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I:II:“ Director’s Message

The Institute for Solid State Physics (ISSP) was established in
1957 as a joint-use 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-use/joint-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 Fifk Director
the improvement of condensed matter science in our country. In ﬁ %}J%

the next 16 years (Phase II: 1980-1995), in view of “concentration” "

and “mobility” of research in condensed matter science, large-scale MO Bl blafum

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 use and joint research. The third era for ISSP (Phase III: 1996 - present) bought a move to the Kashiwa
campus in 2000 and gave ISSP a chance to expand and to develop new research activities, aimed at 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) a conceptual axis (Design), (2)
a materials axis (Synthesis), and (3) an investigation method axis (Characterization). These three axes interact in
what we call a DSC cycle to promote a positive 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 laps work together to maintain the DSC cycle.

In 2017, 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 to challenge the interdisciplinary
sciences in these transverse groups.

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, 2018
Hatsumi MORI
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History ‘

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 experi-
mental 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
Radiation 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

5

such as thin films, materials fabricated on surfaces and
mesoscopic systems with nanoscale structure. Focused
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.
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HEREIFHTERT & L THR
Establishment of ISSP as a joint research laboratory
BTG - PEEREE 2 EM. BT o IR ¢ REELER 1 SRR
Opening of Radio and Microwave Spectroscopy, Theory II, and Crystallography I divisions
A - SRR, B0 o iR
Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions
MR - W55 1 ERFThE R
Opening of Low Temperature and Magnetism I divisions
HRELR - oA - AT REG - B - TBORERIE PTG R
Opening of Semiconductor, Molecular Physics, Lattice Imperfections, Plasticity, and Nuclear
Radiation divisions
filidheh 2 - BEEE 1 - BN - St e
Opening of Crystallography II, Theory I, Solid State Nucleus, Surface Properties, and Molecular
Science divisions
Yt g AT
Inauguration of ISSP
SR 2+ JEhA - S - BRGRAE 3 BRFTHEER. 20 BFTE %%
Opening of Magnetism II, Solid Materials, High Pressure, and Theory III divisions. Total 20 divisions
FEARTRRT 2 MR VLRI A s B
Solid Materials division was renamed as Inorganic Materials division
rh 7 [l T S R
Opening of Neutron Diffraction division
BEARMERE (B EE) et (228 L % %)
Opening of Solid State division (visiting staff), resulting in 22 divisions in total
LIRENE RN ER T T dn
Foundation of Synchrotron Radiation Laboratory
FARIR A MRS i T
Ultra-Low-Temperature Laboratory building completed
ek 22 FMHRRMEARY (GRS, MR L — — Rk, @R R O EE)
OB B TERT, bR ER, BRI & & N BEEE 6 KEFI R % B
BT 1 IC R S 1 5
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
HETRGES « MR L — 9 — 2B T
Ultra-High Magnetic Field Laboratory and Laser Laboratory building completed
HIOEBHFEERM (IRFBR 10 4) 23EE S, 6 REffE %2
Opening of Materials Development division
55 1Bl ISSP [Elts v Ko & TERGEEEAROWI &AL Bt (DIREEUE 2 & IChifg)
The 1st ISSP International Symposium on "The Physics and Chemistry of Organic Superconductors'
HE - BELIF TR D BTk

Foundation of Neutron Scattering Laboratory

1

6
THE INSTITUTE FOR SOLID STATE PHYSICS 2018



TR 7 &

FH 8 E

Rk 9 £

Frk 11 5

TR 13 £

R 15 £

T 16 %

TR 17 &

Fri 18 &

Frk 19 &

Fpk 22 £

TR 23 %

PRt 24 6

T 26 &

Y 27 £

i 28

1995

1996

1997

1999

2001

2003

2004

2005

2006

2007

2010

2011

2012

2014

2015

2016

IR SHBRFAL 235 M S 4

Evaluation of scientific achievements of ISSP by an international external committee
rERE, YRR, Soimeiie, MRBREEYINE. Jadmr ot 5 RIFFEERM & WOE BRI M
N R R il Tl e 7 = I w103 ) | PO e e T R g B

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

HHREMF v v 8 RSB T 2 Yt Fi i SRR aos 1

Construction of the new ISSP buildings in Kashiwa campus started

HX 9 (b7l o EBRMERRET 23520 X 1 5

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

H1% v v R AN DOBIERBHI (2000 FFEBEESE T)

Relocation to Kashiwa campus started (completed in 2000)

HHE N BT

Opening of foreign visiting professorship

- BGELIF TR i R oS T - BT E R 1 St

Reorganization to Neutron Science Laboratory from Neutron Scattering Laboratory

Y T EHill s T AMEHIT 23 FE i S 4 %

Evaluation of scientific activities of the Material Design and Characterization Laboratory by the
external committee

RHKREDBENLRAEARARE L 2 D

The University of Tokyo was transformed into a national university corporation
FelBEI R R T & 2 R 7 — VIR E R P I AR T

Division of Frontier Areas Research was renamed as Division of Nanoscale Science

EB ARt 2350 S 1

Evaluation of scientific achievements of ISSP by an international external committee

] 5% SRk 5 R AP T A D T

Foundation of International MegaGauss Science Laboratory

AISZ 50 4R &R

Celebration of 50th anniversary

EREFIA - LA & LCaEn

Authorization as a joint usage/research center

FHRWERIEV S v — DFTER

Foundation of Center of Computational Materials Science

Ja i o3 YEWRFE AP S O WOE U P E D ZE M ER 03 A - Ffm S 4L, MR 2 & — L > FOERFADTSE
vy -3

Foundation of Laser and Synchrotron Research Center, as a reorganization of Division of
Advanced Spectroscopy and Synchrotron Radiation Laboratory

Hokip g (hPETLL) D EBRIRRRHiosE i S 5

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

[EIBESHE E Al 2352 & 41 5

Evaluation of scientific achievements of ISSP by an international external committee

BB R & M IREEMI VR 78R 235 R P MR 2 P~ < 11 %

BEREVIEDITE 7V — 7" L B WEINE 7V — 73RS N B

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
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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. The administrative decisions are made at the
faculty meeting chaired by the director and attended by
professors and associate professors. The ISSP Advisory
Committee, consisting of nearly equal numbers of
members from and outside of the University of Tokyo to
represent the interest of the outside users, gives advice
on various aspects of administration upon inquiry of the
director. The Advisory Committee for Joint Research,
consisting of both the in-house and outside members,
evaluates proposals for joint research, workshops, and
allocation of fund for user activities. The Research
Strategy Office headed by the director promotes future
plans to reinforce research and management of ISSP.

Currently ISSP consists of three 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
Laboratory 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.

Open faculty positions of professors, associate
professors and research associates at ISSP are adver-
tised publicly. Candidates are selected by the Selec-
tion Committee consisting of nearly equal numbers of
in-house and outside members and then approved by the
Faculty Meeting. Some of the positions have finite terms
of appointment.
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Joint Research and International Collaboration

#FEREZE EHIE  Domestic Joint Research
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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.
SRR R

) AE
subjects researchers
1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

2013 2014 2015 2016 2017
PRYUE B3 X BRI B RIA 0 — -0 B A Bl v
A=R—ara—8 BIOHFMAR LR R D &6t
Number of subjects and researchers adopted to domestic joint research

Kashiwa Guest House

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

R %2 Workshop

PP EELRER R E T —<IicDoWwT, 2~3H
RELEPNLNE 2T ) ODOHETH S, £EOY
AL D o OHGEICHED &, LFEA R EMEE
RIS THRIRPFRIES NS,

2500 ShNEHK

participants

2,000
1,500
1,000
500
0 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
JEMAfFZE 2 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

Committee for Joint Research.

a3

E1E34

number of

workshops ¥ 5 o St [F A FH i BE DGR DT

0 AFFEAARE TBRWEDLELE I,

%B. 37 A CERK 15 FHE~) ICHRiTL

5 T3 TR LD, 1cid, &R E R H
DREELT VIR W] 72 OB WD
INT0ET,

THE INSTITUTE FOR SOLID STATE PHYSICS 2018



[El 2233 International Activities

MR AT IE, PE RO E BRIl R & LCH E ISSP plays an important role as an international center
R HoTWS, EHEES VRS LAROEE Y — 2 of materials science. International symposiums and
Sav T RBET2EEbIc. YRR OS2 3y workshops are organized by ISSP and the unique facilities

of ISSP have been used in many international collabora-

i 2 i L7 E SRR IR I T bNTw 5, ¥
PEREFE AT DS ELA P BHIEE P, SGRRHAE P HAY

tions. Many foreign researchers have been spending their
early careers at ISSP supported by ISSP Visiting Professor-

i 2 D SHE A SRR EE 22 & 2 R L 75 b % ship and also various fellowship programs sponsored by
BAEFEL T3, £/, 1981 EDIRE, rhEr-HcElIc B the Japan Society for Promotion of Science, the Ministry
TAHARBHEEOEREE DA DR L TS, of Education, Culture, Sports, Science and Technology,

and other agencies. ISSP has also been coordinating the

US-Japan cooperative research program on neutron

g

scattering since 1981.

7 —< OFEHH O EH HEAN)
Title Date Participants (overseas)
Topological Aspects in Correlated Electron Systems 2015-3:26 70 (8)
ISSP-MPIPKS Joint Workshop, "Dynamics of Strongly Correlated Systems" 2015-3-30-31 89 (11)
New Perspectives in Spintronic and Mesoscopic Physics (NPSMP2015) 2015-6-1-19 229 (54)
The 18th Asian Workshop on First-Principles Electronic Structure Calculations 2015-11-9-11 197 (94)
Topological Phenomena in Novel Quantum Matter: Laboratory Realization of P BHELF e
Relativistic Fermions and Spin Liquids A2z 90 (70)
International Workshop on Tensor Networks and Quantum Many-Body Problems CR.DT T
(TNQMP2016) 2016-6-27-7-15 125 (35)
The 17th International Conference on High Pressure in Semiconductor Physics 2016-8-7-11 110 (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 2017-11-20-11-23 196 (63)

catalytic reaction

The International Summer workShop 2018 on First-Principles Electronic Structure o
Calculations (ISS2018) 2018-7-2-7-12 67 (20)

Megagauss Magnetic Field Generation and Related Topics 2018-9-25-9-29 121 (61)

BOREDEBES v R LR OEEEY—23 2v 7 Recent international symposiums and workshops
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J\{#fjﬁ/ Education

VIEt AT T, Fifad sfiax 2RI L. PtERE ISSP contributes to the graduate education in materials
B L 72 RAEBEBE I 1 2 VT 5, UIEIFSE T D science using its unique facilities. The faculties partici-
HEIZ, METEIOSC T REREHERITER R pate in the following departments of the graduate school
FHEL, AR, TR ERYBL T AR, B of the University of Tokyo: Physics, Chemistry, Applied
AP AT R B R I, RO AR TAA s B Physics, Advanced Materials, and Complexity Science
JBLTWw2H, TSROz B TG INEEF I3 and Engineering. However, students are encouraged to
DHE VYRR E DO BRI ANT w5, Ykt develop their careers across the established disciplines.
WHEFTCIE, BIEREPHELFEE DI DDHA YV R Every year a guidance and guided tour are given to
ZHAME T2 L EbIC, BEAHRBAE A DAL those who are interested in graduate courses in ISSP.
RIT, REFEY IS -V emi RS L LT T In addition, the annual experiential learning program
Fr AP A LV AF Y 7 ZHFEL TN, “Science Camp at Kashiwa Campus” also offers an

opportunity for undergraduate students to gain a first-

hand experience in materials science research.

E&1:8% Master Course E138% Doctor Course
20154 | 20164 | 20174 | 20184 | 20154 | 20164 | 2017 & | 2018 £
YIRZEK  Physics 28 18 29 30 34 35 28 24
{EZEEI  Chemistry 1 5 6 3 0 0 0 0
YIET¥ER  Appl. Phys. 7 9 8 9 8 4 3 3
MIERER Advanced Materials 39 43 41 39 24 28 24 18
BEHIBET FHEW Complexity Sci. and Eng. 3 2 2 3 1 1 0 0
& &t 78 77 86 84 67 68 55 47

WA FEORK AR EBE % Number of graduate students

- ST o
=B RCAR 21 /Publications

500

PIMERRZRITCIE. 4RI 300 SHTH O S0 Ciite 5o 2
LT3, 2017 £ Kt 310 oML, i 400
X294, &bk 2, ML 1L K (F3R0o—H) 34
3Lt oTn3,

200

About 300 scientific issues are published through 100
annual activity in ISSP. The 310 articles published

in 2017 consist of 294 papers in refereed journals, 2012 2013 2014 2015 2016 2017

2 proceedings, 11 reviews, and 3 books. RIS RO (Fay— T v R AT

Number of scientific papers (including proceedings and reviews)

12
THE INSTITUTE FOR SOLID STATE PHYSICS 2018



J\{/ﬁ/ Budget

ik 29 4EEE (2017 fiscal year)

AHE  XERFELD
MHE | KEBRIFEE LD
ZOfHEME | XERPE - BAZMRESLD
Hite : REZELD

RECHIS - LRI  RE - thBTELD
BAMARE  XERPE - BAZMRESLD

1 (A)
(B
£31(C)
[1(D)
[ 1(E)
1(F)

(A)
(B)
(©)
(D)
(E)

Regular Budget (Personnel) from Ministry of Education, Culture, Sports, Science and Technology
Regular Budget (Non-Personnel) from Ministry of Education, Culture, Sports, Science and Technology
Other Subsidies from the Govermment

Grant-in-Aid from Private Corporations

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) (C) (D) (E) (F) &t
NS~ V& Z DS N REITR BEEE Total
- HER
FR29FE (2017) 1,124,758 1,663,282 20,030 18,808 714,259 424,530 3,965,667
Fr28FE (2016) | 1,315,153 1,669,627 99,138 25,134 668,752 535,153 4,312,957
FR274FE (2015) 1,657,078 1,680,722 466,267 17,829 500,211 464,165 4,786.272
FRR265E (2014) 1,700,581 1,749,421 964,107 28,071 435,229 585,279 5,462,688
FRk25%EF(2013) 1,545,996 1,814,190 493,674 30,847 545,717 427515 4,857,939
R4 (2012 1,326,798 2,360,072 483,530 15,344 296,078 361,530 4,843,352
(H47 : T-/4)  (Unit: Thousand Yen)

D

ik

4

FHREDHER  Budget in recent years

¥/Staff Members

TR 30F 4 B1H RE

ELE BEHER | £ |SEEsR| B # FRHEBhE | RIS | EBBE =
Professors Project Associate Project Research Project Technical |Administrative Total
Professors | Professors Associate Associates Research Associates Staff
Professors Associates
R B
Number of 0 15 1 38 3 30 12 124
staffs
13
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e R P PEWESE R 1M

Division of Condensed Matter Science

i AL AR, AEER, 797200 b
raYAniigikn e, THWE) OFRBYE
BHEDOH LRI Z YD H o 2 Bl s 1B 23 7%
v, FHEERRE AV R DL DT
W RBIRY, WER 2RI, S, Bk
Evof THREREE ) ICEZEICK DRI NT
e, BEMERVIVERIZGEIT TR, MR - A HHS
R T EYE R EOH L IEZREZGRL, 2
DYy % i B B8 -C 0D v BE 7 FE BB A &2 FH T
MWETHZEICED, FILOWEBIC ORI
WHRREFHRLUMBHTLZE2HBE LTV,

WM ERE R T 2=, AR b L
. HEe R E AR O, MREE T O
TRBIGR. BGE, HEWL., MR L
DREEYERE ZIToT\0 5, EREEBRLLY.
HOETR, OEEEE, HyAEWE, ey
ANYVE L ED SR H Z N LRI, EHE,
FRaY— St TFHHEREDBHELT
BN 2% % L BROBIHIZHID ATV 5,

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.

B B I = B %

Professor TAKIGAWA, Masashi Research Associate

n g R &R B %

Professor SAKAKIBARA, Toshiro Research Associate

B ® H PR B #

Professor MORI, Hatsumi Research Associate
3 ¥ 3

% B ik AN B %

Professor NAKATSUJI, Satoru Research Associate

N =, *1

i 2265 kA #A B #

Associate Professor OSADA, Toshihito Research Associate

AR T & FHEBIH

Associate Professor YAMASHITA, Minoru Project Research Associate

HEHR (BB (1T X BHHE

Visiting Associate Professor YAMAGUCHI, Hironori  Technical Associate

KitrErI8

Technical Associate

e KB BIEARE A ET
KITTAKA, Shunichiro Project Researcher KONO, Yohei
A & BEFRS B =
UEDA, Akira Project Researcher SATO, Mitsuyuki
TF A BIEARE HA 2
SHIMOZAWA, Masaaki  Project Researcher TAKEDA, Hikaru
Hig ®X HEMERE Fyry KyvozAa
TAEN, Toshihiro Project Researcher ZHANG, Dongwei
BEH O OBAA BIEARE A B
SAKAI, Akito Project Researcher YOSHIDA, Junya
HE B’ wEmEa ™ R E
DEKURA, Shun Project Researcher OHTSUKI, Takumi
ML FEF  BEmRs” AR EAER
MURAYAMA, Chizuko Project Researcher SUZUKI, Shintaro
WHE A wEmEa ™ Fry Y4
UCHIDA, Kazuhito Project Researcher CHEN, Taishi
wEmEa ™ EH =
Project Researcher TOMITA, Takahiro
HEMEE " et kit
Project Researcher HIGO, Tomoya
wEmEa ™ Ny 7AaATFY
Project Researcher MAN, Huiyuan
PIRISRIMRE ZH HED
JSPS Research Fellow  SUGII, Kaori

*1 Fipzeis, AMSIETWEMESIL—T7, / concurrent with Quantum Materials Group
*2 FRgeIs. KISk R —UMFIZEFS. / concurrent with Division of Nanoscale Science
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Division of Condensed Matter Science

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

e )1 k78 %2

Takigawa Group

M5 (NMR) 2 BEaERFELELT BEEN
DRROE TR AR T2HREMEL TS,
MBI RT3, HBIE, 8 (R ) e, Bk, W
B Lo e S R B IRER FEHILTE D, W - [T
N EDNNEEE2EZBZETINsDR DB THIER
DRIDG2, FETZIEEAOSRE —X v P ELANE
e — AV F2HoTEY, NS IEAADETDELEE
PELALZEC TS, Z0RONMRIZ, HENE
DAL v, &, Ptk EOHBEI ARG > THN DR
BEBPRECHSEOWEZ, I/ nick2 6755
FB LD, Fokldtak Rtz o/ OLANMRMIE 2EE
ZEEMHL . ARG - RIS - SR E DS IBREE Stk L LA
Ho¥ T EBEEAAY. & LEEYSH BNz
WRELIHAEZT>T0 S,

@ H||<I11> == 1a
b T=60K -

i
i
8
I
T

..‘.:.w.‘..\‘.:‘.—ll....lll.

LI L

sl )
LI i

NMR Intensity [arb.units]

Frequency [MHz]
SR 60K, 3% 6.6 TR ZICH T 2/ LLENEY PrTizAlzo FOTZILZI =T L (Al)
BFEZDNMR AR NLe ZZEAITL (Pr) A4 VIR 2 EEHOERS
ERREEZFS. EECERUIMBEFRFEERT. PrAAYZ2 hTRICMOBEL 7L
ZOLCIIERFENICEBRS 3D20T A MHIFEEL. ZhZNAN<1T1>H25 W
<100> AEOHIZIC & > THEMBY 1 Mcoad N, SSICZDELDHERHH
I£& > T 5ADNMR HIBFZERY 26, FEFICEMRNMR XXRT MLHEN S,

NMR spectra of Al nuclei in PrTiAloH 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. BRJT. 72AKL—b - REVRDI A F U XA EEFHER
Dynamics and quantum phase transitions in low dimensional or frustrated spin systems

2. BREGBEES
Exotic superconductors

3. BEEETFRICKE T BER - PuE - ZWMFOKRFEESE

=

TAKIGAWA, Masashi
Bz

Professor

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 T
11> HEOBST. 2KUT mene AL
DERICHEWT, BUEFH*E M r=1.0062T 1.55 K1
D= NMR HIBIRM 22T - L _ 1.90 K
B, Hic3av( hhoofES | \fk/LAA“‘

Z AR CHE > TH 5o s MJ\MZ'OgK
The NMR lines split below =, 2.22 K
2K under the magnetic field 2 A A

along <111> due to ferro- % 230K
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 11.2 113 114 115

Frequency [MHz]

NMR HISR ORI S BEFEED
MORMEN L= —TICRED, T
BFOKRF/INTAXA—=FHNRES N
feo

The splitting of NMR lines

= =[010]
b

’
» uniquely determines the symme-

[100] try of the charge density distribu-
a tion and the order parameter.

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

4. AEVHEREBFRICE T 2HBTLHKE
Novel orders in spin-orbit coupled electron systems
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Division of Condensed Matter Science

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

b It Wk 7€ =

Sakakibara Group

WEDOR TR BIRIZIE I EHBIHIC DI >T 5, 2
DR CTHVEFRAEHZMOVERTII I 7LEVIDY
&R LR CHBRR IR H 2R S 5809 5, 2
D &9 2zt FE I T IRE R OWERME FRZEM 52 &
DI 7= D ARBAT DOIED % < Fr L PSR 23 IRR
IND, YR TIEID L) R R R L 2 R Ok 4
BWERDHESIMEDFEZITo TV 5, BRI T8
TLEYPEVE TR, BFAEYREIV77AL =T
AE VR EPFERRT, WL HEE 2 15T
BELTHIZEL T3, COHMDZOIZ, FA41330 2977
IV v DR F CRELHIE 23 AT HE 72 S R EE D B 15,
SRR D X vy 7RG ORI B 7 LT RO
s BAE SR IE 2 L A E DA 1T > T 5,

T

Curie

QwCP

EBEBFA Y7 @A URNGe DEGSRERR, (a) FBBRT. ¥2U—
BE SRS (b #) AROBE Hp Ic &> THEIE g, EFHEBERIEE
(Ho ~12T) T—RHEHEBZTRT . (b) FHELRAERRD 5 EFHGEREHEOERZ
ARIELIcD D, BERBHE (c @) FROHES He I L T —ROBHBEY ¢
YORICIED D 4K EIC3H 5 =EHRFR TCP THU %, oo T=0DFEL
ICiEY « v TBFERS R (QWCP) HFEY %,

1. EVWEF LAY O & B8

R RER ]

R—BpB
SAKAKIBARA, Toshiro  KITTAKA, Shunichiro
% EUE
Professor Research Associate

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.

0.25
0.20

015 =
0.10 o
0.05
0.00 —

/WP

0_--"l"''|""|--"|"7-'|""

40 -05 00 05 1.0
HoH,(T)

Magnetic phase diagram of the itinerant Ising ferromagnet URhGe. The
Curie temperature of this compound can be tuned by applying a magnetic
field along the magnetically-hard b axis as shown in the schematic phase
diagram (a). A first-order transition appears close to a quantum phase transi-
tion region (Hp ~12 T). (b) shows the phase diagram near the quantum phase
transition, constructed from the magnetization data. The first-order transition
region expands in a wing structure by an additional magnetic field along the
magnetically-easy ¢ direction, and closes at a tricritical point (TCP) near 4 K.
Quantum wing critical points (QWCP) exist on the T'=0 plane.

Magnetism and superconductivity in heavy electron systems

2. TEFLAYOLETEHEICHEY 2HFLESE

Multipole orderings and fluctuations in f electron systems

3. 75 AL — MEMEFRORLIERE

Magnetization of geometrically frustrated magnets
4, EFRAEVROEEIRRE

Ground state properties of quantum spin systems
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Division of Condensed Matter Science
http://www.issp.u-tokyo.ac.jp/maincontents/organization/

labs/mori_group.html

Mori Group

WERAE LR 522 T EO F R 2 2
REBFREZET TS,

AFEETIE, WEHHMEZ > 28l Zh
597 FNEEE L 72y FHEMEIC B T, r FHEOMETEE,
o FRIOM AR &2 B DB U 7o R S A e 1 (R
T 7 a b AR, R, BN 20T - Ik S

7t

SGIRENE BRSIR 7V P AR OB 21T 5T 5,
TTEEDOMINE, 1) ZR T THE LT THEO

HHEEED %G - flETaEch 2z 2L, 2) BB —a M
HAEH (BTHHB) 23KEL, B0l Ek B8k &
Rtk (k) DA T528, 3) D FDIERICES v
LOBRBEE LOIGIEE S REL, B, BRICKB)
ERBZ R TR R ABE 2 KBTI 2 2 LR EDVEITo NS,
BNV —7Tlk, FILeARBEEERELTEY P
k-ET2Cu(NCS)2 LB B-(meso-DMBEDT-TTF)2PFg
(K1) #FRL, YEREET o7, IHITRETIE, K
FEE 70 by LREE P EIEEI LT, (RS LR
DY B ZBAR 2R THARRIEEMER (K2) ZHFEL7.

- ¥ -
-

A R LtH B HE &

MORI, Hatsumi UEDA, Akira DEKURA, Shun

265 Bh%K 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 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) 1¢? o 22x10” .
Mues el pee=ves:
10' S g ~ /JEA/'_‘\Q/-T\,%J\DM
meso-DMBEDT-TTF S s, L S
S S
1y (a) 1bar % *e
~ H (b) 2.1 kbar 8 k& “osee,
g © 1 (c) 3.1 kbar s 1 wiE ”?% N
£ 10" $ (d) 4.0 kbar 2 ° oSsg)
@ S @ BEAKHRK
£ 10" 'é l g’
= [o))
B g 6ﬁ03 ) g 0 J 1
1 HTREERIEEAE () v M k-ET2Cu(NCS)2 & 10 551 ’%—\ 0 100 200 300
D 8 & & (i) BH B F B B -(meso-DMBEDT- \ R N T fure (K)
TTF)2PFe DESUEH D E KT, 107 |- < st o emperature -
43K R 88 RiEA v h LUECR S
Fig.1. Novel organic superconductors: (i)single E\ 2 fé(gat—E%iTﬁ'?)( %;j _DHjDD) (I:;:J\;ﬁ iz%;ifg%;;rf
crystals of Mott-type k-ET,Cu(NCS); and (ii) 10° Z D%ﬁ%"@{iiﬁ"iﬁck56@"£b<tjj0§;0é . & ESES T
electrical resistivities under pressures for charge- &0 LL I . o . e .
ordered-type p-(meso-DMBEDT-TTE),PFe, . i 024 8 10 Elg.Z. Switching behavior of electrlcal"re51§t1\r‘1ty and magne-
10 o 100 200 200 UST due to large deuteron isotope effect in proton-electron

Temperature (K)

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

1. 2FOBREZENUVICHRER (B) BAEL070 NV EEEDFHFE & SRIERR
Development and studies of structural and physical properties for novel organic (super)conductors and proton

conductors based upon molecular degree of freedom

. BEFRTEFN O N VEH EBEL CBRGEE. SEEE. FEADORR ST

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

. AFHEMEDNE Bi5. B5. RE. EH) NBEOHE

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

. ERERNRN S VIR ORE
Study of organic field effect transistor
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Division of Condensed Matter Science

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

EINwEsE=

Osada Group

BrmEYE, bRaChVPE, EROOWE. 7/
BICHN2HLOEFRECE T EEEROHEE - R -
%z T, 7772 BEDEFIEMESLZD7 7 TV
T —VAEARER, FRaY A - kaE, KX
TLHBEEAR, EEE - BEERONTH/ Hidze W REL
T, R - RS TTOBERBEIIR T MR AR
PRIDRZNET 2, EFEEEEGOEREE Y
B 2 Bl AR T AEE O RSB L, 40T /i <L
AWGHNC X WAt 72 &% B ZBRTFRE T2, il
777 2 v EARPRY VEEIEO R RE, ARERE
a-(BEDT-TTF)2[3 I} 2 b Ru P h)LVE T4, @S
77 7 A b OREYFRE R B 2 iF5E 2 B IS

fToTWw3, E (V)

0.4 T

Eyp ()

BETA TV IU¥RE a-(BEDT-TTF)2ls ICEWT, BRORAE VHEREERIC L
DF vy THECT/INILIDINY RIS, [BIRRICETDREBEHRD/CU T 1 RS
nTW3, /T DREIE -1 T RAMRAVALIEEGETH B LERT, BAK
FIRTHICFTRARE S DBRRODIRILF %ML, /NLIDFr v TR
VAT DRENRN S,

Gapped bulk band structure in an organic Dirac semimetal a-(BEDT-
TTF),I3 with finite spin-orbit interaction. Parities of wave functions are
indicated at symmetric points. The parity product of -1 means that the sys-
tem is a topological insulator. The inset shows the energy spectrum of finite
system with the edge parallel to the one-dimensional chains. There appears
a helical edge state in the gap.

1. BT« 2 v VEEEO MROY ALY
Topological properties of an organic Dirac semimetal
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RHE #A Hix ®X%
OSADA, Toshihito TAEN, Toshihiro
HEHIR B

Associate Professor Research Associate

Quantum transport in electron systems. We search for, eluci-
date, and control new electronic states and quantum transport
phenomena that appear in topological materials, low-dimen-
sional materials, and nanostructures. Targeting atomic layer
materials such as graphene, their van der Waals complex stacks,
topological insulators/semimetals, low-dimensional organic
conductors, and artificial semiconductor/superconductor
nanostructures, we investigate new topological or quantum
effects in transport phenomena. Key experimental techniques
are alignment and transfer for building up atomic layer stacks,
micro-fabrication for small device structures, precise double-
axis field rotation, miniature pulse magnet generating above 40T,
etc. Recently, we have focused on studies on quantum transport
in graphene junctions and black phosphorus thin-films, various
topological phases in an organic conductor a-(BEDT-TTF),I3,
and the magnetic-field-induced electronic phase transition in

graphite.
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Magnetic Field (T) DHAFHHREH,
Magnetoresistance of the black phosphorus thin-film FET device encapsu-
lated by h-BN thin-films for several gate voltages. Single Shubnikov-de Haas
oscillation of two-dimensional (2D) holes is observed in negative gate volt-
ages. In contrast, double oscillations indicating the existence of two kinds of
2D electrons appear in positive high gate voltages. The inset shows an opti-
cal microscope image of the FET device.

Electronic structure and quantum transport in atomic layers and their van der Waals stacks

3. BREROVAINYEDEFRERR

Quantum transport phenomena in layered topological materials

4. BRYEOBERERSCELERIE—L VX

Interlayer coherence and angle-dependent magnetotransport in layered conductors

5. BRY S 7 71 b OWBFRLEEFIRES

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.
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YAMASHITA, Minoru SHIMOZAWA, Masaaki
HEHIR BhE

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 exotic electronic
states by scanning magnetic microscope and elementary excita-

tions of quantum spin liquids emerged in frustrated magnetic

materials.
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FREVEREFERENRRICHEL TV,

Temperature dependences of the dielectric constant (blue), the thermal con-
ductivity (red), and the magnetic susceptibility (green) of the organic Mott
insulator k-H3(CAT-EDT-TTF),. In the shaded area, quantum paraelectric
state and quantum spin liquid state emerge concomitantly.

Study of strongly correlated-electron systems at ultralow temperatures

2. EEMHEKBEWEZ AW CREETREONR

Study of exotic electronic states by scanning magnetic microscope

3 BEAEMNT AL —2avedb DHEEICEITEEFALVRIE

Quantum spin liquid state in geometrically-frustrated magnets
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YAMAGUCHI, Hironori
REERER

Visiting Associate Professor

Entanglement, a quantum state with an unconventional corre-
lation, is at the heart of quantum mechanics and can induce
physical phenomena beyond our senses. In advanced material
science research, realizing such entanglement (utilizing the spin
degree of freedom) in magnetic materials has become one of the
goals, and it is also an unexplored area of physical science.

Our laboratory has focused on the diversity of organic
materials and succeeded in realizing a wide variety of organic
magnetic materials through molecular modulations. Our present
focus is to find new quantum phenomena caused by entangle-
ment and to control their magnetic properties. We conduct the
research in collaboration with Sakakibara group.
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Professor TSUNETSUGU, Hirokazu Research Associate
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Professor OSHIKAWA, Masaki Research Associate
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Professor SUGINO, Osamu Research Associate
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Associate Professor KATO, Takeo Research Associate
B %

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.
B =t RHEARE E& xE
FUJII, Tatsuya Project Researcher TAMAYA, Tomohiro
BRE £ MRS ™ A B
SAKANO, Rui Project Researcher YAMAMOTO, Yoshiyuki
WH EE HiEHiRs vy LA
IKEDA, Tatsuhiko Project Researcher YAN, Lei
ZH BEX
TADA, Yasuhiro
&L H

HARUYAMA, Jun

1 B, AEIGERTFWENRS L—T. / concurrent with Quantum Materials Group
2 3R, ATSIRISELIERTE S )L— T, / concurrent with Functional Materials Group
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TSUNETSUGU, Hirokazu IKEDA, Tatsuhiko FUJII, Tatsuya
% B B
Professor Research Associate 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 trans-
port phenomena. One of our recent achievements is about an
antiferromagnetic order in a quasicrystal in two dimensions.
Magnetic moments exhibit a unique fractal spatial pattern that

reflects the self-similarity of the crystal structure.

ZRFEARYA—XEF LD half filled /\/\— K&
BOERREDREREKRFEOHRX, 7575
BEZRLTWS,

Magnetic domains in the antiferromagnetic
order of the half-filled Hubbard model on the
two-dimensional Penrose lattice at zero tem-
perature. Domains show a fractal structure.

Electronic states of strongly correlated systems with d- or f-electrons

2. 77 AL —Y 3 VROKENE
Statistical physics of frustrated systems
3. EFREHOHTEFEOER
Theory of novel phases in quantum magnets

4. BHEEBFRICE T BEANBLE

Unconventional superconductivity in strongly correlated electron systems
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Main panel: Electronic charge carried by adiabatic pumping induced by
the time-dependent lead temperatures, T1(t) and TRr(t), per a cycle. Inset:
A schematic of the system. Here, U is the Coulomb interaction, I'y = I'r =
I/2 is the lead-dot coupling, &4 is the energy level of the quantum dot, and
u = U/T is a dimensionless parameter of the Coulomb interaction.

Pumped charge per a cycle
(e}

AV A Y 7 ROEFHEERR
Quantum transport phenomena in mesoscopic systems

2. HEFAT 2ETFROYMK

Properties of interacting electron systems

3. EFEEHMEFHE - ALY OZI R
Non-equilibrium statistical mechanics and spintronics
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Associate Professor 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 long time by focusing on quantum mechanical
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 interface
between a ferromagnet insulator and a metal, many-body effect
in thermal transport of phonons, and nonequilibruim transport
properties of the Kondo quantum dots.

In addition, we are working on various research subjects
related to many-body effects and nonequilibrium phenomena.
Examples of these researches are structural phase transition in
solid oxygen and higher harmonics generation in solids. We are
also collaborating with experimental groups in ISSP.
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Upper two figures: Schematics for two mechanisms of spin-current genera-
tion (spin Seebeck effect and spin pumping). Lower panel: Temperature
dependence of nonequilibrium spin-current noises due to the spin Seebeck
effect, the spin pumping, and a thermal noise.
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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.
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Professor KATSUMOTO, Shingo Research Associate ENDO, Akira Project Researcher ASAKAWA, Kanta
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Associate Professor MIWA, Shinji Technical Associate IMORI, Takushi Project Researcher YOSHIDA, Shoji
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Visiting Professor MATSUMOTO, Yuji Technical Associate HASHIMOTO, Yoshiaki  JSPS Research Fellow LEO,Naemi Riccarda
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Visiting Professor

TAKAHASHI, Susumu

Technical Associate HAMADA, Masayuki
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Technical Associate MUKAI, Kozo

1 BRI, A SHASIMERTR S L— T, / concurrent with Functional Materials Group
*2 BN, AEEBFWENRS L—T, / concurrent with Quantum Materials Group
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Left: Color level plot of the magnetoresistance of a double quantum well
device (InGaAs) with spin-orbit interaction as a function of field strength
and angle from [110]. The sign is reversed around [100] (45°) and [010]
(90°). Right: Polar plot of magnetoresistance amplitude for the in-plane field
direction.

1. EF8H - AEVEXERR

Quantum transport in charge and spin freedoms
2. EFBEZRAWLHENROMAR

Study of many-body effects in quantum structures
3. BNME/NA T Yy RESICE U 2YBRR
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KATSUMOTO, Shingo  NAKAMURA, Taketomo ENDO, Akira
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Professor Research Associate Research Associate

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

To expand the concept of quantum transport to spin degree of
freedom, we have tried to create spin currents in quantum struc-
tures. A new type of magnetoresistnce is found in transport of
spin polarized electrons injected from epitaxially grown Fe films
into quantum well structures with strong spin-orbit interaction.

A new method to obtain information on the dispersion
relation of edge-magnetoplasmon in quantum Hall edge states
has been developed. The method utilizes transmission of micro-
wave through the two-dimensional electron gas, the area of
which is controlled through the gate voltage. We expect the
application to the fractional quantum Hall state with surface
potential modulation.
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Grayscale plot of the gate bias Vg and frequency f dependence of the micro-
wave transmission AT . Edge-magnetoplasmon excitations are observed as
peaks (lighter tone). Thick yellow curve in depicts calculated egde-magneto-
plasmon excitation frequency vs. Vg for the fundamental mode.

Physics at interfaces between the phases with different symmetries
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FEHIMESE (NM)/ BILE RV R (Bi203) REREDTY 2 NHROBESLD, NM/
Bi2O3 REIDT2/VUTX— ﬁﬁkéétﬁéﬁl NM DFESE (Cu, Ag, Au) ITIK7F
92, Thid. REREOBHHE |y’ OFEIES. NM & Biz0s OHEESD
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Estimation of the Rashba splitting in Non-Magnetic metal (NM)/bismuth
oxide (Bi,03) interface state. The magnitude and sing of the Rashba param-
eter at NM/Bi,O3 interface strongly depend on the NM (Cu, Ag, Au). This is
the results of the modulation of the asymmetric feature of the charge density
[y?| by the interface electric field Einter which is defined by the work function
difference for NM and Bi»Os3. (a) The schematics of NM/Bi,O3 interface and
the Rashba splitting. (b) Spatial distribution of || and electric potential V
near the interface.

1. iR EYROERSE & O #E

Mechanisms of pure spin current generation and detection

2. AV RERAWHESHEER
Magnetic phase transition by using spin current

3. MRAYAIINERERE TORE YR - BREEEER

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

Professor Research Associate

The concept of spin current, the flow of spin angular
momentum, appeared in the end of 20th century. Spintronics
has developed as a new approach which utilizes the combined
function of charge current and spin current. The methods of
generation, transmission and detection of spin current have
been well established in the recent decade. The research of
spintronics is entering a new phase, recently revealing new spin
mediated-interconversions among quasi-particles in solid, such
as electron, spin, phonon, photon and magnon etc. These “spin
conversion” phenomena often manifest in the nano-scale region
at simple interfaces of various materials, and thus, have great
versatility and application possibility. Our fundamental research
explores the new physics of spin conversion and clarifies their
mechanisms. We also develop the spintronics devices in which a
variety of spin conversion can be controlled, using nanofabrica-

tion techniques.

(@) ) o

0.5} Py/Cu/PbPc

. & o Py/Cult:Pe
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current ©

Spin K A
H-Hres (Oe)

NF | EBRE IO TEEINLAL VT - ERTIHER : AEVRVEV T HICK
%, () 7% 7= (PoPc) E£BOREZRETIT B EICED. FYa/\DR
U SREREZ RIS E e, (a)PbPc/Cu SREIDBLIER (b) SMERHELS (Hres) 1399
%, AEVH - BEREBHROEEESONMAD (Voym)o Bk KiRFZNZN
NiFe/Cu/PbPc. NiFe/Cu/H2Pc DBIEfER, Cu/PbPc REMNFET DK TlE
2BV - BRAERICERE Y 2HERESINEND.

Spin-charge current conversion at molecule/metal interface observed by
means of spin pumping method. Rashba splitting arises at carefully designed
interface of lead (II) phthalocyanine (PbPc) and Cu. (a) The schematics
of the PbPc/Cu interface. (b) The symmetric component of voltage signal
(Vsym) attributed to the spin-charge current conversion at the interface as
the function of the external magnetic field (Hyes). The blue and red lines are
for NiFe/Cu/PbPc and NiFe/Cu/H,Pc sample, respectively. A clear signal
appears in the sample with PbPc/Cu interface.

Spin-to-charge current conversion in the interface of topological insulator

4. HFAEYROZIR
Molecular spintronics
5. WD SBLEEFREERFANDAEVEA

Spin injection into superconductor from ferromagnet
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Komori Group
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(b) Graphene on terrace

(c) Graphene on macrofacet
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(a-c) 1ER SIC Bz Ar BESHP TROMI DI &> RS NERTY 7 -
TIREED STMR (a) &« ZNSDED 2 RITH LT 1 RITWGF / BHEiES
Z5DU 77D STM LK (b.e)o EMRKME (a) [CiF. SIC(0001) 7Z RE

ZINS28EBENY /AT 7EY MEFEL. TIAO—E (b) X707 7
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DT« Ty I\ ROBENMELBTANARY ML, BHOL 7Y DI\ RHER
I, T4V IN\YROR—EVTEIRT T RITHERTELN,

(a-c) Topographic STM images of the graphene on thermally-decomposed
vicinal SiC(0001) substrate (a) in Ar atmosphere. On the substrate surface,
SiC (0001) terraces and macrofacets tilted 28 degrees off coexist. Magnified
images of the terrace (b) and macrofacet (c) indicate formations of two-
and one-dimensionally nano-periodic graphene on a part of the terrace and
on the whole macrofacet, respectively. (d) Angle-resolved photoemission
spectrum from the graphene on the macrofacet. Replica bands due to the
periodic structure are seen. The doping level of the graphene is smaller than
that on the terrace.

1. BRTE - REF /BEPEOBFRE. BiEE L MEE

N XE

=
KOMORI, Fumio MIYAMACHI, Toshio
Bi% B
Professor Research Associate

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, magneto-optical Kerr-rotation and second
harmonic generation measurements. Microscopic atomic,
electronic and magnetic structures, formation processes of
surface atomic-layers and dynamical processes induced by
electron tunneling or photo-excited carriers are examined by
local imaging, spectroscopy and quasi-particle interference
observations using spin-resolved STM/STS, and macroscopic
spin-dependent electronic structures, magnetic properties,
electron dynamics and chemical bonds by photoelectron and
optical spectroscopy using VUV light and soft-X-ray from laser
and synchrotron.
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(ab) Cu(111) &, Ag(111) @& (a) L' Bi(111) & (b) NS DREIRER >4
HINY RDSDHEEBFDORAEVRBAR, RESNcAEYABEIEEANDESE
FEICEETHO., Cu(111)EE Ag(111) ATIHARED AV RIRAR & U
TH D, Bi(111) ATRAFKEDREAAFEZ pRADS sfEHAE 90" BET 5 &
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CET 2. INSOYEFEND 3RTINROVAILIETH 3,

(a, b) Spin polarization direction of photoelectrons from spin split surface
bands of Cu (111) and Ag (111) (a), and Bi (111) (b). The detected spin
direction is in-plane and perpendicular to the momentum direction. For Cu
(111) and Ag (111), it is the same as the spin polarization direction in the
initial states. For Bi (111), when the polarization direction of the incident
light is rotated by 90° from the p-polarized light to the s-polarized light,
the spin polarization direction is inverted by 180°. (c) Dependence of the
photoelectron spin components and total intensity of Bi (111) on the inci-
dent light polarization angle 6. The spin orientation of the photoelectrons
changes three-dimensionally when 6 is continuously changed. All these
crystals are three dimensional topological materials.

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

2. BRYE - k@ / BEVEOMEBRE

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

3. hYRILBFPL—Y LRI LZBF - RFENER

Electron and atom dynamics induced by electron tunneling and photo-excitation
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ER N RV (STM) 12, Z0B%EL TRED
JRREEZHS IS TEDR ST, b L EHlEIC &
DY 7F /B TOBEIREICET2MAZE2, 512
A AR (SP-) STM 2 X 2 PTG SR P i A v
Kt JEMIE L v 2L 436 (IETS) 12 X 5 M4 sk
IANF =BT 2z ST L TES,

RO E T, BUSIRERS TCBifEd2 S TM2
B2 T, RAHEIRE LR &R ko 7z Rtk
TOMIRERE, MR E DI EIRIC X FHRIN DR
WRHRE - PR VIREOBHIZ ATV, F,
SP-STM (2 X 2 B CDAY v 2,84 )L 75 L B 23 &)
il S %%, SP-IETS I k2 A VihiE, <A 270k
HAIC K2/ WEETOREEILIGEHI, A R R R
TY Y aX Ik A VG HIEE OB HEEL TV 5,
R®IETlZ, CeColns 2 EDEWETZYWEOETINE
JIP AR - AR E DI O LA TR D, BuEfk
FriiE O FEZERMBILICHIRIIL T 5,

BEESERE COREDR, SiER LD 1 RFEPb (k& BEEHE) & PoE
R (FEe. BLEHE) ORMEBTHAES NI Y RIVAKINRY M5, Bin
EEAREAN S 40nm OIFFHICHOTc > TRAHLTVB I EABRESIN 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. {ER STM L &L 2R LBIRE / RO Y AILEFEDRER

KAl =i =H IS
HASEGAWA, Yukio YOSHIDA, Yasuo
E26d B

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 NIcREHEKRFIRE, Co KiRE TOBEED
STM & (FRELVELR) T HWIRD Co RFENRSNBH Fit%aih
DI TR etk (BTHE) TIE Y YNIZIRO d B BRFBEZTZRL TV
ZENBRES NI, HMBETICE D, REICOHFESNIEETH S I LMY
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 L 2 F / AT — LEESKREIREHA
Nanoscale measurements of magnetic resonances by SP-STM with microwave

3. ABVRBEERT VY 3 X MUICL DALY ROEZREEA

Real-space distribution of spin currents by spin-polarized scanning potentiometry
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Lippmaa Group
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DAERGFED S, AR A & T2 H 2705 O B ELE
BEZEHILTW3, 43 Rh%F—7L7% SrTiOs o y6fih
DRSS Z DS Z A L, Rt 0 F—3v R a3tk
TEADRG T ¥4 b2 EBET 25T, Rh3T OF—<v
MIMBFE A N OREELE R ERIEZH T2 525 —
WEEBR T2 RHLE (K 2), ZDXHIRT FTAY—
HE3& 13 Rh:SrTiOs et ic B 1274 b ¥ v U 7 DR 5 £
WK B E F O 7 K3 R B & 2 e EE A I FR 3R
BREEHSTWAZ LRSI LT,

1. (a) Rh3*:SrTi0O3 & (b)Rh*+:SrTiOs SEEIc & 14 % Rh TR O HE N X G38E
DAEDICDWVWT, BEAMHDEWVG Rh 1A YEATOTROLEVANERRD
EEBKRULTED, (b) DI —VBEROTZAHA MEEDTREBEFEZOEEE—
HLTW3,

Fig. 1. Angular distribution of Rh fluorescence x-ray intensity for (a)
Rh**:SrTiO3 and (b) Rh**:SrTiO;3 thin films. The difference in the patterns
indicates that the arrangement of the Rh nearest-neighbor atoms is different.
The pattern in (b) corresponds to a perfect perovskite structure.

1. NILA L —F—#EEIC L 2BEYERZ U TATOBEDFR

L
i

Uy IY— vy B BA
LIPPMAA, Mikk TAKAHASHI, Ryota
Bi% B

Professor Research Associate

The band gap and transport behavior of oxide semiconduc-
tors is generally determined by point defects and doping. In
many doped oxide systems, the dominant site substitution
mechanism can be assumed from the dopant valence and ionic
radius, but explicitly determining the dopant site structure is
generally impossible. X-ray fluorescence holography is a useful
technique in this regard, as it produces directly the atomic
positions of the nearest neighbors surrounding a dopant atom.
The method is based on measuring the angular distribution
of the dopant atom’s fluorescence x-ray intensity (Fig. 1) and
solving for the positions of the nearest-neighbor scatterer atoms.
We have analyzed the structure of Rh-doped SrTiOs photocata-
lysts and found that while the Rh*" dopant substitutes at the Ti
site without lattice distortion, a Rh** dopant forms clusters with
oxygen vacancies or substitutes at the oxygen site (Fig. 2). Such
clustering has a detrimental effect on photocarrier dynamics
in Rh:SrTiO3 photocatalysts and photoelectrodes used for the
solar-powered water splitting reaction.

2. BVWBEREDORMTHRE L Rh3HSrTiOs SEIEICH 17 5 2 BED XSS
IEDWTo (k) BRZEAZHDORNBIEMDI ZRY— (T) PZAVTA NI
B+ % Rh OERIEE,

Fig. 2. Two main defect cluster types in a Rh3*:SrTiOj3 film grown at low
oxygen pressure: (upper) Rh cluster with an oxygen vacancy, (lower) Rh sub-
stitution at the anion site.

Growth of thin oxide films and heterostructures by pulsed laser deposition

2. KAMBREBRIS DB ICIAT oA BT B O F

Development of oxide photoelectrode materials for photocatalytic water splitting

3. BEARIETILF T cO4 Y VR ORISR
Polar oxides and multiferroic coupling

4. AL /EEE T/ OVRY Y NEEOERM

Synthesis of nanostructures and nanocomposite thin films
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Takahashi Group

Electron Spin Resonance (ESR) 77z £ O g &R L 18
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WA 167
MATSUMOTO, Yuji
BEEHE

Visiting Professor

We have been working on fabrication of nano-structured oxide
films by pulsed laser deposition (PLD) and exploration of their
physical properties and new functionalities. The non-equilibrium
nature of vacuum deposition such as PLD allows us not only to
synthesize new chemical compounds with compositions that
have never been found in bulk, but also to fabricate nano-struc-
tured materials such as artificial superlattices. In this laboratory,
we are planning to fabricate new oxide materials whose compo-
sitions and structures are spatially controlled on the nanometer
scale. They include self-organized, phase-separated nanocom-
posite films, and compositionally-graded films whose composi-
tion gradually varies along the growing direction. Utilizing some
facilities in the ISSP joint-research program under collabora-
tion with Prof. Lippmaa, we carefully investigate the structure-
property relationship of such nano-structured oxide materials
and wish to propose a new guiding principle for designing oxide
nano-structured materials.In addition to this project, we expect
to interact with other professors within ISSP.

2R I8

TAKAHASHI, Susumu
AEAETEHIF

Visiting Professor

Electron spin resonance (ESR) spectroscopy interrogates
unpaired electron spins in solids and liquids to reveal local
structure and dynamics; for example, ESR has elucidated parts
of the structure of protein complexes that have resisted all other
techniques in structural biology. ESR can also probe the origin
of decoherence in condensed matter, which is of fundamental
importance to the development of quantum information proces-
sors. However, its intrinsically low sensitivity precludes ESR
analyses of samples with very small volumes. For example, with
a current typical spectrometer setup, >10'° electron spins are
required to obtain ESR signals at room temperature.

At ISSP, in collaboration with Prof. Yukio Hasegawa research
laboratory, we aim to demonstrate ESR investigation of individual
atomic electron spins using a probe spin where the probe spin
consisting of a single atom is detected by a high-frequency spin-
polarized scanning tunneling microscopy (STM). This STM-based
technique will also enable atomic-scale positioning of the target
atoms in combination with a STM lithographic technique, thus
providing unprecedented spectral resolution, sensitivity and
versatility for achieving ESR investigation of magnetism in a
quantum spin system, and demonstrating a proof-of-principle
experiment for quantum computing and quantum simulation.
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Functional Materials Group

The Functional Materials Group is one of two new
trans-divisional and interdisciplinary research groups
and deals with excited states and dynamics in systems
with hierarchical and inhomogeneous structures,
including chemical reactions and dynamical processes
in biological systems. Recently, time-resolved
spectroscopy of excited states and non-equilibrium
states, nano-scale observation and measurement as
well as operando spectroscopy/measurement have
greatly advanced. Theoretical analysis based on first-
principles calculation and data science has 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 Functional Materials Group should work as an
open platform for such collaborations.
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Associate Professor INOUE, Keiichi / concurrent with Laser and Synchrotron Research Center
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Associate Professor MATSUDA, Iwao / concurrent with Materials Design and Chatacterization Lavoratory
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1. EFILAIRIC & /0D F OSEIAL & RERISDHE

YOSHINOBU, Jun
B

Professor

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.

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

Activation and surface reaction of small molecules by model catalysts

2. RAPRAIKE T 2KkFRHELIYMEERE U\ KAV /IUR)
Properties and reactions with hydrogen at surfaces and interfaces (Hydrogenomics)

3. ¥EABLUVEREEOBTFRE L RABICEDOMA

Electronic states and surface conductivity of semiconductor and organic thin film

4. (BERTHEDEBEFIRE & RISHEDHTFE

Electronic states and reactivity of low-dimensional materials on surfaces

5 BEfRHEICKITBRT - 2 FDERIBEDIHFE

Dynamical processes of atoms and molecules on solid surfaces
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Akiyama Group
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Nano-structures of a
100 T-shaped quantum-
wire laser (a,b) and firefly
luciferase protein (c) .
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1. AIBRA vy FyIHEEL —F—K L VOKRBERD T /N1 XY
Device physics of gain-switched semiconductor lasers and solar cells

2. BmEFEAREFHRE L UOHFICHITBERTEFELF v U7 DSEMER & IETFEE
Many-body interactions and non-equilibrium properties of low-dimensional electron-hole systems in clean semiconductor quantum wires and wells

3. FEARETFBER L U7/ ROMER, BREL. BSMh. BHo e

A

BRE R

/N4

AKIYAMA, Hidefumi HAZAMA, Yuji

% BhE

Professor Research Associate

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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Material physics and development of high-quality semiconductor nano-structures via microscopy

4. RFII -39 - U2

IR Ik E DEYFEN & EYMCE R EHRIELE

Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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Sugino Group
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Volltage v
| +
Electrode Ferro electric  Para electric Electrode
(SrRu0;)  (BaTiO,) (SrTiO,) (SrRu0,)
1 1 L |

BOFEXREZHOREADEL, BFERHEEFEAOEREZBETHRA MANS
BAZEZHNYT 2 &, BFBEELICEDOFEXINEN. RALAOFEBRENIE
my s, CORKIEF. BFT/N\ARABREANDGANEZ 5N,

Model interface that exhibits negative permittivity. The interface is found
to be constituted by a ferroelectric region of negative permittivity and par-
aelectric region of positive permittivity, which yields enhanced capacitance

of the interface. This phenomenon may be applicable to future electronic
devices.

A% 7T —~ Research Subjects

1. BESRETO IR T —Z sz

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

Professor Research Associate

The purpose of the first-principles calculation is to solve the
basic formula of physics, such as the Schrédinger equation, for
the understanding of properties of materials. This approach
is eligible for a prediction of the properties of undiscovered
materials even in the extreme condition of pressure and temper-
ature, independently of the experiments.

Owing to the recent progress in numerically solving the
equation, reliable first-principles simulation can be applied to
quite complex materials, enabling thereby serious collaboration
to theory and experiment for a material design or a mecha-
nism search. Sugino group is doing such “functional material
research” to understand (a) energy conversion processes
occurring in batteries and in nano- or bio- materials and (b)
stability of new phases that appear in the high pressure or strong
magnetic field conditions. The numerical work often requires
development of advanced computational method, which is also
an important target of the study.

Electrode
(ESM)

Solvation
(RISM)

BRERERY (TiO) BEL KREDER, SHE TR RRER (&) Ti(E> D),
O(#), H(A) ZH 5 hICR W T e B S BEIF RISMEZ AW TET LIRS,
E5(C ESM EHEN 2 ERFEZRWTEMEZNALTT S, COEMIRLE
{LUBRILZRAO—DTHD . TRILF—THROLE SEERYEORRE
TR5>EnTES,

Model for the biased TiO3 solution interface. The model consists of the layer
of carbon electrode (green), Ti (pink), O(red), and H(white), which are
covered by implicit solvent model called RISM. By additionally introducing
a continuum called ESM, bias potential can be applied to the interface. This
is one of the most advanced first-principles models for the electrochemical
interface, which allow us to investigate energy conversion processes and to
search for the most effective electrode materials.

Structure of electrode-electrolyte interface and mechanism of energy transfer

2. B0 —VERECE DK E—REHEFEORE

Development of first-principles many-body Green’s function method

3. BIE - BES T COBRREFEEDO TR

First-principles prediction of oxygen solid at high pressure and under strong magnetic field

4. R )L DEMFESC DHEAEBREZER

Elucidation of bioluminescence of a firefly

THE INSTITUTE FOR SOLID STATE PHYSICS 2018



PEREVITENTE 2 L — 7

Functional Materials Group

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

AR A

Inoue Group
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Microbial rhodopsin with a variety of functions (upper) and the purified-
protein sample (lower).

HE =—
INOUE, Keiichi
IR

Associate Professor

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 central role.

Our research aims unified understanding of the mecha-
nism of biomolecular function of various photoreceptive
membrane proteins. The chemical elementary process of
supra complex photoreceptive protein is studied by laser time-
resolved spectroscopy and vibrational spectroscopy, and we
are promoting further research by combining biochemical
technique to achieve multi-layer understanding from atomic and
molecular to cellar and individual level. Furthermore, whereas
we are developing novel artificial biomolecules on the basis of
the fundamental insights for the application to optogenetics and
so on, exploration study of new photobiological phenomena and
related molecular groups is conducted with big data accompa-
nying the development of genome analysis in recent years.

[ e

Difference absorbance
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SW

Transient absorption measurement of microbial rhodopsin by a nano-
second pulsed laser (upper) and photo-isomerization process of retinal in
rhodopsin (lower).

1. AZARBRSY VXV BEOR TS Y DN FHEEA 71 = XL DOBBERRITE & O AR
Functional and spectroscopic study on the mechanism of molecular function of photoreceptive membrane protein, rhodopsins

2. SImMDNEHAEDEED FHIRA DA

Application of advanced spectroscopic measurement method for biomolecular study

3. ¥/ LAEYIT—89%H EICLEMBFRZARSY VNV ERR

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

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

development of novel functional molecules

THE INSTITUTE FOR SOLID STATE PHYSICS 2018



wIrMEMR T IV —7

PIEBEIZINETH LOWE, HTLOBIR,
BLOEDFRICk-oT, KREISHEBLTEZ,
VWL RT CIEFS ISP ST & 22 i AH B
Rlx. ZOWEELGITHL, . WADOTL—
IAN—3% DA, THOMEICEEI LN
%, KRRV =712, Z2OXIREHRDLE
. BTPHEMEOS Sk RERZHIELC, #
i L HERO BRI 2% L L, FEROWFZERM
DA % 2 T AL R 2 HEE T 2 7D 1B S
nt,

WMIN—=TF 3 DDAV —7L 9 DD
TN—=70570, HOGITHROGEEL 2255, i
FHBIE TR O L& M8 L B RE MM R
DHAZHIF LR E DTS, FEERIICIE,
2V 7RO 2 L. Z DREE Y
E, AR AR ONZToTw5,
nold, HwmFEOMAEZMU THLV IR
AV OB Z AT ) Bl — 2 LR
ZLTED TS,

Quantum Materials Group

Discovery of new materials, new phenomena,
and new concepts has progressed condensed matter
physics. 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 been often made at an
intersection of various different research fields. To
facilitate another leap forward in our activity, the
quantum materials group has been created to promote
interdisciplinary studies based on the collaboration
between the experimental and theoretical groups
beyond the conventional research disciplines.

The quantum materials group currently consists
of three core groups and nine joint groups. All these
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 made for spintronics applications. These exper-
iments are being conducted through lively discussion
and tight collaboration with theory groups, which
search for novel topological phases by using new

theoretical approach and numerical methods.

H B ]I EFH mpoiEAZE) RNUFD FYU7 570307
Professor OSHIKAWA, Masaki Visiting Professor DRICHKO, Natalia Vladmirovna
B R it A gEOEARE) bEYIR JUTA—R TU4U7L
Professor NAKATSUJI, Satoru Visiting Professor HICKS, Clifford William
% g I =
Professor TAKIGAWA, Masashi
B g e RER B % ZH B BiEmre  BH R
Professor SAKAKIBARA, Toshiro Research Associate TADA, Yasuhiro Project Researcher TOMITA, Takahiro
% g ¥ IE B % EH OBAA BEWERE NV JA1T7Y
Professor SHIN, Shik Research Associate  SAKAI, Akito Project Researcher MAN, Huiyuan
B 8 BEH - B %™ TE e BERERE™ 2R BE
Professor HIROI, Zeniji Research Associate SHIMOZAWA, Masaaki Project Researcher SUGIMOTO, Satoshi
% g™ KA &R B o™ —t 3hEL BEWEE™ B ki
Professor OTANI, Yoshichika Research Associate  ISSHIKI, Hironari Project Researcher HIGO, Tomoya
S =w HERl BEHRE A E BEFRE ™ LRvY TIHVY -
Associate Professor MIWA, Shinji Project Researcher OTSUKI, Takumi Project Researcher MUDULI, Prasanta Kumar
g T #® HERE 12 NI N: PRERIRE 7 VI
Associate Professor YAMASHITA, Minoru Project Researcher SUZUKI, Shintaro JSPS Research Fellow Qu, Danru
R E K BEHRE Frv 4T  BEREIHRS LAOY— Y17
Associate Professor WADATI, Hiroki Project Researcher CHEN, Taishi JSPS Research Fellow RAY Kumar, Mayukh
N o *2 N =
IR J%Eﬁo & *1 BRP3ETS., ATE ISR ERTZIERF /concurrent with Division of Condensed Matter Science
A iate Prof KONDO, Takeshi _ .
ssociate Frotessor aesh *2 BRpeaRas. AR —L Y hRISHTFE 25— /concurrent with Laser and Syncrotron Research Center
§ *2 =
HEBIR NI *3 B3I, ATSIRAE SSRGS /concurrent with Materials Design and Characterization Laboratory

Associate Professor MATSUNAGA, Ryusuke 4 P3RS, ABIE S/ R —ILHERFZRERPT /concurrent with Division of Nanoscale Science
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Oshikawa Group
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X7 —~ Research Subjects

#HI 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.

S EEEEER (Metal-Organic Framework, MOF) Z#W 45 T 72
VIRAEDRET. FYTT7EREF. BEEREE U TRAEYREZERT 5. 3
BICERRVHEICRITZ2EFAEVEETH D, 1Y I T LABIEHNEDOE
BEYTOXRY T7EBRORRENERIN NI CNESOYETRE
BERMUCERY 2\ BNV BEEEROFSHARE <. HEREEZR
EVBETIRBWN, FAlE. MOF ZRHWTEERBEE(ERAZMHIL. &£
DERNRFY T 7R OEEO RN ZIRE U,

Designing Kitaev spin liquid using Metal-Organic Framework (MOF).
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. BFRAEVRBSPEEBFRICEITEEFALVHIE

Electron Spin Resonance in quantum spin systems and itinerant electron systems

2. EFHROBERICE T BEE & LIS ER

Conduction at a junction of quantum wires and conformal field theory

3. MNRAOYAIEEEBFIVIVTILAY S
Topological phases and quantum entanglement

4. W1 ZIBREDOHEREEE
Orbital angular momentum of chiral superfluids

5. hAROVAIAAE - FAROVHILIBROYMERTDORERER

Realization of topological phases and topological phenomena in materials
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Nakatsuji Group
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a, MHEIEERICE T2 RER—ILHMR (EN) & RIBEMEAE MnsSn ICE 1T 5 RER—
VR (AR, BHMEEFTIE. BRBEM ICL> TEFOEBHIHITESNS
sic&h, EOHET (B = 0) TR—ILHRVBEWICRN S, —A T, R&HE
@ Mn3Sn TiE, EAKBT (B = 0) T 2. BHEEMEM OBWREICEWT,
R—LHRVERNICREN S, 0BG, BFOEBHZMIT2ER &322 REBHNG
REHIZ b H AEYFSUT s DHEFLICE>TEHRSETNEEEZIS5NS. b,
Mn3Sn DSBS, 71 TAEFORIERICAET S Mn [FHIE—X > b (BRN)
EHL. FIIREREBEZR T ¢, Mn3Sn IL&EF 2 ER TONR—/VIEREDH
B,

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
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Bt Al BEH OBEA
NAKATSUJI, Satoru SAKAI, Akito
% B
Professor 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.
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1. DAIIVHEEEDEFCEMNREZDAEY NAZY RGH

Quantum transport phenomena in Weyl magnets and their applications for spintronics

2. NROVAIEEEDREFEE TRILF—/I\— R T VT

Search for novel topological magnets and their application for energy harvesting

3. MRAYAILEFEYH U WBEEEDREA
Search for novel topological phases and superconductors

38

THE INSTITUTE FOR SOLID STATE PHYSICS 2018



RrwHIEI N —T

Quantum Materials Group

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

— i f 7E

Miwa Group
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1 (a) An example of novel
multilayer with characteristic
nano-structure. By using
conventional materials such as
Fe, Pt, and Pd, we fabricated
novel multilayer device with
new physical phenomena. (b)

(b) o1
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Results of X-ray magnetic circular dichroism spectroscopy. We conducted
the spectroscopy under electric-field application to the MgO dielectric, and
found a change in electronic state in interfacial Pt layer. The origin for the
voltage-controlled magnetic anisotropy, which is important for future non-
volatile random access memory, has been revealed.

AT —~ Research Subjects

= s B
MIWA Shinji
HERIR

Associate Professor

We study experimental condensed-matter and material
physics using high-quality and characteristic nano-structures.
We employ ultrahigh vacuum technique, which has been used
for semiconductor engineering, for the multilayer fabrication
with metals (Fe, Co, Mn, V, Sn, Pt, Pd, Ir...), insulators (MgO...)
and organic molecules (phthalocyanines...). We focus on spin
and orbital properties, which can be pronounced in nano-struc-
ture, and fabricate quantum spintronics devices with metallic
multilayer, quantum materials, and organic ultrathin film. Our
research purpose is to characterize the physical properties in
such devices, and use it for application.

Recently, we have characterized spintronics phenomena such
as interfacial magnetism and magneto-electric effects by electric
measurements and X-ray spectroscopy. Using the obtained
knowledge, we design and fabricate spintronics device showing
large effect at room temperature.

(a) RF input (Pe)

MgO/Ta/cap
FeB (2 nm)
b MgO (1 nm)
Ne—ms CoFeB (3 nm)
buffer/PM/CoFe/Ru

~ L
120 nm
A_ DC bias (Isc > 0)

ee

(a) 7 /HMEEDREY Y
A FIUR%EFBURE
~ BEMET I\ 2 DB, (b) R
sgnal Y H A F 20 ARVIRT
T Uy b LOERE, APy
RF> v L& BRI
% &R BENEE (T4
%, ZOIFFHHROF A
lc&k D, F/BEFEDOIE

(> ndino uooe1ep 44

eer 10K [ ockn | ;
amplifier YNNI TAA—RHRD
EeiEEmLEE5N
btz REU.
(b) T\/-IPW:0 (a) Functional device

using spin-dynamics in
nano-magnets. (b) Sche-
matic of spin-dynamics
and potential. If we pre-
cisely control the spin-
potential, non-linear
effect can be enhanced.
We find that signal-to-
noise ratio in the spin-
torque diode effect in

\/

e nano-magnets can be
enhanced by the non-
° ® Pre=0 linear effect.

1. REY NOZ I ZTINA 2D X FAHIC & 2148 R

X-ray spectroscopy to reveal mechanism for spintronics devices

2. RES/HEICLZ2REY N OZY R T/ XD ERMEREM £

Increase in performance of spintronics device at room temperature by interface engineering

3. TAIEEEERDREY kO= 9 27 /N1 ZIGA
Spintronics devices with Weyl magnetic materials

4, REVTAF IR CLBWB AV E2—F 1V
Brain-inspired computing using spin-dynamics
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Quantum Materials Group
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Drichko Group
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Quantum Materials Group
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Hicks Group
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BIERA DA ZIT > T 55EHT I, BIEEA Sr2RuOy,
FeSe, & YBazCusOgix, WiMEM Sr3Ru207, CeAuSby, &
PdCrOz, EWETALEY PrvaAlx 23565,
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DRICHKO, Natalia Vladmirovna
AEAZEHER

Visiting Professor

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

One of the ways to study fundamental properties of materials
is to measure their excitation spectra. We can obtain informa-
tion about masses of atoms and strength of chemical bonds
in a system build of atoms, such as a molecule or a crystal,
by exciting vibrations. Similarly, we can learn about interac-
tions between electrons and spins in materials by exciting the
electronic and magnetic degrees of freedom. Drichko uses
inelastic light scattering, so-called Raman scattering, to study
vibrational, electronic, and magnetic excitations.

by JUTA—=K T4UTA
HICKS, Clifford William
HNEANEEHE

Visiting Professor

I specialise in the application of uniaxial stress to correlated
electron materials: my group use piezoelectric actuators to
continuously distort the lattice, so that instead of studying a single
compound, we can instead study, in effect, a series of compounds
related by distortion of the lattice. Uniaxial stress has a qualita-
tively different effect from hydrostatic pressure on many materials.
For example, in-plane uniaxial stress on the correlated-electron
superconductor SroRuQOy causes an elliptical distortion of its largest
Fermi surface, and drives it through a Van Hove singularity in the
density of states. The critical temperature of the superconductivity
more than doubles. In contrast, hydrostatic pressure causes T; to
decrease. Hydrostatic pressure generally increases T: of the high-
temperature cuprate superconductors, however here it is more
interesting to suppress T so as to allow alternative electronic
ground states to emerge. These alternative ground states provide
information on the interactions that may drive the superconduc-
tivity. In-plane uniaxial stress on YBayCu3Og.x suppresses its T,
and induces long-range charge density wave order.

We developed our piezoelectric uniaxial stress apparatus
in-house. We are working to extend the measurements commonly
performed on unstressed crystals to uniaxially stressed samples:
resistivity, magnetic susceptibility, heat capacity, dilatometry, x-ray
scattering, muon spin rotation, and neutron scattering. The structure
of the uniaxial stress cell means that we cannot simply use commer-
cial apparatus. Therefore we do a lot of our own instrument devel-
opment and precision engineering. Materials that we have studied
include superconductors such as SryRuQOy, FeSe, and YBa;CuzOg.x;
the magnetically ordered compounds CeAuSb,, Sr3Ru,0O7, and
PdCrOy; and the heavy-fermion Kondo system PrV;Als.
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Materials Design and Characterization Laboratory (MDCL)
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Professor (Director) HIROI, Zeniji Research Associate
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Professor KAWASHIMA, Naoki Research Associate
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Professor UWATOKO, Yoshiya Research Associate
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Professor OZAKI, Taisuke Research Associate
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% B 2 & B

Professor SUGINO, Osamu Research Associate
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Associate Professor NOGUCHI, Hiroshi Research Associate
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Project Researcher YOSHIMI, Kazuyoshi Research Associate
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Visiting Professor SETTAI Rikio Research Associate

HEHER (BB afF =z RITEFIHE

Visiting Associate Professor ISHII, Fumiyuki Technical Associate
KirErImE
Technical Associate
RITEFIHE
Technical Associate
KifrErImE

Technical Associate

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
(MD-D) and Materials Synthesis and Characterization
Division (MSC-D). The Supercomputer Center of ISSP
(SCC-ISSP) belongs to MD-D, while in MSC-D 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 MD-D, 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 MSC-D, 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 EHE wEria BE B

WATANABE, Hiroshi Technical Associate FUKUDA, Takaki

TR FE BiTErIE R K

KASAMATSU, Shusuke Technical Associate HAMANE, Daisuke

HE EBEE Riffa aH HEF

MORITA, Satoshi Technical Associate  ISHII, Rieko

rE 2 PiESrIBE TR T

YAJIMA, Takeshi Technical Associate  ARAKI, Shigeyuki

TH KIBEB PITIRBE RIE EF

HIRAI, Daigorou Technical Associate  NAGASAKI, Shoko

iz BIWRE YAy R vl
GOUCHI, Jun Project Researcher  SAYYAD, Sharareh

O X BERE vk FIvvrk
HIGUCHI, Yuji Project Researcher  SHAHI, Prashant

PLIE N ) - BHIFRS RO #h3k

KAWAMURA, Mitsuaki Project Researcher HARAGUCHI, Yuya

Al IEE HEIWRE NFVL EAMNL PURLA
KOIKE, Masayoshi Project Researcher MAKSYM,Piotr Andrzej

A & HIWRE ENTI

YAMAUCHI, Touru Project Researcher MOTOYAMA, Yuichi

BB SAE RHERRE ~ 1

GOTO, Hirotada Project Researcher YU, Shan
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YATA, Hiroyuki
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220 5d BBERB/\1 O O7RIEYDEIEN, Cd20s207 (& 230 K TR
RENTMEZR D all-in/all-out BOBS/EFHFZ R L TG L85, —
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Two 5d pyrochlore oxides. Cd20s;07 exhibits a metal-insulator transition to
a magnetic octupole order below 230 K, while an itinerant multipole state is
realized in CdaRe2O7 with spontaneous spatial inversion symmetry break-
ing below 200 K.

AT —~ Research Subjects

The remarkable discovery of high-T. superconductivity
and the following enthusiastic research in the last decade 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, which are often observed near
the metal-insulator transition in the strongly correlated electron
systems. We believe that for the next few decades it will become
more important to explore novel physics through searching for
new materials.

A family of transition-metal oxides is one of the typical
systems where Coulomb interactions play a critical role on
the magnetic and electronic properties. Especially interesting
is what is expected when electrons localized due to the strong
Coulomb repulsion start moving by changing the bandwidth or
the density of electrons. We anticipate there unknown, dramatic
phenomena governed by many-body effects and quantum
fluctuations.

y hT A& F R
RILRG A

quantum spin on Cu?* ion

AEY 1/2 AT AEFREBEMEADETIVYE & 732 28HYRILIRY A S D#ESR
BiEE BER

Copper mineral volborthite representing a spin-1/2 kagome-lattice antifer-
romagnet.

1. HLWEFRAE YRR URIEREFRYE DR

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

2. REY 1/2 AT ARFREERIEARDEERRE

Ground state of the spin-1/2 kagome lattice antiferromagnet

3. ERBREMH
High-Tc superconductors
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2T NEETFORDAHEREZEERT DBER T ZATRBITVVILZERL.
Multi-scale entanglement renormalization ansatz (MERA) ZFWTEE I N2,

A super-operator that defines renormalization transformation of two-
site operators. Each tensor represented by a polygon is computed through
MERA.

ffFE 7T —~ Research Subjects

Our group investigates fundamental problems in condensed
matter physics through massively parallel computation using
ISSP supercomputers and “K-computer” at Kobe. For this
purpose, we also develop new algorithms. As for quantum
critical phenomena, for example, we are trying to find a “decon-
fined” critical phenomena, a new category of quantum phase
transition, as a transition between Neel state and VBS state in
the SU(N) Heisenberg model. Another target in this area of
research is the existence/absence of super-solid phase in optical
lattices and in He4 systems adsorbed on graphite surfaces. As for
classical systems, we investigate the phase transition due to the
Z2 vortex dissociation, an unconventional critical phenomena
caused by the symmetry-breaking dangerously-irrelevant field,
etc. Our most recent activities are focused on developments of
tensor network methods and their applications to frustrated spin

systems.
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YV RITo
Scaling-dimensions obtained by solving the eigenvalue problem of the
super-operator.

1. HILWEFHE EFHEEBRORE

Search for novel quantum phases and quantum transitions

2. B OBIEREDMR
Numerical methods for many-body physics
3. RARRO—ARGH
General theory of critical phenomena
4. SV LREFESE
Disordered systems and computational complexity
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WEDHENZNRZ LREFREL, TROWET —v%
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CrAs [FEETIE Tn = 265K U T TREBHMMEKRFZRIHNMEN 1 GPa DEETT
FESHAERRFRIEHAR L. FERERELDBIEE (Te ~ 2 K) BRI 2, EENTTOE
SUBMOREKRELE. PHEFEEERRLD, FEREOBGCENIRIIESE AL
TWBZEZHSMIUT, (a) RIEFEELEER (at 4K) TRONCEEN T TOBSK
#rE,E—7 (0, 0, 2-8) DT (b) ENEREBSIERDREKREELDBSNE T2
DR A DEDEEM. (HD : ¥ 7)LAUAIEE, SC: BicE, PM @ HHE)

CrAs adopts the orthorhombic MnP-type structure with a first-order anti-
ferromagnetic transition at Ty = 265 K. The first-order Tn can be sup-
pressed quickly by the external pressure or substitution by P. And then, the
unconventional bulk superconductivity with Tc = 2 K emerges influence
of magnetic fluctuation at critical area. (a) : The (0, 0, 2-0) magnetic Bragg
peak for CrAs under different pressures at 4 K. (b) : An updated T-P phase
diagram of CrAs showing the complete suppression of Tc around 45 kbar.
The coefficient A for CrAs displays an apparent enhancement around
Pc = 10 kbar. (DH : double helical order, SC : superconductivity, PM : para-
magnetism)

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.
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1. ZERETICE T 2HFYHERKOER

Search for new physical phenomena under multi extreme conditions

2. (CEHRREDENFERGBRK DT

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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(1) Truncation in real space

(2) Mapping into a Krylov subspace

(3) Evaluation of

L] —
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FA—=F—=N2IUOTRREEED 7 AT 7, (1) RFBICHREMAIC 2z
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Underlying idea of the O(N) Krylov subspace method. (1) Con- ;,
struction of truncated cluster for each atom by picking atoms up E
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 2
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 nearsighted-
ness 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, and single atom dispersion of Pt atoms
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.
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Binding Energy (eV)
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1. F—RESTREFEICH T 2MENFEFE - 7ILTY XLDORH
Development of efficient methods and algorithms for first-principles electronic structure calculations

. SRTMEOE—REEFREE

First-principles calculations of two-dimensional novel structures

- XRAHARYT NV EFEDRFE

Development of first-principles methods for X-ray spectroscopies

. B—REFEIC L 2B CEERREDE

First-principles calculations of superconducting critical temperature

. OpenMX DRAF & AR
Development of the OpenMX software package
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RRIC, BRI D ¥4 F 2 7 2D I %2 AT w5,
ZD1HDOY 2L —varyFEORIE ARHIToTWw 5,

Bl Z 02, ARMERPHRE N 5 725 /MED X £ F 25 5ibE
TTOWRZEAZFARTNS, INET, iU LBHRIM
BRDRT 22— FIRPARY v SRAND LT, ¥ V7B D
WA kB RO T2 2 L 2 HE D LT 5,

F72, AT MBI OBELERE P RIEERE ) s L
HEDFELA =T 2K BRIHED R OTED IS F 7
A%y Ial—varvizfLTZELTw» 5,

We study soft-matter physics and biophysics theoretically and
numerically. Our main target is the physics of biomembrane and
cells 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 and the fracture

process of polymer materials.

NFFRY VIV ERFICELBEF 12— TR RIEFICE > TRIRTIEFRD
XY NT—UBEER S,

Sequential snapshots of membrane tubulation induced by banana-shaped
protein rods.

X7 —~ Research Subjects

HRTO/BBUESHTFOBE, 7EILT 7 ABICEINER L. BIF TV,

Fracture of polymer material under axial extension.

1. #HBE. BRENRY V)L DOFEERR
Shape transformation of cells and lipid vesicles

2. BERARDY A IV
Dynamics of complex fluids

3. B FHEOEE
Fracture of polymer materials
4. RENZHAEFEDORF
Simulation methods of hydrodynamics
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A—=R—arEa—¥ 2 IYHEIEHTES L9, 2015 4
XY 7 027 - mE L7 ey =7 bR LTw 5,
AKF—=bTlE, K727 MRIREN L7077 LD
F - BwELRERL, A=YV =AY 7727 ELTAR
ToEELIC, WHAELBEREDYIIGE2{ToTw5, &
7os BEALSNY 727 ZIGH L, IRIAWT BT
FFZE (B ENER 7 7A P =2 a v DVELR TO AR
TN, BT-FY bR CTORE VIERIBIR BN 2L )
ZIToTw5, BOETIE, LY 7727 215 L 70
FUTM A, T LW IR 2 e 2 LB B &G H L.
ANR—AET )7 EEH LRy TAOvaEcion
Te T —F RN, B 2 I B IR R~ DO S 7s
bW AT,

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 finite temperature properties in
solids with strong geometric charge frustration 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.

FAN—Z 77 7N 7=V IRENZ ERBHIFEELT,

M REREE N IS BT 2 BMHEE RO 7 2 VIO 5EZ
f1oTw3, 72V IME, BEESOI VX —2HH
I TRLEICTEIRDAEVEZZLX—HTHY,
il it Al - AR E I @ CHAER 2 L kD,
ZORBIREBIN B EEZ R0, SBNAYEHE
ZRHlI T3 FOREEELRS, IhE T, AFRETIE.
V)7 MEERT 7 ALE Y R ED R FEEFLRERE T
7 oV SHIDZALS, BEEFORNE RO RN ARIEK
ZHOPICLTE 2, BITE, iR S E 41 o & i
Rz b OWHE, IoIIERSEMIEGO R RN
SIEMF IR 2R TYWED 7 2V SHOWE 2 W6 H I
T30, ERBIRELLFET, 20T @iZE~v 7%y MMt
AR S A B A, AR A,
REIT )y P2y MIE e, N—Lby T Fa—EvJIE
J1en i e S BEER o HRE OB 27 L DB
FICHDHATYS,
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We are studying Fermi surface (FS) properties of strongly
correlated electron systems under extreme conditions by de
Haas-van Alphen oscillation. FS, which is the highest constant-
energy surface of conduction electron in reciprocal space, is
very important to characterize metallic materials, because it
shows the characteristic shape and properties depending on the
crystal structure, number of valence electrons and the inter-
actions acting the conduction electrons. We have elucidated
the change of FS with diverging mass-enhancement around
quantum critical point (QCP) in cerium and uranium magnetic
compounds. Recently, we are collaborating with Uwatoko group
to develop the observing system for the quantum oscillation
under the multiple extreme conditions using dilution refrig-
erator (DR) with 20T superconducting magnet, helium-free DR
with 9T magnet, constant load pressure cell, improved Bridgman
cell and palm-top cubic anvil cell in order to investigate the FS
properties of valence fluctuating system, multipole QCP system,
transition metal compounds showing quantum phase transition
or metal-insulator transition.
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By using the first-principles density functional calculations
with massive parallel computation using large supercomputer,
we study the electronic structures and physical properties of
complex materials. We perform computational materials design
of candidate materials for spintronics applications and thermo-
electric materials. In particular, we focus on spin, magnetic
freedom of electrons. For example, Rashba spin texture is known
for the vortex spin structure in the momentum space (wave
number space of Bloch electrons) and the skyrmion crystal
is known for the vortex spin structure in real space. These
non-trivial spin structures originate in the crystal structure and
structure of materials interface. The electron transport phenom-
enon is strongly affected by these spin structures. In our labora-
tory, we study the origin and expected physical properties of
the materials with peculiar spin structures by realistic computer
simulation. We try to propose physically interesting phenomena
and design materials that are important for engineering.
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Materials Design and Characterization Laboratory

YR RGHE (Materials Design Division)

KGR =

Supercomputer Center

BEmE )G
BYFE B
BYFE 28

JE¥E Chairperson : KAWASHIMA, Naoki
Z=Bfj Contact Person : OZAKI, Taisuke
{& Contact Person : SUGINO, Osamu

#B YA E B[] {HF Contact Person : NOGUCHI, Hiroshi
Bh #% & HEiE Research Associate : WATANABE, Hiroshi
Bh ¥ 5H  FEEH Research Associate : KASAMATSU, Shusuke

KIGHREREE TG EY Y2 DR — S —a v
Ea—¥ P A5L%, A——avtai—¥YHEFHELS
RDOFHIIED S 2EOYIEDFEE O L FEM AL T
W3, ANV ATALIZ2015 4£7 HICHEHFIEN K
LB B EF BB (SGI ICE XA/UV NA 7Yy by AT
A, 3820 CPU (Intel Xeon) + 576GPU (Nvidia Tesla
K40)) 12, 2018 41 HICH@ z Filfn L 7 KBRS 5
Tk (HPE SGI 8600, 504 CPU) ZMA &S AT L
THbD, YATLDRY Y —LDE BRI L>THEER Y
AT AR MR T 2 L EbIc, ZFE2—Y2 5 DRI
ZOMPIBEL DS, PATLOEMERZIT-oT05,
A—=8—av Ea—FDHMHFEICOWTIE, F—LX—
(http://www.issp.u-tokyo.ac.jp/supercom/) % &I
72w, Fro, 2015 FED S LA RV ATLADOLIDE
JERRIMZIEET 27207 7 by 7 RS - mEALS R 7 e
7o L%BMB LI, Soic, AHEYEBIEA SV E
KU TRAL Tty HAHE, WS, o 7
a7 b, GHEWERNEAMBR a2y Y —2 75 (PCoMS)
REDRM 7 27 Y R—FLTW3,

A—/\—3avEa1—% 2ZXFLB (SGIICE XA/UV hybrid system)
The supercomputer system B (SGI ICE XA/UV hybrid system).
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BFEPIME  KH BT
mifErIME  EHE R
PHZIBEPIE TT A B5fT Technical Associate : ARAKI, Shigeyuki

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

M /KASAMATSU

JE /WATANABE

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) + 576GPU(Nvidia Tesla K40)) and
HPE SGI 8600 (504 CPU). The former and the latter systems
were renewed in July 2015 and in January 2018, respectively.
In addition to maintaining high performance of the system
in cooperation with the venders, the SCC also responds to
questions and inquiries from users on a daily basis. In 2015,
we started a new program for developing application programs
aiming at more efficient usage of the supercomputer systems.
We also support national projects, such as post-K computer
projects, element strategy projects, professional development
consortium for computational materials science (PCoMS), etc.
software development projects. We support software develop-
ment projects for post-K computer, Elements Strategy Initiative,
and PCoMS by providing and managing computer resources.

SGI ICE XA/3744 CPU + 576 GPU
262PFlops 240478 memory

SGI UV/76 CPU
1.6TFlops 19TB memory

disk array
1.29PB

Fi d WS
System B
1 System C
I
'HPE SGI 8600 1
{ 774TFlops 47.25TB memory . —
\ P’ diskarray 50018 {:: 'll'ﬁ/

(] |
W s

Front-end WS
HPE

&

MERRAHRFBR—/(—IYE21—9 Y R T LEBRK
The Supercomputer System at the SCC-ISSP.
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Materials Synthesis Section

B Y B
BT H B

BH &=

FFH  FUEEF Technical Associate : ISHII, Rieko

Contact Person : HIROI, Zenji

ARETE, FWHEHDO AR, WRMYEORE, B
B EMZEREARI O G R 21T o T3, £, AR
PRSP BT T RO, BURHR BN T %2 & 2 TN+ 0
SEEF AR & LT LTw 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.

FERE

TA—Ta VIV -VEERBRF. SEESF (ERmMHAKXIVvIT
VIR, 75w AR P—BBIE,. YU Oy ME), BEEEERE (10°
Torr). JO—7HRy VR, Ry 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.

ARERERI/O—-TRy I X

Glove box for sample preparation
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J YIE AR « BEEE (Materials Synthesis and Characterization Division)

L I B

Chemical Analysis Section

B Y e EH EC
BErBE /Gt Ex
¥ i B B8 AF ZFYETF Technical Associate : ISHII, Rieko

Contact Person : HIROI, Zenji

Technical Associate : KOIKE, Masayoshi

ARETIE, PEIRICEN Y EICOW T AT
B LWED T T ORE & LA TEIC X 2 MR
DREHEB XOPEZ2IT ) LIz, FR&E - 07 - L0 ER I
BH 2 Atk 2 it A o JEFEA 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.

TERE
FEREBART I AVEADADTEE. FEBEME. BFRE B
ERERE. MABERE

Main Facilities

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

A N
FEEEBRAR T 7 VRS ITEE
ICP-AES

THE INSTITUTE FOR SOLID STATE PHYSICS 2018



Materials Design and Characterization Laboratory

YIE AR« BEEE (Materials Synthesis and Characterization Division)

X B

X-Ray Diffraction Section Electron Microscope Section

B Y pr 8 EH =T Contact Person : HIROI, Zenji B Y 8 EH =T Contact Person : HIROI, Zenji
Bh % KB fi# Research Associate : YAJIMA, Takeshi BiTEPBE JEfR K& Technical Associate : HAMANE, Daisuke

T BB E O MR E OB N TR TH 5,
XEB / YAJIMA AETIR, BTERL AN TOERGEZBZE TS0, B
‘ FRAETY & BT A BT T BB 2 i 2. WL B
WETFge 2179 LI, BTN ORIICHEL . JE
FIHBRE IR 2 T >T 0 5,

BIRE Y2 R S OPIFEPLRHIEIIC B T, A
ENT 130 THRERMEZ 5D 5, AE TR, XRET
ZHGT, HTBPE ORGP I K 2 RE A A Y

YERSEOWIE2AT ) LT, FrNSt o BtFE# ICN LT The Electron Microscope Section supports electron diffrac-

A OEAL, KIHIIE2THoT\1 2, tion measurements, lattice image observations and microscopic

analyses of various solid materials in both crystalline and

The main purposes of the X-Ray Diffraction Section are non-crystalline forms with the atomic-scale resolution by using

structural analysis and identification of powder and single a high-resolution electron microscope equipped with an x-ray
crystal specimens for solid state physics. By using the Powder micro-analyzer.

X-ray diffractometer equipped with a refrigerator, the structural

analysis is performed in the temperature range of 4-300 K. TR
200kV BERBHFAF S ITEFEME. ER - SENILY — FEAHMER
ERRME DIcHDEA DEE

B X IREITEE, BREREEHETA CCD ¥ A7 A BEE X REITRE.

A X— YV TL— NEXIBEfEH, SUIAAS, A A—IVT T Main Facilities

L— hEERED B 200 kV electron microscope with an x-ray micro-analyzer, High-
B
and low-temperature holders, and various apparatuses for sample
Main Facilities preparation.

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

BERAA X —Y Y7 7L — M XIRETE 200 kV B BE 1R F B
Imaging plate type X-ray diffractometer for low temperature application 200 kV electron microscope with an X-ray micro-analyzer
51
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Electromagnetic Measurements Section

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

B Y R ER FE Contact Person : MORI, Hatsumi

B Y AT 8 BSA {EZE Contact Person : KATSUMOTO, Shingo
EiEMABE URN B Technical Associate : YAMAUCHI, Touru

KBTI, WHDEANMNE TH 28 AN TEE
Z B KOS DIRGEIRIC Do THIE T 5 £ &I,
PSR E 2L, BRI S, SR a7l
D2 TN O IEFFICAE LT W 5,

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

TERE

15/ 177RAZBEERTRY M 16/ 18TRTEE—BEEYY
Zv b (NMR). SQU | DEMLEIEERE (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).

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

o e

Spectroscopy Section

# Y B 8 RN ZE3SZ Contact Person : AKIYAMA, Hidefumi
Bf % PRE  {B75 Research Associate : HAZAMA, Yuiji

PHED & 26 ER S L —F — ez 2. AT
NOILFEFFNPEL T D, AT - 25 - RIPBEIRDWLIL -
I ART PV, BT = > e EOWE D AHETH B,

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.

FEXRE
AREADHIES. FADHKES. ST UMNKES. BRAZ/L
2L —H—3¥R

Main Facilities

UV/VIS absorption spectrometer, IR spectrometer, Micro-Raman
spectrometer with Ar and He-Ne lasers, Pulsed YAG laser equipped
with tunable OPPO and a laser-machining unit, Ar ion laser,
Cryostat.

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

YIE AR « BEEE (Materials Synthesis and Characterization Division)
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High-Pressure Synthesis Section

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

—_ —

BRITEFIBE % SAE Technical Associate : GOTOU, Hirotada

AETIE, AAKE, BTEETomimESE MIcEB»T
ek Ze () WHD GRZT) L4, SIEATICET2Y)
HOZEHZFRT5, I5ICHEDEH S AR IE B
g 2 SR 2 TN A O R EF IS L TR 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.

FEXRE

500/700 b VHETL REE. Y1 VEY K7V EIL I, XIREIFEE.
SN U ANEB. YAG L—H—iITH. Zoft (KEMIHE. 507
EY RFEBEE. 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.

- & |
AHWEL700tonF 1 —Ev ¥ 7L R, 4GPa k TOBEERESRERA.

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

Since 1961, the ISSP has been playing a central role
in neutron scattering activities in Japan not only by
performing its own research programs but also by
providing a general user program for the university
owned various neutron scattering spectrometers
installed at the research reactor of JAEA (Tokai). In
the JRR-3 reactor (20MW), the university group owns
14 spectrometers, and the Neutron Science Labora-
tory (NSL) is conducting the general user program.
Furthermore the NSL owns state-of-art inelastic
neutron scattering spectrometer HRC in J-PARC
which started its operation in 2009. Major research
areas supported by NSL user program are solid state
physics (strongly correlated electron systems, high-T.
superconductors, heavy fermion systems, low dimen-
sional magnetism, high-pressure physics, etc.), funda-
mental physics and neutron beam optics, structure
and phase transitions of polymers, gels, and colloidal
systems, physical chemistry of complex condensed
matter, structure and functions of biological systems,
and material sciences. The NSL also operates the U.S.-
Japan cooperative program on neutron scattering, and
supports the development of the neutron-beam-based
material sciences in Japan.

[

B B EHRR) S FEIA B %
Professor (Director)  SHIBAYAMA, Mitsuhiro Research Associate
B B = & B %
Professor YAMAMURO, Osamu Research Associate
I A R B ErIgE
Associate Professor MASUDA, Takatsugu Technical Associate
RiTErIHE
Technical Associate
iTEFIE

Technical Associate

RIBERFIEARMER J-PARC [CRESnicEmA#EEF 3 v/\—2%a (HRC). 50Hz TH

PR D " & A B

LI, Xiang Administrative Secretary KIFUNE, Satoshi
EH OB saEmxs ME H
ASAI, Shinichiro Project Researcher AKIBA, Hiroshi
xR &K BIRISRIES S RE
ASAMI, Toshio JSPS Research Fellow KUREHA, Takuma
ZE RN

SUGIURA, Ryosuke

N#& K

KAWANA, Daichi

£958B0/NLAREFE PEFERZEDFav/\—TEBLenick. BB THES
N 2RTTATIITREEND, TATIYTRETOIRILF—OFEFEENBEE
TBIcohH. MENBT —FINENFIREE 13> T WD,

High resolution chopper spectrometer installed in J-PARC. A white pulsed neutron
beam generated with the frequency of 50 Hz propagates inside the neutron beam
guide. The beam is monochromated by the Fermi chopper, scattered by the sample,
and detected by 2-dimensional detectors. The detectors detect all the scattered neu-
trons with all the energy, which makes the data acquisition drastically efficient.
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Neutron Science Laboratory

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/shibayama_group.html
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Shibayama Group
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THE UNIVERSITY OF TOKYO
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AR S NlcZERE—

M2l BEBRVEDTFTIL

Newly synthesized polymer gel without any spatial heterogeneity.

1. TILT—RTILDOBIR & Z DOREESRFT
Fabrication of ergodic gel and its structure analysis

2. 3 R DNA #iE A DR & SR

gl TEEA

SHIBAYAMA, Mitsuhiro LI, Xiang

26 B

Professor Research Associate

Soft matter undergoes various transitions in response to a
slight change of an environmental variable. We investigate the
relationship of the structure and dynamics of soft matter, such
as polymer gels, nanoemulsion, and micelles. The aims of our
research are systematization of “molecular-bond correlated
systems”. Concurrently, we explore various applications of soft
matter on the basis of the physics of soft matter.

Nano-order structure investigations and studies on dynamics
of soft matter are carried out with state-of-the-art equipment,
SANS-U, a small-angle neutron scattering instrument. Other
techniques, such as small angle X-ray scattering, dynamic/static
light scattering, thermal analyses, and rheological studies, are
also employed. Current interests cover (1) Sol-gel transition (2)
inhomogeneities in polymer gels, (3) structural characterization
and studies on deformation mechanisms of high-performance
polymer gels, and (4) fabrication of uniform-polymer networks
and their structure/property characterization, (5) development
of high-performance thermoset polymers by structure-designing

and molecular dynamics simulations.

Homogeneous gel

Heterogeneous gel
] x108

B—=7I (E) ERE—TI () OZRTL—F =Ry 7 )LINY — > OEHFEE

Optical images of laser speckles from homogeneous gel and heterogeneous gel.

Development of 3-dimensional DNA architecture and its structure analysis

3. BRREBSER OEDFEREY )L OBEHRT

Structural analyses of polyelectrolyte gel with ideal polymer network

4. BV )BEREREET I OREBRMETOY A F 3 v I R EHFEEDFTE
Investigation of dynamics and mechanical properties of module thermoresponsive gel near the phase transition point
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Neutron Science Laboratory

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yamamuro_group.html
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Yamamuro Group
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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.

1. A&, RYYE—IBREOTRAUEERDOY 1 I IR

YAMAMURO, Osamu
%

Professor

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
big and long-standing issues in physics. Water, which is the most
familiar material for us, exhibits various unique phenomena
caused by hydrogen bonds. Ionic liquids have nanometer-size
domains and hierarchical dynamics generated by competing
electrostatic and van der Waals interactions. Hydrogen atoms
in metal nanoparticles give rise to unusual structure and
dynamics caused by the surface effects and resultant distorted
potential energy surfaces. These substances are investigated by
neutron scattering, x-ray diffraction, heat capacity, and dielec-
tric measurements. Our aim is to find simple (?) rules involved
in complex systems from the three different points of view, i.e.,

structure, dynamics, and thermodynamic.

T T T T T
bulk PdHq 75
6 o o NSE
O  HFBS
& O DCS

_g|- nano PdH 47

m m HFBS
A TOFTOF

log(x [s])

14 1 1 1 1 1 1
0 1 2 3 4 5 6 7
1000 /T K]
NIV BEOFH/RFINTGITLKREPDTLZUZATAY b N5 DEME
B34 B DDNERIC K BREFERERELIC K DRES N BIID QIKEFUED S,
T Tos BEOTAM T4 THA MO HREFOLEICELDZ ENTD > feo
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 7y, 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. KB LUEEYE (BXSILERERRBE) OBEET1FIIR

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

3. AAVREORNFHUEE Y (F 352
Thermal and dynamical properties of ionic liquids

4. KRRBERBF /NFOBEET A F IV R

Structural and dynamical properties of nanoparticles of hydrogen storage metals
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Masuda Group
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HAEEREFFE HFIR O =89 es CTAX IC L B BIERERTH 5, P=0.0 GPa (a) &
K 1'0.3 GPa (b) Tld. REVEKFRICKITZ—FE - —SEMEIEH I TV,
Znlcxdl, P=14GPa (c) T ;t ELFRMEFERICE TS/ UREIEAZSh
TW3, (d)-(f) IJIBRAEVIRICK 2ETEERTH B, P = 1.4 GPa DEHFRHKFEH
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> a

Spin dynamics of the frustrated quantum magnet CsFeCl; under pressure. The
panels (a) - (c) show inelastic neutron spectra. The color plots are the data mea-
sured by a chopper spectrometer HRC in J-PARC, and the symbols are those
measured by a triple axis spectrometer CTAX in research reactor HFIR in Oak
Ridge National Laboratory. In the spectra at P = 0.0 GPa (a) and P = 0.3 GPa

il [ERg EH BB
MASUDA, Takatsugu ASAI, Shinichiro
IR BhZ

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,
it was discovered that the hybridized mode of longitudinal and
transverse fluctuations originated from noncollinearity of the
magnetic structure as well as Nambu-Goldstone and Higgs-

amplitude modes.

(c) 1.4 GPa colorscale x 3

02 04 06 08
(~k,2k,0) (r.l.u.)

02 04 06 08 10
(-k,2k,0) (r.l.u.)

(b) in the disordered phase, singlet-triplet excitations are observed. In contrast in the one at P = 1.4 GPa (c) in the
pressure induced ordered phase, magnon excitations are observed. The panels (d) - (f) show the calculated result

by extended spin wave theory. At P = 1.4 GPa

(f) the hybridized mode of transverse and longitudinal fluctuations

(h-TL) does exist in addition to Nambu-Goldstone (NG) and Higgs-amplitude (L) modes. The h-TL mode is
ascribed to the noncollinearity of the magnetic structure, and it is observed in the neutron spectrum in the panel (c),

1. EFRAREEICEITZ7 7R N — MNEMEADOIEFBELRRIRE—

ke

Nontrivial excitation mode in frustrated magnet near quantum critical point

2. FEFICELBRAEYVIRRAE Y ROGEH
Detection of spin wave spin current by neutron

3. NIFT7 IOV RAYEIREIFZRAEY OB hO—)L
Local control of spin moment in multiferroics

4. AEVREIREDERR
Search of spin liquid

5. BSHEFRBEREY T/ > D&

Observation of field induced nonreciprocal magnon

57

THE INSTITUTE FOR SOLID STATE PHYSICS 2018



] 3¢ i 38 5% 55 < F 7 i i

International MegaGauss Science Laboratory

R T, 7OVAR T 2y M Ko TR &l
B FeE L, RRAYE (CEEA, A, 8.
ik ) OMEEEZZIETZOETIREE
FRT0D, Fo, MR ABKS 2 Ho 85y
BHOWRLIT-oTw 5, JEMIRINMTEET 5
5ilx 80 7AZ MR £ ¢, N 2Tk (—&aA
LB XOVERIEREE) TliE 1000 7AZ R E
TOFRAERETH S, JEWB VAT Ry M,
FEE PR (BRSSO A W EE 2 L)
flaD MR BREREE (R, Ki) EflAAbE 7
B, FRENADORCEES 2 H BT SR
HOWMRICIBIAS RIS N TV S, R KDE
FFER (210 XA Y 2— ) ZH VO 723
WA (1~10 W) IEMEE 100 727 WY
FAEDHFE S WANCHEEL TV 2, ), R
EE T, 1000 7 A7 DBERRES &\ &7
PURETOF L WM E R T 2282 T>Tw»
s

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.

S Bl EZER B #

Professor TAKEYAMA, Shojiro Research Associate
B B (ERR) B f B #

Professor (Director)  KINDO, Koichi Research Associate
P K g B #

Associate Professor TOKUNAGA, Masashi Research Associate
EHIR W FR3A B #

Associate Professor  MATSUDA, Yasuhiro Research Associate
B B BT BIBK
Associate Professor KOHAMA, Yoshimitsu Project Research Associate
\ *

EHIR RE #A HEBIH

Associate Professor

OSADA, Toshihito

Project Research Associate

KMTEM&

Technical Associate

—HEN #\EFE oiEriBa = 1EE
MITAMURA, Hiroyuki Technical Associate SAWABE, Hironobu
R K RMEPIBE WE &
NAKAMURA, Daisuke  Technical Associate ~ MATSUO, Akira
=EF E& FMZEHE KE —%
MIYAKE, Atsushi Technical Associate OHATA, Katsumi
tHE B IR RR %A
IKEDA, Akihiko Project Researcher KURIHARA, Ryosuke
Sk A HIMEE RH &M
IMAJO, Shusaku Project Researcher SAKAI Yoshikazu
AT mEs} RS WH —&
KINOSHITA, Yuto Project Researcher MATSUI, Kazuki
mo #& RHERRE vy vaw
KAWAGUCHI, Koushi Project Researcher  YANG, Zhuo

* PPN, AEISEHBERYIERIZEM, / concurrent with Division of Condensed Matter Science

Control room
5MJ EMFC System  Old 5MJ EMFC System

©ld Main Bank
2MJ, 40 kv

Sub Condenser Bank
2MJ,20kv

2MJ Main Condenser Bank
0.5 4 Macule =2 MJ, 50 kv
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BRRMERRSRERBENMIREAS N, RREPRICMET 2D 50 kV, SMJOEIVT
YN YT 1000 T OBBRESHRENFIREBRE B> TWS, BICERBESNDIEE U< 50
KV, 2MJ @AY Ty H Ny o TH b, BHEOBHEREBICEREZM”IET 2, 600 TIREDB®
HIZRENARIBKE £ B> TWS, BRIRBOMBRESEREIILALEL T, 20kV. 2MJEIO >
TIUBNYOHFRERE. £ DBVDBHESENES 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 MJ, is designed to
: generate 1000 T ultra-high magnetic fields. Another 2 MJ main condenser modules are
O et sw used to inject an energy to the relatively light EMFC system for frequent use, but capable of
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.
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Takeyama Group
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Newly-developed ultra-high magnetic field generator of the electro-magnetic

flux compression method. The 5 MJ and 2 MJ fast condenser bank are capable

of supplying several mega-amperes, which are injected into a primary coil

through the collector plate. By upgrading the performance such as the maxi-

mum charging voltage and energy transfer efficiency, ultra-high magnetic

fields exceeding 1000 T are planned to generate.

50 kV, 2MJ Compact EMFC Generator | 50 kV, 5MJT EMFC Generator For 1000 T 74

1. 100 T X EoiBafisRe & YRR R

/Y A.u'///ﬁé L

B EZBR e NN
TAKEYAMA, Shojiro NAKAMURA, Daisuke
Bi% B

Professor Research Associate

We are engaged in development for generating ultra-high
magnetic fields above 100 T, and pursue the solid-state science
realized under such an extreme condition. We employ two methods
for the ultra-high magnetic field generation, one is the electro-
magnetic flux compression (EMFC) and the other is the single-
turn coil (STC) method. We have established a new type of coil for
the EMFC, and currently the maximum magnetic field is 985 T.
This value is the highest achieved thus far in an indoor setting in
the world. Further development is underway for achieving much
higher fields, more precise and reliable measurements for the
solid-state physics. We are now involved in construction of ultra-
high magnetic field generator system under the 1000 T project.
The horizontal and vertical (H- and V-) STCs are used for more
precise measurements up to 200 T, respectively, in accordance with
their magnetic field axes. The H-STC is mainly used for magneto-
optical measurements by use of laser optics, whilst the V-STC is
more suitable for the study of low-temperature magnetization in a
cryogenic bath. We are conducting the studies on magneto-optics
of carbon nano-materials or of semiconductor nano-structures as
well as on the critical magnetic fields in superconducting materials
and on the high-field magnetization processes of the magnetic
materials with highly frustrated quantum spin systems.
BRRIEE RIS R ERET 985 TR
T OIS FEECHBEDOF AT L
feo (E(F 1000 FR5ICEE, 2011 4
ICRILTIL—T D ER LI 730 TR S
DECTHEKRBICEHF UL, ORI
BissHAICAWT7 7 27 —EERES.
EiRER U <HILIC K DRFESNIREY
DHIZBFEDIL BARERICIL) &%
OMAICERIS L. BSRHIIL
TIA 500 FRASETIHMTET, &h
LORMSIET 7 5T —EENSDES
TRIEE NI
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The world record for the highest
magnetic field generated in labo-
ratories housed in a building has
been broken, achieving 985 T and
approaching 1000 T. This is appli-
cable to the measurement of physical properties by the electromagnetic flux
compression (EMFC) method. Faraday rotation of quartz was used to moni-
tor the magnetic fields that were measured close to the highest value. Record
magnetic fields, close to 1000 T, were detected showing that it is possible to
generate such flux densities and indicating that it is also possible to measure
physical properties in super-strong magnetic fields in the region of 1000 T.

© Faraday rotation
= = = Pickup coil

L .
[ 10 20 30 40
Time (us)

Technical developments for ultra-high magnetic field magnets above 100 T and for solid-state physics measurements

2. BRESHILENR
Magneto-optics in ultra-high magnetic fields
3. BREISHBIE. B8ORS

Magnetization processes of magnetic materials and the critical magnetic field in superconducting materials in

ultra-high magnetic fields

59

THE INSTITUTE FOR SOLID STATE PHYSICS 2018



[l B ik 2 T S i

International MegaGauss Science Laboratory

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

FHHpE7E S

Kindo Group

WHRICHRBEIN 2y T v —BEELXOE 774 %
A=A EEFTAERZ AT JEBIE CmEY % F4:
L. Z0W%5 T THRERMIENE 2179, L4 RH®
WKIGU T, R~/ %y OB ZIToTED, BILE,
2—F—DFHFRE R 5 S E I E T o =B TH 5,
DOy a—F VAR 2y FSVARR S SV KIS 75 A5
@3y VAR Fy POV 30 SV KIS 65 7A7
@uy VAR Zy b L 2OVRIER 1 B, KRS 43 TR
Ta— LAY Ry ME I H AR D REALHIE 2 I H]
WHIL, Ty RV Ry MME &R R ol E i
WHENTW5, YifiE CRfEI 727 %y MEIIEREE ]
VARG (o SVA) ORGSR ZEHLTED, BED
100 7AZD¥EZHIE L 2F %2 IT> T %, K 20 4F
5 HE W HFIR KD 7 74 5 A =)L EETR A B O E K03
TRED, THZEBIFELTICEZETOLRIED 1 PO/
LA VRE L 75 o7, TR O CRESS P ERINE 21T -
TWw3, £777v by 723475 2 LI KD g
T p-THIESAREICR 57, bo LG ZFET KD
Ty ISV AR T 2y O L ETTHTH S,

100 T T T
H =858T 11180 2011_12.08

Cu-6Wt%Ag 81%IACS
80 /\ . _1102MPa 2x3 SiC

VN

2 3 4 &
time (msec)
23— KMIVULAY TRy N ORISR . FEBIRE/LRTO 85T IR ESRLR.
ZOXRT Ry b 75T OAIEAE LTa—H—ICRBHLTWS,

Profile of magnetic field for Short pulse magnet. The maximum field of
85T is the highest record for mono-coil field. This magnet is used for the
75T-measurements as a user’s coil.

1. EFAEYRE ORISR
Study on magnetism of quantum spin systems

2. BERECEYEORN B DR

o FARYL Y
E JE— S FEfE
KINDO, Koichi IMAJO, Shusaku
2] FHEBDER
Professor Project Research Associate

We carry out precise measurements under non-destructive
pulsed high magnetic fields that are generated by capacitor
banks and flywheel DC generator installed at the facility. Various
magnets have been developed at user’s requests. Up to now,
available field conditions for users are as follows.

1. Short pulse magnet: Pulse duration 5 ms, maximum field 75 T
2. Mid pulse magnet: Pulse duration 30 ms, maximum field 65 T
3. Long pulse magnet: Pulse duration 1 sec, maximum field 43 T

Short pulse magnet is used mainly for magnetization
measurements on insulating materials and Mid pulse magnet
is used for various measurements on metallic materials. Our
magnet has been breaking the world record of non-destructive
mono-coil field and we continue to develop a new magnet
aiming at the new world record of 100 T. We have installed the
flywheel DC generator on May 2008. The generator enables us
to generate long pulsed field with the duration of 1 second. The
Long pulsed field is used for the heat capacity measurement
under high field and the p -T measurement can be done by use
of flat-top field. Higher long pulsed field is under development.

F WIS 43T
test 20160714
\ LongPulse 251§

30

T I
UV

1" 1.5 12 125 13
time (sec)
AY 7 INILAR TRy b OBEET . REDRKHSIE 43T, 2OYI Ry b
ERSSPHBRBAERE LTI —ICRH#LTWS,
Profiles of magnetic field for Long pulse magnet. The maximum field of
43 T is used for the heat capacity-measurements under high field.

H(

Study on magnetism and conductivity of strongly correlated electron systems

3. FEWE 100 TR YT Ry b DORF
Development of non-destructive 100 T-magnet

4. BOYTIULRAR TRy N DRF
Development of ultra-long pulse magnet
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Magnetoresistance of a single crystal of black phosphorus under multiple
extreme conditions. Inset shows schematic illustration of the crystal structure.
Resistance along the ¢ axis was measured in magnetic fields applied along the
a axis. We observed huge positive magnetoresistance larger than 1,000 times of
the value at zero field together with superposed Shubnikov-de Haas oscillations.

1. XIUF 7 0OA v 7 YEORIGHEREGE
Field-induced transitions in multiferroic materials
2. EFRRIREICE T 2 EFHERE
Electronic phase transitions in the quantum limit state

3. INLRRBEIS T IC & 1T 5 =R R RS

TOKUNAGA, Masashi

Associate Professor

=% [E& =HN ?’ﬁ$ ANT B}
MIYAKE, Atsushi MITAMURA, Hiroyuki  KINOSHITA, Yuto
B B FHEBDH

Research Associate Research Associate Project Research Associate

Magnetic fields have been extensively used in broad research
fields of solid state physics because they can directly tune the spins,
orbitals and phases of electrons in materials. We study various
kinds of phase transitions in high magnetic fields with using
non-destructive pulse magnets and developing/up-grading various
experimental techniques; e.g. magnetization, magnetoresistance,
electric polarization, polarizing optical microscopy, and so on.

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 strongly corre-
lated electron systems in the quantum limit states. In particular,
we have been focusing on the semimetals having even number
of electrons and holes, and found a novel field-induced phase in
graphite 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 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.

QAF-cone
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(left) Magnetization curves of smgle crystals of BiFeO3. Anomalies of mag-

netization curves shown in the shaded area suggest emergence of a novel

multiferroics phase (IM phase) in this field-temperature region. (right)
Schematic illustration of the spin arrangement in the IM phase.

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

4. NROYAILVYE O REISYIMERT
High-field study of topological materials
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Y. Matsuda Group
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/A Non-destructive coil (1.3K)
O Single-turn coil in up sweep (2 K)
— Monte Carlo calculation N= 128 (2 K)
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Magnetic field (T)
S=1/2 DERAE Y 55 —¥)E BIP-BNO ORiL DRLISHS (dM/dB) DOREEHHK
T, T —ICRENA 2 ROBERE— 7 BENRAIh TV,

Magnetic field dependence of the magnetic-field derivative of the magneti-
zation (dM/dB) in S=1/2 two-leg organic spin-ladder compound BIP-BNO.
The distinct two peaks are the characteristic of the spin ladder system.

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

2. EF AV ROBEEISHBE

O

FAE  BR3A HH  BEE
MATSUDA, Yasuhiro  IKEDA, Akihiko
IR B

Associate Professor 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 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 destruc-
tive 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 enthusiastically developed new measurement
techniques to discover the exotic novel phases in the field range
of 100 ~ 1000 T.

0.2 . LaCoOI3
0.0 roewocPaRrm 4
295K
-0.2 L L
3.0 T T T
r = 115K,83T
~ 20} — 15K 150T 4
@ [ -- Fittoy=cB
=)
Z 1.0 B
3‘ L
Fiber Bragg Grating (FBG) 3§ 0.0 N
IZ & DfIE & fc LaCoOs @ : ; :
WE, ZNZThELZREICE 2.0 T T T
F2ERELHL TS, 15 ,g i
Magnetostriction of LaCoO3 10 , |
measured with the Fiber ’
Bragg Grating (FBG). The 0.5 B
results at different tempera- 0.0k |
tures are shown. ' 0 — 50 i ‘160' i '150
B(mM)

Ultrahigh-magnetic-field magnetization process of quantum spin systems

3. EVWBFRUMHBIZEEFROBEIS T COBFRE

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

4. EFERR OWSFHEBERER

Magnetic-field-induced structural phase transition in solid oxygen

5. AV -RFIEEEROBST OYE

Properties of matters with strong spin-lattice coupling in high magnetic fields
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Kohama Group
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BT —wlE, FRaY VAL ESEYEICE T 50
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HOWETH 5, EmENaHEICIZ, 1000 727
W CORELZYIENAEZEIT TEY, ZORRD-OICH
TG 76 AR BT 3 K OVHTRLENE B oA Ic b 1 &2 »T
W5,

IVE FHI
KOHAMA,Yoshimitsu
HEHIR

Associate Professor

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.
Magnetooptical measurement technique”, “2. Ultra-fast magne-
toresistance measurement with micro-fabricated devises” and
“3. High-field NMR experiment with a FPGA module”. With
these techniques, we currently investigate the magnetotrans-
port in topological insulators/superconductors and the novel
magnetic phases in quantum spin systems. Our final goal is the
condensed matter researches at ultra-high magnetic field region
up to ~1000 T, and thus our future work will be also devoted to
technical developments for ultra-high magnetic field genera-

tions as well as the improvements of measurement techniques.

SM
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(a) Magnetocaloric effect (MCE) of BiCuyPOg measured by AuGe ‘ ‘
thin film. (b) Faraday rotation angle of BiCu,POg measured by laser 0 0 10 20 30 40 50
optics. The MCE data should correspond to the isentropic T(H)s H (T)
curve in which the temperature change due to field-induced phase 100 ‘ IHO
transition were observed. The Faraday rotation angle was measured w0l Hi 10K
up to 120 T by using a single turn coil system, where the field-induced S e
phase transitions were detected at ~60 and ~90 T. S 601
< 40 16K
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1. L= —ZRAWEIAZNROME & Z DBBRESRZEADISA

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

2. NILRABIGZBTICHE TS NMRBIEE 75 X b L — MNEGIEEADIGH
NMR measurement under pulsed fields and its application to frustrated magnetic materials

3. BN T EkAlT & AW HR T /N1 R DFIS

Development of new devise with Nanofabrication process

4. BESE AW EFIREOEBRE & MROYAILERED 7 LI AD0Y—
Observation of Quantum Oscillation in Ultra-high magnetic fields and fermiology of topological insulators

5. AN Tk W e HTRURIE 7/ N1 R DR

Development of new measurement devise with Nanofabrication technology
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DIFHEPERERIC BT PRI 25T
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TLEHIE 7P 2 VR EEIR Y 27 b2 ES
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NoOMEITHBIVICHDHATYS, I512,
AI2=F4Y 77T KD I DHA b
MateriApps DBt - AL EHfT>TW0» 5,

As symbolized by K-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 computa-
tional 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 Post-K Computer Project and
Elements Strategy Initiative, coordinate the use of the
computational resources available to our community,
including K-computer and ISSP supercomputers. In
addition, we also operate the web site, MateriApps,
which offers easy access to various existing codes in
materials science.

H g e B B %™
Professor KAWASHIMA, Naoki Research Associate
_ * *
#EES-RY BB R B %™
Professor (Deputy Director) OZAKI, Taisuke Research Associate
B g 28 & B %™
Professor SUGINO, Osamu Research Associate
* = = *
#HB(E5-P° BT HF B B
Professor (Director) TSUNEYUKI, Shinji Research Associate
=k . = *
B g BE ER B %™
Professor TODO, Synge Research Associate
N * ” L=
AR mEE =4 YA ]
Associate Professor KATO, Takeo Technical Associate
N = ¥ = . L=
il e BO 85 PHXEEIIE
Associate Professor NOGUCHI, Hiroshi Technical Associate
BEFEE (P) "H A BIERE
Project Researcher AKAI, Hisazumi Project Researcher
= * — =
IR (P)*° =% B8R HIEMES
Project Researcher MISAWA, Takahiro Project Researcher
BIEMES

Project Researcher

B BEE BiEEE  EHTHE X
WATANABE, Hiroshi Project Researcher KOUTA, Hikaru
T FE BImEE BH EE
KASAMATSU, Shusuke Project Researcher SHIRAI, Tatsuhiko
AE ESE BiEmrE  ETH B
MORITA, Satoshi Project Researcher TAMAI, Keiichi
O R wImies tFE AR
HIGUCHI, Yuji Project Researcher DOI, Shotaro

pLIE St BiEmrs  RIB BN
KAWAMURA, Mitsuaki Project Researcher HARASHIMA, Yosuke
U] = mEmrs BE X
YAMAZAKI, Jun Project Researcher FUKUDA, Masahiro
Bl A BiIMEE WA R A

HAYAKAWA, Masayo
%H BX
ASANO, Yuta

HFE BX

IDO, Kota

=¥ FEE

KANEKO, Ryuui

Project Researcher MATSUMOTO, Munehisa
HIEMEES V— FFzv
Project Researcher LEE, Chi-Cheng
FERRE J— kayv3ay
Project Researcher LEE, Hyunyong

HIMRE ' LK RBE=

Project Researcher YAMAMOTO, Yoshiyuki
= * N
BEWRE™ Y LA

Project Researcher YAN, Lei

1 FipugRIs, AKIRYERETMER. /concurrent with Materials Design and Characterization Laboratory
*2 rgETS. AR ISHEEIERZ S )L— 7. /concurrent with Functional Materials Group
*3 B RRAYES SR £ 3. / concurrent with Physics Department, Graduate School of Science
4 FgRis. AHEYIEERHEMAL. /concurrent with Division of Condensed Matter Theory

" PCoMS LA E (PI)
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Center of Computational Materials Science
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Misawa Team
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AKAI, Hisazumi
FHERRE (Pl)

Project Researcher

Our main objective is to predict/discover new functionality
materials by means of computational materials design (CMD).
In particular, the development of new high-performance
permanent magnets is one of our main targets. CMD aims at
to design materials and/or structures on the basis of quantum
mechanics. This corresponds to the inverse problem of quantum
simulation. In general, solving such problems is very difficult.
In CMD we solve these problems by making use of the knowl-
edge, which is obtained through quantum simulations, about
underlying mechanisms realizing specific features of materials.
The technique of materials information also can be exploited.
In these regards, the developments of new methods of quantum
simulation also are our important themes. Among them are
developments of methods of accurate first-principles electronic
structure calculations in general, first-principles non-equilib-
rium Green’s function method, order-N screened KKR-method
used for huge systems, and the methods beyond LDA.

=% BR

MISAWA, Takahiro

PCoMS Xt g (PI)
Project Researcher

Behavior of electrons in solids is a typical example of
quantum-many body systems. In the quantum many-body
systems, various exotic phenomena emerge, which is hardly
expected from the behavior of single electron. We try to theoret-
ically reveal the origins of the exotic phenomena in the quantum
many-body systems, and aim to predict and design the new
exotic phenomena. We have been developed numerical methods
for treating the quantum many-body systems and some of them
are released as open-source software packages, for example, we
release H® (software for exact diagonalization) and mVMC
(software for many-variable variational Monte Carlo method).

By using mVMC, we recently reveal the origin of the anoma-
lous pinning of the superconducting critical temperatures
observed at the interfaces of the cuprates. We also clarify the
finite-temperature effects of the quantum spin liquids in the
frustrated Hubbard model and finite-temperature effects on the
one-third magnetic plateau in the quantum Heisenberg model
on the kagome lattice.
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Laser and Synchrotron Research Center
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Laser and Synchrotron Research (LASOR) Center
develops new lasers with 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
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photoemission, time-resolved, spin-resolved spectros-
copy, diffraction, 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 semiconduc-
tors, strongly-correlated materials, molecular materials,
surface and interfaces, and bio-materials are studied
using advanced light sources and advanced spectroscopy.
The aim of LASOR center is synthetic science for photon
sciences and collaborations with materials science. Most
of the research activities on the development of new
lasers with an extreme performance and the 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-
ments utilizing the synchrotron radiation are performed

BLO7LSU I\ Tk X S5 e oWiZe 217 5T\ 5, at beamline BLO7LSU in SPring-8 (Hyogo).
[ ]

¥ Bevy—R) F IE B % B B mmsrme IEE 18X wEmxs HAR #H
Professor (Director) SHIN, Shik Research Associate  YAJI, Koichiro Technical Associate KUDO, Hirofumi Project Researcher TAKUBO, Kou
¥ BaEes—-g AW FFE B % aH IBER gmErmE FE D BERRE Yy XY
Professor (Deputy Director) KOBAYASHI, Yohei  Research Associate ISHII, Nobuhisa Technical Associate ITO, Isao Project Researcher ZHANG, Peng
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Professor HARADA, Yoshihisa Research Associate  MIYAWAKI, Jun Technical Staff FUJISAWA, Masami Project Researcher NAKAZATO, Tomoharu
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Associate Professor  MATSUDA, lwao Research Associate KURODA, Kenta Project Researcher EL Moussaoui, Souliman Project Researcher MIZUNO, Tomoya
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Associate Professor ~ KONDO, Takeshi Project Research Associate TANIUCHI, Toshiyuki Project Researcher  OTSU, Toshio Project Researcher USUKURA, Junko
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Associate Professor  INOUE, Keiichi Technical Associate HARASAWA, Ayumi  Project Researcher CUI, Yitao Project Researcher TAO, Renchunu
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Project Associate Professor OKAZAKI, Kozo Technical Associate  SHIBUYA, Takashi Project Researcher SAKURAGI, Shunsuke Project Researcher NAKAMAE, Hidekazu
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Research Associate YAMAMOTO, Susumu  Technical Associate  KANAI, Teruto Project Researcher ZHAO, Zhigang JSPS Research Fellow ZHANG, Yujun
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1 FRNEETS, AHEF /2 —ILIERIZEERPS. /concurrent with Division of Nanoscale Science
2 FRpsETs. AIIGEIERZS)L— T, concurrent with Functional Materials Group
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Shin Group
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Anisotropic superconducting gap structure of the iron-pnictide supercon-
ductor KFe;As; revealed by ultra-high-resolution laser photoemission spec-
troscopy. The critical temperature is 3.4 K.

¥ AR B

SHIN, Shik ISHIDA, Yukiaki TANIUCHI, Toshiyuki

26 EUE FHEBDER

Professor Research Associate Project Research Associate

We are investigating the properties of materials through
photoemission spectroscopy implemented by lasers in the
vacuum-ultraviolet to soft-x-ray region. Photoelectrons carry
the complete information of the electrons in solids, namely, their
energy, momentum, time, space, and spin.

The photoemission spectrometer utilizing the monochro-
matic laser achieves the energy resolution of 70 peV, which is
the highest in the world. This enables us to directly observe
the superconducting gaps and pseudo-gaps of novel super-
conductors and strongly-correlated materials, as well as the
momentum-resolved electronic structures that are closely
related to the transport properties of solids. We can also reveal
the electron-phonon or -magnon interactions in solids. We are
also performing time-resolved photoemission spectroscopy
in order to know the photo-induced phenomena in supercon-
ductors, transition metal compounds, organic materials, and
semiconductors. Furthermore, we are now developing photo-
electron microscope in order to know the nano electronic struc-
ture in solids. Our aim is to have the nanometer size microscopy
of electronic states.

2.6F /A=K OBEERIEEERFOL—F—
REFEHE (L—Y'— PEEM)

Laser Photoelectron microscopy (Laser PEEM)
that has an ultrahigh spatial resolution of 2.6 nm.

1. RXRL — Y —mER BB TN L SBEEH. BRTYE. FYESOEFREDHE
Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

2. MXIBL — Y —BED B F ORI L 2AFRRKOME

Time-resolved laser-photoemission study on the photo-induced phenomena

3. MXIRL — Y —REBFEHRICL 2T/ BEOEFREDHR

Laser photoelectron microscopy on the electronic states of nanomaterials
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Kobayashi Group
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Optical frequency comb based ultra-high precision spectroscopy. The com-
bination of ultra-high repetition-rate laser and ultra-high resolution spec-
trograph makes it possible to resolve each comb tooth to detect the meta-
stable He atom.

1. BE/NWAL ==Y 2T AOMEEER VL — 4 — D@ Z

——

IR A IEKER
KOBAYASHI, Yohei TANI, Shuntaro
% B3

Professor 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 wide field
of applications in the physics, metrology, medical science, and
astronomy.

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

trial applications.

A7y hT7YU—
SRR L
Offset-free optical
frequency comb.
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Measurement of laser pro-

cessing dynamics with sub-

picosecond time resolution.

Development and precise control of ultrashort pulse laser systems

2. BEDRL —=BEYE
High-rep rate, high-field physics

3. AERHIALDKRN - ER - FREIGH

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

4. L—H—MIDFE
Fundamental understanding on laser processing
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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.

he

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

Professor Research Associate

We explore the origin of the electronic structure of materials
responsible for their electronic, magnetic and optical proper-
ties 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 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, surface reaction of fuel cell catalysts, electronic
structure analysis of reaction center in metalloproteins, electro-
chemical and photocatalytic reactions. We also explore basic
study on high performance soft X-ray emission spectroscopy for
the next generation synchrotron light source.

Tetrahedral Distorted % R REERX rﬁ{ K
& IS PHTRZfoRIN—
.9"“?‘;? £ 4 TSVRICEHAUADHS

hick (H0) OFE
FIRE RIFDK, |
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L5ICHi->THRD, B
PRESIRICK > TK
REARYRT—IM
—RICEATVBHRT
ERLUTW,
Electronic structure of H>O 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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...... Crystallineice I,

—— Bulkliquid water B
e N\
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1. KAMERFEDEFREE I/ ORE—H,. BERAEDOHELERICET 2R
Electronic structure analysis of aqueous solutions to study microheterogeneity and interaction at solid-liquid interfaces

2. BRREBAMEORERIGENT. BEXMZRD. SRERGET. £EY >/ EOEERIT D HDZDZENTFEDRR

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/ UiE. BERERME. fE

RIERE) 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. MXBREADKDOBE T RILF —DREEL & REDBED I DT DERELFAR

Basic study on ultrahigh energy resolution optics for soft X-ray emission and time-resolved spectroscopy
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L. Matsuda Group
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RH B L7 1%
MATSUDA, Ilwao YAMAMOTO, Susumu
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-
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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

HEZzNZNOREZMHALTC 72206 3YBET sources at each time scale, ranging from femtoseconds to milli-
B A — L TOENE N ZY LA L TEIFLTZD seconds, we promote understanding of the whole dynamic
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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.
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7 = UEiM GdFeCo & DRENBEBRIAZ N —WROEBROER, (a) 8 X R FEL (hv = 53
eV) COTUTYARNVRAEDT—% (O) EZARBTOTrvT 1V (ER) . KReFOT—%
[FEWCHEDOBISICHEL TW5, (b) RERERENSESNIIMEH ICHT S Fe DBKE—XY D
REZt, 7T AMNPORBERAT—ILTRAEY RENRETWS Z EDDH D,

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.

Fe magnetic
moment

1. BESBRXRONRBOREERES 1 I 7 AOHR
Developments of time-resolved soft X-ray spectroscopy and researches on surface dynamics

TR X DHEICLDBREFEDT « T v I YRR
Dirac Fermions in monatomic layers, studied by advanced soft x-ray spectroscopy

3. BR/VULAB X REAWREIREBORAEBERAE YY1 I U ADHE
Development of time-resolved experiments using ultra-short soft X-ray pulses and researches on ultrafast spin dynamics
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Itatani Group
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(a)Soft-X-ray spectra of high harmonics from neon (blue curve) and helium
(red curve) that cover the water window. (b) CEP dependence of the high
harmonic spectra from helium. The phase-dependent structure shows the
generation of isolated attosecond pulses around a photon energy of 450 eV.

1. BEEBE/NILAL -0
Development of intense ultrashort-pulse lasers

2. 7 hbyER
Attosecond physics

3. ’F - 2F - BFICKE T 2 BeRRKROBH & EFH1H

e
R RER AH IBX
ITATANI, Jiro ISHII, Nobuhisa
v B

Associate Professor

Research Associate

Development of phase-stable intense ultrashort-pulse lasers
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. Currently, several state-of-art IR and
mid-IR sources are operational to produce high harmonics in
gas or solids. For the spectroscopic applications, we develop new
methods using waveform-controlled strong optical fields and
attosecond pulses to explore field-induced ultrafast processes
of atoms, molecules, and condensed matters. We focus on field-
driven electron dynamics and related nonlinear phenomena
(e. g, high harmonic generation) in solids using intense mid-IR
sources. Our methodology is based on the cutting-edge light
sources and their frequency conversion to cover the spectral
range from terahertz to soft X rays with precise synchronization.
We aim to use such extremely broadband and ultrafast coherent
light sources for observing and controlling the quantum
dynamics of non-equilibrium states of matters through various

freedoms.
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High harmonic spectra from a semiconductor GaSe produced
by linearly (blue curve) and circularly (red curve) polarized mid
infrared light. In the case of circularly polarized input, the high
harmonic spectrum obeys the selection rule.

Ultrafast spectroscopy and coherent control of photo-induced dynamics in atoms, molecules, and solids

4. EHFDBEER X #R25

Soft-X-ray ultrafast spectroscopy of molecules and solid
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Wadati Group
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Resonant soft x-ray diffraction instruments installed at BLO7LSU, SPring-8.

1. ST XAREIR (€ & 5 RERETFROKFIREDITE

ME K TH EE
WADATI, Hiroki HIRATA, Yasuyuki

IR EUE

Associate Professor Research Associate

We investigate the electronic structures, ordered states, and
dynamics of strongly correlated materials, such as transition-
metal compounds, by using x-rays from synchrotron radiation
(e.g. SPring-8). Our main experimental technique is resonant
soft x-ray diffraction, that is, x-ray diffraction performed by
tuning the x-ray energy at the absorption edge of the constituent
element. One can determine detailed magnetic structures of
extremely small samples including thin films and nanostruc-
tures. By this technique we study ordered states in materials
which show anomalous behaviors such as superconductivity and
giant magnetoresistance. We will further extend this technique
to time-resolved measurements by using time structures of
synchrotron x-rays and x-ray free electron laser (e.g. SACLA),
and directly measure the dynamical processes. These studies will
reveal the mechanisms of anomalous behaviors and contribute
to search for novel properties and phenomena in strongly corre-
lated electron systems.

016 i [eser Power Tomjer]
' H 0.70 )
5014
5 0.12 go.ss
s B
5oL £ e ; —s RCP
2008 z i — LCP
2 0.06 z
9 2055
£0.04 H £ ! 5
0.02 .
700 710 720 730 740  *%° :

Energy [eV]

=500 0 500 1000 1500 2000
Delay timelps]

BEMEEEORBOBAE, L —T—BREICL2EREBEDBREEZRY.

Time-resolved measurements of ferromagnetic thin films. This shows the
demagnetization and recovery processes under laser illumination.

Resonant soft x-ray diffraction study of ordered states in strongly correlated electron systems

2. KD BRI X REFT ORS

Development of time-resolved resonant soft x-ray diffraction systems

3. MXIRZERWH L WA FEDORHE

Development of novel spectroscopic techniques by using soft x-rays
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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.
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1. BRL—Y—ZREXRE T 2B REAENENETONEBORR

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

2. BENE - AEV DR -

KEOBABFANTRSBEEY MOV AILETFHE

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

3. BEZEFRALCABFONTHIRT 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

1. BREMBRET ZANILY - hiRsb L Z KRR, BB RS

P Lil

K R #H EiE
MATSUNAGA, Ryusuke KANDA, Natsuki
HERIR B3

Associate Professor Research Associate

We investigate light-matter interactions and light-induced
nonequilibrium phenomena in materials by utilizing terahertz
wave, infrared, visible, and ultraviolet 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 infor-
mation 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
development of terahertz generation and detection technique
and novel nonlinear spectroscopy scheme, we will contribute
on the study for cooperative behaviors in many-body systems
like superconductivity or antiferromagnetism and seek hidden
transient phases of matters in nonequilibrium system to reveal

the functionality of materials.

TINIYBELES LU Hall GHRAZEICAWVWSES - RS - RXREIEEE
YRT L

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

Development of intense, phase-locked terahertz-mid infrared pulse generation and detection
2. BEEYRBHIEICE 2R - IR RERINE & SRR O
Study of collective excitations and response functions in superconductivity and antiferromagnetism

3. ABE TEMES NFFTELSEROBERS 13U ADWR
Nonequilibrium dynamics of many-body systems driven by strong light field
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Laser and Synchrotron Research Center

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

Jid] g fF 7 5%

Okazaki Group
ﬁiﬁ; RN BE T DCRWEROB T OEEHREE T 2L

STHBERR (N P RS ) ZEEBINTE 250 7092
%%&@%%ﬁ\7lbr@u Y= RV 7H, 20FE
Kz 7a—7HE LTS 2 LT, EPEHIREEICE
1753y PREE O S BOEER D B TE 5 K912k 5,
AFRETIE, V=Y —BIFKOMIEE L LR CHE LA
ERE AL = — % W R LB T o e E D
Fa'ﬂ%‘%-ﬂﬂzﬂ%i_n Ry 7 7u—7 RS EEET 5k

Sk, JEIEIRAED & DT D KRR LE L O 1E BEELH,
7'6 AR 10 ) IR E D 2L O E B2 LIS 27\
Jih LR B 2> & D T D KE A HE O R BH 2 G 3E i AR L o
EEHIICX2EHEZHELTVS, £, Z2LF—5
fRBE 70 peV, RAKMEIREE 1 K L)t R kEL2E
5L —F —MESRCET O CREZ T, JEERE
R OB G, B8 X vy 7HE2 EEBI 2
ZECIERER RS E O EIHEZ HIELT» 3

Ti:Sapphire laser + Regen (Solstice Ace
(800 nm, 10kHz, 30fs,0.75 W)

Ti:Sapphire laser + Regen (Astrella) |

VG Scienta
(800 nm, 1 kHz, 30 fs, 6 mJ) R4000

N2 wave plate

Delay Stage

OPA+DFG
(TOPAgPrime) /
BREFEE L —H—% AWM EFONEEB OHEX

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

1. BREREL —Y—%2 BV REMREALEFOIEBDORR

= b
FlE &=

OKAZAKI, Kozo
FHEERIR

Project Associate Professor

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 o[:'l':'Ilz.s

| B | .

04f . ]

0.2k ; .

E-Er (V)

ky (A1) ky (A1)
BREEHL — ' — BEABKET 9K IS N BET MR TaNiSes (5
1 BAFEAR - SEES a, b FTNTN. KMER. EMEROIRY 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. JERERRED S OYERDOETFOEIEE ORI, AFEBEDEEESN

Mechanisms of electron relaxation from photo-excited states and light-induced superconductivity
3. WERBENEEL — Y —AESMELEFHNIC &L BIFEREBEER OB

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

resolved photoemission spectroscopy

THE INSTITUTE FOR SOLID STATE PHYSICS 2018



N MRt —L v bR v

A7 —

ian

LI JC P PRI e M R / 4 1 o
Synchrotron Radiation Laboratory / Harima Branch
http://www.issp.u-tokyo.ac.jp/labs/sor/index.html

g (ERR) F $B  Professor (Director) : SHIN, Shik

% EERR) /\FX UK Professor : KOMORI, Fumio

S % JBEH ZTA&  Professor : HARADA, Yoshihisa

B 8/ 0HE B Associate Professor : MATSUDA, lwao
% 8 FME KM Associate Professor : WADATI, Hiroki

Bh 2 IJ_IZIS 1% Research Associate : YAMAMOTO, Susumu
Bh K8 Jt—ER Research Associate : YAJI, Koichiro

Bh E Q- < 3Z  Research Associate : MIYAWAKI, Jun

Bh % FH FE Research Associate : HIRATA, Yasuyuki

A / YAl

W PR ZE R (SOR M) (3l il 4 e %
R L 72 im  EFZe 08 L W BRE T o B o6 - wf%e%
[T > TV %, SPring-8 ICERIE I N7 #E 775 Tl
ISR R T SR m P RE O S8 R G A A T2 7R XAk
TrPal—FE-L74 Y (RURRAEBEHNT I AT — 2
VUVERI#EE— L5 4> BLOTLSU) 284 L, ik X
SR e RIS 2 Ao R 2 HEE L T0 5,
TRIB D EAY v 71F, ek X 8o B0 L HiH -
BRI OB TIRIEM R 21T 7edic, R IR X0
FEERAT— av, FERREIR X A AT —> a3,
3RILF/ TAAAT — av, Bk X G ROGH A — 5
T—yav, XA AT—>arviys B, 2EEE
R TRl 60 ERAFHLZ I T Tvs, —
Ji. WD EMIcE»TIE, L—F =L —7 L DHFEIZED
iz, EAEEN - X BRL — IR 2 O 7 ) iR RE
AE UG T G E A R L. A E A I A
LTWw3,

SPring-8 BLO7LSU ® 8 &® Figure-8 7> ¥ a2 L —% —, ARIEAKIR &L D Eii
RANEEFEURERFELTEFOARERT, IRRAT—YavicEEE
B X @htas s,

Figure-8 undulators installed in SPring-8, which provide high-brilliance
synchrotron radiation into the beamline BLO7LSU.

BiTEMPE fBE HBBF Technical Associate : FUKUSHIMA, Akiko
BMEPE JFIR HKDAH Technical Associate : HARASAWA, Ayumi
KITEFBE A 2 Technical Associate : SHIBUYA, Takashi
BITEPIE TS 1E3Z  Technical Associate : KUDO, Hirofumi
MEZEHES = 1E3E  Technical Staff : FUJISAWA, Masami
BAREE FRHE ZES  Project Researcher : AKADA, Keishi
BAEWERE Il LAYI( AUYY Project Researcher : EL Moussaoui, Souliman
BEMEE KF J& Project Researcher : OHDAIRA, Takeshi
BEMEE EIE I1E7S Project Researcher : OSHIMA, Masaharu
BEMEE £ #E  Project Researcher : CUI, Yitao
BEMEE HXIR #H  Project Researcher : TAKUBO, Kou
BAEFEE U YEF  Project Researcher : YAMAGAMI, Kohei
BAFERE |UF B/ Project Researcher : YAMAZOE, Kosuke

SIRISRIAZRE F3 1Y 1Y JSPS Research Fellow : ZHANG, Yujun

The synchrotron radiation laboratory(SRL) is promoting
advanced solid state 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, high-resolution soft
X-ray emission spectroscopy, 3D (depth + 2D microscopy)
nanoESCA, X-ray magneto-optical effect, and soft X-ray diffrac-
tion are utilized to study electronic states and dynamics in new
materials. SRL developed the fast polarization switching of the
undulator light source in cooperation with SPring-8. In the
building E at Kashiwa campus, SRL developed the ultra-high
resolution spin-resolved photoemission spectroscopy using
vacuum ultraviolet and soft X-ray lasers in collaboration with
laser light source scientists in ISSP.

EMICBIF2EMEILY VLEED RSBz HA L — Y — a2 REEEF I
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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Supporting Facilities

YW ZE AT I ISR B 2 T 1D Ty 7z
DI, VOO FH TSN TS, K
T FE BRI A IR 22 AR~ 7 AR R S F %
i - G ARG, BRA R AE 21T
TAEEE, X MRS E BN SR OB B2 1T 9 1K
WA IE, APHRELBMOBIZ, BHEX
BRSO - E R 24T ) MHE, W% L
BB 722 FE R O T REA P SCE B % 4 B0
DEZ 72 ANy 7V —0, VI ZERTICERE T2
SFEIATFZEE 1B 3 2 Bk % 2 3255 %2 B 5 EIBE 2
ME, 2y b7 —7HHOEEEH Y - %
1o R, W ATIC BT 2% 7215
WMORGEEHBTIEMERETHD, ZNHD
HEEOMEE X, ZNTURIETEREARORE
EPEMEERD, HYOBBICX ) EBR O

We have various facilities in order to support
research activities. Cryogenic Service Laboratory for
supplying liquid helium and liquid nitrogen, Machine
Shop for various machining, Radiation Safety Labora-
tory 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, and
Public Relations Office. In each facility, several staff
members are working under supervision of the corre-
sponding committee.

BiTbiLs,
[ ]
ERRILE EREER LT & KITEPIBE TE X P EBE T Rk
Cryogenic Service  Chairperson YAMASHIYA, Minoru  Technical Associate TSUCHIYA, Hikaru Technical Associate  NOMURA, Miku
Laborato P L=
v wmsrms B BT
Technical Associate SAGIYAMA, Reiko
TE=E IHEER BE A BfiEE R BE iixEwae &K BT
Machine Shop Chairperson KINDO, Koichi Technical Associate OKABE, Kiyonobu Technical Associate TAKAGI, Akiko
PITRRE HF #N WrxErEs NE §Z
Technical Associate  TANAKA, Yusuke Technical Staff MURANUKI, Seiji
BEREEE mgweEzar B - BifErIg FE BN
Radiation Safety Chairperson HIROI, Zenji Technical Associate  NOZAWA, Kiyokazu
Laboratory
= (X EER =
HE= MEBZSR I IERR RE wargsms) PNEE MET =BHES ARIE BF
Library Chairperson OSHIKAWA, Masaki Administrative Staff NAITO, Yumiko Administrative Staff KUBOSHIMA, Tomoko
5 (HbXEER
EE mresam) FPEIR ERE
Administrative Staff NAKASONE, Emi
ARy III—L gEESR B & FH - RER
Stock Room Chairperson KONDO, Takeshi Administrative Staff(Finance and Accounting Section)
EERE  ERshEs KR 3R EBmMES A0 #HF EBRES ‘O XTh
International Liason Chairperson KOMORI, Fumio Administrative Staff ISHIGUCHI, Yuko Administrative Staff HASHIGUCHI, Ayano
Office
E=HMEE LR #HF
Administrative Staff YAMAUCHI, Atsuko
BHREIME  Buma nNg Eg wfiErimE RE W17 FiEErEme A T
Information Chairperson KAWASHIMA, Naoki  Technical Associate YATA, Hiroyuki Technical Associate ARAKI, Shigeyuki
Technology Office _ .
KirEPIE EH &
Technical Associate FUKUDA, Takaki
IS LRESR EBH - PixEme BH M ISR
Public Relations Chairperson HIROI, Zenji Technical Associate  MOCHIDA, Madoka Administrative Staff(General Affairs Section)
ffice .
URA i NI -l RS A% HDOR HEAMMBFK

Contact Person

SUZUKI, Hiroyuki

Technical Staff

ISHIZUKA, Mizue
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Cryogenic Service Laboratory

TAES

BRESER |UT FE Chairperson : YAMASHITA, Minoru
miiErme LTB J& Technical Associate : TSUCHIYA, Hikaru
EMErIEE E|L ¥SF Technical Associate : SAGIYAMA, Reiko
HERE BPAN  RKIJE Technical Associate : NOMURA, Miku

AL B IR E A~V T L LR ER 2 MG L. b
TR BB 29 — B A% 1 2/ S AR DA A
RYROFIBIToT0 D, WEANY 7 DI EDTTUC 25
T, BRFEE PGS NS, KIEL ANV T LA AR
L, KR LUTHRILIC AN 5, 2017 SEEDHANY
LR LR RIZZNZ K 320,000 L, 224,865 L
Ths, WEERFIHBIOAL, #IFL TS, 2017
FEEOWKEROMARIL 822,820 L LZz>TWn 5,

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 2017, a total of 320,000 L liquid helium was produced, of
which 224,865 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 2017, liquid nitrogen of 822,820 L

was supplied.

FERE Main Facilities

AYILRIEERB] (V7)) Helium liquefier system | (Linde) 200 L/hr
AYDLRICEEN (VrT)  Helium liquefier system Il (Linde) 233 L/hr
BN LEE Liquid helium storage vessel 10,000 L
RIERRETE Liquid nitrogen storage tanks 20,000 L
EIRBAUYILNREME  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, BROEDRA R T
Helium liquefier, storage, and transfer system
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Machine Shop
ITHEER &8 5— Chairperson : KINDO, Koichi
B i B B FER B{E  Technical Associate : OKABE, Kiyonobu
SMEBE HE  FhHY  Technical Associate : TANAKA, Yusuke
HEiEEs NME 3% Technical Staff : MURANUKI, Seiji
SMXERE BAR BIF  Technical Associate : TAKAGI, Akiko

TAE=x, WH7E BBz 2 TEYOINL, MO
Frtud 2 B LT OBER Y Z DS, 2 UCEERG
DHREMEZT>TWw 5, 7z, WHEEHS BRI
LR AR 21T ) 720 DR E TMERLREINT V5,

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.

TERRE
WRIEE SV ey y— NCHelE. BE7S1 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

THF=E
Machine shop
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JECS kA B

Radiation Safety Laboratory

weteEEEESR B =T Chairperson : HIROI, Zenji

B E M E EE JHF] Technical Associate : NOZAWA, Kiyokazu
(EHREUR EEE) (Radiation Protection Supervisor)

TR B =1 PIPEWE SR AT IS BT 2 UM E (U
BRI E 2 &0) CRONRIEELEE (XEEZ &)
DI T AT, BRI E OIS 2 B L ., &
EERMRTAIEZHNWELTREIN TS, 2070,
TECR R IR B 2 4 T A 70 SO R B B & L. O
PEVVE OO RS R AL E O BRI, 22 OB IR I fE
IEHRTHEE, BEETICR T 2 MU B S HE
PRI, AR BRI O M E . X AR AL E 55 o) o2 I
T D FE M S OO A D B0 < IR il et B 2 W
DLk, BB E OBEIMEZT>Tw5, £k,
Wik, U, Th % X O IEEEIRHE % 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 source, 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 YERRAME—DERE).
RYMOVERE NaBHRREAVWLERRY MOYE-LICLS
ERMNMTZZ). BHENREE, Ce FEMREB, afBREBE. BED Y
FL—yavhorvy— BT RAA-F—%F BEREE (\UR
7y hVOREZY —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

4 38

Library

2x 8 & #)l| 1EZR Chairperson : OSHIKAWA, Masaki

% £ NEE ¥43EF Administrative Staff : NAITO, Yumiko
ES £ FEIR B 3E Administrative Staff : NAKASONE, Emi

EBH @A EE XIRIE HF Administrative Staff : KUBOSHIMA, Tomoko

PrPERIRFE T & T LT R ZO HEISI e T AmESE
B OWIFEL KRG EOBE & L HICEEOILEF F7EHE D
febic, PItEREEZ P E R 2 IR LTI LT 2,

FrRERHEA v — %y P TRETE, FTNTIRHREK
FHTAHINTREEF Y v —F LT —F—2 %]
TE5, FRARPBERHIOWTIXRIZARFAH A I X
LIEEE., BIMEHOY —EAZ{T>T w15,

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.

B
EE : 783m?
BEH 166,402 it (FRL 29 FEEXRRTE)

(G¥%F 59,150 fit. f1F 7,252 fit. WAMTFEZED)
MESIESRS 73018 (FR#E5 635 &, MMiMES 95 18)
FZERRE : FH 9:30-17:00 (FFEAFIA 6:00-9:30, 17:00-24:00)
B 24 (N8B LAN r—T)L, BRIVEY hRE)
IR—L~R—3 : http://www.issp.u-tokyo.ac.jp/labs/tosyo/
Outline
Area : 783mi
Library holdings : 66,402 volumes (as of March, 2018)
(Foreign books 59,150, Japanese books :7,252. Including bound journals)
Journal collection : 730 titles (Foreign journals : 635, Japanese journals : 95)
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 : http://www.issp.u-tokyo.ac.jp/labs/tosyo/

MEE
Library
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Stock Room

B A2 it &2
International Liaison Office

J& Chairperson : KONDO, Takeshi

Administrative Staff
(Finance and Accounting Section)

TBEER A
FH - RERF

ARy 7))V —LF, Bl A & SRR L
THHEESNBWHEFES, ZDSCE R Loz %
HATS, MEEDEHZMZ7-OABACHL S AT 4
2T 24 A =7V LT D, SEERYi %D
LA AT T2 LB TE5, HABEIZE DS, — ki
BCATRES ThROYIe, —fEEAICKYazxts Ty
TELMMSEEHDONRTH %,

The stock room supplies stationery and parts that are

commonly used in research and experiments at low cost. By the

automated system control, it is open 24 hours.

ARy IL—L1
Stock Room

EEZRER /\Ff 3K Chairperson : KOMORI, Fumio
E=BHHEE A0 *HF Administrative Staff : ISHIGUCHI, Yuko
=Bx@mEE IUARN ZF Administrative Staff : YAMAUCHI, Atsuko
=B @HEE B[O 3Jy Administrative Staff : HASHIGUCHI, Ayano

E B s id, YR i o [E BE A2 - B AL HEE 1
M 7B EHZIToT05, FRFEFEL UL, BB
MEBZDL L TOIEANEHTHBIEZIZICDLET Y
PEWEFE AT O E B 0 SR, B —2>ay 7
DI, INRIESULZ IO LT 2L TORBHRFHE.
HEIANIIES - Bl OKH - BEXEREBHIFo N2,
Fr, LK EGEMNFICHED 5720, EFLAE
FEEMLEE LOHF v v AN O E BRI 2 & E s %
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

B Y% 8 /& [EFE Charperson: KAWASHIMA, Naoki
HBTEFBE K< #{T Technical Associate : YATA, Hiroyuki
HBMTEPBE BHE X3k Technical Associate : FUKUDA, Takaki

SIESPME K E5{T Technical Associate : ARAKI, Shigeyuki

B E T, W LAN 8 XX WWW +—
N (WPERE S — 5 _*—2 http://www.issp.u-tokyo.ac.jp)
fhD K FES — N OEFFEA ATV, KB AEER GO TN
WIRHELC W2, MERERY b7 — 27 CIEB R X v ool
A%y 7= (UTnet) ZiL7A v ¥ —3y b~DEHD
72O, 77AT T4 —NVDRE, TANVAKNEY 7T
DFTNNDIEA 7 ED X 2 T4 K E{To TS, Fie,
FINTHarEa—8 LNy b7 —7BFRD QRA, 7L
ERBI AT LG E DRI OB B LA AR E DT >Tw
5,

Information Technology Office operates the local area
network in ISSP, and WWW servers for the ISSP home page
(http://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). We, for example,
monitor electronic traffics for virus infection and distribute anti-

virus software to in-house users.

m—
e

YRRy RO =0 DER L3 A1 v F
L3 switch: Core network switch of ISSP
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L#®EER EFH =Z=ET Chairperson: HIROI Zenji

u R A $#K & ContactPerson: SUZUKI, Hiroyuki
2MIERSE BHH g Technical Associate : MOCHIDA, Madoka
Ak e [ A DZ& Technical Staff : ISHIZUKA, Mizue
wooB K Administrative Staff (General Affairs Section)
H @A AR Administrative Staff (Joint Research Section)

IR VIEDTZERT DR RER 7 7 74 €74 2 )<
—MITERFAE T 2B 2118 > T %, YEITA A —
L= SNS OE#EH], BRI THEEE LD, DR
EDOHMRYNC X TEWMAEB LT — A4 7R LT oL L
bio, FE, Frel ke EX T Ao E e 4t
Zf1oT0 5%,

F7.. XKMROBFEOHOF LR/ hE AP —RTTR%Z
HRIT, ARV MOHREZE, GRS RS 2Rl M
WOZE BIREEB L HHE U< M) — FIEE 21T 5T B,

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 general public
and students from elementary to high school responsible for the

next generation.

@t

MERARR—LR—Y (). ERHRIZHE (BL). —&K#EER (BT)
ISSP official homepage (left), summer science school (upper right), and
public lectures (lower right).
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Kashiwa Campus Map :

MIERRIRRR

The Institute for Solid State Physics

® KEE / Main Building
ER - ZEMBRERIR

/ Cryogenic/Multiple Extreme Conditions Laboratory

v a—MNLRERISEERE / Short Pulse Magnet Laboratory

©
O Fimn KRR
® MERARIFRERR

/ Advanced Spectroscopy Laboratory
/ Laser and Synchrotron Research Laboratory

® [OYvIINLRBEI5RERR  / Long Pulse Magnet Laboratory

FHRMER ©
Institute for Cosmic Ray Research
PRI BRI AT R
Graduate School of Frontier Sciences
® E#ER / Transdisciplinary Sciences
O EBRIZEEME / Transdisciplinary Sciences Laboratory
Q@ &1 / Biosciences
® IRERR / Environmental Studies
O B4 mRlFEEE / Computational Biology Laboratory

EFEEMRRA T VEYEEFEAREE O
Kavli Institute for the Physics and Mathematics of the
Universe, Todai Institutes for Advanced Study

EYEI5 Parking

(R) Q)
oF

N K @

X K

@ | o [offe|e]

e

"

BEfmRER O

Kashiwa Research Complex

E2HAMERE O

Kashiwa Research Complex2
HAMRR

Supportmg Facilities

VY BEZRSWEtLVY—HEX
/ Environmental Science Center, Kashiwa Branch
W 1XELE / Kashiwa Library
X fBFIE4#ER / Cafeteria and Shop
O  HRAFBHEEE A / Kashiwa Guest House

A lZAO

Entrance

mpl ¢

[ L33
T/ T5Y
Tokatsu
Techno Plaza

EBEi5 Parking EYE515 Parking EYE515 Parking ﬁﬁfﬁ Parking

@ SPEFR
Gate House

EM AR 2 —

? National Cancer Center

Toc SRAHY OEITHATR
Todai Mae HOENEL LB —RAER
OHDELR Kashiwanoha Kouen Kita National Cancer Center
Kashiwanoha Park Hospital East
82

THE INSTITUTE FOR SOLID STATE PHYSICS 2018



| ESSNE Y

The Institute for Solid State Physics, AR SR kS
The University of Tokyo IEE @@éﬁﬁ = 52
T277-8581 FE/EHHOES1-5 S5 s

5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581

TEL : (04) 7136-3207 RS WITEhR

#lC.

0 1 4 I GRRT7—/\VIS—=051>)
http : //www.issp.u-tokyo.ac.jp/ & Nodalrd e Pl ? 50
%;% HOEF \ZER
A =] P AAVN:
RBEA %YB%% Kashiwanoha-campus
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