 2010 FELVHRF A REMARNRE L CEREEDHR
MRZRENICZITANTNS,

PSRRI HREPRE. A2 DM AZRELTW2 FMAREI R MEER - SR [P EFRER
s | [HUERMST MR RIEER ) [ R —/\—0> a1 —2 | [ERBRHEISE FZMRIER ] S EICEEZTT O, REDKRS
FEEZE CHEMABREMIZERICTCORE NS, INUCKYBERN 1,000 FOHEREZZIF AN TS,

ISSP is actively providing research opportunities in condensed matter physics using our state-of-the-art equipments 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

EREAEPEE - 0. SHFRG L. ERRETERL TV SEE - #a2RiBfBT 5260,

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

YEERY - SHMERfE Materials Synthesis and Characterization

MEEHE. LFEONE. XRAEE, BFEMRE. BHIAEE. HEUEE. SEERED 7 RRERCEESH - SHORRF.
Seven sections providing equipments: Materials Synthesis Section, Chemical Analysis Section, X-Ray Diffraction Section, Electron Microscope Section, Electromagnetic
Measurements Section, Spectroscopy Section, and High-Pressure Synthe31s Section.

Pt PRI FIFZSRESR  Neutron Science Laboratory

12

BARFIRARAREEOAERRT
17 JRR-3 (20MW) [CERE T NI1260%
JER B LU KRBERFIREBER
J-PARC (B 2B nfkEF 3 v /N —2
e HRC & UL et FEEL R B e
IO2TENTES,

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 M SEhEER Synchrotron Radiation Laboratory

2020 108D SEARA LIcE 6 i
RDEZ X T L"Ohtaka” |&. I ER
MEBER 6.9 PFLOPS . 20224E6 B ICH4TE
B LIRS A7 A" Kugui” (£ 32568
BIEEER 1.0 PFLOPSTH W iRl
IR ORISR EZ ZEITIT S ;
TENTES, =
The main system “Ohtaka” started operation il
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.

[t /B E PR B E RIS R FIZSHESER Intemational MegaGauss Science Laboratory

SPring-8RICERE T NI X HRA A —
VAT = a v OHEBRMIF20244F
EBRTIE. 3GeV X R3¢t /ENanoTerasu
TP B FERREF IR ERE T+
TV AFEREISHERICCERETE
L= —EBV A B AEDR
HEBFRHC2RTAE KR DHEIE
FANIZEDRBRETO T ENTES,

The soft X-ray imaging station at SPring-8 will
restart the joint-research program in FY2024, and
the launch of the shared use at the 3GeV X-ray
source NanoTerasu will be announced as soon as
it is determined. Currently, high-harmonic
generation at Kashiwa E-lab is used to perform
spin-, time-, angle-resolved photoemission
spectroscopy as well as two-dimensional angle-
and time-resolved photoemission spectroscopy.

ISSP Digest 2023

VAR T2y MCK B38E5 %)
B92TENTED, XAUA~=
UBDT 53— F/UVATIE FERIE
HWFET80 T ATECIENFE
TIX10007 A S R2EE CHIBRIEEE
ZOTWA, £fe1~10 oo J/\
JVATIES50T ASRELE COREE
IO2TENTES,
Provides high magnetic fields from
pulsed magnets. Short pulses of micro to
milliseconds can be used up to 80 tesla
for non-destructive methods and up to
1000 tesla for destructive methods,
respectively. Also, long pulses of 1 to 10
seconds can be used to measure up to 50
tesla.
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HEFHEREDOIFIRER S R E4|EEREAZL Number of Subjects and Researchers Accepted to Joint Usage

HEFAERRDHITKEFT BHITIE. WHRAERFRO—MKRAERE. BEMRE (BRI - BH). BEAREOVINHICERT 20E
D%, ERDTIRZREYR. BLOMREFIERBALIILTOEY

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.

2022 FEDFIREREE & AIER Number of topics accepted and its breakdown in FY2022

oo i) BEXS BERRY REAK
SREBEE EHAS Researcher Category Subjects Researchers
Number of adopted subjects Number of accepted researchers —he
2100 General 168 374
e S i 105 266
1800 Materials Synthesis and Characterization
TR R
1500 —f&FZEE  Neutron Science Laboratory 145 340
General AT A ” 1
1200 €SCArCher | gynchrotron Radiation Laboratory
A—=/I\=avEa1—% *
900 Supercomputer 318 893
SIERRRS - PRoRSRRES 98 175
600 High Magnetic field (ISSP and Osaka University)
200 BeERiRE B (APt - FiEFEE) o
Part-time Part-time Researcher (including Syncrotron Radiation 126 91
Researcher ~ Laboratory and Neutron Science Laboratory)
o a0 2017 2018 2019 2020 2021 2022* %}iﬂalﬁé 8% (REf/EH) 32 12
HERIFBSREDIRIES S URIAROFHETS Researcher ~ Extemal Researcher (Long-term / Short-term)
The yearly trend in the number of adopted subjects for joint usage and the number of accepted researchers &5t 986 2272
Total !

FL0FEETHRRIZ -V 1—F 8 2021 FENSEBARKICEE

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

SOHARFZES - ISSP J—%4 </ 3w S ISSP Regular Workshop and ISSP Workshop

HEFA - REAZEO—IRE LT, YRR EEEERVRE T —ICDWTEFRNGESEZ T O RBMER. BXURRNICITD
ISSPU—22 3w T=RELTVED, WINLHAERBEREFZSROEZRICK > (HEORSHIRAEEN 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.

2022 FEEDREE—E  List of workshops in FY2022

-®- FEE BIER FER X5 T—X SHIEH
Number of times Participants Date Category Title Participants
10 2500 = P FHEIARS ~ BARRIIE IO 5 LD
022418 | FIFTRS | AREEL. BT KRS I ~ 292
9 ~ ISSP Regular WS | Research Front of Neutron Scattering -Achievernents from the User-
program Support for Overseas Expefiments and Latest Results from JRR-3-
8 o N 2000 TR S WIEBRZRER R/ 0> AR - COMS BFFIZR
RN, R 2022512 1Ssp Reqular WS | £ T ECMERZ DR 262
L . Computational Materials Science -New Perspectives-
6 ‘o s [} 1500 N - oy s
. | R 2022/6/10 | ISSP7—0av7 | 1000 7 R > iBs&HISRIF DFHR 115
5 ; K B ~ 11| ISP Ws Development of 1000-Tesla Science
4 N . e 1000 | ERE IR ORISR ER S ERE O
\ . .- 2022/7/26 | FEFBEAZER B3 18 194
3 L] -0 ~ 27| ISSP Regular WS | Frontiers of Protein Sciences: Close Collaboration between
Theory and Experiment
2
M oains | ISPIarT | AR A 2022
1 ISSP WS Exchange Meeting for Young Women Condensed Matter 63
Physicists 2022
0 0 S
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2022/12/22 ISSPO—023v 7 HA S IV BERZOHER
SEHRRFZR A DR & BINEK ~24 | ISSPWS Recent Developments and Future Prospects of Chiral Materials 505
Number of ISSP Regular Workshop and its participants
2023/2/13 | JEERRRRR BURC BT BT =7 > ENBHETHFREDRAIR 167
~ 14 1SSP Regular WS E'rwoggi‘_edrg of Anyons and Fractional Statistical Particle Studies
1 I
;sﬁ'*um ° ;ﬁlmﬁm,ﬁﬁ@ﬁﬁ Cooperation among Joint Usage / Research Hubs across Japan
. o o ‘ LA BIEZERR
LIS R T b — | HRERKEDEESF RRIEORME ( MR RSB > 2 —
N -, N L s Vi - High Field Laboratory for Superconductin;
ERERRIR P TIMERIE, AMRAL BRI O SRR ST & — & e e e e
iz, WHD/ L ARESERIBT BEERBEER LTV, 2021 FELY, R 7 Tk Unherty
ARFECBEMAERAORMIZGREEMBME > 2— S BEL. ERHEEEY
fe 3MREBMNITER T 2 REEIH ISR ) —RE) OFRERFIELL. T ~
DL SRR E—FENGEEICK Y RELZICH T 25 LWHEFA - HEE REKFYIERZTRR

DEREHEL TN S, it B EI P R s s A R S bR

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
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
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.

RIRARFEFHRH B mRSRr v > 2 —
Center for Advanced High Magnetic Field Science,
Graduate School of Science, Osaka University
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NHAF R

Human Capability Development

IR ZSRRIC B T 2 A E BB
ﬁif::@’é

I3 R DMARRBEHRICER L ARZIRRREDDE T IEROARDFORZ
N HMBELWZRENETFEL OAMEER T 2T EICHEEN TS,

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.

KEPREES Graduate School

REBTDER & FEE Courses and the Number of Graduate Students

S5 E4818IRTE/As of April 1,2023

(et B2
B Course Master course Doctoral course
2021 2022 2023 2021 2022 2023

BER MEBEFEH Physics, Science 35 36 36 37 35 40
BFREFHEH Chemistry, Science 7 7 7 3 4 5
TEARYIBTFEIN  Applied Physics, Engineering 13 8 8 8 9 8
B B REW Advanced Materials Science, Frontier Science 4) 43 38 23 25 32
HroEtE M T I Complexity Science, Frontier Science 0 0 0 3 1 1
=5 Total 97 94 89 74 74 86

%E/ﬁﬂl)ﬁ AR N

International Research Opportunities for Students

BN TOHBMARZE L T ELERERE R - ERNG

BIRIE T 2 DENFLERET DY S L] 7%, 2017 FEL SR GEAL TS, COVID-19 DFEE(C

FNSBRTIE.

TEEDNEIGF CEDAMEBMT B L2 BN E LT AFEREZ BAOREKE I, B
K 12020 FELPEDIGEISFTHEHR T o 12D 2023

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. Due to the impact of COVID-19, the program has been on suspension since 2020. However, it's to resume in 2023.

JOEHARE  Period GBS Institute
2019/4/1~5/31 | KEZHIRZ
University of Chicago (U.S.)
P KE A AKRF H 7T IR IR
2019/9/1~10/31 Kavli Institute for Theoretical Physics & Rice Univ. (U.S.)
~ KE AT HIVZTKZE T —INA U1K
2019/9/3~10/4 University of California, Irvine (U.S.)
~ KE T Fa—tvYARE
2019/10/7~11/21 University of Massachusetts (U.S.)

YRR - BLERZE (2020 ~ 2022 FE)

Career Paths and Jobs

FZET—<  Research subject

BRI Z 75D 2 FHEDEREVERZE

Theoretical Research on Quantum Phases with Higher-Form Symmetries

WIMEDRRICED IEFEAV e bRA Y ) VBRERER

Searching for Topological Superconductors by Symmetry-Based Indicators

AT E FEOBENBIHERR\DISA

Application of the Machine-Learning Scheme to the Density Functional Theory

H—BERNF7IVDHF EEDTHT

Evaluation of Mechanical Property and Structure of Homogeneous Network

Polymer Gel

PR CEARZEDE IE. REGEOHEH ORXME, AZEPRAEREL S BRNDSHREDTF CERL TV 2,

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.

1ELERTEIE T Master guraduates

FUTN
= FRIEN
CEIEF P Educational institutions

20%

13 RE®%
Doctoral course Private sectors
43.1% 52.0%
Z Ot
B Foods 1.9%  Others
7.5%

T2 JLF— Power company/ Energy 5.7%

80 - RB Steels Metals 5.7%

RRE{EEE SFERER Details

T-Eams  2F

At

[mom on Electronics/ Fin
Telecommunication | Electrical equipments [,
o

20.8% 18.9% 11.3% 94% 94% 9.4%

1du\u ies equipments

Mac /
 instruments
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1ELTERIE(E T Doctoral graduates

AR

Research institutions

Privat

Educational institutions

27.7%

R ZEFENER Details
-

Machines /
Precision instruments

40.0%

i il

J-PARC, E{t—?—ﬂnFﬁsJAXA NEDO.
IBS-CCES

FROEN:

FURAZ, University of Maryland, &
HAF WRAF, University of
California, Santa Barbara’z&

Research institutions:

RF‘LL%

fEED S
£
Information /
Telecommunication

J-PARC, RIKEN, JAXA, NEDO,
IBS-CCES

Educational institutions:

University of Tsukuba, University of

Maryland, Kyoto Umversny The
Umvemty og Tokyo, University of
California, Santa Barbara
Z Ot
Others
30 - £ Steels /Metals 4.0% 4,09

£RL-RIR - B Y —EX 4.0%

Finance /I /Trading / Service

ipments mdu~tms

16.0% 12.0%
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EFAREDERN « AMTEIR Human C apability Development for Young Researchers and People's Exchange

EFMEREDERE AMBIRD 2. BRI EAS K UERH & H1T 100% ERADSDEAY & LTWE, TNET 399 ADENF -
BEOEE L TH Y FEEREE 7 £ 7 » 8 (2008 F~) £1ao T\ b, BR 5 FETIEKRT - BHEMEEIN 95%. REEEN 5% &
HLTHY. BRI THIEZRRBL TV,

For human capability development and exchange of young researchers, 100% of research associates move in and out of ISSP. So far, 399 research associates and assistants
have flowed through ISSP. The average period of employment is 7 years and 7 months (since 2008). In the last 5 years, 95% of research associates and assistants have
moved to universities and research institutes, and 5% to private companies, where they continue to actively conduct research both in Japan and abroad.

NIt

Public research institutions

1 RF
| I ! H Universities
—= mla 74
| M %
;& B 40%, BIER13%. ST 5%, ZODfth 16%
o _ Assoc. Prof. 40%, Research Assoc. 13%,
ﬁ ﬂ. 2 1 /0 %ﬁﬁﬁ%,ﬂﬁ Lecturer 5%, Others 16%
< ¥~ |ssp

)
i\%\ 5% -~

Private companies

BNEERH SR DNER (2018~2022 FEDE5T)

Research Associates Employment Statistics - Breakdown by Sector (total from 2018 to 2022)

B - BRLZFHHE Next Generation Education and Support for Female Students in Science

THADOBPZZESFESREP—RTRDOAZNRE LIELABEHPHEDES - EREEFZTO2TWVS, MROBWVWFTHEHE
EPFELRBIT LTI MURFICTHLATO I S EZBHIC. REFOZIFAN, FRNDEEREZTTO TV 5, FlctpFv
VINABEAEEIC, TR 11 EHSBEERIUIRET 7/ TV EEOT EEAITRFEEICHNIT 575 8. tsOH BRI LB L
W2,

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.

—hRF —MEEER o & LR HER
N MGEER Hhish & EE LIREHEPHEER
Open house Public lectures Science classes and lectures in cooperation with

local communities

ZFHFEERIFARY b TFRFERITA N> 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

HRDOMERFICEHD by THEEES - V)V — T L EREENRELTRERVCAMRRIC K 2@ ZRL L. Stk
NEEFEMEIZAIZ T —RX Vv TV DR - BLEBEL TV S,

By concluding agreements and participating in personnel exchanges with the world's leading research groups and institutions, ISSP continues to build
and deepen the community network for condensed matter science.

WE - BEEMEHE S 55 Agreements and MoUs
ENEOMEEEE. KFEDEEICLSMETEECIIRICAIS T I0HEE DI « TRHE. BLU4RBEOREEZMHEL TS,

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

Ry w75 omgrmeennF Y Fomeemzsy [
Institute of Physics of the Czech Academy of Science
-

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

FONEBOREG T
pment CD()PCI"JII on of

Ray 27‘\/7X70_5\/’7* ) / 22 - photoelectron spe: copy equipment
BES(EsninEsd A e , =

Max Planck Institute for J Y% w
Chemical Physics of Solids T 2RI R OE o1 d Electrg
(Germany) t ; the High Magnetic Field asie Sgicnce (South Kore

: Science in Asia ’ ; P 3

oY

JH—F7O7TvH—E
EEBAW

Sending ISSP faculty members to JHU;

accepting JHU professors to ISSP.

= vavrr T2z [

s Hopkins University (U.S.)
;SRS W E R
ﬁl?t'_mif(_)r Complex Adaptive Matter (U.S.)

P e Opd-= S Tl A | |

Australian Nuclear Science and Technology Organisation

onal Synchrotron Radiation

earch Center (Taiwan)
s ErasizEa Ty sansk [ /) ,
College of Electrical Engineering and Computer Science, 4 b
National Taiwan University (Taiwan) ]

o

e wE "

$9 Y AT S Y B RERA & 515 L TS ORIcEI S Bl 202346 515 BE 6> TRIRL LE LT, A [ — D ot Memorandum of Understanding

* On June 15, 2023, ISSP and the Max Planck Institute for Chemical Physics of Solids (Germany) terminated their agreement on an academic exchange.

VAVARTEFVAKRE (HU) - EFWEHRELYZ— CKE) RYIRT TV VR IBEHER (F1Y)

Institute for Quantum Matter, Johns Hopkins University (U.S.) Max Planck Institute for the Physics of Complex Systems (Germany)
PERRPIAEN JHU OV Y —F - TO7 v H—(ICE JHU BB ZB\NT B HET -0 3y TOERRE
MFA Y VR D LORE, ISSP and Max Planck Institute regularly co-organized workshops.

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

BEERR SR (BS) - mEEEFMRE2— Eirp LR, T2 (87%) BERFEARFR GRE) .
Center for Correlated Electron Systems, Institute for Basic Science (South Korea) ﬁﬁﬁgﬁﬁ%%t ‘/’3‘ - (EF' )

YIERIZSFRSE% IBS ICERE L. XEFONDOEBERBAPERREA S H College of Science and College of Engineering, National Sun Yat-sen University

Pl (Taiwan), College of Natural Science, Dankook University (South Korea) and

32 Wuhan National High Magnetic Field Center (China)

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

TITICHEV 2SR F O, < TRy MERICEIT R HRERER S,
In Asia, ISSP collaborates with universities and institutions in high magnetic field science
to conduct joint research in magnet development.

BRpHEE Japan-U.S. Cooperative Research Program

1980 £E| < B KBAIRE Tl & e ARl DICRE I 2 QIEMEICEDE. 1983 N SKETIRIVF—E LMERTRR. BLUBERRT IR
P (BRIAEA) B & DEBIARE L TCRItRE N, 7—7 1) v P ELIBAZERT (ORNL) ICDABEHAREBEN. Th 5 Z2hh & LIERERRNMTHhN TN 5,
The governments of Japan and the U.S. concluded umbrella agreements on science and technology cooperation in 1980. Under this framework, the U.S. Department

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

BNDSDIBALY « Z|F AL International Visiting Professors and Researchers

HREPKEDYE I E LB L TV fesd, BALSELLTMRELZNEAS
8Fr& (Visiting Professor) & L C—EHBEEA L WA, £z 2017 F£LViEHEFH
L EREESIEICK Y ZEBNRET OV S LDOXERK. BAD SEFHEE
%%IAEEEE?—E% (Visiting Researcher) & L CEERIBAWT 275 E LT,

PIMERRICIE S U EDE & D 5 TR E P AR F D HEIAZER Y YV RID L,
Y= —DfHIEGIN TS,

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.
Researchers and graduate students from more than 15 countries and regions visit ISSP for joint research,
symposiums, and seminars.

o~y

ERVRI DL - ERT—23 37 International Symposium and

ARZIIV3
Israel

C ey
%’Lﬁga” ! JU—< =7 Romania 1
241 AA R Switzerland 1
Thailand 2> Brazil 1

-

H[E UK 2

FE[E

South Korea
15

66A

KAy
2022 FEE
sz()%; Germany

8

BAD B DZINFANAK

Number of visited researchers and students

2020 FEN 52022 FEICBESNERY VY RI DL -BRT -0 3y
List of International Symposium and Workshops in FY2020 through FY2022

FAtER 24 ML
Date Title
2021/3/22~26 International workshop on Quantum Magnets in Extreme Conditions (QMEC)
2021/7/26~30 New Trends in Quantum Condensed Matter Theory 2021
2021/10/25~28 10th International Workshop on Advanced Spectroscopy of Organic Materials for

Electronic Applications: ASOMEA-X

ERRHAERHEDEE

International co-authored papers

40.8%

PIERIC B 1T 2 ERH/IXDHN 4 & H
30U EDE - ks & DEBRHEESR

PIERR DR RERE

Number of published papers

P407:

BRI B3 B FERR IS E R #9400 fRax <

Nearly 400 papers are published annually

More than about 40% of the total number of papers
published by ISSP, are international co-authored
papers with more than 30 countries and regions.

NEANHE -HAREDEE

International researchers and faculty members

BEEDRE

International students

LA I I IR 1
A A A A AL

nnnnuan 7

WS CRAEN TV SHE (s 250% -
B EAZRBOE K7 7 AT ADANEA
One in seven ISSP researchers and faculty members
(professors, associate professors, and research
associates) are international.

- -

" ' 3
YRR ICPRIB S B4 (B BEFRIED G5
D3 ANICT A EIFTEBND S DEFE

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

SMER (NEARD)
Number of participants (international)

396(318)
325(149)

121(50)

EfRH£ZRXDOEREIS

International co-authored papers by country

42% 39% 21%

R E

ERHEFROEFIEIGIEKE (42%).
FRE 39%). K1V (21%) DIEIZZLY,
XEBEEE

Most international co-authored papers are with the

U.S.(42%), China (39%), and Germany(21%)
including duplicates.
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Division of Condensed Matter Science

18

R T EWEFERR

FIRE RS, GEBEEAR, 75722, bRaYh
JUAIRRR IR &0 THIEL ) OFERDERFEDH L Rk 72
Y10 AW TN IED RV, F oS E R — )
SIFE O TIITRBIgE. MUKIR., S, SRS & 0o
7o TRIFRERES | I W TRIBEINTE 2, BHERYIENIZE
T, B L WIIER OB & MiRER B 2 W 7o R sl
ERMABDED T LICE D, FLOWEBRIC DAY
MHSERRUBIHT2 L 2HEE LTV,

LM RS A5 RIE. HEZREOS LI, #iY
B0 AR O PR BB T ORI R /R BN - 1
SN BUNHIE R 1T 5 TV 5. ARMEEA, JFE (T2
WE, FRaYh)VER EDOZREYE R ST, BT
M., 79 AL—ya v, ®EsE. v RoY— 51 H
HIZE EMHE L THN 2 2 ABHEOMITICH D A T
W5,

AAEFE X FARWIZEE D H T S E S hnb - 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 pursues its own research on synthesis of
new materials and high quality samples, or on precise measurements
of electric, magnetic, and thermal properties, based on their own free
ideas. Their main subject is to elucidate various phenomena which
emerge as a concerted result of electron correlation, frustration,
symmetry, topology, and molecular degrees of freedom, in various
materials such as organic conductors, atomic layer (two-dimensional)
materials, and topological materials.

Takagi group has newly joined this division in 2023.

BRFIEME LT
Leader YAMASHITA, Minoru
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J:l: ? J: 61: % % Ideue Group

HiZE T —< Research Subjects

B - Py SRR 2 Bl & U 7R R

Exploration of novel physical properties based on symmetry control of
nanomaterials

RTBRBA  JERAREESR, BREZ A4 — FHR N
UZZBw SRR IES
Quantum rectification effect: Nonrecirpcoal transport, superconducting
diode effect and bulk photovoltaic effect

SRR ERAERERE, AR DAV, B
Fe i1

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

7/ WEOmFIE

Quantum measurements of nanomaterials

i Vsl
B HB RPF
Research Associate
TANAKA, Miuko

1

EEER AFLE s

Associate Professor IDEUE, Toshiya
I Course
TERWETS

App. Phys., Eng.

JERYE 2 FEE L TR B NS 2 otk TN T - 72
F ) Fa—=TREEIND T YRIEYERFOH LW S
ELTCIEREATHELED TS, TNHIE 3 Itk
BRWIZ—7aWEE RS C Iichii, T3 2 L& -
b - 172 EOSMGHIN. BAULFAHTIE. HHEREHE >N
T H AR OVERISEIC K > TYE ORGE SRR B £ Hil
ARETH O, TNz KM U 7R mEsREE Z IS 5 2 &N
TE%, AWIFRETIE, TOX>HETF /VWEREOEL
(R SSBE Y, RO R A EHRIC K> T W
BREOT7a Y74 7 2hd 52 L ZHIEL TV 5, Hiff
RAE Y, WA . BEERL Ty I A eV o kR
TR HEEOBEFRNED R —IVEIR, AA v F U T HEOE
THEREMEORIHICE D ATV %,

F/MEDHEE TN ZER, (a) BRAIC L BTERIL L EEUAIC K B TEER
EDER, (b) AEHET/\1 AEBRMRT /N1 ADEHHREE.

Controllability of nanomaterials and device fabrications. (a) Thin films and van der Waals
interfaces made by exfoliation, transfer and stacking techniques. (b) Pictures of vertical
junction device and field-effect device.

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

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 structures and
symmetries of nanomaterials and realize the emergent functionalities
by device fabrication, application of the external pressure or electric/
magnetic field, electro-chemical gating method, and making van der
Waals interfaces or curved nanostructures. We are exploring novel
transport phenomena, superconducting properties, and optical properties
in these nanomaterials and pioneering the frontier of material 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).

Resistance (Q)
g

9 s
Temperature (K)

BRAGEFHRENR. @) ZEREDKR—/ILMR. (b) EFERRSR | 3HEREEEN
IV NEREITNR. () BERFELELEE.

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

HiZE T —< Research Subjects

HWT 1 F v VETHRO b ET D )Lk
Topological properties of organic Dirac fermion systems

2 RTCE DT TS & BTk BiS
Electronic structure and quantum transport in two-dimensional
materials

Eﬂg%g@%ﬁﬁﬁ%%?%‘m: 92 RIS & % T A
ZENG
Quantum size effects through ultra-thinning on electronic properties of
layered conductors under strong magnetic field

JEARYIE DA R AR L Ei o e — L > X
Angle-dependent magnetotransport and interlayer coherence in
layered conductors

-
| M
Bi¥ H& @X

Research Associate
TAEN, Toshihiro

B RE &A
Professor OSADA, Toshihito

FI Course
TITERYETSE
App. Phys., Eng.

ot JR¥E) WE., hRaYhumE,. AT/ GG
g LT, sl - AR « @RS T OB SUSE DS
IR DOEERIFFE 2175 T LIc kD, FHLVETIRESR B R
O )VIRS, BRSO ER - 7 - HlEE BIE LT
Wb, BRTPRIZE TR VTS T ¢« —"SOMMmhn Tz
MW B ERERGE T/ RSO R TR, G T 2 filEd
RHAlE, 40 T N OV ZREAIC X 2585 TH D | 8
HHERNERENITUTIT Y. THFEEERT oy V& T
Z T A RSERIC BT B R AR Y AVEFIRRE GRIFRED
W lzg 7 R—)VIREE, N Ra Y Vi) S hRaTh
JUBEBIG (R TLEEAR— LRI, JERIE R H R —ILRIER)
PORE 57 2 R VRO R A mE (£7 LR
), 75774 OB K 3BTV A AR WG
R, BTV Y RS =38 IS 20982175 C
W5,

-
o

keelhc)

oM

5 10 15
Magnetic Field |B, (T)
1

(@, T)(kee/hc)
=

o
[=]
o

IS, T
Magnetic Field B, (T)

@ 77774 FOBFERICHIFZB S VA VEME MROVAIL K ERBIGE
FARBR—IVHRDETIVEE, (b) V5771 S DARBR—IVEEEDRER
BR. BER—ILTS DTN

(a) Model calculations of Landau levels and topological-semimetal-like quantized ther-

moelectric Hall effect at the quantum limit in graphite. (b) Experimental results of ther-
moelectric Hall conductivity in graphite. The thermoelectric Hall plateau was observed.

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

ISSP Digest 2023

Osada group aims to search, elucidate, and manipulate novel
electronic states, topological phenomena, and quantum transport, in
two-dimensional materials (atomic layers), topological materials,
and artificial nanostructures. This is achieved through electric and
thermoelectric transport measurements conducted under strong magnetic
fields, low temperatures, and high-pressure environments. The main
experimental techniques employed include device fabrication of
two-dimensional materials and nanostructures using microfabrication
techniques (such as electron-beam lithography), precision double-
axial sample rotation in magnetic fields, and high magnetic field
measurements using miniature pulse magnets with a field strength of
up to 40 T. Simple theoretical studies are also conducted concurrently.
Recently, our research has focused on topological electronic states
(including symmetry-broken quantum Hall states and topological
insulator states) and topological transport phenomena (such as quantized
thermoelectric Hall effect and nonlinear anomalous Hall effect) in
organic Dirac fermion systems and t-type organic conductors. We have
also investigated quantum transport in twisted bilayer graphene and
ultrathin films of black phosphorus (such as moire weak localization),
as well as the quantum size effect through ultra-thinning on electronic
properties of graphite (including magnetic-field-induced electronic phase
transitions and quantum Sondheimer effect).

@) (b)E 4’0 4=0.01¢x10 down-spin |

up-spin |
14

05
a“eB/4rh

() AEVENEREERDH 2 T BRSNS/ VRV DNy P, Fvv 7
RIENU ALy TRENENS. (b) T HEREGOSEH T R )VF—%L
PEMRICL B RAE Y DRMET B,

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




_% * m % % Takagi Group

HiZE T —< Research Subjects

ZWGEEAH B RIS U B IR
Search for new properties in multi-orbital strongly correlated electron
systems
R RE DI VEEEIC F Db B FEREMED R
Functionality related to topological magnetic structures
DTHEZ R L U O - 2
Debsigrll and elucidation of novel electronic phases based on molecular
orbitals

HEEER B BR

Associate Professor TAKAGI, Rina

FI Course
HEEMER
Adv. Mat., Frontier Sci.

MEHRICHET 2 2B OETNE AT 2R TR,
EMEE GrEORFSOMEMHDE) YRS GRE -
Wi « D) ZAEMCZ L E ]2 T & THA B TIPS FE
T %, AWIRETIE, WHEAK, MEPERZERE~ 0
IEPIMEAE,. Z U THEL FEBR-SO R AU 7 & AR I 75 525k
FEZEEL, BrORDOER - AE Y - JuEHBENHD
I EHSRR P RO VUG ETT> TV,
ICAESET O FIEICEHT B T LIck D, BHEOERICH
ZYEEOMIA & H LWETYIEORGHE BT, W5,
EREBIESYOn HHEA SR E oM RIc iz, B
Th 55559 SRR CRINSEE RS> T3, BkD
I, b RO D IVIEGRESEIC F Db B  KERETE DB
DTMERICB T 2T THA B THOBER G EZED TV
Do

ZEYEBBRBTFRICEVWUEEBEFHEN T 2HMKUBEIERICE > TELS
N RAY AV SIEEDRERR,

Schematic of topological magnetic structure generated by magnetic interactions mediated
by conduction electrons in a multi-orbital strongly correlated electron system.

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

In strongly correlated electron systems, various electronic phases can be
generated by slightly changing chemical properties (element type and
crystal structure) or the physical environment (temperature, magnetic
field, and pressure) of the matter. Our group is interested in electronic
phase transitions and topological structures, in which charge, spin,
and orbital degrees of freedom interact with each other. By combining
material synthesis, macroscopic measurements of physical properties
such as magnetization and electrical conduction, and microscopic
techniques such as scattering experiments and nuclear magnetic
resonance, we aim to elucidate the physics behind the phenomena and
to design new electronic properties, especially by focusing on molecular
orbitals in crystals. Our research targets cover a wide range of materials,
including inorganic crystals such as transition metal compounds and
rare earth alloys, as well as molecular conductors. Specifically, we are
exploring new properties and functions related to topological magnetic
structures, and novel electronic phases in molecular conductors under
pressure.

40l ;
F 30 .f" po >
3 iy —~ Au(tmdt),
by h

Sal! <040 _ .//'/
S @ -y
= % 4 o000 R g

PE NG X 036 Ni(tmdt),

i e
ool B . s e 0 50 100 150 200 250 300
100 150 200 250 300 Temperature (K)
Temperature (K)

[EEHNE SR Aultmdt)y (E) IEBWTRBEKHEIBRAIE (£ ) SHMHHR X 758
ARG (AT ) DRBRN 5. DFABREBEICH > THSEEBHELS
ZEERHLT

Nuclear magnetic resonance measurements (bottom left) and synchrotron X-ray single-
crystal structure analysis (bottom right) in the antiferromagnetic metal Au(tmdt), (top)
reveal a magnetic phase transition induced by intramolecular charge transfer.
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A
Mm % % Mori Group

HiZE T —< Research Subjects

DFOAMEZ LD LIZHAH (8 R8hskT7m b
Y EERDBHYE & BERETER Y
Development and studies of structural and physical properties for
novel organic (super)conductors and proton conductors based upon
molecular degree of freedom

SR TIE FAY 7 0 N ) L % LI AR, RS
Tk, FAEIRDRIFE & BEREMENTZE
Development and studies of structural and physical properties for
electron-proton coupled molecular functional materials

I UEIE DN (W, W, IRE. BT ISEONIZE
Studies of responses by external stimuli (magnetic and electric fields,
temperature, pressure) for molecular materials

B GHERDR S VAR DI

Study of organic field effect transistor

B BEF BF
Research Associate
FUJINO, Tomoko

iR & R

Professor MORI, Hatsumi

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

AWFRE T, WIlBHEBEE & D0 7h ki L7201
BaERgE U, FRafErte LTET - 7a b gk,
[k, AR, ZOIE) - BB K B MG0EME, BRIR
b VYA XD ETT o TV, TS HiD T
REPIE ORIFEE., BT RS AR B O EME & &
EETL 7 va= 0 AL ZBMEL TN ADEEIIE L
ZoTW5,

ST, 1) KEF - HIETTEE TS ST L. 2)
R —a U EEHDRE L BT ot SRS
HATART L. 3) ROEMWEH, FERAAGIE R FE
B ELRENFETENS,

B ZE T, FrLVE Y M ET2Cu(NCS)2 35 & O&#f
TR B-(meso-DMBEDT-TTF)2PFe A iR (=84 (LX) &
FHELU, W ET -2, EHIKRETE., KEFBEG 0
k> LA O EICHET) LT, R L O D B R
FHR2 R IMaRER (XKD ZRF LTz
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FRERBEER: () Y bAEK-ET,CUNCS), DB & & (i) BERH%FE
B-(meso-DMBEDT-TTF)2PFs DESUIRIMDEIETF .

Novel organic superconductors: (i)single crystals of Mott-type k-ET,Cu(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
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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.

T T
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Magnetic susceptibility (emu / mol)

0 100 200 300
Temperature (K)

GEEBEFLKER/E IO b VHEET 2 MEBIEEAEK -X3(Cat-EDT-TTF),
(X=H, D) IeBW\T. KEBLEARPIRICK Y BETIEREES KUHEMEL]Y &
[ok=N

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).




IJ—I F m % % Yamashita Group

HiZE T —< Research Subjects

R B0 % s E RO

Study of strongly correlated-electron systems at ultralow temperatures

i kIC 3505 B IR RN D EA R — LR

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

B NMR 7% Hw 7= 2 W7 fk 5 O fFse

Multipole orders studied by NMR measurements

B HE 2

Research Associate
TAKEDA, Hikaru

AEHEE LT E
Associate Professor YAMASHITA, Minoru

FI Course
HEEMER
Adv. Mat., Frontier Sci.

HEDO FRTH ZHNFETEIRTOWEIZED DNTL
Fo T, MEMAVEHSEZENESIZEDNS, £ TAD,
17 Ve Y &SRR TaE OBAURIINR 01 R %
EV S HBREIH SRR T NI OZZLIC, JIANY T LD
FEFRIEE . A7 L ) &SRO R — Z e R I T
BRI BEIR TR RSNz, FRTIEEES EichEhTL
o TRAKRWV., ZE TARLESYHIBSMERFEICEN
TWEbIFTH %,

WHIAZE TR COX S RE FREHRSICHEEZ R B, (K
IRE CORBENEICEK > TEOWMEZI S NS B 055 %
fToTWa, Fric, ETrRmMENE{IiTbNTIEh->
72 20 mK DA F O BHKIR I IC 351 % B 7R %, s
GO 17 AN T W5, E5IC, kb0 T +
JURAE Vin E DI O R ER— L RS> NMR
HIE 72 W e 2 ARk ORI 172 AN CTiltge 2 s T
%

PR ORIEHRCA R, BIEE (1 mK) - BEES (10T) DRBROEJEE, £ F
BRHEREMIATE, A TMHERNBER MV RERA Y F 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

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

We are interested in these quantum condensed states at low temperatures
where the thermal fluctuations are negligible. Especially, we are now
challenging measurements of correlated electron systems at ultralow
temperatures (below 20 mK) where many interesting phenomena have
remained unexplored due to technical difficulties. Further, we are
studying thermal Hall effects of charge-neutral excitations (phonons
and spins) in an insulator, as well as detecting multipole orders by NMR
measurements.
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Cd ARZY A PATEAENBR—IVEEE o, DREKTFE, BEKEFE
FECBTVBH, EHR T EOMBMEERDREEITHIEL T kg DREETHE
b EHDDofe. BMARIGREEY b7y TORKK,

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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Division of Condensed Matter Theory
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PR S e R

VI EER DT ZE AT T, WITENTFE O iR Se i o0 47 OO B AR
RIS RMAIC I D # ATV B0 WITEYIELE T IR PR 2%
WEEREEZRIZLTED, ¥7uhbI/niTos
XEELREHEIC BT 2BERIZRIC K > T, EBRERD S H
LOWBEEIRZ R L7 D Bt LWYBBRO T 52175
DI BHTENAREE RS YITEIRDOT L —2 Z)b—Iic
E BT LOFRBUCEED SfZehd, BEFO MR ZH R ST
rE ) 72 @8 % & 5 Ikt R iFseic hn X TREARRIRT
HBo AL 3 DOHIRE, BXT, HFWEIIES L —
7« BEHEWINERIZE Z OV — T B Y B R R e R 7 M
% 6 DOWHRENOMKEND, MERFT - fiisk DM
gl L Blc, T FAICHED SRR 5 A —/3—1
Y Ea— 220 RBBEHER RISV 5 X T 2hkE
P T2 R U TP RIS 350 % et O WL ER IS
WMOHATND, io, WHRFINNOTERY L —T Lo
L EHRMICHED TV S,

The Division of Condensed Matter Theory is actively engaged in
theoretical research on the cutting-edge topics in condensed matter
physics. Theoretical studies play a crucial role in condensed matter
physics: those studies at various levels extract new discoveries from
experimental results, and novel theoretical predictions also start as
well as boost experimental works. For achieving a breakthrough
in the condensed matter physics, the research based on novel ideas
is essential and indispensable, in addition to continuous research
for increasing the predictive power based on existing theories.
This division now consists of three groups and six other groups
of concurrent members. Together with other theoretical groups,
the activity of this division covers various theoretical studies from
basic theory based on analytical methods to large-scale state-of-art
numerical computation using supercomputers, and actively develops
the theory for forefront research subjects in the condensed matter
physics. Discussions and collaborations are also actively pursued with
experimental groups inside and outside ISSP.

BSFIEME M E&E
Leader KATO, Takeo
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hl] % E{ % % Kato Group

HiZE T —< Research Subjects

AV ZAAEw 7RO THABIS

Quantum transport phenomena in mesoscopic systems
AY Y ba= ) AR FOSHERGR

Fundamental theory of spintronic devices
A OIEFRFE & st

Nonequilibrium and transport properties in solids

BE BH Eh
Research Associate
FUJII, Tatsuya

HEEIR g EE

Associate Professor KATO, Takeo

FI Course
B REY

MR TR, AV RAACY I BBIXUCRAEY o=
ZIIC BT, BRI 9 % BRI & L < R L
T3, AVZAAE Y JROWIZKTIE, BTOE TIN5
MEICIEH L, s hSeiEMrbnTERk, HES, P
WG, JEP /) A X, sV R L, Bl kB
SEMEMINGER LTS, A va= 7 A0H TR, &
PR A Y OIS TS, ZRA A VinkBS
MR EN TV,

MR TR, TN OERISHIET B zdic, IR
AN Lo T 2RE TR . BRI LR
AL T3, BRI & LTk, Pk - S8
TORAY VL, BHEERIEIC I % 2 ReEE L)
DI, k=T Ry hOIRPEERERE. 2 L Oktick
BERNO A Vi lin END 5, Fio. YWIEDIZRATNO
BRI —T L BRI 2D TV 5,

quantum measurement
“m ) backaction

-
= heat current

heat bath heat bath
L R

two-level system

TODHALBFERATREICHES LI MR, ZEURICEFUEET
S&. EDU— RO SEDY — FNDBERICHEZEZS (I\vIT7723Y),

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

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

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

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

Antiferromagnetic insulator

T Normal metal

AEVR—IVEKERORIE, RETOR Y RIRIE RRHE I EGED R —
IIRG R ILDBEICE > TEL L, BKIBROREEIIELT B,

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

HiZE T —< Research Subjects

okl (PorEikaE

Condensed matter theory

JETHEROM I - AHEER

Nonequilibrium phases of matter
e 7

Nonequilibrium statistical mechanics
JETIVI— R

Non-Hermitian physics

HEBE )IE =T
Associate Professor KAWABATA, Kohei

HI Course
B REY
Phys., Sci.

WA INPESRZ D & LTk EEl O #efi A 7z
AT, IFTPHEBIRCGR TR E N2 W MEYFIC K E ZBLD
EEoTWVD, TOESBRHETELWERICEHS T, P
BFHCR THN 2 WEREE, HELAMETE A6, KARL
U CTHMDHALL TWiEW, i, SHROE 5% 5T IEN]
REN2 B TEIRDEIC BV T, IFPFHHBCROMEIEE 5
WCHEMZE LT EEALENS, AIRETIE, T
R THN S ZE MBS 2 U L LT, YIERGRwD
HUWEEZ 795 C L2 HIEY, ik T, JETHiHK
RO RO IHIVHHOR O BRI USHH, £l TAL X
RBEBICDONTIIIE L, & AN FHERISHHICH 72 &
17RO IR B RICRICHAA OYITERG 2 BR7E L T & Tz, W
e bR Y=o e —RNGIHERZ & LI LT, HiE
THEMD AL DRBEZLBBE LT ET 5 L5 5k
HERZMEE L. LW B2 S %,

o DN Ko £ D Al=D¥ A=Y CIL WD
o bR KL G | MBS D S B WS e T e 8 o’

X imod 3} 0 i
Sermecn purity (11" . (—1) E
mesbulir cospusgation.
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9= Dl 41 (K B

1
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1
#1 N
T d Fagm el dy | AMD' AIDT ) A=
L L ] 8o BOE Aene Al BOI

EFHBRORIEE DA R, BORTD Sachdev-Ye-Kitaev #EI DX FRMEICE &
DLAAREEHRANRY M, [PRX Quantum (2023) (arXiv:2212.00605)]

Symmetry of open quantum systems: Classification of dissipative quantum chaos.
Periodic tables of Sachdev-Ye-Kitaev Lindbladians. [PRX Quantum (2023)
(arXiv:2212.00605)]

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kawabata_group.html
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Recent years have seen remarkable progress in the physics of open
quantum systems. In view of the recent rapid development of quantum
information science and technology, it seems urgent to develop a general
theory of open quantum systems. In our group, we are broadly interested
in theoretical condensed matter physics, with a particular focus on
nonequilibrium physics, to establish new foundations and principles in
contemporary physics. Our recent research highlights topological phases
of open quantum systems, as well as dissipative quantum chaos and
lack thereof. On the basis of fundamental concepts such as symmetry
and topology, we aim to uncover new physics intrinsic to far from
equilibrium.

a b c a b c

“ R - & A
£ Ga=1 v £ Wp=ly OBC ; B » B 7
) DB : e |

~ . 1 Win=1 Cwo=1 0BC

d d
> ¢ AN Gy A
7 Wip=1 cirs =t Wip==1rs A R
y £y y
°20e0ee Cio=1 Capm=1

TIVE— bV EFRTIVE— FRBERO S RODAIVERGE. FRODH
JVEBA - BEREROREREICERZMA 2 L. BL2DBR NROTAIVER
KHEENS, [PRX Quantum (2023) (arXiv:2304.03742)]

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

topology and dissipation leads to new types of higher-order non-Hermitian topological
phenomena. [PRX Quantum (2023) (arXiv:2304.03742)]
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l% ’R E{ % % Tsunetsugu Group

HiZE T —< Research Subjects

?f-'a%¥\ fEFEEYR EmHBE RO EFIREE & 551
s

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

B 75 A - 3 YROMEF
Statistical physics of frustrated systems
BPREERO BT AT B O Bl
Theory of novel phases in quantum magnets
BFROIFEE AT IT A

Nonequibrium dynamics of quantum systems

BiR BR B
Professor TSUNETSUGU, Hirokazu

FI Course
B REY
[Phys., Sci.|

BRESELEY., HitE - 7 7F /A RMeEWiR EDET
M7 —u U EALEF D 5RO AR B R O Y O FlaR 2 BT
LTW%, TNHMMHBEETRICBW T, (KR TH&a i
MRIREER BT IR, BEN s & DL HEZ R tEh Hil
T %, TNOOEMEYINEOR N HiZed5L &
ECH LOWEHEOFRAZHEL TV,

FhaT—=E, 7I A L— 3 VRSB G A
EDOXE Y - &« MEOHESHEEZRFDORICBIZH L
WAL TDRTHRERETOLETH S, HF LHRERD
R, BIREERDEAIHSZ I LD LT EREAF I T ANE
DX BRZ T B0 ERRNTNB, iz, Bl A~

FIVIEAEEREEDE 5T HAE T &+ / VBXUETYIED
WM E D ATV S,

- Right-handed
bonds

Left-handed bonds

NAZ ) T« ZEGEHICHITEITE S DHTH (double-handed triple helix) &+

Double-handed triple helix lattice, where lattice chirality can vary continuously.

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

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

Targets of our recent study include novel types of quantum order and
quantum fluctuations in frustrated spin and strongly correlated electronic
systems with multiple degrees of freedom such as charge, spin, and
orbital. In these systems, many soft modes of fluctuations are coupled
to each other, and this affects the nature of quantum phase transitions,
as well as electronic states and dynamical properties including transport
phenomena. We also study systems with chiral structure and explore
novel behaviors of their phonon and electronic properties related to their
chirality.

0=0.0 (nonchiral) a=0.1 a=0.5
T St
5
B8
32

-0 05 0.0 05 0 05 0.0
koc/m k.c/m

0.5 1.0 0.5

DHTHRFD T #+ / VDI RIVF =58, HA S5 T 1 I$EEEERD L Kir/KiL
D150 FTNa THEDIFSN. EE—FDT7+ ./ VIdEREEEE m=0,
+1%&HD,

Phonon energy dispersions in the DHTH lattice. The system’s chirality is characterized
by a=K;r/Kjr —1 defined from the stiffness constant ratio. Phonons in each mode have
crystal angular momentum m = 0, £1.
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I A — VRSP Tl BEA IR RIS S A —
JVTINA AR ISR & LTI 2 7> T d, BTE—
LVVTTT 4 —=REFRAA = LMTEHWZ0,
WEMICARMNICEREEED, HALNIVTHREE >
FHANTF S A=)V LX)V OEEHEREE 8 % Tikix &2 F
RAUTH /AT —)VOMERE T T/ X EHL T 5,
TN OMENE. BB T O — 7 BEMEE 7 U - 0 2e
M YD PERR LSS, AL « RESUBE R IC & O FePkaT
iZ17> T3, LT, F/ AT —)IVOMER T8 A
ADRFE L BT RHEZ A GDYE 2 T & Ty #H LW
LA T & 2 His 2 RS FTNIC R E LTz, T ORER T
. MEFZEAT O L « by — )V ETERH U. KRSS &
W7x & TOM 4 At Ule 7814 ZO/ER % 57
BELTW3, BLOW%T—<E LT, ~NTFakhEics
%A VEBOFER, TNEELICLEAEY RO R
TNA ZADOBIFER, HASMEMmICTERE Nz )/ MhEic s
BB M Ra Y —IREEDEE T a— T X B iR, B
LT/ FEERDBIR S E T2V a— 2 DT DH
JREHSERIA DR IR E DD S,

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

BMRAEE Vv IR—Zvy
Leader LIPPMAA, Mikk
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Otani Group

FiZE T —< Research Subjects

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

B o2 0 A T OBEER O LR
Orbital current generation at the interface of light elements

B JE R IR $50) B TR AR B e A B RS B
Current-driven fast magnetic domain wall motion in noncollinear
antiferromagnets

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

B —8& 5L

Research Associate
ISSHIKI, Hironari

BiR KB &b
Professor OTANI, Yoshichika

FI Course
HEEMER
Adv. Mat., Frontier Sci.

20 OO DICHAE LAY Y ba= 7 A&, BHFICA.
A VAEHIROFNTH B A VHZH WA ET, TNET
IR WEREZ 1> Te E P2 Al 2 AR TdH 5, A b
D=7 AL, B AEY - TH /2 TH by 3T/ VHED
YR hN, FEIRTH O ZE V2 e UTHEICEZ I NS [X
Y UAERE L UTHE Uz, O RE T A VR4,
HERi-FHSREIC S A L~ Y/ Y R—5 1 v in ¥ Otk Ik
MR %, ke ey va=s7 A EUTEHLTWS,
IHICRIE T, BT ALV TR EFHEIC X b i)
BEEIPIERDES Lz, ThHDAY VRBEREN &
240 - KEEBIGIE, AR S a0 ) A —
JVEITIE U % T N L BN LIS Z > TV,
A OMIFEETIE, M T CEM U2/ 781 Z={fio 7z
FERIC KD, RERWEZ A U TE U 28 S8R T O
I - WS A BB ORNEIT> TW0W5, £, HEEFYIEOE
G, FERUTHBISOBRSRIAIC £ IO flA T 5,

00e

(Au) My

00~

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

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

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

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

(b)

FEHLARGRBL A Mn3Ge D RBEERSBIDREE. (a) Mn3Ge DS \IBF, (b)
FHBDSEM . (O BIA—MRICKYBREIN/IVABRICK SHEDS
HIEE.

Demonstration of a fast magnetic domain wall motion in a noncollinear antiferromagnet
Mn;3Ge. (a) The magnetic octopoles of Mn3Ge. (b) SEM image of the sample. (¢)The fast
domain wall motion induced by pulse currents observed by MOKE.
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*l% yi 61: % % Hashisaka Group

B3 7 — < Research Subjects

B /5 Boi 7R — VR O T = VifEh

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

Dynamics of topological edge states
B AV 23Ey 7 Z0 5 Tk

Quantum transport in mesoscopic systems

HHE BR &%
Associate Professor HASHISAKA, Masayuki
I Course

BYRMEBY
[Phys. Sci

BYORTIWHEEEFRMAEERZERE LT, #LL
ARG RIS 2 END 2, BIEE, N8R TR—
VIR, DR G ENEORERTH B, Thd [BTZ
WR) OREMIE. TORPMEDHE L LTO L DD
ICBENBHEDN D 5, BIARXDEERTFR—IVRICB T S
ke (7)) (3. FER T THZIETOE L 1 HOTR (3
D KO BN BTEBERZR DT EMHENDENT NS,
T ORI, A—ZEE - 7 2V IR E R RS T
fiat (oA UHiat) 2RO EMBNTED, FRrY
FVETFHBENOSHMIGFEN TV, AHEETE, &
TEARRORMEZ BN - HIHITH LickD, BT
T EDQBARER T TREITERW, Hrar st 7 Hdaf Oy
ZHIEL T ZTT> TV 5,

DE-BREFR-IVEST AR, HER1/3HEE ERTF. Bfe/3) &
SEX 1R (BEF. Efe) OBRFTvUT7DIAT Y FITLY, BESES
IHEEILT7 Y FL—IZ7BIRGHE LS,

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

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

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

ISSP Digest 2023

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

B{F FET Z UL TIRR L IERERIB IR

Homemade-HEMT-based cryogenic transimpedance amplifier




E ﬁ } I I 61: % % Hasegawa Group

B3 7 — < Research Subjects

Bl (I STM I & 2 RS RS / bR oY Utk OFR
Exploration of peculiar superconducting / topological states using low-
temperature STM

B~ 7 i AA Y AR STM IS & %7/ A7 — VRS SES
EREVEAFITA
Nanoscale detection of magnetic resonances and spin dynamics by
microwave-assisted spin-polarized STM

B AC U ARRUERRT > 3 AR VIS & B A OS2 MR
Real-space distribution of spin currents by spin-polarized scanning
tunneling potentiometry

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

B LEF g
Research Associate
HAZE, Masahiro

BE RB) =
Professor HASEGAWA, Yukio

FI Course
IERMETF
App. Phys., Eng.

EE Y IVEEMSE (STM) 13, Z0O57EE U CEmD
RS RHSMCT BDHEET, b FRIVYEIEIE &
DY T F B TOEFIREICET AHMAEZS 2, T5IKiE
A ¥ UM (SP-) STM 1T & % R AThie & R M 2 1H A ¥ U #
WEaEGIEHIT T ENTE S,

ERImEE T, MRS T CEIfEd 5 S T M2sE
T, REBIRE R & K E OB N 72 — Rt RTD
BRI, REMEIR & ORI RIC K DAL T N2 a8
£« MRV VIREOBIZ A TS, £z, SP-STM
IC X BRI T O R Y 2084 T )L 7% 8RR R GRS
B, A UEMRFRRT Y g X R VI & B A Uik
W, E5ITIE~ A 7 aiiE A X B SIS U
FIAEY A AT I ADOMEFELHMEL T, T u—T8H
BT T2 72t L2 B3 2 T LICE DA TV 5,

BLEeBRAE CORENR. ERTEPb(KE. £EHE) & PbiEE (HE,
BIEEE) ORETO b RIVAKH S, BEEFEDRED S 40nm lch
o TRH:E LTV BHRFHERRENS,

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 NcRENEHF. Co RFMNEHESILIE
(AR, £ER) T, BEEEDFTSIMER (ETR) 2885 & ZUNIVKRD
d PEDKFEFIREDNERREE 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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FiZE T —< Research Subjects

ﬁﬁi%ﬂiéhf:%?w%ﬁ%bzc}: %0 F O & R RIED
P

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

Ik E D B AR OYIE & RS
Properties and reactions of materials with hydrogen

2 JoeA D EFIRE & RISTEDHIZE
Electronic states and reactivity of two-dimensional materials

B THz /L RIS K B ERMCBT BIE T« 972 A F 27 RO
Dylnamical processes of atoms and molecules on surfaces using THz
pulse

Bi¥ H BN

Research Associate
TANAKA, Shunsuke

BiE EE %
Professor YOSHINOBU, Jun

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

W BT« AR EEICER L, FTL OB E RS
% R ThHa T e, BERRTORE BETRETH
%o Il - WHIZYEBEHOLE T Tldixd, TRVF—%
DL E LT EETH S, FH 1A —)V TYIERE)Z Hil{E
L. HREE & DMEIRTINA ZAZAIBLT 2 723, i -
FURIC B 2 2B EERET 2 C EWARARTH S, Ll
BIBET« 3 7ORAF 7 AWRE, il T34 272
FT%% L, & BICHIBREREEDFHIC BT 2 LA RIGIC DWW T
EFENND 252 T NG, YWIRETIE, £ - AWicH
FBE T D FORAFIT A, BTV X IR
KOS - Yt - KBz, IREE. B Hode. EER b
> 3 VBRSSO BREN 4 PREEE SR E L 2 BRAE LT
HLTW3, £z, Y7o bayghtefniet X5y
RABE TR HEHEE L TWD, . THz 2OV RIC K £
Tt A0 TaY 7 MR ATV S,

Near saturation

Clean PdfCu(111)

Low coverage

1200 1100 1000 1200 1100 1000 1200 1100 1000
Wavenumber{cm™) ber{cm™) ber{cm™)
XPS
(Pd 3ds,,) - . .
i S ) T | e [ i |
338 336 334 338 336 334 38 336 334
Binding energy (eV) Binding energy (eV) Binding energy (eV)

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

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
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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 RERISEE HUKHRE & DHEHRE)

The apparatus for THz-pulse induced surface reactions (collaborated with
Matsunaga Lab.)
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FiZE T —< Research Subjects

POV A L——HEREIC & % B (L K U T ks
(S
Growth of thin oxide films and heterostructures by pulsed laser
deposition

BeAtn )/ BB XU/ 3V Ry RO K
Synthesis of nanostructures and nanocomposite thin films

K- BT > R MO AR
Fabrication of organic-inorganic composite thin films

SKUKFRENC U % 53 THLlf 0 Z O G5
In sitfu tracking of molecular motions and orientations at the air-water
interface

B & TR
Research Associate
MORI, Taizo

BE JyIv—
Professor LIPPMAA, Mikk

FI Course
FEEMER
Adv. Mat., Frontier Sci.

vy

A DOWFE TRBALYEIRONT gL )/ a3 K
T MRS K Z BT TV, it Tk, Langmuir-
Blodgett (LB) {£IC & O &UKS I Z W TSIV AF 4 FH >
DIFEPEIER L TV B, bt A5 49 35 7 7 IHE
Wb ODOMADERAZEMTE, LY b=V X,
74 b= R EDQISHMIRE NS A1 - o Ry
rMIKTH %,

BUKMETH R 7unFh P4 —)L72HT % POSS &%
KSR B U PTE D K i e T RAMRICHR S L T LB B2 AR
LT3, K - 70 FEA R & 55 [ SERE (AFM)
54K D POSS-1 W — R Iy FIBZIEICS % T & ZHERE L
TV, KOEXMENEWVIREETIE, & ENET / A= B
TIENE< A 70 A— RV R STHIROIERENBSE T T
2o VIUNFYUIF—IVIEEREELE LTHE 72hHH
I =D S N B,
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‘_ZE‘ 60 | R ssof_,-'ﬂ--..slgg\o o CHy
E deN, b CHy
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3 . POSS-1
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S 10 [ ¥ T Pt
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(7)) 0 1 Il 1 1 1 L 1 Il

0 0204 0608 1 1214 16 18 2
Molecular Area, A (nm?)

VI RFFFY Y DETIVEEE () &£ POSS DREE - 7 FHHEHFR (B)

Model structure of Polyhedral Oligomeric SilSesquioxanes and surface pressure-molecu-
lar area isotherm of a POSS used in this work.

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

Our laboratory mostly works on oxide thin films and heterostructures
grown by pulsed laser deposition. Recently, we have looked at other
interfaces, preparing Polyhedral Oligomeric SilSesquioxanes (POSS)
molecular layers. POSSs have a cage structure and can be modified
with various functional groups. Molecular layers can be prepared at the
air-water interface by using the Langmuir-Blodgett method. POSS is
an organic-inorganic composite material with potential applications in
electronics and photonics.

When a POSS with hydrophilic cyclohexanediol is spread at the
air-water interface, the thin film can be transferred onto a substrate at a
specific surface pressure. As shown in the surface pressure-molecular
area isotherm and atomic force microscope images, the POSS formed a
uniform monolayer. The band structures with the height of several nm
and the width of tens mm form at higher transfer pressure. Such thin
films can be used in novel sensor systems, where cyclohexanediol works
as a functional group.

REE 20 & 30 mN/m TEREE Nz POSS-1 D AFM Ef5
AFM images of POSS films transferred at surface pressure of 20 and 30 mN/m.
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j:% ,/? m % % Tsukahara Group

EARTIC BT 2 G0 TIROMLELE TIRE. BXU,
ZOISHICEH L THIgE 2T > T0W5b, BEGBD I vED
BEONTT VU ERICET ZAKS TR, s I BY
BEFE B OAICHR T B Na T S AR KER BRI L o
TR a7 FIEIERT %, T HICTNED7 I, Cu®
Ag B EDOEETIE, BN VRIGE FNEDOEBIRFENT
Lichw 7TV YT RINC KD, AR ERGE R S
N3, ZREA RS ENRE B ORGEWEE &0 o 72544
WS CTEDX ST E N5 MBI,

e 7 SOSSRBNIAE B TR E Nz 2 o G e
EEEO S B, AR ET ZHEBEIE,. KX FZELE LT,
A SRS T+ 5 77 T OFLICHIIE S B, T ORHESBEIC X D .
W 7 T DS RENZT SN, £z, BHCAD SN
JRF- 5 AR—=EIEINT %, TOZILMEAESEERIC X
WSS A5 F- O UIADI JF T 0 T OISR R E & Vo
TR U, N BRI R S AU LK - R
EHIETZ20EEEND S, TOIGHICE L TE5HBRERE
DTN,

FEAERE BREE
Visiting Associate Professor TSUKAHARA, Noriyuki

We focus on the structure, electronic states, and applications of
molecular films on solid surfaces. In particular, organohalide molecules
including Br and I atoms form characteristic molecular films due to
halogen-bonds and hydrogen-bonds derived from the unique charge
distribution at the halogen atoms. Furthermore, these molecules form
organometallic superstructure films on Cu and Ag surfaces where
dehalogenation reactions and subsequent coupling reactions occur via
coordination bonds with the metal atoms. It is interesting how molecular
films with various structures are formed depending on the conditions
such as the substrate metal, its structure and temperature.

In addition, organometallic films with nanometer-sized pores may
capture incoming guest adatoms and molecules in their pores. As a
result, the adsorption structure of adsorbed molecules are modified
compared to the adsorption state without the film; the adsorbed atoms
can be confined and grow as nanoclusters in the pore. The confinement
of adsorbed atoms/molecules by the porous organometallic film affects
and/or controls the dynamic processes such as diffusion and aggregation
of atoms/molecules; we will explore the application of the films.
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RO EET b 2 s 7 G, DO S WHBAOFEIC DN T, B RKP L A2 L X 5 &9 5 KR
BN 52 ANSHEF 2T L TREST NS, AWM TR, BEVIRNEICEST WD B EORERIC T
TTRLE LED S, BEMADERE S AMBERDOIEMIC KD, AHFOHEER CHRDORBICHFSG T B E2HNE LTS,

PIPERZRRTClE. 2019 4F 4 HICRA) DL #EmZeir 7 — 2R ST RIITERIZEEr ] DR E N,

Social Cooperation Research Department (SCRD) is a joint research framework between the University of Tokyo and its corporate or other external

partners in order to collaborate in research projects that contribute to the public interest. Although SCRD is funded by external partners, its research
and education activities aiming for academic advancement and social development are conducted in such a way that secures the University’s

autonomy and independence. ISSP established its first SCRD unit, the Division of Data-Integrated Materials Science, in April 2019.

7 — 2 A MR TEDETERR

Division of Data-Integrated Materials Science

LS. BBEEEME S RERERERED TV 5,
TR OW RIS D IS O AT REME & B ACHIZE &
NTHO, ZLOFLEBERMRE SN TS, HmIid,
CTOEZFH, ERRIZOEEISHZINES Y252 TD
NFELRDEVIWHEND %, Y TIE, EE & Bl
AR R T — 2 RN TR L > THRA L. B I o P
ICHDNT, EH R BEER FFOM B OIETR - HRT
WIS D EEHNE LTS, F2ES T & Bl R
FER OB LU RO ARG HIC X 2 RIc L 8 FE 5
I, WERERICHWS C LIk > T, £ - Bz
NFNHM TR B LA GBVERZBF R E2HELTY
%o THUT K > TUIKARGA A AE Y a =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.
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FEREMITERITE S )V —T

PEREMITERIZE 7V — TN, ERBIGR, (LS. BRE)
ENFERFYEE T/ TNRA ZRFCBWTHERET LK%
I 2 A RIS DV TN RS2 5 G IT5E 2 s % T
LT, ZORNIZAH E RN ORREZ i D LISHICE
TBHTLERAMET %, JEF, RO TER R
JECIRREP I TR RE DI R 0 iRHE . &/ A — )V Doy
M« 7 EHIE I & OREREDRERAINICHESR L, RIS, &
B T — ZREAC K % BERAFHT O, $ED T OB T 1y 7
IV YT EIETEERGET I ORERDERE L TV
%o TS HRMNEIIFREIC B U 72 VPR Se i O i 7%
BRGD AT ANR=LIR D EEICBH O BDHEED
M LDDBHEE LTS %,

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

JIV—TEE W RE
Leader OKA, Takashi
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HiZE T —< Research Subjects

FUFAA F> 7R L — 5 — 3 KUK D 7731 2P
Device physics of gain-switched semiconductor lasers and solar cells

e i BRI B K GRS B8 BRI TE 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

AR TGS KO TN ADOIFRL, ma e, MR
BEROCEHAL, gt
Material physics and development of high-quality semiconductor nano-
structures via microscopy

R 2 VAP & T CRTHHIE

Firefly bioluminescence and luminescence measurement standards

—

B W HRE
Research Associate
KOBAYASHI, Masataka

iR b =X
Professor AKIYAMA, Hidefumi

FI Course
B REF
[Phys., Sci.|

PER R/ BIEOEYITE, RER L — Y —> KRG E
DT INA AP, R 2OVEYFN IR 8%, L—Y =7 « B
oY« EPEEHRIFR G AR SRR R - TN L2 LT
ML T3,

PR L — IR LT, MR GO il 2 BERER 72 0o
A, WUmIEEERRE R AR U, 7 o L MR OV AFEAERR
WB N g BH7E, N TR H O 25Kt O8I
T2 AR R IR S VPR PR S B IT9%, i A e
R FREE O &1 1A A E, AROTE, BT IEALR
ZAKRIRE, AL — T — R, SRR E. MERE O
B ERROBIEDN 5175 T b,

FEEEERBEA & UT, MRtz M 3 5 Rl
SR AT B R, T/ WHEOFE I G B £
i BEMOP LR OFEAN ZE L T2, TN 5 Df,
Wiz S Uy R 2OV Rkl Az | s (e,
HEEROH M5S0 )RRt & LA THIZE LT B,

100 BEATREFMRL —Y'— (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 I1I-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.
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Direct fs pulse generation from a gain-switched semiconductor laser.
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;:l: J: m % % Inoue Group

FiZE T —< Research Subjects

B sz o2 Eu R 7Y Y O FREREA 71 = X LK
REfRAT 35 & OV e

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

B Jesiity o R R O A RSy TR D IS
Application of advanced spectroscopy for biomolecular study
TIIE Y T — 2% b LIS LI R 0\ LR
Exploration of novel photoreceptive proteins using genome big data
B M2 7 O T AR S) 1 OBRETRE I 1 D) 5E & Z4uc
& LD HBIRENE ) 1BAFE

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

. Al
B kH =
Research Associate
NAGATA, Takashi

HHE HE -

Associate Professor INOUE, Keiichi

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

§< DEVNI K 72, B DOEMEFD DD T )L
— R, NAOEREZ(L 2R T 52D DIEHIE E L TH

ﬂﬂ@“% ZL T DL ZICHLINEEE Z RT3 DM, 2
IR RINIVETH B,

ARUIFRETIE, TNEZRIRECZR R V8T EOREFE

AN A LEZHE—NCHASMMCT S Ex2HNE L, L—Y—
R[] o0 i 70 Y SRR B 0 Ve TR Ix E 2l U T kMR
THBNZRZ IS E T OB RS ZmFE 2 TR B 5%

ZIT>TCW0%, &EHICHEREIEIES, BN TiE e M
HEDESHT LT, FT - 0T L-VUb Sl - kL~
ICBXSZREENZHEZHIEL TV, EIN5DOHE
26 i, JGRIRR EQICHZ B L LT iRtttk +
DFAFEIC IO T —F T\ EFEDT/ LRt DFERITHE S
Cw I TF—2%E Lic, FiaotEyremBig e znicBo
% 73 FREDTRRWITT P A A D217 > TV %,

H‘mn Ha® pump crw ,..,,,,. ,,..,,... _

Guanylyl P!mnh&
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h.)-.' ?® > ¢ €T

SRR OMENRO N 7YY (B) L2022V N\ ERR (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 photoreceptive proteins
play the central role.

Our research aims unified understanding of the mechanism of
biomolecular functions of various photoreceptive membrane proteins
called “rhodopsins”. The chemical elementary process of these supra
complex photoreceptive proteins is studied by time-resolved laser
spectroscopy and vibrational spectroscopy, and we are promoting further
research by combining biochemical and electrophysiological techniques
to achieve multi-layer understanding from atomic and molecular to
cellar and individual levels. Furthermore, whereas we are developing
novel artificial biomolecules for the application to optogenetics and
so on, based on the fundamental insights, exploration studies of new
photobiological phenomena and related molecular groups, and 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)

-,
=
MH

13-cis retinal

IMBEAFRICKZO N TV Y OBHOBABST V9% (L) sLUoarTY
YRFRICBITBLFF—IVORRMEER (ET). RILEMRICKERE LR
FrrIVA R TV DOHER (BT,

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

B EryEoyayy - Loy=y7y vy
Floquet engineering of quantum materials
BT ZAROIETHRRIE

Nonequilibrium states in quantum many-body systems

B “ERBIS, BRI OB O RGOS
Application of field theory to biology and information physics

B BE HH
Research Associate
NUMASAWA, Tokiro

B M RS
Professor OKA, Takashi

FI Course
HEFRYES
Phys., Sci.

= FUEOIEFEIRREICEB T RO HRER 2R T % &
&%k\%@@%%%&k%éﬁ%ﬁf&ﬁ@b%*%ﬁé
5T RNICIIGE S %, T 7Ry - Y=
UV TICREES NS H LB wﬁﬁﬁ¢ﬁa%%bfhb
JEPHER G 7 PRI VRS TR % T & WAIHEIC/AR D
DOH B, EHICHEFH. Za—F)Nxy hT—=2bwvoicl
HPEESD, W%, HEMNICIEREEESMNRIH SN TE
¥§WW@&&@\ET*%éhT%K%E% HlcLDD,
B OBERD BT R 2 £ OREEN I FikZ2 R % 2 & TH
BE R, PROoYhE, A REEDOEE w1
HOIEEHIROW 2 BTl > T & Eblc, (¥R
Ty =T REYRICBT ZIERER R & AR R
Y2 ORI ORI & Bk 2R > TV 5,

Floquet engineering of band topology Floquet ing in ultrafast spi

(E_~Q<E,)
ﬂ“m Control of magnetization,
S T e
Renormalized exchange couplin,
o F % o= Induced scalar chirality Dl
% effoxtivg interactions Floguer-Schrieffer-Wolll” iremsf.
B Magneto-electric coupling

Laser-assisted g

Floguet topological states
Floguer Kubo and TKNN formulae
Floguet Keldysh greens function

Curr\'.llk‘d electrons driven by electric fields
Switching (optical memory & Mott RRAM) New states, new functions

4 Jonducwr  Carrier generation Hi ha 1
L | o) 5 ckcdown and fiekd induced states 5 sl i
E U [ %% Heating and thermalization Usage of metamaterial

mgmm.ywmm feg: DMFT)
Chuantum field thea

Ei n_%m-
(=Laschmidr echa)

-and near field techniques

EFMEOTAY T - TVIZTIVVIDLENY, N R ROY— ZAEY
HE. HEEFRE &@*ﬁ%ﬂfﬁﬁ%ﬁﬁﬁk%ﬁ( TINA RADRRICDBEN 2T
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.htm]

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

(b) Hypergraph of the reaction

€ T | “
—®O=l=OF
(O]

I

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

GPCRﬁ2 __.® I @a

Gs coupled receptor

7OV s IVIZT ) YT ONBEENDGE EEFREREERY bT—
i

Application of Floquet engineering to optogenetics and control of cell signalling.
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1: 2 ﬁ m % % Sugino Group

FiZE T —< Research Subjects

[ERSR I OF — I Y R 2 L— 3 > &8 - JRRE O R
First-principles simulation of solid-liquid interfaces and science of
batteries and fuel cells

WEHOKEFET - Ta > - B U FORTEI)1%

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

TG O R R

High precision calculation of the electron-phonon coupling

SRR LY SR DB — R

First-principles simulation of cuprate superconductors

y B#E HL B
| Research Associate
HARUYAMA, Jun

BiR H &
Professor SUGINO, Osamu

FI Course
BRI
[Phys., Sci.|

(o5 K 26 T <0 (451 7 5 T G & 2 BB SRAC LEA R oD T R Y
20, AR T, H—FREIELT T IVEIEZ B LT
WHT T OMEICH L TV 5, FHCERL TWDEDIEEE-
IS ORI, ST T OIS ORIA T dH % 7,
ZOFRBNCHEIR THENEENE D EHENTE /2, BRN
I, EEEPLBIBEERIC I D < @R E G T 3OV F—FHERM
AT MVEOINEBBOR R, BWEERT v Ib
O TR EREY > T ) VO RERY 2 2 L— g
V. RS EE AV IKERR RO R TRIROBE, 1AL
AND LI F—Hn 7z E R Ul B T REJEREE 1+ 3 7 2
AERENETEND, TNEDRFOTEEHNTH ZIE,
[ 207K EDBE 59 % FE MRk S s WA 7K D 588 7 R & <
ZFEMHRET BHTFD. T2 AE LR WEFEDN ST S
WKiEo>TW5b, 5%IE. T—R2Y AT A0 E=EIHT S
T EICKD, PEFNRHG R EICDRIT TN T EHATHE
IKE->TWn EEZEND,

(a) V3 % V3 structure

There are many unsolved problems in the dynamic phenomena occurring
at solid surfaces and solid-liquid interfaces. Particular emphasis should
be placed on elucidating the structure of the metal-water interface,
diffusion, and chemical reactions near the interface. In this laboratory we
approach this problem through the intensive use of first principles and
model calculations. In particular, these include high-precision density
functional energy calculations and calculation of response functions
such as sum frequency spectra, exhaustive sampling of structures and
long-term simulations using machine learning potentials, consideration
of quantum effects of hydrogen nuclei using path integral methods,
and calculations of non-adiabatic electron transfer dynamics. Using
these state-of-the-art methods, it has been shown, for example, how
electrocatalytic reactions are significantly affected by water molecules
present near the interface. The simulation will be combined with data
science methods to lead to materials prediction and design.

Pt(111)/H20 TeE B DM, V3 < V3 (a) & Y & RIFRFEDIEL V39> V39 #3& (b)

RN %,

Structure of the Pt(111)-water interface. Rather than the V3 %3 structure (a), low-sym-

metry structure V39 x V39 (b) appears in reality.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/sugino_group.html
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M E:I: % % Hayashi Group

FiZE T —< Research Subjects

t b iPS JEH) = 2 — 1 N O R O WM B R 4
Fluorescence observation of axonal transport in iPS cell derived neuron
FIATV YT E B FE—Z—F 2T Y DIIEH
Force measurement of motor protein kinesin by using a nano-sized
spring
ROAELRFR T2 22 o 7 of 0 T i 2 g % 0D el 52 A AT - 181k 1Y
invivo A A= 7 -
Extreme value analysis applied to axonal transport by motor proteins
B ARSI S B > ) 7 R OB E TV
HER

Theoretical modeling of synapse formation related to axonal transport

B M® AxF
Professor HAYASHI, Kumiko

FI Course
HAEEMET Y
Complex. Sci. and Eng., Frontier Sci.

REME. BEE, AV Y bao s Ak L OERY IR B % 5
S UMtz cia <, Bk Frciiiazssg e Uiz
WIEEHII & BN BRI SR D X 71 = A LB PR S 2 T HICEET
Hb, EETVD, DEONHSTXNVF—EANDOA
TRV F =B DD B MG MR I EREICH D |
AT IAERID W RES 2720, B PITEFHNDEE Lo sg &
SA %,

AWFZEEE Tl BB BI5 72 X — I HIRE BTSSR L
T, f1 - - TRV F =72 Lo RZ LIS 2
i BYEd %, BEMEER & DN— RERD T2 T < Ik
G BEEREER AR E R LY T N OWE R T
95, HERZETICHIINRSOMGHRE T IVEME L, MaH
WGz e UCERMCHERT 5, kR EER EDRKD
BRI T, [EEANOHIZ HIFT,

Physics of axonal transport

Axon

P

—— X axis
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Time

Fluorescence
Protein

Transport
Force

Multiple
mator proteins
« kinesin
« dynein i
rotubule

MRMEEADOMERE, 2 N\ EDFE—2— (BTEX F 1 > W THx:
BAZY) 1KLL TV T TADMEDEEE NS,

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

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

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

In our lab, we develop techniques to precisely measure physical
quantities such as force, velocity and energy for proteins and organelle
inside cells, based on fluorescence microscopy. We think development
of analytical methods (software) using non-equilibrium statistical
physics, information science and mathematics is significant as well as
development of microscopes (hardware). We also aim to understand
cellular phenomena quantitatively by constructing theoretical models
using the measured physical quantities. We hope such theories can
contribute to the understanding of neurological disorders particularly.
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(Top) Data analysis using the fluctuation theorem of non-equilibrium statistical mechan-
ics. (Bottom) Extreme value analysis applied to transport velocity data.
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BE IJ—I m % % Hiyama Group

mAEERE - ARCERR - Rz TS 2 2lc kD, B
ENE T BRI ST B2 HEE L T3,
RZVEFEIZ, pH X 287 G BAA T & RS
DEWTEEZFCMICIR S T L. TOMIGYIEIZ RIS
Lo THEMBNT S, FEILHIIEZR EoBitsike L
THE - B - NAFT 7 /0P —EDRHTHEL I E
NTW3B, TOFRME, 2R BREZERO(LE RGOS H
BB, TOIDFNBHEOMIAIE, K EZOVEMRICZDE
DR, ISHORREN A LT 7200 T, EEN
B5-9 2L MIG R R T 28 & 755, AWIFEZE T, K&
VAV DOIEE (V7 2V V) IR DD W r—
RV 72V Uk, FHilzic#Et - G L. ZOMEREDF A
fToTWa, Tz, EARNTTHEILRM OBGERI R & LT O
MAMAFENZ IV 7 ) VHEERICDWT, ZOREE &k
IV« FEERFEDBIRZ IR TV 5,
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Visiting Associate Professor HIYAMA, Miyabi

The subjects of our research are the elucidation of emission mechanism
on the firefly bioluminescence and the application of this reaction with
the quantum chemical calculations, spectroscopic measurements, and
synthetic experiments.

Firefly bioluminescence, of which emission color depends on the
experimental condition, is widely used on environmental filed,
medical field, and biotechnology field etc., because the substrate and
enzyme of this bioluminescence are harmless to living organisms. This
luminescence is due to oxidation reaction of substrate, firefly luciferin,
in firefly luciferase enzyme. The elucidation of firefly bioluminescence
would encourage not only to understand this phenomenon for expanding
the availability of applications but also to understand other chemical
reactions involved in enzyme. We synthesized a photo-cleave type
of caged luciferin and study the physical properties of this chemical
species. We also investigate the absorption and luminescence properties
of analogues of firefly luciferin for the development of biological
imaging labeling materials.
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Quantum Materials Group
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wmYrEmsE IV —7

PR S NE TH LUOWE, HrLUWEHS, 5 U0
BORRICE > T, KESHEL TE T, YT CIE
FICHREI N T EIEMHBEE 7RG, ZOWHELHTH S,
— )7 RO TL—27 Z)V—1F. 2L OEETEOREIC
Ko THEATZ, AR IN—TE. DL HEZDE L,
HTYEMOE 55 MR HIE LT, Mk KD
BRI % L UIERORZEE P DtEAR 2 8 2 72 Hefw] - 3l
W R HEE S B Iz ic i S Nie, YT —T1E 2DO0
a7 N—T7L 1 208ETNV—Th5kb, Bnicim<
HYE - B LA S, sEHEETROH LWL ETHHRH L
WESHEMEIRL D BT % HIR LI 2 D T %, Bl 2,
NV T SRR DGR R VERL L . 7 ORGP E 72 B AE L
TAEY bo= 7 ZEREDRRHICID HA TV S, ThH
DI, HERFIEOMKEZEECTHLO M REY A
Wiz s FHORZ1T S BERT— L &1 LIRFEICHESD T
W3,

Condensed matter physics has progressed, relying on discoveries of
new materials, new phenomena, and new concepts. A good example
can be found in the history of research on strongly correlated electron
systems, one of the major traditional strengths of ISSP. On the other
hand, breakthroughs have often been made at an intersection of
various research fields. Aiming at another leap forward, the Quantum
Materials Group has been created to promote interdisciplinary studies
based on the collaboration between the experimental and theoretical
groups beyond the conventional research disciplines. The quantum
materials group currently consists of two core groups and twelve 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 #HIER
Leader OSHIKAWA, Masaki

ISSP Digest 2023



j:[F } I I m % % Oshikawa Group

HiZE T —< Research Subjects

O Mism oD ¥ 5 & RO
Anomaly in quantum field theory and classification of quantum phases
JERME R SR DR —HI B
Unified theory of nonlinear electrical conduction
B v FU—7 FOmE IR L ks
Electronic states and transport phenomena on networks
iy A ¥ RIRDRERT L 5K

Design and study of exotic spin liquids

Bhg 8 =
Research Associate
YAN, Han

B M| OER
Professor OSHIKAWA, Masaki

FI Course
B REY
[Phys., Sci.|

BTE2HRROMGHZTLE LT, LR THRILT %% E
M BES 2 R LTV 5 RaLOROHIE LT, GO
B BETEEZIOHUTE v v 7L A7 5SUE O RIS
T ENECS T &R, /O FICH 25 R 72
75 Ui, e, HERMNHMRZEE 2 T, FRHGRD
R—BVRBRRS>, Hi IR BRI T 5 P FICE IO HA T
%o BIZIX, BAPEERYIE 1T-TaS, OFE FIREEIRT %
BEERO 3y U — 7RI REER U, #ilcaEiic k- T
SRR SN D PN ROMBIER L, &5, 7
F AL — MEHARICBI ZEET Vw7 bk
ROV HIVHOREE . ZORBNREIC OV T ZED
TWb, TNEDOWEDZ IF, EEHEEZEE UTHEEL
T3,

-2 0 2

[h0O]

TV=I27N\A4 0y a7 BFLOMEFEOEY THIVOYZaL— 3 ViIC
LBREVIEBERF, TORBIIERES —VERERRT %,

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

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

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

v 7= LOBFRE, WAHEICTFONFENRICEY. FENY FD
REFHIRMREEE NS,

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

HiZE T —< Research Subjects

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

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

H ~RoYh) R PREORIEICE ALY Pun=7 AT X
WVF—=IN—RZT 1 VT
Manipulation of topological states for spintronics and energy
harvesting applications

FEHE it M
Project Professor NAKATSUJI, Satoru

FI Course
B REY
[Phys., Sci.|

BUE, REMERDRMRE, Ay a7 AL T i,
FREY—=E VSRS K> THUEM - T, 2<0
LW RORERICEN > TWb, ThSOWIEYIO
ZERICIE, FRTRER. TR BTl ETHELTER
BEEARE D> THD, BHFOTE ORHAZ - A T8
LWHRTCOMSENEREIC A > TWD, FAEDOIZEE T,
ZOX S TEH LWBERZ BBIL T 2 87 EZASIED H L,
TSR IR RS D PEIE B RS K > TZ DOERIC D 2 WFlik
ORIz BiE L T 217> TWd, ZNRTTELS, &
TWEOEIXREEREMLEZAE Y P 7 AR 31 )VF—
IN=RRAT 4 YTICHHT B 7HDMELIT-o>TED, ¥
A EIEHZRED TV S,
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a.Mn3Sn & Pt. Cu. W EDREBEICEITS. R—IVEEDEEIAHBER lwite
KFME, b. ZEREORIERER, c Mn3Sn TORAEVEE b LT Bt R,
[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, I ¢. 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) [CH51F % a. fE&@IBIE. b. RERILY X FHROBEKEN.
c. /=% T, [Nature 581,53 (2020)]

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




E % m % % Miwa Group

HiZE T —< Research Subjects

B armEA ey hu=s 2
Spintronics using a quantum material
BV rAEy ban=s A
Spintronics using a chiral molecule
B 7 = L PR OVAL— =S X SO+ T > Rt
Operando spectroscopy using pulse laser and synchrotron radiation
B e icksilarea—s107
Brain-inspired computing using spintronics

B RA R
Research Associate
SAKAMOTO, Shoya

HEIE =& B

Associate Professor MIWA, Shinjii

FI Course
HEEMER
Adv. Mat., Frontier Sci.

D DRI R T/ Kl O T Y BRI R 1T o
TWVh, BRI EER T2 Tl UF o 7o s 245 g
Efifim G 0iEdk - Ao HISEM U, BEMR %
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INA ADRT F it (o E) = RO THREL L.
Y R U CEIR TR ERR 2 RS TN AP DA
ZHELTWVS,

BEDWIFET —<IE7 A VAR ZIE T & Lz a e
FRWEHHAE Y ha= s AT, ADWFERF T )V T &
a7 ZURERS 7 EE bV FAE Y PO Z 7 AT N
A ADNETH %, BRINEDHE ST, BHREEZAINL
BWE T I MR VA L= =530 X AR 21T 5
(ARG RN ZHOTHLIRAEY ha= 7 2GS OK
MR SR T B
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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.htm]

We study experimental condensed matter and materials physics using
high quality and unique nanostructures. We use the ultra-high vacuum
technology used in semiconductor technology to fabricate multilayers
of metals, dielectrics, and organic molecules. We focus on the spin and
orbital properties that can be pronounced in nanostructures, and fabricate
spintronic devices. Our research goal is to characterize the novel
physical properties of such devices and to demonstrate large effects at
room temperature using a physics-based approach.

Recently, we are investigating a novel spintronic device using a quantum
material such as Weyl magnets. We are also studying a molecular
spintronic device using a chiral molecule such as chiral phthalocyanine
and a biomolecule. In addition to electrical measurements, we reveal the
microscopic origin of the various spintronic phenomena using operando
spectroscopy with a femtosecond pulse laser system and synchrotron
radiation.

(a) (b)
Fog -
piTo) } g
E
zI—bxizT‘l'Ol. Mn Sn %’g
[0001) [ B H i
ne®e § FI
E
15
5 /X :
¥ [0001] sl .
~ i) <17 o 1 2 3 4 5

Delay time (ps)

@) 7 A IVREEHLEAR MnsSn DR E Y RUREREE. (b) HERES\EFORFIE
EFRETRCLICEY. T LMWL —F—2AVTREHEEBDOE
R R £V IRBDERICHISH TR LTz,

(a) Spin and crystal structures of Weyl antiferromagnet Mn3Sn. (b) Using a property of

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

50

B Jes P BT s A i e

YIRS ETAM AR T ld. B O ET (Design), ¥rE O
K (Synthesis). & E NP & B E TR 2 G
(Characterization) @ 3 fifiDOWst%z DSC Y+ 7)) &
LCHEBMICHEET SR T &Iick b, Lyt - #iEE
EOYIE DMK ZHIRE L TW5, AR PIEeats (UL
T RREEHER) SIS - FHmEE (LA, B RGEEHmE) A
5750, BEHPICIERBIEIREEDN. A EEHIREIC E S
BHE, AL, XERHIES, ETHEME=E. Bk
ez, HAIERE, GHEAKRED 7 RMENH D, &
FHETCE. WHEEH A== v ¥ a— 2 BEE L THT
IO EAEIC & o THEBH SN DR Kt J181 5 7% fig i
LODFMMEDORKET T, SRGHIT Tk £
BEOERK. Z O AR DM hs G i 2175 & &
o, HrLLBMENTYEROBELN - B - LF
B OGN 217 > TW 5, A a O 4 [ 3 [ 1)
. PEEEEMI R EEEERICKDEH TN TV S,

The aim of MDCL is to promote materials science through the cycle
of three research phases, Design, Synthesis, and Characterization,
which we call the "DSC cycle". The MDCL consists of two divisions;
Materials Design Division (MDD) and Materials Synthesis and
Characterization Division (MSCD). Supercomputer Center (SCC) of
ISSP belongs to MDD, while MSCD has 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 optical
properties of the materials by employing various methods. Almost all
the facilities of the MDCL are open to domestic scientists through the
User Programs conducted by the Steering Committees of the MDCL.

i PN = S )
Leader OKAMOTO, Yoshihiko
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J: BE m % % Uwatoko Group

HiZE T —< Research Subjects

BT B 2 Fra B R OBER
Search for novel physical phenomena under high-pressure

JEJ Ik AR B G DI 5%
Study of the pressure-induced quantum phase transition

FA R FAE A E OBA%E & 2 B FRSEYITENIE /7L O
Development of high-pressure apparatus and establishment of physical
property measurement techniques under the multi extreme conditions

B LR Et
Professor UWATOKO, Yoshiya

FI Course
EFRYES
Phys., Sci.

WA, AR B SR ORI B YIS OF R R
MRS A— 2D 1 DL %> TV A SRS T Rk
W, S R EZ IE U &9 B S OmZEIc
BOTELOEEELLELLTWS, UFKE TR, BET
JIEAf 2 B U7z, S REOYERIE SIS U 7z 8 e 2
BOBIFZITV, TRERBR D KWK EBREIC 51 % £ BB
B RO D T, EHEE-RYE T, K
TIRE), EAEL AV, fuEk & ORI EHE L X iE
MHEMEH OB AT K D, SR E UTHA OBIRZENYIEDH
HLUTW3, BETEhzHO&EHEIEHOREE, £
XS aEE B DI LT NBTES 5 H 2 Z O HE R
WFESHR->TVRDREAS 2 HIE, BWEE., Mk k
UHEAREDIE I ROWNI 7 & L, FRdOid T —~< %
HEDHTVB, o, HFEFIHEFERICIT> TV,
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Cubic Tetragonal 11 Orthorhombic Monoclinic
2 o0
?oa 9" - ?'.’9 ’_QQ =9
s 1@y (BefBe® b dhhe | a¢dpe
{09¢° ;e 160%40° ;0o
Y o) — . s Og
300 T T 300
# Cubic / Terall! Ortho Ortho, + Mono, Mono. 1
* Ty-al
T PRB, 1985, 33,7)
A Te-ply
s To-MD 2 N
& T PRB, 1986337} =
s T .-ah et
-
a ! !
|
|
0
3 7 8 9 10

4 5
P (GPa)

BiEE TH S CeZn( 1158 /CsCl type) DENER EEN T TOFRE N
BRIEEDKRTF. EARBETI. BREEEFHRERIADEFEONENEZ B
BETIE., BIREREDHIRT 5.

Pressure phase diagram of simple Cubic metal CeZn (CsCl type) and pressure-induced
each schematic crystal structure.In the tetragonal structure, the possible existence of a fer-
romagnetic quantum critical point, and in the monoclinic structure, the superconducting
state appears.

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

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 is
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.
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BEVBTFHRME CeNiC, (BiE&) DESIMER. Tn, Ty, Te lcRFEIFIFIER SN
BEFHRADAETOBTIEARDREKEFNE (p=py+ AT)IE n=14 38
LEREN, MEFES EICLBBEEDOERNTE TN TS,

Pressure phase diagram of heavy electron material CeNiC; (single crystal) in which no
anisotropy is seen in 7, Tk, and T.. The temperature dependence of electrical resistivity
(p = po + AT", n= 1) near the quantum critical point is observed, suggesting supercon-
ductivity appeared due to valence fluctuations.
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Iﬂ 2[: m % % Okamoto Group

HiZE T —< Research Subjects

Rprts BT EIG - SO TR AE

Exploration of new materials that exhibit novel quantum phenomena
and innovative electronic functions

Biar d BRI O
Exploration of novel d-electron systems

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

ARG AR S A D )

BhEL KEE PEKER

Research Associate
OKUMA, Ryutaro

B ME fEhE
Professor OKAMOTO, Yoshihiko

FI Course
HEEMER
Adv. Mat., Frontier Sci.

BB ORI, YEOMEEZ RS %220 L Yk
OiEfbic kE L EIRT 2R A D, A DWFET )V—7
TUE, otz e T ESS0 B3 78 TREE 2 R 3RS S e R
DOHEOFHRE AT, BRESEZ ETHELSYZ T
IZ, HoWEICHREBTEYEE NG E LT, BRE, .
TV —25 T E IS ARREERAE B2 7 S A N L—
vay, bRaY— AEVIERSG & Vo TR IR —T —
RZRIEZ M5, BRL B TFEZ G b8 - YEih
ZITH T LICKD TOHEEEKT %, HlAE, EFHICHED
WFRMEZER Uah 5 @M S S 2 & DR E S, J80
Bt & WA 2B Z RS T & T Dbl 7z R
THBREL, SRR V=R, chETIck
WEBETAEYORSE & DX S nidr iz T %,

75 @A CsWa0e | BT BIE=BFD " DF " Aok

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

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/okamoto_group.html
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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— 5 IR RIS B BRI R T - 7 VT Y X
LDFHFE

Development of efficient methods and algorithms for first-principles
electronic structure calculations

OpenMX DRFFE & 2B
Development of the OpenMX software package

XMPHARY PIVEETEORSE
Development of first-principles methods for X-ray spectroscopies
B —JUcE oS —FEE TIRE R

First-principles calculations of two-dimensional novel structures

Bk Rl &
Professor OZAKI, Taisuke

FI Course
HEFRYES
Phys., Sci.

EOEAFHER O 78 & YV ERPEORE RV, B — P
EIRRERH RO EFIENR LT3, FLSE NS
ICHEDE, HEOIWHRZ KO REEICED IS 72 DH L
FEFE - V7 U7y — OpenMX ORIFEICH D #L
ATV, HENBEBIRROFIRRIIRICEENZD R FHOD
SARICHBIT B, EFOERMEICEH L. FIREDE TR
WK B H LA — X — NZEZRFE LIz, ATFRICKD,
CNETHWORCDREETH > 72 F 7 LA A B
MEOKIIFY 2 2 L—ya U aEL kb, FikE OE#
e AIREL 72D DD H B, & BT X MEE T 6E THI
I N2 NREE OO HHET 3L F— 0 Sk TR A2 B
JEL, 7NV —TeRFEL Ty ArT7zy, HH
T U7z PR+, Ge O H =MIZFHOLMEES L&
IRREDRFEICHKIN L T %, K To i Al N =D < i
WG DPRR Tl U — TR ORI AT OB & iED
W5,

(1) Truncation in real space

(2) Mapping into a Krylov subspace

(3) Evaluation of
..:: —G(2)

F—2—N2)O7MREME (1) BRFICSHLTI A Z—%HM. 2) 7
FABZ—TEERENSHBAE[MOS 7 U OTEHREENGR. 3) 7 ATEHY
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.htm]

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 and
structural materials which cannot be easily handled 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).
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(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 & a1 E TV oY AR

Search for novel quantum phases and quantum transitions

ZARMIRE D BE L DL

Numerical methods for many-body physics
RGBS D—fifi

General theory of critical phenomena
T A LR LR

Disordered systems and computational complexity

il

BE NS BiE
Professor KAWASHIMA, Naoki

FI Course
B REF
[Phys., Sci.|

it NTHIBE /BEt 2 E |l E R £ 0T T
WCHRTHEBICT AN EE > TWED, RLDOWIRTNV—TT
WEETEYIEL, FHEMETNZEO IS E EN S BEN a7 2
S5 U, HILWFERFT 2 C & BRI EZED T
W5, TOISHE LT, #at 157 O AR E O ]~ FH .
VEFIDYIE 72 ST 2 ok 2 i B & RIS 31T % BRIt
HEDBHER EZIT> TS, T THWOBNSBTE
T IIVEER T VIV Ry T =TIV R Y
RT =R EMERB U CT— 2 RZ e AR > T05, I
EOWRO—FIE LTI . 7Ty Mandiiet DT I AR L—
b AR—=ZXRICE LT, ZOREIREED H#L— T ZET )V
ERERINCEME 2502/ L, EHICEFDRO R G
AL 2 20C XY €7 I)VORRIREIERE & [F U KT 58 &7
% T L R EEICIREE U Tz,
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The lattice considered. Within each cluster specified by x or u, a tuned hopping between
the black and the white sites is defined.

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 example, we
developed a flat-band frustrated boson system whose ground state can
be mathematically related to the loop gas model. We showed by Monte
Calro simulation that its quantum phase transition belongs to the same
universality class as the classical XY model.
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The static structure factor S (top) and the helicity modulus (bottom) as functions of . The
horizontal line in the bottom panel indicates the universal jump 2/x, the thermodynamic
value characteristic to the KT transition point.




ﬁ I:l 61: % % Noguchi Group

HiZE T —< Research Subjects

B BRI OIS A F 25 R

Non-equilibrium dynamics of biomembrane
M, NEEANT 7 )V DIEREE K

Shape transformation of cells and lipid vesicles
3 RER RN E G A8

Dynamics of complex fluids

A7 757 < 2—0EES

Self-organization of active matter

B ¥ %
Research Associate
NAKANO, Hiroyoshi

HEEER FO 1BE
Associate Professor NOGUCHI, Hiroshi

FI Course
B REY
[Phys., Sci.|

VT N Z— EYYERe G, GRS R L CgE L
TW5, KT, ERESMIEOMEER. SRk, 727 7«
TIRA—DEAF I T ADMIHIC 17 ANTWD, ZTDIh
DY Ial—varyTEORMRE, AEET>TWV5,

B ZIE, SRIMBRPHEEREAD 55 2/ MDD X FXEREREE R
TOFEZLZFTANTVS, TNET, HAUT KB HRIMERD
INT Y a— MIRR AV w7 IRANDZTE0, #hsREEE 2 > 8y
BOWrE, (LN K 2 B ARROIEREZ LR & 2 5 i
LTW5, FRHCIEFH FTORAF 27 A &ML TV 5,

Fle, TOT 4 TRE—ICBT BHERR. @0 TR
SHEIRZES Hn7e E@E D> T A b—27 ZFERICHE
DEVWFHED R A F 27 A% 283 &2 Vi KBS S o
L—a UL TR L T,
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Sequential snapshots of a shape-oscillation vesicle. Budding repeatedly occurs, accom-
panied by the traveling wave of bound proteins. Color indicates the concentration of the
curvature-inducing protein.

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

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

We found the shape transitions and dynamic modes of red blood
cells and lipid vesicles in shear and capillary flows using mesoscale
hydrodynamic simulations: discocyte-to-parachute transition,
tank-treading, and swinging, etc. We also clarified the shape
transformation of membrane induced by curvature-inducing proteins
using coarse-grained membrane simulations: membrane tubulation by
banana-shaped proteins (BAR superfamily proteins, etc.), budding by
laterally isotropic proteins, and the coupling of membrane deformation,
chemical reaction, and protein diffusion in membrane (traveling wave
and Turing pattern). Membranes exhibit characteristic patterns and
fluctuations out of equilibrium. Moreover, we investigated phase
transitions of active matter and fluid dynamics of polymer solution and
cavitation in the Karman vortex and sound-wave propagation using
massively parallel simulations.
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Cavitation in Karman vortex behind cylinder arrays.
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E J:l: E:I: % ‘:glr. Hiroi Group

HiZE T —< Research Subjects

B 5L TFEoRER

Search for new quantum materials

B 2 ¢ HuEks g Rm ot
Physics of the spin-orbit-coupled metal

RE7 = MeaWic B 2V ERTe & et eiiih

Chemistry and physics of mixed-anion compounds

BiR BEH BZ
Professor HIROI, Zenji

FI Course
FERMER
[ Adv. Mat., Frontier Sci.|

EIRBEE O R & ZFOBOMEORNIE. FiE O
DU YIRS K& Te A VR0 W R E 2 2 h 2521
RUTze ZOWEBISBIEENEORE 5T, mMHEE TR —
IS B B JRTE - IEREDORES O, Rk & AzE D Bk
ROMHBE, A VB AEHZ R & 24 HBH%. R
BR7ENY FREIGICRIN G 2 IER A INE 72 £ DWFZEN& K& 7%
JEIWND 2 BTV a, iR ZE U RO MBI S 2
R U, YEmEZOH LA ZY DL 2 835 %ET
FIEHICKRDLEEZLND,

AWIZEE T, HAIEB GBS ORE & YIEDORNC
HOENZHBNCEH Lah 5. HiERER 1T, HiHRE
FROVERZOMHEE 22t L T b, L TIE, &
W 5d BFRREROBA I U EEBIRET = F bah%
OIS 2B L T2,
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5d £8/\1 O 078k Cd20s207 & 230 K THRREIRER SRR Y . U\
&Y 5 A2 =R\ BT ERR L TR & 75 %, CdaRex07 & 200 KLLTF
TEERENTMEE K> CBEY 5 A2 —8& bO41 Z)IVEEFH*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. Cd;Re;07 is a spin—orbit-coupled
metal candidate.

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

In our laboratory, we are searching for new materials while paying
attention to the correlation between the structure and physical properties
of various transition metal compounds, and are enjoying the fantastic
materials science. In particular, recently, we have been focusing on
heavy 5d electron systems and mixed anion compounds containing
multiple anions.
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Mixed-anion compound Ca3ReOsCl showing pleochroism.




'J—I ‘2@ m % % Yamaura Group

HiZE T —< Research Subjects

ARG OB BT 5 VI
Research of physical properties from the viewpoint of crystal structure
BPC— LBV VF T0—T « VF R — Ui
Multi-probe and multi-scale analysis using quantum beams
HIEREMEM R D2 P & PRR

Science and exploration of new functional materials

HEEIR WLE E—
Associate Professor YAMAURA, Jun-ichi

FI Course
HEEMER
Adv. Mat., Frontier Sci.

Iz BOMFEE TR, BEREMAM R OREYITESE % 1775 -
TWb, YL d, PEmtseo ¥ &7z 45 i 2
N—2WEONEZHEMCT B TH 5, ERERE
FTaL, BEDERI TR E O A TR E— LS AN
WK Uy DDy IEIRWEF 27— )V TR ORE & 7l iE %
BHEMCT BB EIVTFTa—T « RIVF 7 — )UK #2171
W, BERERBIEE OA B Z RS 5 2 I8 TW0 5, 1D
KGR HTH ORI RENE AR TR & DR R & GAEIA,
A, KBFEMR EDISHMEL X T2IRIA < FHTTna,
BEEEfRBN 72 T, K\ MtREES[EHITIIZESI TN
RN EEZ DD, [E> Tl TELWIIGE 2Ty b—
ICHAZ D 2D TV B,

SRIBBRAEB AR T I Cd205207 ST — 46 ‘CLUTF THIRT 2 all-in-all-out
EMENBIERICHIFMEDFWLEL WA E VERS, A E B HIS X 175
SEEL TS hMlcENT,

A highly symmetric and beautiful spin arrangement called all-in-all-out appears below
-46 °C in Cd20s707, which undergoes a metal-insulator transition. Resonant X-ray mag-
netic scattering using synchrotron radiation revealed this spin arrangement.

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

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

~O01/N1
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? 02/N2
'o-—-"*'
s b 3:'? -
¥y O
polar structure

TR AL 2 BRI D TRESEERT (£ ) 5B ER LicmFBER LaTiooN D
1M (polar) 7/ #83& (). KENIIERME (non-polar) HEiEH S DEM AR LT
W3,

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

KEUSGT R Tk, VMRV ER-EH LT 5 A—
NR=TAVEa—ZEXOHEMHEITENTES LS. 2015 &
XOVT U7 @Y 27 s (PASUMS) 7B
LTS, AF—LTIE, A0V McBRENET
075 LORFE S ERGEL, A—T V=AYV T U
TEUTRT2 L &8I E SRR LD NIEH) 217>
TV, iz, @ERINEY 7 7o 72 EH L. BEE
B DI — G L A G DR oA O REER &
ZOHTR, NA Xt - €27 Vil iE A L 2R
T — R IRFTRAE AL ST A —Z OHEE T EICHD A T
%o Fle, @ELY T N7 R UEIZRICA ., HHR
WFHEATICEEH Ly A=A ET Y VI BEH LIcRaFEY
TV AETE BN T — X OO, RS % Vo6
PrEHRRIC T TR EICB B A TV 5,

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

% b}[ % % Hoshi Group

REMRE Pl) SR —B
Project Researcher (PI) YOSHIMI, Kazuyoshi

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

AR, JEiREH SRR & A — 8=V ¥ 2 — R DOFEH,. K
HYERIRT TN B, — IS JEbiiE HINE B O SR ER 72 2%
TWEL, FoNSHEMENRENTVD, TDX S HIKN
Z, A—8—a ¥ a—2 LRI VI XLzt
BT — 2R (RS, XA RHEE - b s & O
MR I KDL, TRAZRWEDZRS ] (BERIEMH
TEEh DM TES K107k %) TEZHIRL
TV, ISSPY 7 MY o7 @t 7ay s 7 FEEICED,
T—RfRIT 7 L—LTU—72 [2DMAT] ZB¥ « /LT3
(https://github.com/issp-center-dev/2DMAT), Ffic. PriEf:
FIOYTA4TD1IDTHB 2 KWHICTZNT B, 2R
FERERFE AT (TRHEPD, R L7 k) %2 & BT
it Ttwa,

ISSP Digest 2023

EEHE 2 X
Visiting Professor HOSHI, Takeo

In recent years, the fusion of advanced measurement experiments
and supercomputers has attracted a great deal of attention. In general,
advanced measurement requires advanced experimental techniques and
the amount of information obtained is limited. The present study aims
to overcome the situation through data-driven science (mainly inverse
problem analysis such as Bayesian estimation and optimisation) using
supercomputers and massively parallel numerical algorithms, and to "see
the invisible" (to be able to detect what was previously undetectable).
Our data analysis framework "2DMAT" has been developed and
released through the support of the Project for advancement of software
usability in materials science by ISSP (https://github.com/issp-center-
dev/2DMAT). In particular, it focuses on atomic structure analysis
using total-reflection high-energy positron diffraction (TRHEPD) for
two-dimensional materials, which is one of the frontiers of condensed
matter science.



YEEGHE (Materials Design Division)

L

Supercomputer Center

EifErBE XH 817
Technical Specialist
YATA, Hiroyuki

BEmE JIE EfE
Chairperson
KAWASHIMA, Naoki

BEFE BB &R RMEFIME fEH R
Contact Person Technical Specialist

OZAKI, Taisuke FUKUDA, Takaki

BYFRE 2F & BifEREEe AL #H—
Contact Person Technical Specialist

SUGINO, Osamu MOTOYAMA, Yuichi

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

BEMZEE P) HR —BE BEAREE Bl #EE

Project Researcher (PI)
YOSHIMI, Kazuyoshi

Project Researcher
AQYAMA, Terumi

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

KBRS TR RSO X —/S—a v
Ca—RI AT L7, A—/8—a ¥ 1—X2LFAFHEES
DFHICED E2EOYMEIIZEHE O LRF ML T 5,
HET AT LiE, 2020 4 10 HIGEHABB LIz ES AT L
(A7 L\ B (ohtaka)), 35X T 2022 4 6 HICHEMBHA L 7=
Bl AT L (AT L C (kugui) MEEZEETATLTH
Bo VAT LONY R — L OEITHIRIC K > TREZ T AT
LVEREZ iR 2 & & 81, BEZ—YD 5 DOHFRIC E Dl
WMLISCEDN S VAT LOEHEHZ1T>TW0Wd, A—/3—
IV a—ZOFMAFFEIC OV, F—LX— (https://
mdclissp.u-tokyo.acjp/scc/) ZZE Nz, £, 2015
EEND EREA—N—a a2 =2V AT LD XD EEEH
M7ZHEST 270V 7 b = 7 - @EE T 7S L
(PASUMS) ZFfiL, L—Yh5ORRIHEIEHE2, 3
OV T +Y 27 EFEETO T3,

FERME

System B (ohtaka): Dell PowerEdge C6525/R940 (1680 CPU nodes of
AMD EPYC 7702 (64 cores) and 8 FAT nodes of Intel Xeon Platinum 8280
(28 cores) fEFREmEF 1AL 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) s 2w EE EAE 0.973 PFLOPS)

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

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

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

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

RESPACK ERISM
s e e

bicsfOms) L.
@j PASUMS 7@)

B | DS DCore| =
&Dnﬂrmm

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

Software developed by "Project for Advancement of Software Usability in Materials
Science" (PASUMS)
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ARk - FFiEE (Materials Synthesis and Characterization Division)

PR

Materials Synthesis Section

{L2&o0 =

Chemical Analysis Section

BHmME EA  ELEE

Contact Person : OKAMOTO, Yoshihiko

wifErIEE AF HEF

Technical Specialist : ISHII, Rieko

EYmE EAR  EHhE

Contact Person : OKAMOTO, Yoshihiko

EEFBE A HEF

Technical Specialist : ISHII, Rieko

ARETIE, FEOEK. BAIEOREL, B RE K
T EWIHREO AR ZIT> T3, X, KflEinExy
SOBAE R E R, BRI TR s & 2 RSO 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.

FEHE

TO—F74 V- VBESERIF. FEBESF ERNAX T v I
VIR TSV O RIR. T—UBRIE. )2y MR Ry U RIP) . B
ZBREREE (10°Tom), /O—TRv IR

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

HABEAIO—TRY 4 2

Glove box for sample preparation

https://www.issp.u-tokyo.ac.jp/maincontents/organization/synthesis.html
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ARZE T, WITEWIZEIC A R EIC DO T O A0 08T
LW D53 LD B K TME AN TS K B RO
WX UHEZITS LI, FEE - 7087 - (L2 D %
HhEds 2 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.

FERMA
FEEABER TS ARHEADHIER. BFA. EikEEER

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

FEEARBR T S AIRADNATEE
ICP-AES
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X-Ray Diffraction Section

i (Materials Synthesis and Characterization Division)

(R

Electron Microscope Section

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

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

HMErma ER KE#

Technical Specialist : HAMANE, Daisuke

FlifAE S, ERAIR DR S FEANZHRTH 5, &
FTE, XHEHr7zHOT, stz N—21 LY
TH MY 2175 LIS, TR OBIZEHICH LT
TR O iR *U)ﬂ%ﬁﬁfb’cw

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

FEHRE
AR XARETEH, BER K a 1 R XERE AREESERESR
XARETEt. SAREAER XREET. 27 IAAS

Main Facilities

General-purpose powder X-ray diffractometer, Cryogenic Kal powder X-ray dif-
fractometer, Rapid low-temperature/high-pressure single-crystal X-ray diffractom-
eter, General-purpose single-crystal X-ray diffractometer, Laue camera.

BEE K a 18R XHREET

Cryogenic Kal powder X-ray diffractometer

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

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

ARZETRIWE DI AHHRCCANGG 2 7Hili 9 % 72 i B
RSB L B EF MBI 2 A, I /a5 /R

TV TO®ES - iziTo. TSR 558z s T
XA BT, RS AN OHFEFICHL TV a,

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

FERME
BRESTEELEEBFEME. 8 - 28 - DRIV E— BE - EER
BHERD e DIE L DEE

Main Facilities

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

200 kV B RASL DT E FHEMER

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

v B U e =

Electromagnetic Measurements Section

YEA e =

Spectroscopy Section

EELEIR:

Contact Person : YAMASHITA, Minoru

BHmME EA  ELEE

Contact Person : OKAMOTO, Yoshihiko

BLmE F PR BMEFE WA W

EEmE Rl E/X

Contact Person : AKIYAMA, Hidefumi

BUFRE Mk FEIA

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

Contact Person : MATSUNAGA, Ryusuke

KRETIE, WHOREANWEE TH % BN IEEZ,
i3 K O DIRWEIPICh 2> THET % L L dic, #
SURFPERESEE, YIBREPE S, B A & D i
Z TN OIFEFINCA L T %,

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

FEHE
1517 T ASBEET TR b 16/18 T AT EH—BEGE T X v b
(NMR). SQUID BLRIEEE (MPMS). AAEYIMERIEEZEE (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).

SRR REE
SQUID magnetometer (MPMS)
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PATED & 2 ARNER S L— Y =2 A . Arst
DIFFANCHL T B, wJdl - SO - ROV DN - [
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.

N
FIRENDYOCEST. FRADIOLER Yt Est

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

FABLU ST UANEE
IR and Raman Spectrometers (Room A468)




ARk - FFiEE (Materials Synthesis and Characterization Division)

Y ERE D%

High-Pressure Synthesis Section

BHmME EA  ELEE

Contact Person : OKAMOTO, Yoshihiko

HifTEFIHE ®E SAE

Technical Specialist : GOTOU, Hirotada

ARETIE, HHRUE BT EE TO&REE TICB O TR
T (F) WEOGRZITS LI, mENTICBT SED
BTN T VD, & HICEMED mE TR E P ET 5
SRz TN O FEFINICA L T %,

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

FEHE

500/700 FVHETLRAEB. A4 VEY RT7VEILtIL, XEGEIITEE.
B S X R, YAG L—H—IITH#. ZOM (MEMI#E. 21+
T NHIEEE. el NCET) VIV Y)

uonodg sisapuAks amssard-ystH L 0> F Tk

Main Facilities

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

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

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

https://www.issp.u-tokyo.ac.jp/maincontents/organization/highpressure.html
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Neutron Science Laboratory

64

Bb s L R AT Sk

PP TIE 1ATREOIEDH & LTOMEE 100 meV 2
JEOMEF T 2V F—Dhi+ & L TOMEEHELD, Tz,
PPk ER BN, MNRGONEERZE DD T, T
BZDE 0 DETFH O B NERIZFLES, Th
SOMEZFHE LU TWEIZ X BT HEFOBE O S N5 Z B
AL, YENOE R E— X >k OECHSRET) DR 1
% FEE TR TR TEEL &V . PIERgEiToh
M RE SRR Tl H AR 1T 2% B FERAE O fiff 22
TIF JRR-3 D 12 B O PETHELEEE 35 K O KSR T-n
AR J-PARC D &7 fREEF 3 v 78— )ds HRC (KEK
EHFEREAD 2V 2EERAAMAZHEL TSz, Th
&0, BEEA, FROVIIVWE, HiElEFHEED
A B ZE 2 1 CHE LT, HIART T AL— M)E
I EMMERE R, A A U RERSK BB E R & O
B2, @RV EREDY T xR —, EREEYE &
THRINOYIERE, & S HPEFREEY Er & Dge &
NTW3, Fiz, BT HK I HE TP 5EL0 %
DA E LT EIGHI L, A EO M TSI O R
JRICEBRL TV,

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

ME&RE WWE &
Leader YAMAMURO, Osamu

BlfEsRk &M [ER
Deputy Leader MASUDA, Takatsugu
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':I:I % m % % Nakajima Group

HiZE T —< Research Subjects

B FBELIC X SRR ARV IA VOB 2O XA F 32
A DS
Neutron scattering studies on magnetic skyrmions and their dynamics
B R LT 2 PR T R R O R SR 3 AT
Magnetic structure analysis by means of polarized neutron scattering
B 555N Z N ROVF T 2 a1y ZE O & EE
PED il
Control of magnetic and dielectric properties in multiferroics by means
of anisotropic stress

B 155 e T BGEL TS 2 PO P REPER LS 3508 B IR P - EigE
KO

Time-resolved neutron scattering studies on nonequilibrium and
transient phenomena

UL G
Research Associate
SAITO, Hiraku

HHE e 28
Associate Professor NAKAJIMA, Taro
HI Course

TITERYETSE
App. Phys., Eng.

BRI ICH KM BEISENTHE O, KM
WK ENTET—<ThH %, HIZAXELDETICH B
T BRI R E U HEFEINCTHE CAFMNCHT > THRigE
MWEHLTWD, ThlAcE, S8ARIDMME R kA 7
WA DFET 20, JEEZNS O X E VRSO R 1
KA, B OB, 8k, D5 0IEHEEERZKEL
ZALERED T DS MTIE > TEZ, AR TIET D
K97 TAEUHFIC K> THIERT SNZBIFRYIMERS
EERMIKT—<E LT3, il LT, 58ARDREA
FRFIc k> CERWmELECE<IIVF 72014y 7R, b
R Y VRIS REE TH B KA F IV I A V&5
LT, PETFEGEL & XRREGEL 2 B W CRE SRR & 2 il
IRREZIHSMNCT 2 T LICD ATV S, o, P
SLE AR Z IR X E 5 XL, ZHEMBREED T ORIE PR
HE R E, il a TR & I o s,
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(@) BRAFIVZ A VIRFREILH T B A VEFIOBRRAK (b) BKAFILIA
B MnSi DET - ARERER, 02 T OHIZHTRMER - BATSHT &
THEREAFIVIH 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 > THBR L. ZOEBEREN
21812 & BN BT/ VAaEELIC & > TERIAI L TR,

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

HiZE T —< Research Subjects

B =Rtk 75 A b L— MREEMEIR. b RE DA UREPER D
T AURES
Magnetic excitations of quantum magnets, frustrated magnets, and
topological magnets

B i IS & B A VA Y VROMH
Detection of spin wave spin current by neutron
Bl PR eaR o B

Development of neutron spectrometer

BH EH B
Research Associate
ASAI, Shinichiro

AHE KA EH
Associate Professor MASUDA, Takatsugu

FI Course
HEEMER
Adv. Mat., Frontier Sci.

BFHMER. 75 A N L— FEPER, R ARE DA UMK
F BYBRHEmOT 0747 LTE L ORKZED T
Who ARG, TNLOHMEKICET ZH LWL TS
BREZRBRINCHRA L, TOMMZRINT 22 L2 HIE
ELTWVS, Tt rntdzrM Letse (X (), b)
B ZHELTVEH, TTBER. BEhO X 1) 3
7 A% @ h# CHE S % 1 L iRk 43 25 HOrizontally
Defocusing Analyzer Concurrent data Acquisition (HODACA,
X (@) 20D Z2HF L TE T, 2022 FRICHRNET L,
ABUEER 21T o 7oo BRI E LTIE T 5 Ak L— Mk
CsFeCls WHW BN, A (b) IEREND X IICIELLST T
Y= EIEN, AKX () ISREND XS ITEITIE L
—HT B AUNEDBIE Nz HERDIERR L HNT 2 4
EOMENRTHSL NS ERoT, ST X7/
YOREEEBIS, FRaT VT v AE VAL Y
Wile £ DR LW BIG2 . HODACA 73)tedi e -V TR S %

I-](I 1 2
g(Ah

BEOPUEFIRZRAVTARINFEFARY MLOAL, (a) BEE
TeNZ A LA FHEMENR NialnSbOg.  (b) EZARE Y F 1 — TR CsCrFs, T
NEDANY MVEBIRT BT Llc&Y. REYNIIVFZTVHREEN S,

Examples of neutron spectra using a conventional neutron spectrometer. (a) Weakly cou-
pled honeycomb lattice Ni2InSbOe. (b) Equilateral triangular spin tube CsCrF4. Analysis
of the spectra leads to the identification of spin Hamiltonian.

ISSP Digest 2023

Quantum magnets, frustrated magnets, and topological magnets have
received significant attention as the forefront of quantum phenomena.
The research goal of our group is to discover new quantum phenomena
and uncover their mechanisms in magnetic materials. We are conducting
experimental research, as illustrated in left figure (a) and (b), primarily
using conventional neutron spectrometers. Simultaneously, we have
developed a new type of neutron spectrometer, called HOrizontally
Defocusing Analyzer Concurrent data Acquisition (HODACA), as
shown in right figure (a), to efficiently measure the magnetic excitations.
In the fiscal year 2022, we conducted a commissioning experiment
using a frustrated magnet CsFeCls as the test sample. Bragg peaks were
observed at the designated positions shown in right figure (b), and a
magnetic excitation consistent with a previous study was observed in
right figure (c). It was confirmed that efficiency of the measurement is
24 times improved compared with a conventional neutron spectrometer.
Hereafter, we will proceed with our research on new phenomena,
including the instability of magnons, topological magnons, spin-wave
spin currents, and so on, using the HODACA spectrometer.

3
=
=
E

o
(U3, 13, e L)

(a) HODACA ©3¥t88 £ &, (b) HODACA TERIE N7 5 A b L — MEEMEAR
CsFeCls DT 5wy E—2 70774 b, (c) HODACA TEAIE Nz CsFeCls D
BESREEANY b b, BIRIGFTITHRIC K HIBREIR.

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




L‘E\t '%' 61: % % Mayumi Group

HiZE T —< Research Subjects

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

PR ELIE 2 O e 2RO K& T § - VT b & —
MRID R A F 3 7 A figh
Dynamics of multi-component polymer and soft matter systems by
quasi-elastic neutron scattering

VT RRZ—

o

Bh# /N OEER
Research Associate
F ODA, Tatsuro

B

HHE BES
Associate Professor MAYUMI, Koichi
I Course

HEEMER
Adv. Mat., Frontier Sci.

AEETIE, @ TZECHELEY T M 2=t
FEOBMEOMRIAZ Aig LT\ 5, BIZX, b9/ - o1
AL T OREEFITENC & D 555 TR O Bl (X REE I 17
LEULDDHO ., ZOXK D ImEmE AR, AN TRIHEI®
ANTLIME R EDEEME, V7 haRy "NHOT 7 F 2 T—
Z— i« IR ISV B RBEME & U T O DY RE
ENTWVD, A @lE AR LT, HfkE+ -
X HINAEELIE B K O A HEGR PERGELIE I K > TEE I
BB MG BAF I 7 A0 NEIT> TS, &5 T
MBI Z D TSN TV B T e —RITH M, ik
THELEZ WS & BEKELTXRY VT K > THMRE
FERBIRNICHERT 5 LDAREL 55, BELEIC K > TH
SMMCENTFEERES « XA F I 7 X7 aix )i - s
EEE OMBZRIET % & &8I, FEMRERGHER OHR
EITo TV,

under
stretching
(x13)

before
stretching

BRY B BN FHIMERLL, HOWMZH BRIV EMRE LT, T
OfFRFEERIE. DZERYBRC EELL. BEMRYT IVISTORES TET
ER:N

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

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

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

self-reinforced gel

—gli— stretch

BEOBDFTIVDBE. BREANHREZ5|0k2 L. TCICBRNE
BLT. BMILTLE S, —AHT. BEHETILTIE. BROFIICEVNTS
DFEDFELEEENTRERILT 2T LT BROERHIHIENS,

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

ISSP Digest 2023

67

ERBNRNE

=
=

z
a

dnosp runkey i 53 32 JU



it
7t
Jit
=T
X
Z
g
@
2.
@
2
@
.
g
2

dnoip omurewes  Hi N ST E

68

= WEIE =

Yamamuro Group

HiZE T —< Research Subjects

AT A LBBHMHIADREE L 21 F 37 2
Structure and dynamics of glasses and supercooled liquids

KB UBEYE AR L) OREE AT IR
Structure and dynamics of water and related materials (e.g., gas
hydrates)

A& IR DAI AN L XA F I T A
Thermal and dynamical properties of ionic liquids

SAEMEROT A b5 f + A XV OREE ZAF 35 A
Structurle and dynamics of guest molecules and ions confined in porous
materials

B ME B

Research Associate
AKIBA, Hiroshii

BE LR &

Professor YAMAMURO, Osamu
HH Courses
EFREY @EFRE

[Phys. sci.lf Chem., Sci.

ARIFFEE TR MR OL A Z L TV 5, Bl
FEDFIZNGRIF. AT A - BHHIRIAR, kI KT Z OMEY)
B, A4 Viik. ZAMMETH 2. H T REBISIRIADHE
Wbz EFICELT 2 REGRAHR TH D Yk
FOREORMED—DTH %, Kidwd LAY EDO—D
THBHM, KBEHODHRED R ITRL TR 2 RT, A4
VAT, BENET 7 Y TIIVT VAN OBEN B, T
J R AAL VRGN A A F 2 7 AN %, MOF (Metal
Organic Framework) DX 3 ZZALMMENOZEALH DT+
AN RRRIC KO RT o v)VEiDED SN ST,
PNV TR S NEWRRRMIERS X A+ I 7 ARd, T
NS OYEISH LT, HPEFEEL. XAREHT, AR, A&
AR ERWE L. Wb 24 F 27 X120 3HAN S,
MR YEICNET 2 HH0 (?) RIEAEHLGMCT R T L
ZHIEL TV,

4 T T T T
s € S
5 - —— Glassat3 K
s+ QO Liquid at 160 K
«—> — 200 K
gh 1.55A - 250K
o Intra C-S — 300K
=
= Intra
e
o
0
A ' |
I—) Inter-molecular
2 1 L 1 1
0 2 4 6 8 10

riA

BIEB LUHZ ZIRED CS; DIETT 2 ADTRR, TSDT—2IE. DFRIHEELSE
EEBITRRICKRESTEY . HZARETIERBESLT 2T EZBRITRL TN S,
WEYTHIVEC L BETH S, JROBRMNEHNEREIE TFRTHB EHDD ol
Reduced pair distribution functions of liquid and glassy CS;. These data clearly indicate
that the intermolecular correlation becomes gradually larger on cooling and drastically
sharpened at a glassy state. Reverse Monte Carlo analysis revealed that the most preferred
pair correlation is T-shaped.

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
—8 (0, @)
— ()BR(Q, )
—L(Qw)
— BG

Tiw / peV

MIL-53 &£PEIEN 2 MOF (Metal Organic Framework) PRIOD7KS F D FR 1 F %58
MHELT —2BLUR—L Y YBHICE DT 1 v T4V UHER. AIEIZKDFH
FrUTEBRBZTOAMNACERTH 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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FEEEER 55 ¥
Visiting Associate Professor SADAKIYO, Masaaki

We have focused on creating novel ionic conductors with multivalent
carriers such as magnesium ion, which is thought to be quite important
for useful applications such as the electrolytes for next generation
secondary battery, by using crystalline porous materials such as porous
coordination polymers (PCPs) or metal—-organic frameworks (MOFs).

In general solid-state materials, ionic carriers (i.e., cations) are strongly
bound through strong electrostatic interaction with counter anions due
to their closely-packed structures. Therefore, efficient migration of
the multivalent ions at ambient temperature is especially difficult in
solids. In our laboratory, we are trying to create novel multivalent ion
conductors with high ionic conductivity by employing the nano space of
the porous crystalline solids and the mobile guest molecules adsorbed in
their pores. We investigate to clear the dynamics of the included guests
and the multivalent ionic carriers generated in the pores to establish the
novel methodology for creation of highly multivalent ion-conductive
materials. Neutron scattering is a quite effective method to observe these
dynamics.
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International MegaGauss Science Laboratory
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BTIREERRT NS, IEHHER OVA< 7 3w M 80 7
ATREETRAENRETH D, BRURE. HAINE. it
7R & OFEEYIEGTIL EERAGR & MDY T S R
HECHOW BN, K ENNOMREE 2 0B e 3 590
FPEOMZEICIEL S FHENT VS, R KOEFRAEE
B (210 XA Y 2a—)V) W0 779V A (1~ 10 7
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HECH D, BHFEROIEMEE 100 7 A SHIBFEICL HVS
NTW3, 5, BER VAR T 2w Mclid—5&& a4
JUiE & EBGIEREDH O, 100 ~ 1000 T A T OfERS
AT H 5. MFRARIERLS DAL S 2 Hrar B ik
LM U T, ALY - @R HYE L ORI WIS D JER
E1T772 > 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.

MERE S8 E—
Leader KINDO, Koichi
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HiZE T —< Research Subjects

FERHE VA< T 3w b DB
Development of Non-destructive Pulse Magnets
SRS 2 I Te A€ VLB E/EF Os8u Mott Ak DBSE
Study of Spin-orbital Coupled Mott Insulators at High Fields
ARIREARD RIS T O WSS
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

S AE

FHEBE
Project Research Associate
IMAJO, Shusaku

BE Bl &
Research Associate
ISHIKAWA, Hajime

g @ E—
Professor KINDO, Koichi

FI Course
BRI
[Phys., Sci.|
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ZEVENEEBEERDIEL 4d BF Mott #E#i{k GaNbsSes DREALBRIR, /NE7x
Wb & BRI LRRIRIE. MREEIRE Tu =30 K O SHRFENS LY RER
Fv v TERFOBREGIHERERENRE L TWE T LERLTVS,
Magnetization curve of a 4d transition metal Mott insulator GaNb4Seg. The featureless
magnetization curve with small magnetization indicates that the nonmagnetic ground state
with an excitation gap larger than the energy scale of the magnetic transition temperature
Twm = 30 K is realized.

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

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

0=90°(H,)
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oH (T)

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

Low-temperature electrical resistance of the two-dimensional organic superconductor
k-(BEDT-TTF)>Cu[N(CN)2]Br in high fields. The superconductivity is suppressed by
magnetic field and shows the transition to the normal state at upper critical field Hco.
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HiZE T —< Research Subjects

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

B /L 2R I 50 % NMR JIE & B RO ISR
NMR mleasurement under pulsed fields and its application to magnetic
materials

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

B BRSO e B T IRBI OB & bR o Y AUk O
oIt ny—
Observation of quantum oscillation in ultra-high magnetic fields and
fermiology of topological insulators

HEEIR NE B

Associate Professor KOHAMA,Yoshimitsu

HI Course
IERMETF
App. Phys., Eng.
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%o TOXD RMIRERE FCIRIEEEMMESNTEEINT
BO. YWIRETER NS HaYRRERORRZ LU THRAE
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TeREEOEEAED, T2, Ml T7 781 A2 & 2 #m i
EHUE), T3, FPGA 7731 Al & 37 %)L Adhgs NMR
EL, T4, a> 0V ARG R TORERPEF a7
Ha LR LTED., 2hiuc koL st - Ric
B 2R HR LT3, BIffOFa7—<k. bRo
D7 VAR BIEEY I 351 B R RIE DL,
HTACVRIEEVOMGFRMHOWRTH %, mikHEEH
FEICIX 1000 T fEIE T ORI 28 THBb, 20
BERL O 72 8D\ HRERE AR R 35 K OHTRIIE Bl O BHFEC
ENZFENTN S,
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0-(BETS)2l3 DRFRGHUSISEE (2) ERICH 1 BHSIENZNIR, BN & FITICHE
HBEMMY 2 &, B ZIVEBKIEBNRICK 2BOBIIBRMRHVEANETND.
(b) BREEZBEICHIBZET T 2 L. EQHSIBRAGRAINS,

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

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

18 T T T
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SHIESE (6N) HEfE>fc a1 IIc kB AV TNV ABISRE, BRISKENDY 2
LTAMLEEMERI VK /UL AREE. FMERERETANLES
MO IUT & B/ NIV REES,

Long pulsed magnetic field generated by coil using high-purity copper (6N) wire. The
black line is a pulsed magnetic field generated by a high-purity copper coil cooled with
liquid helium. The red line is a pulsed magnetic field generated by a high-purity copper
coil cooled with liquid nitrogen.
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SIVFT v Ay Z A O AR
Field-induced transitions in multiferroic materials
STRERRIRAEIC 351 5 FE TSRS
Electronic phase transitions in the quantum limit state
28IV AR SIS 1) B e CRE I

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

RO VI ORI S
High-field study of topological materials
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Research Associate
MITAMURA, Hiroyuki

BEBE KT M
Project Research Associate
KINOSHITA, Yuto

HEEIR
Associate Professor TOKUNAGA, Masashi
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FI Course
EFRYES
Phys., Sci.
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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.

B(T)

b ROD )V BiSb A2 DHtiERIET. IBNEROBREMSKELRZHS—

70y b TRL ERTHBZENT 5& 1N TAHETHEGD SFERBICEKR
B LI, 20 TAHA THTEMERIRICTE B,
Longitudinal magnetoresistance of a topological insulator BiSb alloy. The color plot dem-
onstrates field and temperature dependence of the resistivity. Application of the magnetic
field causes semiconductor-semimetal transition at ~11 T, and induce a novel insulating
state at ~20 T.
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HiZE T —< Research Subjects

SRAHBEEE TR ORGSR (kS i
The magnetic field-induced insulator-metal transition of strongly
correlated materials

AR RO O PR
Quest for the magi,rnetic field-induced phase transition in the
ferroelectric materia

RS B 2 7 7 ¥ 7V T — )L A B ORI F-IRRE

Excitons in van der Waals solids at an ultrahigh magnetic field

T ARSI FU 2 WA RO TR

Quest for the magnetic field effect on photochemical reaction

B BHBEA

Research Associate
f ISHII, Yuto

Al ARG, Hit
B MmE R
Professor MATSUDA, Yasuhiro H.

FI Course
HEEMER
Adv. Mat., Frontier Sci.
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Magnetic field-induced insulator-metal transition in VO,.

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

350 T T T =
T . Bi,Ca, MnO,
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COmelting saturation
! |
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B-T phase diagram in Bi-based manganite
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RIRAEY T COREOEY: « THz 73 EE

Magneto-optics and THz experiments under ultrahigh magnetic fields
BT REPER D BRI

High-field study on quantum magnets

ISIVAS T 30y - ORiFE
Magnet technology

HHE =H BE
Associate Professor MIYATA, Atsuhiko

FI Course
HEEMER
Adv. Mat., Frontier Sci.

AR T, JEE VAR %0y S ORIFE « 7OV AR
B R C ORI R E FiEOBF - shid Y ENE £ ¢z —il
DiTo>TW5, BltE, BFHAT—RL—HP—=FEH\i= L
AW T T Z NIV 50 LR TR R & OGRS
59 B WEEOEE D (I < SEARSVER) ZRlA T, T
KD, 77 VFIIVT — )b ARG RIS N T 5
TN IRAE DRI bR & A Lk k - ikt Hafs
Hix & OREZNY FREEOHIfRZ RS %5, KTz, 100T &
g A A RIS T T OYIEES & BmMICE D 1
ATWV5,

1
B "7K Bizse:!
0.886 eV v/ \Y,

0.810 eV v~y \/

0.800 eV \ PR / v

\J

L L

0 50 100 150
Magnetic field (T)

b ROD A VIR BioSes lc &1 B3EFRN L —F—Z AW 5 > 2 UMD,
Ny FEEIRERBEZEGT A 7V VETIVTREATER T LHbh o,

Transmission

Landau level spectroscopy on the topological insulator Bi>Ses. The band structure is well
described by the Dirac model including a mass term.

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

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

Magnetization (ug/f.u.)
(‘n"e) Hp/WP

0 20 40 60 80 100
Magnetic field (T)

Yafet-Kittel 227 = U BEMEMR (MnCroSs) DEIRESHH(EEEE. Mn & Cr 14>
BICB AEVRFHEEFRICE>TT I M —REEZEE R EHTIEEE &
BT &=L

Magnetization process of the Yafet-Kittel ferrimagnet MnCr2S4. Strong spin-lattice cou-
pling between Mn and Cr ions is the origin of its rich phase diagram including a robust
magnetization plateau.
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RV B HIVIETE R vorusalt crow

AAHT A (MG) IR OF A% BT % &M
HINTH B, HHHEDTD DN FZEREREE O, KO,
SRR DA BN B L In AR (0S) OFeREED
9872175, TN 5HIE 2022 FED AR 5 Ok AE T
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FENMENTHEVC ENZOHBED 1 DTH B, LHL MG
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NEAZEHE KIVEAIL FUN—
Visiting Professor PORTUGALL, Oliver

Our aim is to promote the use of Megagauss (MG) fields in two
ways: by improving the general experimental conditions for sensitive
measurements; and by studying the optical properties of organicsem
iconductors (OS) as an example for materials where the highest fields
are essential. Both projects are the continuation of joint work started in
2022.

Measurements in MG fields are affected by transient electromagnetic
disturbances (TED). To solve this problem it is important to understand
the different sources of TED, their propagation inside the high-field
installation and their points of infiltration into sensitive measurement
circuits. Our plan is to study and solve this problem by developing
suitable noise probes, shielding and filtering techniques.

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, we expect MG fields to create at least
perturbative effects, giving rise to phenomena such as Davydov or
Aharonov-Bohm splittings. Our plan is to pursue previous measurements
and investigate these phenomena in different types of OS in order to
learn more about their charge carrier dynamics.
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As symbolized by the Fugaku computer, massively parallel and
exhaustive computation is actively used for solving problems in
materials science in recent years. In fact, computer-aided science has
been providing answers to many problems ranging from the most
fundamental ones, such as critical phenomena in quantum magnets,
superconductors, and superfluids, to the ones with direct industrial
applications, such as semiconductor devices and electrode chemical
reactions in batteries. Due to the recent hardware trends, it is now
crucial to develop a method for breaking up our computational task
and distribute it to many computing units. In order to solve these
problems in an organized way, we, as the major contractor of several
national projects such as Fugaku Computer Project and the DxMT
project, coordinate the use of the computational resources available
to our community, including Fugaku and ISSP supercomputers. In
addition, we also operate the web site, MateriApps, which offers easy
access to various existing codes in materials science, and in order to
develop human resources for the doctoral program, we promote the
Advanced Human Resource Development and Industry-Academia
Matching Program for Computational Materials Science.

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

HiZE T —< Research Subjects

BYZRRZIDO 5 BUAG T TR OB FE

Development of numerical methods for quantum many-body systems

B IR VUi B % R TS
Quantum transport phenomena in topological materials
BTAE VA - @i
Quantum spin liquid * High-Tc superconductivity

SEFHBETE RIS 2 7 — R ERERIRHYL

Data-driven research for strongly correlated electron systems

PR =ZF 81

Project Associate Professor MISAWA, Takahiro

BT 2RO MBI T H 2 EAhOMHEE TR T, &
BBEE - 27 A VRIKICRES N2 Haa M <
FHT %, TNEDEHREAL TV 2 EMEAIZRIAL T,
WS « WiksRE R BIH G % C L3RR PIZ O K & Hid
THB, AWIIERETIE, TOPMRMIIRFREICH LT, &Ie
OMFHTIEL A—/8—a V¥ 2 — 2 & Ve KB
BEMEG 2T L TIDHATWS, K, H—FEE L &
it 1 B 1R AR R AT 7 AL A o 2 B — R AH B R L S T
EOWMREZIT>THED . COTFEZ NS T & T, S g
BAY Vikik - HE R Ra DAV & OFa e O
FiT>TWVB, IEOMZEH & U TR SR mE kD
BRGNSV R =T DT — X RN, STl
RICBT B8 TFAE VRO R END %, S HIC, Hi—
JFERHBE R R T D e 7 — R B R O F — & 2 FIE
Ul 7 — ZERERI DML & 3D TV B,

Ab iniio []
o

B-X(Pd(dmit)alo (X I & A F 74> ) DE—REBMRE DB Z1T o iR, H—RIEHE
TR&T RN (AF) & BF AU RIEE (QSL) DI R JVF—7 Ae = EqsL-Ear( B\
1& X =EtMesSh TOBFAL Y H#fHRZ ECRBIER (BEE) ZX<BRLTV S,

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

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

In strongly correlated electron systems in solids, which are typical
examples of quantum many-body systems, many exotic quantum phases,
such as high-temperature superconductivity and quantum spin liquids,
emerge. It is a grand challenge of condensed matter physics to elucidate
a deep understanding of the physics behind these exotic phenomena and
to predict new phenomena and functions based on the understanding. In
our laboratory, we tackle this challenging issue by combining state-of-
the-art theoretical methods with large-scale numerical calculations using
powerful supercomputers. In particular, we have developed an ab initio
method for treating strongly correlated electron systems, which combines
ab initio calculations with highly-accurate methods for solving quantum
lattice models. By using this method, we have studied exotic quantum
phases such as high-temperature superconductivity, quantum spin liquids
and correlated topological phases. Recent examples of our work include
the data analysis of ab initio effective Hamiltonians for iron-based
superconductors and the study of quantum spin liquids in molecular
solids. In addition, we are now conducting data-driven research using the
ab initio method for strongly correlated electron systems.
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MRBEEERDOE—RIE/N\I )V S 27 Y OHABHINT A —2 S BERENf[E
RETILOSE/SNERBTHEONLERRE (TP) SEBHTA L EERE
(TPredict) DL, ERETIVHRBERSE &K CBRTETVRT EHDD B,
Experimental 7¢ (7c%P) vs. predicted 7¢ (7T cp“’dic‘) obtained from the regression model,
which is constructed from the microscopic parameters of ab initio Hamiltonians for iron-
based superconductors. We can see the regression model reproduce the experimental
results well.
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Laser and Synchrotron Research Center

80

s O & — L 2 R EREAEE R o 2 —

MR a v —L > MEREIZE > % — (LASOR) Tld.
MU OV A, R L — P — 0 K L — ' —7x & Ol
WAL —P—B XU, > 7u b UEHET & 255
V— LA U2BFEL, L—Y =R L RGHeRE & Ot
AEHBLTV S, TS DOREEEEZHWT, 751
IV ISR X SR E TORNT 3V FE—iFA T, 48 e s
fio e, EREES Y, @A EE 7ot A Y VR
Y. BEMYE. MITOMEEGEL. A A=Y T FE
5 E D ZITH> TV B, T 5 DORREIZ R DETF
R HCTEA, RmEHEYE. AEmE. ERmE. &
i SRR & OIEIRWEEYIEZE & & i, L—Y—h
TR L., HEARD TV B EIOYERS HE 2 i 5EE O
AlZERD S, M1, BERUI Fv 2 /8ZADfI, SPring-8
RF /T T ACBOTE X B IEOMEZTT> T\ 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 SPring-8 (Hyogo) and
NanoTerasu (Miyagi).

TUE—R IRET

Leader KOBAYASHI, Yohei
gltr2—K #l®EX
Deputy Leader AKIYAMA, Hidefumi

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

FiZE T —< Research Subjects

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

X7 BRSOV AFEE LR - 437 - [ERD T SRS
Generation of soft-X-ray attosecond pulse, attosecond spectroscopy of
atoms, molecules, and solids

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

Development of ultrafast soft X-ray spectroscopy

HEBH KT B
Project Research Associate
MIZUNO, Tomoya

B RR &2

Research Associate
KURIHARA, Takayuki

HHE RS AR
Associate Professor ITATANI, Jiro
I Course

BERMES
[Phys. Sci|

EREME VAL ——DRE, 7Tz LS
R AP REIL DI IR S B S B WSS 21T > TV B, FETERHF
I U Tid, AT & haRAVIELL T O NI & N7z i)
MU OV ZEIROBIFE & . &K - R - AR T Om R
AN FEA 2 R U T2 AR IR G R OV 2RI B3 % g
1T T3, Fle, FREUY T 7 A7 L—H =7l Z Tz
R OV A L—H =i B U7l O B &
TV, HIEFIAICE L T, 7 SR XER L R Ol i
SR T - 1 - BRI T O R CES THRE X
IS B B 72 FICiT o TV B Nkl
N R MU L A B R & U iR I &
D, TNV B XARE TR HN— U T BrndE s ehd
BIHETH D . PEOIFHIIRTEIC 51 2 B 2 R 4 7%
RS20 U CRIFRIBIHIL . S 51 Thlfd s c &z
HfELTW5%,
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7 B X R UV R AL N2O 3 FO@ERINA Y L. WRBIEICES T2
IRIVF—EAL, BRAENY TY AV IVOEREZITEBETRINANRY b b,

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

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

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

W F, T
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Photoelectron momentum (a.u.)

10 ¥ W0 15 20 25 30 35 40
CEP (xrad) Scaltering momentum u, (a.u.)

() BL—Y—BHh TORBFOBREICL>THESNEF ¥ T - T \O—
TRABERIFIEICKTE LI BFANY bb. () BRAIEThABFANRY b
DSBS N BRELKTE T & EERR & DI,

(Left) Carrier-envelope phase dependence of the photoelectron spectra observed by
rescattering of laser-accelerated photoelectrons. (Right) Comparison of the differential
scattering cross section reconstructed from the observed phase-dependent photoelectron
spectra. The good agreement indicates that quantitative information can be obtained from
the high-energy rescattering phenomena.
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Iﬂ Ilﬂg[ 61: % % Okazaki Group

HiZE T —< Research Subjects

OB T B 7 e L — T — ARPES I & % JEHERI S E OB
AN
Mechanisms of unconventional superconductivities investigated by
ultralow-temperature and ultrahigh-resolution laser ARPES

B A L— U — 538 ARPES I & % Yl iR OB
Ffii]
Mechanisms of photo-induced phase transitions investigated by HHG
laser time-resolved ARPES

Jedi L—9' == F Te i D RAE - e 707 ARPES 2&E DR FE
Developments of high-resolution/time-resolved ARPES systems using
advanced lasers

UL Q2 NI
Research Associate
SUZUKI, Takeshi

HHE R A=
Associate Professor OKAZAKI, Kozo
I Course

HEEMER
Adv. Mat., Frontier Sci.

RS TE T e B h O 7O E & T3V F—
DGR (23N> Rk ) 2 BN C & 258 ) 5 9250 Tk
THb. RAWRETIE., RETFIVF—70fRHE 70 peV. i
EHPERE 1 K &0 R ERER T 2 L—Y—ME S
fRACTE Ty e 2 VT, FEPER B RS AR O B T
RS v v THEG 2 BN 2 2 & TZ ORIz 3
FRLTW3, ¥/, 7o LML —Y—Z R ZO5E
K7z 7 a—7Y & U TRV 2 R R E 7500 Tl
JETHIRAEIC 31 2 /8 RGO MEREL B TE %, A
R Cld. B #7271 — 76 D T2 R R o it es
T tEEE 2 VT, EEFEAEERE O BRI X 59
MHIEZHIEL TV 3, L= —FIROWNKE LT 5T
LIC& D, S —Y—E W E R E OB - i)
RICEHOHATVS,

Intensity (AU)

5 -4 -3-2-101 2 3
E-E_ (meV)

70 A EBEE Cs(Va,Ta)sShs(Te =52K) D7 TV I EEBEEF v v 7

Fermi-surface map and superconducting gap of the Kagome superconductor

Cs(Va,Ta)sSbs(7e = 5.2 K)

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

0 .
-1 -1
ke (A7) ke (A7)
RS FHERR K TaaNiSes (S BT BHAFBITIBFE - RBER

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




ARFTWFFERE  kinin crous

FiZE T —< Research Subjects

BN EREEN T - GHAEZ T A U7 RS X S0 o Rs
Development of high-precision X-ray oEtical devices using ultra-
precision fabrication and measurement techniques

B XHAHE L — P —Ic KBTI T £ LA A—D T
Femtosecond imaging of samples in liquids using X-ray free-electron
asers

MAHEEETREZRIA LI L Y RAVAAL A—=D 0T
Lens-less Imaging Using Phase Recovery Calculation

B X A HE T L—9— 46 Y — LT X B IR S OIS

Study of Nonlinear Optical Phenomena with Strongly-Focused X-ray
Free Electron Laser

B#E MR BT
Research Associate
TAKEO, Yoko

HHE AN BE
Associate Professor KIMURA, Takashi

HI Course
IERMETF
App. Phys., Eng.

AWFRETIE, X BAHET L — =Bt s
I & o Tl X AREIRZE R Ule, Bilz G A A—2 >
THAM ORI ATV S, TOldic, JFTLN)ic
ELEMESIT « R E T —LI VT T T 428D
PEAELE T O A RHA G DY, L RO X fR
HEETERG  ERL TV, BRI, X ST O E
IS T — AT IBRTPRRGHI Oz 0~
A7 QR T NA 2R EDE D, FHEEEFIHLEL Y XL
ZA A=V T OFdONMEIET VTV X LOBHFHEZ BT
ToTWV3, T, EBHINTIGEE X FRE— LI X B IERR
R OBIHIC B IO A TS, T 5 Lz X #¢
TR EBRE X R TR EDE A A=YV FIc k-5
T, AW - FEAEWERID T, AV Ry 7 MHINGE &)
MEDBIRZ HEARIT TN ZE I - BRI RBE TRE T DU, #T
Tl A T A0 ez HIFL T4,

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 LI X iR 2 0% 5 7 « #£& CARROT(Coherent
Achromatic Rotational Reflective Optics for pTychpgrahy), £ & &t~ + )L &2 —
IS EFALEAFREBATZ I LICEY .. BRAGERDOE X R Talrz
50 N BEDDREETA A=V VI T BT ENARETH 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

RAAY ST K USRI LI O X HRTRIN (LB (B (FER).
HRRADHEEEZ EH LT 5T LG5 CEBRET 2T EHFAIRETH 2.

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

HiZE T —< Research Subjects

B &5 VA L—F— 2 27 LOWHEHISE R O L —Y— Ok
]
Development and precise control of ultrashort pulse laser systems
L—— Lo
Fundamental understanding on laser processing
EEFR IR0
Precision spectroscopy of molecules for medical applications
B Y A—7 ¢ DIV ATF L
Cyber-Physical System

'%“J
B B AL

Research Associate
TANI, Shuntaro

g W OFT
Professor KOBAYASHI, Yohei

FI Course
ITHERWETSE
App. Phys., Eng.

G L— T — DO IFEFE & Tz O TAE5% - st
RIEEOWIEZIT> TV, FHSBE OV A L—H'— &y
WL —'— L O EHEE T H 2 YO LB X TZ OIS
THORFE, BE/ VA NI —L—PF—=E I L—
PN TOEHEOMEZPLEE LTWVD, L—Y =
FAFEIX YD R=Ttv T I w07 7 A NN—DFfliziic, @
RO L, BETFRT—D L —Y—2 AT L7EER,
RS, SRb HARRN O EFICB W TRMT %, B85
BORLOFMTRHRENOA—L Y XE— RAMEL —
W= RfET %, 72 LML= =B R—2 & Uz mfifE
Jb—L Y FEEENETONRE F0ER5@Z iz Hig L
Te RF IO O RN D T 2 T > T0d, L—H—
MO & 220t e YEDOHEERICENT, L—H—
INLO¥FRSEICID ATV, GEEDRYINEDH?
ZEHID 7200,

HEARBALICLBRFHN. BIFERI XL —o@oitRiBaRYiRL
E-FEBAL—Y—ELDEFEDEICEVIE— FODBEE N DD FTRE
ot BIEARRT—T)L He DHtE— RREEDHDH,

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

ISSP Digest 2023

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

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

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

L——INTBR0Y 7 IR EESRAE

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




iﬁ % m % % Kondo Group

HiZE T —< Research Subjects

B iR L — Y — R & 3 % i o RRE A 1 ) R Ty
JCHEE D FE

Development of a laser-excited ARPES system with ultra-high energy

resolution
B 4R - A Y iR - WO ETE 100 T R SRR
FREa I A)VEH

Superconductivity and topological quantum phase investigated by
angle-, spin-, and time-resolved photoemission spectroscopy

B BRI U 7o)/t TZEd 2 i E Ry
St{iongly correlated physics studied by photoemission with synchrotron
radiation

BE K =
Research Associate
MORI, Ryo

M A &
Associate Professor KONDO, Takeshi
I Course

BYRMBY

AR OE T <N FIER. H 50 2E 7Tz
g 2 ECORMEZEZ %, MEDCE . YETH
K HNETZ2MER TRV F—DOBE L TA A=V
79 % T ETNY FEZ AL S BN e BT TH 5.
COHEAfZN—AL LT, NV EDFFDAE UAhdZzRE L
20, POVZETHIES B P XA F IV AT 2 LM
AT —)VTEIT % LT BREEFYELNNY FiEZ
HMLTHRATL %, BUIAETIE, TOXS R IOEE
TR BE L T, (iR ) BIREA, BOETRPET
MBRYE, PR D)V R, [ A 5 C i g
B RGR EOES Az, HEBRETEONS
INY PG RIS T %0 & DiIcid, MfR L —5— )i
MUz i@kl eEzmEL, 7ok
S HERTMGE 65 O B2 B REIE (3L F—F v v T H)
e DMEIE) Z TS %,

Spectral weight

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.

p=ds’

Node

(a) A L BB BinSraCuOe+d DSBS, (0) XEBF 77 F 51—, () BEDBABFHHRRORIAR, (d) /\> FREDRFv T 3w b,
(e) N> FigED2AR, (f) 7TV IEAY THOBERELET v v TOREER. () BEEEZEE (T) LY EE (BF) LEER (M) TAEL
7 TIVZEAY DANRY Kb, (h) (@) TR ANY MLD T L FTDED BLEMDHFR CESNTH Y. (f) TRINISR T ROBE NS 2.
(a)Crystal structure of Bi2Sr2CuOg+q high-T¢ superconductor. (b) ARPES analyzer. (¢) 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

FiZE T —< Research Subjects

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

ot fi B0, R U R OD SR STHEAT, FEAUESASOS, JERIGS
fEtt, RJE 2 2R EOBERERT D7 D T D50 FILEOBAFE
Development of in situ soft X-ray sgectroscopy for surface reaction

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

SEAHBY IS 3503 % SRS G i lifite . A& >iikd, <27/ ik,
AL, WP OE BN & T DRRINOWIE

Stucéy on the origin and observation of elementary excitations (crystal

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

X DI T3V F — M RE(L & IR 5 D 72
DEREC AT

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

HI Course
FEFMER

s T, TR SR O D X BIED—DTH %
SPring-8 & NanoTerasu IC W\ T “#AXHR " & MHEN 3%
WTHT LWtz L. WE BRI, BRI, Ot
FISE 72 T E IR Z ORKEICH > TN 2 217 -
TWd, FHOEHEELO —RTH 2 X FRF 0 CIcEH L.
SEEHBIIEIC 35U 2 Ik (RESmke, X E Ve, <7
J VI, R LI, WUERRIR R £) O REEi &
Z DREE OIS, IKTEVERR, SR / SRS O E IR
fBL X /Ao, PO AR - T REEME MmO
LA S SIRAT . SIS SIRT D T2 d DZ DYy (A XT 2V F)
IHTEEE ORI, BE X 2R H OB IREMN TR E L X
MFECI AL S %5 50 2WER 2GR e LT
o RICHRECAVIILE U THXHIRIN « 8ottt
AELDO7ZHDR & D, X TARMEEIIEE & HFE L TRX
FRBAM YA A= >V T OIS ZTT> T 5,

LUHIZE=E D SPring-8 TIREICHR L1z 50 meV DB IXIVF—DREEEFH DA
ENRE X FREADNEE, 2024 F4 BELY NanoTerasu THENT 5.

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

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

1b, 3a, 1b,
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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.




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

FiZE T —< Research Subjects

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

X BREA T L —Y—Z2 O T IERIE X B e OmrE
Study of non-linear X-ray spectroscopy by X-ray free electron laser

B AR5 Y FXBERICKBERE LD T - FY VT A3
A D%
operando X-ray experiments to study molecule and carrier dynamics at
surfaces

B RS B BT YV a L — R = LT A DY
(kS

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

B R EBE®
Research Associate
HORIO, Masafumi

B MA &
Professor MATSUDA, lwao
HI Courses
EFREE

i

EERE
Chem., Sci.

Phys., Sci.

R G, X SR EHE T L —Y—, SR EdERE L —
P—In BIEAT B FLAHERIR A~ X f172 - T2 I - O
BT - IERIE YO RAMHFE U, 52K U T2 sl 0 e
Bl THRIOTE Rt 2IREZ LA TZ D8 Bl
THART V REEEEL TV B, TN ZNOREE
FHALTT7 L DS I VR E TEIEF A —)ILTOHH
27 TIVE A LTEB L TENETNOREMNZIH S T
B, BRRIIERAZ DR ESDY THNHRO 2 E #
fitd 25 it LTV B, MIRZETIRTEICT 4Ty 7E T
RA U o H Y O£ / SRRz x5 s U,
ZTOEREYINE / BREMEOWIZE 21T > TV 5. KA
HHERDE =T A VR ULy RAT— 3 VORI L
HoTW3,

Dirac Fermions in Hon-lnmmhmluﬂa and the pair-formation :
[Borophe:

Fuil-Time-Range Non-squilibrium
Dirac ne (atomic layer of B)]

Dirac A-Cone
in Non-honeycomb 20 lattice
[Borophene]

AARECERSLCRELKRFEOOAL Y 3V, ZNENFEDT 1T v
BFREBLTEY ., BFRELF v VT 230 RAZFHMIEAN .

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 syntheses and functionalities
of monatomic layers with exotic Dirac Fermions and at surfaces/
interfaces of strongly correlated materials. We are devoting ourselves
in constructions of beamlines and endstations for the next-generation
synchrotron radiation facilities.

(a) Microbunching

\ N
: A
I Monitor Focusing Mimrors

Electron Free Electron Laser 5 20
Bunch  (SACLABL1) Detector
N o Q
g[® © 718 1 1E,,@
£ 20 (=275 F X ¥ 12 ohey= 53 6V
r =4 ’-‘ S
£ ;a v jo.a j,u.a
= 22 / Fo4 g 04
E Fedp |~1f / k- !
= 0 il 5 0.0 5 0.0/
54 56 58 5 10 156 20 = 5 10 15 20 5 10 15 20
Energy (eV) Iy (ud) I () b ()

GaFeOs f&& N5 DE X #755 2 RiZFRFE (SHG) L THRHIMROEAL (a) X
REHEBF L —Y—HER SACLA BL-1 TORERDHERTF. (b)Fe 3p DIRUNANY k
o ABIHE, o, ICT B (o) BARK L (de) SHG RDKTFE,

The soft X-ray second harmonic generation (SHG) and the Fe 3p resonant effect in the
GaFeOj3 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 SEREENTIRZGE T T~V - RN SOV ZOGRBFE R O R £
(ks
Development of intense, phase-locked terahertz-mid infrared pulse
generation and detection technique

VTR TRl NI IE T2 R R O &R A 37 2 DL
Ultrafast nonequilibrium dynamics of many-body systems in solids
driven by strong light field

B FEaYmERIEIC I B ERIERIEIE LI P 5
Nonlinear responses and nonequilibrium phenomena in topological
semimetals

B 7o VYEEAYY Fa= s R
High-speed terahertz spintronics

BMH =B &KX
Research Associate
MUROTANI, Yuta

HEE Mk [
Associate Professor MATSUNAGA, Ryusuke
I Course

BYRMBY
[Phys. Sci|

T TNV IS IR < RS - IHEIC b e s a e — L
> MEEZFAWT, MEOHISE EAERICK > TARREIN
B IEPHRRIED T Z N T VB, ST S\ o
DT+ P VIRV F—=3F B meVIEETHD., MEYIICE
WTHEERY o)V IEEHEOBYUSEZFHND e TES
FHRREBRFLEE TZoTV0d, & HIGEFERFEE NI ked T
WA A RO ETREE T Z LY Il R ERY % C & T,
BT RV F—DZA A LB < e 3 %, H 20
BHOERIEE D & TSI IIVF—DENEBRIC K 5
HEAEHEIC > Tabv— LY M RHAEHZRNS T &M
ARETH B T TNV FER ORI & BRI 5 elE
FEZHHT B & e E I, BIREPRRHEED X 5 B2 AR
DOHFICBINZ LGS, RV EERIcB TR
KICHNZIEEINE ., B A Vlnk i %n &, JEEHIR
RETHN 2B DO T2/ IRREZ X, Z OBEREMEZ I S i
5,

BBET INIVY INIVARES LOMBREFRA UVAREICBNS 7 1
NOBAREE VAL =Y X T L

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

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

ISSP Digest 2023

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

T INIVY BHISES LU Hal (IBEREICAWV258 « kYT - RAEEAERGT
B2 2T L

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




ﬁ}[;‘lﬁfﬂl Eﬁ%ﬁlﬂ{%ﬁ'@%‘z / W1 - 71 (SPring 8 1) - & (575 2M)

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

BIE I PE T ZE HERE (SOR HER% ) b e bR RE HCHE S0 8k X
L —Y"—72 R U 72 Seim P e i 2 0 SRRl O BRFE W 4 72
BB, O3S Tr>TW\a,

BIEA T« AT, SRR YRR SPring-8 TH¥E - &
AU T &I MPUREERED ENd R A A Y F > T XHRT >
Val—RE—LTA Uk 2022 FEEICTRICEE L. BIE
WERRE & LA T X B YA A= Y T AT —3 3 > D R&D
Z1T> TW5, %7z SPring-8 Il L7z X fH M L —
W —Jfiti 7% SACLA Tl IERIE X HC 22 DIFZE 70 B 7% BHh L.
F ORI B L S H Tt & U T O Hhi bR A
T>TW3,

filigA 7« A& 2022 4 11 BIChI=ZE L, AL RZHEE L
B v S ZANIS TR HES H LW 3GeV X IR fiti ik
NanoTerasu IC FHEKNE T HAT— a >, & REEIR
XHRFE AT —a >, 3XCT / ESCA AT — g
ERHRLUTHERMOE 555 @8z D, 2024 HFED
BRI U TR 2 D TV B,

HWOYPEWEE B Tld LASOR L—Y'— 7 )L — 7 L D¢
FREREFEAEIC X B L— =R E ANz A - KR -
P R CEE T Y E IR N O 2 T JEE « BRSO E R 100
JCEEE R L. SEEFIHICH L T,

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

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

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

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

R RE BA
Leader HARADA, Yoshihisa

BlfEsR R ME &
Deputy Leader MATSUDA, Iwao

https://www.issp.u-tokyo.ac.jp/maincontents/organization/sor.html
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Supporting Facilities

WIPERFZEATIC 7S5 Eh 72 FIHIC H#ED Tu { T DR DRI 5N TV %o (KIRFERICAR R RIZIRIANY & Lok %
#2G - MHE T A IRIRIRIEE, BRI TIE 21T 5 TR, X SEEEPREHERUR OF B2 1T 5 MU BEE, ARMERS
ZZROHIZ, FEACEROEROME - EMZITSNERLEND S, 2022 F0 SMMNTE217 5 B 7WE T/ HE o A
PHIREN, EHICAE L,

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

HYET /RS T R

Laboratory of Nanoscale Quantum Materials

EEEER =W EM B B ¥ BHEMBE B KRB
Chairperson : MIWA, Shinji Research Associate : ENDO, Akira Technical Specialist : HASHIMOTO, Yoshiaki

BPYIET /RS R T, TN TERE NISHariE 2 Ml LU T T30 2B L, FINORRA RASRHI L 5T
BPYEMAZHET 2 2I vy a e LTWVD, TRAX Y TIZFRFIN T Z Z ) TL—H =D 7 K31 A%
BT, INDOL—P -G Z22Z % L THLOREEZFIMTE S, It — - HEFH TR L THL &K
HZMHTE %,

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

FEXR

BFRIVISTA—HE, XAV LAT+ MNIVIST 1 EE,
ERAAVE-LIMTEE, A VITyFUIREE RFENBEHE.
EEREFEME. L —EHE. VA VR4 —RE BEFEREEE.
RNy AFEEE. RFBHREEE. FRHEE

Main Facilities

Electron beam lithography system, Maskless photolithography system,

Focused ion beam processing system, Dry etching system,

Atomic force microscopy system, Scanning electron microscopy system,

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

Dilution refrigerator system

BFRUVIS T —HB(TVFZVR), REIREEIE
75kV, E—LREE 2nm,

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

20 ISSP Digest 2023
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Cryogenic Service Laboratory

EREER LT & BMEREE tB X wiffErme Bl BF —REEMEE JEK KK
Chairperson : YAMASHITA, Minoru Technical Specialist : TSUCHIYA, Hikaru Technical Specialist : SAGIYAMA, Reiko Technical Associate : SHIMIZU, Miku

TR S IEHARNY 7 L LIRS ZOME, 38 X IRREAMCBI T 23— E AR F v VS ZARKDEEH AR NDE
HEITSTW5, RIANY 7 LEIGEE 2L OV D= DI E NS, BIELTEANY T LA AZRIR L, K8 LT
LT %, 2022 FEEOWIAND 7 LOE i & HGRIZZNZ N 242,000 L, 160,000 L Th 5, WIAERIIINTI DA
L. fELTW05, 2022 FEOWAEZROMAEIZ 752,000 L £75> T\,

Cryogenic Service Laboratory supplies liquid helium and liquid nitrogen, provides general services concerning cryogenic techniques, and manages
high-pressure gas cylinders for the researchers and the students in Kashiwa Campus. The laboratory has its own liquefiers to produce liquid helium
from the evaporated helium gas that is recovered and purified for recondensing. The recondensed liquid helium is transferred from a 10,000 L storage
vessel to various small storages for users by using a centrifugal immersion pump system. The liquid nitrogen is purchased from outside manufacturer.
In the fiscal year 2022, liquid helium of 242,000 L was produced, of which 160,000 L was supplied to users, and liquid nitrogen of 752,000 L was
supplied.

FEXRME Main Facilities

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

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

N LBERICESR

HRABNAY T LAFTEDSE Y I K 2ZMEBE\DOZEZENT Sfcsd. YEHH
FrE 9 2N\ U LBR{CEREDHAZ ZINCE TR LTeBR{LER%Z 20195 K VR
LT HHBRAENNAY T LAARDER-BRILETV. BREANU U LZRET 2,
chick Y. RoNERCTHEN U LDEN: 8- BRILOLD S T & &8
9B, 20225l 9,000 L(74F) DIREN U Lz fHa LT,

AU LRI, BERUERORS EFRY T
Helium liquefier, storage, and transfer system

Helium Liquefying Service

The continuous increase of the world-wide demands of the scarce natural gas of

helium causes the repeated crises in obtaining helium gas for academic institutions,

requiring actions for the promotion of recycling helium gas. Since 2019, Cryogenic

Service Laboratory opens the use of the helium liquefier system for business outside

the University of Tokyo. The helium gas brought by external users is liquefied after

purifications, providing liquid helium for the external users. This service is expected to

advance the recycle of helium gas that is otherwise vented to air. FY2022, 9,000 L of

liquid He supplied for 7 projects.

TAE=E

Machine Shop

IfEER 8 HE— BEHEMRBE 0 X wifree HE §B- wiks FE BE
Chairperson : KINDO, Koichi Projedt Specialist : KAWAGUCHI, Koushi Technical Staff : MURANUKI, Seiji Technical Staff : OKABE, Kiyonobu

TAE=IE, Wige EBRE2 89 5 TAEMOIN T, WoEH OR 0 2 HiE & i O /IE
NUOZOHE, Z U TEERAOHMREEZIT> TS, £z, WFEEHE SHZEIC
TSR T E 21T S e DRSS 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> Tt 2— NCHeR. BIE7 51 X8

PARETIEE | FAEeiR. R/ EER. 75 RB. R—) L

Main Facilities

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

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

ISSP Digest 2023 9 1
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Radiation Safety Laboratory
BEFFBE FE BN

Project Specialist : NOZAWA, Kiyokazu

BatpEREZER WHE F—

Chairperson : YAMAURA, Jun-ichi

BEERE IR, ITEDTFEATIC B0 2 EHEEL (U S5 IR EZ 38 P
FFEd e (X AEEZ ) OIS BT, GRS ORBURHREE Z 1k L.
LRZRT B LZHNE UTREESNT VD, ZDD, BEHFHIERICE D % 42T
M7 TR BESE RS & LT, O P IO R LB O PRI . 228 R U PE LI
FESVERTRIE . BORFETICIR I S 2 UM BEER S S O VERL. MR E BRI DA
BRE, X HRREE S O E IR O F2 X O R HREARE O < FrEOREHIE HER2 oD
FoER. BURRRERE OAE AR EZIT> TV 5, £z, ¥=IKiE, U, ThixEDIER
FHZIRRIIE > 22Na #EHRIEZE IO 722875 £ 03 C & 2 R DS FGHR (X e
AL BHEZHA TO 5%,

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

FTERIH
EEERRE GEBERMNIE & R CIRA DMIEREFE—DORRE), RV FOVRRE (PNa B
REBWERARY FOYE—LICKDRBOIMTA D). AABIGIREST, Ge FHEMFRIEE. o fRHER.

BE D FL—2 300V R— EBY—NAA—2—F FREEZ (\VFT7y bOXEZR—
IC K BIEFROHER)

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.

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

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

RPN EZR L. FINARE P RFREDH
%5 T 2EOHRAFBEMREDHRE - HEEEIC
BN MERFEE LS LTICFITES -
L EDERZINE LMABICHLTNS,

To contribute to the research and educational activities
of researchers of joint-use and joint-research as well as
inside the Institute, the ISSP Library collects and makes
available journals and books, mainly on condensed
matter physics.

EFRRE

International Lieson Office

BRI E Tl WA LAN LT WWW
H—/)\ (HERR—LR—) OB EY—/\D
EEERZTV. KFEREESHERNI—Y
ITHRH LTV 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 - AMEEKE

Counseling Services

[RRE IS ERFRFRORERRST 7 7 1 E7 «
ZIL —FRITERREET 2EHZT OV B,

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

AbvyZib—~L

Stock Room

ERITRE TlE. MMERRAMOERIR - Bt
#Elcm e EEENE LT ARATEME
FIEFOERBEEFHIECERT -7 3y D&
EXE. BXTOBHRRE. NEAHREDRH
FEGEETOT VS,

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

ISSP Digest 2023

P4 - FHEAEKAETIE. BLOBERITECTE
FEELNISETV. BREEZRLFEVETO
W3,

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

A by I Ib—=LlE, ElERG. BEERRG SREBR
IHBLTREEENSERR. TOMXEER
EnHBYRETAZA TN D,

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

Member
Member
Member
Member

Member
Member

Member

Member

Member
Member

Member

Member
Member
Member
Member

Member

Member

Member

Member

Member
Member
Member

Title
Director
Vice Director

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

Quantum Materials Group, Leader

Materials Design and Characterization Laboratory, Leader

Neutron Science Laboratory, Leader

Neutron Science Laboratory, Deputy Leader
International MegaGauss Science Laboratory, Leader
Center of Computational Materials Science, Leader
Laser and Synchrotron Research Center, Leader

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

Synchrotron Radiation Laboratory, Deputy Leader

Name
HIROI, Zenji
MATSUDA, Yasuhiro H.

YAMASHITA, Minoru
KATO, Takeo
LIPPMAA, Mikk
OKA, Takashi
OSHIKAWA, Masaki

OKAMOTO, Yoshihiko
YAMAMURO, Osamu
MASUDA, Takatsugu
KINDO, Koichi
OZAKI, Taisuke
KOBAYASHI, Yohei
AKIYAMA, Hidefumi
HARADA, Yoshihisa
HARADA, Yoshihisa
MATSUDA, Iwao

Name

HIROI, Zenji
MATSUDA, Yasuhiro H.
TSUNETSUGU, Hirokazu
AKIYAMA, Hidefumi
UWATOKO, Yoshiya

KATO, Yasuhiro
OHKOSHI, Shinichi

TOKUNAGA, Tomochika

SAITO, Nobuhito

ARIMA, Taka-hisa
SHIMIZU, Katsuya

HATSUGALI, Yasuhiro

FURUKAWA, Hazuki
MATSUO, Yukari
AKUTAGAWA, Tomoyuki
SASAKI, Takahiko

AOKI, Shinya

ITOH, Shinichi

ISHIZAKI, Akihito

HASEGAWA, Tatsuo

HASEGAWA, Shuji
OGATA, Masao
SHIMAKAWA, Yuichi

Affiliation

ISSP, the University of Tokyo

ISSP, the University of Tokyo

ISSP, the University of Tokyo

ISSP, the University of Tokyo

ISSP, the University of Tokyo

Graduate School of Engineering, the University of
Tokyo

Graduate School of Science, the University of Tokyo

Graduate School of Frontier Sciences, the University
of Tokyo

The University of Tokyo

Graduate School of Frontier Sciences, the University
of Tokyo

Graduate School of Engineering Science, Osaka University
Faculty of Pure and Applied Sciences Department of
Physics, the University of Tsukuba

Faculty of Core Research Natural Science Division,
Ochanomizu University

Department of Advanced Sciences, Hosei University

Institute of Multidisciplinary Reserch for Advanced
Materials, Tohoku University

Institute for Materials Research, Tohoku University
Yukawa Institute for Theoretical Physics, Kyoto
University

Inter-University Research Institute Corporation High
Energy Accelerator Research Organization

Institute for Molecular Science, National Institutcs of
Natural Sciences

Graduate School of Engineering, the University of
Tokyo

Graduate School of Science, the University of Tokyo
Graduate School of Science, the University of Tokyo
Institute for Chemical Research, Kyoto University

Title/Post
Director
Vice Director
Professor
Professor
Professor

Dean
Dean
Dean

Executive
Vice President

Professor

Professor

Professor

Professor
Professor
Professor
Director

Director

Professor

Professor

Professor

Professor
Professor
Professor
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5 other members from ISSP faculty

Chair

Member
Member
Member
Member
Member

Name

HIROI, Zenji
MOTOME, Yukitoshi
AMITSUKA, Hiroshi
NOHARA, Minoru
SASAKI, Takahiko
KUSUNOSE, Hiroaki

Affiliation

ISSP, the University of Tokyo

Graduate School of Engineering, the University of Tokyo

Faculty of Science, Hokkaido University

Graduate School of Advanced Science and Engineering, Hiroshima University
IMR, Tohoku University

School of Science and Technology, Meiji University
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Chair

Member

Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member

HIROI, Zenji

MATSUDA, Yasuhiro H.

MIWA, Shinji
YAMASHITA, Minoru
HASEGAWA, Yukio
LIPPMAA, Mikk
OSHIKAWA, Masaki
OKAMOTO, Yoshihiko
KAWASHIMA, Naoki
YAMAMURO, Osamu
MAYUMI, Koichi
KINDO, Koichi
KOHAMA, Yoshimitsu
OZAKI, Taisuke
KOBAYASHI, Youhei
HARADA, Yoshihisa
MATSUDA, Iwao

Member from outside the ISSP

Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member

Member

Member
Member
Member
Member
Member
Member

Member

Member

HEDO, Masato
KOBAYASHI, Kensuke
KAGEYAMA, Hiroshi
OHGUSHI, Kenya
YOSHIDA, Hiroyuki
NOJIRI, Hiroyuki
KISHINE, Jun-ichiro
KONTANLI, Hiroshi
WADATI, Hiroki
ISHIDA, Kenji
ONIMARU, Takahiro
TOHYAMA, Takami

KATORI, Hiroko

SEKINE, Chihiro
HOTTA, Chisa
KIMURA, Tsuyoshi
YAMAMOTO, Ayako
HOSOKOSHI, Yuko
KIMURA, Akio

YASHIRO, Wataru

HAGIWARA, Masayuki

ISSP Director
Materials Design and Characterization Laboratory

ISSP Vice Director

International MegaGauss Science Laboratory
Quantum Materials Group

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 Advanced Sciences of Matter, Horoshima University
Faculty of Advanced Engineering, Tokyo University of Science

Faculty of Engineering, Tokyo University of Agriculture and
Technology

Graduate School of Engineering, Muroran Institute of Technology
Graduate School of Arts and Sciences, the University of Tokyo
Graduate School of Engineering, the University of Tokyo
Engineering, Shibaura Institute of Technology

Graduate School of Science, Osaka Metropolitan University
Graduate School of Advanced Sciences of Matter, Hiroshima University
International Center for Synchrotoron Rediation Innovation
Smart, Tohoku University

Center for Advanced High Magnetic Fieeld Science, Osaka
University
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BAYBFREFEHE
AR REFENE
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2nd International Symposium
on Trans-Scale Quantum Science
(TSQS2022) MDRAZ—E

2nd International Symposium
on Trans-Scale Quantum Science
(TSQS2022) MDRRAZ—E

b3

H-®mH
HAMEF R FEEFRERE

BRI R FEEBHFHERE
BARYPEF R PHEEFHKRE
MORIS 2022 Best Poster Award

BAYEF S FEBERRE
IUVSTA - Elsevier Student
Award

IUVSTA - Elsevier Student
Award

BAYEY S FEBSHRRE
EFE435% "MagnEFi Conference
2022) REFKRR2—E
TURIVLTTFIANIVYRED
Rl X REFEFHREE
L—H—ZRRR IRERT7
AL —H — 5l BFRR2—

HKE
BAMES S EFEMHE
H EFRRERE

BARS AT RER - AR
FERY VR U LFERKE
BRIFENANTLEYT—
vavE

BABEH R RESR - AR
FERY VRIY U LFERKE
BABSHEERER « AR
PERY VRY U LRERKE
BFE—LYAIVRTTRE
FEERE

BAMEEY R PEESRRE
DFNFREFRI2—H

RENR
BFSERRONMMESE b RO Y — (BT BEREROMZE
BEER D FMEIDRIUL A 1 = X LOEHRICE S B

BHH 2 XTE & X ROV L HRE - BZERFADER
DFHIEICHVT B EF R

NI R B ARSI & BRUBRERDIRBLS I AIE

B X KRFSCD T L B FEERBRAR 2RO £ Z DICHER
ERSR ORISR %S
EFHMEAOEM FEHIEIC L 253 ERA

b REDH)VEGRBEMEA MnsSn [€81) 2 B FHAERIR

Extreme nonequilibrium states in strongly-correlated Weyl antiferromagnet studied by terahertz
spectroscopy

Light-induced anomalous Hall effect in 3D Dirac semimetal CdsAs; revealed by THz
spectroscopy

TENR

L —H—I#ric & VA LTz MoS; T v VEDDHFHIHZE

The superconducting proximity effect of Sb,Tes/Nb heterostructure may reveal new
micromechanisms of proximity effect in topological insulators

BAFYFvxIVA R T2 GACRT IEBIF B L FF—IVREBROBIERLE T+ AUV
Landau-Lifshitz-Gilbert Simulation on the Recovery Dynamics of Magnetically Reversed
Materials

INILY GaAs DA EVEEHRARRIC K BT INIVY BER—IVEEZ A F 3 U ROBA

Analysis of photoemission angular distribution based on first-principles calculations

Quantum breakdown of superconductivity on mono-atomic-layer metal thin films formed on
semiconducting substrates

Cu (111) EREDKRIRREFHEICDOVNTDHE

Spin-Hall magnetoresistance in quasi-two-dimensional antiferromagnetic insulator / metal
bilayer systems

TV=ZY =V GINVAL—Y—|CBRARTREGIEREY > 7 > TEIC BT BT v 2 —fIEE
DRIFE

R /L ——Z2A0cL—Y - INIRENE

HHFE I K 2B DEE
KERREICNAT Uy RERENETF Ky ME—XFIRICET 2R

DEF v U T H LR CeX IcHT 2B A D = X LDRFHGEL
AXREA DTS 7 « 27 LIBRPMEFREA A =D > TR DRFE
X2 A 2T 57 « ZFIB LIBRRLSIREEA A —2 > TR AT DS
SX-ARPES THIN238HEM 2 %)L HgCr,Seq D EHAM B FIREE

TRHEPD (T &K B8R EOKREBERVRREFY— b ROT 1 > DIEERER

RRBER d/ mHRRT 7 INA K-35k | BIREHRICKSBFEEDBRTL
ARRBRER ) nHRERT VI R=ZFEGOMFE : 7L+ EHRICK SBRTL
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Name
AKIBA, Hiroshi

AKIYAMA, Hidefumi

Al Samarai Mustafa

AOYAMA ,Tatsumi

ARAKI, Shigeyuki

ARGUELLES, Elvis Flaviano

ASALI, Shinichiro
ASAMI, Toshio
BAREILLE, Cedric
BHOI, Dilip Kumar
EDWIN, Kermarrec
ENDO, Akira

ENDO, Tsubasa
FUJII, Tatsuya
FUJINO, Tomoko
FUJIWARA, Hirokazu

FUKUDA, Masahiro

FUKUDA, Takaki

FUKUSHIMA, Akiko
FURUKAWA, Yuka
GEONZON, Lester
GOTO, Hirotada
HAMADA, Masayuki
HAMANE, Daisuke

HARADA, Yoshihisa

HARASAWA, Ayumi

HARUYAMA, Jun

HASEGAWA, Yukio
HASHIMOTO, Mitsuhiro
HASHIMOTO, Yoshiaki
HASHISAKA, Masayuki
HAYASHI, Kumiko
HAZE, Masahiro

HIROI, Zenji
HISHINUMA, Yumi
HIYAMA, Miyabi
HORIO, Masafumi
HOSHI, Takeo

HUH, Soon sang

Ibrahim Ahmed Ramadan
Ahmed

IDEUE, Toshiya
IDO, Kota

IIMORI, Takushi
IMAJO, Shusaku
INOUE, Keiichi

ISHIGUCHI, Yuko
ISHIGURO, Yuki
ISHII, Rieko

ISHII, Yuto
ISHIKAWA, Hajime
ISOMAE, Takachika
ISSHIKI, Hironari

Position - Title

Research Associate
Professor

Project Researcher

Project Researcher
Project Academic Specialist

Project Researcher
Research Associate
Technical Specialist
Project Researcher
Project Researcher
JSPS Research Fellow
Research Associate
Project Researcher
Research Associate
Research Associate

Project Researcher

Research Associate

Technical Specialist

Project Academic Specialist
Project Researcher

Project Researcher
Technical Specialist
Technical Specialist

Technical Specialist
Professor

Leading Senior Technical
Specialist

Research Associate

Professor

Technical Specialist
Technical Specialist
Associate Professor
Professor

Research Associate
Professor, Director
Project Specialist
Visiting Associate Professor
Research Associate
Visiting Professor

Project Researcher
Project Researcher
Associate Professor
Research Associate

Senior Technical Specialist
Project Research Associate
Associate Professor

Advanced Academic
Support Staff

Project Researcher
Technical Specialist

Research Associate
Research Associate
Project Researcher

Research Associate

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

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

Okazaki Group, Laser and Synchrotron Research Center

Uwatoko Group, Materials Design and Characterization Laboratory
Yamashita Group, Division of Condensed Matter Science

Laboratory of Nanoscale Quantum Materials; Division of Nanoscale Science*
Kobayashi Group, Laser and Synchrotron Research Center

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*; Division of Condensed Matter Theory*

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

Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center

Uwatoko Group, Materials Design and Characterization Laboratory

Mayumi Group, Neutron Science Laboratory

High-Pressure Synthesis Section, Materials Design and Characterization Laboratory
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

Laboratory of Nanoscale Quantum Materials; Division of Nanoscale Science*

Hashisaka Group, Division of Nanoscale Science; Quantum Materials Group*

Hayashi Group, Functional Materials Group

Hasegawa Group, Division of Nanoscale Science

Hiroi Group, Materials Design and Characterization Laboratory; Quantum Materials Group*
Yamashita Group, Division of Condensed Matter Science; Counseling Services

Hiyama Group, Functional Materials Group

1. Matsuda Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Hoshi Group, Materials Design and Characterization Laboratory

Kondo Group, Laser and Synchrotron Research Center
Itatani 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*; Division of Condensed Matter Theory*

Yoshinobu Group, Division of Nanoscale Science; Functional Materials Group*
Kindo Group, International MegaGauss Science Laboratory

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

Oka Group, Functional Materials Group

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

Y. Matsuda Group, International MegaGauss Science Laboratory
Kindo Group, International MegaGauss Science Laboratory
Nakatsuji Group, Quantum Materials Group

Otani Group, Division of Nanoscale Science
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28,90
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Name
ITATANTI, Jiro
ITO, Isao
KAKINUMA, Kunio
KANALI, Teruto
KATO, Takeo
KAWABATA Kohei
KAWAGUCHI, Kaisyu
KAWAGUCHI, Koushi
KAWANA, Daichi

KAWASHIMA, Naoki

KIKUCHI, Hodaka
KIM, Changsu
KIMURA, Takashi
KINDO, Koichi
KINOSHITA, Yuto

KISWANDHI, Andhika
Oxalion

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

KONDO, Takeshi
KONNO, Masae
KOSEGAWA, Yuka
KOUTA, Haruki
KOUTA, Hikaru

KUDO, Hirofumi
KURIHARA, Takayuki
LI, Wenbin

LIPPMAA, Mikk

LIU, Daobin
MASUDA, Takatsugu

MATSUDA, Iwao

MATSUDA, Yasuhiro H.
MATSUI, Kazuki

MATSUNAGA, Ryusuke

MATSUO, Akira

MAY UMI, Koichi
MISAWA, Takahiro
MITAMURA, Hiroyuki

MIWA, Shinji

MIYAJIMA, Daigo
MIYATA, Atsuhiko
MIZUNO, Tomoya

MOCHIDA, Madoka

MORI, Hatsumi

MORI, Ryo
MORI, Taizo
MORIYAMA, Koudai

MOTOYAMA, Yuichi

ISSP Digest 2023

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

Technical Specialist

Professor

Project Researcher
Project Researcher
Associate Professor
Professor

Project Research Associate
Project Researcher

Project Researcher
Research Associate
Research Associate
Professor
Associate Professor

JSPS Research Fellow
Associate Professor

Project Researcher

Project Academic Specialist

Project Specialist

Advanced Academic
Specialist

Senior Technical Specialist
Research Associate
Project Researcher
Professor

JSPS Research Fellow

Associate Professor
Professor

Professor, Vice Director

Project Researcher
Associate Professor

Technical Specialist
Associate Professor
Project Associate Professor

Research Associate
Associate Professor

Project Researcher
Associate Professor
Project Research Associate

Advanced Academic
Support Staff

Professor

Research Associate
Research Associate

Project Researcher

Technical Specialist

Affiliation; Concurrent affiliation denoted by *; Leadership role denoted by **
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
Kato Group, Division of Condensed Matter Theory; Center of Computational Materials Science*
Kawabata Group, Division of Condensed Matter Theory; Quantum Materials Group*
Kondo Group, Laser and Synchrotron Research Center
Kindo Group, International MegaGauss Science Laboratory; Machine Shop*
Yamamuro Group, Neutron Science Laboratory

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

Masuda Group, Neutron Science Laboratory

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

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

Harada Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Harada Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Akiyama Group, Functional Materials Group; Laser and Synchrotron Research Center*
Kobayashi Group, Laser and Synchrotron Research Center; Public Relations Office**
Kohama Group, International MegaGauss Science Laboratory

Tokunaga 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; Synchrotron Radiation

Laboratory*

Kindo Group, International MegaGauss Science Laboratory
Office for Advancement of research Administrators, Center of Computational Materials Science

Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center

Itatani Group, Laser and Synchrotron Research Center

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
Masuda Group, Neutron Science Laboratory

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

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*
Misawa Group, Center of Computational Materials Science

Tokunaga Group, International MegaGauss Science Laboratory

Miwa Group, Quantum Materials Group; Division of Nanoscale Science®; Laboratory of Nanoscale
Quantum Materials**

Mori Group, Division of Condensed Matter Science

Miyata Grop, International MegaGauss Science Laboratory

Itatani Group, Laser and Synchrotron Research Center

Public Relations Office

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*

Hiroi Group, Materials Design and Characterization Laboratory

Yoshimi Team, Supercomputer Center, Materials Design and Characterization Laboratory;
Information Technology Office®
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Name

MUHAMMADY,
Shibghatullah

MUKAI, Kozo
MURAYAMA, Chizuko
MUROTANI, Yuta
NAGASAKI, Shoko
NAGATA, Takashi
NAKAIJIMA, Taro
NAKAMAE, Hidekazu
NAKANISHI, Akitaka

NAKANO, Hiroyoshi

NAKATSUIJI, Satoru

NAKAZATO, Tomoharu

NOGUCHLI, Hiroshi

NOMOTO, Tetsuya
NOZAWA, Kiyokazu
NUMASAWA, Tokiro
ODA, Tatsuro
OHDAIRA, Takeshi
OHMASA, Yoshinori
OKA, Takashi

OKAMOTO, Yoshihiko

OKAZAKI, Kozo
OKUMA, Ryutaro
ONEAL, Jordan Tyler
ORITO, Takahiro
OSADA, Toshihito
OSADA, Wataru
OSHIKAWA, Masaki
OSHIMA, Masaharu
OTANI, Yoshichika
OTSU, Toshio

OZAKI, Taisuke

OZAWA, Akihiro
PORTUGALL, Oliver
SADAKIYO, Masaaki
SAGIYAMA, Reiko
SAITO, Hiraku
SAKAMOTO, Shoya
SATO, Yudai
SAWABE, Hironobu
Seno Aji

SHEN, Xiaoling
SHIBATA, Keisei
SHIBUYA, Takashi
SHIMIZU, Miku
SHITAOKOSHLI, Takashi

SUGINO, Osamu

SUGIURA, Ryosuke
SUZUKI, Hiroyuki

SUZUKI, Takeshi
TAEN, Toshihiro
TAKAGTI, Rina

Position - Title
Project Researcher

Senior Technical Specialist
Research Assistant

Project Researcher

Project Academic Specialist
Research Associate
Associate Professor

Project Researcher

Project Researcher

Research Associate

Project Professor

Project Researcher

Associate Professor

Project Researcher
Project Specialist

Research Associate
Research Associate
Project Researcher
Project Researcher

Professor

Professor

Associate Professor
Research Associate
JSPS Research Fellow
JSPS Research Fellow
Professor

Project Researcher
Professor

Project Researcher
Professor

Project Researcher

Professor

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

Project Researcher

Professor

Technical Specialist

Advanced Academic
Specialist

Research Associate
Research Associate

Associate Professor

Affiliation; Concurrent affiliation denoted by *; Leadership role denoted by **
Sugino Group, Functional Materials Group; Center of Computational Materials Science*

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

Osada Group, Division of Condensed Matter Science

Matsunaga Group, Laser and Synchrotron Research Center

Uwatoko Group, Materials Design and Characterization Laboratory

Inoue Group, Functional Materials Group

Nakajima Group, Neutron Science Laboratory

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

Noguchi Group, Materials Design and Characterization Laboratory; Division of Condensed Matter
Theory*

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*; Division of Condensed Matter Theory*; Supercomputer
Center**

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*;
Materials Synthesis Section**; Chemical Analysis Section**; Electromagnetic Measurements
Section**; High-Pressure Synthesis Section****

Okazaki Group, Laser and Synchrotron Research Center; Quantum Materials Group*

Okamoto Group, Materials Design and Characterization Laboratory

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

Oka Group, Functional Materials Group

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

Oshikawa Group, Quantum Materials Group; Division of Condensed Matter Theory*

Okazaki Group, 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®; Division of Condensed Matter
Theory*; Supercomputer Center**

Oka Group, Functional Materials Group

Portugall Group, International MegaGauss Science Laboratory

Sadakiyo Group, Neutron Science Laboratory

Cryogenic Service Laboratory

Nakajima Group, Neutron Science Laboratory

Miwa Group, Quantum Materials Group; Division of Nanoscale Science*
Hasegawa Group, Division of Nanoscale Science

Y. Matsuda Group, International MegaGauss Science Laboratory
Nakajima Group, Neutron Science Laboratory

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

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

Kohama Group, International MegaGauss Science 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
Osada Group, Division of Condensed Matter Science

Takagi Group, Division of Condensed Matter Science; Quantum Materials Group*
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Name
TAKAHASHI, Haruki
TAKARAMOTO, Shunki
TAKEDA, Hikaru
TAKEO, Yoko
TAMAYA, Tomohiro
TANAKA, Miuko
TANAKA, Shunsuke
TANG, Jingmin
TANI, Shuntaro
TEH, Hung Hsuan
TODO, Shinji
TOKUNAGA, Masashi
TSUCHIYA, Hikaru
TSUKAHARA, Noriyuki
TSUNETSUGU, Hirokazu
UCHIDA, Kazuhito
URALI, Mizuki
USUKURA, Junko
UWATOKO, Yoshiya
YAMADA, Akiyoshi
YAMAMURO, Osamu

YAMASHITA, Minoru
YAMAUCHI, Touru
YAMAURA, Junichi

YAMAZAKI, Jun
YAN, Jian
YANG, Zhuo

YATA, Hiroyuki
YOSHIMI, Kazuyoshi
YOSHINOBU, Jun

YU, Shan
ZALIZNYAK, Igor
ZHANG, Wenxiong
ZHONG, Yigui
ZHOU, Xuguang

ISSP Digest 2023

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

Professor

Associate Professor

Senior Technical Specialist
Associate Professor

Technical Specialist
JSPS Research Fellow

Project Researcher
Technical Specialist
Project Researcher
Professor

Project Researcher
Visiting Professor

Project Researcher
Project Researcher

JSPS Research Fellow

List of faculty and staff members (excluding the administrative office) enrolled or informally recruited as of April 1, 2023.

Affiliation; Concurrent affiliation denoted by *; Leadership role denoted by **
Kindo Group, International MegaGauss Science Laboratory
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
Ideue Group, Division of Condensed Matter Science
Yoshinobu Group; Functional Materials Group; Division of Nanoscale Science*
1. Matsuda Group, Synchrotron Radiation Laboratory, Laser and Synchrotron Research Center
Kobayashi Group, Laser and Synchrotron Research Center
Oka Group, Functional Materials Group
Physics Department Graduate School of Science; Center of Computational Materials Science*
Tokunaga Group, International MegaGauss Science Laboratory
Cryogenic Service Laboratory
Tsukahara Group, Division of Nanoscale Science
Tsunetsugu Group, Division of Condensed Matter Theory
Osada Group, Division of Condensed Matter Science
Takagi Group, Division of Condensed Matter Science
Akiyama Group, Functional Materials Group; Laser and Synchrotron Research Center*
Uwatoko Group, 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

Yamaura Group, Materials Design and Characterization Laboratory; X-ray diffraction section**;
Electron Microscope Section**; Radiation Safety Laboratory**

Center of Computational Materials Science
Yamashita Group, Division of Condensed Matter 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, Division of Nanoscale Science; Functional Materials Group*; Counseling
Services**

Uwatoko Group, Materials Design and Characterization Laboratory

Neutron Science 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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The Institute for Solid State Physics, The University of Tokyo

T277-8581 TEEMMHADE 5-1-5
5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581, Japan
TEL:04-7136-3207 (%)  https://www.issp.u-tokyo.acjp
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EH K259

REN\ZFIE #9109
[ #8401 03] MRLLEB B O DIFERE T, AT T FRAF FE
[ #8548 04 - Fa1A 10] 1R [BERE 1T~ HART TE

From Kashiwanoha Campus Sta., Tsukuba Express Line

10 minutes bus ride / 25 minutes walk

FHERFEC UR B RE T —/\V/IN\— 051> &V

RE/N\AFIF #9259
[ 7848 01] B ABZE > 2 —17 (IRR T 5 H#2e) >8R

[ 181 44] ERIHARRZEE > 2 —1T (HOEAREHPRIER) ~[EHAMRRE Y 2—] TE

From Kashiwa Sta., Joban Line, Tobu Urban Park Line
25 minutes bus ride

E-Nernmdr i | BEEEEEn 1C A SETHS S

By Car
5 minutes from Kashiwa I.C., Joban Expressway

F+ > /INA Y 7 Campus Map
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To Mito
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ISSP, Kashiwa Campus EOE
To Tsukuba
EFHH
To Noda

© @ AR S B
National Cancer Center: E9z]

To Mito
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Kashi ha Park
ashiwanoha Par} HDEF+> /82 BR

Kashiwanoha-campus Sta.

JRBER
Joban Line

TE

EFTE
To Chiba

TlB B DD BR

) . Kashiwa Sta.
Nagareyama-otakanomori Sta.

EMER

To Akihabara

ELH -R/R
To Ueno and Tokyo

AR AEE

A: Main Building

B iR (IR - 2 EMIREERIR

B: Cryogenic / Multiple Extreme Conditions Laboratory

CHR a— bV RIEBEIZRER
C: Short Pulse Magnet Laboratory

D 1R Seim) FERERIR

iEE R PAVA
Kashiwa Campus

ER ISR AAVA
Kashiwa [l Campus

L NR I HDERERR

Kashiwanoha koen chuo.

D: Advanced Spectroscopy Laboratory
E 15 MERREA} S RER MR

E: Laser and Synchrotron Research Laboratory

KR A5 1NV X 58RE35 RERIR
K: Long Pulse Magnet Laboratory

ey
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{aurant Shop_ [Shap:

EFEREER

Kashiwa2 Cooperation Hub

Restaurant
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N ? Kashiwa Gues’th Ifuse
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RREAZEY 70 MVBEE UERE
(NanoTerasu )
UTokyo Synchrotron Radiation Sendai Lab. (in NanoTerasu)

T980-8572 BRI ETH T EX T
RIERF RFREOHAZR A102 *
Graduate School of Agricultural Science, Tohoku University
A102 Agricultural Research and Administration Facility,
468-1 Aramaki Aza Aoba, Aoba-ku, Sendai, Miyagi, 980-8572

%2023 FEE T, 2024 FEBETE
3 Until FY 2023. Relocation is scheduled for FY 2024.

FHIE 468-1

Kashiwanoha Koen Kita

e

Todai Mae

National Cancer Center

M B P M TR BT RS

Neutron Science Laboratory

T319-1106 ZUp B ARSI SR BH E 75 106-1
106-1 Shirakata, Tokai, Ibaraki 319-1106
TEL : 029-287-8900

RRAF HF+>/\Z
Kashiwa Campus, UTokyo

RRAF R+ >/ (R
Hongo Campus, UTokyo

MBEERE I —L > MR 2 —
FUBRRET PRSI RS0 (SPring-8 7Y)

Harima Branch of Synchrotron Radiation Laboratory,
Laser and Synchrotron Research Center

T679-5198 R FRERIFRRTEER 1-1-1
1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5198
TEL:0791-58-0802 ext 4111
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