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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.

YIERTZSrE  20244E 97
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ISSP Director, HIROI, Zenji
September 2024

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 2024
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About ISSP

IERRZRFRIE O D E DYIERIF DR FRHEED 2 8H1C. 1957 FICRRAFHBOEEHEFAMZERE L TRIIENT
RILHAD S AR AMBER HEFA - HEMEZ T ELHMELTEHL 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.

MENFICH I ZRRBBRKEDERHRD LS

Our goal

X ©

Missions

HEFA -

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

B« KABEDRTHARRIEDRHKE - BlieL. TNSZRAVCHRIFORE

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

HEAEHNRE LT, SHRERBIE D HILLEHORER

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

BELEEFMREDEREAETIRDEE

Promote prominent young scholars and personnel exchange.

EERNTHRE LT, ERFEORY b T—7 DEE

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

ERARDMRZ EFEHEZE L THRITETT.

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

MR

Research

AME K

HBEBREADT 41— FN\v Yy

HRFA

Joint Usage

SEERAVIZE & ISR AVBRSEDEHEIC K
Y. ERiERFEHE

FMBDGM. a5/ BEOER,

TAIMZAIEFEDRFER & DREREVER
RE FlBBR - ETIVOIRERE
FEDRFE LV o [IERIAR DB KR

mEHlc LY BRI Z AR
HEELTL S,

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

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

ISSP Digest 2024

Human Capability Development
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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.

LEDYEMEEDTHD
WRIEPR

HEFFA

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

In 2010, ISSP was granted a license to operate as a
Joint Usage / Research Center and act as a center
of excellence in condensed matter physics and
materials science. The ISSP joint usage program is
operated by the Advisory Committee for Joint
Usage consisting of ISSP faculty and external
board members.
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Future Vision

HEF BT E L TOREEZ T - (L L A TEHEZ RGVIME - ERZ O SN GEERMISFIZHE 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.

FinPERZE O R A PR =

Next generation core center for advanced materials sciences

FIERFE A DB PR S % 8 B Felim iR 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

—— RTUTIAT—R2 AEVR
Materials Data Commons
WRDYZ 1L —Y 3 VT —2 Y1 TR KSR
BDOFEEMA %ﬁﬁﬂ’if%\ RN GETEF AR

EFMES/EBESR
Laboratory of Nanoscale Quantum Materials (LNQM)

T/BELH - RELICE ST, MERELS
EFTRECEMMELIEY AT LZ1BR, &

FEMAOEME LA F B FREDRES, RF, M7 —4 AT 4 - BT -2 EBEH
HBEDFRIREE S, ;’F_; alrc FLup Iiﬂ—T—(D/ \Z LA LDRIL % &
< o

The LNQM aims at an integrated system from material - ., . . . .

development to quantum measurement through nanostructure ~ ®a o Add}r}g datg science and machine learning 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 . = ] cfﬁcu_:nt computational methods. _Almmg to create a new
uantum technolo - " - paradigm of condensed matter science by inductively

g £Y: " .- O " CENEIEIEIE  integrating synthetic, measurement, and computational data.

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

GeEESEE] - I e mr - SE HME - > 27 LB

Measurement and Control Theory and Computation Novel Materials and Systems

2030

2016 . . E - PRI DR S EBERZEAA
TERTEUERE A RIS 2021 DEFRERTFZEOMER Towards comprehensive basic research institute for
Acceleration of interdisciplinary research laboratory condensed matter physics and materials science

[EFBEMRTIL—7 ]
THBEIMERIZE VIV — 7 |

z =1y <~~~ A
g po Creation of interdisciplinary EFMES /BESR —— %ﬁ%%%@mﬂ*ﬁlﬁ‘lﬁft — BFFH T —
= 7e organization: Laboratory of Nanoscale INITHATDRAFE (O34
S “Quantum Materials Group” Quantum Materials (LNQM) Specialization in the microstructure Enhancement of quantum
°§ @ “Functional Materials Group” of novel materials measurement and sensing
2.1
Z 2017 RFIVTIVA F=2 DTV X — HAEMERNZATD  ——— KEEnsste - dhys ——
S — oy s
E.B%;JIEE‘E'%U :&fﬁlj ' Materials Data Commons T—R2YRI M B VAVANyEWH: -k
cg}ﬁ,b(‘fm{'i‘f,'}tsgslg‘gf mationa Development of data repository Development of software for
specialized for computational massively-parallel computation and
materials science machine learning
e
glaggl:letic 2018 . = - = = o e
field O ERNHAHREBOMBERIZ 1200 7 AZ Fk 1000 7 RZRF DR
Record the world highest indoor magnetic field of 1200 tesla Development of the 1000-tesla science
BEOBR/NVA L= =7 bR FERLRORE — LY RISV b T+ —LDEE
Development of high-power ultrashort pulse laser, Construction of a laser light source platform
z attosecond light source, semiconductor light source
@ Y o= \—p =
&R R — Y —ABFONTHZ DN EEDHDRFE —— EWANT SV b7+ —LORER
g8 Development of state-of-the-art laser photoelectron Construction of an advanced spectroscopy platform
2 kK spectroscopy, THz spectroscopy, and biological spectroscopy
e . N © ~y < = S S —
= F—BN=R, BAN=TAIAVIATLOBE — L=Y—MITS5Y 71— LOER
%= Construction of database and cyber-physical system Construction of laser processing platform
£ &
% Vi Eopan N NS o 2924\+‘ NV
= RT3 - BRI — o RHHALEIBRE X 0 RE R
S);in_ch_rotron Development of elemental technologies for next-generation light sources Start of a next-generation high-brilliance X-ray light source operation
radiation
o 1 s S S _ i
FR5Y FRBTFHN, X REASHOBE X ﬁ%ﬂiﬁ{h{i}‘ IV DEAL10nm AT —IVDZERISREE
Advanced operando photoelectron and soft X-ray emission spectroscopy % B8 LIOEF R TR
Ot — N Ao ] A 5 Introduction of X-ray absorption imaging and development of optical elements
*in%ﬁtuﬁb‘}%}%.g Mﬁﬂq—@?ﬁﬁ . for 10 nm scale spatial resolution
Promotion of materials science that leads to social implementation
RiEF o]
Neutron JRR-3 & J-PARCOOHEFEE 7 F AR T &) KRB - B S B & FRU ON TSR HEE
oath g
O E R EFI‘IQ?,}E URR-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
WIVERRZERRBARR (RAAK)

Inauguration of ISSP (Roppongi)

1957

EraviCo)

E—1tX (1957 ~ 1980)

YL BEN T\ e, D F ORI «
5z ERRKEICEDIRREBDIEE
BiZIC TRREAFHBLEHRFER EHER]
ELTRIIENT

ISSP Established (Komaba Campus )
First generation (1957 - 1980)
Joint research institute to raise the level

of condensed matter physics research in
Japan to international standards.

PRASIERE (BRPT - MEER) DEE

Organizational (department and facilities) changes

1957 B8

ISSP Digest 2024

BP9 Divisions;
3% Radio and Microwave Spectroscopy

1981
BARBHEE (PIEFHED ORFE

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

1979
BER ISR T

Construction of Ultra-Low-Temperature Laboratory building

1980

HERERER
FEZHA (1980 ~ 1996)

TR ZRET 2 LZ2BRE LT, ER
55tE (BERWE - 8BRS - mRL—v— - X
B - BUERETY) ZED. ERNREZES
EHUT, ZDOTFTOH LVEDTERZT o e

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.

1982
HRIEHLIE - MRR L — Y — RERRIE T

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

HESREE2 Theory 11

#agE] Crystallography |

1958 W

HBYER _Low Temperature

JEREE] Magnetism |

1959 ZEHHE___Semiconductor

nF Molecular Physics

T&FRE  Lattice Imperfections

Bl Plasticity
— R

SR Nuclear Radiation division

1960 ﬁ%z Crystallography 11

1976 BBIECBYIE Ultra-low temperatures

% 1 Theory I

[E{AZTIE_Solid State N

I

1961 e 2 Magnetism 11

Science

FESR{E __ Solid Materials 1965 SEHEM14 Inorganic Materials

#BEE  High Pressure

_A
%553 Theory III

TERD22 BRPY (FE—EFIST) HMBIRYIEERFT (ERRLS. R L — U —=mit.

1969 =‘ﬁf.ﬁ Neutron Diffraction

Synchrotron Radiation
Laboratory

BERYMERUESE) BUERESTIEERPI. TR AP R R AP
5 UICEBEREPID SAEPIRUE S BPINCBHRERENS

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.

1973 BB IERTZEEE

Division of Physics

TRBR 4 TEERPS in Extreme Conditions

*ﬁﬁ?‘( [./—"j'— Laser physics
p!
RMEYPME Surfa ce
iﬁﬁﬁ{‘ﬂi’% Ultra-high magnetic field
B{ESEMNM4E Ultra-low temperatures
L£0/m p
FBSE Very high pressure

AEZRYDIEERPT

Division of Condensed Matter

=n Synchrotron Radiation
8% Laboratory



1996
HEEE AV
KREMRERET

Construction of new ISSP
experimental buildings
in Kashiwa campus

1995

EFE BB
Evaluation of ISSP’s
scientific achievements

by an international
external committee

THE INSTITUTE FOR SOLID STATE PHYSICS, THE UNIVERSITY OF TOKYO

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

The University of Tokyo became
a National University Corporation

2005
e[S =i

Evaluation of ISSP’s scientific

achievements by an international
external committee

1999
HEF v INZAAND
FEEREIS (~2000331)

Relocation to Kashiwa
campus (~2000.3.31)

2007
BIIZ 50 AFEE

50th year anniversary celebration

1997 2004 2014
BXBARE (PHEFHE)| BRAFH BXBARE (PHEFHEL
DEEHNEREHE ENAFEARRAR LD DEEHNEREHE

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

2016
[EIFR N EREHE

Evaluation of
ISSP’s scientific
achievements 2020
By an ematon! | RS\ IR
Evaluation of ISSP’s scientific
achievements by an
international external committee

1989 FriNE RRERT

Division of Materials
Development

1993 F i FEELFRZEIERR
Neutron Scattering Laboratory

1996 2010
TEEERR HERA - HFEIRZE

B=i (1996 ~)
EHRAGERIEZOREHZ A o, 1%
RZOREHAEZER L. MIEHEOER
= ZBiEY .

il & LCERAT

Authorization as a joint
usage / research center

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.

Fetm s A ZTERRT

Division of Advanced Spectroscopy

2002 fHROE—L > b ARIERE LY 2 —
Laser and Synchrotron Research Center (LASOR)

HE R AT RS

Synchrotron Radiation Lab

FURFRIEZEERF] ————— 2004 F/ X5 —LiptEERZEERPT

Division of Frontier Areas Res Division of Nanoscale Science

E BRI R A SR iR

2006
BRIRIE YRR 7R B0 T

Division of Physics in Extreme Conditions

Y E R F IS ERRT

Division of New Materials Science

hE

Materials Design and Characterization Laboratory
Y IR SR A ST ERFT
Division of Condensed Matter Theory

2003 HREFRIPHRITHER

Neutron Science Laboratory

Py R —L> b

RS R T b

Synchrotron Radiation Laboratory

(UASOR)

HREWRL > 2 —BiR
Reorganized into Laser and
Synchrotron Research Center

International MegaGauss Science Laboratory

2016

BRI

Division of Condensed Matter Sci

HEMEN T 2 —

FERE YRR, SoihtEE. MREIEIE. KinDED
5 RHIZERPT & BB METBRZTHERR. FPIE T BEL B SRAERR I CHTTe
| ERETEHIMER Z A o 3 MERRICBRE 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.

Center of Computational Materi

Functional Materials Group

310 Suny;

BEFUEMEIIV—T

Quantum Materials Group

‘8.

2019 F— ZFE BRI EFZEERF
Division of Data-Integrated Materials Science

ISSP Digest 2024 7
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Organization

YIRS R DB R ARG 4 BFFRERFS. 2B IV — T SRR D SBRMENT L2, DS BB b — L > MRS
st /'SZ—EJLJEEH#WJ |@£5ﬁnﬁﬁax .18 - $BEE (SPring-8 ) -+ fli& (NanoTerasu ) D 3 HLRICTRBEETNTE Y PHEF
MR DRERE B ISTRR R BN O BRRFIHAZEHEREEBRICHDMTARFIFIRR-3 XU J-PARCICRES
ncwnag,

FﬁP\]LZLi FRRANDERZEE PHEFBAEDHLBICFI B TESMRE L TEFME T /HBESRAEBRILE. TIFE. 15
REERE NEXE EFRIRE &b\%b‘hfbé Ey| IﬁﬁﬁFﬁLL;bH%ﬁbf"laﬁﬁ@%%"ﬂﬁé?‘%r‘%&‘fﬂb =SV
FO— '755 EOBEEERPY R— T OEREMNE. BLUZEPEHE D HDBEHKELRBE TN TS,

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 R B
ISSP Advisory Council Director Faculty Meeting
I
glFfR
Vice Director
HEFARREFIEER PR = ASEREERER
Advisory Committee for Joint Usage Research Strategy Office Selection Council
i ! M HAFhERR @R FAfTER =5
Research Divisions Research Facilities Supporting Facilities Group of Engineers ~ Administrative Office
I T T T I 1 1 1 1 | BFWES/EESR

@ *i ] ;ﬁ ] % o4 5 % z EF' g o E_I, N *D"Ji Laboratory of Nanoscale Quantum Materials

g S 2 z . 2 2 8 ES é B N

Ex 2zl 2/ WEEMMERR LT 28 S S EE SR | EER(E=

o = g % z E g R Functional Materials Group Z Eﬁ 5, = & ﬁ 2 % 21 Cryogenic Service Laboratory

S ¥ M SER 2T | . gat £ a8 gH gt T

ERF SME SEY 5 | BFWMEMRIIL-T ¥ £F ZH S8 g | — s

S8 SHt 8% g/ L Quantum Materials Group & ffi THfF "gc,)j'% s =2 4 achine Shop

—FE A ELE < ShE %% ERL SHE SV | metmEEs
o= (92 F"i £ %B < Fq e, '|$ g E‘Q g’ E@ z ? - % z |‘ %) Radiation Safety Laboratory
ST EME i 2T SRt fr inil
2l 5 20 F g g Sy & 2y — BE=
R g E’:J =] 7T N 87L& P = ﬁ& Library
Sk B8 g =il S i TR o S )
SE 8 3 : s 21 Emad AR
g N : .

g ;;1] 2 g s 2 % g % Information Technology Office
— =} =
2% 0 vk e
ER0S S P Public Relations Office
R < % 5%
3. | S8 — ERsRE
) 3 g = International Liaison Office
=5 U - A RIESE
z §‘|§ Counseling Services
£ P — AP IIb—L
© Stock Room

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

HEIEZ Number of faculty and staff members ~ $H16 445 1BHAE As of April 1,2024

PO, AHE. Eﬂ?ﬁl@/\%i FAL REICKE

L R# Details
EDNTONS, BiE. HEHEDE ?bb\_( 31\ LR TN PANES A% AEIA s
33 FAMOES LW EHZAERERHL TCOBELR . Hgs [WE Position N“;“b“ Forcign nationals Fe';‘ale
5 s R % Proft 5 1
IEHVTES, BRAIND. Ffo, BAOBECHN TS, B L I : . .
= [ — =Y Bev] ~ roject Protessors
ELZERDEER. AFEERRAMNEEICEY . #iEs o -
N HHIR Associate Professors 19 0 1
R BRAIND, AR Project Associate Professors 1 0 0
. . . FEHR Visiting Professors 0 0
ISSP openly recruits all positions for professors, associate professors, and @fxﬁ > N ?ng ° es,sors 0 0 0
research associates. ISSP’s hiring of professors and associate professors is SRR VA AT TS 3
decided by Faculty Meeting. Prior to the Faculty Meeting, the Personnel B Research Associates 35 1 4
Selection Council, (composed of nearly equal number of members from inside RHEBHE Project Research Associates 10 1 1
and Ou:]side OflSSP), 'r§views alll ca(;ldi'((ijatde; AFll filnathirir}g dt;ci'sions Ef [ES Research Assistants 1 0 1
research associates positions are also decided by Faculty Meeting. Prior to the oo 5
Faculty Meeting, the Personnel Selection Council makes recommendations after %H:Eijmﬁ - Pm]ec_t Researchers & 1 3
reviewing candidates provided by a selection committee. Bl AR Technical Staff 50 2 16
BHRWE Administrative Staff 66 0 53
&t Total 255 16 81
(6.3%) (31.8%)

*BRIORT KA AV EES  Included cross-appointment on campus
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Administration

MEFDEE . BRELUEHERDNSBRENIBE R TOER BRER TCEDHOSND, L FAIRDBBIGCER
HIRNBHE S LT ARPANEZE L E BT OFRAZBIC KBRS NSRS ZES D EO N ATAREDESE
ZIRET HHEEZERIL TV,

HEFA - HEATRLDOREEICEL I RN EEEF BT ORRNEE LV E 2 HER AR EFIZEERD. i
ROFBBITECTERZBRNSEHICHBEFA - HEMARSLUHERFARESDER. BLUBRZTOTL %,

MR EIIFARNZEREHBD JIRFTEDRE G LARPEE 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.

NEBSEMH External Review

RO EBN Z 4018 L TERO A B AR T 5720101995 FLIFFF 10 FEBIC. BEANADEMRD SBRENLFTMEEEICL S
ERNEREHHZIT 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.

2023 E}EJ&%@E FY2023 Annual Expenditures

BNk
Donations ZDhFEENE
46 Subsidies
6000 [~ PR 92
Indirect expenses
81 FNRFRSERR

IP related expenses

5000 [ N T R eRiEaia 06

Scientific
research expenses
360

4000 |

NERER
External funding =it

3000 [ o e — | | e . glﬁlm%%

Grant-in-Aid from

govermental agencies and

: private corporations

2000 [ B BEEEE BEE Be I EEBEAS 632

Operating subsidies
from MEXT

42.2 1%'33 MEXT exbcnses
4,2 2Billion yen 3,007 1,469

1000 | B ..

- pron 2R
2019 2020 2021 2022 023 roperty expenses

1,538

2023 FEREHEEDNR (6 EHM)
FY2023 Financial results (Unit:Million yen)

REFEEDOWER (86 5HM)

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

Research

PRt E RERFIELMBERO TF AN — MO ERE LS Z AT S ANICH I —— TV EMERMEE D TWD, B3
W G BAEEYVET "E - AT LRI (Materials and Systems)”. Z D4 B % BIE T2 “BIFE - &4 (Measurements
and Control)". Z L CHIERZEBHE L. T LWEMZ R T S "5 + 51E (Theory and Computation) "M 3 DDER%E G 1M CHEE
TERERGENSME - ERIFEZREBL TS,

2016 (i, THERETIERIZE Y IV — T I TE FMEMIZES IV — T IORBIEYY |V — T % 8T RS - WERIFICH T
BFEREHDORHEH Z BRI F AR EHEL TS,

ISSP uniquely brings together experts in experimental methods and physical theory to elucidate material science. Our research consists of "Materials

and Systems" development to create new materials, "Measurements and Control" to measure their properties, and "Theory and Computation" to
understand the results and create new science. By organically interacting with these three axes, we are developing material and physical science.

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

Egﬁl N

Theoretical approach

hE%Z=D<%
- Materials and Systems
HLWR i
RR=IEETS

Theory and Computation

HEZHANS

Measurements and Control

Experimental approach

Eﬁ}'{@ Number of Publications

BT 5 FE T L CEBR30ROE MR ZHER L THY . DEN4ENRRER~EETH D, HE B - FHEHER - #8E - F
AR —AERY ORI HEEZESH. FEN OIRE G D, DHIRIMEFHRDSZ . RVTHRBEZE, (L% ITFEE>TY
%, =5 IR (Top1%, Top5%, Top10%) (FE/M30~40fRH Y. B - BLHICBLT 7T ET 1 ZRL TV S, KIHITER)
D OETNHIBEEFBORBHIL3M4. REANDEMIL100%L7E2>TWND,

ISSP publishes an average of 390 scholarly articles annually over the past 5 years. About 40% of articles are internationally co-authored and on average, each faculty
member (Professors, Project Professors, Associate Professors, Project Associate Professors) publishes about 9 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 3, and these cases have been 100% transferred to the
ISSP.

HpE iy RIE & BRI

Basic life science Environment and Earth science

Il top1% M top 5% top 10%

4.1% 2.0%
IF ’ > st - gy “0
Engineering Computation and mathematics 35
4.7% 0.3%

e § 3
Chemistry S 25

10.8% 2

B
R £ 20
Physics z 15

RS 64.4% &
Materials science 10

13.7% &
5

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 HHAREF

Year of publication
2023 FITEXRENTRIDANR BFITHERENTERY DR THE LT, fﬁﬁi”ﬁgfgﬁ B> >y

The field of articles published in 2023 ) L :,WEb ofSc‘wence )
Ranking of total citations to date compared among papers published in the same year
(Ir’csourcc: Web of Science)
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7O0Y 1 MRURZE - EEZCHEAE Project-Based Research/Integrated Research Systems

MERCITHONTWB AR T O T2 FEFZE  Project Research in ISSP
WM ClE. R FEASOIBBICKZNBEMBEEICRKIRINZ IOV 17 MR, BLUMEEEPEEIC KSR ET>TH Y.
2023FEDREIF163F L Tm > TN B,

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 163 projects in FY 2023.

ABTOY 14 b4  Large-Scale Project Title Bl B9 Period
BFHEED FROY—&FIR LI SREERIMEMH ORRF & 7/ RBIRL (ST - CREST) 2018/10 ~ 2024/3
Al DFEG B4 — b A= 32N BEITZOAIH (ST - CREST) 2022/10 ~ 2024/3
2MITRVERFBR T T IVDRIEL & #EERSIR (ST - CREST) 2021/10 ~ 2024/3
Sl —HY—+ /=23 R (JST Q-LEAP) 2018/11 ~ 2024/3
IKERSREMEI D SIRIEIE - IRAERRAT (RIBFF - FTATiElEZE (FRZRBIRiRREY) ) 2019/6 ~ 2024/3
1000 T /\> FEFOFREEBR (RIFf - ZMEEELHE (A) 2023/4 ~ 2028/3
1000 7 A ZRFOHE (R - FIMEZBEHZE (A) 2023/4 ~ 2028/3
2ReHER T/ BEDRFRE L B FHEAEERIE (ST - BIRMARZIESS) 2023/4 ~ 2024/3
1000 T 3EESHISNROER (R - ZMEEBEHE (A) 2023/4 ~ 2028/3
AR — MRERRTFICH) RBRERTEMNORRE @ - 2BHME (9) 2021/7 ~ 2026/3

HEIERIZSHEAE  Integrated Research Systems

EEF OB OREBZ L F ORMAIC K BHEFEPFOANSEEET 5. FRDEHEFEL—EHARIER L CHIZEE1T DM HEIEmIeE
EREL TV D, WAL ESE L TV HEEMZEEEIE LT OB Y,
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.

EHERE S Collaborative research institutions Hi B Period
RTUTIA S/ RN=2 3 VR 2 — Material Innovation Research Center 2016/7 ~ 2027/3
W TR T T A Research Institute for Photon Science and Laser Technology 2016/12 ~ 2027/3
kS AR — )V EFRIZ EEEEF S S Trans-scale Quantum Science Institute 2020/2 ~ 2030/1
FEEAET A OV AT L EREE IS Laboratories for International Research on Multi-disciplinary Micro Systems 2021/4 ~ 2031/3
740 O VST OEREF I S Synchrotron Radiation Collaborative Research Organization 2022/4 ~ 2032/3

EFEE Industry Academia Collaborations

REHESD S OMEEPHRBERIT AN TIT O HEME TIE. FPINARICE DV H LVIBEDRGT. el #HLVER
BOBRG EQWHERD./ VN\UHERISEREN TV S, T, EEREDBEDHZEGZIYY =27 LOEEP, HFORHEL
DISRDIGEE AR AV NDEMEET DTN,

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.

J &= @Erm) e
Amount (Million yen) Number of projects
150 30
25 R ZOft | gixmes
25 Foogs Others Transportation
i o 2.0% 16.0% equipments
20 20 W2 20.0%
100 e i 20 Steels / Metals
6.0%
BN 14 P - 2019-20235FE
: 15 B BIE FY201 9_2023>z LI
Infomation/ Chemical
% 10 Telecommumcgtg;;l industries
ST m-ma Lo
P . Electronics/  #4#H- 5%
Electrical'equipments  \fachines/
15.0% . Precision
0 instruments
0 16.0%
2019 2020 2021 2022 2023
REEEEOHFMRAESR E ZASRDER HERAZR T BEEEHHMORR
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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WA

Joint Usage

EEDOWMEMRRE D HDHEFAHAFERE L TRIIEN. 2010 FE LV HRF A REMARINRE L TS DHR
HRZRENICZITANTOS,

PSRRI HREPRE. A2 DM AZRELTW2 MAREI R MBS - SR TP EFRER
s | [HUERST MR IEER ) [ R —/\—0> 21— 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, and the International MegaGauss Science Laboratory.

—A%  General
ERAERIEE - oD, SRHERG L. SWRERVEFWE S /BESRTEBL VSRS - MEERHRFIAT 260,

For low temperature measurement, structure and component analysis, and sample preparation, visiting researchers can request short-term use of the equipment managed by
each lab and the Laboratory of Nanoscale Quantum Materials.

YEERY - SHMERfE Materials Synthesis and Characterization

MEERE. EENTE. XRAEE, BFEMRE. BRAAEE. APIEE. SEEHE. SEAEZDSRRERUVEEGR - R,

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

¥t B P F R RIS HEES  Neutron Science Laboratory A—/\—O>E21—4% < X F L Supercomputer Systems

BARFHARFEREEOHERRF
JA JRR-3(20MW) ICERBE T NZ12680%
JER B LU KRBERFINREFER
J-PARC ICH @D fEeeF 3 v /-
DHER HRC & AL e EFEEL =B E
TOTEDNTES,

Neutron scattering experiments can be
conducted using the 12 spectrometers

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

2020 F10BH oEMRBIR LIS 6 T
RDE X7 L"Ohtaka" 1. BimEE
48ERT 6.9 PFLOPS. 2022 5 6 B [ C##f&E
B3 LIzgl A7 A" Kugul” £ 25078
BMERER 1.0 PFLOPS Tdb W R
ARDOAFRER B EZ HRITIT D
TELTES,

The main system “Ohtaka " started
operation in October 2020 with theoretical
performance of approx. 6.9 PFLOPS, and
the subsystem “Kugui” started operation in June 2022 with approx. 1.0 PFLOPS. Both
systems can efficiently execute large-scale numerical calculation in condensed matter
physics.

@LEE&%{W@ ’I‘iﬁﬁ%fj@%ﬁ Synchrotron Radiation Laboratory Mﬂ)%ﬂ%-fﬁﬁﬁﬁwﬁﬂiﬁ%ﬁ‘@% International MegaGauss Science Laboratory

SPring-8MICEREB & NIeEXHRA A —2)
VI RT— 3 v DOHEFIBIZ2024FE
BRHTE. 3GeVX#RFtIRNanoTerasulc
B B AR RAERET F o>
AFEIRTEISHAERIC CERREAE L —
*T RN B BES \%47‘13
FRNO2NTAE BRDENE
7‘5&&@%%&%?75 TENTES,

JNIVAR T 20y BT K 258835 % H)
AT5CENTES, XAM70~2
U#DY a—~VATIE. JERE
MFE T80T R T E T HIBHNFE
TI£1000 7 R S 12E £ CHIABRTHE
BEOTWB Efe1~10BoO> o/
JVATIE50 TRZIEL CORIER
TO2TENTES,

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 3 GeV X-ray source NanoTerasu will be
announced as soon as it is determined.
Currently, high-harmonic generdtlon at |§
Kashiwa E-lab is used to perform spin-, <

time-, angle-resolved photoemission spectroscopy as well as two-dimensional angle- and
tlme-resolved photoemission spectroscopy.

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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HEFBEREO IR A E E R EH|EE ALY  Number of Subjects and Researchers Accepted to Joint Usage

HEFARBRDICDICKEFT HICIE. WHREFRO—MAERE. BEHMRE (RE - B8 BEAREOVITNHICERT 20E
HH B, ERDOFIRERER. HLUAREFEERBALIILITOEY

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.

2400 . 2023 FEEDOIRIREEREELE NER Number of topics accepted and its breakdown in FY2023
FIRERRER m RIEAK
Number of adopted subjects Number of accepted researchers WEa BEXSD SRREERIRER KA
2100 Researcher Category Subjects Researchers
1800 Ee’?)xerd] 145 370
ESRL - FHlfiER{E
1500 Materials Synthesis and Characterization 108 243
1200 —fRBIRE PIET RS 154 286
General Neutron Science Laboratory
900 Researcher 2 —/S—O>K1—% 349 1042 %
Supercomputer !
600 YIERRRES - IRASREIS 08 191
High Magnetic field (ISSP and Osaka University)
30 REEHIRE UESE (FUTAT) 89 114
0 ﬁart-timﬁ Part-time Researcher (including Neutron Science
2017 2018 2019 2020 2021 2022 2023 ge:faf; et Laboratory)
- - N a4 =
HEHIRREDRRENS £ UEBABDEES BEUES 2y (=m/E0 7 )
The yearly trend in the number of adopted subjects for joint usage and the number of accepted researchers Researcher | Lxternal Researcher (Long-term / Short-term)

*2020FEF THIRL=— 2 1—H— 8. 2021EEH SRHAKIEE &5t Total 950 2,255

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

HOHARAZES < ISSP 7 —%7 </ 3w -/ ISSP Regular Workshop and ISSP Workshop

HEFA - HEAEO—RE LT, HEFARRERZOM. WIERER EREROEE T — IS DWW TERNGET#ETT S A%
Ea 3’3&0?&_\9’] TITDISSPT =02 2w TZBMELTWS, COR. REAAEREISSPT—7 > 3y Tid. HEFABREMIEER
DEFHICEL > CHEODREDREEN S,
As part of ISSP Joint Usage/Research activities, we organize the ISSP Joint Research Results Presentation Meeting. Additionally, we host ISSP Regular Workshops

focusing on specific topics in condensed matter physics, as well as ISSP Workshops addressing timely subjects. The Advisory Committee for Joint Usage reviews and
approves the hosting of these two workshops.

2023FEERIEDTHAFIZES  List of ISSP Regular Workshops in FY2023 20234FERMEDISSPT—4 > 3w List of ISSP Workshops in FY2023
BEE = smER  BEE - sER
Date Title Participants Date Title Participants
YPERTRRT A/ N > HEIFIA - CCMS BREARS =
2003434 |EHOBRIC B B S e 130 203/5/15-16 FUMEHROBBRNHEVET TO—FHG ML FiRE o0
Annual Meeting of MDCL Su ercomputer Center and CCMS — Condensed Frontier of New Materials Research: Novel Electronic Properties and Functions
Matter Physics in the Era of Computation — Based on Characteristic Approaches
PRSI & AR _ /\/bxﬁﬁﬁﬁiﬁtqbﬁ%ﬁ% \iﬁUE?ﬁﬂ‘I@rﬁuﬁ 82
2023/10/4,10 Hlerarﬁlcal gquauons and Machine Learning 169 2023/6/22:23 with Pulsed Mz Fields
for Condensed Matter PhVSlCS
2023/12/5-6 ABMHOBMERELIEETETITD 124 2023/7/4 Metastablllty from an Interdisciplinary Perspective 48
How High Can We Raise Thermoelectric Performance? ility from an Persp
geas, = S HHEES ) 3 BREFR L — Y — EBREEDRAl & HEFIC K B0 g
2024/2/19-20 m%ﬁifn;hiwtn S:1i&fﬁ?ﬁﬁ?&uﬁcﬁﬁ Materials 135 2023/9/30 S'ijLlr't:u)plL Revolution by Cooperative and Constructive Relationships 130
Science between High Harmonic Laser and Synchrotron Radiation
25 - %Eﬁ@mﬂAﬁ?n W7 Y=V TS —ERIS F3E S/ A7 — VR FE DRIt & F TR
2024/3/8-9 Jnterdiscipiina) é: ol Reactl‘on between Tt ical and Experimental Approach: 70 A0 NeHE 3rd Workshop on the Frontier and Future Trends in Nanoscale Science B2
8 o 2000 2023/11/30  ISSP Women’s Week 2023 BZE3S 74
7 L ‘e - ® - BAfERH SIMEY -12/1  ISSP Women's Week 2023 78
7 . Number of times Participants
6 & * o 1500 i
5 . A PS 2023/12/20-21 REFEANYT FHZIE—2023 189
\ ’ . PR Surface and Interface Spectroscopy 2023
4 7 LI e 1000
3 o o0 551 [E BAISSP - BHCEMSIEET— 52 3 v 7
P 500 2024/1/24 The Ist U-Tokyo TS8P « RIKEN CEMS ({:\Ilalmuunn Warkshop 78
1
7 I\1 ATER CERGHRREEDRR 5
0 014 2015 2016 2017 2018 2019 2020 2021 2022 2023 0 2024/3/26-27 Future of Organic Conductors through Device Applications 122
STHARZR A DEHEEN & SIMNE L Number of ISSP Regular Workshop and its participants \V
;tnfum ;tl'_l]iﬂgﬁm,.“ﬁﬁo)ﬁﬁ Cooperation among Joint Usage/Research Hubs across Japan (t
P g g p

WEZ SR T b —  HRRRKEDREST HREORM //

EEEHISEI A PSR @ 13, ABRAFIEABZTRI DS Timse iR ARt > 2 —A L e WA D/ YL GRREBEFE 23

ERBZERLTV5. 2021 FEL Y | RALRF S BIMEAEFAOREISBECEMHHEL > 2 —eL LR EEHSES

&z 3MEREEMTHITERY 5 BRSNS ~ U —RE | OERZRE L. DX SBIRERN & —ARNEEE|C
K VREIBICH T B3 LOHERA - HEAROERZHE L TS,

High magnetic field collaboration: Providing the world's best standards that utilize 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 A 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.
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Human Capability Development

YERRFRICE T D REREF I &RABDARRSEERICERLARZRREDSHE T REROAEDFORZ
BATRENGHBEE LW ERNETE 2L DOAMEZER T 5 LITNZENTWVS,

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.

KEPREZNE Graduate School

j(?ﬁ?:@%ly t ?iiﬁl Courses and the Number of Graduate Students 4306 F4 8 1BBTE/As of April 1,2024
[Emer B3Rz
B Course Master course Doctoral course
2022 2023 2024 2022 2023 2024
BFR YPEFEHER Physics, Science 36 36 36 35 40 36
B2 L FEIK Chemistry, Science 7 7 5 4 5 9
TER YR TEEIN  Applied Physics, Engineering 8 8 13 9 8 9
ot ¥ B REIN Advanced Materials Science, Frontier Science 43 38 41 25 32 33
hoEl M IBTEIN  Complexity Science and Engineering, Frontier Science 0 0 2 1 1 0
= Total 94 89 97 74 86 87

PHENRE T O S L International Research Opportunities for Students

BN TOHEBREEE L T BN ERBREF > EBRNGEENIF CERIAMEBRT DT EHBNE LT AEREL BAOHZEHEICH s B
BhREY 2 ENRERET DY 5 L)% 201 7EEH SR ZBRB LTV S, COVID-19DFE(C LY ik L TUWEREIL 2023FEEN 5B LT,

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. The program that was suspended due to COVID-19 has resumed from the 2023 fiscal year.

TOEHAR  Period TS Institute BIZE7—< Rescarch subject
2019/4/1~5/31 KE VY AHIAKRF BRI 2 FF DR FHHOER A
University of Chicago (U.S.) Theoretical research on quantum phases with higher-form symmetries
2019/9/1~10/31 KB SAZXARFAT ) ERIBHBIIFT WHMEDRRICE D HBRZ AL b RO DA VBEEHRER
Kavli Institute for Theoretical Physics & Rice Univ. (U.S.) Searching for topological superconductors by symmetry-based indicators
2019/9/3~10/4 KB AT HIVZTKRET—INA V1] WP BT ROREABMIERDGA
University of California, Irvine (U.S.) Application of the machine-learning scheme to the density functional theory

H—REBRHT7ILONF EHEEDHE

Evaluation of mechanical property and structure of homogeneous network

2019/10/7~11/21 KB XTFa—tvUX

University of Massachusetts (U.S.) polymer gel
2023/11/1~2024/1/31 AV AV RZURE BTRELHIET 2 A EREROEE
University of Konstanz (Germany) Spin transport theory to control quantum state

YRR - REERSE (2021 ~ 2023 ££[E)  Career Paths and Jobs

WA TRARZEDZ . RECEOHMAHPRINE. AFPLMARKEL L. BRNDOSHELE CERL TV %,

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

{ELERF2E T Master guraduates TEERF2(E 71 Doctoral graduates

FRZEHRS:
e = Max Planck Institute, ETH Zurich, RE#}
EEEIN ST SromErz. BRI AT, &
Government institutions e FRFRITAZBIFRMEE, 9 FRFHE
0.9 % Research institutions PR BB 2R R - PARC—t’/7 5E
FROEAN:

AVGRTA =R TV ERE KBRA
FRRAF FRAFEE

S Research institutions:
Private sectors Max Planck Institute, ETH Zurich,

2 " Institute of Physics Chinese Academ
?*ﬁ&i)\ : 220k of Sciences, AIST, QST, Institute for
Educational institutions Molecular Science, RIKEN, J-PARC

26.0% center
Educational institutions:
University of Oxford, Ghent University,
Osaka University, The University of
Tokyo, University of Tsukuba

53 FB422 Trnporaton equipment 7.3% 0 Others 3.9%
SRR - BV —ER 38%

Finance Insurance Trading

BLRE RREMZE

Doctoral course Private sectors

45.4% 51.8%

23 - 28 Steels Metal 1.8%

1 T2 Chemical Industry 7.3%

{2 EFENER Details R EFERER Details
TBHR-BE S 1R -
E#_t H—E R

Information / Electronic Mac] ance

1R BE

Information

. Chemical
Telecommunication Electrical equipment ~ Precision ment| Insumnce Precision instruments Telecommunication Industry
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THE INSTITUTE FOR SOLID STATE PHYSICS, THE UNIVERSITY OF TOKYO

EFZEEDER « AM1EER Human C apability Development for Young Researchers and People's Exchange

EFMEEDERE AMBROIZDBIEUE EAD KUEH & 61T 100% IHAADSDHAY & LTWE, TNET401 ADBNF -
BIEO SR L CH Y. TIEEEARIE 7 F 6 78 (2008 F~) £7525 T\, BT 5 FTIEKRET - HIZEHEIN 94%, EEI{EEN 6% &5
HLTHY . ERNTHEZERL TS,

For human capability development and exchange of young researchers, 100% of research associates move in and out of ISSP. So far, 401 research associates and assistants
have flowed through ISSP. The average period of employment is 7 years and 6 months (since 2008). In the last 5 years, 94% of research associates and assistants have
moved to universities and research institutes, and 6% to private companies, where they continue to actively conduct research both in Japan and abroad.

NI e

Public research institutions

| W pifatim 68
IR 35%. BOE 12%. F8RT 6%. ZDfth 15%
2 6 o/o éts}sloc. ll’go/f 35%, Research Assoc. 12%, Lecturer 6%,
— T %
w ItEmE
ISSP

KF
Universities

Private companies BYSRERIISEDMER (2019~2023 FREDEF)

Research Associates Employment Statistics - Breakdown by Sector (total from 2019 to 2023)

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

TEADOBFZESFEREP—RHTRDOAZWRE LEBBEEFHPHEDES - ELEFZT 2TV 5, MROBVWFTHEHE
EPFELEBICH L TUE. MHERFISGRLATW K T EEBRMIC. REDZRIF AN, FRANDEEREETOTW\NS, KB+ v
VINABERERIC, R N EOSBEESIUIRET 7/ IOV EEOT ELAIFRIFHEICTH 1T 2758 IBOHERIRHET St L
TWa,

As a part of ISSP’s cooperation with local educational institutions since relocating facilities to Kashiwa in 1999, ISSP is engaged in educational activities and scientific

enlightenment and dissemination activities for junior high and high school students for the next generation of science and the public. ISSP provides on-site tours and offers
classes at schools to familiarize students with material science. An annual workshop by Tokatsu Techno Plaza is being held every summer.

— /AR —fEES Ml & i L RS M= DIRS
Open house Public lectures ]Socclglrlgg"cnlnz?lfglsu%r;d lectures in cooperation with

ZFRRERIF AN b TFRFERFANY b B ESES

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

HFROYMERZICEDD by TR - V)V —T L EREERE LTRERUAMRIRICK 5EEZRIL L. 5Tk
NEERMEIZAIZ T —Rv T =7 DRBE - it Z8iEL 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 - BEEMEHEE L F3EE) Agreements and MoUs

FEINE DOAZTHEES KF EDEHEICKBATTEB PITRICHIT T 8HBIE DI - ZIRBE. BLUAMEOEEZMHHEL TS,

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

N — < - _ S 1 ‘As of Ji 1,2024
by xwoR TS mernEswrs [ 7o owesws [ FHOFO T HEE Aot e
Max Planck Institute for the Physics of Comp]ex Institute of Physics of the Czech Academy of Science
Systems (Germany) 2o (Czech) 2% - *
= -
T 533y T - = N

Co nized worl l\\hop\

RRIOAVIIMCKBT =03y T =R ERE
Hosting workshops organized through exchange projects alterna
a
" ; il A LM
; g gooperalmn in the High Magnetic Field stitute offApplied Physics, Seoul étion
2 2 cience in Asia b
’i ' outh Klorea) E

BT b
e
| D3V ARTHFVAKRE m
s Hopkins University (U.S.)
: RIS W E 2R
ﬁl?ﬁ_tu_@hfgr Complex Adaptive Matter (U.S.)

v ollcg \ . JH—F7O7zv—
BuEaRs e EE ) \ > E-E NN
The European Maga x Sending ISSP faculty members to JHU
(Europe) g accepting JHU professors to ISSP.

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

onal Synchrotron Radiation
carch Center (Taiwan)
s Erasicraa Ty stanss [

College of Electrical Engineering and Computer Science,
National Taiwan University (Taiwan)

B B o
Agreemrnt MoU Memorandum of Understanding

JAaVARTHFVAKRE (JHU) - EFMEMEL2— CKE) RV RT TV TR ERER (K1)

Institute for Quantum Matter, Johns Hopkins University (U.S.) Max Planck Institute for the Physics of Complex Systems (Germany)
YMERARAEED JHU DU S —F - TO7 2 v —ICRE. JHUHEZB\NT S HET—U 2 3y TORME
AR Y IRD D LORME, ISSP and Max Planck Institute co-organized workshops.

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

ELAFETR TPk (872) JBEARFAARIER GRE). RRINSERREIZ S (BUN)

REETSREEr%2— (FE) The European Magnetic Field Laboratory (Europe)
College of Science and College of Engineering, National Sun Yat-sen University BEEIZRZ MU= (p13BR) LORE
(Taiwan), College of Natural Science, Dankook University (South Korea) and MoU between The High Magnetic Field Collaboratory (see p.13) and EMFL

‘Wuhan National High Magnetic Field Center (China)

BALI—Ov/NCEBIT B2 AMIR. FiFFEPHRRREICET 51H%R

TITICH 2ERIBRZOER, <V %y FARICHT BB HRRE S, HMFC and EMFL collaborate with exchange of academic staff, technical development
In Asia, ISSP collaborates with universities and institutions in high magnetic field science and research subject

to conduct joint research in magnet development.

=F Si<¥a] $¥ Japan-U.S. Cooperative Research Program
1980 £E (< KBS CHifia S NI E BB NICE T 2 EIEREICEDE. 1983 N SKE T RIVF—E LWERREA. $LUERRTIHE
FT(BRJAEA) B & DEHBIRRZR E L CRBtAE N, 77— U v D EIHIZRRT (ORNL) [EDNEBORBEEN. TNSZFLE LIEHEARRANTHN TN S,

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

BNDSDIBAL « Z|F AN International Visiting Professors and Researchers

<> #7R—)U Singapore 2

MRESKEDHERZEELEL TV feod, BADSELEMREENEAR RE UK3 ARA Spain 2
BEff& (Visiting Professor) & L C—EHIMER L TW5, £7/22017FE K Y ERRHA IRLZT 7 Z DAt others 8

Estonia

LIcEREERIEIC &Y REBNRET DY S LDOEM. BADSEFMEEE ok ndia7

NEAZEWZEE (Visiting Researcher) & L TREEEAWNT 258 LTV, a7
PIAERFICIE5 LUEDE & HIEH 5 ZEE P AFBRED HEMZEPY 2V RY DL, Tawan X

YIS —DHITFEN T 5,

=

e
South Korea
65

To lead the world's highest level of research on condensed matter physics, ISSP hires prominent o

researchers from abroad as visiting professors. In addition, the international collaboration program (begun 77/X12 2 1 9A
in 2017) sends graduate students overseas and employs young researchers from abroad as visiting France

researchers.

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

2023 FE
FY2023

f[EF China

Rry 42
Germany |
21

BAD S DRIFANAR

Number of visited researchers and students

ER VR II L - BT —2< 3y 7 Interational Symposium and Workshop

2023 FEICRREBEENERY VRV DL -BRT—0 23 v
List of International Symposiums and Workshops in FY2023

FAtER 24 b SMEH (NEAR)

Date Title Number of participants (international)
2023/7/4 Metastability from an Interdisciplinary Perspective 48 (4)
2023/8/12~18 9th International Discussion Meeting on Relaxations in Complex Systems 621 (347)
2023/10/2~13 Hlerarchical Structure and Machine Learning 2023 (HISML2023) 65 (8)
2023/10/4~10 Hierarchical Equations and Machine Learning 169 (55)

2024/1/24 The 1st U-Tokyo ISSP « RIKEN CEMS Collaboration Workshop 78 (32)

P TERR D FE KRR CE EfRHZERXHDES EfFHZERXDOEEE

Number of published papers International co-authored papers International co-authored papers by country
38% 28% 22%
343 43.49 = =
fl"‘ﬁ ° (0 - - II'
YRR IC 51T 2 ERFRIXDEMSE R PIIERFIC 1) B FERHX DK 4 Bl B ERHEFRDOERE S IEFE (38%).
DFIEFEBHI3904F 30D E - il & DERHEER KE(28%). 1V (22%) DIEICZ LN,
Average of 390 papers published annually over the More than about 40% of the total number of papers Xi@a & . 3
past 5 years. published by ISSP, are international co-authored Most international co-authored papers are with the
papers with approximately 30 countries and regions. China (38%), U.S.(28%),and Germany(22%)

including duplicates.

BFEEDRE NEANHE -HAREDEE

International students International researchers and faculty members

3 2 2 2 2 1
ann TY Y S
2888 = 2 28 2 2

"TY 1 WA puunn 10

YERRICFRIE S 55E (BL - BEREDS YER CEATN TV 2HE (3% - /3K -

51) D7TANTBAMEIFBEND S DEFE B ERAREDH L Z10AICT ADTEA
More than three in seven ISSP students are from overseas One in ten ISSP researchers and faculty members
(total of master's and doctoral students). (professors, associate professors, and research

associates) are international.
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Division of Condensed Matter Science
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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,

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.

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

HiZE T —< Research Subjects

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

RTBRBE  JERREESR, BREX A4 — FHR N
U w SEPARES
Quantum rectification effect: Nonrecirpcoal transport, superconducting
diode effect and bulk photovoltaic effect

%?*Hﬁﬁ% CTESTARE(RE,  NART DA UAERR . R

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

JE T D B HIE

Quantum measurements of two-dimensional materials

B HB RPF
Research Associate
TANAKA, Miuko

HEER HAFLE s

Associate Professor IDEUE, Toshiya

FI Course
TITERYETSE
App. Phys., Eng.

JRFIEEE N 575 % 2 Do 3Rl 2O LG &
LCRERERTHZEDTVS, TNHIF 3 JuckERIciE
TV =Y ERT T EICmA, TNA A LB -
W « 7172 E OGN, BAULZRFE. RO
T TS/ E2 0 RE S OERIEIC K - TYIE ORGSR E T
IRRE, SfFRMEZ HIEICHIERTRECH O, F N2 [ U 72 Re
HRREMEZ AT 2 2 N TED, AWIRETIE, TDXD
7% 2 DO YR O BRSSO S PR, e
Rk DR R BRI K > T MER O T a2 T o 7 B
T2 EeZHIBL TS, BRPAE Y i1 & Vo Tkt 4
T HIE ORG-S = AR, S o g1
HEEICH D A TN S,

2 RTRFEIMEDHIEE T/ AR, (a) BFPEIC K BEBIL L BBIEIT R
HHEEHBEDER, (b) BEEEST /M ALEBRUMRT /N1 ROBEHEEH,

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

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

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

Laser on
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o
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2L FLi)
photocurrent (nA)
[=]
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o
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»

: * 50 100
10 1 T4 1w 8 L]

time (s}

@) XAV DRHIRE ERFEMEDHES 7 /N1 AEHBE— K (b) BHOECHIS
BARRERTFEMES /B HHER.

(a) Microwave resonator coupled with two-dimensional material and observed resonance
mode. (b) Optical measurement system and photocurrent response in two-dimensional
materials.
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E EEI 61: % % Osada Group

HiZE T —< Research Subjects

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

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

EJiE%E@%@EE%%?%‘I&LC%@“ BRI X B R
ZENG
Quantum size effects through ultra-thinning on electronic properties of
layered conductors under strong magnetic fields

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

e o
e

L

BhE H &t
Research Associate
TAEN, Toshihiro

B RE &A
Professor OSADA, Toshihito

FI Course
TITERYETSE
App. Phys., Eng.

“2ot JEE) WE. FRaYVE. N/ ik
ZXGE U, iy - iR - @EEREE R OEAREPEHE
RO FERNIZE 2175 T LIc KD, FLWEFIRESR R
0PV, BFEEBROHEK - BB - flEzEEL T
Wo, TRFERIZERY YT 57 1« —HFOMHAMN THd 2
TSP ERERE T/ MEOR FIEG BT 2 il
BHEL, 40 T # N SV ARG K 25005 FERTH D .
HRHERINEROAUATLTIT S TR BART « Fv 7 &EF
RV T RARERIC R 2 FRT Y AVETIRRE CFRED
e AR—)VIRRE. FRa D)Vt e hRa T h
JUEABIS (R R— LRI SRR R — )LL) |
RNBE T 27 2 R VilERO RS (7 Lk
). 75774+ OREERILIC X B 8101 X (W55
EAHEERS, 8V Y BAA =35 1T 5%t %217-> T
W,

20
(a) S
_15 % of
Q2
£ #-20
S0 —

b

oM
©o

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

(@, T)(kee/hc)
=

o
[=]
o

IS, T
Magnetic Field B, (T)

@ 77774 bOBFERICHIFZ S VA VEME MROVAILEERIGE
FARABR—IVHRDETIVEE, (b) V5771 S DARBR—IVEEEDRER
BR. BER—ILTS b—HBAIE N

(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 2024

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).

=
3
> |
=
2
w

B
e e b 2 4 6
Ky Magnetic Field @,./®, = eBab/2mh

1 2 RoTBEHER a-(BEDT-TTF)2l3 D TRV F —EMDEHHKTFME (Hofstadter
NZ2TZ54), TRIVF—F v v 7 Chen BT L >TREETN TN,

(a) Magnetic field dependence of the energy levels (Hofstadter butterfly) for the quasi-
two-dimensional organic conductor a-(BEDT-TTF),I3. The energy gaps are colored by
the Chern numbers.




_% * m % % Takagi Group

HiZE T —< Research Subjects

ZWHERAIBIE RIS B B H PR
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

B EH ERC
Research Associate
URAI, Mizuki

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,
BREESBLSYRHTHEA SR E OMmEESICnZ . %50
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.

4.0
Es.u A b y
E i = ;1?040 Au(tmdt), }/
‘l'E 20 : 5 -i-'l---h-r--ﬁ-l'f
= % " g8 0 o
PE NG X 036 Ni(tmdt),
i %
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

BRI TE N7 0 b 0 LR LT AR RSk, R
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 GRAERIHR N T > Y R X DS

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 E T, FrLWEy B eET2Cu(NCS)2 35 & O &
A B-(meso-DMBEDT-TTF)2PFe B #8384 (XD &
FHELU, WIEIRET >, SHIRETE., KEFBEG 0
k> EAREE O T LT, R L O D B R
HR2 R IMaREER (GR) ZBF LTz

(0} @ 192

a) 58 8.5
b= i
CxS-E0s
meso-DMBEDT-TTF
{a) 1bar
(b) 2.1 kbar

{c) 3.1 kbar
{d) 4.0 kbar

e} 1 |
o 100 200 300
Temperature (K)

FRERBEER: () Y bAEK-ET,CUNCS), DB & & (i) BERH%FE
B-(meso-DMBEDT-TTF)2PFs DESUIRIMDEIETF .

Novel organic superconductors: (i)single crystals of Mott-type x-ET2Cu(NCS), and
(ii) electrical resistivities under pressures for charge-ordered-type f-(meso-DMBEDT-
TTF)2PFs.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/mori_group.html
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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 x-ET,Cu(NCS), and charge-ordered S-(meso-DMBEDT-
TTF)2PFg organic superconductors (left figure). More recently, we
have developed a pure organic conductor (right figure) in which
hydrogen-bonded protons and conduction electrons are dynamically
concerted, exhibiting a switching phenomenon between conductivity and
magnetism.

R

_.;}v H*/D* J
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>
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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 x-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.

th X
R ROV AR —IVEIR N,

Hl}f:/pn > ()
o0 g HEAFIVET VI
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— d
150 o S

SRTHARRAEAR

/

0 01 02 03 04 05
Magnetic field (T)

(B) BRAA—IAVERFICEBTT/ VIEHT B b RAYAILE—IVEHRD
B, (F) BR—IVEEROHSKEE. BRAD—IF VETDH. AR
DER— | VREEANBRRAIE NI,

(Top) a schematic illustration of the topological thermal Hall effect of magnons in the lat-
tice of magnetic skyrmions. (Bottom) the magnetic field dependence of the thermal Hall
conductivity that sharply appears in the magnetic skyrmion phase (green), but disappears
in the cycloidal (blue) and the forced-ferromagnetic (pink) phases.
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F ]) 9: :l m %% Drichko Group

FOWIZET —~< &, B FRIOMOHEAEH & & A HAE
HAORE LTECZMEDIRETH 5, IR O/
ICE DM BETEOMHBEIERD, K& I K > THEME
hEERAHTEEH D, T LRI TR
NTEID, D TAERDRT BT A kD X 5 RYEo
IFVF oy ZIRIREEIC & R > THIZ R ED T 5,

Y ORANZHEE 27T 2 /51E0 D, e AXY
MLZIET 2T & THD, DT RHDE SR T 5 7%
BHRTCIE, RIERRT S LICK> T, FFOEE(LY
FEEOMEICHET A RESS T N TE S, [FARkIC, &
LK OBERERKT A & T METOFEFEAE VD
MEERZNS C LN TE S, IEHMEEEL. Wb b T~
VEELZ VT, kB, BT BAUEZ AL TS,

NEAZFEHE FUFI F2U7
Visiting Professor DRICHKO, Natalia

My research interests are states of matter which arise as a result of
strong interactions between electrons and related magnetic interactions.
The same interactions between electrons, which lead to unconventional
superconductivity, can produce a magnetic insulator when tuned to be
somewhat stronger. While more traditionally these effects are found
in atomic crystals, I am also interested in these exotic states of matter
demonstrated by molecular crystals, which can show also exotic states
such as quantum dipole liquid.

One of the ways to study fundamental properties of materials is to
measure their excitation spectra. We can obtain information about
masses of atoms and strength of chemical bonds in a system build of
atoms, such as a molecule or a crystal, by exciting vibrations. Similarly,
we can learn about interactions between electrons and spins in materials
by exciting the electronic and magnetic degrees of freedom. Drichko
uses inelastic light scattering, so-called Raman scattering, to study
vibrational, electronic, and magnetic excitations.
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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’
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EFHBROMIMEE DA R, BOR T D Sachdev-Ye-Kitaev #EI DM FRMEICE &
DLEAAREEHRANRY M, [PRX Quantum 4, 030328 (2023)]

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

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

a b c a b c
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7 Wip=1 cirs =t Wip==1rs A R
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°20e0ee Cio=1 Capm=1

TIVE— bV EFRTIVE— FRBERO S RODAIVERGE. FRODH
JVEBA - BEREROREREICERZMA 2 L. BL2DBR NROTAIVER
KHEENS, [PRX Quantum 4, 030315 (2023)]

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

topology and dissipation leads to new types of higher-order non-Hermitian topological
phenomena. [PRX Quantum 4, 030315 (2023)]
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l% ’R E{ % % Tsunetsugu Group

HiZE T —< Research Subjects

?if-'a;¥\ SfAEFEaEYZ EmBEFROEFIRE & 551
FAS,
Electronic states and unconventional superconductivity in strongly
correlated systems with d- or f-electrons

B 7oA L— a3 VROHEHI#
Statistical physics of frustrated systems
BPREERO BT AT B O Bl
Theory of novel phases in quantum magnets
BIROITEHE AT I T X

Nonequibrium dynamics of quantum systems

R BR B
Professor TSUNETSUGU, Hirokazu
HI Course

BYRMBY

ERaRey. it 775 /A Meeiz EOBT
il 27 — 11 AR EAE R S e aRAH B AR SR DY I D Bl 72 WF 5%
LTWa, TNH@HEFRICBO T, KR THra & i
PERREL ST LS, SR EOZEE R YT B
T, TNSOEMAYIEDR -MaMizHIEE TS L L
BICH LOWBROFERZHIEL TV 5,

TaTr—<ld. 7T AN L—¥ g VRO RE A
EDQREY - i - PuEOH B HHEZFFORICBITZH L
WEA TORTHEFRRTOLETH D, BIFLHABSRD
Rl ERERIEIRZIE LD LT EHAFITANE
DX BB ZZTBONEMNTND, Rie, wiLldHA
FIVIERRMED LI THHIGE T 4/ B X UETFYED
MHRICE IO ATV S,

Local Fermi =~
J[_Edu-id-oooo-o-o

0.5¢ «

X X x x X X X X x x

" Non Fermi
Liquid

x X ox ox x x x x

0.0 50 10.0
A

BETRIVF—AD—EEZ S GHGROEF ADNEET 7))V OER. BR7 T
IV REREE S IR T 1)V S REREDBRFHEE T, ABEREOH LA —
U2 JRIBRREN ., JIZEBFABEESORES,

Phase diagram of an extended impurity quadrupole Kondo model including an additional
singlet level with excitation energy A. A new scaling form of Kondo temperature is
found near the phase boundary between local Fermi liquid and non-Fermi liquid phases. J
denotes the strength of quadrupole Kondo coupling.

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.

Local Fermi Liquid Non-Fermi Liquid

0 20 40 0 20 40
N N

HRARMUBF AFYDAREE 7 IVDOBETRIVF—REDR Y IAH T O—, NISEIE
BYAKBEXT v T, ERDBAT )V IREIRE. BRDET )V IRHE
HREDRER,

Energy flow of low-energy levels in the extended impurity quadrupole Kondo model with
the step number N in numerical renormalization group calculation. Left and right panels
show the results in the local Fermi liquid and non-Fermi liquid phases, respectively.
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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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Hashisaka Group

B3 7 — < Research Subjects

YRR — ) VHERT 7 D L= Vet
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

EJJﬁ S A
Research Associate
SATO, Yosuke

HHE BR &%
Associate Professor HASHISAKA, Masayuki
I Course

BYRMEBY

BYORTIWHEEEFRMAEERZERE LT, #LL

ARG RIS 2 END 2, BIEE, N8R TR—
VIR, DR G ENEORERTH B, Thd [BTZ

R OREMEZ, ZOHEFEOME L LTU L ZbiEvh
KBS NBGEND 2, FIZIEDE=ETR—IVRICBITS
FhEE BRI T) XN T TH2IETOET 1 HoFEM (&
B KON EERMZFFD T EDENDEN TN S,
- OMERITIX, R—ZEl - 7oV IMEIERES T
et (m=A U#Eh ZROceMmbsnTBh. FROY

FVETFHBENOSHMIGFEN TV, AHEETE, &
TEARRORMEZ BN - HIHITH LickD, BT
T EDQBARER T TREITERW, Hrar st 7 Hdaf Oy
ZHIEL TIZIT> TV a,

VBEETNAR, SR 358 T, Bhied) &,
Y. BEEES

N -BREFR—
SEE 1B (BEF. Efe) OBRFvUT7DIAIYFITK
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
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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.

P
200 pm

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
I Course
TITERYETSE

App. Phys., Eng.

R N 2 OVEAMES (STM) 1. Z D475 U T LD
TGRS MCT B5DHREET, b3V ElEIic XD
Y TF B TCOBFIREICIET 2 HAZS 2, EHITIEA
YR (SP-) STM IC & 2 R i S R0 & i A & > Mt
EHEHIT T ENTE S,

EANWEE T, MUKERESE FCTE#EFd % S T M2LE
T, REBIRE R & K E OB N 72 — Rt RTD
BRI, REMEIR & ORI RIC K DAL T N2 a8
B - MR Y A)VIREOBIZ KA TV B, Fz, 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, X BT~ A 7 T A & B RESSE R 258 U 72 R
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

& RSN FIUMINC & %5 FOTRIL & RS (8
L2 B HIBR(L BRI 5 C)
Activation and surface reaction of molecules on well-defined model
catalysts (from UHV to geochemical environments

B /KED 8D B MR oY L UG
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.)




]) "/ 70 ? — 61: % % Lippmaa Group

FiZE T —< Research Subjects

POVA L =Y —HERTEIC K B IRIEVE B K UANT o fE o
(S
Growth of thin oxide films and heterostructures by pulsed laser
deposition

BEALY T WG KO/ 3V RYy MERO G
Synthesis of nanostructures and nanocomposite thin films

B tilic 50 5% v V7 XA F TR
Carrier dynamics in photocatalysts

B DA — b < RAH

Autonomous synthesis of thin films

g Vv ITv—
Professor LIPPMAA, Mikk

FI Course
HEEMER
Adv. Mat., Frontier Sci.

vy

HM R OIS A I IEZ < DEKHIE RS X — 2 DRk
MRETH %, IVAL—P—HREDG S, /3T A—22%E
& 6 el ETh s, TOI8T XA—RZ2E/ Tz D
F 570t AENET BT, HEORMIERE L G0 2
b7z i3 % RHEED I & > THRESREZBIZRT %, K
BEAMAL, FFEOKT IS8T A—Z ORI REDOR
MR & BINO AT R 2 o b 3 2 kG RS 2
EENSEINT B, Mg OL< T4 v 7 v T A T7—
¥a YA U TRBEOEFTREZ it U (ERD. i
W LT A—=% 75 AR) VG EITS T LT, ROM
TR & RIS O SERBDE 5 NS, NS, NifEZ
EMES Y TR 272D TE S (HRD. XAYT >
o i, EAH R G R 2 BUS U C o 7 iR S 7 3t
RU. 2RIT8T A— 22— T HINOKE FH 2 Hid i S
THIDIMAINS,

streaks

original

Ef/N\2—YThL—Zv &N UNet Z2—3)b 2y b T—V&ERLTE
RHEED /N2 =YD S DEFA b =2 EXR Y F D, EFEE—L (TO@E
BOFRE) IEEHT AR Y ~ EREENGEL,

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

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

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

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

A
T

Pressure Pg2 (Torr)
)

2
T

g

Temperature (°C)
RECHRENOREE LTOD, AO3 EDANIZA h (Fex03) EXTRZA b
(Fe304) DEBFFEMEHET v EV Y,

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

ZROBBAIMERICTH E R T T HARAIFBE LR OHR%Z
FoTWV3, BRICETRTIE, B, ALY, $EEED
EFNEA B EORFALNEMICH S - £FELAEDNS, T/
THZZWMBEEHEA LI UIRIEEC 5, Frc, EIRENE TR
D—Dh, RIIEHFEIIU 5 % Mt & A8 E 7 hv L
FI28ETH3, 7o)V IMOEE RN KE E L HF) L,
RE4 75 SOBBETEIREEDS IR G % C L MR C&E %, FH. T o
VS OARZEENZFIA LT b Ra 2 h)nic Ik H IR AR
REDAIFEL I TE 5, MHAKM S HFEL. STM ZH ez
JE TR YE0 ARPES & W e 7 )V A A=Y > Ity
W, WIE R B Hil & 81 Bl o Y — X8 TR O
JOTHETRICBI 2HARAFHSEZHR L T,

FEEHER ME FF

Visiting Associate Professor OKADA, Yoshinori

We are exploring novel emergent phenomena induced by many electrons
in low dimensions. In low-dimensional systems, ordering internal
electron degrees of freedom such as charge, spin, and orbit often leads
to unexpected cooperative phenomena while intricately competing
and coexisting. The low-dimensional electronic system hosting the
coexistence of flexible antiferromagnetic ordering (q # 0) and conducting
electrons in low dimensions is particularly intriguing. Various
antiferromagnetic states are expected to emerge in association with
Fermi surface deformations or disappearances. Moreover, leveraging the
instability of Fermi surfaces, we anticipate the emergence of nontrivial
magnetic states with topological non-trivial magnetic features. By
integrating cutting-edge material synthesis techniques and advanced
electron state imaging technologies such as tunneling spectroscopy
with scanning tunneling microscopy and angle-resolved photoemission
spectroscopy, various unexplored low-dimensional electronic systems
are awaited to be investigated.

ISSP Digest 2024
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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

Gy BEEE DB RERTEHZHRD TV 5,
B2 DYV RFATIEANDISH O P RENE S B AL E
NTHEH, ZLOFYLERRNMEETN TS, FRICIE,
CDEZTTN, FEEREOERICHZINEEE S 5 X TD
AFELEDH L0 WFEDNH %, MM TR, FBR L #E
T — ZRZNTIEIC K > THA L. & T O Fifg
ICHEDWT, TR RE 2 Fr DR O T - PRERF
2T HEZHNE LTS, HERRER & BliEHH
FEAR O B2 LB IR O BRI FIC KB MRIC L EE S
I WEZFARICHWS T Lic k> T, F26 - BUERTREZ
NTNHEHTRRLAGVRRZRET S e 2zHEELTY
%, TNCE T, A bu= 7 ZMRL BIEEHMR
EDHFRZED TS,

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

HiZE T —< Research Subjects

B H OB R DY SR O RG F THEDBIFE

Developing inverse design methods to create materials and conditions
with specific desired properties
B KED/8T A 2 o i T — 2 R
Fast data assimilation with large number of parameters
B Yyt 51 5 5t st

Numerical Studies in Condensed Matter Physics

FEERR & =i

Project Associate Professor INUI, Koji

FANTVRRT « WiFRFH T HEOBFRICH D AT VWS, —i%
%&ﬁ%ﬂ%t;%%éﬂﬁfu\%E@%é%*#kﬂb
TOBDINTG AR BIEZIENEY I alb—y g U RETL,
ES N5 12/8T X ZITBWTIE LWIREEN LIS 5 DA 4
KI5, LHLEME, THVoGETIE. Eiflic AN
2R 0 ATREND B 128, BB REZ D0 %
T A HE U\ AWFIEEE T GHRNT - G 2 VW2 7 Ta—
FICEH T, RICIFELWEEZRD, ThDEBT 5 HR%EK
DB FLEOFZIT> TV, R, BEE TR {flibh
TWB EIINIC K B KED IS8T X ZOHIEZ W iR
N2 ANT VB, T W0 Tafifiht - WigkstZzH\W2 C &I
Ko T, TNETABMDEER RGN ST XS B LIE
RANZZALOFFEZHIEL T ZED T3,

||'|V9rse Physn:al propertles
L(e)

Hamiltonian

#(8)

n@ =

Auiomatic'differentiation

BHETHMEDSTNERIRY B ETILZEBET ZHRREICE S 5FEDE
2, BROMEZRIEY L ZHRELT B LD ETIVHOEHO ZBH
WRERVWTHEBILLEYS,

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

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

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

Prepare a Hamiltonian #°(8)
with parameters

}

Gak:ulaba an objective function L(8)
P g desired physical properties

‘

Calculate the derivatives am)fan Repeat until
by using automatic diff i
Update to minimize L(8) /
by using dL(8)/d8
Obtain the Hamiltonian  (Bup)

satisfying the desired physical properties

BEMSZRV R 7T ALn7a—F v— b,

Flowchart of the inverse design algorithm by using automatic differentiation.
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Functional Materials Group
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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—TEFE HEE—
Leader INOUE, Keiichi

ISSP Digest 2024
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HiZE T —< Research Subjects

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

B EAL—F—F NS R BV a— ) VAT LOK LS
il

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

T I O el R B 0D i 0 2 o L A — 28 B & R T R
S
High-efficiency energy conversion and detailed-balance-limit physics in
advanced space solar cells

FOCRHUERAE, R2OVAEFOE, m R T vy - IV
Luminescence measurement standards, firefly bioluminescence,
rhodopsin Raman spectroscopy

B W HRE

Research Associate
KOBAYASHI, Masataka

iR b =X
Professor AKIYAMA, Hidefumi

FI Course
B REY
[Phys., Sci.|

AR TS REOYEE, R L — — 0 KU
DT INA ZYIHL, R ZOVEYFN R 8%, L—Y = - B
PO « YE2EFH AT P ARRS SRR « PN 72 iV C
WL T3,

MR L — TR U T, MBI SR il 2 REIRF T 724 b
Z. MR IEEHIRAEZ AR A Uy 7 o L MR SV AR R
PR T B9, FHHTFH O e KR 8 M D 48 RS 2 F3X
Zsh R IR P BRI B S 2 00195, i B s R R
MO B 122N 7 e AR ek T IE LR 2 AR,
A L — B, SR, PR OWIIE R &R IR
BN 5175 T B,

JFRER L LT, MOt mRR R % Hifr, #o
SHR RIS 2 el F/ WES B I I F S B
i, BEMOER M EE I DA Z BT L TV B, T OF;
IS Uy R ZVEMIR R AR i . At A 2g
HIER OISR R 2L & JLF TR LTV B,

100 FHA T B2 FMIRHFEEL — Y — (ab) LRZIVIVY T T5—E (o) DIEE

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

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

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

Pico- and femto-second pulse generation directly from gain-switched
semiconductor lasers is studied intensively to understand the pulse
dynamics and the shortest-pulse limit. High-quality I1I-V-semiconductor
space solar cells and their internal loss rates and mechanisms are
also studied. We make the world thinnest and cleanest quantum-wire
semiconductor lasers that have superior laser performances such as
low threshold currents. Experimental findings and problems provide
us fruitful physics subjects related to 1D physics, many-body physics,
lasers, solar cells, crystal growth, material science, and semiconductor
device physics and engineering.

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

FiZE T —< Research Subjects

WZAMER V801 R TS Y D5 THEREA 71 = X L O
RERRAT 35 K U o ease
Functional and spectroscopic studies on the mechanism of molecular
function of photoreceptive membrane proteins, rhodopsins

Jeli N ERHIRE D AR FRFZEANDISH
Application of advanced spectroscopy for biomolecular study
7 I T — R b LIC LT B A R B 8 R
Exploration of novel photoreceptive proteins using genome big data
R T & SRR A B R 72 T 72 AR ) T ORSREIRIE K 10
& & ZAUCE & D < HRIBEARRIE ) T HHFE
Identification of functional determinant factors of biomolecules and

the development of novel functional molecules using machine learning
methods and experimental automation

A 2
B#E xH =

Research Associate
NAGATA, Takashi

BEBE M EE

Project Research Associate
KATO, Yoshitaka

HHE HE -

Associate Professor INOUE, Keiichi

FIX Courses
EYRF QHEEMER

Z L DEMITR 2, BEOEBFEHO DI %)V
F—ER, NAROEREIZL RN T % 7= DERE L LTH
M9 %, ZLTZDEZICHLNREEZRIZTOMN, 24k
BNZREINTEATH 5,

AWHETIE, TNEZRRRNZRZ 37 BOREEFREH
AN R LEFE N SEMCT BT E2HE L, L—Y—
IR 0 i o3 TR IR B 3 F s E2 B U T sk IEMER
THBNZHR IS8T AN F O ERICTE IR 2 51X B 5%
EiToTW0b, EHICESEIEERSS, BLENTE e
HBEDEZCT LT, BT 7L SR - AL
KBRS ZEENGERZHIEL TV, XChS0HIA
ZE LI, MEEEEER EDISHZ HEEE UTBRETE LA T
DFIFEICE WO ML —J5 T EHEDT /) LR OFERICIE S
Cw 77— 2xE LI, Hiatia U EYHINES E EUCEE D
2 7 FREOBRERMZT BN 78 0 O NS 250 FL Bk ik D B 7
EITo TV,

Cation Anlon
H*pump  Na* pump  CI” pump eh i el

R
B iy o) D S
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Animal
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gl & AL
v 000 o0
m.)" P ¢ ¢ o

SRGHERREROMENO N 7YY (b)) czorEay N\ vERER (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 developments of machine learning technology and experiment
automation methods are being conducted with big data accompanying
the development of genome analysis in recent years.
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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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Nonequilibrium states in quantum many-body systems

B “ERBIS, BRI OB O RGOS
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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.
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Application of Floquet engineering to optogenetics and control of cell signalling.
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Simulation of solid-liquid interfaces and fuel cell application
B mEhokE - I 24 v oRIRE
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First-principles simulation of superconductors
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Nonequilibrium study of fuel cell process. We are simulating the process where a proton
accepts an electron from the electrode to proceed subsequent reaction.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/sugino_group.html
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First-principles calculations based on Density Functional Theory
(DFT) have considerably improved the accuracy of predictions and the
ability to predict materials with help of machine learning. In this lab,
first-principles calculations are used to study material functionalities
related to energy conversion and superconductivity. For example, to
find optimal catalysts for water electrolysis and fuel cell reactions, we
perform extensive Monte Carlo sampling of the surface structures of
candidate materials such as ZrO; and TiO> to predict reaction pathways
and activation energies. In parallel, we are conducting a non-equilibrium
kinetics study to elucidate the quantum theory of the electrocatalytic
reduction process. Key to this study is the accurate first-principles
prediction of the electron-lattice interactions, and we are also working
on the construction of a non-perturbative method for this purpose. A
typical application of electron-lattice interaction calculations is the study
of BCS-type superconductivity, where we investigate materials with
complex structures and the relationship between structure, magnetism
and superconducting transition temperature.

F=TENRIIWNIAZTEOKDYZaL—Y 3y, B—REHBELEHES
D FEDRICKY REEY I 2 L—Y 3 VD AREICE o Te,
Simulation of liquid water interfaced with a doped zirconia surface. The first-principles

calculation was extended to long-term simulation owing to the machine learning tech-
nique.




M 61: % % Hayashi Group

FiZE T —< Research Subjects

Y PSS = o — 1 > N OBIEREE DO HO B EHBIE
Fluorescence observation of axonal transport in iPS cell derived neuron
FIATV VIR BE— 2= BT AF R Y DIEH
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
LA R ZR AN S B > ) 7 RIS OB E TV
HER

Theoretical modeling of synapse formation related to axonal transport

IR M AxRTF
Professor HAYASHI, Kumiko

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

Betk, HMEE, AV hu= 2y g & QBRI 1 7
G LIWMRtillzz o ¢ < Ak, FricHildz g L Lz
PotEEt & TN B R D A J1 = X L 72 PRfif S 2 T HICHET
BB, EETVB, DEDIBOSZXNVF—EANDHON
T TRV F—IHE D D 2 Ml MR P IEREEIC H D |
Meat I EERIDRE T B 728, REVITERHIDHE L vg &
SA%,

AW T HOCIAMEBIS 2 N — A A BRSO L
Ty 1 B T3VF 75 OV Z ERgICEHIId 54
2T %, BEMBER & D= RED 120 T/ < JEFHHE
R BEARIEIBI R E2BMEL T2y 7 FDUGEZ T
I, WEEZTICHRNBRSOMRE T V2L, MiaN
PGz e UCERMNICHRY 2, st E0mso
BIRICBOLT, RANOEBZ HE 9.

Fluorescence label

RN OMERR, E—2—2Y\VE (BTEX  F3x2 2, BITHE
BAZY) 1KLL TV T TADMBDEEE NS,

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

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

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

In our lab, we develop techniques to precisely measure physical
quantities such as force, velocity and energy for proteins and organelle
inside cells, based on fluorescence microscopy. We think development
of analytical methods (software) using non-equilibrium statistical
physics, information science and mathematics is significant as well as
development of microscopes (hardware). We also aim to under