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|:||:|| Director’s Message

The Institute for Solid State Physics (ISSP) was established in
1957 as a joint-usage/research institute attached to the University of
Tokyo. In every era, with the support of the science community, we

aim to lead the frontier of condensed matter physics and materials

science and contribute to science and technology from the view of
basic research. We have promoted activities focused on research,
education, and joint-usage/research.

In the first 23 years (Phase I: 1957-1979), ISSP established 20
departments (22 later) in the fields of physics, chemistry, and
engineering. We constructed advanced facilities and contributed to FﬁE Director

the improvement of condensed matter science in our country. In b %}J%
the next 16 years (Phase II: 1980-1995), in view of “concentration” M

and “mobility” of research in condensed matter science, large-scale MORI, Hatsumi

facilities and advanced equipment for extreme conditions in the areas of ultrahigh magnetic fields, high power lasers,
surface science, ultra-low temperatures, and very high pressures were constructed and shared with the community
through joint-usage/research. In the third era (Phase I11:1996 - present), ISSP moved to the Kashiwa campus in 2000,
which provides an opportunity for us to expand and to develop new research activities pursuing new frontiers and
becoming an international center of excellence in condensed matter physics and materials science.

The condensed matter physics and materials science studies have three axes: (1) "Materials and System" axis (2)
"Measurements and Control" axis, and (3) "Theory, Computation, and Data" axis. These three axes interact in what
we call a MMT cycle to promote a upward spiral. This institute is organized around 40 laboratories with small-,
and medium-to-large-scale equipment and facilities. The labs were originally divided between three divisions for
condensed matter science, condensed matter theory, and nanoscale science. More recently, we have added three
facilities and two centers: the material design and characterization lab., the neutron science lab., the international
MegaGauss science lab., the center of computational materials science, and the laser and synchrotron research center
(LASOR). All labs work together to maintain the MMT cycle.

In 2016, two new interdisciplinary groups, the Quantum Materials Group and the Functional Materials Group, were
formed to cultivate new frontiers beyond the framework of traditional disciplines. In the quantum materials group, we
aim to discover new quantum phenomena and new concepts with novel materials by developing research of strongly
correlated electron systems. The functional materials group is targeting complicated and hierarchical materials and
systems such as soft matter, including biological materials and energy systems where dynamics and excited states of
matter are studied. Several young professors were appointed to each group in 2018 and 2020 to challenge the interdis-
ciplinary sciences in these transverse groups.

In 2019, we established the “Division of Data-Integrated Materials Science” in Social Cooperation Research Department,
in which basic science research is conducted from a new perspective through industry-university collaboration research.
We continue to lead the frontiers of condensed matter physics and materials science in the ISSP spirit and are devoted

to developing as a global center of excellence. We appreciate your continuous support and cooperation in our activities.

September, 2020
Hatsumi MORI
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ISSP Main Building at Roppongi Campus (1963)
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The Institute for Solid State Physics (ISSP) of the Univer-
sity of Tokyo was established on April 1 in 1957 as a joint
research laboratory based upon the recommendation of
the Science Council of Japan and the concurrence between
the Ministry of Education, Science and Culture and the
Science and Technology Agency in order to carry on basic
research in condensed matter physics. Within the first 15 to
20 years, ISSP had achieved its original mission, that is to
serve as the central laboratory of materials science in Japan
equipped with state-of-art facilities that were open for all
domestic researches in order to bring the research in Japan
up to par with the international level.

The next goal was set to develop advanced experimental
techniques that were difficult to achieve in most university
laboratories. The reorganization of ISSP into the "second
generation" took place in 1980. Division of Physics in
Extreme Conditions included groups in the areas of ultra-
high magnetic field, laser physics, surface science, ultra-
low temperature and very high pressure. It aimed to create
extreme conditions and to explore new phenomena.
Neutron Scattering Laboratory was constructed in Tokai
in collaboration with the Japan Atomic Energy Agency. Its
capability was significantly improved during 1990 - 1992 due
to renovation of the research reactor. Synchrotron Radia-
tion Laboratory operated the SOR-RING in the Tanashi
Campus of the University of Tokyo and maintained beam
lines in the Photon Factory at the High Energy Accelerator
Research Organization (KEK) in Tsukuba. Besides activities
using such big facilities, the Condensed Matter Division and
the Theory Division maintained small groups motivated
by individual interests and ideas. Among these groups was
formed Materials Development Division in 1989 aiming at
exploring new materials and their novel properties.

16 years after the reorganization, another major
reorganization of ISSP into the "third generation" took
place in 1996, in order to pursue new frontiers beyond
the traditional disciplines and become an international
center of materials science. One example is to explore new
phenomena in combined environments of various extreme
conditions, since individual technologies for high magnetic
field, low temperature and high pressure had reached
certain maturity during the "second generation”. Another
example is the study of artificially designed materials
such as thin films, materials fabricated on surfaces and

mesoscopic systems with nanoscale structure. Focused

5

efforts are also planned on synthesis and characterization of
new materials with the aid of computational physics, which
allows us to design and predict properties of new materials.
In order to reflect these developments, former research
divisions were reorganized into five research divisions (New
Materials Science, Condensed Matter Theory, Frontier
Areas, Physics in Extreme Conditions, and Advanced
Spectroscopy) and three research facilities (Synchrotron
Radiation, Neutron Scattering, and Materials Design and
Characterization Laboratories). In addition, a visiting staff
division as well as two foreign visiting professor positions
were created.

ISSP was relocated to the new campus in Kashiwa of
the University of Tokyo in March 2000 after the 43 years
of activities at the Roppongi campus in downtown Tokyo.
Here ISSP is aiming at creating new areas of science
in collaboration with other institutions in Kashiwa. In
2003, Neutron Scattering Laboratory was reorganized
to Neutron Science Laboratory. The University of Tokyo
was transformed into a national university corporation in
2004 and thus ISSP is expected to play new roles as a joint
research Laboratory in the university corporation. In the
same year, Division of Frontier Areas Research changed its
name to Division of Nanoscale Science. In 2006, the ISSP
established International MegaGauss Science Laboratory
and started serving as an international center of physics
in high magnetic fields. In 2011, Center of Computa-
tional Materials Science was established in the ISSP, for
promoting materials science with advanced supercom-
puters. Regarding Synchrotron Radiation Laboratory, after
the closing of the SOR-RING in 1997, Harima branch
of Synchrotron Radiation Laboratory was established at
SPring-8 in 2009. Furthermore, Division of Advanced
Spectroscopy and Synchrotron Radiation Laboratory were
reorganized in 2012 into the newly established Laser and
Synchrotron Research Center. In 2016, Divisions of New
Materials Science and Physics in Extreme Conditions were
reorganized into Division of Condensed Matter Science,
and Functional Materials Group and Quantum Materials
Group were launched in order to widen the scope of
condensed matter science, as a new step forward in the
interdisciplinary research field. Division of Data-Integrated
Materials Science was established in 2019 as the first
Social Cooperation Research Department in ISSP with the

progress of collaborative Research with industry.

THE INSTITUTE FOR SOLID STATE PHYSICS 2020



HBfl 32 &

BB#1 33

HAf0 34

BB 35 &

BB 36 &

BB 40 £

BAf0 44 &

HAT0 47 &£

&7 50 &

BAf0 54 F

A 55 &

BAf0 57 &

R TTEE

5%

TR 7

1957

1958

1959

1960

1961

1965

1969

1972

1975

1979

1980

1982

1989

1993

1995

> > iE#¢/Chronology < x

SEFEM FARERT & L THER

Establishment of ISSP as a joint research laboratory
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Opening of Radio and Microwave Spectroscopy, Theory II, and Crystallography I divisions
A - LRI, B S IR

Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions

R, « RS 1 FRFIEER

Opening of Low Temperature and Magnetism I divisions

G - oy - AR EA - T - BRI TR R

Opening of Semiconductor, Molecular Physics, Lattice Imperfections, Plasticity, and Nuclear
Radiation divisions

fEAES 2 - BEERES 1 - WA - SRR s

Opening of Crystallography II, Theory I, Solid State Nucleus, Surface Properties, and Molecular
Science divisions

YrtEmtZert AT

Inauguration of ISSP
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Opening of Magnetism II, Solid Materials, High Pressure, and Theory III divisions. Total 20 divisions
FREARTRIT 2 SRR I A AR A

Solid Materials division was renamed as Inorganic Materials division

M R EIE /It R b Fi'd

Opening of Neutron Diffraction division

Wl AR (% A #Ee (22 ML % 3)

Opening of Solid State division (visiting staff), resulting in 22 divisions in total

OB B P TEDT e iR A B

Foundation of Synchrotron Radiation Laboratory

SR PE T 7ERER T

Ultra-Low-Temperature Laboratory building completed
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Reorganization of ISSP from 22 small divisions to five large divisions, Physics in Extreme
Conditions (including ultra-high magnetic field, laser physics, surface science, ultra-low
temperatures and very high pressure laboratory), Synchrotron Radiation, Neutron Diffraction,
Condensed Matter and Theory divisions and one Visiting Staff division

RS - FRER L — o — F2 iR T

Ultra-High Magnetic Field Laboratory and Laser Laboratory building completed
HEBAZEIRM (RFER 10 4F) 233, 6 KM e %%

Opening of Materials Development division
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The 1st ISSP International Symposium on "The Physics and Chemistry of Organic Superconductors'
- RELWF S MR D HTas

Foundation of Neutron Scattering Laboratory

IR SBREAL 235 M < 41 5

Evaluation of scientific achievements of ISSP by an international external committee
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Reorganization into five divisions; New Materials Science, Condensed Matter Theory, Frontier
Areas Research, Physics in Extreme Conditions and Advanced Spectroscopy divisions, and three
facilities; Synchrotron Radiation, Neutron Scattering and Materials Design and Characterization
Laboratories
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Construction of the new ISSP buildings in Kashiwa campus started
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Evaluation of activities of the U.S.-Japan cooperative program on neutron scattering by the
international review committee
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Relocation to Kashiwa campus started (completed in 2000)
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Opening of foreign visiting professorship
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Reorganization to Neutron Science Laboratory from Neutron Scattering Laboratory
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Evaluation of scientific activities of the Material Design and Characterization Laboratory by the
external committee
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The University of Tokyo was transformed into a national university corporation
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Division of Frontier Areas Research was renamed as Division of Nanoscale Science
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Evaluation of scientific achievements of ISSP by an international external committee
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Foundation of International MegaGauss Science Laboratory
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Celebration of 50th anniversary
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Authorization as a joint usage/research center
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Foundation of Center of Computational Materials Science
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Foundation of Laser and Synchrotron Research Center, as a reorganization of Division of
Advanced Spectroscopy and Synchrotron Radiation Laboratory
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Evaluation of activities of the U.S.-Japan cooperative program on neutron scattering by the
international review committee
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Evaluation of scientific achievements of ISSP by an international external committee
HERHARTZERRT & M EREE Y PEDF 2 iR DS BERi R P PR ZE AP~ S %
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Reorganization to Division of Condensed Matter Science from Divisions of New Materials
Science and Physics in Extreme Conditions, and foundation of Functional Materials Group and
Quantum Materials Group

T — & MRERIM RIS D Hrak

Foundation of Division of Data-Integrated Materials Science
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ISSP belongs to the University of Tokyo. At the same
time, its facilities are open to all domestic researchers
participating in joint research. In April 2010, ISSP was
duly granted the authorization as a joint usage/research
center. ISSP operational matters are discussed and
decided upon during faculty meetings participated by
professors and associate professors of ISSP. The ISSP
Advisory Committee is tasked with giving advice on
various aspects of administration in response to inquiries
from the director. In order to represent the interests of
outside users, the ISSP Advisory Committee is composed
of nearly equal numbers of ISSP affiliated members and
non-affiliated members. The Advisory Committee for
Joint Research (composed of both ISSP and non-ISSP
members), evaluates and approves research proposals and
offers opinions in response to inquiries from the director.

Currently ISSP consists of four Research Divisions, two
Research Groups, five Research Facilities. Among these,
Synchrotron Radiation Laboratory has a branch in the
SPring-8, Sayo, Hyogo, and the Neutron Science Labora-
tory maintains spectrometers installed at the research
reactor in the Japan Atomic Energy Agency, Tokai,
Ibaraki. Apart from the Research Divisions and Facilities,
supporting facilities, which include Cryogenic Service
Laboratory, Machine Shop, Radiation Safety Laboratory,
Library and International Liaison Office, provide services
to both in-house and outside users. Public Relations
Office offers various information, and Information
Technology Office handles and supports network-related
matters, and Counseling Services provide brief counseling
and referral services to students, faculty, and staff.

ISSP recruits all positions for professors, associate
professors, and research associates openly. ISSP's hiring
of professors and associate professors is decided in
a Faculty Meeting. Prior to the Faculty Meeting, the
Personnel Selection Council, (composed of approxi-
mately an equal number of members from inside and
outside of ISSP), reviews all candidates. ISSP's final hiring
decisions of research associates positions are also decided
in a Faculty Meeting. Prior to the Faculty Meeting,
the Personnel Selection Council makes recommenda-
tions after reviewing candidates provided by a selection
committee.
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Joint Research and International Collaboration

ZFEREZE EHE  Domestic Joint Research

2E ORI AP FRE IS 2 I EFH - AT
ZIET 2720, ROBIEI T SNT 5,

1. e —— Pt e o3 . ARPr
ZHALI-WE A, 2ofE2RET200HE T
H 5, Pl SINWEEHEFEZ D) ZREL TV 5,
2. BYIISEE —— K. BT R EDOW R AE 5
THECIEEICNL, RO KT ~DEED
2R 4T M TH 5, AFFTEDIREDL L, 37
Hz#E 2Ttz i7) RINEARE L, #ikdiiod
Bl ZHNE LT3 r HUL T OHEZAT 9 # I A0t
HED2HBEDHENDH 5,

3. UBEEHISE B —— P ot w2838 AT O W 45 R i i
IR ZEE Tl 0% T LB 2 EREL. Hb
FCARFTEF OO EH %2 Fe it 3 26 ¢, IR
6 7HZIRELELTVS,

ZDMh, YMEMA— S —ary Ea—F 27N, 4
vy =%tz e E O 7EE ORI ST
Vw3,

The facilities of ISSP are open to domestic
researchers, who are encouraged to submit joint
research proposals. In addition, ISSP provides opportu-
nities for young scientists including graduate students
to research on exchange at ISSP. ISSP supports travel
and research expenses for visitors.

The supercomputer system of ISSP is used via

internet by domestic researchers.
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LEFHEZE Bmifhiik  Kashiwa Guest House

R TR 27K EH I, HF v AN
DFEIAMERZAHTAZEBHKS, (7L 28 =,
VA v 25)

Visitors for joint research can stay in the guest house
on the Kashiwa campus (28 single and 2 twin rooms).

wiakse 4 ISSP Regular Workshop

PIEWEE RBRR VR E T —=IicDow T, 2~3H
FEERN LG HEZTHIRODHIETHZ, £2EDOY
PEWFSEE 26 DHFEICHED &, LFRFI MR EMZEE
KXo THIRPERIE SN S,
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FEIWEt 4 ISSP Regular Workshops

10

ISSP holds domestic workshops on specific subjects
of condensed matter science typically with a two to
three-day schedule and one hundred participants.
Proposals for workshops are submitted by researchers
over the country and selected by the Advisory

BS Committee for Joint Research.

En%ézerof 2 g

workshops ¥ b ot [6 ) FH I EE O BRI DT
AL EFI AR E TBRWADLEL LIV,

0 m¥. 34 AR (VM 15 S1E~) IRTL

5 TV T2 LD id, &R R
DRGSRV S W 7 E D E M B
SINTVET,
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[EIPE 223 International Activities

YIPEDTFERTIZ. PIPEFZEDEBERI LR & LTHEE
i ZHoTwS, EES YR TLRVERERY —2
Tay7abifgdaibic, WEMAERT OR#S 558
iz i L E R L ER I fTbhTw s, ¥
MWt ZERT DA ELAFT BRI, SCHRRH A P HAR S
R B 2 DS E AR REHIEE 2 &2 A L 72 EE b %
BAERE LT\ 5, 7o, WA 61 EDIRE, hg-acilic
B9 2 HAR R RO R MBI D B BRI LT 5,

ISSP plays an important role as an international center
of materials science. International symposiums and
workshops are organized by ISSP and the unique facilities
of ISSP have been used in many international collabora-
tions. Many foreign researchers have been spending their
early careers at ISSP supported by ISSP Visiting Professor-
ship and also various fellowship programs sponsored by
the Japan Society for Promotion of Science, the Ministry
of Education, Culture, Sports, Science and Technology,
and other agencies. ISSP has also been coordinating the
US-Japan cooperative research program on neutron
scattering since 1981.

7T —< O =R OSEH (SEN)
Title Date Participants (overseas)

Topological Phenomena in Novel Quantum Matter: Laboratory Realization of PGB

Relativistic Fermions and Spin Liquids 2016-2-29-3-4 90 (70)

International Workshop on Tensor Networks and Quantum Many-Body Problems CR.OT_T.

(TNQMP2016) 2016-6-27-7-15 125 (35)

The 17th International Conference on High Pressure in Semiconductor Physics | 5416.8.7.11 110 (37)

(HPSP-17) & Workshop on High-pressure Study on Superconducting (WHS)

Theory of Correlated Topological Materials (TCTM2017) 2017-2-6-3-3 96 (38)

Topological Phases and Functionality of Correlated Electron Systems (TPFC2017) 2017-2-20-22 159 (49)

Forefront of Molecular Dynamics at Surfaces and Interfaces: from a single molecule to 2017-11-20-23 196 (63)

catalytic reaction

The International Summer workShop 2018 on First-Principles Electronic Structure B

Calculations (1352018) coledied &7 120)

Megagauss Magnetic Field Generation and Related Topics 2018-9-25-29 108 (61)

Topological Phases and Functionality of Correlated Electron Systems 2019 2019-2-18-20 185 (13)

Spectroscopies in Novel Superconductors (SNS2019) 2019-6-16-21 208 (87)

Computational Approaches to Quantum Many-body Problems (CAQMP2019) 2019-7-16-8-8 105 (30)

New Perspective in Spin Conversion Science (NPSCS2020) 2020-2-3-4 99 (12)

11
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{{#fjﬁ/ Education

VR k. Ftab sz FHL, WikR
B L 72 KRR E IS Z2EVT WS, AT D
BEIZ, FESEIGL T KRB AR AR
SRR, AVEEI, TARMARM B TS B Hi
AR EHATT R E R B ROEMER T
JBLTWEH, INSHRERKDVE R 7 A R EFICT
DHE VYR AREF DERICZ ANT w5, Yk
WHERTCIE, BIEREPHELFEE DI DDHA YV R
ZhAfET 5 E EDIT, BEEARATHIBBRE L DA 20
RIT, REEEE I -V iR B E LT T
FYRAPA IV AX Y 7 ZFIREL TR 3,

ISSP contributes to the graduate education in materials
science using its unique facilities. The faculties partici-
pate in the following departments of the graduate school
of the University of Tokyo: Physics, Chemistry, Applied
Physics, Advanced Materials, and Complexity Science
and Engineering. However, students are encouraged to
develop their careers across the established disciplines.
Every year a guidance and guided tour are given to
those who are interested in graduate courses in ISSP.
In addition, the annual experiential learning program
“Science Camp at Kashiwa Campus” also offers an
opportunity for undergraduate students to gain a first-

hand experience in materials science research.

&132% Master Course H1+58# Doctor Course
20174 | 20184 | 20194 | 20204 | 20174 | 20184 | 20194 | 2020 4
YIRZEK  Physics 29 30 30 33 28 24 28 31
{EZEEI  Chemistry 6 3 3 4 2 4 5
YIETZEK  Appl. Phys. 8 6 10 3 3 7 11
YMIERER  Advanced Materials 41 39 39 41 24 18 17 15
EHIBT FHE Complexity Sci. and Eng. 2 3 3 1 0 0 2 2
& &t 86 84 81 89 55 47 58 64
WA FEORKRIKEBE % Number of graduate students
SRS EE/Publicati
s Mt al/Publications
YIERFZETCIE. R 300 MRATHE O A k% F &
LT3, 2019 %A 334 MomFus, Fiim 200
X 309\ ﬁ@%ﬁﬁﬂ% 23\ 2!: (ifcbizk@*g‘g) 2 &&OT 300
W3,
200
About 300 scientific issues are published through 100
annual activity in ISSP. The 334 articles published
in 2019 consist of 309 papers in refereed journals, 2014 2015 2016 2017 2018 2019

23 reviews, and 2 books.

MRS (T uy—T 1 v SR HEED)

Number of scientific papers (including proceedings and reviews)
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Q@ﬁ/ Budget

ARG AEEE (2019 fiscal year)

Y

[ (A) AHE  EBIZEELD

[1(B) Y&  KHRIZEELD

[1(C) zoftmBhE : XEHPE - BAFMIRER LD
[1 (D) k& : REFELD

[ (E) X% - HEWE R - t1EAFELD

L1 (F) BZMRE  XHHPE - BAAMRERLD

(A) Regular Budget (Personnel) from Ministry of Education, Culture, Sports, Science and Technology

(B) Regular Budget (Non-Personnel) from Ministry of Education, Culture, Sports, Science and Technology

(C) Other Subsidies from the Govermment

(D) Grant-in-Aid from Private Corporations

(E) Grant-in-Aid from Governmental Agencies and Private Corporations

(F) Grant-in-Aid from Ministry of Education, Culture, Sports, Science and Technology, and Japan Society
for the Promotion of Science

(A) (B) (®) (D) (E) (F) &
A& Y& ZDftiEBE ke SZEERAR HFMRE Total
- HEFAFT
SHTEE (2019) | 1,450,850 1,504,617 22773 70,785 1,180,625 533,740 4,763,390
FR30EE(2018) | 1,541,577 1,733,833 22,620 46,268 503,425 521,490 4,369,213
FH29EE(2017) | 1,124,758 1,663,282 20,030 18,808 714,259 424,530 3,965,667
FHi284EE(2016) | 1,315,153 1,669,627 99,138 32,134 668,752 535,153 4,319,957
FR27TEE(2015) | 1,657,078 1,680,722 466,267 17,829 500,211 464,165 4,786.272
FH265E£(2014) | 1,700,581 1,749,421 964,107 28,071 435,229 585,279 5,462,688
FHEEOHER Budget in recent years (Hifz : FF1)  (Unit: Thousand Yen)

\

2uii%k 1% /Staff Members

A 244 H1H BIE / As of April 1, 2020

BI% FHEBUR AR | FHDEREE | B K HEBH | HEARE | RITREE | SBREBE =)
Professors Project Associate Project Research Project Project Technical | Administrative Total
Professors Professors Associate Associates Research Researchers Staff Staff

Professors Associates
22 1 16 1 39 7 48 57 60 251
13
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Division of Condensed Matter Science

RSk, GEEER, 777200 b
rayhnifiigikne, THWE) OXRBYE
FHro# LRz Y0 #o 7l s gy
v, FLHEEPEFRA-LVRREDEL DT
WenBRY, WEHRE KR, ST, ks
Ewvo7 THRRBRE ) ICESZ Ik DRI NT
E 7, BEMRYIVERIZETT TR, OB - A BEAS
PR EYE R EOH L OEREZ AL, %
DY) % R R BREE C o i B 7 SRR B A 2 VT
HETZZEICED, FILOWEBICOLE Y
MHREZHRUBHT 22 E2HEEL LTV S,

WAL T 2%, HlRAREOL L
I, FIE R AR R O L BRPRBREE T o
TR BLR, BGHE, WMEml, MR ILERE
DREEYIERE 2T > T 03, BBREEBRLY.
HOWETR, AREEE, HEWE, pRay
ANYE R ED SR WE 2RI, BB,
FRaY— St T FHHELRERHELT
BN 2% L BROBHICH) ATV 5,

B B I = B %

Professor TAKIGAWA, Masashi Research Associate

B B R RER B %

Professor SAKAKIBARA, Toshiro Research Associate

£ F IR B %

Professor MORI, Hatsumi Research Associate

* 3

g fit M BB

Project Professor NAKATSUJI, Satoru Project Research Associate

N *2

AR kHE #A FHEBIH

Associate Professor OSADA, Toshihito Project Research Associate

s =, g5 *2

HEHER Wr =® FHEBNH

Associate Professor YAMASHITA, Minoru Project Research Associate
B F
Research Assistant
RifrEFIg

Technical Associate

" me R HRNYEL SRS L OB TYERRS L — 7 & .

TOMITA, Takahiro
B ki

HIGO, Tomoya

Ml FEF

MURAYAMA, Chizuko

Discoveries of new materials, for example, high
temperature superconductors, organic conductors,
graphene, and topological insulators, have often
opened new horizons in materials science. Applica-
tion of extreme conditions of low temperature, high
pressure, and high magnetic field has 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 search, synthesis and
characterization of new materials.

Each group in this division pursuits its own
research on synthesis of new materials and high
quality samples, and precise measurements of trans-
port, thermal, magnetic properties including nuclear
magnetic resonance. Their main subject is to elucidate
varied phenomena which emerge as a concerted result
of strong electron correlation, topology, multipole,
and molecular degrees of freedom, in transition metal
oxides, heavy electron systems, organic conductors,

atomic layer materials, and topological materials.

Hig ®X HEMERE FRTVTA TITAN ATHIAY
TAEN, Toshihiro Project Researcher KISWANDHI, Andhika Oxalion
BT BT BEHRE EBE E

FUJINO, Tomoko Project Researcher SATO, Mitsuyuki

RKE £ BERRE? N\v¥IY VrA
TAKEDA, Hikaru Project Researcher HANSHEN, Tsai

HE B’ BEWERE™ Ty YU

DEKURA, Shun Project Researcher FENG, Zili

EH RiA BEFRE™ L4 X317 I7—

Project Researcher RAY, Mayukh Kumar

WHE A

UCHIDA, Kazuhito

/ concurrent with Physics Department, Graduate School of Science and Quantum Materials Group
*2 B, AEIEBFYWEMESIL—7, / concurrent with Quantum Materials Group
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Division of Condensed Matter Science

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

e )1 k78 %2

Takigawa Group
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BE 60K, #%5 6.6 TR ZICHITBHLIIRILEY PrTizAlao FOZILI =D L (Al
RFEDNMR AT Ml 7ZEAITL (Pr) 74V IEFEKYE 2 BETEOHERS
EERE ’iﬁ% EECRUBFRFEZRT . PrAAYEADTRICWOBELT7ILI
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NMR spectra of Al nuclei in PrTirAloH at the temperature of 60K and the
magnetic field of 6.6 tesla. The Pr ions with a non-magnetic doublet ground
state in the crystal electric field undergo ferro-quadrupole order at low tem-
peratures. There are three Al sites forming a cage surrounding Pr ions, each
of which splits into inequivalent sites under magnetic fields along <111> or
<100>. Each Al site generates five quadrupole split NMR lines, resulting in a
complicated NMR spectrum.

1. 8RJT. 72AKL—b - REVRDT A F U XA EEFHER
Dynamics and quantum phase transitions in low dimensional or frustrated spin systems

2. BRZBEER
Exotic superconductors

3. BEEBETFRICE T IER - L& - SMFORFEESE

i

=
TAKIGAWA, Masashi
Bz

Professor

I

We use nuclear magnetic resonance (NMR) as the major
experimental tool to investigate exotic phenomena caused by
strong electronic correlation in solids. A remarkable feature of
strongly correlated electron systems is the competition among
various kinds of ordering such as superconductivity, ferro-
or antiferromagnetism, charge and orbital order. Quantum
phase transitions between these ground states can be caused
by changing the external parameters such as magnetic field or
pressure. Nuclei have their own magnetic dipole and electric
quadrupole moments, which couple to the magnetic field or
electric field gradient produced by surrounding electrons. This
makes NMR a powerful local probe for microscopic investiga-
tion of the exotic order and fluctuations of multiple degrees
of freedom of electrons, i.e., spin, charge and orbital. We use
various NMR spectrometers in different environment (low
temperature, high magnetic field and high pressures) to inves-
tigate transition metal compounds, rare earth compounds, and
organic solids.

T | — — T T
11> BEOHST. 2K LT mene AL
DIERICENT, BOUBFHEF ~H=1.006217 1.55K1
DI NMR #£IBIRADPRT [ 3a _ 1.90 K
5. Bic3a YA h0BOES T [ e \fk/LAAW
ZEFARCHE > TH Do s —"'——-—"'—‘J\msz
The NMR lines split below =, 2.22 K
2K under the magnetic field 2 A A A
along <111> due to ferro- % 2.30K
quadrupole order. The signals & AAJL.Z 40 K
from the 3a sites are indi- A A
cated by the red box. L 2.99 K]
1 1 1 1 14'2 K
109 11.0 11.1 11.2 11.3 114 11.5

Frequency [MHz]

NMR HIB#RD DR 5 BREEE D

MORIMEN L= -2 ITRED, I

BFOBKFE/NTA—IHRESN

feo

The splitting of NMR lines

| uniquely determines the symme-
try of the charge density distribu-
tion and the order parameter.

“_mirror

Ordering and fluctuations of charge, orbital, and multipoles in strongly correlated electron systems

4. ACVHEREBFRICBIT DT LRHKE
Novel orders in spin-orbit coupled electron systems
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Division of Condensed Matter Science

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

b Jt Wk 7€ =

Sakakibara Group
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Field-angular dependences of the specific heat of a spin triplet superconduc-
tor UTe; in magnetic fields rotated in the ac plane. The local minimum of
the specific heat at 0=90°as well as the shoulder structure at intermediate
field angle (arrows) can be explained by assuming a point node along the
a axis. These results provide evidence for a non-unitary triplet pairing in
UTe;.

1. EVWEFH LAY ORIE & BnE

Magnetism and superconductivity in heavy electron systems

2. fEFLAYOLETEHEICHEY 2HFLESE

Multipole orderings and fluctuations in f electron systems

3. 77 AL — MNEHEEOBLETE

Magnetization of geometrically frustrated magnets
4. EFAECYROEKIKRRE

Ground state properties of quantum spin systems

7S
}‘;' }
R B

SAKAKIBARA, Toshiro
26y

Professor

Magnetic phenomena in condensed matter can be observed
at a wide range of temperatures. In heavy fermions and certain
other systems, interesting magnetic behavior often occurs at
low temperatures much below 1 K. Because of difficulty in
making magnetic measurements at such low temperatures, little
work has been done to date. Our interest is to research those
magnetic materials having low characteristic temperatures,
such as f-electron compounds, heavy fermions, quantum spin
systems, and geometrically frustrated spin systems. To study
these systems, we also develop necessary equipment. Equipment
we have successfully developed includes: high sensitivity magne-
tometers which are operable even at extremely low temperatures
down to the lowest of 30 mK, and equipment to perform angle-
resolved specific heat measurements in a rotating magnetic field.
The latter is an effective tool for investigating the nodal struc-
tures of anisotropic superconductors.

UTez DBREF v v TOBEK. a ARICIRA >~/ —RERD,

Schematic view of the gap structure of UTe; with a point node
along the a axis.
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Division of Condensed Matter Science
https://www.issp.u-tokyo.ac.jp/maincontents/organization/

labs/mori_group.html

Mori Group
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RELFREZZT 0D
ZMJ? EAQEN V\HKQEEP;’E%)’) YTERIEBEEL, Zh
DEFDEMEL DT HEYE - S ATHICBWT, 0 FH
Ef@ﬂﬂ/l‘i& SO EERIC X AHESHBEL 7.
FRR e Bemet: (BT - e b AREME, Witk BB, 2

DB X505, BRI 7V PR RE)
D EIT->T1 5,
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HEM (BB 29KEL, BErodsrt (B8 &
Bt (k) 2358683528, 3) TP IEFICES»
TOBRBEE XCMGIDEENIREL, B, BRICLB
R B2 R CRFR ISR A BT 2 L 8B IF o %,
HBION—=7Tlk, HILOEARBEEFELCEY M
k-ET2Cu(NCS)2 B HTFRFFH p-(meso-DMBEDT-TTF)2PFg
(K1) #FRAL., WHEMEEZITo%, IOICHEETIE, K
FGa7a by HEEEDENIHE LT, (S Lk
DY B2 WL 2R THA R EEE (K2) ZHFEL,
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MORI, Hatsumi FUJINO, Tomoko DEKURA, Shun

26 EUEY FHEBDER

Professor Research Associate Project Research Associate

Development of “materials science” is started from discoveries
of novel materials with new concepts.

The development of novel functionalities (electron and proton
conductivities, magnetism, dielectrics, responses by external
stimuli such as pressure and electric field, and field effect transistor)
has been aimed based upon molecular materials and systems
with utilizing intra- and inter-molecular degrees of freedom.

The attractive points of molecular materials are 1) that a
variety of intra- and inter-molecular degrees of freedoms are
designable and controllable, 2) that large Coulomb interactions
(electron correlation) reflect the magnetism (electron particle) as
well as conductivity (electron wave) in molecular materials, and
3) that large responses by external stimuli are observable due to
softness of molecules and strong electron-phonon coupling.

In Mori group, novel Mott-type organic superconductor
k-ET2Cu(NCS); and charge-ordered-type one B-(meso-
DMBEDT-TTF),PFs have been developed and characterized
(Fig. 1). Moreover, novel electron-proton coupled purely organic
conductors, where conductivity and magnetism switching due
to coupled deuteron and electron transfers, have been developed
and characterized (Fig. 2).

(i) (i) 10 s Sax10° : .
o\ CO<IY| L i
1 S £ 7~ \_f"'\-\. T el
10 \ meso-DMBEDT-TTF Qo o.,. e g n
PR (a) 1bar g - 2
= i (b) 2.1 kbar S ; ooen,
E (@} (c) 3.1 kbar g 1 KR “SP% N
£ 10" 1 (d) 4.0 kbar 3 ° eesey
3 E ? o BEKHEE
Z g s
£10° I l 3
2 5
2 . 6x10° 3 < 0 |
X 1. wﬁ%ﬁﬁ%tﬁﬁ%i (i) Ev M K-ET2Cu(NCS)2 & 10 §sp 0 100 200 300
DS & (i) BHHKFE B -(meso-DMBEDT- \ Eat \ T ture (K)
TTF)2PFs DESIEHN D E KT, 10" |- S 3 emperature
4.3K S WE \
Fig.1. Novel organic superconductors: (i)single E 2 XZ(?at ED?T?'I?)( i(; H7DD) (I\;:J\EQ iz%dg?fg%;; “
crystals of Mott-type xET2Cu(NCS); and .(uﬁ 10° |- D 1 DR TIEEIES & ORI D &b 3,
electrical resistivities under pressures for charge &0 e
ordered-type p-(meso-DMBEDT-TTE),PFs, . | 0 6 8 10 Elg.Z. Switching behavior of electrual"re51§t1\r‘1ty and magne-
10 o 100 200 300 LSM due to large deuteron isotope effect in proton-electron

Temperature (K)

correlated purely organic conductors k-X3(Cat-EDT-TTF)
(X=H,D).

1. 2FOBEREZENUVICHRER (B) B4EL070 NV EEEDFHE & BREIERE
Development and studies of structural and physical properties for novel organic (super)conductors and proton

conductors based upon molecular degree of freedom

2. BfERTEFNTO N VBB EBE U CERGEE. SEEA

FEADFRF RN

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

3. A FEMEONG (% B, BE. £H) BEOHE

Studies of responses by external stimuli (magnetic and electric fields, temperature, pressure) for molecular materials

4. BREADRN SV IRY DMK
Study of organic field effect transistor
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Division of Condensed Matter Science

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/osada_group.html
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Osada Group
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(a) Band dispersion of the t-type organic conductor with a finite
width and a gap due to the spin-orbit coupling. There appear the
spin-polarized helical edge states along edges, so that the system
is a topological insulator. (b) Energy levels of the T-type organic
conductor with a finite spin-orbit coupling under magnetic fields
(Hofstadter butterfly). Although no Zeeman effect is considered,
we can see additional spin splitting with the orbital origin. The
energy gap at zero field corresponds to the gap of each spin sub-
band with the Chern number of +1.
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OSADA, Toshihito TAEN, Toshihiro
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Associate Professor Research Associate

Osada group aims to search, elucidate, and control novel
electronic states, quantum transport phenomena, and topolog-
T ical phenomena in low-dimensional/atomic layer materials,
topological materials, and artificial nanostructures, by experi-
ments on quantum transport phenomena under high magnetic
field, low temperature, and high pressure environments. Main
experimental tools include device fabrication of atomic layers,
their complex stacks, and artificial nanostructures using
advanced microfabrication/evaluation equipment, precision
measurement of double-axial magnetic field angle dependence,
high magnetic field measurement with 40T-class miniature
pulse magnet. Recently, we have focused on quantum transport
in twisted bilayer graphene and black phosphorus ultrathin
films, topological electronic states and transport phenomena in
organic conductors such as a-(BEDT-TTF),I3, and magnetic
field-induced electronic phase transition in ultrathin graphite.
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Application example of the method for studying the anisotropy of the band structure
by the interlayer magnetoresistance. (a) In-plane magnetic field orientation dependence
of interlayer magnetoresistance of an layered organic conductor a-(BEDT-TTF)l3.
Measured from weak charge-ordered state to two-dimensional Dirac semimetal state
under different pressure. A local minimum of resistance occurs in the magnetic field
orientation perpendicular to the principal axis of the tilted Dirac cone. (b) Arrangement
of experiments. (c) Schematic diagram of the band structure of a-(BEDT-TTF),I3 with
a tilted Dirac cone and a van Hove singularity (saddle point). The anisotropy of Dirac
cone where the Fermi level is located can be measured at low temperatures, and the
anisotropy of the van Hove singularity with high density of states at high temperatures
due to thermally excited carriers.

Topological properties of an organic Dirac semimetal

2. RFEMBER L7 7 VT T—ILABEBROBEFEEL ETFIE
Electronic structure and quantum transport in atomic layers and their van der Waals stacks

3. BRE ROYAINYEDOEFERR

Quantum transport phenomena in layered topological materials

4. BRPEOBERERSCEEERIE—L VX

Interlayer coherence and angle-dependent magnetotransport in layered conductors

5. BRY S 7 71 b OWSFRLEFIREE

Magnetic-field-induced electronic phase transitions in thin-film graphite
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The ultralow tempera-
ture cryostat at ISSP.
Nuclear demagnetiza-
tion cooling enables
experiments down to 1
mK under a magnetic
field up to 10 T. The
lower left picture is an
enlargedview of the
experimental space.
The lower right picture
shows a cantilever cell
for torque measure-
ments.

1. BERICKT2BEREFROME

T HE 2
YAMASHITA, Minoru ~ TAKEDA, Hikaru
IR UES

Associate Professor Research Associate

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 using NMR

measurements.
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Cd AXRZ U A MATHEASNIHR—IVRERK Ky OREKREFNE. RERFEE
K<BTVBED, HB L DHBMEERORESICHIEL TRy DREZHEDD
ZEDDM oI BARIIERE Y 7 v TORAK,

The temperature dependence of the thermal Hall conductivity xx, of Cd
kapellasite samples. Although the temperature dependence of all samples
are similar, the magnitude of «y, is found to depend on the magnitude of
the longitudinal thermal conductivity. The inset shows the setup of the mea-
surements.

Study of strongly correlated-electron systems at ultralow temperatures

2. WERERICHR T 2 IR EMEDOHN—ILZIR

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

3. NMR Z AW B FHF DR
Multipole orders studied by NMR measurements
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Professor TSUNETSUGU, Hirokazu Research Associate
_

B g wIIER B %

Professor OSHIKAWA, Masaki Research Associate
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BB 2H & B %

Professor SUGINO, Osamu Research Associate
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B g MRS g%

Professor OKA, Takashi Research Associate
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B pill[: I e B %

Associate Professor KATO, Takeo Research Associate

This Division conducts vigorous theoretical
research from a microscopic point of view at the
forefront of contemporary condensed matter physics,
statistical physics, and materials science, also in
collaboration of experimental groups. Its goals include
theoretical elucidations of experimental results,
developments of new concepts describing collective
behavior of interacting systems, useful theoretical
modeling of materials, and predictions of novel
interesting phenomena. The topics in recent research
span diverse areas as quantum phase transitions and
critical phenomena in quantum spin systems and
strongly correlated electron systems, heavy-fermion
physics, superconductivity in various materials,
frustrated systems, dynamic processes and catalysis at
surfaces, and quantum transport and interactions in
mesoscopic conductors. A wide variety of methods,
including modern approaches based on mathematical
concepts such as topology, quantum field theory, and
large-scale state-of-the-art computational approaches
such as quantum Monte Carlo simulations and
ab-initio calculation of electronic structures based on
the density functional theory, are utilized to inves-
tigate these problems. As a whole, this Division and
related theory groups cover a wide range of topics
and approaches in the cutting-edge condensed matter
theory.

HwHE O EE BIEES A Am
IKEDA, Tatsuhiko Project Researcher  TAMAYA, Tomohiro
B ED BEMRE™  SAE R
FUJII, Tatsuya Project Researcher  KAWATSU, Tsutomu
e =2

SAKANO, Rui

ZH B

TADA, Yasuhiro

&L H

HARUYAMA, Jun

1 BRpgRTE, AEISBFWEWES L—F. / concurrent with Quantum Materials Group
2 sk, ATSIRISASMRTR S )L— 7, / concurrent with Functional Materials Group
*3 ErpsE. AT EYERSEHE LYY —, / concurrent with Center of Computational Materials Science
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1. dEBF. fEF AL CBAREFROEFTRE L RANEGRE

e
BR BR— HWH EE
TSUNETSUGU, Hirokazu IKEDA, Tatsuhiko
% EUE

Professor Research Associate

Strongly correlated electron systems, particularly compounds
including d- or f-orbital electrons, are the main subjects of our
research. In these systems where electron-electron interactions
are very strong, a variety of interesting phenomena emerge at
low temperatures, and various magnetic orders, unconventional
superconductivity and density waves are typical cases.

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.
In these systems, many soft modes of fluctuations are coupled,
and this affects the nature of quantum phase transitions, as
well as electronic states and dynamical properties including
transport phenomena. One of our recent achievements is about
non-equilibrium dynamics of strongly correlated electrons in
one dimension. We have found a case where nonzero energy
current coexists vanishing charge current, which is related to the
integrability of the system.

1 RFE/NN— RERDER jo = gjn E TRILF—Tjeo AHBEE
NEFEEN = 1 BLV 0 ORTFEIREN S HHE L DR
tICRIT2LMH . BFRYEY I RBELTY/—OYREA
U = 8, MIEBIREEDMRE f =05, 1.0. &~ -2 fHEICERHIE X
ZEEENHIR,

Electric and energy currents, jc = ej, and je, in the one-
dimensional Hubbard model starting from the initial state
where the left and right parts are different equilibria with
electron density #n = 1 and 0. Plotted is the spatial profile
of the currents at time t. Coulomb repulsion is U=8 and
the initial reciprocal temperature is § = 0.5 or 1.0 in units
of electron hopping. Electric current vanishes in a region
near £~-2.

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

2. 72 AL —Y 3V ROBEHNFE
Statistical physics of frustrated systems
3. EFHREAROHMTEFIHOER
Theory of novel phases in quantum magnets

4. EFROFFEIAFIVR
Nonequibrium dynamics of quantum systems
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Main panel: Temperature dependence of a spin current induced by spin
pumping from a ferromagnetic insulator to a superconductor. Inset: A sche-
matic of a ferromagnetic insulator/superconductor junction.

1. XYV RAEY I ROEFEERR
Transport phenomena in mesoscopic systems

2. HEERY 2BFROYME

Electronic properties of interacting electron systems
3. AEY NOZ Y AR FOERER

Fundamental theory of spintronics
4. IFFEREAZ

Non-equilibrium statistical mechanics
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Associate Professor Research Associate Research Associate

We are theoretically studying quantum transport in nano-
scale devices using analytic and numerical approaches. This
research field is called ‘mesoscopic physics', which has been
studied for a long time by focusing on the quantum mechan-
ical nature of electrons. Recently, mesoscopic physics based
on new viewpoints, for instance, nonequilibrium many-
body phenomena, shot noise, high-speed drive phenomena,
and spintronics has been studied. We aim to elucidate these
phenomena, by exploiting nonequilibrium statistical mechanics,
fundamental theory of quantum mechanics, and many-body
physics. Examples of our research activities are adiabatic
pumping in nanoscale devices, spin transport at an inter-
face between a ferromagnet and a metal, many-body effect in
thermal transport of phonons, and nonequilibrium transport
properties of the Kondo quantum dots.

We are also working on various research subjects related to
many-body effects and nonequilibrium phenomena. Examples of
these researches are Wigner crystallization of two-dimensional
electron systems and higher harmonics generation in solids. We
are also collaborating with experimental groups in ISSP.
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Upper panel: A superconducting circuit for realizing a superconducting
qubit system coupled to the subohmic bath. Lower panel: A numerical result
for the microwave reflection loss as a function of the frequency. a is the
dimensionless qubit-reservoir coupling.
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A wide range of phenomena from atomic or
molecular processes at solid surfaces to quantum
transport in infinite systems are listed as the subjects
of nanoscale science. The prosperity of such fields
are sustained by the development of ultra-thin film
growth, nano-fabrication, various surface charac-
terization, local measurements with scanning probe
microscopes, etc. In Division of Nanoscale Science,
we integrate such techniques to study various subjects
such as

Quantum and spin transport in artificial nanoscale
or hybrid systems,

Study of local electronic states and transport by
scanning probe microscopes,

Transport, magnetism and other properties of
novel materials at solid surfaces,

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

Epitaxial growth of ultra-thin films and device

applications.
- FEREER O Y ¥ LR LR T
A,
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% B AR EE B % BN R wmsPg™  @EH =
Professor KATSUMOTO, Shingo Research Associate NAKAMURA, Taketomo Technical Associate MUKAI, Kozo
8 B KA &b B # EiE £330 1= R ¥ NI 2
Professor OTANI, Yoshichika Research Associate ENDO, Akira Technical Associate HASHIMOTO, Yoshiaki
£ IR XK B # —f 5ARK RiiEFIEE BREk  thEA
Professor KOMORI, Fumio Research Associate ISSHIKI, Hironari Technical Associate IIMORI, Takushi
H B Ralll =i B % LThD wErmE EH H#x
Professor HASEGAWA, Yukio Research Associate IHAZE, Masahiro Technical Associate  HAMADA, Masayuki
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Professor LIPPMAA, Mikk Research Associate MORI, Taizo Project Researcher ANDO, Hiroshi
H g &fE = B o#™ He B BERE BUER  B#a
Professor YOSHINOBU, Jun Research Associate TANAKA, Shunsuke Project Researcher NARITSUKA, Masahiro
B2 =& ERE B #*? RA HB BIERRE M1 By N 94
Associate Professor ~ MIWA, Shinji Research Associate SAKAMOTO, Shoya Project Researcher NGUYEN, Khanh duy
HHIR (B8) Bl BHhbh BEMEE AbF Y 3917 I Ny
Visiting Associate Professor TAKAYAMA, Akari Project Researcher HOEMKE, Joshua Patric
BEEE KE &
Project Researcher MIZUNO, Hayato
BIEMES Wi s

Project Researcher

*1 Bipseas, ATSIRISEMRIER S )L— 7, / concurrent with Functional Materials Group

*2 B3, ABRETWENEYS L—7. / concurrent with Quantum Materials Group
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Katsumoto Group
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(a) Current distribution ratio of a device with a spin rotating emitter and a
spin detection collector. The ratio is color-plotted versus the magnetic field
and the gate voltage. The clear oscillation indicates unitary operation on the
spin. (b) Theoretical reproduction of (a) based on a simple physical model.

1. E7EW - AEVEHEER

Quantum transport in charge and spin freedoms
2. EFBEZRWLHENROMAR

Study of many-body effects in quantum structures
3. BNMIE/NA T Yy RESICE U 2YBRR

B E5 R R =B ¥
KATSUMOTO, Shingo  NAKAMURA, Taketomo ENDO, Akira

% B B

Professor Research Associate Research Associate

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

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

in a novel device.
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ROFEICAZ—TAY U D, BRI Z2EENEOBEROBREREE,

Color plot of resistance in a super-normal-super junction versus the plane
of transverse current and junction current. The black region corresponds to
the zero-resistance state.

Physics at interfaces between the phases with different symmetries
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Otani Group
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Magnetic spin Hall effect in a non-collinear antiferromagnet: discovery of a
magnetic contribution to the spin Hall effect. (a) Schematic of the spin-accu-
mulation device: Ferromagnetic and non-magnetic electrodes are formed on
top of a microfabricated Mn3Sn. (b) The spin-accumulation signal caused by
the magnetic inverse spin Hall effect. Opposite signs of the hysteresis appear
after reversing the spins of Mn3Sn. The corresponding spin structures of
Mn3Sn are shown in the insets.

1. FFGMAC Y ROERE & CREEEBORE

A &b —t&  5ARR
OTANI, Yoshichika ISSHIKI, Hironari
Bi% B

Professor Research Associate

At the end of the 20th century, the concept of spin current,
a flow of spin angular momentum, appeared. Since then,
spintronics has been developing as a scientific framework
that connects and effectively uses electric and spin currents.
Spintronics research has entered a new stage with the estab-
lishment of the spin current generation, transport, and detec-
tion methods over the past decade. As a result, it has become
clear that quasiparticles such as electron, phonon, photon, and
magnon are interconverted via spins in the solid. These "spin
conversion" often occur in a nanoscale region near relatively
simple hetero-interfaces and thus have extremely excellent versa-
tility and applicability. In our laboratory, we are working on the
development and elucidation of a novel spin conversion mecha-
nism from the viewpoint of nano-magnetism. Furthermore, we
are conducting research and development of spintronics devices
utilizing the newly developed spin conversion by making full
use of nanofabrication technology.

NTF | EBREOALEV - BREBHRE | REVIKVEV T EICLD, (@) 9F /&
B (PbPc/Cu) REIERAEVYRYEY VOB, (b) AEVRYEVTIcLDFERSN
EAEVR - BRERBEROEERES, ()Cu(111) KA LICRESizH/E PbPc
EOEED N RIVIEMIER.

The spin-charge current conversion at the molecule/metal interface
observed by employing the spin pumping method. (a) The schematics of the
PbPc/Cu interface and the spin pumping measurement. (b) Spin pumping
induced voltage signal originated in the spin-charge current conversion.
(c) Scanning tunneling microscopy image of a single layer PbPc film on
Cu(111).

Development of novel mechanisms of pure spin current generation and detection

2. BRAEVIR—)L3ROFIREE DR & A DR

Elucidation of the mechanism of the magnetic spin Hall effect and development of functionality

3. BB AL VIR - EREE RSB DR

Development of novel spin-to-charge current conversion mechanism

4. HFAEYROZIR
Molecular spintronics

5. BREERESIC L 2BMERIAE Y RER

Efficient pure spin current generation by magnon-phonon coupling
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(a) Cu(001) E LD 7-ML Fe lE®D Fe L2378 XAS (L), XMCD (&), &
& U 5-ML Mn/7-ML Fe lED XMCD (). AS X RIFBICEE (N) &L
& 55° (G) T. AEREISIEASH X #RICFTTH B, (b) NI-XMCD TRIES 1ufc
F&AR5 ML O MnEEAMSF W 7-ML Fe R EAT OIEIC & T 2 3ROBAL R, (c-e)
Mn Z#&&UTc 7-ML Fe 7« JLL®D STM B, (f-) 1.0-ML (f). 1.5-ML (g).
1.8-MLMn & (8D (LX) (h) XV 2FED (LRIL2) () LARIL)
DEEERE STM B,

(a) Fe L3 remanent XAS (upper) and XMCD (middle) of a 7-ML Fe film
on Cu(001), and XMCD (lower) of a 5-ML Mn/7-ML Fe film in the normal
(NI) and 55° grazing (GI) incidence. External magnetic field is parallel to
the incident x-ray. (b) Iron magnetization curves in the heterostructures of
Mn overlayers up to 5 ML on the 7-ML Fe film measured by NI-XMCD. (c-e)
STM images of 7-ML Fe films with Mn overlayers. (f-i) High-resolution sur-
face STM images of 1.0-ML (f), 1.5-ML (g), 1.8-ML films (first (level-1) (h)
and second (level-2) (i) levels).

1. BRFE - KA/ BEYEOBFRE, BiEELUGEE

IR XK

KOMORI, Fumio
%

Professor

Electronic and magnetic properties of low-dimensional and
atomic-layer materials with nanometer-scale structures at solid
surfaces are studied in an ultra-high vacuum using scanning
tunneling microscopy/spectroscopy (STM/STS), photoelec-
tron spectroscopy, and magneto-optical Kerr-rotation. Atomic,
electronic and magnetic structures, formation processes, and
dynamical processes induced by electron tunneling or photo-
excited carriers are examined microscopically by local imaging,
spectroscopy and quasi-particle interference observations using
spin-resolved STM/STS. Spin-dependent electronic structures,
magnetic properties, electron dynamics and chemical bonds
are macroscopically investigated by photoelectron and optical
spectroscopy using visible and ultraviolet light and soft-X-ray

from laser and synchrotron.

(a) top (b)
< S bf
3
>
E’)
[}
c
5}
o >
= @
2 S
m c
C T
(©) %\0-0 +1
o> g
o:C (graphene) 52 )

. cQ : .
O:Sn #5503 ) low high
Q: Si(SiC) 1.0 15 Intensity
0:C(SiC) k, (A7)

(a) 'S5 7 x>/ SIC (0001) REICEASNI SN BRFEOEEET L. (b)
IKsic ICA> 7z Sn R FED ARPES BEER. stEIN/N\YREEEERED
TTHB. NF—AT—LIEHBFOBREEZRL. K (E8) ORRIETO (FH
BEnf) NYRERYT, 2 DORE/N\VR S & So. BLVZFNSDIFDERLINVR
S1PF & SPf v —sanTVB, (0) (b) ORAFTEEN EF HED Sp H&LV
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W3, 2 RIEHT—AT—Ilid. HEFRELACYHEOMAERLT NS,

(a) Atomic structure model of a Sn monolayer intercalated into the gra-
phene/SiC(0001) interface. (b) ARPES intensity image of the Sn monolayer
along I'Ksic with overlaying the calculated band structure. The color scale
represents the photoelectron intensity, and gray (purple) dashed curves
the calculated original (back-folded, bf) bands. Two surface bands, S; and
S,, and their back-folded bands, Slbf and Szbt, are marked. (c) SARPES
intensity images taken with the region including S, and $,"f bands near Er
surrounded by a thin rectangle in (b). The spin polarization component
perpendicular to ky; is detected. The two-dimensional color scale represents
both the photoelectron intensity and the spin polarization.

Electronic states, magnetism and electron scattering of atomic layers and nano-structured materials at surfaces

2. BIRFE - RE T/ BEYEOTAERE

Formation processes of atomic layers and nano-structured materials at surfaces

3. FYRILBFPL—Y—EMEICLZETF - RFENRR

Electron and atom dynamics induced by electron tunneling and photo-excitation
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DY 7/ IR TOEFREBICET2AREZE52, 51TiF
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R, JEME L v 2 U4 (IETS) 12 X 24 o J& i
I X —ICBT M EHTI L TES,

RO E T, MUSIRERS T o8 %S TM2
B2 T, RAEEE L &Ko 7z - Rot%
TORBER M, WA ORI X FR S 55
WRHRE - PR VREOBHIZ ATV, F,
SP-STM I & 2 M C DAY v 284 SV E R i Is )=
PThS MG gZ, SP-IETS IC k3 R Vi, <47 ajk
IS KB/ HE T OREEILIGEHI, A R R R
Ty aX bk BAE VG HIIE O DHEEL T 5,
BiETId, CeColns % EDEREWETL2YEDE T INEE
JIP AR - B OIS IO LA TR D, BEfk
FriiE D FE 22 MBI TV 5,

BLEBRETORENR. SiERED 1 RFEPb ki, BEEH) & PoE
R (Ee. BaEHE) ORMEBTHUES NI Y RIVAKINRY NS, Bin
WEEAFREAN S 40nm OIFHICHOTc > TRHAHLTVB I EARESN TN S,
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 supercon-
ductivity into the metal layer with a decay length of 40 nm.

1. B3R STM L L 2R LBBIRE / RO Y AILESHEDRER

Y

A

HASEGAWA, Yukio HAZE, Masahiro
265 BhE

Professor Research Associate

Scanning tunneling microscopy (STM) reveals not only
atomic structure of surfaces but also electronic states in
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 supercon-
ducting and topological states that can be found in surface
superconductors, whose inversion symmetry is broken, and in
the proximity with ferromagnetic materials, have been explored.
We have also studied local magnetic properties of spin-
spiral structures using SP-STM, spin excitation with SP-IETS,
magnetic resonances through the introduction of microwaves,
and spin current detection using SP-potentiometry. Recent
subjects include heavy-fermion materials, such as CeColns;
orbital ordering was observed for the first time in a real space.

EVWEFRYE CeColns THREIS NIcREHBEKRFIRE. Co KiRE TORED
STM % (FRELVELR) TR AVWIRD Co RFEANRSNBH Fit%aih
DI TR et (BTHE) TIE FYNIZIRD d EABHFREZTRLTWS
ZENBES NI, HMRBETICE D, REIKOHFESNIEETH S I MY
BHLTW3,

Surface-induced orbital ordered states observed on a heavy-fermion mate-
rial CeColns. In STM images taken on a Co-terminated surface in stan-
dard conditions, round-shaped Co atoms are observed (center and upper-
left images). On the other hand, in STM images taken in closer distances
(lower-right) we observed an ordered phase of dumbbell-shaped d-orbitals.
Detailed analysis revealed that the ordered structure is formed only on the
surface layer.

Exploration of peculiar superconducting / topological states using low-temperature STM

2. AEVRIB STM ADY A ¥V DIREAIC & 27/ AT — LBESKEIREHE
Nanoscale measurements of magnetic resonances by SP-STM with microwave

3. ACVRBEERT VY 3 X MUICL DALY ROEZREEA

Real-space distribution of spin currents by spin-polarized scanning potentiometry
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Fig. 1. Delta-doped SrTiOj heterostructures where the number of doped car-
riers is controlled by the number of (La,Sr)O layers in the titanate lattice.

1. INILA L —F—#EEIC & 2BIEYERZ U TATOBEDFR
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Dy F~<¥— vy /R TBE

LIPPMAA, Mikk MORI, Taizo
% B
Professor Research Associate

The ability to grow atomically flat oxide thin films by laser
molecular beam epitaxy allows us to study the transport
behavior of carriers accumulated in two-dimensional layers at
delta-doped interfaces. Fig. 1 shows examples of such hetero-
structures where a single or double layer of LaTiO3 was grown
on a SrTiOs and capped with another SrTiOs layer. Each La
atom donates an extra electron, some of which will dope the
adjacent SrTiOs3 layers by charge transfer. We find that multiple
electron populations form in this structure, with some electrons
localized at the interface, some forming a metallic quantum well,
and some spreading deep into the substrate. The relative sizes of
these different populations can be tuned by adjusting the total
La number in the doping layer, by utilizing surface depletion, or
using electrostatic gating. We can observe distinct changes in the
magnetotransport behavior when the relative electron popula-
tion sizes change, as illustrated in Fig. 2, which shows the varia-
tion of in-plane magnetoresistance when the carrier number is

changed.

AR/R (%)

B(T)

2. SrTiOs/La0 N7 AEEDEAKSZET. #%ZEBRAEICKH U THTICH
MUBAE Ule. ERBSIERNF S VIRFREOERFE LaO DEH (1, 2, 5) Ic&D
EEY %

Fig. 2. In-plane magnetoresistance, measured with the magnetic field parallel
to the current flow, for heterostructures doped by 1, 2, or 5 LaO atomic lay-
ers in the titanate lattice.

Growth of thin oxide films and heterostructures by pulsed laser deposition

2. KABABBRISDEIRCICRIT IeBALYF BB DR F

Development of oxide photoelectrode materials for photocatalytic water splitting

3. e F /@EERcE T/ AVRY Yy NEEDOER

Synthesis of nanostructures and nanocomposite thin films

4. FRGER - EEREORIL

Development of novel organic - inorganic interfaces
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il BhD
TAKAYAMA, Akari
BEMEHR

Visiting Associate Professor

In a two-dimensional (2D) atomic-layer material it is
expected that anomalous physical properties appear due to
the broken space inversion symmetry. Especially in the case of
two-dimensional materials on a substrate, its physical properties
differ to bulk crystal and free-standing atomic-layer sheet due
to the surface reconstruction, adsorption and defect, relaxation
of the atomic arrangement over several atomic layers below the
surface.

In our laboratory, we study physical properties of atomic-
layer materials by using various experimental methods such as
angle-resolved photoemission spectroscopy (ARPES), scanning
tunneling electron microscope/spectroscopy (STM/STS), and
total reflection high-energy positron diffraction (TRHEPD). In
particular, we focus on unconventional superconducting proper-
ties of the one atomic-layer alloy with the Rashba spin splitting
bands, characteristics of the Dirac electron system like graphene

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

% B &5E = R HE = HifErIg mE E=
Professor YOSHINOBU, Jun Associate Professor  INOUE, Keiichi Technical Associate MUKAI, Kozo
% B NI 53 = ¢ WH & pifzEms  /\TLTT LY
Professor AKIYAMA, Hidefumi Associate Professor ~ MATSUDA, lwao Technical Associate BAGHERZADEH, Reza
% B 28 & AR H0O {85 HEHEE BE ETF
Professor SUGINO, Osamu Associate Professor  NOGUCHI, Hiroshi Project Researcher USUKURA, Junko
B B M s g (58 Rl APV BIEARE ' BF
Professor OKA, Takashi Visiting Associate Professo HIYAMA, Miyabi Project Researcher  KIM, Changsu
o * = =
% @ IR XK BE (HEAEE) B AR BERRE S KR
Professor KOMORI, Fumio Visiting Professor CHEN, Shaogiang Project Researcher KONNO, Masae
w7, > = = =
B g H R R (HEAER) K WM BITHRE HEl F—
Professor MORI, Hatsumi Visiting Professor ZHU, Lin Project Researcher NAKAMAE, Hidekazu
% 8" = & BV H B IR R ER
Professor YAMAMURO, Osamu Research Associate  TANAKA, Shunsuke Project Researcher NAKAMURA, Takahiro
B g Uy 7IXY—3Ivy  B% 1T HEMES NE &
Professor LIPPMAA, Mikk Research Associate  HARUYAMA, Jun Project Researcher  YAWO, Hiromu
BB FH EX B XH £ HEHRS 3717 YUE I 7N Y
Professor HARADA, Yoshihisa Research Associate  NAGATA, Takash Project Researcher ~LAFUENTE SAMPIETRO, Alban
B3 ™ # RE BEWEE™  EE W
Research Associate  MORI, Taizo Project Researcher KAWATSU, Tsutomu
1 B3RS, ARSIdF S 27— ILMEERTZERFS, / concurrent with Division of Nanoscale Science
2 FpgETg, ATISEERYIEFIZIERF, / concurrent with Division of Condensed Matter Science
*3 FiR3eIs, AKEPEFRSETEER, / concurrent with Neutron Science Laboratoy
4 FipuseIs. ABERIE—L > NERIEHZEY §—. / concurrent with Laser and Synchrotron Research Center

*5 R, ATSIRMEREHEERR. / concurrent with Materials Design and Chatacterization Lavoratory

*6 FpusEIs, AKIESHEMERSEME LYY —, / concurrent with Center of Computational Materials Science
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1. EFILBIRIC & 30\ FOEMRAL & RERGOHE

b
s % B B
YOSHINOBU, Jun TANAKA, Shunsuke
% B
Professor Research Associate

Solid surfaces are intriguing objects, because novel struc-
tures and electronic properties emerge as a result of symmetry
breaking of bulk. 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 and
dissiparion processes. In order to fabricate atomically-controlled
surface functional materials, we have to understand the dynam-
ical 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. Recently,
we are interested in surface reactions including CO; and
hydrogen.In addition, we can simulate chemical reactions on
cosmic dust with laboratory experiments in ultrahigh vacuum at
low temperature. We have utilized surface vibrational spectros-
copy, photoelectron spectroscopy and local probe methods in
order to investigate structures, reactions and electronic proper-
ties of atoms,molecules and thin films on surfaces. Synchrotron
radiation (KEK-PF, SPring8 etc.) is also used to study electronic
structure of surface and interface, including operando XPS.
Recently, we have started to study THz-pulse driven surface

processes.

A schematic model of CO; hydrogenation on the Pd-Zn-Cu model catalyst

Activation and surface reaction of small molecules by model catalysts

2. RAPRAIICE T 2KFRIVELIYMEERE U\ ROV / IV R)
Properties and reactions with hydrogen at surfaces and interfaces (Hydrogenomics)

3. ¥EABLUVEREEOETFRE L RAEBICEDOHA

Electronic states and surface conductivity of semiconductor and organic thin film

4. BERTHEDEFIRE & RISHEDHTFE

Electronic states and reactivity of low-dimensional materials on surfaces

5. THz /LRI L BERRAICH FDRTF - HFTA1FIJ XADHR

Dynamical processes of atoms and molecules on solid surfaces using THz pulse
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Firelly luciferase

100 B THETMERL —
H—(ab) ERTILILY T 1 | —
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Nano-structures of a
100 T-shaped quantum-
wire laser (a,b) and firefly
luciferase protein (c) .

1. MRSy FYTHERERL —HF—HB L CKRBEE RO T /\1 ZYE
Device physics of gain-switched semiconductor lasers and solar cells
2. BmEFEREFHRE L UOHFICRITBERTEFELF v U7 DLAEMER & IEFEit
Many-body interactions and non-equilibrium properties of low-dimensional electron-hole systems in clean semiconductor quantum wires and wells
3. FERETEERS LT /N1 DR, BREEl. WS, B\, BEREHA
Material physics and development of high-quality semiconductor nano-structures via microscopy
4, IRZI - 73T « JIIRY )ik EDEMFN & YL FE RS ETRIESE
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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AKIYAMA, Hidefumi
E6Rd

Professor

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.

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

We are developing experimental techniques such as sensitive
luminescence detection, absolute luminescence-yield measure-
ments, 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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Sugino Group
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E—REREENHECIZEE (111) ALOKRREFODHER &L
3N

Ab initio path integral simulation of a hydrogen atom adsorbed on
Pt(111). The contour shows the density distribution and the blue line
shows the trajectory of the centroid. Quantum effect was found cru-

cially important.

%2 —~ Research Subjects

1. SHEMERZ ORI & ST

2B (& &L H
SUGINO, Osamu HARUYAMA, Jun
26 B

Professor Research Associate

Based on large-scale simulations, Sugino group elucidates
properties of complex condensed matters, such as high-
pressure phases of solid-hydrogen, bioluminescent molecules,
and electrochemical interfaces. The group also develops novel
computational schemes for accurate prediction of material
properties.

The computational materials science is advancing rapidly, so
that the target of research is extending toward materials of larger
degrees of freedom and multi-scale phenomena. This has made
common to make a joint theoretical and experimental project
for microscopic understanding of a material functionality. The
collaboration is done here with the research infrastructure,
especially the massively parallel supercomputers and novel
computational schemes. For the advance of computational
scheme, a set of few-body problems was machine learned to
establish the mapping between the particle density and the
correlation energy. The resulting mapping was found to serve for
accurate prediction of many-body problem within the density
functional theory (DFT). DFT has been developed for classical
systems as well as the quantum systems with help of novel

approaches like functional renormalization group.

1 EB
K 0.80
B:L\'P 'D.24 g 0.41
17.0 0.18 115 0.21

11.0 0.18 G5 042
6.2 017 ar 0.48
.:I'.AN 6.1 016 7.7 0.28
5.2 0.19 4.1 042
m_ 4.7 013 4.7 0.14
pelariendy _ ar 013 55 0.08

H20, NH3, NO O#ig#E
DE LRI ON B

IT & DIBES N ZEERIABEE DT X b, LDA, GGA %
£ LT BR<AWShZRBEKEEMPENEKZE LR U

EZB, FEIRILF—PEFAHELROEZ LD ERICHRTES A b > T,

The exchange-correlation functional of density functional theory was con-
structed by machine learning the three reference molecules, H,O, NH3 and NO.
The functional was found to yield smaller mean-error of the atomization energy
(AE147), electron density profile (DD147), barrier height of a reaction (BH76),
and total energy (TE147) for various levels of the functional forms. The white
characters in the first column, SVWN, BLYP..., indicates the familiar functionals
while the orange ones are the machine learned functionals.

Prediction of material properties using methods of computational materials science

2. BEYE. £YFRK. TRILF—EHLEDERA

Elucidation of high-pressure phase, bioluminescence, and energy conversion
3. BREE ORI YEZOAE AW SHRBEOBIERDEREEL

Development of methods for accurate many-body problems with machine learning or statistical physics scheme
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Oka Group

HIWEOIFFEHREBIOE D RAOHR LI 2T R 2
Libic, 2R D LI E M EZ BT LB AR T
B2 EZBRNCIAT 5, hTbymayyr - vy
=7V U IRESIN B H L W EER A RONE T H 2 0T
BY., JEPHBISRE FHRIGD VRS CHMET 2 2 L3
BICRDDDH 5, HADOWRICE LT, i, =a2—7
WAy b7 =7 ooyl B e, EmBs, 21T
HEMWICIFEBEBR RSP SN CE PR R L A
W TEBINTELFAEZSEICLOD, B
BUHEH L7 E D FEBEN 2 L 2RI 2 2 L CHBIE TR,
FRECANVYE, AU REEOERELETYE (K1)
DIFEBROMIFE B 2> Tl EEbIC, WHDOHTL
WIERIZIBE B (B 21X 2) 2 RKRT 5,

Flquet enginecring ol band topolegy
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OKA, Takashi
%

Professor

Our main research subject is quantum materials driven far
away from equilibrium by external fields such as laser light. The
aim is to seek for new laws of physics that govern such exotic
states and to find a way to control their collective dynamics. We
employ new theoretical frameworks such as Floquet engineering
which enables us to understand nonequilibrium physics with the
depth comparable to equilibrium systems. We can also obtain
important insights from other existing research fields such as
turbulence, neural network, and non-linear semiconductor
optics, and apply them to new exotic materials. The target
materials range from topological systems to strongly correlated
systems (Fig.1). New non-linear response phenomena such
as the heterodyne Hall effect (Fig.2), i.e. quantum Hall effect

induced by oscillating magnetic fields, will be studied as well.

(a) Periodic driving (local oscillator)

19
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L —
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Fig. 1. Floquet engineering in quantum materials. T. Oka, S. Kitamura, Annu. Rev. Condens. Matter

Phys. 10, 387-408 (2019).

1. EFYEOZOYY - TVIZFUVY
Floguet engineering of quantum materials
2. EFERICHE T I2HRR. MHFEORE

Je Jy
current
(output signal)

2 JAvTREEABALEATAY Y - TN
1 Ro (@) ABVTFILICH U TEREREDHES 1L
e AN EEZ %, b) ERBBSZAWATOT A
YIR—ILRDREH,

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

Discovery of novel phenomena and law of physics in nonequilibrium systems

3. FERFEETT/I\1 RDRER
Proposal of novel nonlinear quantum devices
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Inoue Group
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Microbial rhodopsins with a variety of functions (upper) and the purified-
protein samples (lower).

HE E— KE R
INOUE, Keiichi NAGATA Takashi
HERIR BhZ

Associate Professor Research Associate

Most living organisms use sun-light as energy source for their
biological activity and information source to recognize environ-
mental change. In this photobiological events, a wide variety of
photo-receptive proteins play the central role.

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

genome analysis in recent years.

all-trans retinal e

Light e
(180-700 k) T
“* ,jf: =1 ,‘_‘-';;E:C":-'
M II:_ . |I'-".- _I.-._-
& Ko, ol
13-cis retinal

7‘/%’1‘/\%1 L—H—cL2MEYRO N7 Y O@ERIAE (£) sL00K
YRFARIREITELFF—ILOXEREEE (T,
Transient absorption measurement of microbial rhodopsin by a nano-second

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

1. XRRBES VNV BOR 7YY ORFHEREA T = XL DOBEERTE & U2 %R
Functional and spectroscopic studies on the mechanism of molecular function of photoreceptive membrane protein, rhodopsins

2. FImRMDNEDAEDEED FHIRA DA

Application of advanced spectroscopic measurement method for biomolecular study

3. ¥/ LAEYIT—5%b EICLEMBFXRZARSY VNV ERR

Exploration of novel photoreceptive proteins through use of genome big data
4, ERFBEEZRWCERD FOBERERFORE & ZNICH & D < FRMEEENED FRF

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

development of novel functional molecules
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HIYAMA, Miyabi
BEREHIR

Visiting Associate Professor

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

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

species.

f;

BR Aid
CHEN, Shaogiang
AEAZESHIR

Visiting Professor

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

Aiming to understand in depth mechanisms of the above
mentioned phenomena, we perform in ISSP characterization of
material gain, optical device fabrication and lasing characteriza-
tions, and investigation of ultrafast spectral dynamics with time-

resolved spectroscopy measurements.
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KW

ZHU, Lin
HNEAESHKIIR

Visiting Professor

III-V compound semiconductor solar cells have achieved the
highest conversion efficiency among the present photovoltaic
devices. Aiming at further higher conversion efficiency, multi-
junction (M]) configuration, such as triple- or four-junctions,
has attracted broad attention. Meanwhile, quantum-dot (QD)
configuration as a possible strategy to implement interme-
diate band solar cells is another attractive topic in developing
monolithic multi-junction solar cells. However, it has been a
tough job to fabricate the two kinds of cells with high lattice
quality.

Our study include: 1) Optical/electrical measurements and
analysis on the internal behavior of the practical MJ or QD-M]
solar cells, in order to understand the carrier dynamic mecha-
nism in those cells that usually include lattice imperfections.
2) General and realistic theoretical models on high-perfor-
mance QD-M] solar cells, which can interpret internal carrier
dynamics, mechanisms and device behaviors in practical solar

cells.
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Quantum Materials Group

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

[

B B Bl EF B % ZH BE  pEmxs BB HE
Professor OSHIKAWA, Masaki Research Associate TADA, Yasuhiro Project Researcher  SHIGA, Masanobu
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Professor TAKIGAWA, Masashi Research Associate SAKAMOTO, Shoya Project Researcher HANSHEN, Tsai
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Professor SAKAKIBARA, Toshiro Project Research Associate TOMITA, Takahiro Project Researcher FENG, Zili
BB EH EZ IR e Kkt sEmEs LA Y1Y IV—
Professor HIROI, Zenji Project Research Associate HIGO, Tomoya Project Researcher RAY, Mayukh Kumar
B oge KA &b

Professor OTANI, Yoshichika
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Project Professor NAKATSUJI, Satoru *1 FRPSRTES, AT R R 2 ERFY

S - Em /concurrent with Division of Condensed Matter Science

Associate Professor MIWA, Shinji *o FRPI3ETE, 275 4B ot SRR,

s W™ 2 /concurrent with Materials Design and Characterization Laboratory

Associate Professor YAMASHITA, Minoru *3 FRSRIS, AR F /2 — LERTIRERF.

S ¥ FiEOE /concurrent with Division of Nanoscale Science

Associate Professor KONDO, Takeshi *4 B AR R IR S S & 357,

i O mx BiE /concurrent with Physics Department, Graduate School of Science

Associate Professor MATSUNAGA, Ryusuke *5 SIS, ABRER I —L ¥ MRS e Y 5 —,

St Mg 5= /concurrent with Laser and Syncrotron Research Center

Associate Professor

OKAZAKI, Kozo
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I EZR ZH BK
OSHIKAWA, Masaki TADA, Yasuhiro
% B

Professor Research Associate

Our main focus is quantum many-body theory. Based on the
close correspondence among quantum many-body systems,
classical statistical systems, and field theory, we pursue universal
concepts in physics. At the same time, we aim to give a unified
picture on experimental data and to make testable predictions.
As an example of our recent achievements, we have given a
certain theoretical result for the total orbital angular momentum
of chiral superfluids, which has remained paradoxical for 40
years. We also demonstrated, based on anomaly in quantum
field theory, a new classification of gapless quantum critical
phases in the presence of a discrete symmetry. This opens up a
new direction in classification of quantum phases. In order to
connect these theoretical developments with experiments, we
also study material design to realize exotic topological phases
such as Kitaev spin liquids. Much of our research is carried out

in international collaborations.
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Designing Kitaev spin liquid using Metal-Organic Framework (MOEF).
Kitaev model is an intriguing exactly solvable spin model, with a
spin-liquid ground state. Although realizations of the Kitaev model in
iridates and other inorganic materials has been discussed, the domi-
nance of Heisenberg type interactions owing to direct exchanges pre-
vents the ground state from becoming the spin liquid. We proposed a

possibility of more ideal realizations of the Kitaev model, using MOFs
in which direct exchange interactions are suppressed.

1. BFRAEVRBSEEBFRICETHETFALVHIB

Electron Spin Resonance in quantum spin systems and itinerant electron systems

2. EFHROERICE T B8 & HI5ER

Conduction at a junction of quantum wires and conformal field theory

3. MROVAIBEEFIVIVTILAY K
Topological phases and quantum entanglement

4. A1 ZIiBREDOHEREEE
Orbital angular momentum of chiral superfluids

5. hAROVAIAAE - FAREVHILIBROMERTDORERER

Realization of topological phases and topological phenomena in materials
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Quantum Materials Group
https://www.issp.u-tokyo.ac.jp/maincontents/

organization/labs/nakatsuji_group.html
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Nakatsuji Group
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a, MEIEARICE 1T 2 RER—ILMR (EN) & RIBEMEAE MnsSn ICE 1 5 RER—
LR (GR), BEEEPTIE BRE(EM &> TEFOEFHNHIFSND T
sic&h, EAEET (B = 0) TR—ILHRVBEWICRNS, —A T, R&H4E
& Mn3Sn TiE. EREIST (B = 0) T HD. BHEBIEM DBZWREICEWT,
R—LHRVERNICRN S, 0BG, BFOEBHZMIT2ER &322 REBHNG
MBS b A AEYFSUT s DHEFLICE>TEHRSETNEEEZIS5N S, b,
Mn3Sn DHESEE, 7 TARFORERICUET 2 Mn iFRIE—X >~ (FXH)
ZB L. FINRBEEBEZRY . ¢, Mn3Sn L& 1T 3 ER TOR—JUEHAE DR
BRI,

Magnetic behavior and crystal structure of Mn3Sn. a, Anomalous Hall effect
in ferromagnets (left) and in antiferromagnets (right) induced by bending
the trajectory of conducting carriers by magnetization and fictitious field,
respectively. b, Crystal and spin structure of Mn3Sn. Each Mn has a magnetic
moment (arrow). ¢, Magnetic field dependence on the Hall resistivity in
Mn3Sn at room temperature.

AT —~ Research Subjects

'ia .i..‘. s
it A SH R B kit
NAKATSUJI, Satoru TOMITA, Takahiro HIGO, Tomoya
RHERUR FHEBN K FHEBIH

Project Professor Project Research Associate Project Research Associate

The discovery of new phenomena is at the forefront of
research in condensed matter physics. This is particularly true
for the inorganic materials, which provide an important basis in
current electronic and information technology research, which
keep providing numbers of macroscopic quantum phenomena
due to correlations among the Avogadro numbers of electrons.
Thus, the search for new materials that exhibit new charac-
teristics is one of the most exciting and important projects in
the materials research. We have synthesized new materials
in so-called strongly correlated electron systems including
transition metal compounds and heavy fermion intermetallic
compounds. Our interest lies in quantum phenomena such as
exotic superconductivity and anomalous metallic states close
to a quantum phase transition, novel topological phases in
magnetic metals, quantum spin liquids in frustrated magnets,
and their spintronics application.

a magnetization

1. DAIIVREBERDEFEENREZDAEY A= T XA

Quantum transport phenomena in antiferromagnetic Weyl metals and their applications for spintronics

2. MRAOVAIEEEDREFKE TRILF—/I\— R T VT

Search for novel topological magnets and their applications for energy harvesting

3. MRAOYAILEFHEPH U WBIEEARDRE
Search for novel topological phases and superconductors
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Quantum Materials Group

https://www.issp.u-tokyo.ac.jp/maincontents/organization/ labs/miwa_group.html
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Miwa Group
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—in B A Rk
MIWA Shinji SAKAMOTO, Shoya
HERIR UE

Associate Professor Research Associate

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

Recently, we study spin-dynamics using microwave voltage/
current and femtosecond pulse laser systems. We also study the
microscopic origin of the various spintronics phenomena using
operando X-ray absorption spectroscopy. Using the obtained

knowledge, we design and fabricate spintronics devices showing

RIS TH 2, SEITZE O A 2 eT, FEERIC
FiERFRZ R T TNAZDANLZHIEL T %
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large effects at room temperature.
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o \ .- ] device with new physical phenom- ‘ >}t"l the lﬂp Ny

- l"k_ ena. (b) An example of operando potcP 1al, the non'— H?Ldr

= TN it effect can be enhanced.

X-ray spectroscopy. We conducted
o ) B the operando X-ray magnetic cir-
cular dichroism spectroscopy under electric-field application to the MgO dielectric,
and found a change in electronic state in the interfacial Pt layer. The origin of the
voltage-controlled magnetic anisotropy, which is important for future non-volatile
random access memory, has been revealed.

X7 —~ Research Subjects

We find that the signal-

- to-noise ratio in the spin-
torque diode effect in
~ nano-magnets can be
enhanced by the non-

- y linear effect.

1. EFYEZHEWVCAEY NOZI ZT/N1 R
Spintronics device using quantum materials

2. 7z LARICLR L —H—OHENE X RERWCART Y ROHIT & BT /81 2YIEORERERA
Operando spectroscopy using pulse laser and x-ray to reveal device physics

3. RES /HHEIC & 27 /N1 HkeEm £
Interface engineering to develop device performance

4, AEVICEBMEB AV E2—FT 1T
Brain-inspired computing using spintronics
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Social Cooperation Research Department

_/

KREDHIETH 2 th 2 BEEIFEA L, DEEO R ILEDFBEICOWT, HAURE L IEFH
WF7E2 ML &9 & ¥ 2 RIEEBIS D 5 Z AN BB F 216 LU TRIE S L 5. AFTZEEFT T,
HHEMZRENFICB T VIR O A BRI T D RUEL 2035, BEEDERCAME
JRDTEMALIC LY, FMOHEE RO DRRICHFLS T2 L2HNEL TV,

PIERTZERT T, 2019 4F 4 AR D42 DT T 7 — & AR R P 78R
DpER S N7z,

Social Cooperation Research Department (SCRD) is a joint research framework between the Univer-
sity 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 educa-

tion 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.

T — & AR R PERE SR

Division of Data-Integrated Materials Science

WES, BEMAEE D AMICO REREHZHED
T3, EWAEOWERHEM R~ DS O]
EtE BEEA RSN TED, SLOAELER
DMEINT0D, HRICIE, ZOEZH,
BERIAOEEISHZ RS €2 ZTOAX ERD
VI HIREED B 5, MBI, FEBR EBUiERT
BEF— S RENTEICE>TRA L, BT
DERFFICED VT FFTI 2B BE 2 R oM kLo
PIETI - BRERTF 2T 5 2 L2 HINELTY
%, FEERAG S & B GBS FE o0 B 2 Hi 2
BOMEREIRICXZMRICLEE5T, MiEEMH
RHZHW B Z EIc k>, B - Bt HEZz N2
NP TIERLAB VIR ZZET 5 L2 HIELT
VW5, ZHUTKoT, KARGHCHEIZE R EOM
BHERZHED TS,

Recently, machine learning has attracted social
attention. The possibility of applying machine learning
to material-science research is also actively studied,
and many promising results have been reported. The
expectation is that this idea will be the key to acceler-
ating the industrial application of basic science. The
division aims at developing methods for prediction of
physical properties of materials, based on the under-
standing of electron correlation, by integrating experi-
ments and numerical calculations through data-scien-
tific 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 searching for new
materials that supports permanent magnetization,
superconductivity, etc.

[

B g NnNg Eg BEHRE Tl s
Professor KAWASHIMA, Naoki Project Researcher HIRAYAMA, Naomi
% 8" = S ] BiEfizRg B WK
Professor OZAKI, Taisuke Project Researcher SAKURAI, Masahiro
LIS 'S %%t

Project Associate Professor FUKUSHIMA, Tetsuya

1 Rpaseis. AEIYEREHAERSR. /concurrent with Materials Design and Characterization Laboratory
2 RN, AEESEYERSHR LYY —, / concurrent with Center of Computational Materials Science
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Division of Data-Integrated Materials Science

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/fukushima_group.html
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Fukushima Group
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Computational materials design cniglnc (CMD?®), which consists of “quantum
simulation”, “deduction of physical mechanism”, and “guess of hypothetical
materials”.

1. BEIN\A ZIL—Ty MMBEFEICL DHIYET — 5 N— X DEE

'S %

FUKUSHIMA, Tetsuya
FHEAERUR

Project Associate Professor

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

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

1200 BCC Faloli ¥
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AkaiKKR O—RZzF|HUK 4 THESTY NOE—&2D/\( X)L—7v NEEIETE.

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

Construction of magnetic materials database by automatic high-throughput calculations

2. NTUTIRA VT ANT 1 AT K BEFHEEEY BERR

Design of new functional materials by materials informatics

3 SHEHEIYTUTIILTH Y
Computational materials design

4. FRARS /EEVEDOEFRE CHRISE

Electronic structure and magnetism in substitutional and structural disordered nano-materials
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Materials Design and Characterization Laboratory (MDCL)
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fiizfryLebic, FLIMAMSINI-WEHDOE
S - BRI - RN EORA T Z T T
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FLOWHEORAE M MT b, Aliiko2H
HEFAIE, WEREREE ZEH &I
DEHIN TS,

The aim of MDCL is to promote materials science
with the emphasis on the “DSC cycle”, where DSC
represents three functions in developing new materials,
Design, Synthesis and Characterization. The MDCL
consists of two divisions; Materials Design Division
(MDD) and Materials Synthesis and Characteriza-
tion Division (MSCD). The Supercomputer Center of
ISSP (SCC) belongs to MDD, while in MSCD there
are seven sections for joint-use; Materials Synthesis
Section, Chemical Analysis Section, X-Ray Diffraction
Section, Electron Microscope Section, Electromagnetic
Measurements Section, Spectroscopy Section, and
High-Pressure Synthesis Section. In MDD, by making
use of its supercomputer system, novel mechanisms
behind various cooperative phenomena in condensed
matter are explored, and theoretical designs of new
materials as well as materials with new nanoscale struc-
tures are developed. In MSCD, various types of new
materials are synthesized, single crystals are grown, and
the structural, electromagnetic and optic properties
of the materials are characterized in various ways. The
characterization results are immediately fed back to the
synthesis and to the design of materials. Through this
DSC cycle we aim to develop new materials with new
functions. Almost all the facilities of the MDCL are
open to domestic scientists through the User Programs
conducted by the Steering Committees of the MDCL.

B B BH £Z B #

Professor HIROI, Zeniji Research Associate

#H B (ERR) Ng B B #

Professor (Director) KAWASHIMA, Naoki Research Associate

£ R = B #

Professor UWATOKO, Yoshiya Research Associate

B B ElE Z=Bh B #

Professor OZAKI, Taisuke Research Associate

o ¥

BB 28 & B #

Professor SUGINO, Osamu Research Associate

HEHIR FO &8 B #

Associate Professor NOGUCHI, Hiroshi Research Associate

= *

BEMES P)?  HR B B %

Project Researcher YOSHIMI, Kazuyoshi Research Associate

EBE (B8) ZNTI B %

Visiting Associate Professor MOTOYAMA, Gaku Research Associate
KirEPIE
Technical Associate
KITEFIHE
Technical Associate
KIiTEFIBE

Technical Associate

HE ER BiTErIBE 'l 8k
MORITA, Satoshi Technical Associate  FUKUDA, Takaki
rE wEra ER KE
YAJIMA, Takeshi Technical Associate HAMANE, Daisuke
TH KB sirErma aH HEF
HIRAI, Daigorou Technical Associate  ISHII, Rieko
i | RATEE It IEE
GOUCHI, Jun Technical Associate ~ KOIKE, Masayoshi
O X PixEErige RA T
HIGUCHI, Yuji Technical Associate ~ ARAKI, Shigeyuki
AR K& P IEBE RIE EF
KAWAMURA, Mitsuaki Technical Associate NAGASAKI, Shoko
8l X BEMEE EEF EX
FUKUDA, Masahiro Project Researcher  ASANO, Yuta
HF EBX RHIFRE mH &
IDO, Kota Project Researcher OKADA, Ken
A B RHIRE A TV T —<—
YAMAUCHI, Touru Project Researcher  BHOI, Dilip Kumar
®EE SAE BHIFRS Ry A—yzv
GOTO, Hirotada Project Researcher  HUNG, Shih Hsuan
KHE ®1T RHIWRE Rl #B—
YATA, Hiroyuki Project Researcher MOTOYAMA, Yuichi

BIWRS &= M

Project Researcher YU, Shan

*1 B3RS, AKEISEEEIERTZ S )L— 7. /concurrent with Functional Materials Group
*2 PASUMS F— L") —%'— (Pl) / Project Researcher (PASUMS)
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RENTEZRED . all-in/all-out L OPIEERY 5 Y —HKN\BFHRFEZ A L T
Mtk & 2%, —7. Cd2Re207 I& 200 K LI T 2B RESHREZH > TREY
FRY—BI MO Y IUBRFRFEZRT . BEFACVHERESEOHRBYE
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Two 5d pyrochlore oxides. Cd;0s,07 exhibits a metal-insulator transition
at 230 K to a tetrahedral-cluster magnetic octupole order with losing time
reversal symmetry, while a tetrahedral-cluster electric toroidal quadrupole
order is realized below 200 K in Cd;Re2O7 with spontaneous spatial inver-
sion symmetry breaking. Cd;Re;Oy is a spin—orbit-coupled metal candidate.

AT —~ Research Subjects

The remarkable discovery of high-T. superconductivity and
the following enthusiastic research in the last decades have
clearly demonstrated how the finding of new materials would
give a great impact on the progress of solid state physics. Now
related topics are spreading over not only superconductivity
but also unusual metallic behavior related to various types of
magnetism, spin-orbit interactions, and unconventional bans
structures. We believe that it will become more important to
explore novel physics through searching for new materials.

We focus on various kinds of transition metal compounds in
terms of structure-property relationship and are searching for
new materials based on the solid state chemistry. Recently we
study transition metal oxides containing heavy 5d elements such
as Re and Os and mixed-anion compounds containing more

than two kinds of anions.

Pleochromism
in Ca;Re0:Cl,
L

Efla E%
Vi)
&4

Elib

ReCy, sa\uam pyram

ZEEERIBET =4V {tEY CazReOsClz.
Mixed-anion compound Ca3ReO5Cl, showing pleochroism.

1. HLWEFRAEY RRVRIEEEFRYE DR

Search for new materials realizing quantum spin systems or strongly correlated electron systems

2. AEVENERHEASBEOME
Physics of the spin-orbit-coupled metal

3. BET ZAVLEYICR T B YERF L HF YRR
Chemistry and physics of mixed-anion compounds
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Recently, the trend of artificial intelligence / machine learning
/ quantum computation has attracted social attention. Our
research group tries to clarify the mathematical core of the
methods of computational physics and computational statistical
mechanics. We are conducting research based on the develop-
ment of new methods. As its application, we are elucidating
unsolved problems in statistical mechanics and performing
comparative calculations with experimental studies in strongly
correlated quantum systems in which interactions dominate
physical properties. The quantum Monte Carlo and tensor
network methods used here are closely related to data science
through Boltzmann machines and information compression.
An example of recent research is the discovery of a simple repre-
sentation of the wave function of the Kitaev spin liquid state. In
the pursuit of expressing the ground state of the Kitaev model
by using a tensor network with as little information as possible,
recently, we found that it can be essentially expressed by the
loop gas model, a model of classical statistical mechanics.

- SEEE

BRANEHEIL—TARCLDFY TT ALY RIFREORE,
Classical loop-gas at criticality represents the gapless Kitaev spin liquid.

7T —~ Research Subjects

1. HLWEFHE EFHEEBRORE

Search for novel quantum phases and quantum transitions

2. B OBIEREDHE
Numerical methods for many-body physics
3. AR RO
General theory of critical phenomena
4. SV LREFESE
Disordered systems and computational complexity
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ReakiE{L &% EuCu2Gez( IEA & : 14/mmm) DEIRER, EHDEFICHL. KB
HERE (Th) N EFU.6.2 GPa TH 27 K TRAEZTRY, 6.5 GPa T Tn IFAEITHEL L.
Eu Offigeht 2+ 1S 3+ ICEb I 2METFEREICLDIETERF R (QCP) h¥ P = 6.5GPa R
THRELTWS, EARIE. BEKIEMAZX p(mag) = po(mag) + BT DREFEHK n IcHTZE
NMRTHZD, ERICHIFIDIER n OEAKEEZRLTND, BREAIGEDCE, B8N &
FEADBEHELVTRA U, n =1 ICAD<, ZORKRIF. MEEBICKRALZ QCP HIBDR W

THZIEETBLTWD, Ihid. EultEYORTHH TERRSNICIRRTH S,

The pressure-temperature phase diagram of the antiferromagnetic compound
EuCusGe; (Tetragonal: I4/mmm). With increasing pressure, antiferromagnetic order-
ing temperature (Tn) increases and shows maximum with Ty ~ 27 K at 6.2 GPa. At
critical pressure, Pc = 6.5 GPa, T disappears abruptly due to the valence transition of
Eu ions from 2+ to 3+ states suggesting a underlying quantum critical point (QCP).
Inset of figure shows the pressure dependence of exponent, n, of the power law
dependence of the p(mag) = po(mag) + BT". On approaching the critical pressure, the
exponent n decreases as a function of pressure and move toward »n = 1. This provides
a good example of a QCP arising from the valence transition. Besides, this is also first

observation of such valence transition QCP among the Eu compounds.

X7 —~ Research Subjects

The high-pressure group has been studying various materials
under high-pressure conditions in combination with low
temperature and/or strong magnetic field. Nowadays, the
techniques combining these multi-extreme conditions have
become popular and indispensable for researches in solid state
physics. However, the developments of these techniques that
can realize in-situ measurements under multiple extreme condi-
tions are often challenging and require sophisticated consider-
ations. This group has devoted numerous efforts in developing
such advanced high-pressure techniques and in studying the
strongly correlated electronic systems, which is one of the most
important themes in modern solid state physics. Considering
the fact that many mysterious phenomena in strongly corre-
lated electronic systems result from the electron-phonon and
electron-electron interactions, we foresee the discovery of many
unknown phenomena under multi-extreme conditions because
high pressure offers an effective knob in tuning the inter-atomic
distances and the density of electronic state that controls the

degree of complex interactions.

1. ZERETICE T 2HFYHERKOER

Search for new physical phenomena under multi extreme conditions

2. BLERKREDENFERGBIRKOHF

Study of the pressure induced phase transition phenomena as like superconductivity

3. ZERETICE T 22ERERR CBEMIEAET EDHEL

Development of high pressure apparatus and confirmation of physical property measurement techniques under the

multi extreme conditions
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VAR O HEH R O 78 I LV E A DR EALITRE -,
B P IR R O HEMESE LT 5, A IIEE
MBSO ICHEDE, KOBFITEHRZ2 XD REE I &
I7DDFLVEIEFL - V772780 — P DRFEICHL
DHA TS, BEENBEBIEOFERIZRICEENDHE T
DZFIHHIT2H, BFoERMEICERL., FHHEEDH
TEIHHIT 25 LA —8— NIRRT L7, RFIEICK
D, ZNFTHORAPBHRETH -7V F LA 4 @, §
MR 757 22 F ) VR TNA ADRBIBEE — 5B S 2
L—ravduafggL ), HEERLDERESTREL R DD
DHb, ISIHE. X HOCET/GE TS 2 NBE
T OMOSHAE L 2L ¥ —DE KRR FE2 BT L, F2ER
IN—=TEHFL TV, Ru7zy, HE L7 Pt
JiF-. Ge o _H=flg - HEoRMGEE B HIREBORE
WKL e, $HBARL G R0 S0 %X =Ty —RY
7 b7 OpenMX (Open source package for Material
eXplorer) &L THMET—MAFL, HEiEY7by 7L LT
ENCH I I E 2B OIRICA GEHINTH S,

{1} Truncation in real space
[2) Mapping into a Krylov subspace

" " (3} Evaluation of
L1 .g'-i—h::::‘,_-. "‘:. —pG[Z}
. e bl ]

el 1]

o _ s s "

it N
A= —=NIZYURTBREBEDT AT 7, (1) RFBICHEREERNICEENDR
FHSEHEEINDY TR —EHERL. (2) T5ILV TR -—TERINZBHE
BH57UATHRIEENOHEZITS. (3) 7O 7HAIEHNCEGEREE
BE FORTFICES 920 ) —VBEREFHEL K TORBAOYEERZTS,
Underlying idea of the O(N) Krylov subspace method. (1) Construction
of truncated cluster for each atom by picking atoms up within a sphere. (2)
Projection of the truncated subspace into a Krylov subspace. (3) Solution
of the eigenvalue problem in the Krylov subspace, calculation of Green’s
function associated with the central atom, and back-transformation to the
original space.

AT —~ Research Subjects

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

b -

iaasnas""

ik (@) RV (b) E—EEHEIC LD KD SH
- L 1] fc ZrBz £ Ge EO _E=AKRFIEE, (c)
BENMEABEFAHHOBERE. (d) /\VR
BEDHERENRS —HIT DI &nB,
BEETIOELUMENRD SN D,

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

1. F—REETREFEICH T 2MENFEFE - 7ILTY XLDORF
Development of efficient methods and algorithms for first-principles electronic structure calculations

2. ZRTHEDOE —REBFIREE

First-principles calculations of two-dimensional novel structures

3. XBAHARYT ML EFEDRS

Development of first-principles methods for X-ray spectroscopies

4. B—REFEIC L 2B LEGEBREDFE

First-principles calculations of superconducting critical temperature

5. OpenMX DFA%E & B
Development of the OpenMX software package
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V7 b~y — EYYEie B, SHREREZ B LCfZEL
TWw3, R, EERBECHTEORE K. BHERkD 54
FIIADRIHITIZ ANT RS, 207D T2l —
VRO, WRHIToTw2,

B ZAE, RIMERCAEENE D 6 25/ D S £ X F Bl
TTOREENEZTARTVE, ZNET, WAL LSRN
RDNRF 22— MRPR) v RANDETER, F V87 ED
W, AL BOBIC X B EREOTREZ LR L2 HE AL
T3,

T, ETMELOMEEZ E ORI BIR 8 T
WP RIEERZ I MR @O FELA =7 ZA)T 1
KUIED R OIRARD FA F 27 2% 283y % 7T KB
T avEBRHELTHFEL LS

>a

>Iial—

NFFRT VNG ERFOREIC L BEE.
%o EF: 1 RTT. 2 RTOBRFROBIE, B :
7 DI

Membrane structures induced by banana-shaped protein rods: periodical
bumps, hexagonal network, spherical bud, and cylindrical tubules.

RMFICE > T A BEEETRYT
BRDOIT. AEROEF 21—

X7 —~ Research Subjects

We study soft-matter physics and biophysics theoretically
and numerically. Our main target is the stricture formation of
biomembrane and dynamics of complex fluids under various
conditions. We develop membrane models and hydrodynamics
simulation methods.

We found the shape transitions of red blood cells and lipid
vesicles in shear and capillary flows using mesoscale hydro-
dynamic simulations: discocyte-to-parachute, stomatocyte-
to-prolate, and prolate-to-discocyte, etc. We also clarified the
membrane tubulation by the BAR proteins. Moreover, we inves-
tigated the fracture process of polymer materials and cavitation

in Karman vortex using massively parallel simulations.

ARNICEARABERADAIILT VB EHOLSICBD B THAEICREAY
%, BETZTI2E, FrET—YaryMiEIh, [KOBHIERIN TV,
EREEE. ARIBEZRY.

Cavitation in Karman vortex behind cylinder arrays.

1. #HRE. BREARY T ILOFERR
Shape transformation of cells and lipid vesicles

2. BERABDY AU
Dynamics of complex fluids

3. B FHEOEE
Fracture of polymer materials

4. RENZHAEFEDFHR
Simulation methods of hydrodynamics
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A—R—ar¥Ea—¥ %2 IHEIEHTES L9, 2015 4
XYYy 7 7 =27h% - mEL7 ey 27 (PASUMS) %
BIIRL T\ 5%, RF—LTlE, A7 uP=7 MRS
775 L0 mE L EL A=Y =AY 7Y =
TELTRIT 2 L EDIC GRHETRR LD IGE 217>
Tw3, ¥, BELSNALY 7 727 ZIGEHL, BA
STECOMEIIY (A EEAZ L E LSRR
LA B O AR ORSELZ DT, ®TFFy R
TOAEVIERBLRDOMENT 2L ) 2iToTw 5, HBIETI,
HEY 727 2 IER LRICIA, JEEFE L LFE
Z D ERABEAMICER L, AR—RAET Y v 7 &G H
L@ ey 7 hvaik oo ilc T —F T, Bk
BEH O H Y ERR I 7oA 72 S I fH A
TV,

From the 2015 fiscal year, the supercomputer center has
started the project for advancement of software usability in
materials science to enhance the usability of the supercom-
puter system of ISSP. We develop and enhance the usability
of programs adopted in this project, release them as open
source software, and support dissemination activities such as
supporting hands-on lectures. In addition, by using the devel-
oped software, we theoretically study research subjects in a wide
range of fields such as derivation and analysis of low-energy
effective Hamiltonian of organic conductors and spin relax-
ation phenomena in quantum dot systems. In addition to these
activities, we focus on the information processing and have
been trying to apply this technique to materials science such as
analyzing data obtained by the quantum Monte Carlo method
by the sparse modeling method and searching new materials
using the machine learning method.

FEEAS (PCS) MIE% EABIMITFRELT, MER
BT 2 EHMAE T RBEELAYOMEEIT>T
%, BIRERFEBDBEELL 72D DICHZE X v v 703
HY, ZORBEIZ XY BEERELZSHTEL0, HIE
EIRFEED L FNLF—2ZR7 MVIZEELZFREZE LTV 5,
F 7200 DR RE R B A WO IRBRE T icB\»
THELRZE R T EIZI S Tn3, ETRELZL
FOLF —HfcB U9 2 3 TE P OMPRBEE Fick\»wT
HIEAAEZ P C STIE I EE A KR TETH B, B,
BRI FE R 2 R 3 AR RO RE 8 TR
BIEEREZRTYELREICBWTPCSHIEZIT>T W
%, MREBREITICB ) 2BEEREBDOART PV o B
AR7 VO EALE RS 720, ERPFE SR L HET 20T
HRE~ 7 2y MEEHRGHEP X 22—y VeV %
WL ER TOP C SHlE S AT LDBFICHY AT
W3,
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We are conducting Point-Contact Spectroscopic (PCS) study
of superconductivity on strongly correlated electron systems
under extreme conditions. The electron energy spectrum of the
superconducting state contains some important hints to reveal
the state, because the superconducting gap function is the order
parameter and it is possible to classify superconductors by their
superconducting gap structure. Some of superconductors in the
systems appear remarkable changes in their superconductivity
under extreme conditions. PCS measurement can project the
electronic state onto the energy spectrum and we have devel-
oped a new method for PCS measurement to perform even
under extreme conditions. Recently, we are collaborating with
Uwatoko group to observe the point-contact spectrum of the
superconducting state, which appears an interesting change
under the multiple extreme conditions, using dilution refrig-
erator with 20 T superconducting magnet and cubic anvil cell.
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Materials Design and Characterization Laboratory

YR RGHE (Materials Design Division)

RAEGHR =

Supercomputer Center

BYUFE JI|[E [EFE Chairperson : KAWASHIMA, Naoki
BYFE % Z=Bf Contact Person : OZAKI, Taisuke
BYmRE EF {& Contact Person : SUGINO, Osamu

#B Y e B[] {HF Contact Person : NOGUCHI, Hiroshi

Bh #% B J¥K Research Associate : FUKUDA, Masahiro
Bh #% FFA [EEK Research Associate : IDO, Kota

REGHREE IR EOA— S —a v
Ya— ¥ RATh%E, A—2—av¥a—yFEHHER
KROFHITHED ZRE QY ENZEH O I FEF I LT
W5, 2015 F 7TAPGHAINTELESRATL (VR
52 B =SGI ICE XA/UV A 7Yy by 254, 3820
CPU (Intel Xeon) + 576GPU (Nvidia Tesla K40)) &
2020 4 10 HicH#iEIn 2P E. BIALATLIE, T
12, 2018 4F 1 HIZBR@IFHAAR L 72> A7 2 (HPE SGI 8600,
504 CPU) ZMA AT ATLTH D, VAT LD —
LD K> TRIE RS AT LR Z MR T2 LD
2, ZEZ—Y2 5 OMRICEDMA L RDI6, ¥ A
TLOEMM 2T > T 5, A—S—arEa—F D]

FHITOWLTIE, A —2L_— (http://www.issp.u-tokyo.
ac.jp/supercom/) 2SI\, £z, 2015 FED>S
FRA—R=a v Ea—F S AT LD X EE 2 FI %
T270Y 7 b7 S EEAGSCE 7 1 75 5(PASUMS)
ZFEMLTWS, S5, FFEYHEBIEA SV HAHE
ZHUC VR BARANINIE 7 1 75 LW, TG RIE
7ary b GHEWER S EAME R —2 7L (PCoMS)
REORBRTu 27 b %Y R—FL T35,

A==y ¥Ea1—% YRFTLB (SGIICE XA/UV hybrid system)
(2020 F£ 10 BICHIY AT LICEH-ENEFE, )
The supercomputer system B (SGI ICE XA/UV hybrid system)
(To be replaced by a new system on October 2020)
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EEMBe KEH BT
EEmMBe BEH Rk
STIESPIBE A BT

T

Technical Associate : YATA, Hiroyuki
Technical Associate : FUKUDA, Takaki
Technical Associate : ARAKI, Shigeyuki

o)

'R FX

FUKUDA, Masahiro

HF EX

IDO, Kota

The Supercomputer Center (SCC) operates a supercomputer
system available to all researchers of condensed matter physics
in Japan. One can submit a proposal for a User Program to the
Supercomputer Steering Committee, and once granted he/she
can use the facility with no charge. The supercomputer system
consists of two systems: SGI ICE XA/UV hybrid system (3820
CPU (Intel Xeon) + 576 GPU(Nvidia Tesla K40)) and HPE SGI
8600 (504 CPU). The former was installed in July 2015 and will
soon be replaced by a new system in October 2020, whereas
the latter systems were installed in January 2018. In addition
to maintaining high performance of the system in coopera-
tion with the venders, the SCC also responds to questions and
inquiries from users on a daily basis. In 2015, we started a new
program PASMUS for developing application programs aiming
at more efficient usage of the supercomputer systems. We also
support national projects, including MEXT “Fugaku”-related
projects, Element-Strategy Initiative projects, and professional
development consortium for computational materials science
(PCoMS).

S0 ICE MAITAACPU & LIS G
282 logn 34T ey

LTS CPL
|FE LT e

e
Ve

YERRARBEABA—/—IYE21—9 Y RT LERK
(Y27 LB 2020 % 10 BICEHFE.)

The Supercomputer System at the SCC-ISSP.
(System B will be replaced on October 2020.)
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Materials Synthesis Section

B Y e EH EZ
BTEMBE A3 FUEF Technical Associate : ISHII, Rieko

Contact Person : HIROI, Zenji

ARETE, FWHEHDO AR, WMYEOREN, B
A EWM RO AR 2T>T0 5, £, FilEi
FEAUA I T UA, BURHR BN T %2 & 2 TN+ 0
SEREM A G & LT LT 5,

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

of furnaces are provided for crystal growth experiments.

FEHE

JO—Ta YUV -VEEEBERF. SEESF (ERmMHAKXIVvIT
VIR, oY ORI P—UBBIFA. YU Iy MR Ry I RIF). B
ZEREXEE (100 Torr). FYO—THRy IR

Main Facilities

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

HRBEERI/O—T Ry 7 X
Glove box for sample preparation

J YIE R« BEAEE (Materials Synthesis and Characterization Division)

L B

Chemical Analysis Section

B Y M EER EC
BTEPBE 7 ZFYEF Technical Associate : ISHII, Rieko
koW B B /b E&

Contact Person : HIROI, Zenji

Technical Associate : KOIKE, Masayoshi

ARETIE, PIEHFICEN Y EISOWTOATHT P
B LWED I35 O & LOMEAN TIEIC X 2 MR
DR B XOFEEZ2IT ) LT, FRE - 07 - L2 Eic
B0 2 # ks 2 it NS o JEFEF IS LT 5,

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

chemical analysis experiments.

TERRE
FER/ABAR T 7 AVEANMNDITERE, SEEYE. BEFRT. B
ERERE., MKBERE

Main Facilities

ICP-AES, microscopes, Automatic balances, Potentiometric titration
apparatus, and the system for preparation of ultra-high purity
water.

ICP-AES
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Materials Design and Characterization Laboratory

YIE R« BEEE (Materials Synthesis and Characterization Division)

X R EiE

X-Ray Diffraction Section Electron Microscope Section

# Y B 8 BEF =T Contact Person : HIROI, Zenii # Y4 pf 8 BH =T Contact Person : HIROI Zenji

—_ —

Bh % KB fi& Research Associate : YAJIMA, Takeshi BiTEPBE JEfR K& Technical Associate : HAMANE, Daisuke

x5 #

YAJIMA, Takeshi

E MBI HOMAIMGERH MO A 12 T TH 5,

BRI Y2 R W OBIFEPRHEIC BT, AR KBTI, BFBRLNVTOERGRZBIET L0, &7
RT3 TEE R MEZ O 5, AE TR, XHRET FRBETE & PR SUBURTE o3 b7 8 1 B B 2 i 2. 0L Bl
ZHGT, FBE ORGP I X2 a2 L Y G217 ) L3, @iz ATt oM AT fEL . L
RGO 21T ) L4, ATRSF OBFFEE I LT MBI 2T 2T 5,

M OFRE, KA 2T o T2,

The Electron Microscope Section supports electron diffrac-

The main purposes of the X-Ray Diffraction Section are tion measurements, lattice image observations and microscopic

structural analysis and identification of powder and single analyses of various solid materials in both crystalline and

crystal specimens for solid state physics. By using the Powder non-crystalline forms with the atomic-scale resolution by using

X-ray diffractometer equipped with a refrigerator, the structural a high-resolution electron microscope equipped with an x-ray

analysis is performed in the temperature range of 4-300 K. micro-analyzer.

L TERE
MR XREITRE., BRESESHETA CCD ¥ R 7 A RER X RETRE. 200kV BRBAEIMEFEME. BE - BREARILY — BERARHER
BHAA—I YT TL— MEXREIE STUIAAS AX=IVIT DfchHDER DEE

L— MBI EE
hEAHERD KRE Main Facilities

Main Facilities 200 kV electron microscope with an x-ray micro-analyzer, High-
Powder X-ray diffractometer, CCD system for the single-crystal and low-temperature holders, and various apparatuses for sample
structure analysis, Powder X-ray diffractometer with a refrigerator, preparation.

Warped imaging plate type diffractometer, Monochromated Laue
camera, and Imaging plate reader.

- - -
RAEE X $REHTRE 200 kV B BE 18 F B
Powder X-ray diffractometer for low temperature application 200 kV electron microscope with an X-ray micro-analyzer
53

THE INSTITUTE FOR SOLID STATE PHYSICS 2020



POEL R M

ian

AL S 5

Electromagnetic Measurements Section

# Y o8 EEl {Z Contact Person : TAKIGAWA, Masashi
# Y% B 8 EF =T Contact Person : HIROI, Zenji

B Y FE K FE Contact Person : MORI, Hatsumi

# Y B B BSA {EZF Contact Person : KATSUMOTO, Shingo
mMEMBEe LN B Technical Associate : YAMAUCHI, Touru

ARETIE, WEOEAWIE TH 28E AWK EE
Z B KOS OIL WHiFIc b7 > THIET 5 L L b,
B SR A 2E T, PR PR E 20, B A e L
Dz TN O L EF LT w5,

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

TERE

15/ 177AZBEEYTRY M 16/ 18TRIEE—BEETYY
Zv b (NMR). SQU | DEMLEIERE (MPMS)., REYMHEAIES
& (PPMS)

Main Facilities

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

e

RRUFIERAERE
SQUID magnetometer (MPMS)
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% YR R« RFAi (Materials Synthesis and Characterization Division)

o I

Spectroscopy Section

Fh1Ll ZESC Contact Person : AKIYAMA, Hidefumi
*’Ai\K Bﬁ{E Contact Person : MATSUNAGA, Ryusuke

B YR
B %R

]

m

WD B 262 e R L — Y — 2 A, BTN
HNOLEFFIHE LTS, TR - B - IRAGEIE DY -
KBS ART Mv, BB T <3 6 EDOME NI EETH S,

The Spectroscopy Section offers joint-use facilities for stan-
dard optical measurements. The facilities can be used for mea-
surements of conventional absorption/reflection spectrum in

the UV, visible and IR regions and Raman scattering.

FERE

AIRENDINER. FADIRER. 5V DINRER

Main Facilities

UV/VIS absorption spectrometer, IR spectrometer, Micro-Raman
spectrometer

FAB LTIV DIHEE
IR and Raman Spectrometers (Room A468)
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Materials Design and Characterization Laboratory

YIE AR« BEAEE (Materials Synthesis and Characterization Division)

e TE A

High-Pressure Synthesis Section

B Y 8 EH =T Contact Person : HIROI, Zenji

—_ —

BRITEPIBE % SAE Technical Associate : GOTOU, Hirotada

AETIE, AAKE, BTEEComimEE MIcEB»T
ke () WHD GRZT) L, SIEATICET2Y)
HOZEHZFTRT5, I5ICHTEDEH 5 A2 0E B
9 2 SR 2 TN D R EF IS LT 5,

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

FELF

500/700 b VHETL ZAEEB. Y1V EY K7V ELEIL. XIREFES.
BEM SN U ANEB. YAG L—H—ITH. Zoft (KEMIHE. 507
EY RFBEE. I#8. NCETYVITYY)

Main Facilities

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

=1
#HIE 700ton % 21—y 7 7L X,4GPa £ TOBESEAMERA.

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

A neutron has excellent transparency of matter
and a nuclear magnetic moment. Owing to these
properties, neutron scattering is a powerful method
to investigate the structure and dynamics of atoms
and electron spins in condensed matter. Since 1961,
the Neutron Science Laboratory (NSL) has been
playing a central role in neutron scattering activities
in Japan not only by performing its own research but
also by providing a general user program using the
university-owned 12 neutron scattering spectrom-
eters installed at the research reactor JRR-3 (20 MW),
JAEA (Tokai, Ibaraki). Furthermore, NSL owns state-
of-art inelastic neutron scattering spectrometer HRC
in J-PARC, which started its operation in 2009. Major
research areas supported by the NSL user program
are solid state physics (strongly correlated electron
systems, superconductors, heavy fermion systems,
topological materials, multiferroic materials, novel
quantum phases etc.), soft matter (polymers, gels,
membranes etc.), complex systems (glass, liquid,
clathrate materials, etc.), material science (ionic
conductors, hydrogen systems etc.), biological
physics, and neutron optics. The NSL also operates the
US-Japan cooperative program on neutron scattering

N S since 1984.

ELTHIRENL . TS O P BOELAFFE D F6 J

ICHBRL TV 5,

[

% B (ERR) W= & B z B ErImE xR AKX

Professor (Director) YAMAMURO, Osamu Research Associate LI, Xiang Technical Associate ASAMI, Toshio

I M FERY B % BEH OB soiErme ZHE BN

Associate Professor MASUDA, Takatsugu Research Associate ASAI, Shinichiro Technical Associate SUGIURA, Ryosuke

I HE % B % ME & B ErImE Ni& Kt

Associate Professor NAKAJIMA, Taro Research Associate AKIBA, Hiroshi Technical Associate KAWANA, Daichi

Big (£8) He FH B # wEE HIMRE KRB F

Visiting Professor TANAKA, Hidekazu Research Associate SAITO, Hiraku Project Researcher OHMASA, Yoshinori
BEMRE XEF BE
Project Researcher MIZUNO, Yuki
BIEMEES IR g
Project Researcher YAMANE, Ryo
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BARRFARRFHEFEEE (JAEA) DIFFIR JRR-3 DIFEICRES NI
FERBED 3#ANEE (4G, 5G, 6G)e TNUMMTAA RIR—ILTHE T BERABY
A7 DIBDHFEFARE AW AREDHERRELEHRFBZT>TNS,

The university-owned 3 triple-axis spectrometers (4G, 5G, 6G) installed in
the reactor hall of the research reactor JRR-3 of Japan Atomic Energy
Agency (JAEA). Using these and 9 various types of spectrometers
installed in the guide hall, we are performing our own research and gen-
eral user program.

12PN



Pk RS R
Neutron Science Laboratory

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

12 b 7€ %

Yamamuro Group

R E CIIE B R O YA LC0 5, Bl
TEDELNRIZ, HIR @ HNRMAE, KB IOZDORH
WHE. A4 Viik, KEWRESIES/ K FThHb, IR
TR IR DS E 2L 2 L 2 S T I L § 2 R e Bl %
THYH, PEYEYOREOKMED —>TH L, Kixik
SEE R YED D TH DD, KEREEDHED 723 k4 75
R R T, A4 VIRIECIE, FEHE7 7y T T —
WAHDBFE NS, F/ FAL VS PHEEN S A -2 7 A
DEND, GEF/ R TrRORER I, BERDEICKD
BTV PIVHIDBED SN B0, 7L 7 TIERS R0
BEWEPIAF I AZRT, TN6OYHEIINLT, |
PEFHOEL. XARIET, B, SRR &2 HIE L | W
FAF A BIIED I ED S, MR YEICNIET S
B (?) 2BIEZHS»ICT A EZEBLTRS,

150/ COw measured at 3 K

VD-glass
—— Crystal
100l I Pad Index

a0 ,r) “\..

Q)7 arb. unit

f
&

i) WU

.

Wﬁ

1 L I 1
(111} (DO2H012H112)  (022)
1.5 20 25 3.0 15 4.0

/A’

#B CO2 717 R (FiR) & #55 (FR) O XIREHT/NY — >0 ZHDHREEERN, 5.
CO NFRAZRAELFEROMATHRRD & SBREED FHEEBEZ &5 EHD
Mmoo

X-ray diffraction patterns of the vapor-deposited glass (red curve) and crys-
tal (blue curve) of CO,. The pair-distribution function analyses revealed
that the nearest-neighbor configuration of CO, molecules is as shown in the
figure for both glassy and crystalline states.
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YAMAMURO, Osamu AKIBA, Hiroshi LI, Xiang

% B B

Professor Research Associate Research Associate

We are studying chemical physics of complex condensed
matters, especially glasses and supercooled liquids, water and
related materials, ionic liquids, and nanoparticles of hydrogen
storage metals. Glass transition is a mysterious phenomenon
in which liquids solidify without structural change. This is one
of the big and long-standing issues in physics. Water, which
is the most familiar material for us, exhibits various unique
phenomena caused by hydrogen bonds. Ionic liquids have
nanometer-size domains and hierarchical dynamics gener-
ated by competing electrostatic and van der Waals interactions.
Hydrogen atoms in metal nanoparticles give rise to unusual
structure and dynamics caused by the surface effects and
resultant distorted potential energy surfaces. These substances
are investigated by neutron scattering, x-ray diffraction, heat
capacity, and dielectric measurements. Our aim is to find simple
(?) rules involved in complex systems from the three different
points of view, i.e., structure, dynamics, and thermodynamic.
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NIV BEOF/RFINGITLKREPDTLZIZATOY by N5 DETE
B34 B DN IC K BREFERMERELIC K DRES N BIID QEREFED S,
T T2s BEROPA M 4ETHAMOHRFOILBICLD Z EN DM o T,

Arrhenius plots of bulk and nanoparticles of palladium hydrides. These
relaxation times were determined by the QENS experiments with 4 spec-
trometers. The Q dependence of the relaxation clarified that 7, T2 and 13
correspond to the H atomic diffusion at the O-sites while T4 at the T-sites.

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

2. K& LUBEEYE (BXSILERERBE) OBEEI(FIIR

Structure and dynamics of water and related materials such as hydrated porous crystals

3. AAVREDHNZHNMEE YA FIIR
Thermal and dynamical properties of ionic liquids

4. KREBEET /RTFOBEET A FIIR

Structural and dynamical properties of nanoparticles of hydrogen storage metals
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Associate Professor Research Associate

One of the research goals in our group is to find a novel
quantum phenomenon and to reveal its mechanism in
low-dimensional spin magnets and frustrated magnets. Strong
quantum fluctuation or geometrical frustration disturbs the
development of trivial magnetic states and induces a non-trivial
quantum state. Furthermore, such a state is sensitive to a
small perturbation and, thus, the area is frontier of quantum
phenomena. Our research topic includes spin liquid, RVB,
Cuboc structure, etc. Another goal is to observe a new magne-
toelectric effect in multiferroic compounds and/or relaxor
magnets. Figures show the experiment and calculation of
the pressure variations of the spin dynamics in the frustrated
quantum magnet CsFeCls. In the disordered phase at low
pressures single mode of singlet — doublet excitation is observed.
In contrast, in the pressured induced ordered phase at 1.4 GPa,
a novel hybridized mode of longitudinal and transverse fluctua-
tions originated from noncollinearity of the magnetic structure
was discovered.
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AR MVDBRlIS e, EFRASEED 1.4 ¥H/IKX A
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AR NVDOEERER, MEE—REIRIETE—ROERZZERL
fe5tE (D) IFX5 (C) ZBE I 2H. FRURWETE (B) (355 (C)
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Inelastic neutron scattering spectra. The spectra obtained at a
chopper spectrometer under (A) 0.0 GPa at 6 K, (B) 0.3 GPa
at 2.7 Kand (C) 1.4 GPa at 0.9 K sliced by the energy transfer
- wave vector (hw-q) plane for g = (-k, 2k, 0). The yellow cir-
cles, squares, and red diamonds are the peak positions of the
excitations obtained from the constant-q scans using a triple-
axis spectrometer. The solid yellow curves are the dispersions
calculated by ESW. Calculated neutron cross-section by the
ESW under (D) 1.4 GPa at 0 K. Calculated neutron cross-
section in the absence of the off-diagonal elements under (E)
1.4 GPa at 0 K. The black and red solid curves in (D) and (E)
are gapless and gapped modes, respectively.

BETN

LR

1. EFERARAEICE T2 75X ML — MNEEEDIEBRERE— R
Nontrivial hybridized mode in frustrated magnet near quantum critical point

2. FEFICL D REVIEAE Y ROKH
Detection of spin wave spin current by neutron

B XILFI7zOA I AYBICRIIZDRAEYOFEAKNIY AO—)L

Local control of spin moment in multiferroics
4. AV REREDIERR

Search of spin liquid
5. MIBHEIFERES T / > DA

Observation of field induced nonreciprocal magnon
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Nakajima Group
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state is realized by a rapid
temperature sweep in a
magnetic field of 0.2 T.

HRE % wE
NAKAJIMA, Taro SAITO, Hiraku
HEHIR Bh#

Associate Professor Research Associate

Magnetism in solids has been extensively studied in the field
of condensed matter physics for a long time. A well-known
example is a ferromagnetism, which means that magnetic
moments in a solid are spontaneously aligned to be parallel
to each other owing to exchange interactions. It was recently
revealed that spontaneous ordering of the magnetic moments
can change not only magnetic properties of the system, but also
(di)electric or elastic properties. We study the emergent cross-
correlated phenomena induced by the spin orders. One example
is spin-driven ferroelectricity, where a spiral magnetic order
breaks spatial inversion symmetry of the system and leads to
spontaneous electric polarization. Another example is a vortex-
like spin texture called magnetic skyrmion, which often appears
in a long-wavelength helimagnet. By the virtue of the topologi-
cally-nontrivial spin texture, the magnetic skyrmion induces an

effective magnetic field acting only on conduction electrons.

t=0.00 s, Tnom=20.9 K t=0.50 s, Thom=27.9 K
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The results of time-
resolved neutron scat-
tering measurement
on MnSi in a magnetic
field; the hexagonal
diffraction patterns cor-
respond to a triangular
lattice of metastable
skyrmions.

t=0.34 s, Thom=34.6 'K

. PHEFHELIC K DMRRFILI AV OEEE ZDY 1+ 37 ADFRFR

Neutron scattering studies on magnetic skyrmions and their dynamics

. HDOBBRAICKHE T IHEME - TLo hOXT /Y -

Magnetic excitations driven by the electric field component of light — electromagnons -

. BFNBIGHZRAWCRILF 7 2 O1 Yy 7 YE ORI & FEEDFITEH

Control of magnetic and dielectric properties in multiferroics by means of anisotropic stress

. BRI FEEL R Z VWIS 1T 2IFE - BERROMR

Time-resolved neutron scattering studies on nonequilibrium and transient phenomena

59
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Visiting Professor

Our aim is to elucidate quantum phase transitions in spin
systems and magnetic excitations with remarkable quantum
many-body effects using neutron scattering technique. We also
devote ourselves to the development of materials with the belief
that new materials have new physics and new physics are born
from new materials.

Spin dimer system often undergoes quantum phase transi-
tion from a nonmagnetic singlet state to a magnetically ordered
state in the magnetic field and hydrostatic pressure. We are
studying unconventional excitations such as amplitude mode
(Higgs mode) of ordered moment and localized excitations
caused by strong frustration of interdimer exchange interac-
tions. It is theoretically known that triangular-lattice quantum
antiferromagnet exhibits magnetization plateau at one-third of
the saturation magnetization owing to the synergy of frustra-
tion and quantum fluctuation. We verified the magnetization
plateau in Ba3CoSb;09 and Ba;CoTeOs, and investigated their
excitation spectrum in details. We observed the spectrum that is
much different from conventional spin wave theory and strongly
suggestive of fractionalized spin excitations. We are also investi-
gating the low-energy excitation spectrum in a-RuCls that is a

candidate of the Kitaev model to evaluate magnetic interactions.
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The aim of this laboratory is to study the physical
properties of matter (such as semiconductors,
magnetic materials, metals, insulators) under ultra-
high magnetic field conditions. Such a high magnetic
field is also used for realizing the new material phase
and functions. Our pulse magnets can generate up to
80 Tesla by non-destructive way, and up to 1000 Tesla
by destructive (the single turn coil and the electro-
magnetic flux compression) methods. The former
serves for the physical precision measurements (the
electro-conductance, the optics, and the magneti-
zation). The multiple extreme physical conditions
combining the strong magnetic field with ultra-low
temperature and ultra-high pressure are also available,
and are open for domestic as well as for international
scientists. The magnet technologies are intensively
devoted to developments for the quasi-steady long
pulse magnet (an order of 1-10 sec) energized by the
world largest DC generator (210 MJ), and also to a
100 Tesla class nondestructive magnet. Whereas, the
explosive pulse magnets capable of generating 1000
Tesla are oriented for new horizons in material science

under such extreme quantum limit conditions.

B B (ERR) S8 E— B % =Hrt #mE wifrErIg na &
Professor (Director)  KINDO, Koichi Research Associate MITAMURA, Hiroyuki Technical Associate KAWAGUCHI, Koushi
BB X m® B % PR K B ErIgE =B 1B
Associate Professor TOKUNAGA, Masashi Research Associate NAKAMURA, Daisuke Technical Associate ~ SAWABE, Hironobu
AU LVN:EE TN B % =% E& BirEFIBE WE &
Associate Professor MATSUDA, Yasuhiro Research Associate MIYAKE, Atsushi Technical Associate MATSUO, Akira
HHUR IE FIR B # wH BEE FITEBE KBE —%
Associate Professor ~ KOHAMA, Yoshimitsu Research Associate IKEDA, Akihiko Technical Associate  OHATA, Katsumi
N * =
B RE &A B % all & BIEHRE ER A
Associate Professor OSADA, Toshihito Research Associate ISHIKAWA, Hajime Project Researcher KURIHARA, Ryosuke
8% (£8) SH RE B % BN BER BIFRE I E=M
Visiting Professor IMANAKA, Yasutaka Research Associate NOMURA, Toshihiro Project Researcher SAKAI, Yoshikazu
R (BB) HR EBE BIBH S BfE BEFRE A E )
Visiting Associate Professor IHARA, Yoshihiko Project Research Associate IMAJO, Shusaku Project Researcher YANG, Zhuo
BEIBH AT st FiRSAAEE  AH BA
Project Research Associate KINOSHITA, Yuto JSPS Research Fellow ISHII, Yuto
FiREAMRE  WHF —#

* JSPS Research Fellow MATSUI, Kazuki
FINFETS. ABITRERYMEMZELP, / concurrent with Division of Condensed Matter Science

BHRMEERHSRERBIFREAS N, RREPRICMET 20350 kV, SMIOEIVT
YN 1000 T OBBESSHRENFIREBRET B> TS, BICERBESNIDIERE U < 50
kV. 2MJ @AY Ty 5Ny o THh, BHEOBHEREBICERZAIGT 2, 600 TREDBHA
HSHRENTERERI E B> TWD, BHIRECMNBESHKED(ILAEL T, 20kV. 2MJEIT Y
TGN OHFRRE. & DBODBEIENES NS,

Newly installed electro-magnetic flux compression (EMFC) system. The new EMFC gen-
erator energized by the 10 modules of 50 kV condensers, all together 5 M]J, is designed to
generate 1000 T ultra-high magnetic fields. Another 2 MJ main condenser modules are
//sw wanconsensersank US€d to inject an energy to the relatively light EMFC system for frequent use, but capable of
oSS generating around 600 T. The seed field coils, generating the initial magnetic field, which is
compressed by the EMFC, are connected to the sub condenser bank modules of 20 kV, 2 MJ.

Control room

5MJ EMFC System  Old SMJ EMFC System

Old Main Bank
2MJ, 40 kv

Sub Condenser Bank
2M,20kV

2M Main Condenser Bank
0.5 Module =2 MJ, 50 kV.
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Magnetization curve of a 4d transition metal Mott insulator GaNb4Seg. The
featureless magnetization curve with small magnetization indicates that the
nonmagnetic ground state with an excitation gap larger than the energy
scale of the magnetic transition temperature Ty = 30 K is realized.

IREE S INIY 47 SN0
Development of Non-destructive Pulse Magnets

2. BESSZER W A EVBBHEEER DR Mott iEikE DR
Study of Spin-orbital Coupled Mott Insulators at High Fields

3. BRBFOBESHEFYEOIE

\1#\!
b

A
B8 E— alll & S FEfE
KINDO, Koichi ISHIKAWA, Hajime IMAJO, Shusaku
B EUE FHEBDER
Professor Research Associate Project Research Associate

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

developed by the collaborators.

tH (T)

ZRITTEBBIRER k-(BEDT-TTF)2Cu[N(CN)2]Br O{ER 385 B KIEHT,
5l & > TBEENIIHIS N BESERFAES Heo U ETREERE L 55,
Hez PHESIETIE ZRITHNGETEZ RIRL TEEEICH T 2HI5HE 0 ITK
#9 %

Low-temperature electrical resistance of the two-dimensional organic
superconductor x-(BEDT-TTF),Cu[N(CN)2]Br in high fields. The
superconductivity is suppressed by magnetic field and shows the transi-
tion to the normal state at upper critical field Hey. Hez and magnetore-
sistance depend on the field angle 0 to the conducting plane according
to the anisotropy of the two-dimensionality.

Study on High-field Electronic Properties of Organic Conductors

4. IV AESSH TOYIEEFEDORFE

Development of Physical Property Measurement Techniques in Pulsed Magnetic Field
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Longitudinal magnetostriction of bismuth measured by the capacitance method
in a pulsed high magnetic field (blue line). Quantitative coincidence with theo-
retical calculation (broken line) suggests the emergence of field-induced valley
polarization predicted in this model. This result provides us with thermody-
namic evidence for the complete valley polarization, namely one of the three

Fermi pockets dries up, at around 40 T, as illustrated in the inset.

1. NIVLF 7 041 v 7 PEOHIGHEEERE
Field-induced transitions in multiferroic materials

2. EFMRREICE T2 EFIHERE
Electronic phase transitions in the quantum limit state

3. INILRRBEIS T IC & 1T 5 R R MRS
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MIYAKE, Atsushi MITAMURA, Hiroyuki  KINOSHITA, Yuto
B Bh%K FHEBIH

Research Associate Research Associate Project Research Associate

Magnetic fields have been extensively used in the research of
solid state physics as they can directly tune the spins, orbitals, and
phases of electrons in materials. We study various phenomena in
pulsed high magnetic fields generated by non-destructive magnets
using various state-of-the-art experimental techniques.

As one of our recent projects, we focus on the electronic states
in the ultra-quantum limit state. Since charge carriers are confined
in the smallest cyclotron orbit, Coulomb interaction dominates
over the kinetic energy. Therefore, we can realize tunable strongly
correlated electron systems in the quantum limit states. In partic-
ular, we have been focusing on the semimetals having an equal
number of electrons and holes; and found a novel field-induced
phase in graphite, complete valley polarization in bismuth, and
anomalous quantum transport properties in black phosphorus
under multiple extreme conditions.

We are also studying multiferroic materials through high preci-
sion experiments in pulsed-fields. In BiFeOs, which is perhaps the
most extensively studied multiferroic material, we found bipolar
resistive memory effect, magnetic control of ferroelastic strain,
and a novel multiferroic phase at around room temperature.

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

(a) 2 AMEOHSGH TEHAL
fc BiFeO3 O #R ik T, #1H#
WAb@E (1st) @ 10T LT
THASNIBEIFEHD
HEERNEHEZRLTWS,
(b) EIEERISH TEERILE
IR IR, 18T fHEICR
Shaa0o04 RKEMS
EARBEEENDOREE
TEISBAFELTWS
RFZRATWD,

(a) Linear magnetostric-

tion of a single crystal 'E‘ 400
'G__' .
o,

(b 134973

R LA L)

of BiFeOs. Hysteretic
behavior in the virgin
curve (1st) below 10 T
represents the strain's
ferroelastic response
in this material. (b)
Magnetoelectric effects
observed in rotational
magnetic fields. The data

Wl LU LA

!.I.DH (T)

show the doubling of electric polarization at the transition from the cycloi-
dal to canted-antiferromagnetic state at around 18 T.

High-speed polarizing microscope imaging in pulsed-high magnetic fields

4. NROYAILVYE O RBIH YRR
High-field study of topological materials
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Y. Matsuda Group
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Magneto-transmission at 1.977 um in a W-doped (6%) VO, thin film. The
magnetic field induced metallization is indicated by a significant decrease of
the transmission at around 500 T.

1. HSFHEERE-=BER
Magnetic-field-induced insulator-metal transition

2. BT AV ROBEBISHBE
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FAH  BR3A BHE BEE R PN
MATSUDA, Yasuhiro  IKEDA, Akihiko NAKAMURA, Daisuke
HERIR EUE B3

Associate Professor Research Associate Research Associate

We have studied properties of matters that emerge under
ultrahigh magnetic fields of up to 1000 T. Ground state of
matter can dramatically be changed by applying such strong
magnetic field, since spin and kinetic motion of electrons are
directly affected by magnetic field. Various kinds of novel phases
are expected to emerge in the strong magnetic fields through
the phenomena such as the formation of nontrivial magnetic
structure in low dimensional spin systems, exotic local-itinerant
transition in strongly-correlated magnetic compounds, and
strong spin-lattice coupling in molecular solids. The field-
induced phase transition without thermal excitation at a low
temperature is a quantum phase transition where the excited
state in weak fields transforms to the new ground state in strong
fields. Thus, hidden potential characters of matter appear in
strong magnetic fields and novel phenomena can occur. Only
short-duration destructive pulsed magnets can produce strong
fields far exceeding 100 T; beyond overcoming the technical
difficulties regarding the destructive magnetic field, unexplored
research fields open. We have also been enthusiastically devel-
oping new measurement techniques to discover the exotic novel
phases in the field range of 100 ~ 1000 T.

0.2

0.0 trrarangrmiirn (ch -
02 ?G5KI
E—_—
— MGK ET i
- 20k NS K 150T
] - FAWy=cB®
Fiber Bragg Grating (FBG) E o ]
Ik DAlEE Nz LaCoO3z D ﬂ
HWE (@, b )EZTNnZE J po @ ]
NELBZBREICEIT5ERZL :
HLT%, 2.0
Magnetostriction of LaCoO3 15 e
measured with the Fiber ’
Bragg Grating (FBG). The 1.00
results at different tempera- 0.5k
tures are shown in (a), (b), (&)
and (c), respectively. 0.0 = M
] 150

Ultrahigh-magnetic-field magnetization process of quantum spin systems

3. EVWBEFRUMHBIZEEFROBEKIS T COBFRE

Electronic state of heavy fermion and valence fluctuating systems at ultrahigh magnetic fields

4. EFERROBSFHEBERER

Magnetic-field-induced structural phase transition in solid oxygen

5. A Y- IR FRIEGROESH O

Properties of matters with strong spin-lattice coupling in high magnetic fields
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Kohama Group
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Zeeman splitting pattern of the R lines of Ruby. The non-linear Zeeman
splitting was observed in ultra-high magnetic field region above 100 T. The
inset shows the octahedrally coordinated Cr’* ions in Al,O3 which is the
cause of the photoluminescence of ruby.
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KOHAMA,Yoshimitsu NOMURA, Toshihiro
HEHIR Bh#

Associate Professor Research Associate

Ultra-high magnetic field (higher than 100 T) is an extreme
condition that remains unexplored until recently. Many of
unprecedented phenomena are expected to appear in ultra-high
magnetic field region, and our group focuses on the observa-
tion/understanding of those exotic phenomena. To achieve this
goal, we employ the following experimental techniques, “1.

»

Magneto-optical measurement technique”, “2. Ultra-fast magne-
toresistance measurement with micro-fabricated devices” and “3.
High-field NMR experiment with a FPGA module”. With these
techniques, we currently investigate the magnetotransport in
topological insulators/superconductors and the novel magnetic
phases in quantum spin systems. Our final goal is the condensed
matter research at ultra-high magnetic field region up to ~1000 T,
and thus our future work will also be devoted to technical devel-
opments for ultra-high magnetic field generations as well as the

improvements of measurement techniques.

EuéRﬂT 20 K
| RIOT, :4*-’"-'."."-

Fe{Se_ Te) |

200 40 60 @80 100

HHIT)
Fe(Se,Te) RBLEEICH T BHIUBMAE, OV Y FILICEVWTIE4 0T A
ICBRUBRDY ¥ > 75 H2 MRRllE g, InSOFEIELD. BKIER
I$2 0 0T REX TRIETEE,
Magnetoresistance of the upper critical field on Fe(Se,Te) superconductor.
The upper critical field accompanied by the resistivity jump was observed
around 40 T. The accessible field range for the magnetoresistance measure-
ment is ~200 T.

Magneto-optical measurements with laser optics and its application to ultra-high magnetic field science

. WNLRSEBIZ T IC&E 1 % NMR AIE & ISR DG

NMR measurement under pulsed fields and its application to magnetic materials

. AN TR = B W e FTARRAE FIE DO RF

Development of new measurement techniques with nanofabrication technology

. BREHSE AW EFIREOEE & MROYAIILIERED T T)LIADY—

Observation of quantum oscillation in ultra-high magnetic fields and fermiology of topological insulators

65

THE INSTITUTE FOR SOLID STATE PHYSICS 2020



[l ik b o T S i

International MegaGauss Science Laboratory

I

Imanaka Group

MRS RRIR T CoW A7 a b ay i k2R - 2
EIBOMEEIT>T 5, B T I b ay g
P EEE OB YN BRI AT TEL
D, LR, —#oFu—X vy 7EERCEEEOBEY
BTTA7v 7B TRNEHINDEZERHS LD, Hil:
YD TR - 248 O YERFZE A3 T H T AT
ORI T2,

ZZT100T 22288 (AR To7
TV NER IV R OB EEoTo T4 ratuy
) VI IERETRAIN A FIRIC KD . BRA 2R
KL @ BRI ORI, FHIERINSE RO R
PEDFEIICHD fHLEr,

COHMNDZER DD, imESTEEE L A G
ZTEDTRE LT 7~ VY IR O L — i — PR OB D
WAT LTI, R IA B TOMIRIES YA Z7a ba v
HIBOEBRZHIET,

[l i 5 P A S s

International MegaGauss Science Laboratory

JEBAETE =2

Thara Group
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IMANAKA, Yasutaka
EEHE

Visiting Professor

We have been studying the cyclotron resonance on various
semiconductors and semimetals under high magnetic fields and
low temperatures.

The research on these related materials was performed using
ultra high magnetic fields so far. Recent progress of crystal
growth techniques enables us to study the Dirac fermion physics
even in narrow gap semiconductors or semi-metallic materials.

“Cyclotron resonance”, which is a magneto-optical phenom-
enon in the high magnetic field, is quite useful for investigating
the effective mass and other transport properties (mobility,
carrier density) without ohmic electrodes like standard
magneto-transport measurements.

We aim to investigate anomalous electronic properties
realized on the surface or the interface in semiconductors and
semimetals by the cyclotron resonance with the destructive high
magnetic field beyond 100 T. We will also develop terahertz
lasers and detector systems for realizing ultra-high field cyclo-

tron resonance measurements in a wide range of the frequency.

HR BE

IHARA, Yoshihiko
BEEREBIR

Visiting Associate Professor

I will explore exotic physical phenomena realized in high
magnetic fields by the recently developed Pulse-Field NMR
measurement.

High magnetic fields generated by pulse magnets intro-
duce fascinating physical properties, such as field-induced
superconductivity and spin liquid state, and spin/electronic
nematic states. The experimental probes that can access to their
microscopic origin are still limited because of the limitation
on field-pulse duration and drastic time evolution of magnetic
field strength. By using the flat-top field in collaboration with
the groups of Professor Kohama, and Kindo, we succeeded in
performing NMR measurement in magnetic fields up to 53 T
for a frustrated magnet. As a visiting associate professor, I will
expand the target materials to rare-earth metals and multiferroic
materials and reveal the magnetic properties in high fields from

a microscopic viewpoint.
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Professor (Deputy Director) KAWASHIMA, Naoki Research Associate
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Professor (Director) OZAKI, Taisuke Research Associate
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Professor SUGINO, Osamu Research Associate
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B ge BT OHER B %™
Professor TSUNEYUKI, Shinji ~ Research Associate
B 8" g2 BER  » "
Professor TODO, Synge Research Associate
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i ¢ mE EBE B o®nY
Associate Professor KATO, Takeo Research Associate
pi= e BO B8  sEyiErmse
Associate Professor NOGUCHI, Hiroshi

5 * =1 s =
BEARIE ™ B #®it  mwsPma
Project Associate Professor FUKUSHIMA, Tetsuya Technical Associate
RIS (P) R X
Project Researcher AKAI, Hisazumi
BHIFRE (P) 2T &=

Project Researcher MIYASHITA, Seiji

As symbolized by the Fugaku computer, massively
parallel computation is actively used for solving
problems in materials science in recent years. In
fact, computer-aided science has been providing
answers to many problems ranging from the most
fundamental ones, such as critical phenomena in
quantum magnets, superconductors, and superfluids,
to the ones with direct industrial applications, such
as semiconductor devices and electrode chemical
reactions in batteries. Due to the recent hardware
trends, it is now crucial to develop a method for
breaking up our computational task and distribute
it to many computing units. In order to solve these
problems in an organized way, we, as the major
contractor of several national projects such as Fugaku
Computer Project and Elements Strategy Initiative,
coordinate the use of the computational resources
available to our community, including Fugaku and
ISSP supercomputers. In addition, we also operate
the web site, MateriApps, which offers easy access to

various existing codes in materials science.

HE EX BEmEs E R
MORITA, Satoshi Project Researcher KAWATSU, Tsutomu
BO #HR BiImrg  BH X
HIGUCHI, Yuji Project Researcher SAKURAI, Masahiro
DY ot IR -V N

KAWAMURA, Mitsuaki  Project Researcher TOGA, Yuta

HL H BEIWxRE R K-
HARUYAMA, Jun Project Researcher HINOKIHARA, Taichi
BHE X

FUKUDA, Masahiro

HFE ERX

IDO, Kota

HFE %

Advanced Academic Specialist KOUTA, Hikaru

il =

YAMAZAKI, Jun

*1 BrpgRIS, ARISYEREIHERESR. /concurrent with Materials Design and Characterization Laboratory

2 FRpagRIs, ABIREAYIERE Y )L— 7, /concurrent with Functional Materials Group

S B TR S & 35, / concurrent with Physics Department, Graduate School of Science

4 FRpNgRIs, AKIRYIEERESM. /concurrent with Division of Condensed Matter Theory

* prpagRis, ATldT— & HARMRMIERA. /concurrent with Division of Data-Integrated Materials Science
Byy—F . FRIZZR L —% —H#E#E= & 5, / concurrent with Office for Advancement of Research Administrators
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AKAI, Hisazumi

HIEMERE (PI)
Project Researcher (Pl)

Our main objective is to predict/discover new functionality
materials by means of computational materials design (CMD).
In particular, the development of new high-performance perma-
nent magnets is one of our main targets. CMD aims at to design
materials and/or structures on the basis of quantum mechanics,
corresponding to the inverse problem of quantum simulation.
In general, solving such problems is very difficult. In CMD, we
solve them by making use of the knowledge, which is obtained
through “experiments performed inside computers” using
quantum simulations, about underlying mechanisms realizing
specific features of materials. The technique of machine learning
also can be exploited on the vast data thus created. The devel-
opments of new methods of quantum simulation also are our
important themes. Among them are developments of methods
of accurate first-principles electronic structure calculations in
general, linear response theory and first-principles non-equilib-
rium Green’s function both based on the KKR Green’s function
method, order-N screened KKR-method for huge systems, and
the methods beyond LDA.
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Laser and Synchrotron Research Center (LASOR)
develops new lasers with the extreme performance of ultra-
precise, high intensity and ultra-short pulse lasers. The
cutting edge soft X-ray beamline is also developed using
synchrotron radiation. LASOR center is responsible for the
advanced spectroscopy, such as ultra-high resolution photo-
emission, time-resolved, spin-resolved spectroscopy, diffrac-
tion, light scattering, imaging, microscopy and fluorescence
spectroscopy, by new coherent light sources based on laser
and synchrotron technology over a wide spectrum range
from terahertz to X-ray. In LASOR center, a variety of
materials sciences for semiconductors, strongly-correlated
materials, molecular materials, surface and interfaces, and
bio-materials are studied as well as industrial science such as
laser processing using advanced light sources and advanced
spectroscopy. The aim of LASOR center is synthetic science
for photon sciences and collaborations with materials
science. Most of the research activities on the development
of new lasers with extreme performance and the applica-
tion to material science are studied in specially designed
buildings D and E with large clean rooms and the isolated

) . . " . floor in Kashiwa Campus. On the other hand, the experi-
% SPring 8 2B\ Cla> v 7w bu U v fe e — ments utilizing the synchrotron radiation are performed at

l\ﬁ/f v BLO7LSU 0:T$’X X %iﬁ%@ﬁ%%f?ofb )60 beamline BLO7LSU in SPring-S (Hyogo)
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Professor (Deputy Director) HARADA, Yoshihisa  Research Associate KANDA, Natsuki Technical Associate  ARAKI, Mihoko Project Researcher ~ BAREILLE, Cedric
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Professor KOMORI, Fumio Research Associate SUZUKI, Takeshi Technical Associate KOSEGAWA, Yuka Project Researcher ~ MUROTANI, Yuta
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Professor (Deputy Director)  AKIYAMA, Hidefumi  Research Associate KURIHARA, Takayuki Project Researcher AKADA, Keishi Project Researcher ~ YAMAZOE, Kosuke
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Associate Professor MATSUDA, lwao Research Associate HORIO, Masafumi  Project Researcher ITO, Shinji Project Researcher  USUKURA, Junko
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Associate Professor  KIMURA, Takashi Technical Associate HARASAWA, Ayumi Project Researcher KURAHASHI, Naoya Project Researcher  LAFUENTE SAMPIETRO, Alban
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Associate Professor  INOUE, Keiichi Technical Associate ITO, Isao Project Researcher TAKEUCHI, Masaya JSPS Research Fellow  HASHIMOTO, Takahiro
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Research Associate ISHIDA, Yukiaki Technical Associate HASHIMOTO, Mitsuhiro Project Researcher  TANIUCHI, Toshiyuki JSPS Research Fellow ~ MATSUDA, Takuya
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Research Associate MIYAWAKI, Jun Technical Associate SHIBUYA, Takashi Project Researcher ZHANG, Wenxiong JSPS Research Fellow ~ ZHANG, Peng
B A IRAER B ErIBE TEE BX  BEWRE  FAvA—Uud
Research Associate TANI, Shuntaro Technical Associate KUDO, Hirofumi Project Researcher ZHONG, Yigui

*1 BRNgETS, AHEF / 2 —ILYIERRZEERFS. /concurrent with Division of Nanoscale Science
2 FpgsETs, AIIAAIERZES )L— 7. /concurrent with Functional Materials Group
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Optical frequency comb based ultra-high precision spectroscopy. The
combination of ultra-high repetition-rate laser and ultra-high resolution

spectrograph makes it possible to resolve each comb tooth to detect the
meta-stable He atom.
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ISHIDA, Yukiaki TANI, Shuntaro SAKURAI, Haruyuki

Bh%K Bh%K

Research Associate Research Associate

FHEBN

Project Research Associate

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

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

In addition, we are studying the fundamental processes of laser
processing and bridging the gap between them and industrial

applications. We would like to know “How is a material cut?”

A7y NTU—
JERIRE A
Offset-free optical
frequency comb.

L—Y—mIT#Eoy 7w
e > R R

Measurement of laser pro-
cessing dynamics with sub-
picosecond time resolution.

Development and precise control of ultrashort pulse laser systems

2. BRORL —EREYE
High-rep rate, high-field physics

3. XARBIALDKRX - R - B

Astronomical, medical, and metrological application of the optical frequency comb

4. L—H—IITO%E

Fundamental understanding on laser processing
5. shAD TR

Precision spectroscopy of molecules
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Harada Group
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High energy resolution soft X-ray angle resolved emission spectrometer con-
structed for University of Tokyo outstation beamline BLO7LSU in SPring-8.

N d T

RE X = =
HARADA, Yoshihisa MIYAWAKI, Jun
% B

Professor Research Associate

We explore the origin of the electronic structure of materials
responsible for their electronic, magnetic and optical property
using intense and energy tunable X-ray source: SPring-8, one of
the most brilliant synchrotron facilities in the world. We have
developed novel spectroscopies for material science in ‘soft’
X-ray region. We are leading the world’s soft X-ray emission
spectroscopy, a kind of light scattering promising for electronic
structure analyses of liquids and operando spectroscopy of a
variety of catalysts. Our topics include a study on elementary
excitations (crystal field excitation, spinon, magnon, charge
density wave, orbiton etc.) in strongly correlated materials like
Mott insulators and novel high-Tc superconductors, electronic
structure analysis of aqueous solutions, interaction at solid-
liquid interfaces, the surface reaction of fuel cell catalysts,
electronic structure analysis of reaction center in metallopro-
teins, electrochemical and photocatalytic reactions. We also
explore basic study on high performance soft X-ray absorption
and emission spectroscopy for the next generation synchrotron

light source.
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Electronic structure of HO water in a polymer electrolyte brush observed
by high energy resolution soft X-ray emission spectrometer. The X-ray
emission profile is similar to crystalline ice Iy, except for the 3a; derived
state, indicating an ordered but uniformly distorted hydrogen bond network
of water in the brush like ice even at room temperature. The distortion is
induced by a local electric field present in the polymer brush.
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1. KAMEREDEFREE I/ ORE—H,. ERAEDOHEEERICET 2R
Electronic structure analysis of aqueous solutions to study microheterogeneity and interaction at solid-liquid interfaces

2. MRS BAMEORERGET, BERCZRD. KRERGER. £EY >/ EOEERT D HDZDENTFEDRR

Development of in situ soft X-ray spectroscopy for surface reaction of fuel cell catalysts, electrochemical reaction,

photocatalytic reaction and functionality of metalloproteins

3. By MEGE, FRSEEEEAZOREEYEICK T IRME (BRBME. RAEVRE. v/ Uik, SERERME. fE

RAERE) DEESREE ZDREDOHRE

Study on the origin and observation of elementary excitations (crystal field excitation, spinon, magnon, charge density
wave, orbiton etc.) in strongly correlated materials like Mott insulators and novel high temperature superconductors.

4. MXBERANKRDOBEIRILF—DBEEEL L BEDBRD K DT DR PR

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

RS BURDG, XBREE L — —, SRR — 9 —
% 7 AR AR A~ R X Bt - LR O BN 7 2 17
W, B ROV U R 2 PSR S 2 f T o0 B,

T iR SPring-8 ¥k X fite™—274 > BLO7LSU 12T
FEIART VY 2L — Y DFARERATH EFIT Z DR AA Y
FU IR ERTED L7 HT L WIS R BIEOBF 21T 5T
W3, X BAHEBE L -V —LEXEFE L — Y —lc ko
WES T S22 R DIREI] 43 AR 22 AT > B B S O L
HEICBDEEHAE V¥ F 27 AR EZ EEL T 5,

SPring-8 BLO7LSU TiiL—¥ = AT LB EfHL TR, K
BT X BRI YD Rs ] 43 i S2 B SE A FHE LT 5
ML T2, OGP E N E R E DT —<CEm - Ll
RICBIZX )T RO T4 F 7 AMEMTON TS, &
SO R ORI b FN T AR 720 T4 797 —
INIA VRGBT EREDOB TSI L T2,

HFZNZFhOREEZFHL 72020 3YPET
BRI AT =V COBNELEZY 7L IA LTRIFLTZD

MATSUDA, Iwao HORIO, Masafumi
HEHIR Bh#

Associate Professor Research Associate

We develop experimental techniques using vacuum ultraviolet
~ soft X-ray, generated by high brilliance synchrotron radiation,
X-ray free electron laser (XFEL), and high-harmonic generation
(HHG) laser, to reveal physical properties of single atomic layers
and surface/interface systems.

At SPring-8 BLO7LSU, we operate the segmented cross
undulator and develop the novel magneto-optical experimental
technique using its function of the fast polarization switching. With
XFEL and a HHG laser, ultrafast spin dynamics of magnetic ultra-
thin films and interface layers are investigated by time-resolved
measurements of the resonant magneto-optical Kerr effect.

At the time-resolved spectroscopy station in SPring-8
BLO7LSU, time-resolved measurements of photoemission
and X-ray absorption spectroscopy were made with laser and
synchrotron radiation. Through the joint-researches of catalysis
and photovoltaics, dynamics of carriers and molecules at the
surface/interface are studied. We also investigate functionalities
in novel monatomic layers such as borophene.

With the temporal information collected by individual light
sources at each time scale, ranging from femtoseconds to milli-

seconds, we promote understanding of the whole dynamic
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picture by combining the sequential information.
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Time-resolved measurement of the resonant magneto-optical Kerr effect of the ferrimagnetic
metallic GdFeCo alloy. (a) Experimental results (circles) of the intensity variation with rota-
tion angle (ellipsometry) taken at hv = 53 eV for soft X-ray FEL at each delay time shown in
each figure with fitting by cosine curve (solid lines). Red and blue colored data were taken
at the opposite directions of magnetic field. (b) A schematic diagram of the magnetization
reversal dynamics of the Fe magnetic moment with respect to an external field H. The length
of the arrows is scaled to the magnitude of the Kerr rotation angle at each delay time shown
in (a). One can recognize reversal of the Fe spin in the femtosecond-time scale.

EIBER X £ — L+ > SPring-8 BLO7LSU IC& 1+ 5K
I3 &85/ ULA L —H'— (BLO7LASER) Z#iaabtri
KEDBAEBFONRERS X T LDKEF.

Overview of the time-resolved photoemission system at
high-brilliant soft X-ray beamline, SPring-8 BLO7LSU.
Synchrotron radiation pulses, generated at an undulator,
pass through a monochromator that is composed of mir-
rors (M) and a plane-grating (PG). A Ti:Sapphire laser
system (BLO7LASER) is installed at the beamline.

1. FEPBRXIEANEBROFEREREY IV AOHE
Developments of time-resolved soft X-ray spectroscopy and researches on surface dynamics

2. SRR X DHEICLBBERERFEDT « T v I YMEHAR

Dirac Fermions in monatomic layers, studied by advanced soft x-ray spectroscopy
3. BR/VULAR X #RZ AW RESBEROBAE EBERAE YY1 F I U ADHRE

Development of time-resolved experiments using ultra-short soft X-ray pulses and researches on ultrafast spin dynamics
4. RERBEHICHITZ TV I 1L —F E—LT1 >V OERREMER

Developments of frontier technologies for undulator beamlines of the next generation synchrotron radiation
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Itatani Group
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Transient absorption spectroscopy (TAS) of NO molecules in the soft-X-
ray region. (a) Schematic of the experimental setup. (b) Typical soft-X-
ray spectrum obtained by HHG in helium. (c) Energy levels of NO that are
relevant to TAS. (d) Measured transient absorption spectrum. (e) Static
absorbance of NO without the IR pump pulses measured in our experiment
(black circles) and in a synchrotron (black curve).

1. BREBE/NILAL—Y -0
Development of intense ultrashort-pulse lasers

2. 7 hbyER
Attosecond physics

3. R’F - 2F - BFICE T2 BERRKROSE & 811

L %

k& JAER RR BY XEF B
ITATANLI, Jiro KURIHARA, Takayuki MIZUNO, Tomoya
HERIR EUEY FHEBDER

Associate Professor Research Associate Project Research Associate

Development of carrier-envelope phase-stable intense ultra-
short-pulse light sources and their applications to attosecond
and strong-field physics are the main subjects of our research.
As for the light source, we develop waveform-controlled intense
optical pulses in IR and mid-IR spectral regions to produce
attosecond soft-X-ray pulses or to explore strong-field-driven
nonlinear phenomena in solids. Currently, several state-of-
art IR and mid-IR sources are operational to produce high
harmonics in gas to cover the soft X-ray region up to 520 eV for
attosecond SX spectroscopy with element specificity, or to apply
strong electric fields at >10 MV/cm without damage in solids
for sub-cycle spectroscopy. Our waveform-controlled intense
laser-technology can pave the way to ultrafast spectroscopy that
cover ultrabroad spectroscopy ranging from THz to soft X rays,
thus we aim to use such coherent light sources for observing and
controlling the quantum dynamics of non-equilibrium states of
matters through various freedoms.
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FBEG a As(011) ILEBERRARLZEXLL TRONLCERS
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High harmonic spectra from a semiconductor GaAs (011) produced in the
transmission setup with a 30-um sample (red curve) and in the reflection
setup (brack curve with gray shading). In the case of the reflection setup,
spectral modification by nonlinear propagation is minimized, and the
microscopic process of high harmonic generation becomes evident.

Observation and control of ultrafast phenomena in atoms, molecules, and solids

4. [RF - 9F - EFDOBEER X 175K

Soft-X-ray ultrafast spectroscopy of atoms, molecules, and solids
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Kondo Group
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KONDO, Takeshi KURODA, Kenta
HEHIR Bh#

Associate Professor Research Associate

The momentum-resolved band structure provides funda-
mental information to understand the electronic properties
of materials. The angle-resolved photoemission spectroscopy
(ARPES) is a powerful technique to visualize the band struc-
ture by mapping the intensities of photoelectrons as a function
of angle and energy. With the spin-resolved technique, we
can also identify the spin-polarized character of the band. In
addition, the time-resolved ARPES realized with a pump-probe
technique can track the reordering process of electron system
from its nonequilibrium state. In our laboratory, we utilize these
various ARPES techniques and study the following phenomena:
nonconventional superconductors, heavy fermions, strongly
correlated systems, topological quantum phases, and quantum
well states. Furthermore, we develop a new ARPES machine
capable of achieving both the lowest measurement temperature
and the highest energy resolution in the world by innovating a
3He cryostat and a laser source. The state-of-art equipment will
enable us to identify even a subtle electronic feature close to the
Fermi level, such as an energy gap and a mode-coupled disper-
sion, which is typically tied to exotic behaviors of conduction
electrons.

(a) $AR{LY = RBIEEE BioSroCuOs.d DitEiES, (b) XE
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(a) Crystal structure of BirSryCuQOg+q high-T. supercon-
ductor. (b) ARPES analyzer. (c) Diagram of ARPES experi-
ment. (d) Snapshot of dispersion image. (e) Whole band
structure. (f) Competition between superconducting gap
and pseudogap. (g) Spectra around Fermi surface below
(red) and above (black) superconducting transition tem-
perature (Tc = 35 K). (h) Difference between the curves in
(g). Coherent spectral weight is painted with a red color,

1. BRL —Y—zRiEtiRe I 2BRDREREIELE

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

2. AEDE -

which is corresponding to the red region represented in (f).

ETINEBEDFHF

RAEVHE - BERSBABTFANTRIBEEY MROYAILEFE

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

3. BERZEFRALLABFONTHRT 2 EEEETRYE

Strongly correlated physics studied by photoemission with synchrotron radiation
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Matsunaga Group
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Regenerative-amplified femtosecond pulse laser system for intense terahertz
wave generation and phase-locked mid-infrared light generation

X 21 #H BiE
MATSUNAGA, Ryusuke KANDA, Natsuki
IR UEd

Associate Professor Research Associate

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

TINVYBRISES & U Hall [REREICAWSEE - RET - RIEEIEER
VAT

Transmission, reflection, and polarization rotation spectroscopy system for
terahertz electromagnetic response and Hall conductivity measurements

1. BRBEMERET IAILY - RRA UL ZRBER R O B R
Development of intense, phase-locked terahertz-mid infrared pulse generation and detection technique

2. KBS THRMES N ETFESEROBEERS I 7 ZDOWA

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

3. BIEY RREE IC & T 2 EFRER CREINE DR & SLHE

Study and control of collective excitations and anomalous responses in superconductivity and antiferromagnetism

4. T4V | TAINHEEBICEIF2ERFRVISELEREIL Y MNAZIX /AEYFAZI R
Giant nonlinear responses in Dirac/Weyl semimetals for high-speed electronics and spintronics
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Okazaki Group
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Ti:Sapphire laser + Regen (Solstice Ace
(800 nm, 10kHz, 30fs, 0.7 mJ)

Ti:Sapphire laser + Regen (Astrella) |
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Schematic diagram of a time-resolved photoemission apparatus utilizing a
femtosecond laser and its high harmonic generation.
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HEHIR Bh#

Associate Professor Research Associate

Angle-resolved photoemission spectroscopy is a very powerful
experimental technique that can directly observe a dispersion
relation between momentum and energy (band structure) of the
electrons in solid-state materials, whereas by utilizing a femto-
second laser as pumping light and its high harmonic genera-
tion (HHG) as probing light, we can observe ultrafast transient
properties of the band structure in a non-equilibrium state. In
our group, we are developing and improving a time-resolved
photoemission apparatus that utilizes high harmonic generation
of an ultrashort-pulse laser in collaboration with laser develop-
ment groups, and aiming for understanding the mechanisms
of electron relaxation dynamics from photo-excited states and
demonstration of photo-induced superconductivity by direct
observations of transient electronic states using pump-probe
type time-resolved photoemission spectroscopy (TRPES). In
addition, we are aiming for understanding the mechanisms of
unconventional superconductivity by direct observations of
the electronic structures and superconducting-gap structures
of unconventional superconductors with a laser-based angle-
resolved photoemission apparatus with a world-record perfor-
mance that achieves a maximum energy resolution of 70 peV
and lowest cooling temperature of 1 K.

a 0[]:.:.]]25

.

04f . ]

E-E¢ (eV)

Ky (AT)
BREFR L — —BE ORI BT 9N TER S B TR TazNiSes (€&
1 2 HFEAEIS - EBER a, b [FZN 2. KECHT. KREEDIXYT ML
Photo-induced insulator-to-metal transition in an excitonic insulator

Ta,NiSes observed by HHG laser TRPES. a, b. Spectra before and after
pump, respectively.

Development of a time-resolved photoemission apparatus utilizing high harmonic generation from a ultrashort-pulse laser
2. KRFRAIREN S OYEROEF OEMEEO R, XFEBEEDBEREER

Mechanisms of electron relaxation from photo-excited states and light-induced superconductivity
3. BIERBENREL — Y —AENENEFTONIC & DIFREREBEEF OB

Mechanisms of unconventional superconductivities by ultralow temperature and ultrahigh resolution laser-based angle-

resolved photoemission spectroscopy
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Laser and Synchrotron Research Center

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

AP WEFE =

Kimura Group

X MEHBET L —Y —2BRaHh, SXEREE w75
Ui X BOCIRE AR Lz, Hile WA A —2 v 7 B o B
FEIZD A TH S,

JETF-L OIS E SRS SN L SRR E T e =21 Y
7574 i EDNER G S0 2 A bE, BRAeiE
HOPHL X BOGEFET2REFH L0 5, BRI,
X MHOBEREEEIES 7 — 2otz R
BIEHH D720 DA 7 aifi ik 734 AD13H>, GHEREZ I
LIV RVAAL A=Y v 7 D= ORI 7L 3 ) X4
DHFERETH B, Sodn X HOCIRE B X fUtrE T
ZRAB DR A A= I LT AW A 2 I H T
ARy 7 i G & Y O BILR &2 58 K12 2 v 22t
() - RERII 23 FRAE R XD, Bt e oA = v 2% B D #i<
CEZHEELTWS, i, BIERHI STV 2 X R DMK
SR T ORI % R A 72 FE BT B 78 12 b BUD fEe 5t
HTH 2,

1. BEENT - sHAEZERLCEBE X BEERTFORR

]

A [EE
KIMURA, Takashi
HEHIR

Associate Professor

A primary focus of the research in this group is to connect
mesoscopic microstructure and physical properties of matters
with unprecedentedly fine spatial and temporal resolutions,
using advanced X-ray sources and novel X-ray optics. For this
purpose, our group works on developing new microscopic
imaging technologies using advanced X-ray sources: X-ray
free-electron lasers, synchrotron radiation, and high-order
harmonics of ultrashort infrared laser pulses.

We also design and fabricate novel X-ray optics by utilizing
ultra-precision fabrication and measurement techniques and
semiconductor manufacturing processes such as electron beam
lithography. Furthermore, the laboratory is developing new
fundamental technologies for the next-generation synchrotron

radiation facilities.

Wolter mirror optics for soft X-ray nano focusing.

XREBBEFL —Y—E& SACLA LRBS nicmH BT
E—L Y hEA XTIV TEE, SEEREEXI S —THLS
NIcERE X #R/ULRITE D HRET 2 nm HREETD A X —
IV DR RS T W2

High-resolution coherent diffraction imaging system at
SACLA, X-ray free electron laser facility. High-photon-
density femtosecond pulses focused by multi-layered mir-
rors enable imaging at a resolution of up to 2 nm.

Development of high-precision X-ray optical devices using ultra-precision fabrication and measurement techniques

2. XIREHREFL—F—CLBRFAR T AN X =TV

Femtosecond imaging of samples in liquids using X-ray free-electron lasers

3. fIEERIEHEEMBAUZL Y XL ZAA A=YV
Lens-less Imaging Using Phase Recovery Calculation

THE INSTITUTE FOR SOLID STATE PHYSICS 2020



fifl 2 e —Lv v FERIANER v 7 —

LI JC S P PRI SE M / 48 1 o
Synchrotron Radiation Laboratory / Harima Branch
https://www.issp.u-tokyo.ac.jp/labs/sor/index.html

g (EHRR) BRH ZA  Professor(Director) : HARADA, Yoshihisa
% @EWERR) /\Fx I3k Professor(Deputy Director):KOMORI, Fumio
# B B MHE E& Associate Professor : MATSUDA, Iwao

H OB B AR @ Associate Professor : KONDO, Takeshi
% B KR PEFE Associate Professor : KIMURA, Takashi
Bh #% = 32 Research Associate : MIYAWAKI, Jun

Bh #% B XK Research Associate : KURODA, Kenta

Bh % JEE [BE5E Research Associate : HORIO, Masafumi
HiMiEFE FR HOFH Technical Associate : HARASAWA, Ayumi
RITEFBE Y 2 Technical Associate : SHIBUYA, Takashi
HREMBE THEE 183 Technical Associate : KUDO, Hirofumi

138 il S I PERIFZE i 3% (SOR Ha) |3 BiEE i e %
FIH L 725w e 28087 L BB o b 76 - wF9e%
HFTfT>Tv 5, SPring-8 ICHRIE SN BES =TI,
IFi JEC S e 53¢ V2 THE SR i  PE BE D B R A A v F o 7T X
M7 rYaL—FE-u74 v (HEKRERGNET 7 AT —
T av BRI EE — 454~ BLOTLSU) %% L. &R
R X AR % R § 2 e it O PR 2 i L C
VW, REEEAY v 71E, SRR X B R O BT &
VE - Bt OEHIREBIFA 21T 9 72012, IG5 Rk
XA NEFAT—>arv, FEKEETFD AT — 2
V. R REEIR X BT MAT —> 3y, 3RILF/ =
AAAT = av, R X BRGSO =R AT —> a v,
X MRETAT —> av 23t B, 2EFEEMAZTC
7KL WA 6 DIEFFIHOZ T TwE, —F, MDD E
HlicBwTid, L= =7V —=7toFAFIERO R, B
Z2ERA - R XL — =R 7 R Y R A AR
MOCE T A E dE L AESEFEA R LTY 5,

SPring-8 BLO7LSU ® 8 &® Figure-8 7> ¥ a2 L —% —, AREBAKIR &L D &
RANEEFEHREIRFELTEFOARERT, IRRAT—YavicEEE
B X @htaE s,

Figure-8 undulators installed in SPring-8, which provide high-brilliance
synchrotron radiation soft X-rays into the beamline BLO7LSU.
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SMXEBE 88 BT Technical Associate : FUKUSHIMA, Akiko
PWTERE To/AK EFEF  Technical Associate : ARAKI, Mihoko
SiriERE /)| K&  Technical Associate : KOSEGAWA, Yuka
BAEFEE REH £ Project Researcher : AKADA, Keishi
BIERERE I AYY( ATV Project Researcher : EL Moussaoui, Souliman
BEMEE KF J&  Project Researcher : OHDAIRA, Takeshi
BEMEE EIE B8 Project Researcher : OSHIMA, Masaharu
KiEmEs JbF EE Project Researcher : KITAKATA, Emi
BEMRE EE Bt Project Researcher : KURAHASHI, Naoya
BEWMEE R S Project Researcher : ZHANG, Wenxiong
BEmEE UIFE BN Project Researcher : YAMAZOE, Kosuke

The synchrotron radiation laboratory(SRL) is promoting

advanced spectroscopy using synchrotron radiation in soft X-ray
and vacuum ultraviolet region. SRL operates a branch laboratory
at SPring-8 to maintain the high-brilliance soft X-ray beamline
BLO7LSU of the University of Tokyo, where time-resolved soft
X-ray spectroscopy, ambient pressure X-ray photoemission

spectroscopy, high-resolution soft X-ray emission spectroscopy;,

3D (depth + 2D microscopy) nanoESCA, X-ray magneto-optical

effect, and soft X-ray diffraction are utilized to study electronic

states and dynamics in new materials. SRL developed the fast
polarization switching of the undulator light source in coopera-
tion with SPring-8. In the building E at Kashiwa campus, SRL
developed the ultra-high resolution spin-resolved photoemis-
sion spectroscopy using vacuum ultraviolet and soft X-ray lasers
in collaboration with laser light source scientists in ISSP.

ERICHBF22MEALY VLEED RILFERA L — ' —MESOBEEFOH
KB,

A laser-excited spin-resolved photoemission spectrometer with VLEED spin
detector, which enables us to measure spectra with very high energy and
momentum resolutions.
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YIERFZEAT I IS EIE B 2 FIHSED T 720
12, WO DITEEH SR T oNT0D, KikE
BRICA T R ZRMRAR A~ 7 IS0V A 28 56 % i
T 2RI . B B TR 217 TAEE,
X S TR P B o0 4 B & 4T ) RO A B
ETS ﬂi%”ﬁw%%@kﬁlbﬁf Z. FEASCERPIER D
L% - ZATHEE, W BN
5%%&)%0)7%%&5'%?(&;%%%&@P)}ﬁﬁxf:xM
JV— L, WIVERRSE AT IS AR RS B0 E AR SR 1

Supporting Facilities

We have various facilities to support research activ-
ities in ISSP; specifically, cryogenic service labora-
tory for supplying liquid helium and liquid nitrogen,
machine shop for various machining, radiation safety
laboratory for the safety in experiments that utilize
X-ray, y-ray and radioactive materials, library, stock
Room, international liaison office for supporting
foreign researchers, information technology office
for handling and supporting network related matters,
public relations office, and counseling services. In

B 2R 4 e B % B B E B A i =R
7 B BLE FH o0 R —

‘Iﬁﬁﬁ%@? 2B

R AT BB =
B ERA R MOFEE 2 HY T 248

=, xvI7—
Y %

each facility, several staff members are working under

the supervision of the corresponding committee.

=, g BB S DM ERZ T AT A -
BUREMRE LR ETH D, TNSDIBEDEE X
%h%hﬂﬁﬁ?ééé%@%ﬁﬁﬁ)ﬁﬁ%‘aw\
HUDIEEIC LD FERDOEG B TbNS,

[

ERRILE EBRESR W & pErIEE TE X RigE B Rk
Cryogenic Service Chairperson YAMASHIYA, Minoru  Technical Associate TSUCHIYA, Hikaru Technical Associate  NOMURA, Miku
Laborato e b=
Y pinsrma  Hl BT
Technical Associate SAGIYAMA, Reiko
THE= IEEER &8 E— PITEBE HH #HN WaxEmes NE #Z
Machine Shop Chairperson KINDO, Koichi Technical Associate  TANAKA, Yusuke Technical Staff MURANUKI, Seiji
FRBE aAR BT wifrEs R EE

Technical Associate

TAKAGI, Akiko

Technical Staff

OKABE, Kiyonobu

BEHREEE  mutgeEzsesr B &Z HitErIE BFE BN
Radiation Safety Chairperson HIROI, Zenji Technical Associate  NOZAWA, Kiyokazu
Laboratory
S . = (T XEER =
NEE MEZER A =i RE Frrases ORI —1E EHHES ARIE BF
Library Chairperson HASEGAWA, Yukio Administrative Staff SAKAMAKI, Kazuhiro Administrative Staff KUBOSHIMA, Tomoko
(X EER
EE meeweem) TER O EE
Administrative Staff NAKASONE, Emi
ARvII—L EBREE HE E—- FH - ORER
Stock Room Chairperson INOUE, Keiichi Administrative Staff(Finance and Accounting Section)
ERRE EpxnzEr & XK PifixEmE A0 T ERBIES BO XJh
International Liason Chairperson KOMORI, Fumio Administrative Staff ISHIGUCHI, Yuko Administrative Staff HASHIGUCHI, Ayano
Office — .
v LN BF
Administrative Staff YAMAUCHI, Atsuko
E TS BUFFE ng B el 1= R N == I HihsHESrIE TR ET
Information Chairperson KAWASHIMA, Naoki  Technical Associate YATA, Hiroyuki Technical Associate ARAKI, Shigeyuki
Technology Office e \ = =1 N
& mirErImE  BE R
Technical Associate FUKUDA, Takaki
N LEREER Bl =X PITEBE BtH M R
Public Relations Office Chairperson AKIYAMA, Hidefumi  Technical Associate MOCHIDA, Madoka Administrative Staff(General Affairs Section)
BERNEMBE iRk 12 KRS AR H#DR  HEANBEG

Contact Person

Y—F -

P4 YHEBENRE BxER

Counseling Services

Chairperson

SUZUKI, Hiroyuki

FREIZZKL—9—HEE EFE.

TR RER

Technical Staff

BESFIBE

SAKAKIBARA, Toshiro Project Specialist
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ISHIZUKA, Mizue

8 A%

HISHINUMA, Yumi
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Cryogenic Service Laboratory

TR
Machine Shop

BRESER |UT FE Chairperson : YAMASHITA, Minoru
miiErge TEB J& Technical Associate : TSUCHIYA, Hikaru
EMErI®E E|lL ¥5F Technical Associate : SAGIYAMA, Reiko

O B 8 BPA KIJE Technical Associate : NOMURA, Miku

IR R I ZW AN T L LR EF 2L, bbb
TR AT BT 24 — B 20H1% v o /S AR RO E A A
Ry ROBEHHIT 5T, IR~ Y LS YPETFZEIC 232
T, FREP AR IN S, BH LAY LA AN
L., REELUCHRRALICRIA T %2, 2019 SEEDRIKE~Y Y
LD FER LR RIZZ NN 307,000 L, 211,276 L
TH D, WEEFRIIHBIOMEAL, FELTWV2, 2019
EEDOWFZEFE DM HEIX 936,515 L L8> T1 3,

Cryogenic Service Laboratory (1) supplies liquid helium
and liquid nitrogen, (2) provides general services concerning
cryogenic techniques, and (3) manages high-pressure gas
cylinders used in Kashiwa Campus. The laboratory has its
own liquefiers to produce liquid helium for the researchers
and the students in Kashiwa Campus. The evaporated helium
gas is recovered and purified for recondensing. In the fiscal
year 2019, a total of 307,000 L liquid helium was produced, of
which 211,276 L was supplied to users. The recondensed liquid
helium is transferred from a 10,000 L storage vessel to various
small storages by using a centrifugal immersion pump system.
Meanwhile, the laboratory purchases liquid nitrogen from
outside manufacturers. In FY 2019, liquid nitrogen of 936,515 L
was supplied.

FERIB Main Facilities

AYDLRIEERB] (V7)) Helium liquefier system | (Linde) 200 L/hr
AYDLRICEEN (VrT)  Helium liquefier system Il (Linde) 233 L/hr
BIEANUTLETE Liquid helium storage vessel 10,000 L
REERRETE Liquid nitrogen storage tanks 20,000 L
EIREAUYILHREME  Helium gas recovery compressor 190 m3/hr
BEAUD LR Liquid helium dewars 500 L, 250 L, 100 L etc.
BEORANUDARERY T Centrifugal liquid helium pump system 20 L/min

AU LTACHE, B ROSEDRA LR T
Helium liquefier, storage, and transfer system

80

IHEER %8 5— Chairperson : KINDO, Koichi
SMEBE HE  FH  Technical Associate : TANAKA, Yusuke
FMKEBE 5K HBFF  Technical Associate : TAKAGI, Akiko
iEEs N8 $8 T Technical Staff : MURANUKI, Seiji
KL S M8 J5{E Technical Staff : OKABE, Kiyonobu

TAE=Rx, WH7E BBz 2 TEYOINL, MO
Frtud 2 B LT OBER Y Z DS E, 2 UCEEERGE
DHREMEZT>TWw 5, 7, WHEEHSBIHZEICLH
LR AR 21T ) 720 DR E TMERLREINT L5,

The machine shop consists of a metal shop and a researcher’s
machine shop, which are equipped with various facilities for
designing metal. They supply researchers required various
original devices and instruments.

TERAE
WRIEE SMElEv> v ey y— NCHelE. BET7S1 B
MRELEE : Drerel, BRERE, 7510 8, R—/LE

Main Facilities
Metal shop: Five-Axis Universal Machining Center,
Numerically Controlled Lathe,
Numerically Controlled Milling Machine
Researcher’s Machine Shop: Universal Lathes, Precision Lathes,
Milling Machines

THFE
Machine shop
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Radiation Safety Laboratory

£

BEREBEEER EH
B E M8 BE
(BEHRER %)

Chairperson : HIROI, Zenji

SEF] Technical Associate : NOZAWA, Kiyokazu
(Radiation Protection Supervisor)

TR B =1 PIPEWESE AT I BT 2 UM E (U
BB E 2 &) CRUNRIEELEE (XEEZ &)
DI T AT, BRI E OIS 2B L ., &
EERMRTAIEZHNELTREIN TS, 2070,
TECRRR AR B 2 4 T A 70 SO R B B & LT, O
VB TR RS AR AL E O BT R, 220 OB I I fE
IEHRTHEE, BEETICR T 2 MU B HE
PRI, A BRI O M E . X R AL 55 o) 32 IR
T D FE M S OB U A D 913 <R 0 IR il et B 72 W
DLk, BB EOBEINMEZT>Tw5, F7k,
Wik, U, Th %X O IEEEIEHE % 2“Na # &
PR 2 FI A7 F 2870 £ 53 C & 2 HBR B0 A BN (XA
&) MIEZMHA TV 5,

The aims of this laboratory are to protect researchers from
irradiation due to radioactive sources, X-rays, y-rays and so on
and to provide rooms for radiation experiments and radiochem-
ical operations by use of unsealed U, Th and sealed 2*Na source.
Various types of survey-meters are provided.

FERE

EFERE FEHKRRYEZ BN TR D WIERRAME—DERE).
RYMOVERE NaBHRREAVWLERRY MOYE-LICLS
ERMNMTZZ). BENREE, Ce FEMREB, afBREE. BEV Y
FL—yavhorvy— BT RAA-F—%F BREREE (\UR
7Y M VOREZY —IC &K BERDMER)

Main Facilities

The rooms for radiation experiments and radiochemical operations

(unsealed U, Th and sealed 22Na source), various types of survey-
meters, and, 7ch hand-foot-clothing monitor.

™

NYRZYhIAREZS—
The 7ch hand-foot-clothing monitor
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Library

2% 8 & KA/l B Chairperson : HASEGAWA, Yukio

% K k48 —1& Administrative Staff : SAKAMAKI, Kazuhiro
ES £ ER B 3E Administrative Staff : NAKASONE, Emi

EB @B EE ZIRIE EHF Administrative Staff : KUBOSHIMA, Tomoko

PrPERIRFE AT & T LT R LD H ST BT AmESE
B OWIFEL KRG LD & LHICEOILEF FZEHE D
febic, PIEREEZ P E R 2 IR LTI LT 2,

FrRERHEA ¥ 8 — %y FTRETE, FTNTIEHREK
FHTAHINTREEF Y Y —F LT —F =22 FH]
TE5, FRAFBERHIOWTIXRIZARFAH A I X
LIEEE., BB OV —EAZ{To>T w5,

The ISSP Library collects books and journals of materials
science and related topics, and it provides various services for
researchers of joint-use and joint-research as well as inside the
ISSP. The online catalogue of its collection is available on the
Internet for search. Users can access many electronic journals and

databases subscribed by the University of Tokyo. The Library also

arranges an inter-library loan for documents not in its possession.

Bz
EE : 783m?
BEH 166,904 it (HFTEEKRIRE)

(¥%F 59,392 fit. f1FE 7,512 fit. WAMTZTEZED)
MESIESRS 1 73318 (FHEE5 635 &, MiMES 908 18)
FZERRE : FH 9:30-17:00 (FFEAFIA 6:00-9:30, 17:00-24:00)
BEEH 248 (W8BRLANT—JIL. BRIVEY NRE)
IR—L~R—3 : https://www.issp.u-tokyo.ac jp/labs/tosyo/
Outline
Area : 783mi

Library holdings : 66,904 volumes (as of March, 2020)

(Foreign books 59,392, Japanese books :7,512. Including bound journals)
Journal collection : 733 titles (Foreign journals : 635, Japanese journals : 98)
Staffed hours: Weekdays 9:30-17:00 (Overtime use: 6:00-9:30 & 17:00-24:00)
Seating capacity : 24 seats (including 8 seats equipped with LAN
port and power socket)

Website : https://www.issp.u-tokyo.ac.jp/labs/tosyo/
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Stock Room

B A2 it &2
International Liaison Office

E®WEBR FFE ZFE— Chairperson : INOUE, Keiichi

L3 Administrative Staff
TE-RER (Finance and Accounting Section)

ARy 7N =200, MR, B2 AR EFFIcHEL
TRHEESN MRS, 2O HEREZE D@y %%
AZC05, MAFEDEHEZRK SO, ¥ 7Ly bEHvi
WAMHO T =2 A5 AlRe e, HEIAOIEL > 27 4% H
WT 24 A =7V LT, HELYG%Z R OK
flilcAFTE LD TES, MAMEIZE VY, — Rl
TAFERESGTROYIS, — ALY ax YT
ELYRBTEHONRTH B,

The stock room supplies stationery and parts that are
commonly used in research and experiments at low cost. The
stock room is open 24 hours a day with an automatic dispensing
system that allows data entry of purchased items on a tablet,
making it possible for users to get the items they need quickly

and inexpensively.

ARy IL—L4
Stock Room

EREZRER /\Ff 3K Chairperson : KOMORI, Fumio
SMEEWE A0 FhF Administrative Staff : ISHIGUCHI, Yuko
=Bx@mEE IUARN ZF Administrative Staff : YAMAUCHI, Atsuko
=B @HEE B[O 3Jy Administrative Staff : HASHIGUCHI, Ayano

EFR s ix, VR i o B BE AL - IR AL HEE 1
M 7B EHZITo 05, FRFEFEL UL, BB
MEB2DL L TOIEAEHITHBIEZIICDLET Y
WL O E B O SR, B —2>ay 7
DM, IRRIESULZ I LD LT 2L TORBHRFHE.
HEIAIIES - 3ifE OKH - BEXEREBHIFoN 2,
Fr, LK EGEMNFICHED 570, EEFLAE
TEEMILEE LM F v v AN E BRI S L E %
KoTw3,

The mission of the International Liaison Office (ILO) is
to help promote the international collaborative research by
ISSP members and to contribute to the internationalization of
the Institute. Toward this end, ILO assists in operating ISSP
International Collaboration Programs, including the visiting
professorship program, and administrating ISSP international
workshops. The Office also translates the content of ISSP website
and supports international visitors and new employees in their
visits and stays in Japan. For smooth and effective implementa-
tion of these activities, ILO also works closely with the Kashiwa
International Office and other related sections on the Kashiwa

campus.

International Liaison Office
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Information Technology Office

)i it =
Public Relations Office

#H Y% 8 /B [EFE Charperson: KAWASHIMA, Naoki
BTEFBE K< #{T Technical Associate : YATA, Hiroyuki
HMEPBE BE 3k Technical Associate : FUKUDA, Takaki
HMESPIE MoK Z8{T Technical Associate : ARAKI, Shigeyuki

HWE=Tld, WEVZERT LAN 8 X0 WWW 4 —
N (PR — 25— https://www.issp.u-tokyo.ac.jp)
D&Y — N OEIHMH 2TV, K2 AEZ GO
WAL TR 5, MRy b7 — 7 TIERETRYEF v
X A%y b7 —2 (UTnet) Z#L7:A V5 —Fv b ~DLAE:
B DD, 774 T 74— VPN OFE, 7ALA
WY 7 b LT DFNNORAG R ED X 2Y) 74 %K %
fioCTwa, ik, HINTHaAYE2L—FBIUNRy 7 —
JBRD Q&A, TLERIRI AT LG EDOREI OB LA
FRE 2 EDIT>T0 5,

Information Technology Office operates the local area
network in ISSP, and WWW servers for the ISSP home page
(https://www.issp.u-tokyo.ac.jp), and other servers, to support
all the users in ISSP. It takes severe measures of network security
of the ISSP, which is connected to the internet via UTnet (the
campus network of the University of Tokyo) with VPN(Virtual
Private Network). We, for example, monitor electronic traffics
for virus infection and distribute anti- virus software to in-house

users.

MERRY KT -0 DEE L3 X1 v F
L3 switch: Core network switch of ISSP

L®EER FNL ZESC Chairperson : AKIYAMA, Hidefumi
BEXMEFE  $5/K & Contact Person : SUZUKI, Hiroyuki
HMIERE  BtH 3 Technical Associate : MOCHIDA, Madoka
Ei@mES H[IER H DR Technical Staff : ISHIZUKA, Mizue

w B f
HEMAR

Administrative Staff (General Affairs Section)

Administrative Staff (Joint Research Section)

JNEEE, DR ORI 7 7 T4 €T 4 Z RS
— U WIS T2 B2 iToTw 5, PEARA—L4
~R—, SNS D, FEBEGE THEZ LD, P HEE Y
DN LB ERAEBET—hA 7R T L LD
BT, TL el iR EX TS T A DR 21T o
T35,

Fo, KIEROBAOH T 42/ — iR 2
RRIC, ANV MOHRZE, —BEHES RS2 AL, i
OZE R L HEE LT B —FiEE 21T o T,

The Public Relations Office manages and facilitates dissemi-
nating research achievements and activities of the Institute
for Solid State Physics widely to the general public. The office
advances information and communications through a variety
of channels including ISSP official homepage, SNS, bulletin
“BUSSEIKEN DAYORT’, handbooks and by building the digital
archive function, as well as providing information to media such
as newspapers, TVs, and publishing companies.

Another important aspect of our activities is outreach. In
cooperation with local educational organizations, the office
plans and offers various events and lectures for the general

public and students from elementary to high school responsible

for the next generation.

BERABZHRE(EL). R
BEGELD . —RBER(T)

Science program at junior
and senior high school
students (upper left),
science class in schools
(upper right), and public

lectures (lower).
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Counseling Services

# % = & 1R {2HS Chairperson : SAKAKIBARA, Toshiro

BEEPBE ZE;B HB3E Project Specialist : HISHINUMA, Yumi
(HEHE) (Counselor)

P B EMBRE T, A OHBRIEC TS £I%
BRNIBZTV, BREZES PRV 2IT>T1 5,

ESCINEN

hoveVy s EANGEE #R - EFLOME ARETO
ABBEfR. HEEDOBR,. FEOERBE, RARBEICET 2N
HEH

AVHILT—yay :  DENMEEZEZZRACET 2EHKY. F
E£LDOEDDAICET ZHBEDL S OHEH

B - EBCEREORLEHRT 2oHic. BRBEBERL
& DEHEE - FHE

MEZTREPL/N\TZAAY MNIET ZEXRNE

v /SRAADO RERKFT TN\SAAY MEKF AT 2 =2 —
YavHR—hIL—LA) "REEYY—) BEDBHRISEADEE -
BN

Counseling Services provide a broad array of counseling and

referral services to students, faculty, and staff.
Job descripton

Counseling services: Provide support to clients who are
affected by personal, research/academic, career development,
lab-related, or any other issues or problems.

Consultation services: Provide support to key individuals
(e.g., professor, friends, etc.) who are directly involved in the
person experiencing psychological difficulties.

Crisis services: Collaborate and cooperate with related faculty
and staff members to keep the individual/organization safe.
Harassment response: Address complaints or grievances on
laboratory culture/environment, harassments, etc.

Referrals: Collaborate with and refer to other resources
on Kashiwa Campus, including Student Counseling Center,
Harassment Counseling Center, Communication Support
Room, and Health Service Center.

LERAE S
Counseling Services
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Laser and Synchrotron Research Center
T 679-5198 EERLAEMEREEER 1-1-1
1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5198
TEL: (0791) 58-0802 ext.4111
= TR (#)
= MR R
gmﬁ@ﬁgi&ﬁﬁﬂiiﬁﬁ
B EPIE TR SThER baok oGO,
Neutron Science Laboratory
T 319-1106 ZBEIBMEHEFNAA 106-1 R
106-1 Shirakata, Tokai, lbaraki 319-1106 O+ )
TEL : (029) 287-8900 o Tanien o
RERE O__ s
RRAF
Univ. of Tokyo
Main campus
IR Ter
RRAEVMEARAIEE

2020 F 11 H



ISSP https://www.issp.u-tokyo.ac.jp/




	表紙/Cover
	目次/Contets
	ご挨拶/Diretor’s Message
	沿革/History
	年表/Chronology
	組織運営/Organization-Administration
	共同利用と国際協力/Joint Research and International Collaboration
	教育・論文統計・予算・職員数/Education-Publications-Budget-Staff Members
	凝縮系物性研究部門/Division of Condensed Matter Science
	物性理論研究部門/Division of Condensed Matter Theory
	ナノスケール物性研究部門/Division of Nanoscale Science
	機能物性研究グループ/Functional Materials Group
	量子物質研究グループ/Quantum Materials Group
	社会連携研究部門-データ統合型材料物性研究部門/Division of Data-Integrated Materials Science, Social Cooperation Research Department
	物質設計評価施設/Materials Design and Characterization Laboratory
	中性子科学研究施設/Neutron Science Laboratory
	国際超強磁場科学研究施設/International MegaGauss Science Laboratory
	計算物質科学研究センター/Center of Computational Materials Science
	極限コヒーレント光科学研究センター/Laser and Synchrotron Research Center
	軌道放射物性研究施設/Synchrotron Radiation Laboratory

	共通施設/Supporting Facilities
	柏キャンパス地図/Kashiwa Campus Map



