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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 acting as a central 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. This year,

ISSP has started the second 6-year period for the Mid-term Plan. ‘

Condensed matter science had started as a discipline, which FEE Director

enables us to understand a wide variety of properties of materials on ‘ .

)\
the basis of fundamental laws of motion of the constituent micro- {ﬁ% , I' f_A
scopic particles, i.e. electrons and nuclei. Based on such knowl- TAKIGAWA, Masashi

edge, 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 fasci-
nating 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. This year, expecting further expansion of the scope of condensed matter science, we launched two inter-
disciplinary research groups on “functional materials” and “quantum materials” While the former aims at microscopic
understanding of the dynamic processes including electronic excitations and chemical reactions in complex materials
with hierarchical structures, the goal of the latter is to discover new concepts and functions both in bulk materials and in
nanostructures, that exhibit novel quantum phenomena.

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 is pursuing generation of 1000 tesla destructive short-pulse magnetic fields by electromagnetic
compression method and 100 tesla non-destructive long-pulse fields using 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 earthquake 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” supercomputer. Concerning the
photon science, ISSP has constructed state-of-the-art soft X-ray spectrometers at the BL07 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 2016
Masashi Takigawa
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ISSP Main Building at Roppongi Campus (1963)

THE INSTITUTE FOR SOLID STATE PHYSICS 2016



zJ
Mol
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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HREIFHTERT & L THR
Establishment of ISSP as a joint research laboratory
BTG - PEEREE 2 EM. BT o IR ¢ REENER 1 SRR
Opening of Radio and Microwave Spectroscopy, Theory II, and Crystallography I divisions
A - SRR, B0 O iR
Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions
AR - W55 1 ERF TR
Opening of Low Temperature and Magnetism I divisions
HRELR - oA - AT REG - B - TBORERE PTG R
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+ JERE - S - BRGRSS 3 BRFTHEER. 20 BT L %%
Opening of Magnetism II, Solid Materials, High Pressure, and Theory III divisions. Total 20 divisions
FERARTRRT 2 MR VLRI A A B
Solid Materials division was renamed as Inorganic Materials division
7 [l T S R
Opening of Neutron Diffraction division
BEARPERE (BEE) et (22 8L % %)
Opening of Solid State division (visiting staff), resulting in 22 divisions in total
LIRENVEEY/NER T (T dn
Foundation of Synchrotron Radiation Laboratory
FEARIR A PRS-
Ultra-Low-Temperature Laboratory building completed
ek 22 FMH RIS (GRS, MR L — — R, @R R O EE)
BB TERT, bR EER, BRI 2 & M BEEET  6 KEFI R O% B
HRFT 1 IS FHRBL S 115
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
LY « MR L — 3 — B T
Ultra-High Magnetic Field Laboratory and Laser Laboratory building completed
Y ERIFEARIT (IR 10 4) 23k S, 6 KiEfIE %2
Opening of Materials Development division
55 18] ISSP [Elts v Ko o TERGEEEAROWI & (L) Bt (DIREREUE 2 & IChifi)
The 1st ISSP International Symposium on "The Physics and Chemistry of Organic Superconductors'
HE - BELIFFERR D BTk

Foundation of Neutron Scattering Laboratory
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1997
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RS BRFAL 235 M < 4

Evaluation of scientific achievements of ISSP by an international external committee
FrrERE, YRR, Soimaiie, MRBREEYINE. Jadmr ot 5 RIFFEERIM & WO BRI e
N R R il Tl N 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

HHOREMF v v 8 RSB T 2 YT SEERBUdaos 1

Construction of the new ISSP buildings in Kashiwa campus started

HA 9 (bl o EIBRSMEREET 2352 X 11 5

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

HI% v v R AN DOBIERBHIG (2000 FEBEESE T)

Relocation to Kashiwa campus started (completed in 2000)

HHEIN% B HTER

Opening of foreign visiting professorship

BT M S k- R AT ZE R 1o Sk

Reorganization to Neutron Science Laboratory from Neutron Scattering Laboratory

YT EHill s T AMEHM 23 FE i S 4 %

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

[ BN SN ESRVANE 25 YN B NE )

The University of Tokyo was transformed into a national university corporation
FelEI TR R T & 2 R 7 — VIR R P I A4 T

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

EIB ARt 2350 S 1 5

Evaluation of scientific achievements of ISSP by an international external committee

Il 5% SRk 5 R AT S R D T

Foundation of International MegaGauss Science Laboratory

AI37 50 ARl

Celebration of 50th anniversary

JEREFIA - LA & L CaEn

Authorization as a joint usage/research center

FHEERE R v Y — DB

Foundation of Center of Computational Materials Science

Ja i o3 YEWRFE AP S O WOE I P PR ZE iR 25 A - Fe S 4L, MR 2 b — L > FORRFADTE
vy —hFE R

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

Hokip g (pPETRL) D EBRIRREHfios i S 5

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 EREEMI PR 78R 255 R P MR 2 A P~ S 11 %

BEREVIEWITE 7V — 7" L B WHEINE 7V — 73RS N B

Reorganization to Division of Condensed Matter Science from Divisions of New Materials
Science and Physics in Extreme Conditions, and foundation of Functional Materials Group and
Quantum Materials Group
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ISSP belongs to the University of Tokyo. At the same
time, its facilities are open to all domestic researchers
participating in joint research. In April 2010, ISSP was
duly granted the authorization as a joint usage/research
center. The administrative decisions are made at the
faculty meeting chaired by the director and attended by
professors and associate professors. The ISSP Advisory
Committee, consisting of nearly equal numbers of
members from and outside of the University of Tokyo to
represent the interest of the outside users, gives advice
on various aspects of administration upon inquiry of the
director. The Advisory Committee for Joint Research,
consisting of both the in-house and outside members,
evaluates proposals for joint research, workshops, and
allocation of fund for user activities. The Research
Strategy Office headed by the director promotes future
plans to reinforce research and management of ISSP.

Currently ISSP consists of three Research Divisions,
two Research Groups, five Research Facilities, 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
Laboratory, Machine Shop, Radiation Safety Labora-
tory, Library and International Liaison Office, provide
services to both in-house and outside users. Public
Relations Office offers various information, and Infor-
mation 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

ZPEREZE BHE  Domestic Joint Research
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The facilities of ISSP are open to domestic
researchers, who are encouraged to submit joint
research proposals. In addition, ISSP provides oppor-
tunities 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.

FREER A
subjects researchers
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
0 0
2011 2012 2013 2014 2015

PR Sds LRI BRI O — - P B A R o 1
A—8—ara—¥ BIOEAIER LIEGEUIE RO 45
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 7E2  Workshop

Y SE LBIRZR LR E T —<IcoWwT, 2~3H
BELTNLHEEZTHIODHETHZ, £2EOY
PERFFEE o OGS IC D &, AR EMEE
RUCES>THRIRD TR E S NS,

2,500 SINEE

participants

2,000
1,500
1,000
500
0
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
WIS 2 Workshops
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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.

B

1%

ok 3% -3l 0p 5 L RIS 0 BEH I o T I

) KRR E TR AbEC RS,
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[EIPE223  International Activities

YIERFFERTIZ. WIMERFZE D EBR AL & LT HERE
mREERIHSTWS, YA DR BB 2 3 & 1%
AL ZEBEIEFEMEDIERITbITEY, BEE
B HARAMIR IS DS E T E 22 &2 FH L7
AEBEOLEIAEFRE LTS, £, 1981 FDIKE, Hk
TECELICBY 9 2 R B 1 3 3 0 FE RSB o 1 # b S 7
LTWw3, Zoficd, EEES AP 7L ROEEY —
7y ay 7L TLS,

ISSP plays an important role as an international
center of materials science. 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 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. In addition, ISSP organizes international

symposiums and workshops.

o7 —< O O EHR (SEAN)
Title Date Participants (overseas)

International Workshop on 3D Atomic Imaging at Nano-scale Active Sites in 2012-8-6-8 68 (10)

Materials

Emergent Quantum Phases in Condensed Matter (EQPCM2013) 2013-6-3-21 160 (35)

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

Photonics”

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

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

Research 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 CR.OT7_T.

Problems (TNQMP2016) C AR 125 (55

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

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

=}
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Wt sERrcid, Kb siszfHaL., MtkRs
B L 22 R%EBEBHE I Z2EN TV 5, PENTZERT D
BEIZ, FETEIGUC T REBEHER VT ER B
P, LR, RO TEE Y B
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JBLTW 205, INSHERDOMZ B A 7 G S 1237
DFE YR RE DB Z ANT 5, Yt
WHERTTld, BERLEFOEAREE DI DDAAY VR
ZHIMET S EEBIT, BEAERDALEZNRICH RS
AME LT 22 HIIFZEE S —u T HERHA O IR
ZHIF#EL TV S,

ISSP contributes to the graduate education in materials
science using its unique facilities. The faculties partici-
pate in the following departments of the graduate school
of the University of Tokyo: Physics, Chemistry, Applied
Physics, Advanced Materials, and Complexity Science
and Engineering. However, students are encouraged to
develop their careers across the established disciplines.
Every year a guidance and guided tour are given to
those who are interested in graduate courses in ISSP.
For undergraduate students, introductory lectures on
condensed matter science are given as one of Seminars

at Komaba campus.

{EL58%E Master Course #8158 Doctor Course
20134 | 20144 | 20154 | 20164 | 20134 | 20144 | 20154 | 2016 &
YIRZEK  Physics 41 32 28 18 21 27 34 35
{EZEEI  Chemistry 4 3 1 5 2 3 0 0
YMEBTHEK Appl. Phys. 11 7 9 7 7 8 4
MIERER Advanced Materials 38 33 39 43 16 18 24 28
B T FHEI Complexity Sci. and Eng. 0 0 3 2 0 0 1 1
& &t 94 76 78 77 46 55 67 68
W5 AEDOFBUNRBEEE Number of graduate students
-:—:‘Ar\ L ° °
st et /Publications
500
WIPEREFE T CIE, R 300 205 400 HR Rl D 27 i
A RELT OB, 2015 EIEDFRCHR 200 oW
AU, AR 290, MHELS 8, A (F72i3 R0 —K) 300
l1Et%>Tn3,
200
About 300 to 400 scientific issues are published 100
through annual activity in ISSP. The 299 articles
2010 2011 2012 2013 2014 2015

published in 2015 consist of 290 papers in refereed

journals, 8 reviews, 1 books.

MR RGE (Tas—T 1 v - SR EET)

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

CI(A)
(B
£1(0)
(D)
£1(E)

3.3)52 274K (2015 fiscal year)

A

AHE  XEBEELD
MHE | XERIPE LD
Fits : REFELD

RECHZT - LR RE - thETEFELD
RPRRE | XEBRZEE - BARWIRES 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) Grant-in-Aid from Private Corporations
(D) Grant-in-Aid from Governmental Agencies and Private Corporations
(E) Grant-in-Aid from Ministry of Education, Culture, Sports, Science and Technology, and Japan Society
for the Promotion of Science
(A) (B) (@) (D) (E) st
NS Y& EhE RN HLREMRE | BPARE Total
¥/ 27 £ (2015)| 1,657,078 2,146,989 17,829 500,211 464,165 4,786.272
R 26 £ (2014)| 1,700,581 2,713,528 28,071 435,229 585,279 5,462,688
Rk 25 &£ (2013)| 1,545,996 2,307,864 30,847 545,717 427,515 4,857,939
TRk 24 £ (2012)| 1,326,798 2,843,602 15,344 296,078 361,530 4,843,352
Rk 23 £ (2011)| 1,466,060 3,502,123 21,312 222,097 666,184 5,877,776
R 22 £ (2010)| 1,348,475 2,659,755 48472 298,615 691,061 5,046,378
TR 21 F£E (2009) | 1,363,182 2,748,055 7,575 405,342 754,798 5,278,952
FHEAEDOHER  Budget in recent years (Hifz : )  (Unit: Thousand Yen)
1

ik

¥/Staff Members

TH28F7H1H 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 20 2 16 1 39 2 30 12 122
staffs
13
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Division of Condensed Matter Science

B eyEinE s gk, GsEk, 77 —1
A=Ky F)Fa—=7, 7577z 2EDFICRGN
X9z, THWE ) OFFIZINETITMEEE 744
WEREOF LRI AR WTE:, $-, WHFR
Zil i, HEE, MR, TRERBRET ) 12
EQE, WFEOIREBE ISR R IWE 2R TRk
%, WA PEBIROFE B E TRk OF L O FEM
DFNA ZDFAFI SO RD3D, B RYVERFEE
FICl, MERE - ARERSSIIA, B g v fist
ZEUHLOWEREZ AR, BB % LT
ZOMWEENETZIEIZED . BiLLEBIzo%
WEYMTREFR R UMBHT2ZE2HBL LTV,

WP, 6 DDOWEELSHERIN TS, %
R I Z A RO LIHYE P E R
DA, HIRT P/ Bk oER, &Yk
HIE ., B L OHEIE B D BT 22 &2 AT\ DD,
YIEIE 70— 7" LML 70V — 7" L D IPe %
A 7EEE S DT T0 B, P TIa B, &
BeERLY., EuBTrRYHE, GREEHE
EWETFHEZRL. FReY— HlRT.
FHHEREH 7 HREMb S WEICET S
SRR OGAZ E T —<D 1 2L LT,
SR E AR TR sk o R, R
TERENT, HIREEIE» ) T, MR, @R,
WG TICEB U BlRE, KB R, BGIE
MG RN e & 1 A SRR 7 2 IR L 72 B
DEDHNTD,

Discoveries of new materials have often opened
new horizons in materials science. High temperature
oxide superconductors, carbon clusters, nanotubes,
graphene, and organic conductors are good examples.
Materials under extreme conditions such as low
temperatures, high pressure, and high magnetic field
demonstrate unusual electronic states. New materials
also lead to the future development of new devices and
technologies. The goal of the Division of Condensed
Matter Science is to uncover novel phenomena that
lead to new concepts of matter, through combined
efforts of search, synthesis and characterization of
new materials. Currently, our division consists of six
groups. Although each group has its own research
style and projects, we try to maintain close collabora-
tion between those groups working on production of
high quality materials and those working on advanced
technology for measuring physical properties.

One of the subjects of our current intensive research is
the effects of strong electronic correlation, in particular,
novel phenomena related to topological, multipoles,
molecular degrees of freedoms in transition metal oxides,
heavy electron systems, and organic conductors. Here,
various advanced experimental techniques are employed,
such as materials syntheses, fabrication of monoatomic
layer and nano structures, structural characterization,
transport, magnetic and calorimetric measurements, and
nuclear magnetic resonance under low temperatures,
high pressure, and high magnetic field.

#n R B = B #
Professor TAKIGAWA, Masashi Research Associate
% B R RER B #
Professor SAKAKIBARA, Toshiro Research Associate
8 &R & 9% B #
Professor MORI, Hatsumi Research Associate
* R *
BB it A g™
Professor NAKATSUJI, Satoru Research Associate
N *1
b G RE #A HEBH
Associate Professor OSADA, Toshihito Project Research Associate
I (TN HBEHE
Associate Professor YAMASHITA, Minoru Technical Associate
g (B8) ) I KirErImE
Visiting Professor ~ TACHIKAWA, Masanori Technical Associate
HREOEAES) =5F ZRIE BEMRE
Visiting Professor ~ TAKANO, Yasumasa Project Researcher
B =H @ RHERRE
Research Associate MITAMURA, Hiroyuki Project Researcher
B % fam  R—EB BIEMRE

Research Associate

KITTAKA, Shunichiro

Project Researcher

A & HEHRE 7’
UEDA, Akira Project Researcher SUN, Yue
TE I8 BIERES HA 2
SHIMOZAWA, Masaaki Project Researcher TAKEDA, Hikaru
B & BETRE RE
TAEN, Toshihiro Project Researcher HIGASHINO, Toshiki
N = ¥

WA EN RS " X E
MATSUMOTO, Yousuke Project Researcher OHTSUKI, Takumi
BH OBA HEmRS ™ FATY HAIY
SAKAI, Akito Project Researcher TIAN, Zhaoming

= = * =3 e
ML FEF HEmEs ™ EH H3A
MURAYAMA, Chizuko Project Researcher TOMITA, Takahiro

= *

WH A HEHzRE " Bt Kt
UCHIDA, Kazuhito Project Researcher HIGO, Tomoya
BH F— HiEmRs ™ XY 74TV
SAKAI, Kenichi Project Researcher MAN, Huiyuan
£ PiREAHRE HE JER
SATO, Mitsuyuki JSPS Research Fellow ~ YOSHIDA, Junya
EH HED PRERIFRE " TN N8
SUGII, Kaori JSPS Research Fellow ~ SHIMURA, Yasuyuki

1 Bz, AMSIRETWENESIL—7. /concurrent with Quantum Materials Group
*2 FRgsIs. ISR/ R —)UMERIZEERFS, /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 )N E 78 %2

Takigawa Group

MR AL (NMR) 2 E4FEBRTFRELT BEEAN
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MBI RTid, HISE, 8 (R ) e, Bk, W
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ME—RAV P 2F>TED, ZNGIZEAHDET23E 5 W

PEGALEZEC TV, ZOLONMRIZ, EENET
@XEV\%ﬁ\%ﬁ&E@Eﬁﬁﬁ%ﬁéofﬁﬂéﬁ

BERPRECHSEOWE %2, 2/t a 1729
%&&&50ﬁ&u@&&%@%%oﬂwXNMRMi%E
ZEEMHL . AR - TR - ST & DSV BREE S L A
Hb¥ T EBREEAAY. & LEMAYH Kk Z
WRELZMAEZITT>T 5,
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D &S ALY 2 BEFENFEN TEREN U EFHMERE SrCuz2(BO3)2 @, 1R
B ERBICRITZIRTER (B) RFEONMRIRY ML, AIEICAWERIE
BMETERTH B (Cu) OS5 0.5% EEMMETRTHZHEH (Zn) TEEHERZ.
BENMICA N ZEALTH D, FMYHSEVWAEY 2E8FKIGYVYITLY &
T 20, FMICK > TIMZLRRAE Y ORAEICIE. BAR RS
NF—> (REY - R—F0OY) RN D, FIEEABEESEOMEDRVIEIR
(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. BRIT. 75AKL—h - REVRDY A IV A EETFHER

I

TAKIGAWA, Masashi
Bi%

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.

NMR Z~R%Z I\)b@%ﬁ’fﬁ?ﬁ‘
0 9 55N, BRRENO

@ HO(DiﬂXt/@ Y DR

@/ 06 s 0/0 Fo x RERTHME, 7
AW A WARBRFERT, i
® ® B0 DRU RIS &
FALEEDREY, FikE

& Fo e—e o f¥ DFAEES & KA E D
B AEVEEL, AOAES

O &= ®C3A@ 90 BALYOKRESERT,
0T, = o 33 BRI R EOMEERL.
G @¢ ZFOHRDESIEERKD R~
o) o) 5 R LBOBSICHET 2.

— o S o = NMRZAZ hLTIE, @

o PR & @ CETER

0/ o g /O TH<. FOELFEBDE

SETENSDESHHN
® TV,

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. BRZBEER
Exotic superconductors

3. BERETRICHITZER - Bl - ZMTFOKRFEESE

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

4. BHEBRECERICE T2 AEY EEBRDY A FIIR

Spin and charge dynamics in magnetic organic conductors

THE INSTITUTE FOR SOLID STATE PHYSICS 2016



BE R TEDTTERRM
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http://www.issp.u-tokyo.ac.jp/maincontents/organization/
labs/sakakibara_group.html
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Sakakibara Group
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1. EVWBEF LAY O & B8

R 2R e R—H =N 8=
SAKAKIBARA, Toshiro  KITTAKA, Shunichiro MITAMURA, Hiroyuki
% B B

Professor Research Associate 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.

BEVWEFRBMEEAE UPdAl3 (Te = 2.0 K) DitEERETE o8
C/TIEDWT, HBENARERD ac AN TGRS BLEZTDAE
&FME, (a) (FRE 0.2K LRI 2EBRER. (b) FKFZ01>/—R
FREULBED., EHIBICE T2 EOTRILF—ERTFREZED
MAKEE, STEEREIERERZLCBRLUTRED. QERISTO
UPd2Al3 @ C/T DINAKREFEEIGBIEEX vv TOKEZA Y/ —R
DEFEEZBRSEZFLTWS,

The polar-angle (6) 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. fEFLEYDOLBFEREICHRY 2KRFEESE

Multipole orderings and fluctuations in f electron systems

3. 75 AL — MEMEFRORLIERE

Magnetization of geometrically frustrated magnets
4, EFRAEVROEEIRRE

Ground state properties of quantum spin systems
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X MORI, Hatsumi UEDA, Akira
Mori Group i B
Professor Research Associate
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MINV—7 Tk, HLOAEBREEHRELTEY M
k-ET2Cu(NCS)2 LB B-(meso-DMBEDT-TTF)2PFg
(K1) 2%RL, MENFEETo, SSICHRIETIE, K
FiEG7a by LREE TS BIGEEN LT, R
DY B2 BIRZ RS HARZEGAE (K2) 2%,

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

(|) (i) 16 o = 3 92x10° T T
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101 _ S IS ’\.\/\"/ N ruon
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Fig.1. Novel organic superconductors: (i)single . z K-X3(Cat-EDT-TTR)2 (X = H, D) E8W\T. K=AEKRNEIC &
crystals of Mott-type k-ET,Cu(NCS); and (ii) 10° Z 1 N BB TEEN S & ORI D B2
electrical resistivities under pressures for charge- &0 L o i ing behavi ¢ electri fl sistivity and magne
ordered-type p-(meso-DMBEDT-TTF),PF, . i 0 8 10 F.1g.24 Switching behavior ot_ electrical resistivity and magne-
10 tism due to large deuteron isotope effect in proton-electron
0 100 200 300 A T
Temperature (K) cor rela;ed purely organic conductors k-X3(Cat-EDT-TTF); (X
=H, D).

. AFOEHEZED UCHRER (B) BRELUT7O NV EAORR KRR
Development and studies of structural and physical properties for novel organic (super)conductors and proton
conductors based upon molecular degree of freedom

. BEFTEFN AN VIEEB S IHE U B EER. BRI SRR
Development and studies of structural and physical properties for electron-proton coupled molecular functional materials

B EBENHRE T DRBEAORR SRR
Development and studies of structural and physical properties for novel metal complexes whose magnetism and
conductivity are competitive

. AFHEMEDINE O Bis. B%. BRE. EN) ISEOMR

Studies of responses by external stimuli (light, magnetic and electric fields, temperature, pressure) for molecular materials
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OSADA, Toshihito TAEN, Toshihiro
HEHIR B

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.

WOERDSE
FEBEUCBERT
BR&EE B
RAEULCEEBRE
&L, BERTE
(7777 —
JLAANT O#E)
BT %, X
FTARRERR
FTEMEYPES
BRFERORB
TERICE D%
#9 %,

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.

0.60
FHETRERBRAZF D

T=4.2K 10.50 h-BN D ¥R FE# & LIC
GEEEEL CEBBELL

10405  BE/2BIST7VEA

=  ERTEZOETFR—IGE,

10.30 % EAZEFLCHHEBRIE R—

T VERORSE. EAIH

{020 <hrRAVAHILICRES N

eIy IF v RILDOHDNTE
3T E&'RT HEEE (filling
factor) £ 0L O MRS

-15  -10

e R e BEES > 5 Y E ORI
Filling Factor 1=r/(1/22) EOBNETRT 5

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. BFEYME (UZ7xv. 74#RX74L V) OBFREEEFEE
Electronic structure and quantum transport in atomic layers (graphene, phosphorene, etc.)
2. BT« v VBFROETFR—ILERMERICE T2\ AILREREE
Helical surface state in quantum Hall ferromagnetic phase in an organic Dirac fermion system

3. ZREBFR-IRICE I BN I REREDEFEE

Quantum transport of chiral surface state in multilayer quantum Hall systems

4. BRYEOBERERSCELERIE—L VX

Interlayer coherence and angle-dependent magnetotransport in layered conductors

5 BEHET 7OV REFRICETENA X EBRIRE

Chaos and electron transport in Bloch electron systems under magnetic and electronic fields
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TE MER

I
X YAMASHITA, Minoru SHIMOZAWA, Masaaki
Yamashita Group R B

Associate Professor Research Associate

HEDOTIRTH 2N EETIRETOYEIZHD DWT
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I T HE 2 BR DRI & TREEHIIE 9 2 H T2 oYz
MBI ZITo T 5, FiIZ, BRI 2(Tbi
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AR IR E ORI 7IA ML —2av k)
DRI B O TEAEH LA I N T A IRIRIREE
DEER—VHIE % EICX>TZ DRI DRI )% AT

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

ezt T3,

magnetic materials.
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The ultra-low temper-
ature cryostat at ISSP.
By nuclear demagne-
tization cooling, the
experiments can be
M performed down to 1
mK under a magnetic
field up to 10 T. The
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lower right picture
is an enlarged-view
of the experimental
space. The lower left
picture shows a can-
tilever cell for torque
measurements.

1. BERICKT2BEREFROME

T(K)

77 ANL— MEEGRILIRY A b TR S N BR— VREER () EREER
(M/H) OREREE, ERTAEVEEREAM 8B ICLIch > THR—IUEE
ERERLTWR Z &b 3,

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. BIERICHITBBEHERMDRER

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

3 BEAENT AL -3 v edb DHEEICEITE2EFAE VR

Quantum spin liquid state in geometrically-frustrated magnets
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Tachikawa Group

MERDHE— B2 T TR A T KE (kFE
R OB THRESE) 1TEIRL . (a) ZEr %5 FiliE (MO)
. (b) SR RETEYTALe (QMC) B, (c) 0%
MBS (DFT) 1. (d) %57 Rk sy (PI) Mie L bk %
RS R PR A T - AL HRUR RO RS
A1 (kcal/mol A —# DI EIKE L ) 226, FLVILE T
NBIEDBFE, ‘T KERDEE, ZLTEETTORE
BEFEICE S, B ROE— B E2EBL 03,

ZokHc, VINHRECHELTE LR TZH o R
a5 lic kD, FFRETHIEIN TS TnE
TEARFEOMBIT 2 GRIRER) DEKFERRZ BRI
fRIHT2 2 L2 HINET S, FRCETAKFEET - T AY v X
TICHEHT LT, AREERERAKZEORTHEDE D,
ISP E RIS T2 MRS 2, $2DD
DEREE <V F A =Tk (A 7Yy FFik - @i si)
IFERFICHHSE - T2 LT, AFEIEICH .2,

HER R PPERTERM

Division of Condensed Matter Science
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Takano Group
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TACHIKAWA, Masanori
EEHE

Visiting Professor

3711

In Tachikawa group, the development of accurate and efficient
computational methodologies to elucidate a wide variety of
molecular phenomena has been performed. For instance, Tachi-
kawa group has been developing new ab initio schemes to multi-
component (including electron, proton, and muon) systems
for nuclear quantum effects in molecular properties. The novel
methodologies are (a) Ab initio multi component molecular
orbital (MC_MO) method, (b) Ab initio multi component
quantum Monte Carlo (MC_QMC) method, (c) Multi compo-
nent density functional theory (MC_DFT) method, and (d) Ab
initio multi-component path integral (MC-PI) method.

By using these multi-component theories, the mechanism of
isotope effect for proton-electron coupled molecular conductors
developed in Mori lab. is aimed to be theoretically disclosed. By
focusing on quantum hydrogen and -7 stacking, the deuterium
isotope effects on crystal and electronic structures are eluci-
dated. The highly accurate multiscale calculation methods will
be simultaneously developed.

=8 ZIE
TAKANO, Yasumasa
NEAEFEHR

Visiting Professor

Our research is focused on magnetic materials in which
interactions between spins are frustrated. Such frustration is
often a consequence of the geometry of the lattice on which
magnetic ions are located, prime examples being the triangular
lattice, kagome lattice, and pyrochlore lattice. In these materials,
unusual magnetically ordered states may appear at low tempera-
tures. In a few celebrated cases, spins can even remain disor-
dered down to the lowest temperature of experiment. The
true nature of such disordered states is one of the important
questions in physics and is often a matter of strong debate. We
primarily use calorimetric techniques at low temperatures and
in high magnetic fields to investigate these materials and draw
inference on their magnetic ground states and low-energy
excitations. Many of our investigations benefit from close collab-
oration with the ISSP group headed by Professor Sakakibara, the

world expert on high-precision magnetization measurements.
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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 collabora-
tion 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
predictions of novel interesting phenomena. The topics
in recent research span diverse areas as quantum phase
transitions and critical phenomena in quantum spin
systems and strongly correlated electron systems, heavy-
fermion physics, superconductivity in various materials,
frustrated systems, dynamic processes and catalytic proper-
ties at surfaces, and quantum transport 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 methodologies in the cutting-edge condensed matter

theory.

BB BR B— B % B Et RHHIMES LTI
Professor TSUNETSUGU, Hirokazu Research Associate FUJII, Tatsuya Project Researcher  YOKOYAMA, Tomohiro

=k = *
% g I ER B # PRE 2 BEFRE”  ILX RE
Professor OSHIKAWA, Masaki Research Associate SAKANO, Rui Project Researcher  YAMAMOTO, Yoshiyuki
s = R N _ o % .
B mEE =& B % HE EE PIREBIER " A2 #
Associate Professor KATO, Takeo Research Associate IKEDA, Tatsuhiko JSPS Research Fellow SUGIURA, Sho
s = * *
B 2EH g B #*? BO R®E
Associate Professor SUGINO, Osamu Research Associate NOGUCHI, Yoshifumi
N - = * i
R (BB) BN AR g™ ZH B

Visiting Associate Professor NOMURA, Kentaro

HEHR (BB WE &
Visiting Associate Professor MATSUO, Mamoru

ZBHEAER) VhR ot/ TAY
Visiting Professor ZOTOS, Xenophon

Research Associate TADA, Yasuhiro

1 BRI, FEIGRTFWERNRSIL—T. / concurrent with Quantum Materials Group
2 PR3k, AHSIRISESIERTER S )L— T,/ concurrent with Functional Materials Group
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Tsunetsugu Group
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BR B— HWH EE
TSUNETSUGU, Hirokazu IKEDA, Tatsuhiko
% B

Professor Research Associate

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

Targets of our recent study include novel types of quantum
order and quantum fluctuations in frustrated spin and strongly
correlated electronic systems with multiple degrees of freedom.
In these systems, many soft modes of fluctuations are coupled,
and this affects the nature of quantum phase transitions, as well
as electronic states and dynamical properties including transport
phenomena. One of our recent achievements is about optical
conductivity near an antiferromagnetic phase transition. We have
shown that vertex corrections due to magnetic order and fluctua-
tions provide a substantial contribution to optical conductivity,
which is in sharp contrast to the behavior near the Mott transi-

tion in frustrated electron systems.

R UREBEDOAAGEEICEH U=6.5¢
T BTERMLE (ove) DFE B 0.15+
MRS (para) & BSEIAK =

a(w)+a ™ (m)

______ % (mag)e BRBEZE S o1lf
0.15p vortox T o M G * EBVESRBESR, T O 7 NP AR
NTCZZORERIEFREER 0.05 :
¢ 06-00_o THRT. T
i WITHOUT ) ) ) ayle)+o I (wpra 0 (m)
. 0.1F ‘D" vertex corrections Vertex corrections in 0 L
5° ’/ the optical conductiv-
o/ ity in the same model;  0.15
0.05L '.-, paramagnetic (para) 2
: ‘ part and magnetic (mag) & 0.1
P2 S U=6.5t¢ part. The data without
/. vertex corrections are (.05}
0 - I I I shown by black dotted
03 0.35 04 0.45 lines, while red lines are 0
T/t the full data.
0.15
BFEE 1 QOEARF/INN—RFERD T 525 —BNFIHEIC & 2 EREIEEE OREREFIE D EE _
R, REBEMEEZRER Tn/t = 0.34. ENSEIOEDCK,. BERBEZEERVWT—Y (@) ICHNT, & 3 01k
RBEZEARGEEDHER (@) 3L DEENSHMERE RS TRILF—DBEMFEFORIBOED L 2
Numerical results of the temperature dependence of the dc conductivity in the half-filled Hubbard 0.05
model on a square lattice calculated by the cluster dynamical mean field theory. The antiferromag- A (hra P (e ™ (o)
netic transition temperature is Tn/t = 0.34. In approaching zero temperature, compared with the 0 . — s
data without vertex corrections ( @ ), the full data ( 4 ) including vertex corrections start to show a 0 5 10
decrease of conductivity at a higher temperature. Energy unit is the electron transfer integral t. W/t

1. dBF. fEFEYRERBEEFROEFRE

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

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

4. BEEEFRICE T ZEANBEE

Unconventional superconductivity in strongly correlated electron systems
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Kato Group
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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.

Transport properties in mesoscopic systems

2. BEFEREERD®RWRDE FEXER

Theory of quantum transport in interacting electron systems

3. FFERETHZE - EFERRAEROERER

bﬂﬁa*z E_i._ MRy 2
KATO, Takeo SAKANO, Rui
HERIR EUE

Associate Professor Research Associate

The main research subject of our laboratory is theoretical
study of quantum transport in nano-scale devices based on
various methods. This research subject, which is also called
‘mesoscopic physics’, has been studied for long time by
focusing on quantum mechanical nature of electrons. Recently,
mesoscopic systems are studied from novel viewpoints such as
nonequilibrium many-body phenomena, shot noise, high-speed
drive phenomena, spintronics, and so on. In order to explain
these phenomena, we are constructing theories by utilizing
nonequilibrium statistical mechanics, fundamental theory of
quantum mechanics, and many-body physics. Examples of our
recent activities are 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.
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The photon-assisted zero-bias noise (the solid line) and the
equilibrium thermal noise (the dashed line) evaluated at the cor-
responding Teq (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.

40 50 60

Fundamental theory of non-equilibrium statistical mechanics and quantum measurement
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Visiting Associate Professor

Recent researches showed the existence of entirely new quantum
states such as topological insulators and Weyl semimetals. In this
project we work on the interplay between spin-orbit coupling and
magnetism, such as spin-electricity correlation, magnetotransport
phenomena, and application to spintronics devices.

A Weyl semimetal is a new type of topologically protected gapless
quantum state, with either time-reversal or spatial inversion symmetries
broken in three dimensions. Weyl semimetals with broken time-reversal
symmetry are more interesting and rewarding for spintronics applications.
We derive an effective free energy functional of magnetization which
describes electromagnetic responses of a Weyl semimetal with ferromag-
netic order. We also demonstrate that Weyl electrons in a magnetic Weyl
semimetal exert a spin torque on the local magnetization, without a flowing
current, when the chemical potential is modulated in a magnetic field. The
spin torque is proportional to the anomalous Hall conductivity, and its
effective field strength can be comparable to the Zeeman field. Using this
effect, the direction of the local magnetization is switched by gate control
in a thin film. Dynamics of local magnetization is analyzed by solving the
Landau-Lifshitz-Gilbert equation. We also discuss magnetic textures such
as domain walls in magnetic Weyl semimetals and show the charge density
and the current density are generated near the domain walls, which might
be used to manipulate the motion of domain walls electrically.
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BEHIUR

Visiting Associate Professor

Spin current, a flow of electron spin angular momentum, is

a key concept in spintronics. Spin current generation has been
achived by using exchange ineteraction in magnets, electro-
magnetic interaction, and spin-orbit interaction. Recently, we
have proposed an alternative scheme wherein the spin-rotation
coupling is exploited for spin-current generation. The spin-
rotation coupling is the fundamental coupling between spin and
mechanical rotational motion, and emerges in both ferromag-
netic and paramagnetic materials, and allows the interconver-
sion of spin and mechanical angular momentum. Spin-current
generation by the spin-rotation coupling has been experimen-
tally demonstrated using the mechanical rotation of liquid
metals. Now we are extending our theory of mechanical genera-
tion of spin current and also developing the inverse effect, where

mechanical rotational motion is induced by spin-injection.
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HEANTEHRE
Visiting Professor

The physics and applications of unconventional spin and heat
transport in low dimensional quantum magnets has attracted
significant theoretical and experimental interest. The proposal
that integrable quantum many-body systems show fundamen-
tally different finite temperature transport properties than the
non-integrable ones promoted the experimental investigation
of the thermal conductivity in quasi-one dimensional novel
magnetic materials.

Currently I am working in the development of a semi-
phenomenological transport theory for topological excitations
in low dimensional quantum magnets. I pursue the idea of
going beyond a low-energy, dilute gas approach by combining
a quasi-particle Bethe ansatz description to exact spin-phonon
scattering matrix elements. Furthermore, I have shown that
the Bethe ansatz formulation of the easy-plane 1D Heisenberg
model thermodynamics (TBA) by Takahashi and Suzuki and the
subsequent analysis of the spin Drude weight, also reproduces
the thermal Drude weight and magneto-thermal coefficient
obtained by the Quantum Transfer Matrix method (QTM).
In a novel extension of the Bethe ansatz method to far-out of
equilibrium transport I studied the energy current generated at
the interface between two semi-infinite chains held at different
temperatures and successfully compared it to recent DMRG

numerical simulations.
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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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Visiting Professor NOZAKI, Yukio Research Associate ISSHIKI, Hironari Project Researcher HIGO, Tomoya
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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. EF8H - AEVEXERR

Quantum transport in charge and spin freedoms
2. EFBEZRAWCLHENROMAR

Study of many-body effects in quantum structures

3. BN/ Ty MBEICEU 2YBRR

BA EE R HE =gk &
KATSUMOTO, Shingo  NAKAMURA, Taketomo ENDO, Akira

% B UE

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 I¢
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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DHIE KT H. ()Pt ® The relation between the conversion efficiency of spin Hall effect
28 vik—ILA (> and the conductivity. (a) The schematic of spin absorption method.
- ERZIMIHE )9y D45 L he pure spin current generated by the current flows between
g, Pto sy & Cu and Py electrodes, diffuses to right direction through the spin
LT LR EN IS S transport channel (Cu). The spin current is absorbed by the spin
B0, H—mmBEm@HE Hall material (Pt), and converted to charge current via inverse spin
SnTWimotz, afF Hall effect. (b) The field dependence of inverse spin Hall resistance
% T It Osn iz Pt @ p (Risue = V/I) of Pt. (c) The conductivity dependence of spin Hall
BCLBEEE(CkEL, angle (spin-current conversion efficiency))fsy of Pt. There has been
ZhH AR - WEED a significant spread in the sy of Pt among reports. We revealed that
et k>t Tc=2  the Osg depends on the conductivity: the film quality of Pt, and the
dependence can be explained extrinsic and intrinsic mechanisms.

SO LT,

1. MAEYROERE L IREEE

Mechanisms of pure spin current generation and detection

2. AEYRZEBWHSIBER
Magnetic phase transition by using spin current

3. MRAYAIIUERERE TORE VR - BREEER
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Professor Research Associate 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.

Bi,0,
Interface

Viuv)

NN =R e B
WS 2/N-IFILY 251V HRICEDAE VR -BREEE, (a) T2
IR ERTREIICAEYREEAT DL, EUIFFEHIEVER
D7 TIIEOVTNEIERIL, ALV RBAEEEBEICERNE
U%. (b)Cu/Biz03 RETHDAL Vi - BREMEROMIER. ()
AEYRYEVTIL B AE Y RFEATEUHES Y 2/0-TF)L2a
51 BEOHIBKEE,
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/Bix03. (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. BEBEANDIEVEA
Spin injection into organic materials
5. BEMED SBLEFESRTFADALEYVEA
Spin injection into superconductor from ferromagnet
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(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.
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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.
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di/dVRe 7T IITRILF—EDIXILF—E, E - EFid (b) -140. (c) -40.
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feo () 7—=UIZEHI NI dI/dVED T-M & T-K AAD TRILF—IKEM, (9)
(f) ™ 5HBER Uz Bi1xSbhy ODRE/\ > REiE,

(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 q1-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. hYRIBFPL—T—AMEICLZETF - RFENRR

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

3. BRF¥E - kEF / BENBEDOWEERE

Formation processes of atomic layers and nano-structured materials at surfaces
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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.
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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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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. BF/HFNZEaL—YavicL2HE /| EFALYROBEE AL VRB STM I & % Z O
Fabrication of spin systems by atomic manipulation and their characterization with SP-STM

3. EVWETRYEDOBETIRE - B8R - BRISHE

Local electronic states, superconductivity, and magnetic properties of heavy-Fermion materials
4, FERTYYIARNIIECLDZF /AT —ILTOERSH « AEVRETE
Nano-scalel distribution of potential and spin current by scanning tunneling potentiometry
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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.
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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.

0, Depletion
layer (b)
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2. BRPOEES /5 -OEAR, EECBREMOREIC 3y hF—3%
BEEBU. XFRUICT7 A hF v UZHBEET 2RICR—ILEBFICHERRL
DHS B, oo BEF/ESBEREFIMLCR—ILAIRERET 2ER
FENBEBT B/cHD/NRELTHHEET %,

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. KAMBREBRIS DB ICIAT oA BT B O F

Development of oxide photoelectrode materials for photocatalytic water splitting

3. BEMRIETILF 7 cO40 Y VR ORISR
Polar oxides and multiferroic coupling

4. B F /BEXB T/ AVIRY Y NEEOER

Synthesis of nanostructures and nanocomposite thin films
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Nozaki Group
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F 7 A — VPEDEZERE

Division of Nanoscale Science

P A Wk 7 =

Matsumoto Group
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TEHZAF 2y 7 ADfRIE R E LIifRiZ T T0» 5,
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K EFENELTL S,
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NOZAKI, Yukio
EEHE

Visiting Professor

Spin current, i.e. a flow of spin angular momentum, enables
a low power consuming control of magnetization dynamics
because the Joule heating caused by a flow of electron charge
can be suppressed. We experimentally investigate a novel spin
current generation via spin-rotation coupling (SRC) which
has been theoretically proposed by Matsuo et al. The SRC is
based on the transfer of angular momentum from a mechanical
rotation to electron spin not only in ferromagnetic metals but
also in nonmagnetic ones. For a practical application of the
SRC to solid state devices, a surface acoustic wave (SAW) is one
of the promising candidates to generate a rotation of lattice in
a frequency of GHz order. However, the spin current genera-
tion with SRC mediated by SAW has never been demonstrated
experimentally because of its difficulty to detect the alternating
spin current derived from SAW. In our laboratory, we try to
detect the alternating spin current electrically using an inverse
spin Hall effect and to clarify the physics on the transform of

angular momentum of electron spin.
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MATSUMOTO, Yoshiyasu
EEHR

Visiting Professor

The aim of research it to explore dynamics induced by
electron-phonon interactions at solid surfaces and interfaces.

Electron-phonon interactions govern various processes
including adsorption, desorption, and chemical reactions at
metal surfaces. Moreover, the interactions play crucial roles in
photoinduced processes at semiconductor interfaces that are
relevant to photovoltaics and artificial photosynthesis. We focus
on nonthermal processes induced by electronic excitations at
surfaces and interfaces of metals and semiconductors. Main
topics of the research group are: ultrafast dynamics of adsorbates
at well-defined metal surfaces, charge dynamics and reaction
mechanisms of photocatalytic water splitting, and the bulk and
surface structures of ice crystalline grown at metal surfaces.
In addition to conventional methods in surface and interface
sciences, we investigate these processes with time-resolved
nonlinear spectroscopy including second harmonic generation

and sum-frequency generation.
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Functional Materials Group

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

open platform for such collaborations.

® B H5E F B % 5K Et BEMRE Rk &
Professor YOSHINOBU, Jun Research Associate  YOSHIMOTO, Shinya Project Researcher ITO, Takashi
B & Bl %EX B # FO RE BHIMRE & BF
Professor AKIYAMA, Hidefumi Research Associate  NOGUCHI, Yoshifumi Project Researcher  KIM, Changsu
o * N =
B ESITI N B % mE e HEMRE KO
Professor SHIBAYAMA, Mitsuhiro Research Associate HAZAMA, Yuji Project Researcher  ZHU, Lin
* . - — - N -
B B IR XK B ErIga mHF E= BIEHEE B e
Professor KOMORI, Fumio Technical Associate  MUKAI, Kozo Project Researcher  HIYAMA, Miyabi
o * =
% 8" FoIES BHERE A R=
Professor MORI, Hatsumi Project Researcher  YAMAMOTO, Yoshiyuki
*
B g E &
Professor YAMAMURO, Osamu
R 28 &

Associate Professor SUGINO, Osamu

g 2 Dy I¥— vy
Associate Professor LIPPMAA, Mikk
1 BRpRTE, RIS T RIS, /concurrent with Neutron Science Laboratoy

g WHE rpo tron Sel _
Associate Professor MATSUDA, Iwao FIRFRE. RIEEF/ 27— LRSS, /concurrent with Division of Nanoscale Science
*3 > o 3] - P :
e *5 [ inE | . )iﬁl’?%i’%e ZSi%t;&i.’ﬁ’E%W&Eﬁyj,uBF\ﬁj \ fon;urr\ent with Division of Condensed Matter Science
Associate Professor NOGUCHI, Hiroshi FIRFRES. ABRIMBREIC—L > MERIEHREY Y —,
4 " /concurrent with Laser and Synchrotron Research Center
I FH ZBX 5 PRSI, AMSIZE R SPEER,

Associate Professor HARADA, Yoshihisa /concurrent with Materials Design and Chatacterization Lavoratory
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Functional Materials Group

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yoshinobu_group.html
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Yoshinobu Group
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b2, RMBIIDEF - D FDOYLF I 7 AWFZRIE, filsi
PUVEIE S LN A R St PR/ N = e/ @ o 0l S B
LT3, YHZEE T, £l - RicE 25+ - oF
DYAFI7A (WA, Ih. R, Bk . R/ vE
DOREREB LORMAMOBEF YL, RLRE) 756, LE
TNk EDRMTNEE, AR )L BEMEEAHT
BB 4 R e SRR TN E 2 BREE L TR LT %, v
ruatra vt (KEK-PE, SPring-8 %2&) % fv:7-53
[HPDF RV FHEFFHEFREBIT>T0 5,

340 K T 0.8mbar CO2 FESHICE TS Cu(997) KA
DARZ Y RIEBEFARYNL (£) Ol1s (H)C s
[Top. Catal. 59 (2016) 526].

Ambient pressure XPS spectra of Cu(997) in

0.8mbar CO; at 340K: (left) O 1s and (right) C Is
[Top. Catal. 59 (2016) 526].

1. EFILAIRIC & 50\ F OSEIEAL & RERISDHE

=5E F A& =i
YOSHINOBU, Jun YOSHIMOTO, Shinya
% 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”, where we can provide atoms and
molecules and manipulate them deliberately. In addition,
surface and interface are vital in the energy conversion
and dissiparion processes. In order to fabricate atomically-
controlled surface functional materials, we have to understand
the 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.
We have utilized surface vibrational spectroscopy, photoelectron
spectroscopy, scanning tunneling microscopy, independently
driven four-probe measurement and etc. in order to investigate
structures, reactions and electronic properties of atoms and
molecules on surfaces. Synchrotron radiation spectroscopy
including operando XPS is used to study electronic states of
surface and interface.
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Activation and surface reaction of small molecules by model catalysts

2. BFREICEITBRT - 2 FOHHBEDHE

Dynamical processes of atoms and molecules on solid surfaces

3. ¥EAB L VERETROETFRE L REBERGEDHE

Electronic states and surface conductivity of semiconductor and organic thin film

4. 737z o¥ ) YR EBRTHEDEFIRE L RIGHEDHIZR

Electronic states and reactivity of low-dimensional materials on surfaces

5. FEKHPORELZRISDIT

Chemical reaction on solid surfaces under ambient conditions
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Functional Materials Group

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/akiyama_group.html
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Akiyama Group
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Firefly luciferase

100 A T REFERL —
F— (ab) EMTILILY T =
5—t (c) OIS

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

1. FIERA vy FY THERL —F—E L CKBERD T /N1 IYE
Device physics of gain-switched semiconductor lasers and solar cells

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

3. FERETFRER LU T/\1 ADMER, SRE(L. BEFE. BHDEEHAL

L
mRE R

/NI 54

AKIYAMA, Hidefumi HAZAMA, Yuji

% Bh#

Professor Research Associate

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

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

We are developing experimental techniques such as sensitive
luminescence detection, absolute luminescence-yield measure-
ments, transmission/absorption measurements of single nano-
structures, micro-spectroscopy, imaging, and solid-immersion
microscopy. Some of these techniques have been applied to
study of bioluminescence of fireflies, jelly fish, and sea fireflies as
well as luminol chemiluminescence.
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Material physics and development of high-quality semiconductor nano-structures via microscopy

4. RFII -5 - U2

IR 15 E DEYFEN & EYMCE R ETHRIELE

Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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Sugino Group
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TD-B3LYP"
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DFT
I I
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Photon energy (eV)

Photo-absorption spectrum

RRF /B (SRl /U737 1y) DBEEFHESNIKTINZARY M,
AEHE (GW + Bethe-Salpeter) ($#EEDFHE (time-dependent DFT) Ze&kE U,
KRBERFRB—HZERL 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 ;kIcED < iRREEDFE—REHE

B0 B

NOGUCHI, Yoshifumi

28 (&
SUGINO, Osamu

IR BhZK

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

BRARRFEICE T BLF RIS & FEFEERIRE
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. BRILFFREDOE—FREBFHE
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.
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Professor OSHIKAWA, Masaki Visiting Associate Professor NAKAMURA, Masaaki Project Researcher  TIAN, Zhaoming
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Professor SHIN, Shik Research Associate MATSUMOTO, Yousuke Project Researcher OTSUKI, Takumi
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Professor HIROI, Zenji Project Research Associate SAKAI, Akito Project Researcher HIGO, Tomoya
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Professor OTANI, Yoshichika JSPS Research Felow QUACH, James
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Associate Professor YAMASHITA, Minoru JSPS Research Fellow SHIMURA, Yasuyuki
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Associate Professor KONDO, Takeshi JSPS Research Fellow SUGIURA, Sho
1 B3RS, A IGEERYIEMEEPY, /concurrent with Division of Condensed Matter Science

2 3. ABEBIEIE—L Y MRSWREY ¥ —. /concurrent with Laser and Syncrotron Research Center

*3 3. ABEWERETMER. /concurrent with Materials Design and Characterization Laboratory

4 BpNssIs. ATk 2T —LMERTZERF, /concurrent with Division of Nanoscale Science
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Oshikawa Group
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OSHIKAWA, Masaki TADA, Yasuhiro FUJII, Tatsuya
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Professor Research Associate Research Associate

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

in international collaborations.

S EEEEER (Metal-Organic Framework, MOF) ZW 45 T 72 E
VIRADFZEt, FYT7ERIG, EEREE U TRAEYREZERRT 5. 3k
BICHERREVHEICRITZ2EBFAEVEETH D, VIV LABIEHNEORE
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EVBETIRBW, FAlE. MOF ZRWTEERBEEERZMHIL. &£
DIEEMRF Y T7RBEORIFOAREMEEIRR U T,

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. EFRAEVRBICBEEFRICE T BEFALVHIE

Electron Spin Resonance in quantum spin systems and itinerant electron systems

2. EFHROBERICE T BEE & HI5ER

Conduction at a junction of quantum wires and conformal field theory

3. NRAYAIEEEBFIVIVTILAY K
Topological phases and quantum entanglement

4. A1 ZIBREDOHEREEE
Orbital angular momentum of chiral superfluids

5. hAROYVAIAE - FAROVHILIBROYMERTDRERER

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

labs/nakatsuji_group.html

L WEE

Nakatsuji Group
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WKHEHL T2 EDTOET,

b oiteEsld, MEOEEK. EEER O A% S
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HOTH L LAY OBESEEIRICHS I filire &bz,
P 2 BT AR DS BN 2 R > & S £ ok 2 e W
ExRTOoTWEY, HAEDTELRT—<id, (1) BHER
FHETOIXY T4y 7 BISE L REREIRE, (2) Wik
HETOEHN PR L RTFOR, (3) 77AFL—1FL
TR TORTFAC VIRIRIREZEDBH D 7,

a, BEMEARICHEITE2EER—IVHR (ER) & RERMEM MnsSn ICE T2 EER—
LR (ER). BEBEEFRTIE. BREBI(EM &> TEFOEEIHITESND S
slck D, EOMEBT (B = 0) THR—ILMENBEENICEN S, —A T, REHIE
A Mn3Sn Tk, EREIBT (B = 0) T, B2 BHEBIM DBRWREICEWT,
IR—ILRNBEENICENS, CDHE. BEFOEBZHIT2ERE B2 REHE
AEREIZB b M. AEVEFZT VT s DBBlICE>THEIhdEEZ 515, b,
Mn3Sn DB SHEE, 7T ARFORERICAET 2 Mn IFBKE—X >~ (FXM)
ZHL. FIIIREEERBEZTRT . ¢, MN3Sn ICH T2 ERTOR—VIEFEDR
BRI,

Magnetic behavior and crystal structure of Mn3Sn. a, Anomalous Hall effect
in ferromagnets (left) and in antiferromagnets (right) induced by bending
the trajectory of conducting carriers by magnetization and fictitious field,
respectively. b, Crystal and spin structure of Mn3Sn. Each Mn has a magnetic
moment (arrow). ¢, Magnetic field dependence on the Hall resistivity in
Mn;3Sn at room temperature.

7T —~ Research Subjects

L

BHA

Rt A A F B

NAKATSUJI, Satoru MATSUMOTO, Yousuke SAKAI, Akito

% Bh# RHEBIH

Professor Research Associate Project Research Associate

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

and their spintronics application.

a magnetization

7 &

Hall
voltage

(1]

£, (n2cm)

1. EFHEEBRREETOML WBIREERESBIRE

Exotic superconductivity and anomalous metallic states near quantum phase transitions

2. BRI RITZERNNROIAILEFHR
Macroscopic topological effects in magnetic metals

3. 7S5 AL —h UcHEHRTOFREHLE. BF ALV RIEIRE

Novel magnetism and quantum spin liquids in frustrated magnets
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Quantum Materials Group

RS EFE 52

Nakamura Group
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RroHEs N —T7

Quantum Materials Group

X7 a RS

Nugroho Group

/v a) =7 ROBBEEGR MnsSn 13K E % BEF— L 2R
ZRL, EHEREEHZED TS, BEMEATEZSNS
I BRAC Y DEGIIRENEL, MBRDDIEG S —L%)
ROBIFELTHETHS, —H. NV FEtHIZLD MnsSn
TREARY —ENPRECIEBIERHINTNS, BLIFIRAR
TH B MR ELFET, MngSn B RICBWTED X
ITHEE R =V RS E I N2 D2 uHE LI X )%
LT3, ¥, B CTIHICRELREFE R —NVREZRT
FHLE R AV E ORI e ANTw5, T
PRSI F a7 INAF —RICIVERLTC» 5, E51C
W SRAEBIR L DI FEFZEIZ LD Mn3Sn I2BIF 274V i
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FNVY AR B F S FLBFHBOAE Y b a7 2534
ADFEHU TR DIT>T0 5
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R IEER
NAKAMURA, Masaaki
BEMEHR

Visiting Associate Professor

The purpose of our research is studying the topological
phenomena in condensed matter physics. Especially, we are
interested in new physical quantities to identify topological
states. For example, in two-dimensional topological insula-
tors, existence of a topological state has been confirmed by
observing transport coeflicients. However, the detection could
be done more efficiently, if there are non-contact experiments
which depend only on bulk properties of the systems. For such
a physical quantity, we have proposed the dynamic spin suscep-
tibility, which is related to the electron spin resonance (ESR) for
localized spin systems. The topological states can be character-
ized by existence of specific peaks. It has also been pointed out
that the spin Hall conductivity is closely related with the orbital
magnetic susceptibility. So we would like to discuss the detailed
relationship among these physical quantities, their behavior
under several situations, and also applications to experiments.
As other topological physics, we will also study fractional
quantum Hall effect using one-dimensional mapping. In ISSP,
we would like to contribute to progress of this research field, by
discussing with Prof. Oshikawa, who is an expert on topological
physics and theory of ESR, as well as other researchers.

XJOm
NUGROHO, Agustinus Agung
NEAEZEHIR

Visiting Professor

FIRTARR TFIV

A large anomalous Hall effect in a non-colinear antiferro-
magnetism Mn3Sn has attracted much interest in a recent year.
Since the contribution of the spin component is very small in
non-collinear antiferromagnetic system, therefore the contri-
bution of the orbital component suggests to play an important
role to the anomalous Hall effect. Meanwhile, the existence of
the Berry curvature in Mn3Sn has been predicted theoretically.
Together with my host, Prof. Satoru Nakatsuji, we explore how
to enhance the anomalous Hall effect of Mn3Sn single crystal.
Beside this fundamental study, we also research to obtain a
material with a topological phase having a large anomalous
Hall effect at room temperature. The activities are carried out
on single-crystalline material which mainly grown by using
czochralski technique at Nakatsuji’s Lab. During my stay, I
collaborate with Assoc. Prof. Takeshi Kondo to investigate the
existence of Weyl anomaly in Mn3Sn and also Prof. Yoshichika
Otani for spintronics device of antiferromagnetic materials.
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Materials Design and Characterization Laboratory (MDCL)

V)| R GE AR Al M R Tk, ME oG
(Design) J. BRI 228 D T4 B (Synthesis) |,
ARINTYEZRENICHTANR ST FE
(Characterization) ; ® 3 2DZE%E A7) (D
SCHAZL) LELTHBEMIGEEEIES I LIC K
h. FLOPIE - BREZ RO EOBFZ HIEL
TV 5, Al Y G & W E AR - 5TAf
ok, PEBGHBICIE R EGHR S,
WA - FHGBIC I E AR E, LR,
XAHE s, HrEmE s, ERKHES,
HEEE, BEAKEDTERENH S, WH
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Ea—& 2B LR RO AEHIC k->TE
HHEN DA 2 TR % R LD DY E O
RETEAT O, WEAK - T T E O AL,
RS S BB L OV LR O 43 5 50 Kk it A o
flizfFoLebic, FLLPHSN A YWEOE
KU - BERIY - AR ORE T 2T 5T
%, ZNSYEOMENEHG O FILHGT B L
AIIZT74—F Ny 73N, DSCHAZLZMLT
HLOWYEORF BT abn b, Ko 4
SEFEF . PR a a3 B H I &
DEAINTWV S,

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 Super-
computer 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 structures are
developed. In MSC-D, various types of new materials
are synthesized, single crystals are grown, and the
structural, electromagnetic and optic properties of
the materials are characterized in various ways. The
characterization results are immediately fed back to
the synthesis and to the design of materials. Through
this DSC cycle we aim to develop new materials with
new functions. Almost all the facilities of the MDCL
are open to domestic scientists through the User
Programs conducted by the Steering Committees of
the MDCL.

¥ B mER) BEH - B # HH EE ITEFIBE B R
Professor (Director)  HIROI, Zenji Research Associate MORITA, Satoshi Technical Associate FUKUDA, Takaki
% B Ng BE B % B # BT aH REF
Professor KAWASHIMA, Naoki Research Associate YAJIMA, Takeshi Technical Associate ISHII, Rieko
% B ER =t B % FH OKIEER  yaxEsrmE ek ¥T
Professor UWATOKO, Yoshiya Research Associate HIRAI, Daigorou Technical Associate ARAKI, Shigeyuki
HEHER O &8 B % # R wifrES RIE EF
Associate Professor NOGUCHI, Hiroshi Research Associate GOUCHI, Jun Technical Staff NAGASAKI, Shoko
N _— p .= S = *
b=l e 2E & EirErmE /Ut IER BIEREE P)?  HR —E
Associate Professor SUGINO, Osamu Technical Associate KOIKE, Masayoshi Project Researcher YOSHIMI, Kazuyoshi
HEHER (BB) B wirErIme LA & BERRE xE #BXK
Visiting Associate Professor UMENO, Ken Technical Associate YAMAUCHI, Touru Project Researcher ASANO, Yuta
HEOEAZR) TILLAL VFIFvIL minsrmE  RHEH BT BIIHRE AN &
Visiting Professor ARUMUGAM, Sonachalam Technical Associate YATA, Hiroyuki Project Researcher KAWAMURA, Mitsuaki
B % i EE& HiTErmE BB SAE BHERRE BN
Research Associate  WATANABE, Hiroshi Technical Associate GOTO, Hirotada Project Researcher YU, Shan
P s = N =k

B % B0 FE FmErmE ER K HEmEs ™ WA R
Research Associate  KASAMATSU, Shusuke Technical Associate HAMANE, Daisuke Project Researcher YAMAMOTO, Yoshiyuki

FIRIRIFRE T A%

JSPS Research Fellow  WANG, Bosen

1 PR, AT IR SALIERTIE S )L— T, /concurrent with Functional Materials Group

*2 pCoMS RitHRHTEE (P)
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HFELT 02,
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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.

S W A& FERELY
, NIRRT Ab

quantum spin on Cu?* ion

2V 1/2 ATAEFREWMEEDOETIVYE & RZDMEPRILRY 1 N DS
i & BiER

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

1. HULWEFRAEYRRORIEARETRYE DR

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

2. REY 1/2 AT AEFREHEIEEDOEEIRRE

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

High-Tc superconductors
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NLHRERERRRGEDH 5, REETV N2y T —
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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.
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7 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. LB OBIERE DR
Numerical methods for many-body physics
3. RARRO—ARGH
General theory of critical phenomena
4. SV LREFTER
Disordered systems and computational complexity
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X7 —~ Research Subjects

o Mn
o P

helical = b

The high-pressure group has been studying various materials
under high-pressure conditions in combination with low temper-
ature and/or strong magnetic field. Nowadays, the techniques
combining these multi-extreme conditions have become popular
and indispensable for researches in solid state physics. However,
the developments of these techniques that can realize in-situ
measurements under multiple extreme 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 interac-
tions, 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.

ERTAVAIBIEZTRY MnP EEYDOENHERERY, EETE T =
280K U T COBBIERFEBE LU T = 50 K O REHMEIKF TR
Yo BETT BEMRFIZHR VR RIBEIERFAIHRT %0
P = 8 GPa f1iETId Mn (L&Y TIELHTERZBEENHIRT 5, R
FiciE, BET (NUAL ciBE) TORLVEET (5 GPa) #itFE
FCHSNCB>HESBE (ANUAL b &) BRFHIRLTH S,

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 T 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. (CEHREREDENFERGBRK DT

Study of the pressure induced phase transition phenomena as like superconductivity

3. ZERETICE T 22ERERR CBEYMIEAET EDHEL

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

multi extreme conditions
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Fro, ERBORA, SEBRRICOVLTHIHEL TV 5,
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BWNRAYHLBHEE E DRV V). SEERE ERL B EZE S,
Snapshots of high-genus vesicles.

AT —~ Research Subjects

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.

NFFRE VNV BERFICELDEF 2 — T FHICK > TRIRTEFRD
XY NT—UEEZRSD.

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

1. #k2. BEENRD T )L DORREFR
Shape transformation of cells and lipid vesicles

2. A REORE. D
Fusion and fission of biomembranes

3. FTFE T CORMERRIRDY A FIIR
Dynamics of membranes out of equilibrium
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Efficient Monte Carlo computation is studied. In particular,
superefficiency phenomena caused by pseudo random numbers
with strong time correlation are now utilized to make a physical
superefficient Monte Carlo computation for material designs
and characterization. Performance evaluations of such new
Monte Carlo computation, such as, performance comparison
with other existing Monte Carlo methods, are studied. Further-
more, an interesting relation between such superefficient Monte
Carlo computation and quantum algorithms such as Grover’s
search algorithm is also studied based on the fact that such
superefficient Monte Carlo computation is considered to be a
projection in Hilbert space theory. Combining these studies, the
basic problem about why such physical (quantum or chaotic)
correlation makes Monte Carlo computation faster is investi-
gated to construct a general theory about the relation between

efficiency of Monte Carlo computation and physical correlation.

Bharathidasan X 2D &E E W & v ¥ — E o S.
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DL FZEDOFE RIS LHEE LT 5,
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The Centre for High Pressure Research is functioning under
the leadership of Prof. S. Arumugam at Bharathidasan Univer-
sity, Tiruchirappalli, India and main activity of the Center is to
study the transport and magnetic properties of various strongly
correlated materials under extreme conditions of low tempera-
ture (2 K), high magnetic field (9 T) and high pressure (3 GPa).
ISSP gives an excellent opportunity to visit Prof. Y. Uwatoko’s
Lab, Materials Design and Characterization Laboratory and
interact with ISSP members. Prof. Uwatoko is an expert in high
pressure instrumentation and established high tech facilities
such as cubic press with 250 and 1000 ton press, palm type cubic
press, and diamond anvil cell to do transport, magnetic and
structural measurements at multi extreme conditions and made
a land mark on developing phase diagrams of new superconduc-
tors. Further, it helps for exchanging ideas, extend our studies
on BiS; based superconductors and Dirac metals under extreme
conditions and strengthening collaboration between ISSP and
Bharathidasan University.
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YR REGHE (Materials Design Division)
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Supercomputer Center

B Y8 BP0 {&EE] Chairperson : NOGUCHI, Hiroshi EMEFBE KH #4317 Technical Associate : YATA, Hiroyuki
BHYFE JI|E [EFE Contact Person : KAWASHIMA, Naoki BiTEPMBE  {BH ZRXEE Technical Associate : FUKUDA, Takaki
BYFE 5 f& Contact Person : SUGINO, Osamu SMXESPIE T A ZE{T Technical Associate : ARAKI, Shigeyuki
Bh 2 ;}E;\Ql Eﬁ,:E\ Research Associate : WATANABE, Hiroshi
Bh ¥ S5F  FEEH Research Associate : KASAMATSU, Shusuke
B B v VN IE

KA EEE I EY Y EEDOA— S —a v The Supercomputer Center (SCC) operates a supercomputer

Fa— YL AFL%, A—r—arvta—yHHAMNHEES system available to all researchers of condensed matter physics

DEHICHS L EOMMETIE L O LRI LT in Japan. One can submit a proposal for a User Program to the
2. ANV ATFAE 2015 F7 HICE T X AR Supercomputer Steering Committee, and once granted he/she
136 51 21 B (SGI ICE XA/UV A 7Y b A5 A can use the facility with no charge. The supercomputer system
3820 CPU (Intel Xeon) + 576GPU(Nvidia Tesla K40)) consists of two systems: SGI ICE XA/UV hybrid system (3820
L2013 4F 4 HIZH A S U7 KRR SIEF B (FUTITSU CPU (Intel Xeon) + 576GPU(Nvidia Tesla K40)) and FUJITSU
PRIMEHPC FX 10, 384CPU) CHEI 3413 84S 251 PRIMEHPC FX 10 (384C]P1U).2(;1'1}15e fo;m:r sylfs;;rlnsand the lattler
BB, SAF IO — b DRI ko C T s system were renewed in July and Apri , respectively.
ATLERRE MR T2 L bIC, RE2—F 5 DRFRIC
EOMPLIBL D6, YATLOEHMEMZIT>TWV 5,
A=N=ay Ea—= S DRHHGEICOVTIE, A—bR=y
(http://www.issp.u-tokyo.ac.jp/supercom/) % Z: i & i computer, Elements Strategy Initiative, and PCoMS by providing
7o\, F7e, 2015 HEDSY 7 M T HHTE - FELSR and managing computer resources.
VAV ANl By

EGIEPERI A AR R ZEU TRA L Ty
HAAE, JuEEME 7 ey b SR EREAM B R 2
V=75 (PCoMS) ZHHR—FL T3,

In addition to maintaining high performance of the system in

cooperation with the venders (SGI and Fujitsu), the SCC also

responds to questions and inquiries from users on daily basis.
We support software development projects for post-K

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

SGI UV/76 CPU
31.6TFlops 19TB memory

disk array
1.29 PB

Front-end WS

Gl Rackabe Standard-Depthe Sever C2112-GP2 System B

Front-end WS
Fujitsu PRIMERGY RX300S7,

- 1_29.s i K

Fujitsu PRIME}'FC FX10/384 cPU
90.8TFlops 12TB memory
—

2—/)\—dv¥a1—% YXFLB (SGIICE XA/UV hybrid system) MERRAHRMBRA—/X\—a Y2 —9 Y RT LERK
The supercomputer system B (SGI ICE XA/UV hybrid system). The Supercomputer System at the SCC-ISSP.
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Materials Synthesis Section

B Y B
BT H B

BH &=

FAFH  FUEEF Technical Associate : ISHII, Rieko

Contact Person : HIROI, Zenji

ARETIE, FVHDO G, MERYWHO LB, Bk
TR EM AR O AR 2T>T05, £, Sl
FEAA BT T RUA, BURHR I T %2 & 2 TN+ 0
SEREM AR A & 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.

FEXE

TA—Ta VIV —VBERBERA. BiERSI P SEESFE (EHM
H#HXTUYITVIA, 7IVIRFA F—UARF. YUy MNA).
BHZEREEE (100 Torr). FEEUIMTHE

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.

BiE&s| LR

Czochralski pulling apparatus with an induction heating system
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% YR R« RFAi (Materials Synthesis and Characterization Division)

L B

Chemical Analysis Section

B Y e EH EC
BEFBE /Gt Ex
¥ it B B8 AF ZFYE T Technical Associate : ISHII, Rieko

Contact Person : HIROI, Zenji

Technical Associate : KOIKE, Masayoshi

ARETIE, PEHRICAEN Y EICO W TOATHT P
B LWED I35 DR & LA TIEIC X 2 MR
DR B LRI L1 LT, PR - 87 - (L0 E I
B0 2 A iikds 2 it A o L FEA 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
FER/EBRART 7 AIEAAIRDTERE, REBRKBE. EFRT. B
EHERE, MKEERE

Main Facilities

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

FEEASART S AVELIADINEE
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 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/ IR TFBRTH 5,
RETE, BTRLVTOEBREBIZT 20, &5
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
RT3 CHEEAMEZ GO 5, AETIE, XHRET
ZHGT, BB E ORGP I X 2 G2 LA Y

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

2 ORAE . (KIETEZF>T\V1 5, 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 4-circle micro-analyzer.

diffractometer equipped with a warped imaging plate and a

refrigerator, the structural analysis is performed in the tempera- TEDE

ture range of 7-300 K. 200kV BREST AT BT HEME. B8 - mEAILY — BEHEL
DIcHDEL DEKE

TERE

BRXREITRE, BEREERITA CCD Y AT A, MEE X #REHTEH

BHIA XYY TTL—RBIXBREFRE ZVIAXI AA=IVTT

L—hSHIRDEE

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

Main Facilities

Powder X-ray diffractometer, CCD system for the single-crystal

structure analysis, Automatic 4-circle X-ray diffractometer, Warped

imaging plate type diffractometer, Monochromated Laue camera,

and Imaging plate reader.

SRR X =077 L — MR 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
49

THE INSTITUTE FOR SOLID STATE PHYSICS 2016



POEL R 7 M

A

AL S 5

Electromagnetic Measurements Section

# Y B 8 FE)l] {Z  Contact Person : TAKIGAWA, Masashi
# Y% B 8 EF =T Contact Person : HIROI, Zenji
HMEPBE WA AL Technical Associate : YAMAUCHI, Touru

ARETIE, WHOEANNE TH 2 E MBI TEE
Z M B KOS DR GHEICO o THIE T 5 L &I,
PGSR PRI E 22, BRI S, RS 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/ 177RAZBEEIYTRY M 16/ 18T7A55E—BLREYY
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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J YIE AR« BEEE (Materials Synthesis and Characterization Division)

o I

Spectroscopy Section

# % B 8 FNI 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, BE T < 3 e EDHIE I HETH 5,

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.

TR
ARENDHAERT. FADPKKES STV DHRER. RRAE/UL
AL —Y—3KIR

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.

N -

| N

A
FAB LTV 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

AETE, AARE, BTEETomMmSE MIcE»T
ek Ze () WHD GRET) L, SIENTICET2Y)
BOEHZFHRT05, IOICKOE A E B
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 VHETZ L REE. Y1 VEY K7V EIL I, XIREIFEE.
BEM SN U ANEB. YAG L—H—INITH. Zoft (KEMIHE. 5§07
EY RHEESB. . NCEFUYITYY)

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.

HWBT700tonF 1 —Ew U 7L X.4GPa £ TOBESEGHRERA.

Wakatsuki-type 700 ton cubic press for high pressure and high
temperature synthesis experiments up to 4 GPa.
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R E B I, UG O & R
DDT, FHTOHICH B T2 DD ICH
2BTOOWBLENERIFLE)., ZOWHE
ZHALTYEIC X2 P ET OBELD S 15 %
EL. WEHNORTPHRE —X v F OLs] i
BORR T % A1 5 FE G EZ TR &),
PP ZE AT O H PR AR S MR I R ICH A
JEF It e B RS O WIFZE 147 JRR-3 1C3%
BNk eaE O T, T EELFERBRIC X B
YR T D 7280 O A L R A H &2 LT E 7,
51T, 2009 FAA KRB L 72 K58 LR 1 hind
MiEE J-PARC I2BWTIE, RFTDF a v/, 3—Hl
5364 HRC %\ 7 L FF O HEEZ 1T 5T
%, Yhigk £ T2 2ELERMBICED, &
REBEEEROWIZE, 77 AL — b LA
REOETFR, ERICHEERS oML 2o
MAEIFCOELT, HHR RO, &
SR auA FofECHIER, EERYWEOER
G EBBEDHTZE, BEN—F=TUT ANV 7
b2 7 7V E TETMRIL YR RO SEREE
Zenh it EGLE TR AIITbNTV» S, %
oL MR R S T TG B o
FHERERI L LCHIRBIL . TS o k1 BRI
ROFERICEHBL 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

BB B B %

Professor YOSHIZAWA, Hideki Research Associate

B B = & B %

Professor YAMAMURO, Osamu Research Associate

I mE R B ErImE

Associate Professor MASUDA, Takatsugu Technical Associate

g (B8) =RE B BT ErIBE

Visiting Professor TAKAMIZAWA, Satoshi Technical Associate
ifrEFIE
Technical Associate
R R

HR BRF  SEWRS ME &

KOFU, Maiko Project Researcher AKIBA, Hiroshi
EEH & BIEHRE EH OEB
SODA, Minoru Project Researcher ASAI, Shinichiro
Uy BHIFRE hE &R

LI, Xiang Project Researcher NAKAO, Toshio
xR AKX BIEHRE R HA
ASAMI, Toshio Project Researcher HAGIHARA, Masato
ZHE BN BIEHRE SR O#
SUGIURA, Ryosuke Project Researcher MORISHIMA, Ken
N Kt BIEHRE HH HEF
KAWANA, Daichi Project Researcher YOSHIDA, Masahiro
A B8 FIRIBIFRE I EKER

Administrative Secretary KIFUNE, Satoshi

RBEGFIEERER J-PARC [CRESNIcEOMIET 2 v/\—2E (HRC), 50Hz TH
ET2EEBO/NVVARETFE. PEFARZEDFav/\—TRB{ShcR, SRTEES
N 2RETATIITREEND, TATI/ITRETOIRILF—DOFREFELNBAE

TR, MENBT—FIRENAIREL 3> 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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S 1l 7 =

Shibayama Group

V7 bey—tix, TexDHDORY DYoL EYE 2K
T2 TR0 WHE-MEoZLThs, WEEPHBEE
PIE 7 8 D N— R & — T3l oM I & v ) M R B
BIZBOTREN AL R TOINL, V7 vy —Tl
L - H AL TR OYIEZ R L, SRR AEEE 7

7, ﬁ&@ﬁﬁ%%‘mi‘/7b7§7~0)2§’2§“6%5—53%%*
HHHER— 0N R{LZHIE LW S, RETIR, 7
WV DORSTEE - SRS, Ao &E@Li# 2310

IR SO I X ARV DBHTE LGS AT -
YtEtZe. TRENGICEIT S IOk EREEHBE. A4
VPV DB ERERET - YERTAG, EE—7 V R E O
BEREIG - PVEEEE, BABELYERSHIE O B RE LD 7= DR
WM RS TEIEY S 2L —vay, hEER{T>TWE,
TSE B “ R ITALE W E N s #EL SANS-U %
EP/M:\ ERIV BN G Bl (SLS/DLD ALV-5000), /1
BMEERE, Vv AA—Y—RERZHWT, V7t
57 DI F =5 — OGN, /o BTHETDY
AF I A AN= LA W AZEHIL TV

Neat IL system

eI TE?L\ S Y
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.

(e)

; K
H e
[ \N: N P

pH-buffering

s
trg
N C-nis ~>‘1|\1, \‘\4,
mu,

pH-buffering IL system

AR IFERYTFLYT )=
(Tetra—PEG) A AT ILDER
xi—Ao4ﬁyﬁ%%?pH
E—EILTDpHNY T 7—%
HHEL. ZOFEETTAAVY
WEERT DE. RIBDIRWE
BHEEBENTEDZ AR
BUf,

Synthesis scheme of four-arm
polyethylene glycol (Tetra-
PEG) ion gels. We developed
pH-buffer which regulates
the pH in ionic liquid system.
By using it, we succeeded in
fabrication of ideal polymer
networks free from network
defects.

. B—ERFT I OBEEER & % DEERITE & O
Structure and physical properties of uniform polymer gels

. AA VT I DR & BIERET

Development of ion gels and structural characterization
ZRIRFREEERESEDOKPTOESHE E LA O Y —RE
Structure formation and rheological properties of multi-arm surfactant assemblies in aqueous solutions
. BELEIC L BB B OBERTE D FI(FI VRV IaL—Y 3y
Structural analyses and molecular dynamics simulation of thermoset polymers

53

80 78.3 kPa
—— Neat aprotic IL
—— pH-buffering IL
60 1= p g
<
(=™
A
B 40 — 32.8 kPa
20 —
0 \ \ \ \

pH /Ny 7 7 —MEWGE & B 55 E TIER U o Tetra-PEG 1 A
VTN T A IWALADNERBREE, pH/N\Y 7 7 —HE2HBED T «
UL SHEBTERE Amaxs BERTEE Omax DWITNICEWTH, pH /Ny
77 —HEWVEELDENCENEZRLTWS,

Comparison of the mechanical properties of Tetra-PEG ion
gel films prepared without (Neat aprotic IL) and with (pH-
buffering IL) pH-buffering ionic liquid (IL). ¢ and A denote
the mechanical stress and elongation ratio, respectively.
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vi e ETE R

Yoshizawa Group

BB BRIV ORI EE - AR Ry - E
filf - B - WOBRE 2 EDV RIS L TAEL2BIREL
TREAIIESINTE T2, BHEETIIRBER T
I & i 3¢ (J-PARC) o i & 5> H A )5t 71 Wk 72 Bl FE B

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-

# JAEA) off i e s s re—2azfwTrh
P BEL EWFIEN B IFZETFIRIC XD, BREERLYOR
TEAM - PLERT PR X OEEHIBE LBAEE LD
B &2 BRI LT w3, ETORIZEARESS
WEZEHHFERERE (JAEA) ORFZEHICERIE S L W EFE i
DOHREFFHIRD 1 ETH S, THEFHELERTTIE, 2
D& otz I LT E O IEBIEREL A XS PV &
ZWET S, A FORILERBEENBYO—>TH S
LagxSrxCuOg4 & [FT ok i 3 % £5 > LaaxSrxNiO4 %
WKBOTEHMINE AL I7A 7THFO =7 REKEEZ
X=12FTCOEF—7HEETHELMHEREFLDR
AL T4 THRFDOBEIREE A LT THRF DA T4 7D
MO —VIBERFEETH D, AT THRIF DK
ME x = 1/3 TMRZRLIH ERDICEST S, Fi,
X = 1/2 DL ED I G108 F—7 i BRI T LIRS IC BB AU
PLSTHAL x ~ 0.9 fHE Tt — BB 2R T, BE
D J-PARC D/ SVAHEF- 53 B Fl VI A v ¥4+ 37

source neutron beams, and the triple axis neutron spectrom-
eter owned by the ISSP is shown in the left bottom figure. The
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
LayxSryNiO4 which is one of the isomorphic compounds of the
High Tc 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.

" R,.Sr,NiO,
ZDOWFEIC XY 2 KITIEIR Ni BRILY DAL V54 F 27 A AN aaiatet
= op e\ it 500 1 ]
X, x = /2 FOANIA 7HE x = 1/2 P ot .
|
E - 1> - = N = . C
HORTE TR A 5\ ORI IR 2 BE 02355 5T 0 3 S0 999ie Tt
CERRGEL, 20X BRRRAE S F I R ik B g e :
) - N — 2 r i i ]
HROBHIZOWTESICHELWITERfT> TV 5, 8 ‘c TECo:
< P ]
BRBESE RTIRINO—DTH S LazSrCuOs LAR & 200 °/ o & .
OEBWEE D Lao,SrNiOs DREBWTEUS LA b F 8 $
SATHFED R— TREKE, RS IRFOGBREE  100] 0o ® POLLI
HBEL SIS DEBRE x = 1/3 THAZRL 5 EH © 1 ¢t
PITERT 5, S 5 ICRIRE R —7HEETRORECEBOEAD. 0 Ett g
x ~ 0.9 (HETHEFRGFEBEBERY 05F o L 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 1
bi ; . ; 5] /' . @R=la
BAETFHHEEREE (JAEA) OFFZRIF JRR-3 I exhibit the maximums atx = 1/3, .and dccrc.ascs abo\ic 3 A ! * RoNd
BES NIPITRA O 3 BT KR, x = 1/3. The periodicity of the stripe order is approxi- = 0.1} | 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. BEBRSERAYNRT B - ERAEGE L. TORICHRT 2HMSHKE - BEKE - BLuBHER E OFMEFEELIC L 2%
Neutron scattering study of metal-insulator transition, magnetic ordering, charge/orbital orderings in transition-metal oxides
2. FDEIED KRB U BEERICE T 2WIHEFEEAEY T I 7 XDMHRE
Neutron scattering study of spin sturucture and dynamics in noncentrosymmetric magnetic superconductors
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Yamamuro Group
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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. AZR&ER, RYYE—IBREDTBUEERDY 1 F IV R
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YAMAMURO, Osamu KOFU, Maiko

% B

Professor Research Associate

We are studying chemical physics of complex condensed
matters, especially glasses and supercooled liquids, water and
related materials, ionic liquids, and nanoparticles of hydrogen
storage metals. Glass transition is a mysterious phenomenon in
which liquids solidify without structural change. This is one of
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.

log(t/s)
=

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

2. KBELUBEEVE (BXSIAMBRLE) OBEETA(FIIR

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

3. BEA A VEREORAFZNEEES (IR

Thermal and dynamical properties of room-temperature ionic liquids

4. KRRBEERORNLNEEE YA F IV R

Thermal and dynamical properties of hydrogen storage solids
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Neutron spectrum and entropy of spin frustrated magnet
Ba3YbsZns011. 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.

1. EFHMEGRTT 5 ML — MEEAROKSEE & KRR

75 PR E6H @
MASUDA, Takatsugu SODA, Minoru
IR B

Associate Professor Research Associate

One of the research goals in our group is to find a novel
quantum phenomenon and to reveal its mechanism in
low-dimensional spin magnets and frustrated magnets. Strong
quantum fluctuation or geometrical frustration disturbs the
development of trivial magnetic states and induces a non-trivial
quantum state. Furthermore such a state is sensitive to a
small perturbation and, thus, the area is frontier of quantum
phenomena. Our research topic includes spin liquid, RVB,
Cuboc structure, etc. Another goal is to observe a new magne-
toelectric effect in multiferroic compounds and/or relaxor
magnets. Figures (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. BARBRERADHEIRE

Magnetic excitation in supercrystal of oxygen molecule in nanoporous metal complex
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=SRE R
TAKAMIZAWA, Satoshi
EEHR

Visiting Professor

We have been interested in the crystal function in coordina-
tion compounds and related organic and inorganic materials. By
synthesizing crystal hosts which are capable of including gases,
we have succeeded to characterize the structural changeability
of some of the crystals induced by gas inclusion process into the
pores of host crystal. We have also studied the dynamic proper-
ties in adsorption, permeation, and separation of gases with the
precise structural determination through the standard single-
crystal X-ray diffraction method even with the exact structures
for the included gas molecules such as inorganic gases (oxygen,
carbon dioxide, etc) and organic vapors (methanol, acetonitrile,
etc) in crystals as guest gases. Since the crystal hosts that we
have concerned can reversibly include gases to form co-crystals
through the crystal structural change or crystal transition, they
can provide a useful experimental platform for observing physi-
cochemical properties of molecular aggregates structurally well-
characterized by applying the gas inclusion procedure. Consid-
ering this feature, we are interested in the magnetic properties of
paramagnetic gaseous molecules such as oxygen in our crystal
hosts.

In addition, we have found superelasticity in organic materials

very recently.
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Professor TAKEYAMA, Shojiro Research Associate
#n R ERR) T8 JE— B %

Professor (Director) KINDO, Koichi Research Associate
BT oK g B %

Associate Professor TOKUNAGA, Masashi Research Associate
HHIR RH  ER3A B %

Associate Professor MATSUDA, Yasuhiro Research Associate
\ *

B RE A BEBK
Associate Professor OSADA, Toshihito Project Research Associate
HEHER (BB) BEH =R BiTEFIE
Visiting Associate Professor SAKAI, Hideaki Technical Associate
BEHNEARR) L IAVIY KifrEPIBE

Visiting Professor

KIM, Yongmin

Technical Associate

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.

nEE R3A RAMTEPIEE WE &
KONDO, Akihiro Technical Associate  MATSUO, Akira
RN KE FITEBE B —=%
NAKAMURA, Daisuke Technical Associate  OHATA, Katsumi
=% E& HIFRE RBIL fHAER
MIYAKE, Atsushi Project Researcher ~ ADACHI, Shintaro
BE BEE BHIMES Rt FA
IKEDA, Akihiko Project Researcher ~ SAKAI, Yoshikazu
B FI RIS EB HE
KOHAMA, Yoshimitsu Project Researcher SATO, Yoshiaki
no o 8 PiREAHRE BN BER

KAWAGUCHI, Koushi

EE 1B1E

SAWABE, Hironobu

JSPS Research Fellow NOMURA, Toshihiro

* BN, ARISSHERYIEFEEM, / concurrent with Division of Condensed Matter Science

Control room

2 MJ EMFC Syster

Sub Condenser
2MJ,20 kv

2MJ Main Condenser Ban!
0.5 4 oduie =2 MJ, 50 kV

5MJ EMFC System  Old 5MJ EMFC System
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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 M]J, 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
generating around 600 T. The seed field coils, generating the initial magnetic field, which is
compressed by the EMFC, are connected to the sub condenser bank modules of 20 kV, 2 MJ.
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TAKEYAMA, Shojiro NAKAMURA, Daisuke
% B
Professor Research Associate

We are engaged in development for generating ultra-high
magnetic fields above 100 T, and pursue the solid-state science
realized under such an extreme condition. We employ two methods
for the ultra-high magnetic field generation, one is the electro-
magnetic flux compression (EMFC) and the other is the single-
turn coil (STC) method. We have established a new type of coil
for the EMFC, and currently the maximum magnetic field is 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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Newly-developed ultra-high magnetic field generator of the
electro-magnetic flux compression method. The 5M] fast
condenser 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.

Wavelength (nm)
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Photan Energy (V)

The exciton Aharonov-Bohm(A-B) splitting in semiconducting carbon nanotubes (CNT) was
observed by streak spectroscopic measurements in ultra-high magnetic fields above 300 T.
Upon applying a very intense magnetic field along an axis of a semiconducting single-walled
CNT, the band-edge exciton absorption spectrum shows up as a splitting as a result of A-B
magnetic flux. A magnetic field of 367 T, generated by the electromagnetic flux compression
destructing pulsed magnet-coil technique, was applied to single-chirality semiconducting
CNTs. Using streak spectroscopy, we demonstrated separation of the independent band-edge
bright exciton states at the K and K’ points of the Brillouin zone after the mixing of the dark
and bright states above 100 T. These results enable a quantitative discussion of the whole pic-

ture of the A-B effect in single-walled CN'Ts.

1. 100 T Bl EDBBEHHAE & PIEEHRIBAT R

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

2. EREISHIICENR
Magneto-optics in ultra-high magnetic fields
3. EBREISHBE, BEARDRANS

Magnetization processes of magnetic materials and the critical magnetic field in superconducting materials in ultra-high magnetic fields
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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. EFRAEYRYE ORI
Study on magnetism of quantum spin systems

2. BERECEYEORN B DR

B8 E—

EE  S3A INE L
KINDO, Koichi KONDO, Akihiro KOHAMA, Yoshimitsu
iR Bh%K FHEBNK
Professor Research Associate Project Research Associate

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

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

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

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

1. NIVLF 7 04 v 7 PEOHIGHEEERE
Field-induced transitions in multiferroic materials

2. EFMRREICE T 2EFIHEGERE
Electronic phase transitions in the quantum limit state
3. JNLRARBIEIS T ICH T 2 ERENEMIRER

oK g% = E&
TOKUNAGA, Masashi  MIYAKE, Atsushi
HERIR EUE

Associate Professor 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 CsCuCl; 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. MRAIAIVYE ORISR
High-field study of topological materials
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Temperature-magnetic field phase diagram of LaCoOj3 that is constructed
based on the magnetization process. The field-induced magnetic phases
(B1, B2) are obtained by applying magnetic field to the low spin phase (A1)
or the high-temperature magnetic phase (A2). Spin state ordering state is
expected to realize in the high-field phases.
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FAH  BR3A HWH  BEE
MATSUDA, Yasuhiro  IKEDA, Akihiko
IR BhZK

Associate Professor Research Associate

Properties of matters that emerge under ultrahigh magnetic
fields are being studied. Ground state of matter can dramati-
cally change 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 transition metal
compounds, and strong spin-lattice coupling in molecular
solids. Recent discovery of the novel 6 phase of solid oxygen
at over around 120 T is a specific example of the field-induced
novel phases; it realizes due to the field-induced structural phase
transition 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,
and hence, 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.
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20 40 60 80 100 120 BLUTW3EFESh
Magnetic field (T) W3,

(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.

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

2. EFAE Y ROBEBISHBE

Ultrahigh-magnetic-field magnetization process of quantum spin systems

3. BKEBITMRZ BVWBRESICE T 5HISFHERGRE O

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

4. EFERR OWSFHEBEREE

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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BH KB
SAKAI, Hideaki
REERIR

Visiting Associate Professor

In the strongly-correlated electron systems, unusual physical
properties often manifest itself, such as high-temperature supercon-
ductivity, colossal magnetoresistance effects, and giant thermoelec-
tric effects. These phenomena originate from the strong electron-
electron interaction as well as the coupling with local magnetic
moments and phonons in solids, which the conventional band
theory can hardly predict. Our group experimentally explores such
correlated phenomena by synthesizing novel materials with extreme
conditions, such as high pressure and high vacuum. We also aim to
reveal the underlying physics by measuring their transport proper-
ties down to cryogenic temperatures in high magnetic fields.

One of our recent research projects is to develop new magnets
hosting relativistic Dirac fermions as conducting carriers. We
have successfully synthesized single crystals of a new Dirac
antiferromagnet, where the high-mobility transport of Dirac
fermions is strongly coupled with a magnetic order. In collabo-
ration with Tokunaga group, with the pulsed magnetic field up
to ~55 T, we are studying the unconventional quantum transport
controllable by the magnetic states in solids. Furthermore, we
are interested in revealing the microscopic electronic structures
for such strongly-correlated Dirac fermions by high-resolution
photoemission spectroscopy developed in Shin group.

L 3IAVS
KIM, Yongmin

NAEANEESHER

Visiting Professor

Magneto-optical and magneto-transport measurements on van der
Waals heterostructures and III-V compound semiconductor based
nano-structures will be conducted in pulsed high magnetic fields.

Van der Waals heterostructures, consisted of different
two-dimensional (2D) layered materials such as graphene, MoS2,
and etc, have attracted a great deal of interests in condensed
matter physics due to their novel physical properties and possible
electronic applications. We investigate quantum tunneling and
Coulomb drag effects between 2D layered materials separated by
a different 2D layer in pulsed magnetic fields.

III-V compound semiconductor quantum structures have
potential applications to the lasers and solar cells. We already
reported a strong negative diamagnetic shift in GaP-InP lateral
nanowire system under pulsed magnetic fields. Understanding
the exciton behavior in an isolated quantum dot under magnetic
fields is of important for possible applications to the quantum
information devices. For this reason, we try to investigate
magneto-photoluminescence transitions from an isolated single
dot under pulsed magnetic fields by using a ball-shaped optical
fiber probe. We are also interested in the Aharonov-Bohm effect
and the quantum Hall physics at the extreme quantum limit
induced in various III-V quantum structures.
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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.

HEE-R e BER B %
Professor (Deputy Director) KAWASHIMA, Naoki Research Associate
HEEvy-R? BT HF N
Professor (Director) TSUNEYUKI, Shinji Research Associate
*

SIEE 6] A A B oH™

Project Professor AKAI, Hisazumi Research Associate
BITHE ElE 2B B %™

Project Professor OZAKI, Taisuke Research Associate
N * — ” -
A EH & BT ErIBE
Associate Professor SUGINO, Osamu Technical Associate
b=l e BO 85 PXEEIIE
Associate Professor NOGUCHI, Hiroshi Technical Associate
g BE EA IS (P)™

Associate Professor

TODO, Synge

Project Researcher

O RS BIEFRE  AAR R
NOGUCHI, Yoshifumi Project Researcher OKUBO, Tsuyoshi
B BEE BiEHRE  EHTHE KX
WATANABE, Hiroshi Project Researcher KOUTA, Hikaru
k2 NI BiImxE B ER
KASAMATSU, Shusuke Project Researcher ZHAO, Hui-Hai
HFHE BEE BiEmEs  LE WAER
MORITA, Satoshi Project Researcher DOI, Shotaro
g 5= mEmEs BHE X
YAMAZAKI, Jun Project Researcher FUKUDA, Masahiro
Bl A BERRE  RTIYY NLTav
HAYAKAWA, Masayo Project Researcher HOFFMANN, Martin
=F &k BEAEE WA R
MISAWA, Takahiro Project Researcher MATSUMOTO, Munehisa
BiEmxE AL B
Project Researcher MOTOYAMA, Yuichi
HIEMES V— FFzv

Project Researcher LEE, Chi-Cheng

BERRE™ LA B

Project Researcher YAMAMOTO, Yoshiyuki

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

*3 PR gETS. ATISMESIERTZS )L— 7. /concurrent with Functional Materials Group
* PCOMS RHRHEE (P)
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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
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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Al/GaN REICH T 2> 3y bF—EEGMEDIHFFEY ) -V BRIC L BFREFEOHER.
ERORORREBIIREREZRL. BVWERRNY RX vy 7Y T 2, ZRAIOESH

Tyay hF—RBENMERESN. BEOSSZREOEEFLEY ¥ v TRE (MIGS) TRE-T
WBZ ENDD 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).

WNDEWERT, Jj DIEIF KKR 7' —VBEHEZRWE—TREE
FREHEICL > TEESESINCEDTH %,

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. Ji's were calculated
directly using first-principles KKR-Green’s function method.

1. F—REEFREHE
First-principles electronic structure calculation
2. SIERSYTYZILTH 1Y
Computational materials design (CMD)
3. KKR 7'V — v B#uE & Z DIS A
KKR Green's function method and its applications

4. Bl &K AREA DT
Magnetism and development of new permanent magnets
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(3) Evaluation of
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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.
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OZAKI, Taisuke
SFERIR

Project Professor

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.
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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]pe, [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.

*| Nba

[oo1] (A}

e, 4 e &

ko s 0 .

10 15 20 5 30 35
[110] (A)

1. B—REEFREABICE T IHENGFEFE - 7TV XLDOFHFE
Development of efficient methods and algorithms for first-principles electronic structure calculations

2. F-REBCEFEFEDOFRAE

Development of first-principles electronic transport calculations

3. TRV A VEBEDE—REETIRESE

First-principles calculations of two-dimensional Si structures

4. KBEBFHHARY NLHEFEOBER

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

5. OpenMX DRAF & NFE
Development of the OpenMX software package
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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
at beamline BLO7LSU in SPring-8 (Hyogo).
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5 T = N, . =) = N = *
R (B8) nEE & wiErge £H EBA samrs X OHX BEMRE ™ KW
Visiting Associate Professor KATO, Hiroyuki S. Technical Associate  KANAI, Teruto Project Researcher ~ XUAN, Hongwen Project Researcher ZHU, Lin
y =) * N P N = = *2 K N
g (BB EH EH 0 Ferme ES E HiEmxa  #HK 6 BEREER ™ BIL AP
Visiting Associate Professor SAKAI, Hideaki Technical Associate  SHIBUYA, Takashi Project Researcher  SUZUKI, Takeshi Project Researcher HIYAMA, Miyabi

1 BipsRIs, AKldF/ R — VIR, /concurrent with Division of Nanoscale Science iR s JE7 AN AZYY

*2 RIS, ATSISHEEE S I — T,
3 migTE, A RE BRI ST

concurrent with Functional Materials Group

Ko / concurrent with International MegaGauss Science Laboratory
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Shin Group
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(xz/yz)
mlddle (xz/yz+z%)
outer (x°-)°)

EAREL - —ABFAREICE DBASNIHKRBEERE KFe2As; DR

ﬁE’JEEiE%:ﬁ vy g, BLEEBRELE34 KTH S,
Science (2012)

(Okazaki et al.,

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.

* 15 AH 7&
SHIN, Shik ISHIDA, Yukiaki
% B

Professor Research Associate

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

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

of electronic states.

2.6F /A=K OBEEHAEEERFDOL—F—
AEFEME (L—— PEEM)

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

1. XL —F—RBSORELBFONIC L 2BLEE. BERTYE. FIVEZOETFREDOME
Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

2. BXRL —TF BRI BFONIC L 2 AFERROMAE
Time-resolved laser-photoemission study on the photo-induced phenomena

3. XL — U —HEBFBEMEREICL DT/ BEOETFIREOHAR
Laser photoelectron microscopy on the electronic states of nanomaterials
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I. Matsuda Group
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Overview of the time-resolved photoemission system at
high-brilliant soft X-ray beamline, SPring-8 BLO7LSU.
Synchrotron radiation pulses, generated at an undulator,
pass through a monochromator that is composed of mir-
rors (M) and a plane-grating (PG). A Ti:Sapphire laser
system (BLO7LASER) is installed at the beamline.

6..,

“ 4w
NI A 5z
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-
thin films and interface layers are investigated by time-resolved
measurements of the resonant magneto-optical Kerr effect.

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

With the temporal information collected by individual light
sources at each time scale, ranging from femtoseconds to milli-
seconds, we promote understanding of the whole dynamic
picture by combining the sequential information.
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(b)

Fe magnetic
moment

& 4

7 = YEM GdFeCo & DRFE N BEBRIAZ N —WROEBROER, (a) 8 X R FEL (hv = 53
eV) TOTUTYARNJAEDT—% (O) EZABBTOT v T VT (EiR)
BEWCHEDORISZICHIEL TW3,
FEZt, 7T AMNPORBERT—ILTRAEY RENRETWD 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

L REBFBDT—F
(b) EEBERNS/ENICHGHICHT S Fe DBERE—X >V bD

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. BEDBEHRXEONRROBFEEREY (37 XOMRE

Developments of time-resolved soft X-ray spectroscopy and researches on surface dynamics
2. ABFOXERICL Z2EBHE L OHERHRERH - REDOEFREOHE
Electronic structures of metal and semiconductor surfaces studied by means of photoelectron spectroscopy

3. BE/ULABRX REAVWCKEMMBEROBE L BSRAEY YA FI 7 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 spectroscopy. The combina-
tion 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/LAL =Y =2 2T LAOMRFEFERO L — —DBIER I

A7y b7 U—KERKI L
Offset-free optical frequency comb.

IR E A IRAER

KOBAYASHI, Yohei TANI, Shuntaro
IR B

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 —H—iNTeR oY 7 & IR EAE

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

Development and precise control of ultrashort pulse laser system

2. B#RDRU —SREYE

High-rep rate, high-field physics
3. wEAK

Precision spectroscopy
4. XEBEHILDKRX - EE - BEGH

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

5 L—Y—MInFE
Fundamental understanding on laser processing
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Itatani Group
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BREFRNL —F—TREVEREAKD TKOE, BEHORXBLANRY 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. BREBRE/VULAL -5 —DREH
Development of intense ultrashort-pulse lasers

2. 7 ~pyEE
Attosecond physics

3. BREABSEZAVCESERRKOE & EFHH

|

aH 5

3 :

k& AER

[TATANI, Jiro ISHII, Nobuhisa
HEBIR Bh#

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.
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0 2
Delay (ps)
BEET INILYINLRICE > THES N HBr 2 FROEEKRR S, BAlENh
fe R FEH,
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 107
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.

e
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= fh

FH ZBAX P
HARADA, Yoshihisa MIYAWAKI, Jun
S Bh#k

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.
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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.

1. KAERGOEFREE S/ ORE—E. ERAEDOHELERICET 2R
Electronic structure analysis of aqueous solutions to study microheterogeneity and interaction at solid-liquid interfaces

2. MRS BAMEORERIGET. BEXCZRD. SRERGET. £EY >/ EOEERT D HDZDENTFEDRR

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

photocatalytic reaction and functionality of metalloproteins

3. v Mg, FTRSEEEEREORARYEICK T ZRME (BRSME. AEVME. Y7/ V. EREERME. g

R L) DEEERAE £ DA DT

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. MXBHRADHDOBBIRILF —DEEEL & KBDED DT DERIEAHR

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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Resonant soft x-ray diffraction instruments installed at BLO7LSU, SPring-8.
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WADATI, Hiroki HIRATA, Yasuyuki
i B3

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. KD BRI X REF RS

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
IR B

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
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sample (¢} ! I | ___/’%!f'\‘___ ductor. (b) ARPES analyzer. (c) Diagram of ARPES experi-
T ,__/%k A ment. (d) Snapshot of dispersion image. (e) Whole band
v s . + W\_“%"‘ : for structure. (f) Competition between superconducting gap
it v mm= MCP _.‘/‘%{\___ __.\p = and pseudogap. (g) Spectra around Fermi surface below
‘Q: N7 —"‘W\‘- I8 (red) and above (black) superconducting transition tem-
" £ran0 % "‘\f‘g perature (Tc = 35 K). (h) Difference between the curves
l ‘” ’/V\ [t in (g). (h) Coherent spectral weight is painted with a red
(rﬁ@ eranla surface sl Ll @207 color, which is corresponding to the red region represented
Energy [meV] in (f).
1. BRL - —ZRiELRE T 2BENREAEIBIEEFINEBEDORE

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

2. AEDE -

AV - KESEABFONRTRSBMEEY MROYAILEFHE

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

3. BERZFRALILABFONTHRT 2 EEEETRYE

Strongly correlated physics studied by photoemission with synchrotron radiation
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Laser and Synchrotron Research Center

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

Jia] g foF 75 %

Okazaki Group

M CE T I E T OE T OEE EE 2L
X — D HBAR (N FHE ) ZE BN T 5 759
BRFHETHDZD, 7z LML —F =R, ZOER
EHM R T —7HE LT Z LT, JEEERRREIC BT
L3y FREEDEEHOBIE R ELBIHITE 2 X1k 5,
AWFRETIE, L—Y - OmsEE LT LA
TR T L — 5 — % 7B o e 1 e E o
BAE - R Z D, K7 7 u—7 W5 RCE T30
& T, HBHEIREE D & D E T O FE R O E £2 81,
HA AR ) B IR 2O E B BISE 21T,
Jh LR R 2> & D T A D K2 A HE O R IH 2 G AR o
EEBMIC X29AEHELTWS, £/, ZFLX =5
fifthe 70 peV, RARHIEIREE 1 K &) RR SR ZH
5L —F —MESRCET o REZ T, JERERE
R OE G, B8 X vy 7HEZ EEBI 2
C LTIk RS D IIHZ HIE LT 5,

Vi3 Scienta

Ti:Sapphire laser + Regen (Astrella) 3 Scien

(800 nm, 1 kHz, 30fs, 8 mJ)

BRO
{SHG: 400 nm, &0 fs, 1.6mJ} He Lamp

]
i
7

ample

Concava
Mirror
L2 S -
& b H arizal
Spectrometor H \ = Thin Pll::‘FLﬂdrwu
w L
Fundamental EUV Beam Delay Stage
NS 47 Pump Baam
Mo <
OPA+DFG
(TOPAS Prime) |

BREHFE L ——Z AW RKED BB FONEKEDHERR

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

1. BREFRL —F—z2BVWRKEMBAEEF O IEBEDRF

g

mlE &=

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
temperature of 1 K. m
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Coherent phonon excita-
tion in BaFe;As; observed
by HHG TrPES.

Development of a time-resolved photoemission apparatus utilizing high harmonic generation from a ultrashort-pulse laser
2. JERERRED S OYEFRDOETFOEEE ORI, XFEBEEDEREESRN

Mechanisms of electron relaxation from photo-excited states and light-induced superconductivity
3. BMEERBEIREL — Y —BEIBAEEFNNIC L 2 IFEREBEARDOHEEREA

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

resolved photoemission spectroscopy
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)1 WEJE

Mizokawa Group

ERRELGMIL R LY ZRL, KB - B
Bi - SRR ARE LR ZHEBZEILET,
BRERELEY TR, Ay - Ei - PuEoHBEZ R
B RIE A2, MR AL EBIRL 2is, Bk
OB - B - AN 2R LE Y, R, 2
DYEDRLIR LR TR DR 2 IR § 572012, e
BT o) ZBRFEEZHOCCERSBLEYMOE T
WaeEL TR £, IRE T, Ik r-f ik o b &
LCHIS % § TazNiSes &) BB EELAYIERHL.
Pt 7e AT LASOR =g fF 58 = « Rl iff 78 =8 & St 1A <Ol
B OIC LR EDTED X,

W2 & —1 > FEREA e v 7 —

Laser and Synchrotron Research Center

Mg 0% 2 k78 =

H. S. Kato Group

KFEREEHOT BRIV IE, BTICROTROE T THD,
AHEER (ERHE) ORRICEIb 2, ZOBIE I35
HEMEL TR ARG R C R oh T EEAREE R
729, AWIRETIEZON 7a b v ERE(7a =2 R) ) LTHE
THERE (L7 bn=22) ) B 2 HigRe I E & LT
ME—7 0 b BRI DA RICHT 5.

BrE7ub 2 HBIL 28 LA R EE R YE Cat-
TTF 3 FifE@RWE TH Y, o7ty (H+) OfiiE
KIGL T FEOB R P BINCELT 2 2 030
T3, 207 IZ? Cat-TTF B4y % AR & k&
ezl ORESE2 L, Rlick 37 o by 2l
3 ETHBRBEENOE TR 22 IEoN 5L
WfEENs, ZoFHLOBEEES TIREZFEBT 2012,
PAHE 28 28 2 D IS PEF SRR E 1 ) L 72535 Cat-
TTF B3 F IO AR OH S FICHRIR T 5,
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MIZOKAWA, Takashi
BEEHE

Visiting Professor

Transition-metal compounds show rich physical properties
and undergo various phase transitions including supercon-
ducting, magnetic, and metal-insulator transitions. In transi-
tion-metal compounds, d-electrons with spin, charge and orbital
degrees of freedom are affected by complicated lattice distor-
tions, and exhibit the interesting electric, magnetic, and optical
properties. We have been studying the electronic structure of
transition-metal compounds using photoemission spectroscopy
in order to understand the origin of the physical properties and
the mechanism of the phase transitions. Our recent research
activity focuses on Ta;NiSes which is a strong candidate of
excitonic insulator. We have been working on photoemission
spectroscopy of Ta;NiSes and related materials in collaboration
with Prof. Shin and Prof. Okazaki, LASOR, ISSP.

-

hngE &
KATO, Hiroyuki S.
REEHER

Visiting Associate Professor

A proton in the hydrogen bond plays important roles in
various functionalities in materials, such as integrations in solids
of organic molecules, network formations in bio-molecules,
and dynamical energy transfers in batteries. This laboratory
challenges to synthesize a new material that couples this proton
—functionality (protonics) and the electron-functionality
(electronics). The targeting material is a Cat-TTF molecule
which was found to have the apparent correlation between a
proton and an electron. The sample is a layered material of
a conductive organic molecule and its electric conductivity
dramatically changes with position of a proton at the interlayer.
Thus, it is inferred that a single layer of Cat-TTF may change
its electronic property when it is grown on a solid surface and
the location of the proton is controlled at the interface. Tight
collaborations are established with various laboratories in ISSP,
especially Iwao Matsuda group, to realize the film growth and

the experimental verification.

THE INSTITUTE FOR SOLID STATE PHYSICS 2016



MifRa & —L v FERETE R v & —

Laser and Synchrotron Research Center

L WE7Es

Chiang Group

Bz AL —ru=7 A E LTI SN 2 IR
Y., @AV FA DX ) TILF I AERLT
V5, INHEFZEE 2 Tl & L o i 7E = & L IE T
1% v > 782 & SPring-8 BLO7LSU 125\ THEE 21T,
HEFEA LB TIREO AL RMRE IR OF LR L
DA I ERZEEH R, EBRTIE 720005
EaM o A7 — VBl T, mEXE R (HHG) L —
W —IT K BRG] - MBS DGR T3 6 & UG X B IR
SHRNBOCE D NE MW 72, 2088, &AL
A R REDREFRIIG. 72BARIR L METE, L—
P =L AN D 20D HEE MAG DR MTRIE, K
T EIC B BB X V) 7 R AL o 22
HMEHSMZT 5,
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CHIANG, Tai Chang
NAEAZEHR

Visiting Professor

We study carrier dynamics in selected metal chalcogen-
ides, which are layered semiconductor materials with a strong
potential for valley-electronics applications. The experiments
are performed at Kashiwa campus and at SPring-8 BLO7LSU in
collaborations with groups of the ISSP, especially the laboratory
of Prof. Iwao Matsuda. Various ultrafast phenomena in femto
to picoseconds time scales, such as generation of the photon-
coupled electronic states and evolution of surface photovoltage
(SPV), are directly investigated by time- and angle-resolved
photoemission spectroscopy using high harmonic generation
(HHG) from a laser source. In parallel, the relaxation of SPV at
longer time scales is precisely determined using time-resolved
core-level photoemission spectroscopy using synchrotron
radiation. Dynamical effects associated with adsorbates on
the surfaces of metal chalcogenides are also measured. The
combined experimental results based on the two different light
sources, laser and synchrotron radiation, leads to a detailed
physical picture for the temporal evolution of the photo-excited

carriers at a surface or in a single-layer.
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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
# ® #  FME KM Associate Professor : WADATI, Hiroki
AEHIR(RE) JNfE 52 Visiting Associate Professor : KATO, Hiroyuki
HIFHOEAZS) ;. BE Visiting Professor : CHIANG, Tai Chang
Bh 2 IJ_IK 1% Research Associate : YAMAMOTO, Susumu
Bh % K8 Yt—ER Research Associate : YAJI, Koichiro

Bh B = 52 Research Associate : MIYAWAKI, Jun

By # EH 3 Research Associate : HIRATA, Yasuyuki

B B TEFZE MR, (SOR Mid%) 13 il s %
FIH U 725w e 28087 L S BRELAi o B 56 - wh9e%
HFTIT>Tv 5, SPring-8 ICERIE I N/ = T3,
I 5 S e i 3 Lt PR = R RE O R R R A F- o ZRX
M7 vyaL—8E-L74 v (HEREBEIET 7 AT —
T avPERI e =094 > BLOTLSU) #%4iL ., ki
R X AR % R § 2 el O PR e 2 i L C
W5, WRIBSEAY v 7IE, SRR X SR GEa OB T &
WE - Bt Rl OB HIREBIIZE 21T ) 7ol IR 43 MRk
XM ICHEEEAT — av, @ WREIK X #8676 A
F—=yarv, 3RILT/ ZAHAT = av, X BEERG
NPT = av, X BEWTAT—>av sk
. REHLFEFIHZ G TR @A S DRI LR T
I Tw3, —H, MO EBIcB LTI, L—¥ =71 —
7T EDIENE ORI, BRIk X L —F =Rz
o7 @ e A E U RMOGE Tt E e dk L, &
EREFRF IR LTV 5,

SPring-8 BLO7LSU @ 8 8D Figure-8 7> ¥ 2 L —% —, REBANXIRL D &EH
RANEEFEURERTELTEFOARERT, IRRAT—YavicEEE
BX DG h 2,

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
BAEREE EIE 1ES Project Researcher : OSHIMA, Masaharu
BEMEE HXAIR #t Project Researcher : TAKUBO, Kou
BEMEE £ B5%  Project Researcher : CUI Yitao

BEWES [E EE
BHEHREE D ESSAN

Project Researcher : TANG, Jiayi

Project Researcher : FENG, Baojie

A B

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.

ERICHBF2EMEAL Y VLEED BRILFERA L —F —MESDBEBEFOH
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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TAEEE, X MRS E BN SR O B B2 1T 9 1K
HRAEIE, APMRELBIMOBIZ, BHEX
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BN E 7322 FEBR FH O TR S oS B R S B0
DWIZ 72 APy 7 V=0 VIR ZERTICERE T2
SVEI AT B 2 % 2 36055 % BT 2 IR 28

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.

ME, *v b7 —7BEOEMESY K-t %2
179 T WMEM =, VIEPIERTIC R U 5k 4 221
WOFRMGE 2L T HEWERETHDE, TNL6D
EEOME X, ZNZAIET2EB2DEH
EORMEHLRD, HYOBEBIC XD HEERDHEE

Birbirs,
[ ]
ERRILE EREER LT #® KITEPIE TE X P EBE T Rk
Cryogenics Service Chairperson YAMASHIYA, Minoru  Technical Associate TSUCHIYA, Hikaru Technical Associate  NOMURA, Miku
Haboratory winsrma Bl BT

Technical Associate SAGIYAMA, Reiko
TE=E IHEER B E— BifiErIg R BE MrxEmes SH B

KINDO, Koichi Technical Staff IMAI, Tadao

WExiEkEE NE BT
Technical Staff MURANUKI, Seiji

Machine Shop Chairperson Technical Associate OKABE, Kiyonobu

PITRBE HF #HN
Technical Associate  TANAKA, Yusuke

HMEHREEE petgeBEzar & X wirEmMa FE BN

Radiation Safety Chairperson MORI, Hatsumi Technical Associate  NOZAWA, Kiyokazu

Laboratory

gE= E=xg == = rrinnm P MET & ARG BT
REZE MEZER =5 % RR  WxmasrE) =ML RIE

Library Chairperson YOSHINOBU, Jun Administrative Staff NAITO, Yumiko Administrative Staff KUBOSHIMA, Tomoko

5 (tHtXEER
XE mresars) RE BT
Administrative Staff HARADA, Yuko
FHE - RER

ANy IIL—L sBEER #SH KR

Stock Room Chairperson MASUDA, Takatsugu Administrative Staff(Finance and Accounting Section)
EERRE Epsier MR OXRK EHBIES B8H WF EHHIER ‘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
BREINE  BYFs B0 &8 kimErmE KA 8T FiEErEe A 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 Administrative Staff(Joint Research Section)
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Cryogenics Service Laboratory

TAE=
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 BB 29 — E 20 F v 2 S AR D FE A A
RYROEHHIT TS, WRIEANY Y LZYEVFZEIC 32
T, WHEE LA R I NG, ZRFE LAY T L AL
L., REELUCRRRALICRIA T %, 2015 SEEDIRIE~Y
LOEE R LIHEEIZZNF N4 322,000 L, 227,170 L
ThHb, WMEERIIIFEBLIOEAL, #iGL w5, 2015
EEDOWF RO EIF 881,252 L £ -T\» 3,

Cryogenics 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 2015, a total of
322,000 L liquid helium was produced, of which 227,170 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 2015, liquid nitrogen of 881,252 L was supplied.

FERRE Main Facilities
ANYDLEILEE (YY7)  Helium liquefier system | (Linde) 200 L/hr
AUDLRILEEN (Y T7)  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
EREAUYILSRAEME  Helium gas recovery compressor 190 m3/hr
BEAANUILAZARS Liquid helium transport containers

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

Centrifugal liquid helium pump system 20 L/min

AUDLRICHE. BEROEDRS LR T
Helium liquefier, storage, and transfer system
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Chairperson : KINDO, Koichi
Technical Associate : OKABE, Kiyonobu

ExEmEs P #57)  Technical Staff : TANAKA, Yusuke
MEZiEEs 5 Bt Technical Staff : IMAI, Tadao
2HREBRES B &R Technical Staff : MURANUKI, Seiji

TAE=x, WH7E BBz 2 TEYOINL, MO
Frtad 2 HE LR ORER O Z DW R, 2 LUTHERGE
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
BRIEE S@FlEvy vy sy — NChHE.
BIE7 5 X8, MEMIHE
ATZATHEE  AZZEE, vy 7IRERIF,. BERINIE.
FAVYEYRNYRY —

MRELEE : Drerelf, BRIERE, 751 X8, R—)LE

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

THFE
Machine shop

THE INSTITUTE FOR SOLID STATE PHYSICS 2016



Supporting Facilities
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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
PEYYE SRR R A R E O BTRLEE . 225 S OV Tk
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 O TBORHR IR D #1380 R e B2 W
DLk, BB EOBEINMELZT>Tw5, F7k,
Wik, U, Th % X O IEE IR E % 22Na # &
FRIEZ 7 WF 98 70 £ 93 C & 2 BR B0 AR BN (XA
&) WIS ZMA 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 2VERRAME—DERE).
RYMOVERE NaBHRREAVWLERRY MOYE—LICLS
RERNMTZ D), BENREE. Ge ¥HMMREE, offiRHE RiFY Y
FL—yavhorvy— BT RAA-F—%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.

S

NYRTZYRIOREZY —
The 7ch hand-foot-clothing monitor
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228 R 5E 32 Chairperson : YOSHINOBU, Jun

% £ NEE ¥43=F Administrative Staff : NAITO, Yumiko
* £ [REH #F Administrative Staff : HARADA, Yuko

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,

P& RHEA ¥ — %y P TREBETE, FTNTIRH KR
FHTRASN TR/ Y v —F T —F =22
TE%, FRAPEERHIOWTIRIEFMA LA I X
LIEEE., BB OV —EAZ{ToTWw 5,

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 1 65,456 it (R 27 EEFRIRE)

(3¥% 58,637 fit. #1&E 6,819 fit. WAMTEEZED)
MESIESRS 72018 (FHE5 635 &, MHMES 94 18)
FZERRE : FH 9:30-17:00 (FFEAFIA 6:00-9:30, 17:00-24:00)
BEEH 248 (W8BRELANT—7IL. BRIVEY NRE)
IR—L~R—3 : http://www.issp.u-tokyo.ac.jp/labs/tosyo/
Outline
Area : 783mi

Library holdings : 65,456 volumes (as of March, 2016)

(Foreign books 58,637, Japanese books : 6,819. 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)

ARy 7))V —LF, Bl EZE A & SRR AE L
TRHEE SN DML, Z DM R AL DIGEYZ %
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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

EBH@HEE B[O 3Jy Administrative Staff : HASHIGUCHI, Ayano
EB@HEE A0 *HF Administrative Staff : ISHIGUCHI, Yuko
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The International Liaison Office handles various international
matters at ISSP under the supervision of the Committee for
international affairs. The major functions are the coordination
of a visiting professorship program, the assistance in ISSP inter-
national symposiums, and the accumulation of “know-how” for

continuous improvement of our services. The office also serves
as an information center for researchers from abroad.

ARy IL—L1
Stock Room

International Liaison Office
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Supporting Facilities
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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

THMEBT = ClE, PIERFZEIT LAN, 8L, WWW #—
N (B A — L= — http://www.issp.u-tokyo.ac.jp)
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25

Information Technology Office operates the local area
network in ISSP, 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.

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

BREBEER B Chairperson : MORI, Hatsumi

u R A #K & ContactPerson: SUZUKI, Hiroyuki
2MIERSE BHH g  Technical Associate: MOCHIDA, Madoka
Ei@EES [IR HADAR Technical Staff: ISHIZUKA, Mizue
woB &
# R/ F A *

Administrative Staff (General Affairs Section)

Administrative Staff (Joint Research Section)
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B Activity Report, 28> 7L v Mz ED KB R, & —
L= TOERFAEE LI, —WEHES R EDH-AE
e 277 M) —FiGE 2 H N5,

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.
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Publications
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Harima Branch of Synchrotron Radiation Laboratory,
Laser and Synchrotron Research Center
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