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I:II:“ Preface

The Institute for Solid State Physics (ISSP) was established in

1957 as a joint-use research institute attached to the University of

Tokyo. Since then, ISSP has been a central research organization of

condensed matter science in Japan. After relocation from Roppongi

in the central part of Tokyo to Kashiwa in 2000 and the reform of the
national universities into national university corporations in 2004,

ISSP was appointed as a joint-use/joint-research institute in 2010 in

accordance with the new scheme set by the government. ISSP started

the second 6-year period for the Mid-term Plan in 2016 and marks -
the 60th anniversary this year. K Director

Condensed matter science had started as a discipline, which
enables us to understand a wide variety of properties of materials on TAKIGAWA, Masashi

the basis of fundamental laws of motion of the constituent micro-

scopic particles, i.e. electrons and nuclei. Based on such knowledge,

the major current efforts are being devoted to synthesize new materials that may show unprecedented properties, or to
fabricate structures with nanometer scale by depositing atomic layers to produce new functions, bridging boundaries
between physics, chemistry, and materials science. What is fascinating about condensed matter science is that studies of
novel collective phenomena exhibited by atoms and electrons in materials not only deepen our understanding of nature
but also contribute to technological innovations important to the human society. Last year, expecting further expansion
of the scope of condensed matter science, we launched two interdisciplinary research groups on “functional materials”
and “quantum materials” Our task now is to make new trends that globally lead the condensed matter science by such
cross disciplinary collaborations.

In elucidating the properties of materials and their composite systems, extreme environments such as high magnetic
fields and high pressure, as well as large facilities such as supercomputers and advanced measurement systems play
important roles. We have been working hard to develop state-of-the-art technologies. The International MegaGauss
Science Laboratory develops sophisticated measurement methods both in 1000 tesla destructive short-pulse magnetic
fields by electromagnetic compression method and in 100 tesla non-destructive long-pulse fields produced by a flywheel
dc-generator. The Neutron Science Laboratory operates the High Resolution Chopper (HRC) spectrometer in J-PARC
constructed jointly with KEK and prepares for restarting of the JRR-3 reactor, which has been shut down after the earth-
quake in March 2011, with upgraded instruments. Concerning the Computational Materials Science, ISSP is selected as
the representative for the Flagship 2020 Project “Creation of New Function Devices and High Performance Materials for
Supporting Industry of Next Generation to develop algorithm and software for the massively parallel “post K” super-
computer. Concerning the photon science, ISSP has constructed state-of-the-art soft X-ray spectrometers at the BLO7
beam line in SPring-8 located in Harima, providing a platform for international user program. This is collaborated with
the activities in Kashiwa to develop high performance laser dedicated to advanced spectroscopy, opening new frontier in
photon-matter science.

We at ISSP continue to aim at conducting cutting-edge research at the forefront of the condensed matter science, and
thereby, provide an excellent collaborative center for both domestic and international researchers. We appreciate your
continued support for our research activities.

October 2017
Masashi Takigawa
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ISSP Main Building at Roppongi Campus (1963)
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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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HREFHTERT & LTHR
Establishment of ISSP as a joint research laboratory
BTG - BEEREE 2 EM. BT o IR ¢ REENER 1 SRR
Opening of Radio and Microwave Spectroscopy, Theory II, and Crystallography I divisions
A - SRR, BLLO S iR
Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions
MR -+ W55 1 ERF TR
Opening of Low Temperature and Magnetism I divisions
HREE - oA - AT REG - B - TBORERIE PR
Opening of Semiconductor, Molecular Physics, Lattice Imperfections, Plasticity, and Nuclear
Radiation divisions
filidheh 2 - e 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+ JEhE - S - BRGRAS 3 BRMTEER. 20 BFIE %%
Opening of Magnetism II, Solid Materials, High Pressure, and Theory III divisions. Total 20 divisions
FEAATRRT 2 M VLR T I A A B
Solid Materials division was renamed as Inorganic Materials division
rh 7 [l T S R
Opening of Neutron Diffraction division
BEARPEEBE ( BEE) mat (22 8L % %)
Opening of Solid State division (visiting staff), resulting in 22 divisions in total
WA B P i A s i
Foundation of Synchrotron Radiation Laboratory
FARIR A MRS i T
Ultra-Low-Temperature Laboratory building completed
ek 22 FMHRRTEIRY (GRS, MR L — — Rk, @R R O EE) |
OB B TERT, bR EERET, BRI 2 & N BEEET 0 6 KEFI R 0% B
HRFT 1 IS FRBL S 1%
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 — S2Baie T
Ultra-High Magnetic Field Laboratory and Laser Laboratory building completed
Y EREFEARIT (IR 10 ) 23k S, 6 KL %2
Opening of Materials Development division
55 1 [8] ISSP [Elte v Ko o TERGEGEEAROWI & (L) Bt (DIREEEE O & IChifg)
The 1st ISSP International Symposium on "The Physics and Chemistry of Organic Superconductors'
HE - BELIFFERR D HT ik

Foundation of Neutron Scattering Laboratory

1
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1996

1997
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RS BRFAL 235 M S 4 5

Evaluation of scientific achievements of ISSP by an international external committee
FrrERE, YRR, Soimeiie, MRBREEYINE. Jadmr ot 5 RIFFEERIM & WOE BRI M
N C R R il Tl 7 = I e 113 ) | PO e T 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 2B T 2 YT SRR s 1

Construction of the new ISSP buildings in Kashiwa campus started

HA 9 (bl o EIBRSM R 23520 X 11 5

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

1% v v R AN OBIERBHIG (2000 FFEBEE5E 1)

Relocation to Kashiwa campus started (completed in 2000)

HHEIN% BT

Opening of foreign visiting professorship

HE BTSSR E DT ZE R o Sk

Reorganization to Neutron Science Laboratory from Neutron Scattering Laboratory

Y TRl s COMEHMT 23 FE i S 4 %

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

L BRWNE SN ESRVANE 25 YN B NE )

The University of Tokyo was transformed into a national university corporation

eSS ISR 2 F 2 R — VRN R I A4 A T

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

EIB ARt 23 FE 0 S 1

Evaluation of scientific achievements of ISSP by an international external committee

V] 5% SRk 5 R A F St A D T

Foundation of International MegaGauss Science Laboratory

AI37 50 ARl

Celebration of 50th anniversary

EREFIA - HEPFZELSE & L CaEn

Authorization as a joint usage/research center

FHEERE R v Y — DB

Foundation of Center of Computational Materials Science

Ja i o3 YEWEFE AP S O WOE I P PE DT ZE iR 23 A - Ffm S 4L, MR 2 & — L > FORRFADTE
vy 3%

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

Hokip e (hPETL) D ERRIRREHiosE i S 2

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

[EIBESHE EEAf 23520 & 41 5

Evaluation of scientific achievements of ISSP by an international external committee

BB R & M IREEMI VR 78R 235 R P MR T2 A P~ S 1. %

BEREVIEWITE 7V — 7" L BFWHEIE 7 )V — 7Dl 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, Visiting
Staff Division and Foreign Visiting Staff Division.
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
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HFEFIHCRFTT 2K AL . HF v 82N
DIEAMERZAA T3 EDBHES, (V7L 28 &,
VA v 25%)

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
across the country to do research for extended periods.
ISSP supports travel and research expenses for visitors.

The supercomputer system of ISSP is used via

internet by domestic researchers.
TR %

1 A

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

2012 2013 2014 2015 2016
PRYUE Bds X BRI FI A 0 — - 0 B A3 e v 1
A=R—arEa—8 BIUCHFEMAR 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

Y gE EERER WK E T —<IicDWwWT, 2~3H
MELETNLIHZ2TOI0DOHETHS, E2EOY)
PEWGEE Do DHEEICE D&, HEHHEHREMER
2N E O TRIRDFHEIES NS,

2,500 SNNEE

participants

2,000
1,500
1,000
500
0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
WIS 2 Workshops
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e
=%

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.

number of

workshops

10

5

Xl o S | AT EE o0 BRI DT
AFHARAGRE TEHLEDELEZ N,

%B. 378 (PR 15 FE~) ICRTL
T2 T XDy 1cid, &fELE A H
DREER IV W 7 EDF M B
INTVET,

THE INSTITUTE FOR SOLID STATE PHYSICS 2017



[El 2233 International Activities

YT SR IZ, PIPEFZE D EBERV LR & LTHEE
mx#lzHoTwS, EES YR LRVERY —2
Tay 72T L EbIC, VIR DR D 2%
fifi 235 1 L 7 E B IE BT JE b IE T IciT b T %, #)
PWEZERT DA ELAFT BRI, SCRRRH A A P HAR S
iR B2 DA E AR HIE 2 &2 M L 2085 b %
BAEFEL T, F7o, 1981 LR, piErHcELLIC B
§ 2K HEDEMEBE O H B IR LT 5,

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

US-Japan cooperative research program on neutron

scattering since 1981.

o7 —< OF R OZEH (HEN)
Title Date Participants (overseas)

The 2nd DYCE-Asia and ISSP-International Workshop on “Life Science and Photonics” | 2013-12-17-18 58 (11)

New Horizon of Strongly Correlated Physics (NHSCP2014) 2014-6-16-7-4 161 (34)

ISSP International Workshop: Joint Symposium of Polymer Networks and Research 2014-11-10-14 282 (94)

Group on Polymer Gels

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 2016-2-29-3-4 90 (70)

Relativistic Fermions and Spin Liquids

International Workshop on Tensor Networks and Quantum Many-Body Problems BT

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

The 17th International Conference on High Pressure in Semiconductor Physics (HPSP-17) 2016-8-7-11 110 (37)

& 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)
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a\gfjﬁ/mucaﬁon

VIE AT T, Fitad sfiax 2P L. PERE ISSP contributes to the graduate education in materials
B L 72 RAEBEBE I 1 2 VT 5, UIERFSE T D science using its unique facilities. The faculties partici-
HEIZ, METEIOSC T REFEHZEZIERY pate in the following departments of the graduate school
FHEL, ACERIK, TERMERYBL T AR, B of the University of Tokyo: Physics, Chemistry, Applied
AR BHADT R B R B O HERE T A2 B Physics, Advanced Materials, and Complexity Science
JBLTWEH, ZNSHERDOME IR Z 7T HER I and Engineering. However, students are encouraged to
DHE VYR RE DO BRI ANTw5, Yt develop their careers across the established disciplines.
WHEFTCIE, BIEREPHELFEE D DDAA YV R Every year a guidance and guided tour are given to
ZHAME TS L EbIC, BEAHIRBAAEE DAL those who are interested in graduate courses in ISSP.
RUT, EFERERY S — VSR e AR E L LT Tl In addition, the annual experiential learning program
Fr oA YA LV AF v 7 BRHFEL LS, “Science Camp at Kashiwa Campus” also offers an

opportunity for undergraduate students to gain a first-

hand experience in materials science research.

&8 Master Course E13R% Doctor Course
2014 % | 20154 | 20164 | 20174 | 20144 | 20154 | 20164 | 2017 £
YIRZEK  Physics 32 28 18 29 27 34 35 28
{EZEEI  Chemistry 3 1 5 6 3 0 0 0
Y THEHEK  Appl. Phys. 8 7 9 8 7 8 4 3
MIERER Advanced Materials 33 39 43 41 18 24 28 24
EHIBT FHEI Complexity Sci. and Eng. 0 3 2 2 0 1 1 0
& &t 76 78 77 86 55 67 68 55

WA FEORK IR EBE % Number of graduate students

o e
SRR 21 /Publications

500

YIERFZERT I, R 300 AT O M Sk % F 3%
LT 2%, 2016 4F 0D £ SCHR 266 D NFIE, 21
L 244, Xk 5, MHELHF 9, A (R AKD—H) 300
8tioT\n 3,

400

200

About 300 scientific issues are published through g
annual activity in ISSP. The 266 articles published

in 2016 consist of 244 papers in refereed journals, 2011 2012 2013 2014 2015 2016

5 proceedings, 9 reviews, and 8 books. RIS RO (TR — T v RS A )
Number of scientific papers (including proceedings and reviews)
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1 (A) ABE: EBRIFEELD

[ (B) M#HE  XERFEELD

[1 (C) zoft#bhE | XERFE - BAFMIRERLD
[1 (D) &E: RAFLD

[ 1 (E) X5z - £RAMR  RE - th&TEFELD

E1 (F) BIPHARE  XERZPE - ARZMRES LD

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

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

(C) Other Subsidies from the Govermment

(D) Grant-in-Aid from Private Corporations

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

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

(A) (B) ©) (D) (E) (F) &
A& Y& ZDftBE ke SZEERAR PR E Total
- HEFAFT
FHE284EE(2016) | 1,315,153 1,669,627 99,138 25,134 668,752 535,153 4312957
2745 (2015) | 1,657,078 1,680,722 466,267 17,829 500,211 464,165 4,786.272
FH264EE(2014) | 1,700,581 1,749,421 964,107 28,071 435,229 585,279 5,462,688
FRI25E/E(2013) | 1,545,996 1,814,190 493,674 30,847 545,717 427515 4,857,939
FH24EE(2012) | 1,326,798 2,360,072 483,530 15,344 296,078 361,530 4,843,352
FRI23EE(2011) | 1,466,060 2,263,736 1,238,387 21312 222,097 666,184 5,877,776
FHEEOHER Budget in recent years (Hif7 : FF1)  (Unit: Thousand Yen)

N

2iii%k 1% /Staff Members

TH29F7B1H R#E

ELE BEHER | £ |FEEsR B H FRHEBhE | RIS | EBHE =5
Professors Project Associate Project Research Project Technical |Administrative Total
Professors | Professors Associate Associates Research Associates Staff
Professors Associates
R B
Number of 21 1 18 1 39 1 31 12 124
staffs
13
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Division of Condensed Matter Science

iRk, GEEER, 77720 b
ruYhniigikn e, THWE) OFXRPYE
FHADHT L\JRTZ Y1) fo 7Bl E IR DS 75
v, FEEERE RV R DL DT
R RBIRY, VBRI, ST, ks
Sz TR FREE ) ICE ZEIC XD REENT
E 7o, BEMRVIMEDIEEIT TR, A - AR
CEFEYE R EOH L OEREZGRL, 2
DYk % R PR BB T o> i BE 25 FE R B AT &2 AV T
HET2ZEICED, FILOYEBLUC O 2D
HHREHRLUBHTLZE2HFEEL TR,

MR A ZE . B &
I, BT R R E R O R M REREE T o
WRBIGR, BOE, HBERL., MKy
DREEYERE 2T T\ 0%, BB EEBILY.
HOETR, AREEE, HyEwE, ey
ANYE I ED SRR YE 23t R, BB
FRaY— . T FHHEREDBHELT
BN 2% H L BIR OB ATV S,

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 have also revealed
various unexpected properties of matters, such as
superconductivity and quantum Hall effect. The goal
of the Division of Condensed Matter Science is to
uncover novel phenomena that lead to new concepts
of matter, through combining 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 A= B #

Professor TAKIGAWA, Masashi Research Associate

B ® IR R B %

Professor SAKAKIBARA, Toshiro Research Associate

B B H PR B #

Professor MORI, Hatsumi Research Associate

3 ¥ 3

B ik A B %

Professor NAKATSUJI, Satoru Research Associate

N =, *1

1T RE BA B %

Associate Professor OSADA, Toshihito Research Associate

MR W & BBHE

Associate Professor YAMASHITA, Minoru Technical Associate

gEGEARS) TILYYY A>T gmEma

Visiting Professor ~ SALZMANN, Ingo Technical Associate
HIMEE
Project Researcher
BIEMRE
Project Researcher
HIMES
Project Researcher
BIEMEE

Project Researcher

e K BIEHRE ZH H&D

KITTAKA, Shunichiro Project Researcher SUGII, Kaori

A 5 IR E 7’

UEDA, Akira Project Researcher SUN, Yue

TF A BIEHRE HA 2

SHIMOZAWA, Masaaki  Project Researcher TAKEDA, Hikaru

B & BIEE HH IRk

TAEN, Toshihiro Project Researcher YOSHIDA, Junya

BH OBEA wEmEa " R [

SAKAI, Akito Project Researcher OHTSUKI, Takumi

¥ = S E= Fy FVI—

Nl FEF RIS

MURAYAMA, Chizuko Project Researcher QU, Danru

WHE A HiEmRs ™ FU vy

UCHIDA, Kazuhito Project Researcher QUI, Yang

CIESJPE S S BiERRe ™ Frv HA4Y

KONO, Yohei Project Researcher CHEN, Taishi

wEE BT HiEmRs ™ EH =3

SAITO, Akiko Project Researcher TOMITA, Takahiro

BH S BEHERE e Kt

SAKAI, Kenichi Project Researcher HIGO, Tomoya

BB OHE EmRa XY TAATY

SATO, Mitsuyuki Project Researcher MAN, Huiyuan
PRERIFIRE " TN N8

* R, AEERFWERESIL—T, / concurrent with Quantum Materials Group
*2 B3R, RS/ X — VMRS, / 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 BE2ERTFELELT, BEEN
DI %Wmﬁﬁmktliéﬁ%%mntfma i
MBI RT3, HISE, 8 (R ) e, Bk, W
BT Lo e S BRI IRER L TE D, W - £
I EoNNEH%2EZBZETINSDMORTHIERE
DRIDEG2, FHTPZIEEEOHSTE—X v P ELANE
ME—RAV M 2R>TED, ZNGIZEAHDET2ME 5 W

PELBALEZEC TS, ZORONMRIZ, FEENE
@xEV\%ﬁ\%ﬁﬁamﬁﬁﬁw%ﬁéofﬁméﬁ

WP RECHSEOWEZ, I/ 0ickaE 755
FRERD, Fexldtar R RtazRE>, OLANMRHIE S E
ZEEMHL . AR - TGS - S S DSV BREE S L A
Hb¥ T EBREEAAY. & LEMAYH Kk Z
WRELIHREZITO>TO S,
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Frequency (MHz)

D &S ALY 2 EFENFEN TEREN U EFHMERE SrCu2(BO3)2 @, 1R
B EEBICRITZIRTER (B) RFEONMRIRY ML, AIEICAWERIE
BETERTH B (Cu) OS5 0.5% EEMMETRTHZHEM (Zn) TEEHRZ.
BENMICAENZEALTH D, FMYHSEVWAEY 2E8FKIGY VI LY &
T 20, FMICE > TIMZLRA LY ORAEICIE. BAR RS
NE—> (REY - R—F0OY) RN Z, BIEEABEESEOMEDRVEIER
(RDKEN) & LT, FEIFZENUND 15 BEOHIBRICK > TEiES N5,

The boron NMR spectrum at a very low temperature and a high magnetic
field obtained from SrCux(BO3),, a quantum magnet in which spin-dimers
have a planer orthogonal configuration. The sample used in the measure-
ment was intentionally doped with impurities by replacing 0.5 % of mag-
netic Cu by non-magnetic Zn. The spin-dimers far from impurities form
singlet, however, those in the neighborhood of Zn impurity generate local
staggered magnetization (spin polaron). While the former corresponds
to the intense resonance lines with nearly zero internal field (shown by
arrows), additional 15 resonance lines provide a fingerprint of the spin
polaron generated by a Zn impurity.

1. BRT. 75AML—hK - AEVY RO A F IV X EEFHER

RN A=
TAKIGAWA, Masashi
26

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.

NMRX/\“ﬁI\)LG)%@TFm\
0 9 55 NT. BRRMNO

@ HO(DiﬂXt/@ Y Dk

©/ 06 s 0/0 Fo x RERTHME, 7
e 0 /0 — WHEEEFERT, T
B0 DR RS &

FALAEEDREY, FikE
DRAIFHIS & REEE D
g @ AEYEERL, AOKES
F2AEYDOXREZTERT,
EHRFRIVROMBEZRL.
ZORDESEERD AN
® ® I NLRDESICHIGT %,
NMRZ~RZ MLTlE, #
IMAMYMERUCRFERL S
TR, ZOLTICHED &
SHERFENSDESHENR
® ST\,

Distribution of Cu-spin moments in the neighborhood of a Zn impurity
obtained from analysis of the NMR spectrum The location of the Zn impu-
rity is indicated by x and red circles show Cu atoms. The solid (open) red
circles indicate Cu spins directed along (opposite to) the external magnetic
field. The Black circles show boron sites, where the numbers show corre-
spondence to the resonance lines in the NMR spectrum. In the NMR spec-
trum, not only the boron sites on the same layer as the Zn impurity but also
the boron sites on the neighboring layers are observed.

Dynamics and quantum phase transitions in low dimensional or frustrated spin systems

2. REGBEES
Exotic superconductors

3. BEEBETFRICE T IER - & - SMFORFEESE

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

4. BEBEEEARICEFR2RAEY EBRFOYA1FI VR

Spin and charge dynamics in magnetic organic conductors
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Division of Condensed Matter Science

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

b Jt f 7€ =

Sakakibara Group
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1. EVWEF LAY O & B8

TR 2ER e B—H
SAKAKIBARA, Toshiro  KITTAKA, Shunichiro
% B

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.

BOWBFRBIEEM UPd2AI3 (Te = 2.0 K) OB ZBETE - 12
C/TIZDWT, BB FSRERD acEHNTEEGRIBLEEDAE
KFME, (a) ITRE 0.2K LB I B2EBRIER. (b) FKFEZ1Y/—R
ZREUIBED. EHIBICE T2 EO0TRILF—ERFREZED
MAKEE, STERRRIERBERELCBRLTED., BEHISTO
UPd2Al3 @ C/T DINAKREFEIIBIEEX v v TOKEZA Y/ —R
DEEZBSZRHLTNS,

The polar-angle (0) variation of the heat capacity divided
by temperature, C/T, of the heavy-fermion superconduc-
tor UPd,Als (T¢ = 2.0 K) obtained in various magnetic fields
rotated in the ac plane of the hexagonal crystal. (a) The experi-
mental results obtained at T = 0.2 K. (b) Calculated results of
the field-angular variation of the zero-energy density of states,
assuming a horizontal line node. The calculated results repro-
duce the experimental data satisfactorily. The angular variation
of C/T of UPd,Al; strongly suggests the existence of a horizon-
tal line node in the superconducting gap.

Magnetism and superconductivity in heavy electron systems

2. fEFLAYOLETEHEICHEY 2HFLESE

Multipole orderings and fluctuations in f electron systems

3. 77 AL — MEMEFRORLIERE

Magnetization of geometrically frustrated magnets
4, EFRAEYVROEEIRRE

Ground state properties of quantum spin systems
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http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/mori_group.html

RIETL R

AR R LA
X MORI, Hatsumi UEDA, Akira
Mori Group i B
Professor Research Associate

WERFAE, HTLORE 52 25T EO 5 Ha I
REBFIRZZT TS,

RIFRETIE, WHHREZ O T2 EREL, 20
ST THNEE L 7o THEEICB VT, S THE oML,
S FIEIOM AN X2 B EEASHBI L 72, R 2 Rg ik
(BT - 7m bR, Wi, FEEBIOZON - BY
ISR BGIREE) DBEEITo T2,

STEWEOMINZ, 1) HRESTHE XU RO
B G - HlHmREchr 2L, 2) EFHr—av
HAEH (BB »REC, By oRBit: (B &
Rtk (BtE) DS#iad228, 3) I THIEFICERSL
7o DB E LGN E DK EL, B X OELIC L5
R R TR R A2 RIS LN IToNns,

RIN—7Tlk, FiLeHAEEBEEEARELTEY MY
1-ET2Cu(NCS)2 B i F7- B-(meso-DMBEDT-TTF)2PFs
(Bg1) =FHL, %liﬁh’i’ﬁof:o SO TR, K
FRA 70y REE O BIOES) LT, (R L
DYIN B2 BR 2R IAERISER (M2) ZHHFEL%,

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, and responses by
external stimuli such as light and electric field) 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),PF¢ 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 —v—=

O
S. £ 2x10° T T
(© (2 [;[}—{Ij: S SP5e ¢
e s = P e
10 meso-DMBEDT-TTF o ®oees i
z S, SRl -
100 % (a) 1bar = o
~ 3 (b) 2.1 kbar e K& o
g (©) \ (c) 3.1 kbar s 1 Ol 5 '% N
£ 10" H (d) 4.0 kbar g S Ssaa)
5 3 a e BKFK
= 2 L o
£ g /it
£ &x10° : J L
1 SRARBESE () v M ET,CUNCS)2 & 10 E s 0 100 200 300
O 8 S L (i) B # % F R B -(meso-DMBEDT- £ 4 \
[T0PRe DR AR DG ' o | esd B2 EHET KRS ATBT UM T B R ES
Fig 1. Nove organic SupErTc"éldE‘Iff(?S: (,1>S(§“(8.1.§ S| M X3(Cat-EDT-TTR)2 (X = H, D) EHWT, AEBEARIRIC &
crystals of Yott-type kot labuliihs)s and il 10 b L1 DmmTﬁ: H L CHEITDED S,
electrical resistivities under pressures for charge- &0 Fig 2. Switchine beh fel | resistivity and maene
ordered-type B-(meso-DMBEDT-TTF),PFs, N | 0 8 10 1g.2. 5w, itching behavior o _L ccmcax er?tl\ ity and magne-
10 0 100 200 300 tism due to large deuteron isotope effect in proton-electron
Temperature (K) correlated purely organic conductors k-X3(Cat-EDT-TTF); (X
=H,D).

. DFOBHEZENULFAEHE (8) SAEL070 NV EARORR &R
Development and studies of structural and physical properties for novel organic (super)conductors and proton
conductors based upon molecular degree of freedom

. BEFTEFN IO VBB S IHE U B EER. FEARORR SRR
Development and studies of structural and physical properties for electron-proton coupled molecular functional materials

. B REEDNHE T SEBREAEDRFE SRR

Development and studies of structural and physical properties for novel metal complexes whose magnetism and
conductivity are competitive

. DTFEMEDONG O BB BS. BE. EN) BEDOHR
Studies of responses by external stimuli (light, magnetic and electric fields, temperature, pressure) for molecular materials
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Osada Group
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Associate Professor Research Associate

Transport study of low-dimensional electron system. To search
for new phenomena in topological electron systems and electron
systems confined by small spatial structures or strong magnetic
fields, to clarify their mechanisms, and to control them for appli-
cation. We have a great interest in quantum effects, topological
effects, and many-body effects, which relate to Berry curvature of
band structure, pseudo-spin degrees of freedom, and commen-
surability among electron orbital motions, vortex (magnetic flux)
configuration, and spatial structures. Our targets are atomic layer
materials such as graphene, low-dimensional materials such as
organic conductors, and artificial semiconductor/superconductor
nano-structures. We flexibly explore new transport phenomena
and electronic states in small samples by electric, magnetic, and
thermal measurements using fabrication techniques for building
up atomic layer complexes (van derWaals heterostructures),
nano-processing techniques like EB, precise field rotation,
minijature pulse magnet, etc. under strong magnetic fields, high
pressures, and low temperatures. Recently, we have concentrated
our studies on quantum transport in atomic layer materials
(graphene, phosphorene, etc.) and helical/chiral electron systems
formed at the surface of topological phases.
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Alignment and transfer device installed in a glovebox. This
device can precisely align and fix an atomic layer on another
atomic layer one by one, to build up atomic layer complexes (van
der Waals heterostructures) in inert gas atmosphere. It is useful
particularly for atomic layer materials unstable in the air.
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Quantum Hall transport in monolayer/bilayer graphene junction. The sample was fabricated
on the h-BN few atomic layer substrate, of which surface is flat and inactive, to develop the
sample mobility. The behaviors of the longitudinal and Hall resistance across the junction
indicate that only the topologically protected edge channels remain along junction. The fine
structures around zero filling suggests the symmetry breaking of the ground Landau level.

1. BFEYE (V771 74R74LVE) OBFRELEFEE
Electronic structure and quantum transport in atomic layers (graphene, phosphorene, etc.)

2. BT« v VBFROEFR—ILERMERICE B\ AILREIREE
Helical surface state in quantum Hall ferromagnetic phase in an organic Dirac fermion system

3. ZREFR—IRICE I BN I REREDEFEE

Quantum transport of chiral surface state in multilayer quantum Hall systems

4. BRYBEOBERERSCEEERIE—L VX

Interlayer coherence and angle-dependent magnetotransport in layered conductors

5 BEHESZPIOVREFRICETZNAREERIEE

Chaos and electron transport in Bloch electron systems under magnetic and electronic fields
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The ultra-low temper-
ature cryostat at ISSP.
By nuclear demagne-
tization cooling, the
experiments can be
B performed down to 1
" mK under a magnetic
field up to 10 T. The
lower right picture
is an enlarged-view
of the experimental
space. The lower left
picture shows a can-
tilever cell for torque
measurements.
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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 reach ~ 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 fluctuation is negligible.
Especially, we are now challenging measurements of correlated
electron systems at ultra-low temperature (below 20 mK) where
many interesting phenomena have remained unexplored due to
technical difficulties. Further, we are studying thermal-trans-
port properties of quantum spin liquids emerged in frustrated

magnetic materials.
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Temperature dependence of the thermal-Hall conductivity and the mag-
netic susceptibility of the frustrated antiferromagnet volborthite, showing
intimate relation between the thermal-Hall conductivity and the spin cor-
relation.

Study of strongly correlated-electron systems at ultra-low temperautures

2. BIERICHITBBEAERMDRER

Developments of ultra-low temperature cryostats and the precision measurement systems

3 BEAEMNT SANL—Yarzedb DHEEICHEITE2EFAL VR

Quantum spin liquid state in geometrically-frustrated magnets
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Salzmann Group
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SALZMANN, Ingo
NEAREHE

Visiting Professor

The central research interests of Dr, Ingo Salzmann lie in the
materials science and experimental solid-state physics of conju-
gated organic molecules and conjugated polymers, and their
hybrid systems formed with inorganic (semi-)conductors in
regards to applications in organic electronics.

In his scientific work, he employs a multitude of complemen-
tary experimental techniques, which allow for a comprehensive
characterization of functional organic semiconductor struc-
tures in both fundamental and application-related research. His
particular experimental expertise lies in all kinds of spectro-
scopic techniques including photoelectron, optical, and vibra-
tional spectroscopy, and in the whole variety of X-ray diffrac-
tion methods with a special focus on Grazing-incidence X-ray
diffraction. Only their rigorous combination allows reliably
correlating the electronic and structural properties of organic
and hybrid systems.

In ISSP, he will collaborate with the groups of Profs. Mori and
Yoshinobu to investigate the electronic states not only of doped
organic thin-films, but also donor-acceptor dyad molecular thin
films and crystals synthesized in Mori Lab with the aim of appli-

cation in ambipolar transistors.
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Visiting Professor TAKIMOTO, Tetsuya Research Associate
% GEARE)Y YL T5—
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Visiting Professor RAN, Ying

In this Division, we are conducting vigorous
theoretical research from a microscopic point of
view on topics at the forefront of contemporary
condensed matter physics, statistical physics, and
materials science, also in collaboration of experimental
groups. Our goals include theoretical elucidations of
experimental results, developments of new concepts
to describe collective behavior of interacting systems,
useful theoretical modeling of materials, and predic-
tions 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
catalytic properties at surfaces, and quantum trans-
port and interactions in mesoscopic conductors. A
wide variety of methodologies, including modern
approaches based on mathematical concepts such
as topology, many-body perturbation theory based
on 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 approach these problems.
Each member of this Division employs calculation
techniques in accordance with his/her expertise and
taste. As a whole, this Division and related Theory
Groups cover a wide range of problems and method-
ologies in the cutting-edge condensed matter theory.
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FUJII, Tatsuya Project Researcher YAMAMOTO, Yoshiyuki
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1 3R, ASIRETYWEWRY)L—F, / concurrent with Quantum Materials Group
*2 R, ATEISHESIMRTR S L— T, / concurrent with Functional Materials Group
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Tsunetsugu Group
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Quantum spins on the breathing pyrochlore lattice. Long and short bonds
have exchange couplings J” < J.
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TSUNETSUGU, Hirokazu IKEDA, Tatsuhiko FUJII, Tatsuya
iR Bh%K EUE

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
transport phenomena. One of our recent achievements is about
a frustrated quantum spin system with spatially modulated
exchange couplings. We have found that emergent multimer
orders depend on the spin quantum number, and a tetramer
order is stabilized in the S=3/2 case corresponding to some Cr
compounds.

S = 3/2 DHBAOMEFLI= Yy NNOBER Y EOERE, MEFEEINZERNT
BB EDDOMNB, FEEFEORY RIFRAEVBEINRBEIEN & BBIENTH
ZZEERL. BOKSFRE |S,-S)| KBEXWITHT. RiFELI=y NEDEL
REEHEERIHE RS,

Nearest-neighbor spin correlations inside units for the case of S = 3/2.
Tetramer correlations are dominant. Antiferromagnetic and ferromagnetic
correlations are shown by red and blue bonds, respectively and bond
thickness schematically represents 1S;+S;l. Dashed lines show weak anti-
ferromagnetic correlations between neighboring units.

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

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

4. BEEEFRICH T D EANBGEE

Unconventional superconductivity in strongly correlated electron systems
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quantum point contact

edge states dgt 2

Upper panel: A schematic
figure of the Hong-Ou-

Mandel-type two-elec-
tron collision experiment.

Two electrons injected
from two quantum dots

propagate along edge
states, and collides at a

central quantum point
contact. Lower panel:

The probability P, that
two electrons scatter into

the same edge states, is
plotted as a function of a
wavepacket delay time At.

AV RIAEY 7 RICE T B EEENE
Transport properties in mesoscopic systems

. BYBEEERORVROETHX

Theory of quantum transport in interacting electron systems
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KATO, Takeo SAKANO, Rui
A B

Associate Professor Research Associate

The main research subject of our group is theory on quantum
transport in nano-scale devices using various approaches. This
research field is also 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 is studied from such as nonequilibrium many-
body phenomena, shot noise, high-speed drive phenomena,
spintronics, and so on. We are constructing theories to explain
these phenomena, by exploiting nonequilibrium statistical
mechanics, fundamental theory of quantum mechanics, and
many-body physics. Nonequilibruim transport properties of the
Kondo quantum dots, electron and heat transport under time-
dependent external fields, and many-body effect in thermal
transport of phonons, can be cited as our recent research.

We are also treating various research subjects related to
many-body effects and nonequilibrium phenomena. Glass-like
behavior in organic conductors and structural phase transi-
tion in solid oxygen can be cited as these activities. We are also

collaborating with experimental groups in ISSP.
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The photon-assisted zero-bias noise (the solid line) and the equilib-
rium thermal noise (the dashed line) evaluated at the corresponding
Tef (the right inset) are displayed as a function of the strength of the
external filed. The left inset: a schematic picture of the present model.

Fundamental theory of non-equilibrium statistical mechanics and quantum measurement
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TAKIMOTO, Tetsuya
BEEHR

Visiting Professor

The concept that has been developed in the research field of
topological insulator is applied to the research field of strongly
correlated electron systems to search novel quantum states. In
order to confirm such quantum states, it is important to show a
topological invariant relating with experimental measurements.

Recently, I am interested in the topological states in corre-
lated electron systems with the orbital degree of freedom,
which will contribute to form effective spin-orbit interactions
different from the usual one. The purpose of the project is to
find topological phases in d-electron or f-electron systems and
to propose a novel phase. The gapless surface states charac-
teristic of topological states should reflect the symmetry of
topological phase in bulk, relating with the order parameter of
the state. Since they will affect the transport property at surface,
it is necessary to study their contribution in detail. Through
the collaboration with Prof. Tsunetsugu mainly, I would like to
contribute a progress in this research field.
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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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DR EFEHESEF CTER. NRNIFEFOREZRYT ) LV, BROKLS
[ A

Fourier power spectra of conductance fluctuation against in-plane magnetic
field due to “Zitterbewegung” (trembling motion) of electrons in InAs two-
dimensional electrons. The parameter is the azimuth angle ¢ of the field as
defined in the scanning electron micrograph of the sample in the inset, in
which the red arrow indicates the electron path.

1. EF8EWT - ACVEERR
Quantum transport in charge and spin freedoms

2. EFBEZRWLHENROMR
Study of many-body effects in quantum structures

3. BNIENA Ty MBEICE U 2YBRR

BA FEE R R Pt -7
KATSUMOTO, Shingo  NAKAMURA, Taketomo ENDO, Akira

% B B

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 with (1) combination of the spin-orbit interaction (SOI)
and nano-structures, also with (2) spin-injection in semicon-
ductor/ferromagnet monolithic structure. In two-dimensional
electrons with a strong SOI, we have realized spin interference
devices and also found phenomenon called “Zitterbewegung”
(trembling motion). Spin injection from epitaxially grown
Fe films with a high efficiency has been achieved. In a hybrid
system of superconductor and a diluted ferromagnetic semicon-
ductor we have observed superconducting Josephson currents.
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Magnetization curve of a diluted magnetic semiconductor (In,Fe)As, which
is used as an insulation layer of a Josephson junction. The upper-left inset
shows the differential resistance as a function of the voltage, in which Ic
indicates the critical current. The lower-right inset shows the critical current
as a function of magnetic field. Very rapid oscillation of Ic against the field
is recognizable.

Physics at interfaces between the phases with different symmetries
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Otani Group
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BHDSHEST S, AE Y ba =2 AWFZRIEHT 7= 73 a2l 2 T
W3, RETIE, BT ACY - 74V - 7F bV =)
VEEQHERI T3, BT DA U R RN E LT, MHAEICE
HXNBENDLDPOTER, ZNoD TRV 2y 13, ®B
Y E OB REEFED ;) 2 — VIR CE L 570, i
HTENZPHELICHAEZ R >Tws, LD ETIX
FEBEYHE OB DS, FTL VAL Y SR OB L 2
MU X BHVERIFICH) FLA TV S, E72, BRI Tk
ZERELC, AV AR AEICHIET oA b= 2%
TOWZERFEZT>T0 5,
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ZAEVR—ILEHROE - @
AEVREBMELER
EHREDORERIEDRER,
(a) A E YV RIE DB
X, AR/ —< 0 (Py)
£ (Cu) DI FREICE
MERTEICKDFEEL ()
e AEY RN RAE

*ERRE (Cu) zEA/licm
Mo THEEIEE T 2, il
ZEVRIE. GRIORYE
VIR—ILYE (Pt) ICIRUX
Ih, BAEYR—ILF
RICL-TERICEBRS 0

R \SHE(mQ)
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N3, (b) HEDFEILEY
TR—IJUIEHT (Riske = V/1)

DHIE KT H. ()Pt @ The relation between the conversion efficiency of spin Hall effect
28 vik—ILA (AE>i and the conductivity. (a) The schematic of spin absorption method.
- ERLMIHE )9y iz 1he pure spin current generated by the current flows between Cu
g, Pto gy & and Py electrodes, diffuses to right direction through the spin trans-
LT LR fEN IS S port channel (Cu). The spin current is absorbed by the spin Hall
Hh. H—mREMAHNE material (Pt), and converted to charge current via inverse spin Hall
ShTWERmhor, AffF effect. (b) The field dependence of inverse spin Hall resistance (RisHE
% Tl Osn iz Pt g = V/I) of Pt. (c) The conductivity dependence of spin Hall angle
BICLBIEEE (kL. (spin-current conversion efficiency))0SH of Pt. There has been a
ZhH RN - WEED significant spread in the Osy of Pt among reports. We revealed that
Sl k>t c=22  the Osg depends on the conductivity: the film quality of Pt, and the
dependence can be explained extrinsic and intrinsic mechanisms.

EZASHIC LT,

1. AV ROERE L RIS

Mechanisms of pure spin current generation and detection

2. AV RERAWCHESHEER
Magnetic phase transition by using spin current

3. MRAYAIINERERE TORE YR - BREEEER

10
(Oe) o, (aem™)

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

Professor Research Associate

The concept of spin current, a flow of spin angular
momentum, appeared in the end of 20th century, and evolved
a new spintronic principle based on the atomic-scale angular
momentum conservation such as spin-transfer-torque. The
methods to generate, transport and detect the spin currents
have been well established in the following decade, leading the
spintronics research to a new phase. Recent studies revealed
interconversions among quasi-particles such as electron, spin,
phonon, photon and magnon etc. via spin current in a solid.
These interconversions, called as “spin conversion’, often take
place in the nano-scale regions at the interfaces of deferent
materials, and thus, have great versatility and application possi-
bility. Our fundamental researches explore new processes of the
spin conversion and clarify their mechanisms. We also develop
the spintronics devices to control a variety of spin conversion
processes using nanofabrication technologies.

(a) +,
— Spin injection
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(b)

Bi,0,
Interface

"\-l'}y,,H T I:;;r":: T ]
WY/ -ITI a1V NRICEDRAE V- BRE, (a) 7V
NRERTREICAEYREFAT DL, EULFFEHRACVEE
AT TILZEDYTRESIERIL, AV REAMEEBICERNE
U%. (b)Cu/Bi203 RETHDAL Vi - BREMREROBIER, (c)
AEVRVEVTICEBAEYFEATELHES Y 2/0- TF)La
51V BEDHIBKRFE.

Spin-to-charge current conversion by inverse Rashba-
Edelstein effect. (a) Fermi contours splitting by Rashba effect
and the shift of Fermi surface to perpendicular direction of
spin polarization induced by non-equilibrium spin accumu-
lation after spin injection. (b) Schematic image of the experi-
mental setup for spin-current conversion at the interface of
Cu/Bi»03. (c) Magnetic field dependence of the inverse
Rashba-Edelstein voltage by means of spin pumping.

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

4, BHEFEANDZALVEA
Spin injection into organic materials
5. BEMED SBLEFESRTFANDAEYVEA
Spin injection into superconductor from ferromagnet
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Komori Group
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(a-d) Cu(001) E® FeaN [RFED STM MR, bV RIVER | ITIKE L TRIE

HICZELT %, (e) (a-d) DEMR LD STM MOROMER, AN TRLIEELSI(IC
I DB Z % & O ENDBEN S ITERNICE T B0 () b2 RIVAIEHRIRDER
STREPBRHKTFIE. EMARWNSEICIE. RTRULI 3d BEFHEROREEED
XEMICERRE NS,

(a-d) Topographic STM images of the Fe;N monolayer on Cu(001) at four
values of the tunneling current I between 45 and 0.1 nA. (e) Line profiles
along lines in (a-d). From the top to the bottom, I changes from 45 to 0.1
nA. Empty circles indicate peak positions. (f) Distant-dependent dI/dV
spectra measured at the tip-surface distance, d = 4.2, 3.4, and 2.9 A from the
bottom to the top. Iron 3d states are dominant when d is small.

1. BRFE - KA/ BEYEOBFRE, BiEELUGEE

IR XK =0T R4
KOMORI, Fumio MIYAMACHI, Toshio
% B

Professor Research Associate

Electronic and magnetic properties of low-dimensional and
atomic-layer materials with nanometer-scale structures at solid
surfaces are studied using scanning tunneling microscopy/
spectroscopy (STM/STS), photoelectron spectroscopy and
magneto-optical Kerr-rotation/second harmonic generation
measurements in an ultra-high vacuum. Local atomic, electronic
and magnetic structures, formation processes of surface atomic-
layer materials and dynamical processes induced by electron
tunneling or photo-excited carriers are examined by STM/STS,
while spin-resolved electronic structures, electron dynamics,
chemical bonds, and magnetic properties by electron and optical
spectroscopy using VUV light and soft-X-ray from laser and

synchrotron.

ek
ok ® tg
2okl °
sk Y k6
g A
w 4
-02 04 02 00 02 0.6 0.8
k(A )

(@) Bi1xShyx /EREZED STMRFHKR, (be) 7—UIZEBINZFEIRILF—
di/dV e 7 TIVZIXIF—EDIRILF—2, E - EFlE (b) -140. (c) -40

(d) +160. (e) +260 meV TH 2. FLRILF—TOEENYT ML qi-q11 ZRU
feo () 7—=UIZEBI N dI/dVED T-M & T-K AAD TRILF—IKEFM, (9)
(f) 5B Uz Bi1xSby ORE/\> RiEiE,

(a) STM images of a clean surface of Bij_xSby, revealing the hexagonal lat-
tice of surface atoms. (b-e) Fourie transformation (FT) of dI/dV maps at
E - Er = -140 (b), -40 (c), +160 (d), and +260 (e) meV on the clean surface
of BijxSby. The scattering vectors corresponding to the observed FT peaks
are labeled by ql1-q11. (f) Profiles of the FT images in the I-M and the I-K
directions. (g) Band structure of the clean surface of Bij_xSby reconstructed
from data in (f).

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

2. RYRILBFOL—Y XL LZBF - RTENERK

Electron and atom dynamics induced by electron tunneling and photo-excitation

3. BIRFE - RE T / BiEYEOAERE

Formation processes of atomic layers and nano-structured materials at surfaces
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AR VIS (STM) &, Z0&%HU CEID
JRFREEZ S P T20R 56T, b Lo tHlEIC &
DY 7/ B TOEIREBICET2AIRZE52, E5ICid
A AR (SP-) STM 2 X 2 PTG SR o £ A v
K, JEMEE L v 2L 436 (IETS) (2 X 54 sl
IANF BT 2z ST 2L TES,

ERNwises o, iimmmiss Fc@ifE 42 S TM
EEHWT, WRDZ IR v IPEKRARE ST/ FA X
HAZ AR A O MR IRBE D BIZE 0, BEIEM & DT B %
XD IFREIN 2R R BRI EBOH MBI 21T >T
W5, F7, SP-STMIC X2 A Y v #id &
eI 20128, IETS IC X 2 A Vi o F4e 4%
BEDZEEDIC, FFoal—sav Bl Yk
OFHZEHIEEL TS, T TIX, CeColns 72 EDEE
TRYWHEOE KRBT EAZ BRI - B DO WL
WCHIATED, BEEX vy 7TBIROFEFAT—LT
DERRRZEZRHL TV,

BILESBRETORENR. SiERED 1 RFEPb Ok, BEEH) & PoE
R (Ee. BnEH) ORMEBETHAES NI Y RIVAHIART M5, Bin
WRHEDFEN S 40nm DFFICHIc > TRHAELTNS T EARESN TN S,
Proximity effect at superconductor/metal interface. Tunneling spectra taken
around an interface between 1ML-Pb layer on Si (blue, normal metal) and
a Pb thin film (yellow, super) indicate the penetration of superconductivity
into the metal layer with a decay length of 40 nm.

1. B8 STM I & 2 FFTRIE T OBGERE IR 2%

RA)I i =H IS

HASEGAWA, Yukio YOSHIDA, Yasuo
HEBIR BhE#

Associate 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 very low
temperature and high magnetic field, we have observed various
phenomena on nanosize superconductors such as vortex
clustering and giant vortex, and peculiar superconducting states
in the proximity with ferromagnetic materials. We also study
magnetic properties of thin films related with their atomic struc-
ture using SP-STM, and their spin excitation with IETS. Modifi-
cation and control of these properties with an aid of the atom
manipulation are one of the targets of our study. Recent subjects
include heavy-Fermion materials, such as CeColns; atomic-scale
variation in the shape of superconducting gaps was observed.
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=]
04 021 00 02 04
Magnetic fleld (T)

AEVRIBESTM IC & DESNc AgRELDF /1A X Co 745 NEETD
“HACHRIR . HRISIC & DRI OB TS RET D7 (~+0.25T). NF T4
ROBIRNESNTWS,

Magnetization curve taken on a nano-size Co island structure formed on Ag
surface using spin polarized STM. Because the flips of the tip magnetization
occur at ~+0.25T a butterfly-shape curve is observed.

Superconductivity in local area using low-temperature scanning tunneling microscopy

2. RF/AFNZEaL—ravIicLBhHHE / EFAEYROBEE ALV RER STM I & % Z OFHE
Fabrication of spin systems by atomic manipulation and their characterization with SP-STM

3. EVWETRYEDOBETFIRE - B8Rt - BRISHE

Local electronic states, superconductivity, and magnetic properties of heavy-Fermion materials
4, FERT VY IARNVICLDZF/ AT =)L TOBMSH - ALV TREHE
Nano-scalel distribution of potential and spin current by scanning tunneling potentiometry
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Ir:SrTiO3 % Rh:SrTiO3 # eI VLT E 7255, Zho
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1. SITiOsHTHCHEBIELLBEEEF /E5—DSTEM&, 7/ ES5—#
B InPtPdRh OEBTHRES NIc, InSITIO3 R TR Ir &8F /EZ5—
BERLTYay hF—EZEIE L. KPRRICODEZZD S,

Fig. 1. STEM images of spontaneously formed noble metal nanopillars in
SrTiOs. Pillar formation has been observed for Ir, Pt, Pd, and Rh. A suitable
depletion layer forms around Ir nanopillars in an Ir:SrTiO3 host matrix.

1. INILA L —F—#EEIC & 2BEYERZ U TATOBEDFR

i

Uy IY— vy EiF BXK
LIPPMAA, Mikk TAKAHASHI, Ryota
IR Bh#k

Associate Professor Research Associate

Photocatalytic water splitting for hydrogen production
presents an interesting challenge for oxide semiconductor
development. The purpose is to design an oxide material that is
chemically stable in water, has a bandgap of about 2 eV, and has
high photocarrier mobility at room temperature. The first two
requirements can be met by using noble metal doped SrTiOs,
but the best photocatalysts, Ir:SrTiO3 and Rh:SrTiO3 have very
low photocarrier mobilities. We study the possibility of avoiding
the mobility problem by placing self-organized nanoscale metal
electrodes inside the oxide semiconductor. Spontaneous noble
segregation in a perovskite forms arrays of nanoscale metal
pillars (Fig. 1), which can form Schottky-type depletion layers in
the surrounding semiconductor (Fig. 2). The required photocar-
rier diffusion length thus becomes shorter and we can extract
photogenerated charge very efficiently from an intrinsically
low-mobility semiconductor.
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2. BERFOEESF/E7-0EAR. EBERICPOREICT 3 v bF—#
BERMU. XFRULICTA T v UTHBREET 2RICR—ILEBFIRPHERL
NEESE D, el BEF /T BEIBEEDBE LR ILABRREET DER
RENBHT Z7HD/NRELTHHEEET 2,

Fig. 2. Schematic illustration of a nanoscale metal nanopillar in a thin film (a).
A Schottky junctions forms between the metal and the oxide (b), effectively
separating photogenerated holes and electrons before recombination. The
metal nanopillar provides an efficient charge transport path to the photo-
catalyst surface for the oxygen evolution reaction.

Growth of thin oxide films and heterostructures by pulsed laser deposition

2. KABABBRISDEIRCICRIT FeBALYF B4R DR

Development of oxide photoelectrode materials for photocatalytic water splitting

3. BEMBIETILF T O v VRO
Polar oxides and multiferroic coupling

4. B> /EEEE T/ AVRY Y NEEOEM

Synthesis of nanostructures and nanocomposite thin films
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HARUYAMA, Junji
EEHERR

Visiting Associate Professor

Creation of various two-dimensional (2D) atom-thin layers
(ATLs) by some methods (e.g., mechanical exfoliation of bulk
layered materials using scotch tape) and research of those
spintronic, electronic, and photonic properties are ongoing. In
particular, nanomesh structures are fabricated on various 2D
ATLs (graphene, black phosphorus, hexagonal boron nitride,
and molybdenum disulfide (MoS3)) by using an original non
lithographic method (i.e., porous alumina template mask) and
unique magnetic and spintronic behaviors arising from the
ultra-clean and low-defect nanopore edges are studied associ-
ated with various adatoms terminating the pore edges.

Research of introduction of Rashba-type or intrinsic spin-
orbit interaction (SOI) into graphene, which has no SOI due to
its small mass, is also carried out by decoration of small-mass
adatms (hydrogen and fluorine) and heavy-mass nanoparticles
(Au, Ag, Pt, and B,Tes) It may lead to possible 2D topological
insulating state. As application to next-generation electronic and
photonic semiconductor ATL devices, a semiconductor -metal
transition of atom-thin MoS; is also studied by using electron-

or laser-beam irradiation.
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B’ HE = B #

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.

Professor

YOSHINOBU, Jun

Research Associate

1 RIS, AT T RIS,

5K Et IR R E
YOSHIMOTO, Shinya Project Researcher ITO, Takashi
FO RBE IMEE ® BEF
NOGUCHI, Yoshifumi Project Researcher  KIM, Changsu
e Ea IR N
HAZAMA, Yuji Project Researcher  ZHU, Lin
| EF= BIIHRE B o—E
MUKAI, Kozo Project Researcher  TAO, Renchun
BERIZE Bl AP
Project Researcher HIYAMA, Miyabi
IS AR RE
Project Researcher  YAMAMOTO, Yoshiyuki
BERIZE "B
Project Researcher  YAN, Lei

/ concurrent with Neutron Science Laboratoy

2 PR, ABEF S R — LR,
/ concurrent with Division of Nanoscale Science

*3 BRI, AT EERYIEFITER,

/ concurrent with Division of Condensed Matter Science
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Professor AKIYAMA, Hidefumi Research Associate
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Professor SHIBAYAMA, Mitsuhiro Research Associate
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B B,v IR XK FErImE

Professor KOMORI, Fumio Technical Associate
g *

B 8" # MR

Professor MORI, Hatsumi
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Professor YAMAMURO, Osamu

BT 28 &

Associate Professor SUGINO, Osamu

\ * -

R Dy Iv— IvY

Associate Professor LIPPMAA, Mikk

A WHE B

Associate Professor MATSUDA, Iwao

\ * =

B H0O 185

Associate Professor NOGUCHI, Hiroshi

A FRE #X

Associate Professor

HARADA, Yoshihisa

/ concurrent with Laser and Synchrotron Research Center

*5 PR, A5 R .

/ concurrent with Materials Design and Chatacterization Lavoratory
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Yoshinobu Group

FRHFH ORFED—D1Z, 7L 7 DRFRIEDS BN IR
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Gy FAEICRIANCHSE L T L OB 2 W53 2T SO
THLHIEPROEELRHMTH S, F/. KERHEIZY
HEBHOEZT T3, TRLX—EHmOLE LT H G
THETH S, KETIR, FT - TFLLeillllsns
FI AT =N DR (B2, S X077 IRy —, R
FHEDBARRTEALE Y, B ORE I N7 T-HER
7E) BIEBL, BEREZRIS7F/ c TAALARHEET B2
ELTRBIC A > CE /2, TR =L CTYEBE (MEHK
i) ZHIFEIL ., BEEE O OMBR T AL ZAZAIET 27201
. R - RSB 2K EBEZ AT 2 LA ART
b5, RMBIIDEF - D FDOYLF I 7 AW, il
SIS S X7 N = B S i 6 X PP/ ) e I/ ' oF o e P
LTEY, FHICET 20 FELICOWTOFERR Y 252
U b, SfFEETlE, Rifl - RAICBT 2T - 451
DYAF I A (WA, IR, R, B, R/ vE
OMEER LORMAMOE - YMEZ, RiRE6, LE
oyt EOEM R E, B v ROV BB

s % A =iy
YOSHINOBU, Jun YOSHIMOTO, Shinya
Bi% B

Professor Research Associate

Solid surfaces are intriguing objects, because novel struc-
tures and electronic properties emerge as a result of symmetry
breaking of bulk. Solid surfaces play an important role as
“low dimensional reaction field”, on which we can provide
atoms and molecules and manipulate them deliberately. In
addition, surface and interface are vital in the energy conver-
sion and dissiparion processes. In order to fabricate atomically-
controlled surface functional materials, we have to understand
the dynamical behavior of atoms and molecules on surfaces.
The research of these subjects is closely related to the basics of
catalysis, semiconductor processes and molecular electronics.
In addition, we can simulate chemical reactions on cosmic
dust with laboratory experiments in ultrahigh vacuum at low
temperature. We have utilized surface vibrational spectroscopy,
photoelectron spectroscopy and local probe methods in order

to investigate structures, reactions and electronic properties of

atoms,molecules and thin

films on surfaces. Synchro-  {a}
tron radiation (KEK-PF,
SPring8 etc.) is also used to
study electronic structure _ 4
of surface and interface, :

S S ) 3 NS ——
BT AR NEE R LTHA LTV S, ¥ including operando Xps, P
7abu v (KEK-PE, SPring-8 %&) % H7:5%
DA <T Y FRE TR BT T 5,
(b)
Xl
= <10
;. =)
(a) Optical microscopy image and (b) I vs. V curves for the = g
TIPS-pentacene film measured by four Galn tips. A square =
four-probe method was used to detect anisotropy in mobility. £
Two sets of I vs. V measurements were performed: parallel I,; 2 30
vs. (V; - V) and perpendicular I, vs. (V3 - V), and they were g -0
plotted as a function of gate-to-channel bias Vi - V, to remove E 1]
the contact resistance. [Appl. Phys. Lett. 111 (2017) 073301]. o

1. EFILMIRIC & 30D FOER(L & RERGOHE

s 0 1,5 |
Voltape Drop V-1

Activation and surface reaction of small molecules by model catalysts

2. BFREICEITBRT - 2 FOBHBEDHE

Dynamical processes of atoms and molecules on solid surfaces

3. ¥ERB L VEREROBEFRE L RABICEDOMR

Electronic states and surface conductivity of semiconductor and organic thin film

4. 73700y YR EERTYEDBFRE L RISEDHR

Electronic states and reactivity of low-dimensional materials on surfaces

5. FEKHPORELFRISDIFT

Chemical reaction on solid surfaces under ambient conditions
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Akiyama Group

R T BGOSR, ~T R - ) R
ICEED R R L — — 2 KBEE D 7N AW EL, RS
WEVIRKO LYY %, L—F =5 - B
Jerf R BT 2 O CHFZEL TV B,

PIERL — Y — 12 LT, RRKEREKRE 2 25k
ZEIRRZZOMA, W PEpREEZ AN L, 7241
PR VAT AR B KR T 2 E2T>T0 5, ALH
B EL LIV 8k s v 7 LK 5 it o 1R IR %
A IR IR % VBB R 2 7N A A BT
HIT>Tw5, /o, R0 —THl#EEo
PRI — Y — 2L, BTN EY
P, ROTE, B EALRZIRME, kL —5 — B,
TR, WERE R O R B D S FZE 2T o T w5,

JeE TR E LT, Ml - MG 0 Fo & mER I
Bt § 2 B, Moot g  ERIT 2 8, /RSO3
N 2 5 1S 2 BT, B e PR E I O B, V) v
FA>—2 a VBB R E 2R LTHWS, 36, 2N
SOEMEICHL, BRIV T F707 SRV OEYF
P =T IR E R, B - A - BGR O EY
KeRESth L H LTV 5,

Firelly luciferase

100 A T REFERL —
H— (ab) EMTILILY Tz
5—t (c) DS

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

1. AIBRA v Fy IHEEL —F—K L OKRBERD T /N1 XY
Device physics of gain-switched semiconductor lasers and solar cells
2. BmEFEREFHRE L UCHFICRITBERTEFELF v U7 DLAHEMER & IEFEiE
Many-body interactions and non-equilibrium properties of low-dimensional electron-hole systems in clean semiconductor quantum wires and wells
3. ¥EABTFEER L UT /N1 RADER, SREL. BETMH. B\HIEEHR. EEREHR
Material physics and development of high-quality semiconductor nano-structures via microscopy
4, IRZI - 73T « T IIRY )ik EDEMFN & YL FE RS ETRIERE
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards

34

"A\ L -
/NI 54 wE Ba
AKIYAMA, Hidefumi HAZAMA, Yuji
% B
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.

>
A T T T T T T T
§1or E
£ 08| Fitting: sech? B
% 06l Pulsewidth 4.7ps
B 04
N
E 0.2
<23 0.0
-30 -20 -10 0 10 20 30
— Time delay (ps)
Z12 T T T T T T
S 4ok Short wavelength component |
g - after optical filterin
§ o8l ifter optical fi 9
2
s 06 B
2 FWHM 0.56nm (b))
£ 04 —
§ 02 B
FEERL - =D 5D 5 0.0 - 8
47 ps/VL AEEEFAE = O Extraction of short wavelength ..--36 »
ke} . . . ’ - 3
ES E_w | component via optical filtering e Ep %
= ‘ 3] <
- p J28
Direct 4{./ ps pulse z Filter @ 1,8
generation from a =30 1°8
. . . z 0 .. q0 =
gain-switched semi- £ -0 -go‘f;‘“,'\“‘?",—‘ 123
N k] o -4 =~
conductor laser diode. @ .50} © Spectral  \ 143
’ £ X 4 < mm Broadening 6%
Ui 60 K\ | Bl
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Sugino Group

PR S aL—vavE v, WHEOWEE % R
ICRHT 5720 DE—FEEI R 2T > T 5, AifA=ET
222 —2avonNREIT 570 D% GHAETF L
%) EMEEBHT 220D %E (A——ava—%%
HweriaL—vay) Omfi»sfiAz2iT>T» 5%,

FIERFE OX G, (1) B 5 K B o Ji &R BB G5
ZURIZT 270 D% k7 — v BBE (GW + Bethe-
Salpeter i) 7’1277 AFE, (2) ERSEE IR B HLO
7D, AL —F—{THIRIC I LGER DR D & SO i
P IFNBEER 74T UVIERICE S W ERADBIT, (3)
{L2EBBI X 0 B 2D L T 2 SRR O E i IR g % 3Rk
D510 DEENBIEILE D TH %,

FEREaA IR LY oL — a vy SREMICT W, Mg
5 N CoMEHER. HWRhcodERy FoRER, £
T D T4 7 v 78R, BARHE thdE iR fil 45 72 & o i
BHZfT>T\W3,

Bathe-Salpeiar

n!
quAthon s,:zm".g':i.w

To-B3LTE

Photo-sbsor plion spectram

Time-de pendent _/’
OFT ™"

RRF/PE (SNl F /U757 1y) ODBEEFESNIATINZARY M,
AEE (GW + Bethe-Salpeter) (&R DEE (time-dependent DFT) & L.
KRBERFRB—HERL TV, 200 RFRTOEENRMEREIEN AL
Rofce

Carbon nano-material and photo-absorption spectrum. Our calculation
(GW + Bethe-Salpeter equation) improves over the conventional calculation
(time-dependent DFT) and yields results comparable to experiment. It has
become possible to reliably predict excited states of systems up to 200 atoms.

1. GW + Bethe-Salpeter JkIcE D < FIRIREEDE—RIEE

B0 B

2% (&
SUGINO, Osamu NOGUCHI, Yoshifumi
HEHIR Bh#

Associate Professor Research Associate

Development of first-principles condensed matter theory
is the target of study. This is done by advancing computa-
tional methods and by performing large-scale simulations.
The methodologies under development are (1) the many-body
Greens’s function approach to the excited states of materials,
via the solution of the Bethe-Salpeter equation within the GW
approximation, (2) accurate wave function theory based on the
antisymmetrized germinal power and the Pfaffian, in place of
the conventional Slater determinant, and (3) density functional
approach to the non-equilibrium and steady state of the electro-
chemical interface. Collaboration with experimental research
groups is also an important theme. The theme includes (1)
structural phase transition of a material under strong magnetic
field, (2) thermodynamic stability of bioluminescent material,
and (3) Dirac cone of novel thin films grown on surfaces, (4)
design of electrocatalyst for the next-generation fuel cell.

dielectric continuum

ESM

+ + + + + + 4+

bias

BEXBERFEICH T B2 RIG & FFFEEBRE
Electrochemical reaction and non-equilibrium
steady state of the platinum-solution interface.

First-principles calculation of excited states based on GW + Bethe-Salpeter equation

2. RAMMEY £ 2 FIVICED K SREREEEER

Accurate wave function theory based on antisymmetrized germinal power

3. BRICFFREDOE—FRIBFHE
First-principles calculation of electrochemical interface
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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
two core groups and six 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 experiments
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.

[

% B I EFH B % ZH B BERRE  NY JAATYV
Professor OSHIKAWA, Masaki Research Associate TADA, Yasuhiro Project Researcher MAN, Huiyuan

N 3 =k
% B ik AN B % EH OBA BEFRE" EHHED
Professor NAKATSUJI, Satoru Research Associate  SAKAI, Akito Project Researcher SUGII, Kaori
% g TE RER g™ TE e BEWHRE™ A BE
Professor SAKAKIBARA, Toshiro Research Associate SHIMOZAWA, Masaaki Project Researcher SUGIMOTO, Satoshi
B B X IE I —& 3AEL HEmra ™ BE R
Professor SHIN, Shik Research Associate  ISSHIKI, Hironari Project Researcher HIGO, Tomoya
B 8" EH = IR X E BERERE™ LKoY TIHVE Y-
Professor HIROI, Zenji Project Researcher OTSUKI, Takumi Project Researcher MUDULI, Prasanta Kumar
B g™ KA &E BITHEE Y FrrVzI pEAHRE SN I8
Professor OTANI, Yoshichika Project Researcher HSIEH, Chang-Tse JSPS Research Fellow SHIMURA, Yasuyuki
g™ T & HIEHEE Fry AT  HiREREHES 2H #F
Associate Professor YAMASHITA, Minoru  Project Researcher CHEN, Taishi JSPS Research Fellow SUGIURA, Sho
5 * N = = e - = AR
R Pl BERRE EH =k PiRERIIRE Fa1 YV
Associate Professor KONDO, Takeshi Project Researcher TOMITA, Takahiro JSPS Research Fellow Qu, Danru
R (B8 BH Z=ARER S

- 1 R, ABI R E.

Visiting Professor  ARITA, Ryotaro

HBHEAER) LI TY—
Visiting Professor DAMLE, Kedar

BBHONBEAEE) 7V AV
Visiting Professor RAN, Ying
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/ concurrent with Division of Condensed Matter Science

*2 g, ABIZERIE—L > M RSHRE Y Y —,

/ concurrent with Laser and Syncrotron Research Center

*3 PR, AT E R EEE .

/ concurrent with Materials Design and Characterization Laboratory

"4 BRI, AIEEF S X — VR ERF,

/ concurrent with Division of Nanoscale Science
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Oshikawa Group
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%R MG 1R B KO O Bliw O R 2 B (R & 5
T2, JAHZRICOWTHIL T 2R AR E R T2
Livic, FEEREROM— BRI RN 5
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REZIGHLT BRI 2N D FE FTIE¥F v v 7L A
B SFAHDRNCHT 7 BB B 2 BB LT, T,
HPHOHICH 5 RBHZ b7 THDTH D, TDLH
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Y I7AE VR ED AR bR Y AU E FEBLIT %
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CiE, EBRHMFRE LTHEEL TV 5,

X7 —~ Research Subjects

I EZR ZH BK
OSHIKAWA, Masaki TADA, Yasuhiro
Bi% 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 EEEEEE (Metal-Organic Framework, MOF) Z#W 4 T 72
VIRADFET, FYT7ERIG, BEEREBE U TRAEYREZERT 5. 3k
BICHERREVREICRITZ2EFAEVEETH D, 1Y I TV LABIEHNEDOE
BEAYTOF I T7RBORENER SN TNDD. INSOYPETEHE
BRBICERY 2\ BNV BEEEROFSHARE . EEREIR
EVBRETIE RV, BAE. MOF Z WTEZERBIEEERZMFI L. &
DERNRFY T 7R OEREO IS ZIRE U,

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

1. BFRAEVRBSPEEBFRICETDETFALVHIB

Electron Spin Resonance in quantum spin systems and itinerant electron systems

2. EFHROBERICE T B8 & HI5ER

Conduction at a junction of quantum wires and conformal field theory

3. MROVAIBEEFIVIVTILAY N
Topological phases and quantum entanglement

4. W1 ZIiBREDOHEREEE
Orbital angular momentum of chiral superfluids

5. hAROVAHIAE - FAREVHILIBROYMERTDORER

Realization of topological phases and topological phenomena in materials
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Nakatsuji Group
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LWERTBHRZHETYWER 2ORBKTH S, 351,
INSORTHROFHRIIBROBEHRILLE P 0T th20
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. ZOXI BB L OEEEDOBIFEE HIF L 2 B E B ¥ 1
WO fA, AV PR =7 AP R F —N— R 2T 1
T EDIHICE T 2 H - E TR R T 2 % %
DTV,

2D, EDEETIE, WHOLEARDHLS
T HLOYHBIRO S A2 HIE L 2 RemPrile,
7oy ZNEIGH L7z 734 AERLR i IREHIE 12 b 1% AT
VW3, Sk TR OTH LA Y O BGE EE RS v
PEEICHS IO T L L bic, WHELRE TR PBIND
R 2> & S BB A Z IR DL LT Ok 4 ZeiEifs B 1
ExITHOTV 3,

a, MEIEERICE 1T 2 RER—ILMR (EN) & RIBBEMEAE MnsSn ICE 1T 5 RER—
VAR (AR, BHMEEFTIE. BRBEM L > TEFOEBHIHITESNS
Lic&h, EAEET (B = 0) TR—ILHRVBEWICRNS, —A T, R&HE
@ Mn3Sn TiE, EAKIBT (B = 0) T 2. BHEEMEM OBWREICEWT,
R—LBRNBENICREND. COBE. BEFOEBEH T 2ER & 52 RIEHG
REHIZ b H\ AEYFSUT s DHEFLICE>TEHRSETNEEEZIS5NS. b,
Mn3Sn DIEREIE, 71 TAEFORIERICAET S Mn [FHIE—X > b (BXRM)
EHU. FIIREREBEZ R ¢, Mn3Sn IL&EF B2 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

”
/4
Bt Al BEH OBAA
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.

a magnetization

1]

& (pErom)

[F270] +—i] ;mu

1. DAIIVHEEEDEFCEMNREZDRAEY NAZY RGH

Quantum transport phenomena in Weyl magnets and their applications for spintronics

2. MROVAINEEEDREFEE TRILF—N—RZT 1V

Search for novel topological magnets and their application for energy harvesting

3. MRAYAILEFELH U WBEEAEDREA
Search for novel topological phases and superconductors
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BrwEEI N—T

Quantum Materials Group

s NI

Damle Group

Fex oo, BOHBZRF >R TFRICEIT M
EHIER, BROZNGICBET 21 oMETH S,
7 AL — LB R R —A KR Tk, HALME
ADBAICED L HOEL FL X — DR R T2, 2
E, LIFLITETFOSERHWS FTRELI /-
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&9 B PR D RIRAH O BAETY - fEHTITICHLD 0 ATHE
BHNCHT 20D TH S, BAENANRELTE, KW
KREBH AKXV ZFFO7 72 ML — MR, 7
FAL = LIMEERZR DR Y v R o N5,
DEIRFZDNEINLT I 2L —avyZABICT2H LW
TITYZALDOBFITENL TV B, EIkslid, R
RRMIHEI G T A ADHFE I FEICB TSy brE—i
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AH

ARITA, Ryotaro
EEHIR

Visiting Professor

SEAER

My current research interests are in computational materials
science based on first-principles calculation. Especially, I have
been working on a variety of correlated materials such as transi-
tion metal oxides, heavy fermion systems, molecular solids, and
so on. As a visiting professor, I am planning to study functional
antiferromagnets. Motivated by the recent discovery of large
anomalous Hall effect in Mn3Sn and Mn3Ge by the group of
Prof. Satoru Nakatsuji, we have recently formulated a scheme
based on “cluster multipole” to characterize the magnetic struc-
ture. With this scheme, one can design electronic, transport
and optical properties of magnets with general spin structure.
Collaborating with my host, Prof. Nakatsuji, we wish to find new
functional antiferromagnets. In addition to this project, I intend
to interact with other ISSP professors.

|«

LI TH—
DAMLE, Kedar

NAEAEBEESHEZ

Visiting Professor

Our research focuses on phases and transitions in strongly
correlated quantum systems as well as related problems from
statistical mechanics. Frustrated quantum magnets and other
bosonic systems, in which the leading couplings compete with
each other and are unable to determine the low temperature fate
of the system due to a large degeneracy of low-energy configura-
tions, often provide realizations of interesting low-temperature
phases stabilized by quantum or thermal fluctuations within the
subspace of low energy configurations. With this motivation,
much of the work in our group has focused on numerically or
analytically tractable examples of such interesting low tempera-
ture phases. Examples include frustrated magnets with relatively
strong single-ion easy-axis anisotropy and bosonic systems with
frustrated interactions. A recent focus has been the development
of algorithms that allow efficient simulations of certain classes of
frustrated magnets. Additionally, we are interested in examples
of entropic ordering as well as critical phases in the statistical
mechanics of lattice gases that obey local constraints, since these
phenomena are similar to order-by-disorder phenomena in

frustrated magnets.
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Visiting Professor

One of the goals of our research activities is to develop
systematic theoretical understandings of new types of corre-
lation-driven topological phases and to search for these states
in practical materials. We plan to theoretically develop certain
generic symmetry-related conditions, under which exotic
topological phases are inevitably realized. Namely symmetry-
related conditions could enforce topological phases. These
symmetry-related conditions would provide guiding principles
to identify both realistic quantum models and candidate
materials realizing correlated topological phases. Another goal
of our research activities is to algebraically analyze quantum
critical points in frustrated quantum spin systems. For example,
based on recently developed boson-fermion dualities, it turns
out that electronically doping such quantum critical points
could immediately lead to high temperature superconductivi-
ties. This algebraic analysis would allow us to sharply under-
stand the pairing symmetries and mechanisms, which could be
relevant to multiple unconventional correlated superconductors.
ISSP provide us with a unique opportunity of collaborate with
Prof. Oshikawa, who is an expert on many aspects of topological
states of matter. Moreover, ISSP is one of the leading institutions
in this fields of strongly correlated quantum materials. We hope
to both contribute to and benefit from the exchange of ideas
with the members of ISSP.
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Materials Design and Characterization Laboratory (MDCL)
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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.
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Professor (Director)  HIROI, Zenji Research Associate
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Professor KAWASHIMA, Naoki Research Associate
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Professor OZAKI, Taisuke Research Associate
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Associate Professor NOGUCHI, Hiroshi Research Associate
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Associate Professor SUGINO, Osamu Research Associate
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Project Researcher  YOSHIMI, Kazuyoshi Research Associate
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Visiting Professor FUCHIZAKI, Kazuihro Technical Associate
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Visiting Professor NOVAK, Mario Technical Associate
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Superconducting transitions observed in resistivity for the p-pyrochlore
oxide superconductors AOs;Og found in the Hiroi laboratory. The Tcs are 3.3,
6.3 and 9.6 K for A = Cs, Rb and K, respectively.

X7 —~ Research Subjects

The remarkable discovery of high-T. superconductivity and
the following enthusiastic research in the last few decades have
clearly exemplified 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 most typical
systems where Coulomb interactions play a critical role on
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 number of electrons. We anticipate there unknown, dramatic
phenomena governed by many-body effects and quantum
fluctuations.

HT AT R
RILRG A

quantum spin on Cu?* ion

ZEY 1/2 ATAEFREBMEEDOETIVYE & RZDMEPRILRY 1 N OES
it C BiER

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

1. HUWEFREYRRURIEEET RYE DR

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

2. AEY 1/2 AT XMEF REEREMEADEEIREE

Ground state of the spin-1/2 kagome antiferromagnet
3. BRBEEG

High-Tc superconductors
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2T NERETORDAHEREZEERT DBERETF. ZATRBTVVILZERL.
Multi-scale entanglement renormalization ansatz (MERA) ZFAWTETE I N2,

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

AT —~ 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.
(Ternary, 2-site) (x=4,x"=12)
' ' Exact
ol 183
-
L) eneee*®® | .o
s}
e A
"‘-:1 15
L e 1/8+1
1
05| o
o ? 168
L] L] w 13 n

index
BOAHBEEFOEEERENSROS5NDZ 2RTA IV ITETILDRT—Y >
V' RITo
Scaling-dimensions obtained by solving the eigenvalue problem of the
super-operator.

1. HLWEFHE EFHEEBRORE

Search for novel quantum phases and quantum transitions

2. ZEEOBIERE DR
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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X7 —~ Research Subjects

Our 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 indispens-
able for researches in solid state physics. However, the develop-
ments of these techniques that can realize in-situ measurements
under multiple extreme conditions are often challenging and
require sophisticated considerations. 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 correlated 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.

ERTAVAIEIEZETRY MnP EEYDOENHERETRY, EETE T =
280K U T TOBBIERFEBE LV Ta1 = 50 K O REHMEIHKFEE
ERY. BET T BREIEKRF IEHEE UM RREIERFNHET 2,
P = 8 GPa fHiE Tl Mn (L&Y TIEUHTERZBEENHIRT 5, R
FICIE. BET (NUAL cBE) TORLUBET (5 GPa) HIEFE
FTHSHCBSTRSEE (NUAIL b EE) BEFHIRLTHS,

MnP is ferromagnetic between T, = 291 K and Ts = 50 K, which
adopts an orthorhombic B31-type structure with space group
Pnma. A temperature-pressure phase diagram is shown in this
figure. With the application of external pressure, (1) both fer-
romagnetic (T) and antiferromagnetic (Tg; helical-c structure)
transitions decrease, and Ts vanishes completely around 1.4 GPa;
(2) a new antiferromagnetic (T*; helical-b structure) transition
appears around 2 GPa, rises quickly,
and merges with Tc around 3-4 GPa at
Tm; (3) T, helical-b structure, is con-
tinuously suppressed and eventually
vanishes around P. = 8 GPa, where
superconductivity with a maximum
Tsc = 1K is observed. Exotic physical
properties associated with the mag-
netic quantum critical point at P are
evidenced. This is the first discovery
of superconductivity among the Mn-
based compounds.

helical —¢

1. ZERETICE T 2HFYHERKOER

Search for new physical phenomena under multi extreme conditions

2. (CEBREREDENFERGBRK 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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Underlying idea of the O(N) Krylov subspace method. (1) Construction

of truncated cluster for each atom by picking atoms up within a sphere. (2)

Projection of the truncated subspace into a Krylov subspace. (3) Solution

of the eigenvalue problem in the Krylov subspace, calculation of Green’s

function associated with the central atom, and back-transformation to the

original space.

KT —~ Research Subjects

In accordance with development of recent massively parallel
computers, first-principles calculations based on density
functional theories (DFT) have been playing a very important
role in understanding and designing 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 an
O(N) Krylov subspace method, of which computational cost
scales only linearly, based on nearsightedness of electron. The
O(N) method enables us to simulate Li ion battery, structural
materials, and graphene nanoribbon based devices which cannot
be easily treated by the conventional method, and to directly
compare simulations with experiments. In addition to this, we
are aiming at realization of materials design from first-princi-
ples. As a first step towards the materials design, we have been
trying to develop a method to predict complicated crystal struc-
tures based on machine learning techniques. 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.
F—=5—=No7UOTEHREEET

BESNEBCCHENC DBH evevronnnnnnnntil]
EEREORBILMEE, NaCIE =i arr e sl
& D NbC(100) & & BCC #iED ITnfrrrrrersrrnrrvnn
Fe(100) ¥ Baker-Nutting OBgff Z [+ s+ s ss===sessnnas]pm,
[010]noc//101 T]Fe, [001]Nbc//£u:_f+.:‘ SV VAN
011 OBBA I THEAEER  lr | I: III RN
EEMHT 5. HRERTEHET "I‘ tatatotoel
DBRWEEERAOLESIC Fe BF okt LML WL B I I

o H w m m i n k-3

M CRFIEDE, EHHAERIC
RATWSZ ENGHN 2,
Optimized semi-coherent interface structure between BCC Fe and NbC by
the O(N) method. BCC Fe (100) and NbC(100) in the NaCl structure forms
semi-coherent interface structure in the Baker-Nutting relation: [010]nbc//
[011]Fe, [001]Nbc//[011]Fe. Iron atoms approaches to carbon atom due to
strong interaction between carbon and iron atoms, resulting in that struc-
tural strain affects into the inner part of iron.

1. B—REEFREFAEICE T DNENFEFE -

FILTU X LOBEF

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

2. F-REBXCEAEFEDORHE

Development of first-principles electronic transport calculations

3. 2RV Y AVBEDE—REETRENE

First-principles calculations of two-dimensional Si structures

4. KBFDHARY MVFEFEDRFE

Development of first-principles methods of core-level binding energies in solids

5. OpenMX DFA%E & N
Development of the OpenMX software package
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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 hydrody-
namic simulations: discocyte-to-parachute, stomatocyte-to-
prolate, and prolate-to-discocyte, etc. We also clarify the several
fusion and fission pathways of the membrane using coarse-
grained molecular simulations. In particular, the pathway via
pore opening on the edge of stalk-like connection was newly
found by us, and later supported by an experiment.

NFFRY VIRV ERFICLDEF 21— Tk FHICEL> TRZRTIEFRD
Ry NT—VEEER D,

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

%7 —~ Research Subjects

BRTOFERESD FOWE. 7EILT 7 ABICEANERL. BT TV,

Fracture of polymer material under axial extension.

1. #ERE. BEENRY U IO
Shape transformation of cells and lipid vesicles

2. EREORE. A
Fusion and fission of biomembranes

3. FEE T CORMEUEFIEDS 1 FIU R
Dynamics of membranes out of equilibrium

4. BDTFHRIOBE
Fracture of polymer materials
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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.
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Molecular crystal SnI4 has been known to undergo pressure-
induced solid-state amorphization. This peculiar phenomenon
was discovered in 1985 by Professor Y. Fujii, who asked me to
solve its mechanism when I visited ISSP in 1994. After theoretical
consideration, the phenomenon was expected to be related with
melting anomaly. This latter expectation was indeed confirmed
by experiments, which further revealed the existence of two
liquid states with different density. The amorphous state found by
Professor Fujii was thermodynamically identified as a state formed
from the high-density liquid phase by vitrification. A phenom-
enological model introduced to explain the water polyamorphism
could capture the relationship among all the liquid phases and
amorphous states. The model also predicted the existence of the
liquid—liquid critical point in a pressure—temperature region
accessible to us. We recently succeeded in identifying the region.
This success has taken us to a new stage, in which a more realistic
model must be developed to quantitatively discuss what occurs
in the vicinity of the critical point. The interaction with Professor
Noguchi, who actively promotes the relevant field, will certainly
make us take a step forward in this issue.
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Mario NOVAK, comes from University of Zagreb and this
is his second long term stay in Japan. His previous stay was
as a postdoc at Osaka University. He is a specialist in the low
temperature physics and material synthesis. The topic of his
research involves new topological materials, e.g., 3D Dirac and
Weyl semimetals and topological insulators. These materials
emerged after realisation that the topological nature of the wave
functions could have serious implication on material proper-
ties. In particular he and his group are interested in discovering
new magnetotransport properties of topologically non-trivial
materials and understand how they differ from “conventional”
materials. The materials he is currently working on are 3D Dirac
materials such as CdszAsz, Zr/HfSiS or Weyl semimetals TaAs
class of materials. Collaboration with members of ISSP will
strengthen the scientific connection between ISSP and Univer-
sity of Zagreb on the benefit of both institutions.
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Supercomputer Center

# YA E B[] {HF Charperson: NOGUCHI, Hiroshi
BHYFE JI|E [EFRE Contact Person : KAWASHIMA, Naoki

# Y E EIE 2Z=Bh Contact Person : OZAKI, Taisuke
BYmE EF {& Contact Person : SUGINO, Osamu

Bh #% & HEiE Research Associate : WATANABE, Hiroshi
Bh ¥ 5 FEEH Research Associate : KASAMATSU, Shusuke

KEGEHFEEE TG ED YR AEHDOA——a v
Ea—¥ T ATL%, A—2—avta—SHENHEG
ZOEMICHE D TR EOYIE T O FEA I LT
W3, ANV ATAIZ2016E T HICHEHF I N K
HLBE NG 51 FF B B (SGI ICE XA/UV AL 7Yy by AT
A, 3820 CPU (Intel Xeon) + 576 GPU(Nvidia Tesla
K40)) 1z, 2018 4 1 IS KR8 7 4 o A B B3I 1) 5 5
¥ (HPE SGI 8600, 504 CPU) ZMAZ 7 E T AT LT
Hb, YATLDRY Y —EDEIEAKIC Ko TR R
ATLMEREMTET 2L EbIC, 2EI—F D5 DHHRIC
ZOMPIEL DS, PATLOEHEMAZIT-oTW 5,
A=R=av o= DRAHFHICOWTIE, A—bR=
(http://www.issp.u-tokyo.ac.jp/supercom/) % &l Z 417z \>,
£/, 2015 FEEEHSY 7 by 7RIS - MR e s
JL%FAR L7,

T GHEWERIE A Sa R ERE L TRA L Tt
HaaE, FEE, JuREEE T 07 b SHREYERE
NMER 2y —> 74 (PCoMS) ZH F—FLTWn3,

A—/\—aAvEa1—% 2ZXFLB (SGIICE XA/UV hybrid system)
The supercomputer system B (SGI ICE XA/UV hybrid system).
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EfErRE KEH BT
giEMBE BH R
PTEESrImE mAR BT

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

-

A,

/

Y /KASAMATSU

1 I "

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 system was renewed in July 2015.
The latter system is to be installed in January 2018. In addition
to maintaining high performance of the system in cooperation
with the venders, the SCC also responds to questions and inqui-
ries from users on daily basis.

We support software development projects for post-K
computer, Elements Strategy Initiative, and PCoMS by providing

and managing computer resources.

SGI ICE XA/3744 CPU + 576 GPU
2.62PFlops 240.4TB memory

SGI UV/76 CPU
31.6TFlops 19TB memory

disk array
129PB

System B

new System C

available from
2018/Jan

MERRAHRFBR—/(—AYE21—9 Y AT LBRK
The Supercomputer System at the SCC-ISSP.
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Materials Synthesis Section

B Y B
T H B

BH &=

FAFH  FUEEF Technical Associate : ISHII, Rieko

Contact Person : HIROI, Zenji

AETE, FWHDO AR, WRMYEOREN, B
HERAEM RO AR 27> T0 5, £, Sl
PRSP HT T RUA, BURHR BN T %2 & 2 TN+ 0
SEREM AR S & LT LT 5,

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

FEXF

TA—Ta VIV —VBERBERA. BiERSI P SEESFE (EHM
H#HXTUYITVIA, 7IVIRA F—UBRF. YUy MNA).
BHZEREEE (100 Torr). FEHUIMHE

Main Facilities

Floating-zone furnaces, Czochralski pulling apparatus with an
induction heating system, Bridgman-type furnace, Ar-arc furnace,
Furnace for flux method, Ultra-high vacuum deposition apparatus,
and Cutting machine.

BiESEs| LR

Czochralski pulling apparatus with an induction heating system
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J YIE AR« BEEE (Materials Synthesis and Characterization Division)

L2 B

Chemical Analysis Section

B Y FEEH E-
BErBE /Gt Ex
¥ it B B8 AF ZFYETF Technical Associate : ISHII, Rieko

Contact Person : HIROI, Zenji

Technical Associate : KOIKE, Masayoshi

KRETIE, PERRICHERZYEIC O W TOLAD T
P LOYE DT B OB 8 F LA TR X 240k
DREIE L O P27 L, FRE - 087 - (LB
Bib 2 SRk 2 TN O L FERIA 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
FEREABART I AVEADADTEE. FEBEME. BFRE B
EHERE, MABERE

Main Facilities

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

ICP-AES
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X B

X-Ray Diffraction Section Electron Microscope Section

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

BT UM Y EOBMMEEH O/ AR TFBRTH 5,

RE / YAJIMA RETIE, HTRLVVTOEBREZBIE TR0, &7

fHE I & o RO o3 it - SR B & i 2. YR O Bl

W& 2479 Ldbic, Bzt oML JEFH
FAWFE AR 217> T 5,

BIRE Y2 R S OPIFEPLRHIEIC BT, Al
ENT I3 M0 THRE R MLEZ 5O 5, AE TR, XRET
2T, FRE ORGP LI X2 gL e L

YE RS DR 21T L, FRNA DIFZEF 16 LTl The Electron Microscope Section supports electron diffrac-

S FH O, RIERFZE 2T oT\\ 3, 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 BERBAFAF S ITEFEME. ER - SENILY — FEATHMER
FERIH DIcHDEL DEKE

R X IREITEE, BRERESHETA CCD ¥ 27 A BER X REITXE.

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

L— hEERELD 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 V7 7L — M XIRETE 200 kV BERETZOTE F IR G

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
# Y% B 8 EF =T Contact Person : HIROI, Zenji

B Y FE K FE Contact Person : MORI, Hatsumi
mirEMBEe LN I Technical Associate : YAMAUCHI, Touru

ARETIE, WHOEANEE TH 2 E MBI TEE
Z B KOS DIRGHEIRIC Do THIE T 5 £ &b,
PSR PRI E 22, P BRI S, SRS ARl
D2 TN O IELFFICAE LT 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/ 177AZBEEYTRY M 16/ 18TRTEHE—BIEETYY
Zv b (NMR). SQU | DEMLEIERE (MPMS), REYMHEAIES
& (PPMS)

Main Facilities

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

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

o I

Spectroscopy Section

# % B 8 RN ZESZ Contact Person : AKIYAMA, Hidefumi
Bh % PRE  {B75 Research Associate : HAZAMA, Yuiji

WD B 262 B R L — Y — 2 A, BTN
HNOILEFFIE LTS, TR - B - IRAFEIE DY -
KB AR Mv, BB T < v a6 EOMIE NI EETH S,

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

FERXRRE
AREADKIES. FADKKES. ST UMRES. 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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High-Pressure Synthesis Section

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

—_—

RITEFIBE % SAE Technical Associate : GOTOU, Hirotada

AETIE, AR, BTEEComimEE McE»T
ek Ze () WHD GRET) L, SIENTICET2Y)
BOEFHZFHRNTVD, IS G5 AE R E R
g 2 SR 2 TN A O R EF IS LT 5,

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

research and internal use.

FELF

500/700 b VHETL ZAEEB. Y1V EY K7V ELEIL. XIREFTES.
M SN U ANEB. YAG L—H—INTH. 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.

EHWEL700ton F 1 —Ev U 7L R, 4GPa £ TOEERESRERA.

Wakatsuki-type 700 ton cubic press for high pressure and high
temperature synthesis experiments up to 4 GPa.
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i IRE R IR, BUNEO DT 2 R
DDT, HFOHFLICH BT Z DD ICH
2EFDOLWGENERIFLED, ZOWE
ZHRHLTYWEIC L 2T oL O S5 21l
EL. WEHNORTPREE —X v P ORLYI5E
B OR 1% M5 7% TR E TG &),
PIERTZE AT O s T RHAT R T EICHA
JEF IR SR RE OIS 747 JRR-3 123%
BNz Ao hiEFRELIERIC K S
YERE D 70 O 2 E IR 2 #HEEL TS 7,
51T, 2009 FICAKSHRE) L 72 K8 EE By s
Wik J-PARC I2BWTIE, RFTDF a v 3—H
6% HRC # W - L HFHO#EEZ T >Tw»
%, MlEak B EMET 2 2ELERAAHICED, &
B EEAROTE, 77 AL — b LR
HEOETR, ERICHEERS oML gtk
Wz IEC o L LT, EHERHH RO YEL, &
S and FOEPHER, EEYEOEX
G EBBEDTTE, mEN—F=TUTA»5Y 7
b2 7V 7V E TEUIRR I E MR O SLREE
ROPETHELZ TR AIITTbR T3, &
7oy M EIE HKRI /RS TR G @
FERHEBI & LTHIGEIL . A D - Bl
HOFBIZEHBAL T\ 5,

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 7 B %
Professor (Director)  SHIBAYAMA, Mitsuhiro Research Associate
B B B Bt ErImE
Professor YOSHIZAWA, Hideki Technical Associate
B & = (& B ErIgE
Professor YAMAMURO, Osamu Technical Associate
I #HH R Bt ErImE
Associate Professor MASUDA, Takatsugu Technical Associate
R (58) HE R=E R

Visiting Associate Professor HAGITA, Katsumi

gENEAZER) KB &
Visiting Professor OHTSUKI, Akira

PR D7 BEMES ME &

LI, Xiang Project Researcher AKIBA, Hiroshi
xR BRX RIS xH BB
ASAMI, Toshio Project Researcher ASAI, Shinichiro
2H RN BIEHRE B
SUGIURA, Ryosuke Project Researcher MORISHIMA, Ken
kN RHHIWRE =HH O HE
KAWANA, Daichi Project Researcher YOSHIDA, Masahiro
i

Administrative Secretary KIFUNE, Satoshi

KRBERSFILEEFER J-PARC [CRREShcEn#EEF 3 v/\—2t8s (HRC)o 50Hz TH '
EIBHEO/NVAFEFE,. PEFAREEDFav/(—TRE{EncR. SRTHES
N 2RITTATIITREENS, TATIITRETOIRILF—DOFEFEONBEE
Y2, HENBT —FIENAIREE B> 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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http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/shibayama_group.html

S Ik 7 =

Shibayama Group

V7 bey—tix, TexDHDORY DYoL EYE 2K
T2 TR0 WH-MEOZLTths, WkEEPHBEE
PIE 7 8 DN— R & — I3 i MR I & v ) i R B
BB OTRENZDEEZRTOICNL, V7<y—TI&
WL - WAL TR OCIEZ R L, SRR RE 2 A7
ER ?ﬂ‘a/e@ﬁﬁ%imi‘mW&h@zlsg“%é—%%%*
HHHBIR— DRI E R L EZ HIEL TV 5, TiF, A
VOIS HE - AHERTS, N’a%ﬁwlﬂ?”&&@ In, WHRMN
Bl Z SO I X E ARV DB TE LGS AT -
PIEWEZE, TREISICE TS L oYtk LGB, A4
VPV DB LG RENT - YERTAG, EE—7 V R E O
BLEREE - YPEETAG, BVEEALYERIIE O SRR D 720 DR
WRATR 0 TEI 122 S aL—vay, REZ{THOoTWA3,

TS B Ry i E N TR L SANS-U %
iz, BB G EELEE i (SLS/DLS ALV-5000), J%¢
B EIE A, VAA—Y =08 RN, VY7 ey —
DI/ F = —OREERNT, T/ o BT ETDOILF
YA NN—LERIR e Z R L TW» 5

In D;El

Thigl-iPEG, 1 Critical elusbbis

FERIMT IRV S 25 —DERHER. HERISEEE (YLAIN (9K &
FA=I(DEL -1) ZBID4ERERVIFLYIY 3—}b%5:m:13' &
TEREN S,

An illustration for synthesis of asymmetric critical clusters by mixing two

different types of tetra-armed PEG prepolymers with mutual reactive end
groups (maleimide-tPEG (r) and thiol-tPEG (1 - r)).

1. 8—BDFT I ORBERH & Z DEBERNT & & CY R

A .

el FE3A U oyry
SHIBAYAMA, Mitsuhiro LI, Xiang

% 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 equip-
ments, SANS-U, a small-angle neutron scattering instrument
(upgraded in 2010). Other techniques, such as dynamic/static
light scattering, microscopy, mechanical/thermal analyses, and
rheological studies, are also employed. Current interests cover (1)
inhomogeneities in polymer gels, (2) structural characterization
and studies on deformation mechanisms of high-performance
polymer gels, (3) rheo-SANS of nanoemulsion and micelles,
and (4) development of ion-gel and structural analyses, (5)
fabrication of uniform-polymer networks and their structure/
property characterization, (6) development of high-performance
thermoset polymers by structure-designing and molecular

dynamics simulations.

Fokm |

il A0
RABRY Y —FENE (¢) VEEKE () TTOVIERRI 25 —0D/IA
RIEFEEREZO7 71 b

Small-angle neutron scattered intensity profiles of critical polymer clusters
at different tPEG ratio (r) and polymer volume fraction (¢).

Evaluation of structure and physical properties of uniform polymer gels

2. A AT I DRF & EIERIT

Developments of ion gels and structural characterization

3. BELAIC & 2B R L IERIEOBERIT E D FF (TSI VXY Zal—yaY
Structural analyses and molecular dynamics simulation of thermoset polymers

4. NABHRETEES & OB X IREELIC L 2@ F7 )L OBIERRT

Structural analyses of polymer gels by small-angle neutron and X-ray scattering methods
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vi e ETE R

Yoshizawa Group

ERSBEBRAYMORTRE - fHREREEIEAE Y -
fiif « K57 - BOEIRAE R S EEICBIE LT B BREL
TEAICHESNTET LS, UIFFEETIERBER T
JIGE S8 3¢ (J-PARC) OME R <2 H A5 11 0 7 Bl FE 4%
H JAEA) of ot sn st re—az AwTh
W HELETIEN AT EIC LD, BB EERILD DR

==
=N

B
YOSHIZAWA, Hideki

6y

Professor

Metal-insulator transition in transition-metal oxides has
drawn much attention because such a phenomenon reflects
interplay among spin, charge, lattice, and orbital degrees of
freedom. Our group has been studying their behavior by
neutron scattering technique with use of pulse and steady-
source neutron beams, and the triple axis neutron spectrom-
eter owned by the ISSP is shown in the left bottom figure. The

TEM - BB RN B X OSSR EERAEE LD
B &2 RRIVICITZE LT w3, ETORIZEAREF
WEZEHHFERERE (JAEA) ORFZEHICERIE S L W EFE i
DHREFFHERD 1 BETH S, THEFHRALERTIE, 2
D& otz I LT E O IEBIEREL A RS bV &
ZMET 2, A FORIZERBIEERBLYD—>Th s
LagxSrxCuOg4 & [FT ok i 3 % £5 > LaaxSrxNiO4 %
WKEBOWTEHMINE AL T4 7T O N =7 R EKEEZ
X =12 FCOREF—7HIEECMELHRErELDx
AT THRFOWBREEE A NI THRFEDA L4 7D
MO —VIBERFEETH D, AT THIF DK
MEEx = 1/3 THBAZRLLD EJHDICHET S, -,
X = 1/2 DL ED IS I0E F—7 I B IR R IC B AU
FLRAL x ~ 0.9 fhE Tt E— S BER 2R T, B
D J-PARC O/ VAT et 2 FlOic AE Y9437

hole-doping dependences of the incommensurability and the
transition temperature of the stripe ordering for hole concen-
tration x up to x = 0.5 have been observed in the highly-doped
LasxSrxNiO4 which is one of the isomorphic compounds of the
High T. cuprate superconductors. The ordering temperatures of
the stripe charge as well as spin orderings have the maxima at
X = 1/3, and they decrease beyond x = 1/3. Beyond x = 1/2, the
Ni system gradually becomes metallic and show the insulator
to metal transition at x ~ 0.9. Our recent pulse neutron studies
on the Ni system revealed that the characteristics of the spin
dynamics changes at x = 0.5, and further detail studies of such
unusual spin dynamics and their relation to the transport
properties are now ongoing.

b R,.Sr,NiO,
ADHIFEIT KD 2 KUK Ni BBILY DAY 54 F 7 A T
- e 5001 i ]
. x = 12U TORNIA7MHE x = 1/2 DL ROt 1 +
|
RRALFE R PAHIC B TSR 2 B3 2 > T B _ 400[ Q99R=a %Hh
S . < o o Tranquada i
CERHGEL, 20X BRREAE VS F 27 R ik Bl e :
e ) - -3 — 2 [ ]
BROBHICOLTESICFF LI 21T 2T 5, g Q e |
< P ]
BRBESE RTIRINO—>TH S LazSrCuOs tAR & 200 °/ o & .
OERBWEE R Lao,SrNiOs DRIEBWTEUS LA b F 8 $
51 THFED R— TREKEE, RS TRFOGBREE  100] 0o ® POLLI
L F SRR DIBRE N x = 1/3 TEAZRLLH LR o 1 ¢t
DITEET 5, S 5 ICRRE R —7HEE TRORECEBOEAD, 0 Ett g
x ~ 0.9 fHETIERAHEBEBZRY . 05 R o 1
w . 4 .
> | L7 ‘ *
Doping dependence of the stripe ordering in highly- ZF 0.4F i A i 1
doped LayxSryNiOy, which is an isomorphic compounds & [ “/.,J ,,,,,,,,,,,
of one of High T, cuprate superconductors La; xSrxCuOs. 2 031 oc® 1 1 1
Unlike the expectation from the previous studies, the tran- @ B 1
sition temperatures of the stripe charge and spin orderings E 0.2¢ 4 ‘ 1 1
o . ! @R=la
BAETFHHEEREE (JAEA) OFFZRIF JRR-3 I exhibit the maximums at x = 1/3, .and dccre.ascs &bO\tC 8 /,O/ ! * RoNd
BES NIPITRA O 3 BT KR, x = 1/3. The periodicity of the stripe order is approxi- = 01} | o Tenqadactal. |
mately linear in x, but levels off beyond x = 1/2. The sys- i |

Triple-axis spectrometer installed at the JRR-3 in
the Japan Atomic Energy Agency, Tokai, Ibaraki.

tem gradually becomes metallic and shows the insulator

. 00 0.1 0.2 0.3 0.4 0.5 0.6 0.7
to metal transition near x ~ 0.9.

Hole concentration ny, = x + 23

1. BEBRSEBRAYNRT B - ERAEGE L. TORICHRT 2HUSHKE - BEKE - BLBHER E OFMEFEELIC L 2%
Neutron scattering study of metal-insulator transition, magnetic ordering, charge/orbital orderings in transition-metal oxides
2. FIOETMEDRIE UILBIRERICH T 2BMIBMF E ALY T A1+ XU ADHFR
Neutron scattering study of spin sturucture and dynamics in noncentrosymmetric magnetic superconductors
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Yamamuro Group

AWFZEE CIIE MR R O A B2 LT 5, Bl
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THYH, PEYEYOREOKMED —>TH L, Kidik
SEE R YED D TH DD, KEREEDHED 72T k4 75
R R, A4 VIRIETIE, FEHE7 7y T T —
NWANDBEE PG, T/ VAL VRGN YA 27 A
DENZ, @@/ R FhokERTIZ, REDIEICKD
BTV v VAIDBED SN B0, 2L 7 TIERS N
BIEMESRIAFT I VAR T, TNH6DOYHEICHLT, H
PEFHGEL. XA, BvAE, FEEARE2HEL,
W FAF IR BN DIEE S, B EICNGE
THHH (?7) BEAIZHS»ICT 22 E2HEL TS,

1(Q)/ arb. unit

Q/A"
N IYLERYF /KT (PdDoszs) OFMEFEIT/INY—>&U—RR)LNE
ER. 7 /RFOREMATIE. DRFIFESEAEY AN ULV TIEZDY
ARDH) R THRLE4EGEY A MCHEBFEET DI ENDD > T,

Neutron powder diffraction pattern and the result of the Rietveld analysis
for nanoparticles of palladium deuteride (PdDg36). We found that D atoms
occupy not only the O sites (only this site for bulk samples) but also the
T-sites at around the surface of the nanoparticles.

1. ARG, RY Y E—IBREDTBUEERDY 1 F IV R

= &
YAMAMURO, Osamu

6

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.
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Overall relaxation map of C8mimTFSI. These relaxation times were deter-
mined by quasielastic neutron scattering experiments using 3 spectrometers.
Four different relaxation modes exist in a wide time range between 1 ps and
100 ns.
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Dynamics of disordered condensed systems, such as glass transitions and boson peaks
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Structure and dynamics of water and related materials such as hydrated porous crystals

3. BEA A VEREAORANFNEEES (IR

Thermal and dynamical properties of room-temperature ionic liquids

4. KERBEERORNFLNEEE YA F IV R

Thermal and dynamical properties of hydrogen storage solids
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Neutron spectrum and entropy of spin frustrated magnet
Ba3YbyZnsO11. The energy distribution of ground and
excited states can be seen in neutron spectra in the panel
(a) and (b). With decrease of temperature to absolute zero
entropy approaches to zero in the panel (c) and accordingly
the number of states changes from two to one.
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Associate Professor

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 (a) and (b) show neutron spectra of breathing
pyrochlore antiferromagnet Ba3Yb,Zns01; and the analyses
reveal that the ground state is quasi-doublet. In the measured
entropy in Fig. (c) we observe that unique ground state is

selected and a novel spin liquid is realized at very low tempera-

ture.
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Magnetic structure and excitations in frustrated magnets and quantum magnets

2. XIWF7xzO470 R
Multiferroics

3. RERBRERADHEIRIT

Magnetic excitation in supercrystal of oxygen molecule in nanoporous metal complex
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Visiting Associate Professor

Polymer physics to describe behaviors of polymer chains and
polymer composite materials by computer simulations and data
analysis are the main subjects of our research.

The polymer nanocomposites filled with nanoparticles and/
or clays have useful mechanical properties with characteristic
aggregations of fillers in the present of polymers. They can be
regarded as multiscale phenomena because the size of the filler
is about a few ten nm and the single polymer chain is about 1
nm thick and about several hundred nm or longer. Small angle
scattering experiments provide us structural information in the
region of ten nm to several um and information on dynamic
behaviors under stretching and/or shear flow. Recent supercom-
puter performance enables us modeling (inverse problems) from
small angle scattering experiment data and forward problems
such as molecular dynamics simulation. Currently, we are
studying computationally-intensive data analysis and simula-
tions for small angle neutron scattering through investigations
of the polymer nanocomposite materials.
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Visiting Professor

Characterization of particle-particle interactions in concentrated
fine particle suspensions is one of the most important research
themes in the colloid and interface science. Such characterization can
strongly assist in the development of environmental friendly mineral
processing methodologies in which particle dispersion/liberation
is significantly important to achieve selective enrichment of the
target mineral particles. Such processes are closely correlated with
colloidal and interface science since many of the valuable elements
are enriched in fine mineral grains. On the other hand, charac-
terization of the particle-particle interaction in concentrated fine
particle dispersions is still a challenging task while the depression
of high grade ore and the necessity of complex and low grade ore
processing have been highlighted. Thus, more efficient processing
of concentrated fine particle suspension is a must to maintain our
limited natural resources with modest environmental footprint.

In this research, for concentrated fine particle suspensions
relevant to the mineral processing, different characterization
methods are being applied to precisely quantify the particle-particle
interaction. Those characterization methods include suspension
rheology, neutron/light scattering, electron microscope, and tomog-
raphy. In the Shibayama group, using the newly developed dynamic
light scattering microscope, I will characterize concentrated
inorganic fine particle suspensions and the mixture of inorganic-
polymer solution to aim the interdisciplinary research development.
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The aim of this laboratory is to study the physical
properties of matter (such as semiconductors,
magnetic materials, metals, insulators) under ultra-
high magnetic field conditions. Such a high magnetic
field is also used for realizing the new material phase
and functions. Our pulse magnets can generate up to
80 Tesla by non-destructive way, and up to 730 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
over 100 T are oriented for new horizons in material
science under such extreme quantum limit condi-
tions. Development for 1000 T-generation by means
of the electro-magnetic flux compression method is

also our mission.
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* PP, AEISEHBERYIERIZEM, / concurrent with Division of Condensed Matter Science
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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
used to inject an energy to the relatively light EMFC system for frequent use, but capable of
v 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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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 730 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 300 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.
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Magnetic Field (T)

High magnetic field magnetization of Volborthite measured by Faraday rotation in

Newly-developed ultra-high magnetic field generator of the
electro-magnetic flux compression method. The 5M]J fast con-
denser bank is capable of supplying maximum electrical current
of amount to 8 mega-ampere, which is injected to a primary coil
through the collector plate. By upgrading the performance such
as the maximum charging voltage and the residual impedance,
ultra-high magnetic fields up to 1000 T are planned to generate.

magnetic field up to 180 T at temperature 5 K. Ultra-high magnetic fields are generated
by a single-turn coil magagauss generator. Volborthite (CuzV,07(OH); - 2H,0) is a
spin 1/2 kagome frustrated antiferromagnet. Left upper inset depicts an experimental
set-up of a high-angle resolution Faraday rotation optical alignment and a miniature
size liquid He flow type optical cryostat which is totally made of glass epoxy. A picture
right down is a Volborthite sample, both sides of which are polished to the optical flat.
There observed a jump to 1/3 magnetic plateau at 26 T and the plateau continues up to

around 103-112 T, then gradually grows until saturation nearly at 180 T.

1. 100 T U EDBBEHFAE & MIEEHRIBAT R R

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

2. BREBHIICENR
Magneto-optics in ultra-high magnetic fields
3. EBREISHBE, BEADRAS

Magnetization processes of magnetic materials and the critical magnetic field in superconducting materials in ultra-high magnetic fields

61

THE INSTITUTE FOR SOLID STATE PHYSICS 2017



[l ik 2 T S i

International MegaGauss Science Laboratory

e €

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

U7

Kindo Group
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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. EFAEYRME ORISR
Study on magnetism of quantum spin systems
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Professor 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.

1S 12 125 13
e (pac)
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Profiles of magnetic field for Long pulse magnet. The maximum field of
43 T is used for the heat capacity-measurements under high field.

Study on magnetism and conductivity of strongly correlated electron systems

3. FEWE 100 7RSS YT Xy b DORFK
Development of non-destructive 100 T-magnet

4. BOYVT LAY T Ry ~ DRAF
Development of ultra-long pulse magnet

THE INSTITUTE FOR SOLID STATE PHYSICS 2017



[l ik b i S i
International MegaGauss Science Laboratory

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

Pl i f 7E =

Tokunaga Group
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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. ¥IVLF 7 041 v IV EOHIGHEEERE
Field-induced transitions in multiferroic materials

2. EFRRREICE T 2 ETFHERE
Electronic phase transitions in the quantum limit state
3. JNLRABIES T ICH I 2 ERENEMIRER
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Associate Professor Research Associate 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 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 using high preci-
sion experiments realized in pulsed-fields. We found a field-
induced novel multiferroic phase in a triangular lattice chiral
antiferromagnet CsCuCls and bipolar resistive memory effects
in a room temperature multiferroic material BiFeOs.

In addition to these in-house studies, we accept about 40 joint
research projects per year and study various localized/itinerant
magnets and topological materials in high magnetic fields.
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(left) Schematic illustration of the arrangement of Cu ions in a chiral
antiferromagnet CsCuCls. (right) Field-induced changes of electric
polarization along the a axis in applied magnetic fields along the b* axis.
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High-speed polarizing microscope imaging in pulsed-high magnetic fields

4. NROYHIVYE OREIHYIERT
High-field study of topological materials
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B-T phase diagram of solid oxygen. The high-field 6 phase was discovered
by magnetization and optical absorption measurements using destructive
pulsed magnetic fields.
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FAE  BR3A HMH  BEE
MATSUDA, Yasuhiro  IKEDA, Akihiko
HERIR B

Associate Professor Research Associate

Properties of matters that emerge under ultrahigh magnetic
fields are being studied. Ground state of matter can dramatically
be changed by applying strong magnetic fields, 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-corre-
lated magnetic compounds, and strong spin-lattice coupling
in molecular solids. Recent discovery of the novel 8 phase of
solid oxygen at over around 120 T is a specific example of the
field-induced novel phases; the 0 phase realizes due to the field-
induced molecular rearrangement from the low temperature
antiferromagnetic a phase. At higher fields in the range of
1000 T, exploring unknown high-field ground sates in materials
with strong interaction is possible. We have also been developing
the techniques for generation of the ultrahigh magnetic fields
as well as for various kinds of measurements at such ultrahigh
fields. 2.0 T T T T T |

1.5 42K

1.0+

M (ug/Yb)

(a) 3 B 3 & 1K YbB12
DAL B & (b) Bt
D 3% W 2 (dM/dB)
DR IGRFME, 55 T &
102 TICHAL D 2%nE
mongilEchTs b,
BEWHOEBEIE TF
BR-2BHEBMNEC
0. 2 DOEBRIG D
TREVWETFRENE !
HLTW3EFEIh 0 20 40 60 80 100 120
W3, Magnetic field (T)

= = Non-destructive —
HSTC

dM/dB (ug/T Yb)

(a) Magnetization process and (b) Magnetic field derivative of the magne-
tization (dM/dB) plotted as a function of magnetic field. Two field-induced
transitions are observed at 55 and 102 T, respectively. The semiconductor-
metal transition occurs at the lower transition field, and a heavy fermion
state is expected to appear between the two transition magnetic fields.

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

2. BT AV ROBEBISHBE

Ultrahigh magnetic field magnetization process of quantum spin systems

3. BKEBITHMRZ BVWBRESICE 1T 5HISFEREE DO

Study of magnetic field-induced phase transition at ultrahigh magnetic fields using magnetic birefringence

4. EFERR OWSFHEBERER

Magnetic field-induced structural phase transition in solid oxygen

5. A FESROHSFHLERE-EEER

Magnetic field-induced insulator-metal transition in molecular conductors
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Kohama Group
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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
optics. The MCE data should correspond to the isentropic T(H)s
curve in which the temperature change due to field-induced phase
transition were observed. The Faraday rotation angle was measured
up to 120 T by using a single turn coil system, where the field-induced

phase transitions were detected at ~60 and ~90 T.

1. L= —ZRAWEIAZNROME & Z DBBRESHZEADIEA

IVE FI
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 exist in ultra-high
magnetic field region, and our group focuses on the observation/
understanding of those exotic phenomena. To achieve this goal,
we employ the following experimental techniques, “1. Magneto-

»

optical measurement technique”, “2. Ultra-fast calorimetry with
Nano-scale thin films” and “3. Ultra-fast magnetoresistance
measurement technique”. With these techniques, we currently
investigate the magnetotransport in topological insulators/
superconductors and the novel magnetic phases in quantum
spin systems. Our final goal is the condensed matter 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 generations as well as the improve-

ments of measurement techniques.

=

]

&, {deg)

- E xR

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

2. 2 RITBEEIRICH T B Fulde-Ferrell-Larkin-Ovchinnikov $REE DERAI
Observation of Fulde-Ferrell-Larkin-Ovchinnikov state in 2D superconductors

3. BN T EA % AW #R T /N R DBIF

Development of new devise with Nanofabrication process

4. ROV AIERIKICE T 2 B8RS TOEFIRE

Quantum oscillation of topological insulators in ultra-high magnetic fields

5. /NLREHIZTICH TS NMR DBIE EARRTREEMEAEN DA
NMR measurement under pulsed magnetic fields and its application to low-dimensional magnetic materials
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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.

N * *

HEE-R B BER B %

Professor (Deputy Director) KAWASHIMA, Naoki Research Associate
o ¥ *

% B ElE 2B B %™
Professor OZAKI, Taisuke Research Associate
. * = = *

R0 BT HF B %™
Professor (Director) TSUNEYUKI, Shinji Research Associate
*
SIS R XH B o#™
Project Professor AKAI, Hisazumi Research Associate
N * *
=t EH & B %™
Associate Professor SUGINO, Osamu Research Associate
N = * e =
=2 ¢ il I e HTErImE
Associate Professor KATO, Takeo Technical Associate
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Associate Professor NOGUCHI, Hiroshi Technical Associate
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Associate Professor TODO, Synge Project Researcher
= * — =
BEFRRE (P)*° =F &% IR S
Project Researcher MISAWA, Takahiro Project Researcher
BIEIMEE

Project Researcher

O RS BiIMRE BH EE
NOGUCHI, Yoshifumi Project Researcher SHIRAI, Tatsuhiko
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WATANABE, Hiroshi Project Researcher DOI, Shotaro
k2 /NI BiImxE  EE 8K
KASAMATSU, Shusuke Project Researcher FUKUDA, Masahiro
HFHE BEE BEREE  RIYY NlTav
MORITA, Satoshi Project Researcher HOFFMANN, Martin
O R BEiRE  HBA RX
HIGUCHI, Yuji Project Researcher MATSUMOTO, Munehisa
i = BiEmEE AL B
YAMAZAKI, Jun Project Researcher MOTOYAMA, Yuichi
LTI 3 e BEmwEs YU— FFzv
HAYAKAWA, Masayo Project Researcher LEE, Chi-Cheng
T EX BEAREs  Y— kbav3v
ASANO, Yuta Project Researcher LEE, Hyunyong
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&F R BEFRE ™ LA R¥E
KANEKO, Ryuui Project Researcher YAMAMOTO, Yoshiyuki

N = *3 W 25
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KOUTA, Hikaru

Project Researcher YAN, Lei

1 ripugeis, AKIRYERETHAERBR. /concurrent with Materials Design and Characterization Laboratory
*2 B GRS SR £ 35, / concurrent with Physics Department, Graduate School of Science

*3 FRPNSRIS. AKIIMESMIERIZ Y IL— 7, /concurrent with Functional Materials Group
*4 PRNERE, ATSIEMMIERFTEEF, /concurrent with Division of Condensed Matter Theory
*° PCoMS RHRHFRE (PI)
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Akai Group
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AKAI, Hisazumi
RHERIR

Project Professor

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

DRI B ZFED D> TH S, FIHEEE~TITLTHA
VIRBETTFYA Y (BRI GT, GAsnPiEe
W2 G T 2WE - MR T52L) ICXoTETINS,
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TA—TAVAFIESEAING, BTV, BFT3a
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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.
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Tyay hF—RBENMERESN. BEOSSZREOEEFLEY v v TRE (MIGS) TRE-T
WBZENDH B

The electronic structure near the Schotkky junction formed by Al/GaN calculated by
the KKR non-equilibrium Green’s function method. The local DOS as a function of the
position and the energy relative to the Fermi energy is shown. The white part in the left
figure corresponds to the band gap. A Schottky barrier is formed near the interface at
the left. The height of the barrier is determined by the metal induced gap state (MIGS).

B AT Jij DED BB FE, BOEWIRLG S ILERORT
WDENWERT, Jj DIEIE KKR 7'V — VB EERAWE—REE
FREFEICL > TEESESINICEDTH %,

The distance dependence of exchange coupling constants Jj
between various atoms in Nd,Fe4B, which is the main com-
ponent of Nd-based permanent magnets. Jis were calculated
directly using first-principles KKR-Green’s function method.

1. E—FEBTREHH
First-principles electronic structure calculation
2. StEM T UTILTH 1Y
Computational materials design (CMD)
3. KKR 7'V — v Ea#uE & Z DA
KKR Green's function method and its applications
4, Btk ERABA DRF

Magnetism and development of new permanent magnets
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MISAWA, Takahiro
PCoMS XittX#FzRE (Pl

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 (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
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 lcB\ Tk X S5 e nWiZe 17 5T\ 5, at beamline BLO7LSU in SPring-8 (Hyogo).
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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.
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SHIN, Shik ISHIDA, Yukiaki TANIUCHI, Toshiyuki
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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/ X—NILOBEERIHEEE
REFEHE (L—Y'— PEEM)

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

BoL—%—

1. RXBL—Y—BESDBENLBFONIC L ZBEEHE. BERTYE. FTPEEOEFREDOHR
Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

2. MXBL — Y —BEI B F ORI L 2AFRRKOME

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

3. XL ——AEBFBEHEICL 2T/ BEDETFREDHAR

Laser photoelectron microscopy on the electronic states of nanomaterials
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L. Matsuda Group
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Jil YehiE% SPring-8 #k X i '— 2474 > BLO7LSU (2T
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FU U RHER TED L IHT L LI KOG A E BRI DT 217> T

NI A 5E
MATSUDA, Iwao 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-

wa, X MEHETL - — @RI, —Y =itk a3t
%@ﬁ%?@%@ﬁﬁﬁ%ﬂ%%ﬁm B AEE REE J TR

thin films and interface layers are investigated by time-resolved
measurements of the resonant magneto-optical Kerr effect.

MEICBITDBEBAC VYL F 7 AWREERL T2, At the time-resolved spectroscopy station in SPring-8
SPring-8 BLO7LSU TliL —# —3 2AF ALl LT E BLO7LSU, time-resolved measurements of photoemission
D Y TR X BRI 5 e 00 B [ 53 f 92 k 7 4 [] Fi) and X-ray absorption spectroscopy were made with laser and

synchrotron radiation. Through the joint-researches of catalysis

FHELTHEMEL TS, il neiE B EREDT —
TERMEA - FAARICEBI2X 2V TROGTF54F 7 A%
Db Tw3, ol LRk om7es
U, A7z OEFHEEREDHIHRTVS

and photovoltaics, dynamics of carriers and molecules at the
surface/interface are studied. We also investigate functionalities
in novel surface materials such as borophene.

With the temporal information collected by individual light

SeEZNFN OB EEMALTC 72 Lk 5@7‘7 5IYET sources at each time scale, ranging from femtoseconds to milli-
B A7 =V TOBINZELZY) TV I A LTEBFLTZD seconds, we promote understanding of the whole dynamic

picture by combining the sequential information.

HMEWS TS LIk, BRIIEHE >R EAbET
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BEWCHEDORIGICHIEL TW3, (b) ERERNSESNLIMEGH ICNT S Fe DBEIE—XV FD
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BEEHR X € —LF 1 > SPring-8 BLO7LSU IC& 11 21
Gt &R /ULR L —1— (BLO7LASER) Z#laabEr

RE D BB FDNRERS X T LD

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.

FEZt, 7T AMNPORKBERT—ILTRAEY RENRETWS I 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.

1. B BHRXBANEROMKEREY 130 XDOHAR
Developments of time-resolved soft X-ray spectroscopy and researches on surface dynamics

2. KBFONEICLZ2EBE L HEHRRA LERFEDOEFIREHAE
Electronic structures of monatomic layers on metal and semiconductor surfaces studied by means of photoelectron spectroscopy

3. BR/VULAR X REAWREIMEBRORREBEERAE YY1 F 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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Kobayashi Group
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Optical frequency comb based ultra-high precision spec-
troscopy. The combination of ultra-high repetition-rate laser
and ultra-high resolution spectrograph makes it possible to
resolve each comb tooth to detect the meta-stable He atom.

1. BE/NWAL ==Y 27 AOMEEER VL — — D@

A7ty hT7U—REAREI L
Offset-free optical frequency comb.

—
A
B IBXER

KOBAYASHI, Yohei
IR Bh#

TANI, Shuntaro

Associate Professor Research Associate

We are developing advanced laser technologies and their appli-
cations. 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 femto-
second 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-repeti-
tion-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.

L~ —TEROY 7 IRBESRE

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

Development and precise control of ultrashort pulse laser systems

2. BE0DRL —=BEYE
High-rep rate, high-field physics

3. AERHIALDOKRN - ER - BEIGHA

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

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

AR T, EEERE VAL —F =YL, %
NEHO7 M9 67 = & MR O EE I BT
W% fT> T3, HIFEFFICBIL L, KES O
PR EE O o EERR R OV A D F A L BTG O Rl ok
Wi> &7 7 ~uy T T OB LGRS O FEAEICBI T B i
HafioTwb, /o, FEXEREICES7 MR X o8
VRSB T 2780 DT 3, eIn B LT,
FEIREDEE SR T MR X B SV AR O BT T
DR, EEREELZ ORI B I S
HBLROBUAE 7RI, kD7 = 4 IR X #or 6
B2 %% 1T > T\ 5, MBI S a7z i B R A6 L
AL =W =L Z D RA WA S EAME T2 2 LI k>THK
X B BT 7~ DT BRI BTy A 2
YIRSV ADFER W RETH D70, WWED
R RBIC B 1 2 B TR 2 B 4 72 1 ER & 58 L C SEIRF ] 8
WL, IoechlldsZ L2HIELTV 3,

g &

Photon energy (eV)
&

¥ L] L] T
o0 05 10 15 20 25 30

A ogp (m rad)

BRERNL ——TRELLBREFRD KOB, BEBOBRXKRRYT ML
D CEP &7k

CEP dependences of soft-X-ray high harmonic spectra in the water window
produced by an intense IR laser system.

1. BREBER/NLAL —H— DR

Development of intense ultrashort-pulse lasers
2. 7 ~ipyEE

Attosecond physics

3. BREABSZAVCESERKOE & EFHH

> e

T = afF IBR
ITATANI, Jiro ISHII, Nobuhisa
IR BhZK

Associate Professor Research Associate

We work on the development of intense ultrashort-pulse
lasers and their applications to ultrafast spectroscopy on femto-
to attosecond time scales. As for the light-source development,
we work on the methodology to produce waveform-controlled
intense optical pulses and to extend their spectral range towards
mid-infrared and THz regions. For the spectroscopic applica-
tions, we work on novel methods using strong optical fields and
attosecond soft-X-ray pulses aiming for dynamic molecular
imaging with attosecond and Angstrom precisions, and also on
femtosecond soft-X-ray spectroscopy of solids. By using phase-
controlled intense ultrafast light sources and frequency conver-
sion, we expect to produce optical pulses in extremely wide
spectral ranges with precise synchronization. We aim to use
such ultrabroadband coherent light for observing and control-

ling the dynamics of non-equilibrium states of matters through

various freedoms.

o
) PISt 3 ZH 1

-0.06 T T T T -+ =30

0 4
Dala:.rzips}
BRET IANILY LRI > THERS N HBr 2 FROEEGRRE, Billsh
fe A FEEM,
Time evolution of rotational wavepackets in HBr molecules (lower panel)
and achieved molecular orientation (above panels).

—

Observation and coherent control of ultrafast phenomena using strong optical fields

4. EEDBERER X 07
Soft-X-ray ultrafast spectroscopy of solids
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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.

- T

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

Associate Professor Research Associate

We explore the origin of the electronic structure of materials
responsible for their electronic, magnetic and optical property
using intense and energy tunable X-ray source: SPring-8, one of
the most brilliant synchrotron facilities in the world. We have
developed novel spectroscopies for material science in ‘soft’
X-ray region. We are leading the world’s soft X-ray emission
spectroscopy, a kind of light scattering promising for electronic
structure analyses of liquids and operando spectroscopy of a
variety of catalysts. Our topics include 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 ultrahigh energy resolution optics for soft X-ray

emission and time-resolved spectroscopy.

& 9 AR RS WX AR
HDHTRZ K
(H20) 0% EiRE
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FERShicRTyov
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Energy loss (eV) e

High order vibrational excitations of H,O observed by the high energy
resolution soft X-ray emission spectrometer. The energy separation reflects
the potential profile of hydrogen bonding. Using soft X-ray emission we
confirmed the presence of a microheterogeneity in pure liquid water.

Irtensity (arb. units)

1. KAERGOEFREE S/ ORE—E. ERAEDOHELERICET 2R
Electronic structure analysis of aqueous solutions to study microheterogeneity and interaction at solid-liquid interfaces
2. MEEHAEORERICEN. BRIEFERIG. KRERISENR. €8BS /0B ORI DIt DZDBOTFEDRFE

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 IRMIE (BRBME. RAEVRE. v/ Uik, SERERME. fE

R E) DOEESEE 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. MXBERADKRDOBEIRILF—DEEE L BED BRI DT DEFEL PR

Basic study on ultrahigh energy resolution optics for soft X-ray emission and time-resolved spectroscopy
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Wadati Group
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SPring-8 BLO7LSU IC & F 2 HI88R X #REHfkE,

Resonant soft x-ray diffraction instruments installed at BLO7LSU, SPring-8.

1. HIBTXIREITIC & 2REEETFROKFIREDIE
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fE K& FH EE
WADATI, Hiroki HIRATA, Yasuyuki
B Bh%

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.
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BEMEEEORBOBAE, L—T—BRICL2EREBEDBREEZRY.

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. B RRLLISER X #REH DR

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

3. MXIRZERWH L WA FERDORRE

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.

(a) $ARLY = RBIEEE Bi2SroCuOs.q DitEmiES, (b) XE
F7F 71—, (c) BAESBABFH/AEROEXR, (d) /

YRHHDRFY T a vk, (e) Ny REEDRHKR, (f) 7
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HEADDART Ko (h) (g) TRIAXRI MNILD T EFTOD
=5 BEERANKRTESNTED. (f) TEANICRI RO
B ENITT %o

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

1. BRL —Y—zRiERE I 2BR D REREIELE

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

2. AEDE -

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

E TN ERBEDFHF

RAEVHE - BERSBABFANTRZBEEY MROYAILEFE

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

3. BERZFRALCABFONTHRT 2 EEEETRYE

Strongly correlated physics studied by photoemission with synchrotron radiation
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Matsunaga Group
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MATSUNAGA, Ryusuke
IR

Associate Professor

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.

Nonequilibrium dynamics of materials induced by strong light field

2. TINVYRE [ REERMRR. SRTFEIET ALY BERDOFHE
Development of terahertz generation, detection, and multi-dimensional time-resolved spectroscopy

3. BIREICAREN B ZHEROEERIE - HRIRKDHEH

Study of collective excitations and cooperative phenomena in many-body system
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Okazaki Group
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Ti:Sapphire lager + Regen (Astrala)
(800 nm, 1 KHE, 305, 8 mJ)
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Schematic diagram of a time-resolved photoemission apparatus utilizing a
femtosecond laser and its high harmonic generation.

1. BRERRL —F—Z2RWREIBALEFIILERBEDRFKE
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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 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 structures 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 relaxations from photo-excited states and demonstra-
tion of light-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 struc-
tures and superconducting-gap structures of unconventional
superconductors with a laser-based angle-resolved photoemis-
sion apparatus with a world-record performance that achieves
a maximum energy resolution of 70 peV and lowest cooling

BaFefs,

temperature of 1 K.
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Coherent phonon excita-
tion in BaFesAs; observed
by HHG TrPES.
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Development of a time-resolved photoemission apparatus utilizing high harmonic generation from a ultrashort-pulse laser
2. KRFRIREN S OYEROEF OEMEEO R, KFEBEEDBEEER

Mechanisms of electron relaxation from photo-excited states and light-induced superconductivity
3. BIERBENREL — Y —AENENEFTONIC & 2IFREREBEEF OB

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

resolved photoemission spectroscopy
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Laser and Synchrotron Research Center

vi IHWEFE =

Yoshida Group
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MifRa & —L v FERE R v & —

Laser and Synchrotron Research Center
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Dangelo Group
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YOSHIDA, Teppei
BEEHE

Visiting Professor

Strongly correlated electronic structures in transition-metal
oxides such as high-T. superconductors are studied by photo-
emission spectroscopy. These materials have the electronic
structures with many-body interactions and show rich physical
properties such as high-T. superconductivity, orbital order and
Mott transition. In order to approach the origin of the high-T.
superconductivity, we are analyzing the spectral line shape of the
ARPES spectra and try to obtain the information of the Cooper
pairs. On the other hand, in order to clarify novel physical
properties arising from the character of electron orbitals in
ruthenium oxides, we are investigating the electronic structure
in the vicinity of Mott transition with orbital order. In collabora-
tion with Prof. Shin and various laboratories in ISSP, we try to
elucidate these correlated electronic states using the state-of-

the-art laser photoemission spectroscopy at LASOR.

Yy YU— FILT4—X

D’ANGELO, Marie Delphine
NEAEZEHRR

Visiting Professor

Silicon carbide (SiC) is a wide band gap semiconductor
particularly suitable for high temperature, high power and high
frequency electronics. Understanding the surface properties has
been significant to develop technical applications and it has also
attracted academic interests due to rich surface physics such
as formation of one-dimensional nanostructures, hydrogen-
induced metallization, and reversible semiconductor-metal
transition. With the group of Prof. Iwao Matsuda in the Institute
for Solid State Physics, we performed the first time-resolved
photoemission experiments on a SiC crystal to reveal carrier
dynamics at the surface. The measurement was made at SPring-8
BL07LSU with various 3C-SiC(001) surface reconstructions.
We could evidence two dynamical phenomena having different
time-scales: at the picosecond scale, the space-charge effect
leads to a decrease of the binding energy of the analyzed photo-
electrons whereas at microsecond scale, the surface photo-
voltage leads to a flattening of the bands and to an increase of
the binding energy. These results open new science of surface

dynamics in wide band gap semiconductors.
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Synchrotron Radiation Laboratory / Harima Branch

http://www.issp.u-tokyo.ac.jp/labs/sor/index.html

R (ERR) F $E  Professor (Director) : SHIN, Shik

24 %  J\Fx LK Professor : KOMORI, Fumio

# H B2 WH B Associate Professor : MATSUDA, lwao

# % # [FEHE AR Associate Professor : HARADA, Yoshihisa

# o B FE K
HISHNEAZE) 52910 V- TI74-3 Visiting Professor : D’ANGELO, Marie Delphine

Associate Professor : WADATI, Hiroki

Bh S IJ_IZIS 1% Research Associate : YAMAMOTO, Susumu
Bh % K38 Yt—ER Research Associate : YAJI, Koichiro

Bh % = 32 Research Associate : MIYAWAKI, Jun

By % EH FE Research Associate : HIRATA, Yasuyuki

S B ERF FE iR (SOR Hisk) (s HE A e %
TR L7 a8 i 2808 L WS BR B OB X6 - F%i%
JEFITfFo T3, SPring-8 1CHHE SN 7 RIS Tl
7] 5 S S i 33 L LR = R RE O i UG A A T 7R X
M7 vyaL =8 E-L74 v (RREREBHIET 7 AT —
vavPERtE =074 BLOTLSU) 284l . EHEE
HR X KR e 2 FIA T 2 R Fehm D TERH AR 2 HEE L <
W5, WRIBSEAY v 7IE, SRR X SR GEda OB T &
BE - Bt Bl OB HIREBIIE 21T ) 7ol IR 57 MRk
XM ICHEBEAT — av, W REIR X #6762
F—=yav, 3RIGF/ T AANAT—Lay, X AL
EHN—FIR AT = ar, X BEYTAT—>av %z b
. RESEFEFHZZ G TR DS ORISR T
fFrCws, —J, MO EMIcEWTE, L—%F -7 —
7' EDILFFIRDIIC, BAEN - K X L —Y =%
7@ R A © R OCE e EiE 2 kL, &
EEFEA IRt L Twv 5,

1)

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

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

BiTEME fBE HBBF Technical Associate : FUKUSHIMA, Akiko
KITErBE A 2 Technical Associate : SHIBUYA, Takashi
BEFIEE JFIR HDAH Technical Associate : HARASAWA, Ayumi
BITEPIE TS 1E3Z  Technical Associate : KUDO, Hirofumi
TREXEES BEE  IE3E  Technical Staff : FUJISAWA, Masami
BEmEE KA E Project Researcher : AKADA, Keishi
BEWMEE BB 38  Project Researcher : OSHIMA, Masaharu
BEWEE HXAIR #Ht Project Researcher : TAKUBO, Kou
BEMEE £ #E  Project Researcher : CUI, Yitao
BEWRE F {EZ Project Researcher : TANG, Jiayi
BAREE U BB Project Researcher : YAMAZOE, Kosuke
BAEFEE |UAR EE Project Researcher : YAMAMOTO, Shingo

o B/ YA

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.

ERICHBF2EMEALY VLEED RILFERA L — ' —MESOREEFOH
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

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 Laboratory
for the safety in experiments that utilize X-ray, y-ray
and radioactive materials, Library, Stock Room,
International Liaison Office for supporting foreign
researchers, Information Technology Office for
handling and supporting network related matters, and
Public Relations Office. In each facility, several staff
members are working under supervision of the corre-
sponding committee.

[

ERRILE EREER LT #® KITEPIE TE X P EBE T Rk
Cryogenic Service Chairperson YAMASHIYA, Minoru  Technical Associate TSUCHIYA, Hikaru Technical Associate  NOMURA, Miku
Laborato P \ =
Y winsrma Bl BT
Technical Associate SAGIYAMA, Reiko
TE=E IHEER B E— BfTEE R BE EERHES BN BT
Machine Shop Chairperson KINDO, Koichi Technical Associate OKABE, Kiyonobu Administrative Staff TAKAGI, Akiko
PITRBE HF #HN WrxErEs NE
Technical Associate  TANAKA, Yusuke Technical Staff MURANUKI, Seiji
BEREEE mgngEzar & IR BifErIg BE BN
Radiation Safety Chairperson MORI, Hatsumi Technical Associate  NOZAWA, Kiyokazu
Laboratory
= = = (X EER =
NEZE HMEZER HE E RE wargsms) PNEE HMET  =BHES ARIE BF
Library Chairperson YOSHINOBU, Jun Administrative Staff NAITO, Yumiko Administrative Staff KUBOSHIMA, Tomoko
5 (HbXEER
EE mrmaas) FEIR ERE
Administrative Staff NAKASONE, Emi
2Ry —L EBEER #H R FH - RER
Stock Room Chairperson MASUDA, Takatsugu Administrative Staff(Finance and Accounting Section)
EERRE Epsier MR OXRK EHBIES B8H WF EHERHES ‘O X7
International Liason Chairperson KOMORI, Fumio Administrative Staff KAMEDA, Akiko Administrative Staff HASHIGUCHI, Ayano
Office
E=HMEE LR #F EBHES a0 #HhT
Administrative Staff YAMAUCHI, Atsuko Administrative Staff ISHIGUCHI, Yuko
BHREIME  Buma B0 &8 wifiEriE RE W17 FiEErEme e T
Information Chairperson NOGUCHI, Hiroshi Technical Associate YATA, Hiroyuki Technical Associate ARAKI, Shigeyuki
Technology Office _ N
KirEPIE EH &
Technical Associate FUKUDA, Takaki
N ES BALBEER F PR FITRBE BtEH M R
Public Relations Chairperson MORI, Hatsumi Technical Associate  MOCHIDA, Madoka Administrative Staff(General Affairs Section)
ffice .
URA i NI -l RS A% HDR HEAMBRK

Contact Person

SUZUKI, Hiroyuki

Technical Staff

ISHIZUKA, Mizue
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Cryogenic Service Laboratory

TR
Machine Shop

BRESER |UT F& Chairperson : YAMASHITA, Minoru
wiiErmE TB J¢ Technical Associate : TSUCHIYA, Hikaru
EMErI®E EL ¥SF Technical Associate : SAGIYAMA, Reiko
HTERE  BPAN  RIJE Technical Associate : NOMURA, Miku

IR R ZWE~NY T L LR EF 2 AL, bbb
TR BN B T 29— 20 F v 2 AR D E A A
Ry ROEHHIT TS, WK LZYETFZEIC 232
T, MFREPPEIEEIN G, BB LY YL AIZE
L., REELLUCHRILICAIA T %, 2016 FEEDRE~Y Y
LDEPER L RIZZ NN 328,000 L, 234,135 L
Thb, MEERIIATLOMAL, HELTW2, 2016
DR SEH DM AIEIZ 971,289 L L2 >T\» 3,

Cryogenic Service Laboratory (1) supplies liquid helium
and liquid nitrogen, (2) provides general services concerning
cryogenic techniques, and (3) manages high-pressure gas cylin-
ders used in Kashiwa Campus. The laboratory has its own lique-
fiers 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 2016, a total of
328,000 L liquid helium was produced, of which 234,135 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 labora-
tory purchases liquid nitrogen from outside manufacturers. In
FY 2016, liquid nitrogen of 971,289 L was supplied.

FERRE Main Facilities
ANYDLEILEE (YrT)  Helium liquefier system | (Linde) 200 L/hr
AYDLRICEEN (VT)  Helium liquefier system Il (Linde) 233 L/hr
BN LEE Liquid helium storage vessel 10,000 L
REZRETE Liquid nitrogen storage tanks 20,000 L
EREAUYILNRERME  Helium gas recovery compressor 190 m3/hr
BEANUILN AR Liquid helium transport containers

500 L, 250L, 100 L etc.
BEORANIVLRERY T

Centrifugal liquid helium pump system 20 L/min

AU LTACHE, B ROSEDRH LR T
Helium liquefier, storage, and transfer system
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IHEER %8 5— Chairperson : KINDO, Koichi

B i B B FER B{E  Technical Associate : OKABE, Kiyonobu
ExEmEs P #57)  Technical Staff : TANAKA, Yusuke
SHREBRES FNEB ERT  Technical Staff : MURANUKI, Seiji
EBEHEEE &K HBIF Administrative Staff : TAKAGI, Akiko

TAE=x, WH7E BBz 2 TEYOINL, MO
Frtad 2 B LT OBER Y Z DS, 2 UCEERGE
DHREMEZ2T>TWw 5, 7z, WHEEHSBWHZEICL
LR AR 21T ) 720 DR E TR LREINT 5,

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

TERE

WRIAEE S#MEEvy=v Iy — NCHEE. #7518

AZATHEE  AZ AR vy 7)EBRF. BERINTHE.
TAVYEYRNYRY —

MRELAE : DHEER. BENEER. 751 8 R—)L#

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

THFE
Machine shop
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Supporting Facilities

JECS kA B

Radiation Safety Laboratory

HE
Library

BEHSEEEER K
B E M B BE
(EHREUR EEE)

FE Chairperson : MORI, Hatsumi

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

TECRHRE BRI, PIPEWEE T IS B 2 IO EE (U4
BB E 2 &0) CRONRIEELEE (XEEZ &)
DI T T, BRI E OIS 2B L ., &
EEWRTAZEZHNWELTREINT VWS, 2070,
TECRRR AR B 2 4 T A 70 SO W BISEB & LT, O
PEVVE U R AR RS E O FT R, 28 5E SOV BE IR f
IEHRTREE, BEET ISR 2 MU B H E
PRI, AR BRI O M HE . X R AL B 55 o) 32 IR
T D FE M S OV TR U A D 918 <R B il fedt B 72 W
DLk, BB EOBEINMELZT>Tw5, F7k,
Wik, U, Th % X O IEEEIRHE % 2“Na # &
PR 2 FO 7 F 2870 £ 53 C & 2 HBR B0 BB (XA
&) WIS ZMHA 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 FEHRRRYEZ BN TR 2 WIERRAME—DERE).
RYMOVERE NaBHRREAVWLERRY MOYE-LICLS
ERMNMTZZ). BENREE, Ce FEMREB, affBREBE. BED Y
FL—yavhorvy— BT RAA-F5—%F BREREE (\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.

,J-_..

NYRZYhIAREZS—
The 7ch hand-foot-clothing monitor
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EZE R EE 32 Chairperson : YOSHINOBU, Jun

% £ NEE ¥43=F Administrative Staff : NAITO, Yumiko
ES £ FER B 3E Administrative Staff : NAKASONE, Emi

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

PrPERIRFE T & W LA ER LD HEISIR e BT ABESE
B OWIFEL KRG LD & LHICEOILEF iFZEHE D
febic, PItEREEZ P E R 2 IE LTI LT 2,

FrRERHEA ¥ — %y P TRETE, FTNTIRHEK
FHTAHINTREEFY ¥ — TP T —F =22 FH]
TE5, FRARPBERHIOWTIXRIZAR AR I X
LIEEE., BIMEHOY —E2Z2{T>T 05,

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

databases subscribed by the University of Tokyo. The Library also

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

Bz
EE : 783m?
BEH 165,929 it (kK 28 FEKRIRE)

(G¥% 58,907 fit. f1F 7,022 fit. WAMTZEZED)
MESIESRS 72018 (FHE5 635 &, MHMES 94 18)
FZERRE : FH 9:30-17:00 (FFEsAFIA 6:00-9:30, 17:00-24:00)
BEEH 24 (W8BELANT—TIL. BRIVEY NRE)
IR—LR—3 : http://www.issp.u-tokyo.ac.jp/labs/tosyo/
Outline
Area : 783mi

Library holdings : 65,929 volumes (as of March, 2017)

(Foreign books 58,907, Japanese books :7,022. Including bound journals)
Journal collection : 729 titles (Foreign journals : 635, Japanese journals : 94)
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/
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Stock Room

B A2 it =2
International Liaison Office

EWMEBER XM PERI Chairperson : MASUDA, Takatsugu

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

Aby 7V —LE, [, BER e &SRB hE L
THHEESNBHEFES, Z DS R Lo @iz %
HATS, MREEDEHZMZ7OABACHL S AT 4
2T 24 A =7V LT D, B3P %o
LAHICAT 52 TE5, B D, — Bl
BCATREL ThROYNe, —fElAICLYarry Yy
TELVSEEHONRTH S,

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.

EEZRER /\Ff 3K Chairperson : KOMORI, Fumio

=B #ES B T F Administrative Staff : KAMEDA, Akiko
=Bx@mEE IUARN ZF Administrative Staff : YAMAUCHI, Atsuko
=B @HmEE B[O 3J5 Administrative Staff : HASHIGUCHI, Ayano
EB@HEE A0 *HF Administrative Staff : ISHIGUCHI, Yuko

FEEAR I, PIVEFZERTIC B 2 EBE TR0 b 5
KR BzefroTws, HEZREREZ2OS LT, MIEITTEAT
DE R EEEFIE HEANEBITE, BEE7 -7y ay 775%)
DHEEZITV, INSDFEM - HE 2B LT05, 7,
WHAVY—F T a Lt 74 A% LD ETHHF v AN
DOEBRERE L L . SE AT E - HiE O FE T
SPHEEEOIE, MR LE2{ToTw5,

The International Liaison Office provides a wide array of
support for international collaboration programs at and by ISSP,
which include the visiting professorship program and ISSP
international workshops. In addition, ILO also works with the
Kashiwa International Office and other related sections on the
Kashiwa campus to assist international researchers affiliated
with or visiting ISSP in their administrative processes and daily

lives in Japan.

ARy IL—L1
Stock Room

International Liaison Office
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Supporting Facilities

T BB iy =2

Information Technology Office

)i =
Public Relations Office

B Y% & BF[ {&HT Chairperson: NOGUCHI, Hiroshi
ERITEFBE K< #{T Technical Associate : YATA, Hiroyuki
BT EPBE fBHE 3k Technical Associate : FUKUDA, Takaki

STIESPMEE K Z5{T Technical Associate : ARAKI, Shigeyuki

THMBAMT =TI, WIEDFZERT LAN 8 XX WWW 4 —
N (WS — 25— http://www.issp.u-tokyo.ac.jp)
fhD SFES — R DOEFFEAZITV, KB AEZ GO TN
ICRREELTV 2, PIERER Y b7 — 7 TR GRS F v o8
A%y b7 =2 (UTnet) 2L 7A ¥ —Fv b~NDEHLD
7D, 77AT A —NDORE, TANVANEY 7T LT
DIFNANDIAR R ED XX 2) T4 WK ZIT>T0 5, e,
FINTOaryEa—y B0y F7 =780 QRA, 7L
RS AT LR EDOK R OB LR AEER & DT>
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 by distributing

anti-virus software to in-house users.

BREBEER B Chairperson : MORI, Hatsumi

u R A #K & ContactPerson: SUZUKI, Hiroyuki
2MIERSE BHH g  Technical Associate: MOCHIDA, Madoka
R ES AR ADAR Technical Staff: ISHIZUKA, Mizue
woB K Administrative Staff (General Affairs Section)

=+ | F AR Administrative Staff (Joint Research Section)

AR, PN B 2IE RIS b 2 5 %217
Yo WIMEWIFERT OBEBIGE THIMEWEZ XD, 2R, WITEDE
B Activity Report, 28> 7L v b EDOHIRBIRR, F—
LAR—Y COBEMABRF/LEDIL, ~BHHESREDHASE
WhEZB7 Y M) —FiEE 2 YT 5,

The Public Relations Office offers information of our institu-
tion, activities and outcomes with media tools of handbook,
pamphlet, activity report and bulletin “BUSSEIKEN DAYORT,
as well as webpage. The office is also in charge of outreach activi-
ties, such as public lecture and so on, for the purpose of social

responsibility.

MERRY KT =0 DEEH L3 X1 v F
L3 switch: Core network switch of ISSP
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