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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 physics and materials science in Japan for more
than a half century. In 2000, ISSP was relocated from the Roppongi
campus in the center of Tokyo to the new Kashiwa campus which

was designated as the third major branch of the University of Tokyo

after the ones in Hongo and Komaba. In 2004, the University of

Tokyo became a national university corporation and in 2010, ISSP FEE Director
was approved to be a joint-use/joint-research institute in accordance L, Y'Y
with the new scheme set by the government. The joint-use/joint- Yﬁ% ’ I' f_A
research activities of ISSP have been evaluated in 2013. TAKIGAWA, Masashi

Condensed matter physics had started as a discipline, which
enables us to understand a wide variety of properties of materials on the basis of fundamental laws of motion of the
constituent microscopic particles, i.e. atoms or electrons. Based on such knowledge, the major current efforts are being
devoted to synthesize new materials that may show unprecedented novel properties on one hand, and to fabricate
structures with nanometer scale by combining various materials to produce new functions on the other hand. Thus
the modern materials science bridges boundaries between physics, chemistry, and materials science. In future, new
materials, new theoretical ideas, and innovative experimental technique are expected to further widen the scope of
materials science. At the same time, equally important are the advanced technologies that provide extreme environment
such as high magnetic field, high pressure, and low temperature to extract novel properties of materials, and large facili-
ties for advanced measurements such as neutron scattering, synchrotron and laser light sources, and supercomputers.

As a joint-use/joint-research institute, we have been working hard to develop state-of-art technologies and facilities.
The International MegaGauss Science Laboratory is pursuing to generate 1000 tesla destructive short-pulse fields by
electromagnetic compression method and 100 tesla non-destructive long-pulse fields using a flywheel dc-generator.
The Neutron Science Laboratory installed the High Resolution Chopper (HRC) spectrometer in J-PARC in collabora-
tion with KEK and has been operating joint-user programs. However, the JRR-3 reactor has still been shut down after
the earthquake in March 2011. Early re-operation is seriously desired. Concerning the Next Generation Supercomputer
(K-computer) Project, ISSP, jointly with the Institute for Molecular Science and the Institute for Materials Research,
Tohoku University, has been selected as the representative institute to lead the research in the Strategic Field 2, “New
Materials and Energy Creation” and established “Center of Computational Materials Science”. ISSP will also participate
in the Element Strategy Project from 2013. Regarding the synchrotron light source, ISSP has played a major role to
complete the Materials Science Beam-line in SPring-8, providing a platform to perform state-of-art soft X-ray experi-
ments. Furthermore, the “Laser and Synchrotron Research Center” (LASOR) was established in 2012, aiming at close
collaboration and unified activity between the synchrotron and laser fields, which had been developed independently.

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

October 2014
Masashi Takigawa
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History ‘

The Institute for Solid State Physics (ISSP) of the
University of Tokyo was established on April 1 in 1957 as
a joint research laboratory based upon the recommen-
dation of the Science Council of Japan and the concur-
rence 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

5

high magnetic field, low temperature and high pressure
had reached certain maturity during the "second
generation". Another example is the study of artifi-
cially designed materials 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
Computational Materials Science was established in the
ISSP, for promoting materials science with advanced
supercomputers. Regarding Synchrotron Radiation
Loboratory, 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, as a
new step forward in the unified field.
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SEFEMBRERT & L THR

Establishment of ISSP as a joint research laboratory

PTG - BEEWES 2 0P, BULAED S IR ¢ SR EE 1 SRRk

Opening of Radio and Microwave Spectroscopy, Theory II, and Crystallography I divisions
A - LR, BLEE S IR

Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions

R - RS 1 PRI ER

Opening of Low Temperature and Magnetism I divisions

HEAE - T - WS TRNG - T - ORI R

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

FaES 2 - BERES 1 - WA - SRR

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

YIEwHE AT T

Inauguration of ISSP

g5 2+ I - e - PSS 3 TSP R, 20 EfT & 4 B

Opening of Magnetism II, Solid Materials, High Pressure, and Theory III divisions. Total 20 divisions
FEELATRE 2 BRI TR I AR A

Solid Materials division was renamed as Inorganic Materials division

Hh - A B P A s

Opening of Neutron Diffraction division

B AR (FEEM) Wt 22 &ML % 5)

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

W B P i A s i

Foundation of Synchrotron Radiation Laboratory

AT PR e 1

Ultra-Low-Temperature Laboratory building completed

fERD 22 FMIAHRIRYERR (s, MIRL — — REPik, @SRy L oEaT) .
OB B TERT, b7 RS, SRR & o IS BEEM 0 5 KEFIR 0% B
PR ISR S 1L 5

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

RIS - HRFR L — o — FZEiR T

Ultra-High Magnetic Field Laboratory and Laser Laboratory building completed
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1989

1993

1995

1996

1997

1999

2000

2001

2003

2004

2005

2006

2007

2010

201

2012

FIOEBASERIM (KRR 10 4F) HSEEk &4, 6 KM e % 5

Opening of Materials Development division

55 1 [ ISSP [HXs > Ry o TEREIZEROYEL & (ye) Bifie (DIRERBUEE L Ichifi)

The 1st ISSP International Symposium on "The Physics and Chemistry of Organic Superconductors"
- AL e R D BT

Foundation of Neutron Scattering Laboratory

BROMER R A3 F2HE S 41 %

Evaluation of scientific achievements of ISSP by an international external committee
FYERY:, YrEEER, ok, MRBREMINE, et b RUFZEARE & WOE R TSR
LIRS BT 7 (LR TR R 2 N A 7 3 R I P S 5

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

FEREM * © > S RI2 BT 2 YIS R BUESE T

Construction of the new ISSP buildings in Kashiwa campus started

sl BTSSR C AR 2352 S 4 B

Evaluation of activities of Neutron Scattering Laboratory by the external committee

1% v > S 2~ DA

Relocation to Kashiwa campus started

BHs5E 1

Relocation completed

SHEINE BTa

Opening of foreign visiting professorship

itk - RCGELAFFE iR A3 e T BT S M R 1< il

Reorganization to Neutron Science Laboratory from Neutron Scattering Laboratory

YrE G Rl T AMEREHM 23S S 4 %

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

R REDENIRFENR AR A L2 D

The University of Tokyo was transformed into a national university corporation

Felm B IE M & 2 A 7 — VPRI SRR P A RS B

Division of Frontier Areas Research was renamed as Division of Nanoscale Science
SHBETII2SFENE S 1 B

Evaluation of scientific achievements of ISSP by the external committee

[ WSt SR B P BIE e % D T

Foundation of International MegaGauss Science Laboratory

A7 50 AR

Celebration of 50th anniversary

SEEAMA - HEPEMLE & L CERR

Authorization as a joint usage/research center

RHRMEBIENI 2 v — DFTER

Foundation of Center of Computational Materials Science

Fatin 77 YW SR T B OV IE SO VI PE T ZE MR S A - PR S . MR 2 & — L v B OERIAIEE
vy =T

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

{EBRIEE
Cryogenic Service Laboratory
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Machine Shop
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Radiation Safety Laboratory
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International Liaison Office

WiEE Administration
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Advisory Committee

Division of Nanoscale Science

ERA RS R

International MegaGauss Science Laboratory

BRI MBI AR

Director
s
ISSP Advisory Committee
|
HEFMAEZREMEZEES
Advisory Committee for Joint Research
[ |
WEMER HREM s e
Research Facilities Research Divisions Visiting Staff
— = NEAEE
i WE e TR i S E R TR I Foreign Visiting Staff
Materials Design and Characterization Laboratory, Division of New Materials Science
LEE%E% .
Advisory Committee i W TR SR TR Y I
hi R A 2 =% Division of Condensed Matter Theory
Neutron Science Laboratory
[ Ezza2 F IR I — R I

| ExEas

~ Division of Physics in Extreme Conditions

Advisory Committee
|| SHEYERER R E—
Center of Computational Materials Science
| EEEES
Advisory Committee
BREOE—L MR 2 —
Laser and Synchrotron Research Center

AT T R I

Synchrotron Radiation Laboratory

| EEEES
Advisory Committee

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 four Research Divisions,
five Research Facilities, Visiting Staff Division and

Foreign Visiting Staff Division. Among these, Synchro-

LExfes

Advisory Committee

9

tron 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.
In addition, the Center of Computational Materials
Science has a branch in the RIKEN Advanced Institute
for Computational Science, Kobe, Hyogo, and most
of the research activities are performed in the Kobe
branch. Apart from the Research Divisions and Facili-
ties, 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.

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

ZFEREZE EHIE  Domestic Joint Research
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The facilities of ISSP are open to domestic
researchers, who are encouraged to submit joint
research proposals. In addition, ISSP provides 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.
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subjects researchers
1400 1400
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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 72 Workshop
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1600 participants

1,400
1,200
1,000
800
600
400
200

0
2004 2005 2006 2007 2008

e

2009 2010 2011
Workshops

2012

2013
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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.

R X 1l o S [ T EE o0 BRI DT

2 AFEFAFFHGE THEMOEDREI 0,

workshops nE. 3rAE (P15 FE~) ITRfTL

o T3 TR X0 12id, A0 SRR

S DRER TV W 7 EDE M B
INTVET,
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FEI R 32 i s ISSP IR BR >/~ R™7 A International Activities and ISSP International Symposium

YIERZERTIZ. PIPERFZE D EBR AL s & LCH R
B ZH->T WS, 1989 4Ed 518 -7 ISSP [E S
PUYRY LRI (FBLUOBINERIIEE
2 B SN T, ZOfl, WIEMZET DR D %3
fiff 205 H U 7z BB L R b IEF 1T b Ts D, X
TR 2 HAE AR B 2% 0 S E A RS 70 & % A
FALZZEE D S BAEFE LTV B, E, 1981 4ELIKE,
HPE GRS B 3 2 BRI /1 26 0 FE R BT 0 £ # D
RELTw3, ZofUcHEBEY—7>ay 7 2L
w3,

1)

ISSP plays an important role as an international
center of materials science. The table shows the title
and the number of participants of the ISSP Interna-
tional Symposium, which started in 1989. The unique
facilities of ISSP have been used in many international
collaborations. 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
smaller scale international meetings.

O AR OSMEH(NEN)
Title Date Participants(overseas)
£ 10 | ARBCEFROYEEZE LB
1st The Physics and Chemistry of Organic Superconductors ezt A8 0
$£80 | iEEET REFRORIAR .
8th Correlated Electrons el 200 (22
£ 90 | EFRIBERMARDOFER 1116
9th Quantum Condensed System 2Uee 1 IPTETE [208(23)
F10[E | BREICETEZF/HA1ITVR .
10th Nanoscience at Surfaces A0Ee JOEEH1 2o
£ 11 [ | KEEKOYMERIZE -10-12-
11th Hydrogen and Water in Condensed Matter Physics ZUOERIEE-IE lo7RT)
ISSP %> >R ISSP International Symposium
o —< @FEHH O IEH(SEAN)
Title Date Participants(overseas)
F5EI—LYh XUV BLC X ROKELIGRICETE7IT7I—03v7
5th Asian Workshop on Generation and Application of Coherent XUV and X-ray
Radiation (5th AWCXR) 2012:6-27-29 116 (25)
ISSPEET—vav” TObe—LY MERXIERIE,
ISSP International Workshop on Coherent Soft X-ray Sciences
F/ AT —)VEEREBD 3D RFARA—=I VT B
International Workshop on 3D Atomic Imaging at Nano-scale Active Sites in Materials Zulztiet 68 (10)
ISSP ERT—0>avy - YVRIY UL DEERICAIFRT 22T, A,
Emergent Quantum Phases in Condensed Matter (EQPCM2013) 2ozl 160 (35)
2% 2 B DYCE-ASIA 7—2 >3y - ISSP BT —V>av/ B
The 2nd DYCE-Asia and ISSP-international Workshop on “Life Science and Photonics” 2013: 1281718 58 (1D
ISSP ERRT—0>avY - VRY UL TEEERYEOH B, A, .
New Horizon of Strongly Correlated Physics (NHSCP2014) AOIAE G e 161 (34)

BOLDEERY —2 > 2y 7" Recent International Workshops
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J\{?&\ﬁ/ Education

Wt 7eRrcid, Kb sszMmaL., MR
B L 22 R EF ICHZ2TE T 5, WETIFEATD
BEIZ, FETEICGU T REBEH ARV 7R B
FHIKL, AL¥FEL, TERMARYH TAEL, KO
BRI AR B AR H AR ELITE L Tw 523, 2
NS HERDPEZ B Z ARG BRSSO WP R
MAEDERICTZ ATV 5, MW TIX, &
FERPEBEAE AR HEEDIDDIAY V A%RFETHE LD
I, BELTOLEZNRIYERIEAFELT, &%
HH#TZEE S - — U PR A D fehif i) 2 BARE LT 5,

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, and Advanced Materials. However, students
are encouraged to develop their careers across the estab-
lished disciplines. Every year a guidance and guided
tour are given to those who are interested in graduate
courses in ISSP. For undergraduate students, introduc-
tory lectures on condensed matter science are given as

one of Seminars at Komaba campus.

{EL5EFE Master Course fE1+58% Doctor Course
20114 | 20124 | 2013 % | 20144 | 20114 | 20124 | 20134 | 2014 &
YIEEFHEY  Physics 32 36 41 32 26 26 21 27
{LZHEK  Chemistry 2 1 4 3 3 3 2 3
YIETHEK  Appl. Phys. 11 15 11 8 4 4 7 7
YEREYL Advanced Materials 38 42 38 33 12 14 16 18
& & 83 94 94 76 45 47 46 55
WA FEOEILHIR B4 E Number of graduate students
-:—:‘A\ OJ A ° °
st at/Publication
500
PR ZET ik, 4ER 300 225 500 fR w0
MiCHRZFHEFE LT3, 2013 FEED2EHTCHR 307 #D 400
AL, ST 287, LEkER 2, MBLET 10, 4 (3 300
TFARD—IR) 8 LoTWw3,
200
About 300 to 500 scientific issues are published 100
through annual activity in ISSP. The 307 articles
published in 2013 consist of 287 papers in refereed 2008 2009 2010 2011 2012 2013

journals, 2 proceedings, 10 reviews, 8 books.

12
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Number of Scientific Papers (including proceedings and reviews)
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/ Budget
13)52 254EFE (2013 fiscal year)

(D)
[13(A) AHE : KEBRIZEELD
[1(B) B#HE  XERZELD
L1(C) &FxE: REAZF&LD

[ 1(D) =&CHisT - AR  RE - th&TELD
L 1(E) BPMRE : XERZE - BAZRES 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) (C) (D) (E) st
NG Y& S REMFTHERR | BEHAERE Total
Yy 25 £ (2013)| 1,545,996 2,307,864 30,847 545,717 427,515 4,857,939
TFH; 24 FFE (2012)| 1,326,798 2,843,602 15,344 296,078 361,530 4,843,352
YR 23 £ (2011)| 1,466,060 3,502,123 21,312 222,097 666,184 5,877,776
TR 22 & (2010)| 1,348,475 2,659,755 48,472 298,615 691,061 5,046,378
FHL 21 & (2009) | 1,363,182 2,748,055 7,575 405,342 754,798 5,278,952
¥ 20 £ (2008)| 1,517,658 2,559,789 8,592 322,093 493,000 4,901,132
FHL 19 £ (2007) | 1,470,205 2,415,721 14,178 239,450 478,600 4,618,154
FHEDOHER  Budget in recent years (HAf7 : TF)  (Unit: Thousand Yen)

D

2iii%k 1% /Staff Members

TR 26 F7B1HRE

EE FHEZIR | EBIR (FHMEERR| B # | BEDH | KITBE | EBEBE =E
Professors Project Associate Project Research Project Technical |[Administrative Total
Professors | Professors Associate Associates Research Associates Staff
Professors Associates
" B
Number of 23 2 19 1 39 2 29 12 127
staffs
13
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Division of New Materials Science

BLyEiREEEER, 77—y h—KRr T
JFa—7. GEEEELZEOHICRSNS XS
. TS OFRIZINETICREL R {E
FHEDOFH LWRRIZ T E 7, HasmiEBg
DFERNTE TR DHT L FEMP T34 2T
IZODO%D35, HIERHEIABIT T, #ilw
WHEEZGRL, FE R 2 VT2 oM 2 1
ETHIEICKD, FTLOWEBLC ORI Y1k
BREZFHRUMHT2ZE2HBELL TV S,

LIEMNIBE A DO REELSRD, 0%
FIFABAZFEEOL LICEEOREHER S %
PIPEINE, B LV E Bt o B FE 25 & &2 AT
W PERIE N =7 EREHER SV =Tk
DI BRZ 7D LT T D, FRCWH
aa PR % & R 7 I B R &2 R S 23S WFSE
ZHEEL TV 2, M CIdEE, BERSELE
Y., BOEFRYE, AREEELERGE
MEZRIWEICEBITBAE Y, #E, ok
RO EDORRN ST L ELHROMHE
FHLTF—<D12ELTED, BEKRICET 21
EBIGHE, R - FREMIIE . RERE SIS
AR L 72 812 BT A FEBR Bl 2 R L

Discoveries of new materials have often opened
new horizons in materials science. High tempera-
ture oxide superconductors, carbon clusters and
nanotubes, and organic conductors are good
examples. New materials also lead to the future devel-
opment of new devices and technologies. The goal of
the Division of New Materials 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 4 groups. Although each group
has its own research style and projects, we try to
maintain close collaboration between those groups
working on production of high quality materials and
those working on advanced technology for measuring
physical properties.

In particular, we keep strong collaboration with
the Materials Design and Characterization Labora-
tory. One of the subjects of our current intensive
research is the effects of strong electronic correlation,
in particular, various ordered phases and fluctuations
involving spin, charge and orbital degrees of freedom,
in transition metal compounds heavy electron
systems, f-electron compounds and organic conduc-
tors. Here, various advanced experimental techniques

are employed, such as transport, magnetic and calori-

TEDHED ST B, , .
metric measurements, nuclear magnetlc resonance
and optical measurements.

¥ B A A= B % —HEN = BImxe HE 2

Professor TAKIGAWA, Masashi Research Associate MITAMURA, Hiroyuki Project Researcher TAKEDA, Hikaru

B R’ TR &R B % HH BiImEs Bk KB

Professor SAKAKIBARA, Toshiro Research Associate YOSHIDA, Makoto Project Researcher SHIMIZU, Yusei

OO H R B # N BImxe FH BE

Professor MORI, Hatsumi Research Associate MATSUMOTO, Yousuke Project Researcher HIRATA, Yasuyuki

I it A B % e A8 BiEmEE  TY REY

Associate Professor NAKATSUJI, Satoru Research Associate KITTAKA, Shunichiro Project Researcher WANG, Bosen

B (B8) fRE  Fiat B % L+H HiERRE SN IS8

Visiting Professor KANDORI, Hideki Research Associate UEDA, Akira Project Researcher SHIMURA, Yasuyuki

HBHEAER) N—Z7 WASY #EBBS il FEF wiImrg  EA S0

Visiting Professor BEHNIA, Kamran

Technical Associate MURAYAMA, Chizuko
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Division of New Materials Science

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

e )1 k78 %2

Takigawa Group

M5 (NMR) 2 BEaERFELELT, BEEN
DBVETHMHAEERICER T3 REMREL TS, &
MBI RTId, HISE, 8 (R ) e, Bk, W
BRI Lo e S BRI IRER L TE D, W - £
N EDONNEEE2EZBZETINSDE OB THIES
DRIDG2, FHTZIEEAEORSTE —X v P ELANE
e =AY F2foTEY, NS IEAADOETDEL RS
PELARZEC TS, Z0RONMRIZ, FHiENET
DAE v, Efif, Ptk EDOHREI ARG > THN DR
RERTPIRECTESEONEZ, 70t E17%% 5
FB %D, Forldtak Rtz Rio OLANMRMIE 2L E
ZEREMHL . KGR - RIS - S E DS BRE St & A
Hb¥ T EBEEAAY. & LEAYSH Mz
WRELIHAEEZTo>T0S,

Intensity

n i 1 L 1 n n N 1 n
87 88 89 90
Frequency (MHz)

P B
91

D &S ALY 2 BEFENFEN TEREN U EFHMERE SrCuz2(BO3)2 @, 1R
B EEBICRITEIRTER (B) RFEONMRANRY ML, BIEICAWERIE.
BMETRTH B (Cu) OS5 0.5% EEMMETRTHZHEHN (Zn) TEEHERZ.
BENMICAENZEALTH D, MYHSEVWAEY 2EFKIGY VI LY &
T 20, FTMIC K> TIMZLRRAE Y OARICIE. BRI
NE—> (REY - R—F0OY) RN Z, AIEEABEESEOMEDRVIER
(MDREN) & LT, FIFZENUND 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

RNl = =H
TAKIGAWA, Masashi YOSHIDA, Makoto
Bi% B

Professor Research Associate

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 AT N IL DR H
oo—- o / o oo—o 5B 5hfic. BIRARMY D

o ADODMAE Y DRFHEDH

®o/ 5 ®o/ © Fo x BERTHNE, F

WHIFSHRFZRT, i
EDDORUIHRNIEHIS &
FALEEDREY, FikE
DIFRHN G & R EE D

c @ < 5 @ AEYERL, ADASS
) B € A & .Q © © FAEYDODRESHEKRT,
N ;p BHFRYEOMBEERL.
@yf oL ZOROESFERD AR
1) 1) IR LBOESICHET 2.

—— o /S o — NMRZ~Z ML TR, &

° o ° WM L AU RTEL G

TR, FOLETICEDE
SEFENSDESHENR
® ENTW3,

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. BRBEER
Exotic superconductors

3. BEEETFRICKE T ZER - PuE - SWMFORFEESE

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

b Dt Wk 7€

Sakakibara Group

WEORTHERILRIZIA VIR EHPAIC D >TWS, Z
DR TEWETREEHIEOMEFRTIZ I 7LEVEDD
DRI EE B CHUIRIR IR E 2R T a5 5, C
D &I 7 il B IS LR OB RINE TR 2B T2 L
DI EE 2 7= DRI OBED L (. L OMEBIR D WiRe
IND, YRR TIEID L) BERORR R E % ROk %
BWHEZROUSINEDOM A 2IT>CT0 5, BAEMICIE T E
TFLEVPHECE TR BETAEVYRBLXUO77AM —F
AE VR EDBFENRT, WAL HBGE %2 2925 F
BELTHFEL TS, ZOHMNDOIC, F4l330 297
IVE v DR F CREILIHINE 23 T RE 72 = R L D WG 1515,
SIS EAR DX v v 7RG DR ISH B 75 4 L o7 R
WG HEGIIE R E 2 L, AHOEEFEDIToT 0 5,

6 Tl Tl
(a)

>[I Yb,Pt,Pb

a4 HI/[110]
E 80 mK
T 3
=

2 =

1 =

0

dMidH (arb. unit) 7k

1. EVWEF LAY O & B8

Qg;gmum

2

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 extend over a wide
temperature range. In some systems like heavy fermions, inter-
esting magnetic behavior is quite often observed at low tempera-
tures much below 1 K, where ordinary magnetic measurements
are difficult and not much work has been done yet. Our research
interest lies in those magnetic materials having low charac-
teristic temperatures, such as f electron compounds, heavy
fermions, quantum spin systems and geometrically frustrated
spin systems. In order to study these systems, we have developed
high sensitivity magnetometers which can be operated at very
low temperatures down to ~30 mK. We also perform angle-
resolved specific heat measurements in a rotating magnetic field,
which is a powerful tool for investigating the nodal structures of

anisotropic superconductors.

BEXYAX—BEEF DAYV U K@M & YboPtoPb
(@)80 MK IC R I 2O HMALER &L U (b) HEER, BiHHMEIE
[110] M. (c) BB TFEINIWTESE (48). HIBEER
T2 MY—ORIKF EHSOZEZZHI (I8, BAR).
Wi IR L AWEBRBEAERYT, —A. I BTIREISICFE TR
T4 —ITEGEICRAEAIEMNT 5, CORDBEWVEAII VIR
EYEFITRHABTET, BREBFEIENARDICRHFOER
Ero70y 7OREENE V. (d) EINBICE T 2HKE—X
Y N OBERIT, 2EXRMNBROBKIEBFE—X Y KT,

(a) Differential susceptibility at 80 mK and (b) the phase
diagram of the Ising antiferromagnet Yb,Pt;Pb having an
orthogonal dimer structure. The magnetic field direction
is [110]. (c) The expected collinear magnetic structure at
low fields (phase I). The magnetic structure for the dimers
perpendicular to the magnetic field is immune to H and
the transition temperature is independent of H (phase III,
inset). In phase II, magnetization of the dimers parallel to H
increases continuously. This behavior cannot be explained
by an Ising spin model, and strongly suggests the occurrence
of a “pseudospin flop” due to a hidden high-rank multipole
moment. (d) Schematic diagram of the magnetic moment
(thick arrows) and the high-rank multipole moments (double
arrows) in phase IT.

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

RIETL R

AR R LA &
. MORI, Hatsumi UEDA Akira
Mori Group i B3
Professor Research Associate

WHEB R, FILOMRE S22 FWEO TR E2 TR
RERFREZZIT T3,

ARETIE, WBAMEZ > 2Ll 20
ST L2 THEEICB VT, S THE DML,
SO AR X2 HHEHBIL 72, FER 2 ihe ik
(T - 7o b28M0, it FEEEIOZz0N - &
X AGIREN) DT oTw 3,

STHEMEOMIN, 1) HRLETTFHNBIOTTHD
i psit - ffgEch 2z 2L, 2) BBz —mo M
HAEM (BB »REL, BT oEME (BEKE) &
Rtk (BEME) D38/ T528, 3) DI DIEHICES 0
7-OBRIEE XOMGIRE MR EL, BLOELICEDH)
EREEZ R CRRAEEEZRBIT 22 LhEBBIToNn 5,

MINV—7Tlk, HLOAKBREEHELTEY M
k-ET2Cu(NCS)2 LB B-(meso-DMBEDT-TTF)2PFg
(K1) 2%RL, MENFEETo, SSICHRIETIE, K
FiEG7a by LBREE TS EIIGHEEN LT, R
OYINEZ BR 2R S RSEGA (KM2) 2L 7%.

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 & s 92x10° T
s(b) ESD—{II -~ "f/ N\ /\/’l\@/’
10’ _‘ S E m\ J/C“/’_‘\(ﬁ/)'\ CII S
meso-DMBEDT-TTF k) *, R
2 *eoens e ata L
100 % Eﬁ; ;b1alr<b 3 K%,E{z; o
—_ .1 kbar = K&
g (©) \ () 3.1 kbar a1 S '% N
£ 10" H (d) 4.0 kbar 3 i S5a0y
G 3 a e BKFK
E: 2 2 S
R 5 Gt
2 . 6x10° g J |
= P 47 = 3 A - (i ] g 107 |~ ) | (d) 0
1 HTRARBEES: () Y b2 -ET2Cu(NCS)2 55 0 100 200 300
O 8 S E (i) BE % F R B -(meso-DMBEDT- £ 4 \ T ture (K)

e e p 4| s . emperature
e vctors: (onle 2011 4sK | meGumTeAEBAION Y AERTIHERESE
ostals of Motitype 1 ETyCu(NCS), and €0 1g° k- 2L K-X3(Cat-EDT-TTF)z (X = H, D) HWT, AZREKRPRIC&
Crystas of & or WPe K Bi2b L s w2 3¢ B 10 k L DBIR TIRBI S £ CRIEDY) D D 2.
electrical resistivities under pressures for charge- &0 Fig 2. Switchine behavior of electrical resistivity and magne
ordered-type B-(meso-DMBEDT-TTF),PFe, o | 0 8 10 ig.2. Sw itching behavior o € ectrical rcmtn ity and magne-

10 0 100 200 300 tism due to large deuteron isotope effect in proton-electron
Temperature (K) correlated purely organic conductors k-X3(Cat-EDT-TTF); (X
=H,D).

. AFOEHEZED UCHRER (B) BRELUT7O NV EAEORR 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 Ot 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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Nakatsuji Group

VRt 7ar 7473, FILOYHEBEROFKRICHD ¥
¥, B Th, BROET - Bt 22322 METcH 5
ERYED S, WETD1023 b DE T 2HAMEH LT
AD7E g ~ruhBFHAI A LFERINTED, WL
L2rZ B L 22 i E OB 23 F L i TR % HiE
TV ORRIK TH 2 L S2 T, FAEDHAETIL,
RICEBRRELGYS. BOETREFIEN 8BRS
YVIOHPERFEICHD A, BFBRELT, AEV - )
HORFEBBEL I L VYA 7OMZE - GJEIRE,
BIT, HBAEM 7 AL =2 av DR e LT S B,
BEMEEEAR TOF L LA ViR IREE, BTl Ry
WHEHL TR EDTOE T,

Wb oth=EIx, MEIFEEGRDAZLT, TIHL
7B LY BBIROF W2 HiR L 2 HEIcb 12 At
TWVET, SMERAREEZ TR L LA DY WE
JRICHSHUD filts & bz, BHE LR AR BN 2 ik
i 6 =i F T4 RYMEIEZToC0E T, BlIEDE
mr—wiE, (1) BFHEBLHETOLXY 74 v 7R
HERESERE, (2) Bk coE-#NEReY LR
TR, (3) 77ARL—FLABERTORTFAE VK
RIREZREDH D E T,

TAENRR U e 8 FRFBIRER B-YDAIB4o

(EL) #ERHEiE, I Yb D 4f EFMIHRIEEBLREEES, (BL) 75v I X%
TBERUMRERR. (T) BREBRORZEVOEINSRE UCKRER, £8
TRWHTFa—=vIRUIc. EORSTEFREFIRENREYT 5, (BAR) &
BHEORERTOH ZOEFHRFREN SBLENREND,

Quantum Critical Superconductor B-YbAIB4 found in our group

(Top left) Crystal structure. 4f-electrons mainly contribute to magnetism and
superconductivity. (Top right) High quality single crystal grown by Al-flux
method (Bottom) Phase diagram constructed by the contour plot of the expo-
nent o of the power law behavior of the resistivity. Quantum critical region
appears under zero field without tuning for the first time in a metal. (Inset)
Superconductivity emerges from the quantum critical state only in the case of
ultrapure single crystals.

1. EFHEEBREETOHLVWBLE E RESBIRE

WA

it Al
NAKATSUJI, Satoru MATSUMOTO, Yousuke
HEHIR B

Associate Professor Research Associate

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

metals, and quantum spin liquids in frustrated magnets.
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Exotic superconductivity and anomalous metallic states near quantum phase transitions

2. BHEEICE T 2ERNNROVAIILEFHR
Macroscopic topological effects in magnetic metals

3. 75 AL — b UBEFRTOHFRE. EFAEYRERE

Novel magnetism and quantum spin liquids in frustrated magnets
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KANDORI, Hideki
EEHIR

Visiting Professor

We have studied the mechanism of conversion of light into
chemical energy or signal (information) in photoreceptive
proteins (rhodopsins and flavoproteins). Upon light absorption
of retinal and flavin in rhodopsins and flavoproteins, respec-
tively, ultrafast photoisomerization initiates protein structural
changes, leading to each functional expression. Fourier trans-
form infrared (FTIR) spectroscopy of these proteins provides
various important vibrational bands related to structural
changes for function. The detailed researches are followings;

[1] Mechanism of conversion of light into chemical energy
and signal in photoreceptive proteins

[2] Creation of novel functions in photoreceptive proteins

[3] Development of infrared spectroscopy based upon study
of photoreceptive proteins

By the collaboration with Mori laboratory, developments of
novel functional materials and photo-catalyst are aimed with

utilizing functionalities of photo-active proteins.

N—Z7F HhLZV
BEHNIA, Kamran
NEAEEHIR

Visiting Professor

I have been exploring the collective behavior of electrons in a
variety of solids ranging from superconductors to semi-metals.
My research program as a visiting professor to ISSP has several
components. Together, with my host, Prof. Nakatsuji, we wish
to study the thermoelectric response of several correlated-
electron systems in his laboratory. In particular we wish to find
the thermoelectric counterpart of the spontaneous Hall Effect
in PryIr;07. A first setp would be to help setting up experiments
capable of probing the Seebeck and Nernst coefficients of small
crystals. In addition to this main project, I intend to interact
with other ISSP professors. There is an ongoing collaboration
with Prof. Takada on superconductivity in n-doped SrTiO3
and also the opportunity to collaborate with Prof. Tokunaga on
properties of semi-metals in presence of strong magnetic fields.
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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, statis-
tical physics, and materials science, in pursuit of the devel-
opment of new concepts to describe collective behavior
of interacting systems, prediction of novel interesting
phenomena, and useful theoretical modeling of materials,
in close contact with experimental groups.

The topics in recent research span such diverse areas as
spin-charge-phonon(-orbital) complex properties in transi-
tion-metal oxides and organic conductors, quantum phase
transitions and critical phenomena in the strongly-corre-
lated systems such as low-dimensional quantum magnets
and electron systems including the Kondo lattice, metal-
insulator transitions, heavy-fermion physics, both phenom-
enological and microscopic theories of superconductivity
in various materials, exchange and correlation effects on
dynamic properties in metals and semiconductors, dynamic
processes and catalytic properties at surfaces, and quantum
transport and interactions in mesoscopic conductors.

In performing those pieces of research, individual
members employ calculation techniques in accordance with
their expertise and taste, but as a whole, the theory group
covers virtually all modern theoretical methods, ranging
from sophisticated analytical techniques in mathematical
physics and formal many-body theory to large computa-
tional approaches, such as quantum Monte Carlo simula-
tions and state-of-the-art ab-initio calculation of electronic
structures based on the density functional theory.

[

Associate Professor KATO, Takeo

R (%8 R B
Visiting Professor NAKAMURA, Shin
R (g8) HE EX
Visiting Associate Professor KOGA, Akihisa

HEOEAZSR) VT —L FIR—
Visiting Professor  JONCKHEERE, Thibaut
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Ueda Group
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1/5-regularly-depleted square lattice with the
intraplaquette hopping (t1) and the intradimer

hopping (t2).

1. BERAEYRBLVOBEBFRICE T 2EFHEER

2)o

LB % BH EH
UEDA, Kazuo FUJII, Tatsuya

% EUE

Professor Research Associate

Phase transitions to magnetic or superconducting states
sometimes take place close vicinity of metal-insulator (MI)
transitions. Understanding of the interplay between the MI
transitions and various long range ordered phases is one of the
central issues of the condensed matter physics.

It has been established that a Heisenberg model on the
1/5-depleted square lattice shows quantum phase transitions
from the antiferromagnetic state to a dimer phase or a plaquette
phase. Recently we have been interested in quantum phase
transitions of the Hubbard model on the 1/5-depleted square
lattice (Figure) both at the quarter filling and the half filling.

One body Hamiltonian on the 1/5-depleted lattice contains
Dirac cones at I' and M points when the two hopping param-
eters are symmetric (t1=t;). Each of these Dirac cones intersects
with a nearly flat band at its apex. At the quarter filling quantum
phase transitions around the symmetric point are controlled by
the Dirac electrons embedded in the SU(3) space.

At half-filling we have investigated MI transitions by using
the cluster DMFT under the assumption of paramagnetic phase:
no antiferromagnetic long range order. We observe that the
nature of the MI transition is very different depending on the
parameters. On the plaquette side (t;>t2), it is a discontinuous
first order transition, while it is continuous on the dimer side
(tz>t1). The latter continuous MI transition can be understood
as a Lifshitz transition brought by the on-site Coulomb interac-

tion.

Quantum phase transitions in localized spin systems and itinerant electron systems

2. IRENT BHMEA A 2 IC & I BIREEZR
Kondo effects of a vibrating magnetic ion
3. EF Ry MIH T 2 EBERER
Kondo transport phenomena through quantum dots

21

THE INSTITUTE FOR SOLID STATE PHYSICS 2014



Lz RE b e

Division of Condensed Matter Theory

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

i L F 7E =

Takada Group
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TAKADA, Yasutami
%

Professor

In the hierarchic structure of nature, condensed matter
theory is mainly concerned with the complex system of many
nuclei and electrons, interacting to each other through electro-
magnetic fields. This system is so complex that no rigorous
solution is allowed. It is, however, regarded as an astonish-
ingly simple one if we compare it with the systems in the upper
hierarchy (the domain of biology) as well as those in the lower
one (the domain of high-energy physics). Thus we consider it
as one of the most fundamental problems in the whole theory
of physics to make its thorough investigation. With this recog-
nition, we study this system faithfully from first principles
with mainly using the density functional theory and the
Greens-function method. More specifically, we are constructing
a framework for calculating the superconducting transition
temperature from first principles with the aim of proposing a

high-T. mechanism.

BFEABFARRICE T 2BHHB. ALY —FEHIF AR
KREA A VEAUADREEOHF W EREE, 2T NIELE
FH. rs F—HRBEBTHARZIEET 2BERBTH 2.

Sharp sequential transitions among charge resonance,
singlet-spin resonance, and closed-shell H™ ion confinement
states in the proton-embedded electron gas. Here N is the
total number of electrons and r; is the density parameter to
describe the homogeneous electron gas.

1. GWI & 1 7— RNEERZEICHI I EFEHS IR T — D EFEORE S EEEETFH X OYIMERER
GWT method: Development of the calculation method for the electron self-energy always satisfying the Ward identity
and investigation of the properties in the low-density electron gas

2. BIoEERBEEDE—REHE | BENBLBCEER TONEEFRABRORTE L 5| NRAIERRTOSEBCEEBIRK
First-principles calculation of the superconducting transition temperature: Proposal of a good functional form for

the pairing interaction in the density functional theory for superconductors and investigation of high-temperature
superconductivity in an attraction-repulsion competitive system

3. BF - FBABTFHARR | F—FREN S OMERE & [IEERET RV ¥ —NEETORE
Atom/molecule embedded electron gas: Kondo problem from first principles and developments of the exchange and

correlation energy functional
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Oshikawa Group
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B/l ER ZH B

OSHIKAWA, Masaki TADA, Yasuhiro
% EUE
Professor Research Associate

Our main focus is quantum many-body theory. Based on the
close correspondence among quantum many-body systems,
classical statistical systems, and field theory, we pursue universal
concepts in physics. At the same time, we aim to give a unified
picture on experimental data and to make testable predictions.
An example of our studies closely related to experiments is
theory of Electron Spin Resonance (ESR). Recent achievements
include quantitative theory of ESR shift in § =1 antiferromag-
netic chains in a wide range of temperature and magnetic field.

On the other hand, recent developments in quantum many-
body problems motivate us to reexamine the fundamental issue
of classification of quantum phases, at the conceptual level. For
example, recently we elucidated that there are more than one
distinct “trivial” phases, each of which is adiabatically connected
to a product of local spin states, in one-dimensional quantum
spin systems with a certain point-group symmetry. These
phases are inevitably separated by a quantum phase transi-
tion. Classification of quantum phases is also closely related to
quantum entanglement. Exploiting this connection, we also aim
to develop an interdisciplinary field with quantum information
theory and quantum computation.

Much of our research is carried out in international collabora-
tions.

B—AAYVRAMZRD S=1 REBUEAEVHICEFTHESR YTk,
ETI/ILYE NDMAP [C BT 2REER (FA) &HLDER (FRR)
NEL—HLTWS,

ESR shift in an S=1 antiferromagnetic chain with a uniaxial
anisotropy. Experimental data on the model compound NDMAP
(red dots) agree well with our theory (blue curve).

Field-theory formulation of Electron Spin Resonance in low-dimensional quantum spin systems

2. HGER & T DYIEYEANDEHA

Conformal Field Theory and its applications to condensed matter physics

3. MRBYAIBEBFIVIVTILXAY
Topological phases and quantum entanglement
4 HA ZIBREDOHERESSE
Orbital angular momentum of chiral superfluids
5 BVWEFRICK T2 HER L BEE

Phase transitions and superconductivity in heavy fermion systems
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Tsunetsugu Group
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TSUNETSUGU, Hirokazu HATTORI, Kazumasa
8% 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 transport properties. We have recently
studied electric transport singularity at Mott transition on a
triangular lattice. For orbital physics in Pr-based compounds, we
have discovered a new type of criticality in quadrupole response
associated with an orbital order. We have also studied Mott transi-
tion on a triangular lattice, and clarified the change in dynamics
of doublon (doubly occupied site) and holon (vacant site) correla-

tions.

U TR —ENFEERICE > TEHESINZ1/2 710 VYT D=ZAKF/\IN—R
BRICH T 2 REEY 1 NE D& doublon-holon 183, R FENICKEFEE
O#EE 7Oy by TRILF—BEAFROBOES v TH D, REE T/v =0.08.
REH vt EBRITILL TH D, BFREFA U/v=105 DIEIFRAEEICHE W T
vt >2 TERICES ENNF E A EE I TREBIHEME <di><h2> ICNERT HY U/v
=8.0 DEERICEVTIE vt ~50 DEKHE X TESEINE>TWS,

Dynamical doublon-holon correlation in the triangular-lattice half-filled
Hubbard model between nearest neighbor sites calculated by cluster
dynamical mean-field method. Plotted in the complex plane is the trajec-
tory of its time evolution. Energy units are the transfer integral v, and the
temperature is 7/v =0.08. Time is also shown by dimensionless value vt
in the figure. For the electron repulsion U/v =10.5 in the insulating phase,
doublon-holon correlation almost loses its fluctuations for the time vt >2
and nearly saturates to its long-time asymptotic value <d;><h>>. At Ulv
=8.0 in the metallic phase, fluctuations persist up to very long time vt ~50.

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

2. 73 ANL—Y 3 Y ROFENE
Statistical physics of frustrated systems
3. EFHEEOHTEFHOER
Theory of novel phases in quantum magnets

4. BEEBFRICHTDEANBEE

Unconventional superconductivity in strongly correlated electron systems
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Kohmoto Group
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single layer graphene (nearest -neighbor hoppings)
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Energy spectrum and quantum Hall effect of graphene in a magnetic field

1. 757z DEFR—ILFHE
Quantum Hall effect of graphene
fﬂﬁ%@%%@?i@—f—l EIEIEI
Ouasu:rystal of cold atom optical lattice
3. 7Y =LA D A NV
Spectrum shift of the Friedel sum rule

By BEA

KOHMOTO, Mahito
IR

Associate Professor

In many body systems, there appear many interesting
properties due to interaction. A recent example is the quantum
Hall effects on graphene. Also topological long-range correla-
tions give rise to novel properties like gapless surface states in
topological insulators. Traditional theoretical approaches based
on the perturbation theory often fail to analyze these recently
found phenomena. For example, the non-perturbative field
theoretical approach succeeded in the study of the quantum Hall
effects. Our purpose is to develop the non-perturbative method
including field theories and the solution of the basic problems in

physics mentioned above.

m =8 m,=7n,=169 ot=4.41" ¢=5
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WIBRD2EET T7 Y DIRIF AR N TLEEFR—ILEHR

Energy spectrum and quantum Hall effect of double layer graphene in a
magnetic field
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Sugino Group
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SUGINO, Osamu

IR BhZK

NOGUCHI, Yoshifumi

Associate Professor Research Associate

Advance in the supercomputer has facilitated access to a
large-scale Schrodinger equation, thereby extending the target
of study from the property of the homogeneous bulk to the
functionality of inhomogeneous materials having surfaces and
interfaces. Such study was accelerated by the advance in the first-
principles calculation that bridges states of individual electron/
ion to the properties of their agglomeration. This group utilizes
the first-principles calculation for the study of complex material.

The main target is the electrode/solution interface. This
system is well-known as the most important functional inter-
face, such as catalysis, but it is worth emphasizing that this inter-
face is atomically flat and is almost in equilibrium, providing
thus an ideal system for the academic interface study. This group
has advanced methods for the interface study and applied them
using the K-computer. This group has also been developing
novel algorithms for the accurate ground-state wave function
and programs for the excited-state Green’s function, aiming at
developing a general-purpose first-principles package for the
study of materials.

Effective
screening
medium

ERAEDENNFNEE, IR
ZUIVIEERWEFE
(potentiostat MD) Z %9 %
ZEIREDBR—EDTTOE
—RIBEENTREIC R oo

Electrode dynamics at con-
stant potential. With the
extended Lagrange method,
called potentiostat MD, the
electrode potential can be
kept constant throughout.

1B15011Ua10d

First-principles molecular dynamic simulation of the electrode/solution interface

2. 7 —VBEBEEBWHEREBOE—FIEHE

First-principles Green’s function calculation of excited-states

3. TUVILETEE AW CEEREBOSEERE

First-principles tensor-decomposition approach to accurate ground-state wavefunctions

4. EWTEVD Y T VT DE—REBHEEMEREDT 1+ X

First-principles calculation of the nonadiabatic coupling and the excite-state dynamics
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1. AV ZOAEY 7 RICH T DEERE
Transport properties in mesoscopic systems

2. EFEMEEER DB \ROEFEXER

Theory of quantum transport in interacting electron systems

3. FFEHRENZE - EFERAEROERER

Meg =4 ¥y £
KATO, Takeo SAKANO, Rui
IR Bh#k

Associate Professor Research Associate

The main research subject of our laboratory is theoretical
study of quantum transport in nano-scale devices fabricated by
fine processing technology. 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, spintronics, high-
speed drive phenomena, and so on. In order to explain these
phenomena, we are constructing theories by utilizing nonequi-
librium statistical mechanics, fundamental theory of quantum
mechanics, and many-body physics. Examples of our recent
activities are nonequilibruim transport properties of Kondo
dots, dephasing effect in two-electron collider experiments, and
Kondo-like effect in thermal transport of phonons.

We are also treating various research subjects related to many-
body effects and nonequilibrium phenomena. Examples of our
recent activities are transition phenomenon in evolutional game

theory and giant dielectric response in relaxors.

K : Hong-Ou-Mandel 8 —BFEHREEBROEAK, 2 DDEFRY AN 5ZN
ZNEASNAEBFR. BFR—IHROT Y IVREZRAL T PROEFRA
YhIAVI U RTERT 2, TR BXER. 2 20BFHFRLCT Y IRECHET
DHEE P2 RR OB EREZE At DB E U CHEUER, MBEENNERTE
HEERF. ARICHBLVC2 DOBFIIHTRLZ Ty JREIC 1 AT DEE S
N (P=0) b\, (IEEAMNFEET & P RIRLICEROEIICK D HEE (P=1/2)
IZED <o

Upper panel: A schematic figure of the Hong-Ou-Mandel-type two-electron
collision experiment. Two electrons injected from two quantum dots propa-
gate along edge states in quantum Hall effect, and collides at a central quan-
tum 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. Two electrons always scatter into difference edge states (P=0) when
At=0 and dephasing is neglected. On the other hand, as dephasing effect
increases, the probability P increases, and approaches the classical value 1/2.

Fundamental theory of non-equilibrium statistical mechanics and quantum measurement

4. ZHRBETFROBEEF RS

Development of numerical algorithms for many-electron systems
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NAKAMURA, Shin
EEHIR

Visiting Professor

Gauge/gravity correspondence (AdS/CFT correspondence) is
a map between a strongly interacting quantum gauge theory and
a general relativity on a curved spacetime. The gravity picture
has advantages such as we may analyze the statistical systems of
gauge particles beyond the linear response regime.

Currently, I am studying on effective temperature of
non-equilibrium steady states consisting of the gauge particles.
In the gravity-dual picture, the effective temperature can be
given as a Hawking temperature of an analog black hole that
appears when the system is driven to out of equilibrium. I
am surveying the dependence of the effective temperature on
various parameters of the system. I am also planning to study on
non-equilibrium phase transitions discovered in the framework
of gauge/gravity correspondence where non-linear conductivity
of the system jumps at a critical value of the parameter of the
system. A detailed analysis of the critical phenomena in the

phase transition will be a possible project.

Fel=] =
= B9
KOGA, Akihisa

BEERBIR

Visiting Associate Professor

The main research subject is theoretical study on novel
quantum phases and phenomena in the strongly correlated
electron systems with multiple degrees of freedom. One of the
interesting examples is a quantum critical phenomenon, which
is sometimes induced close to the ordered phases by varying
magnetic field and pressure. Recently in the rare-earth quasicrystal
Aus1Alz4Ybis, quantum critical behavior has been observed,
which stimulates further theoretical and experimental investiga-
tions on electron correlations in the quasi-periodic system.

In our group, we focus on novel quantum phenomena and
their dynamics in the strongly correlated electron systems.
One of our recent projects is to study electron correlations
in two-dimensional quasi-periodic systems by means of the
non-perturbative approach, e.g. the real-space dynamical mean-
field theory, as well as a simple mean-field theory. Our aim is
to predict new quantum phenomena and phases characteristic
of the quasi-periodic systems and to provide qualitative and

quantitative explanation of the quantum states.
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IAvo—L Fikh—
JONCKHEERE, Thibaut

NAEABEHKR

Visiting Professor

My research subject is the theory of electronic transport in
mesoscopic and nanoscopic systems, where quantum coher-
ence plays an essential role. I have studied in particular the
time-dependent transport of single electrons in edge states of
the quantum Hall effect, which can be used to perform funda-
mental interference experiments, like the Hong-Ou-Mandel
experiment. I have also studied transport in superconductors,
in systems where the properties of the Cooper pairs (coherence,
intrication, ...) play an essential role, as in Cooper pair splitters.
In collaboration with Prof. Kato, we try to use advanced numer-
ical techniques -- matrix product states and time-dependent
density matrix renormalization group -- to study the effect of
electronic interactions on the inferences experiments with single
electrons in edge states of the QHE. We also study the trans-
port in unconventional superconductors, which have an order
parameter with a chiral p-wave symmetry, inspired by recent

experiments on SroRuQOy.
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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.
- BHHEERO T EY X o vV R LRI
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[
B B8 E -3 B % = ¥ KirEFIHE mH =
Professor IYE, Yasuhiro Research Associate ENDO, Akira Technical Associate  MUKAI, Kozo
B ® B E5 B # =R Bt BRiTErIBE BREE YRR
Professor KATSUMOTO, Shingo Research Associate YOSHIMOTO, Shinya Technical Associate [IMORI, Takushi
B B K& &b B % =E BA kimsrmme  BA &R
Professor OTANI, Yoshichika Research Associate TAKAHASHI, Ryota Technical Associate HASHIMOTO, Yoshiaki
B B &R XK B # WR RF BT ErIBE EH Me
Professor KOMORI, Fumio Research Associate NIIMI, Yasuhiro Technical Associate HAMADA, Masayuki
B B =HE = B % FNE- e =] & KT
Professor YOSHINOBU, Jun Research Associate KIMATA, Motoi Project Researcher KIM, Howon
B RAN Fif B EH Bk BIEHRE K 2
Associate Professor HASEGAWA, Yukio Research Associate YOSHIDA, Yasuo Project Researcher SHIMIZU, Sumera
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Associate Professor LIPPMAA, Mikk Research Associate NAKAMURA, Taketomo Project Researcher KOITAYA, Takanori
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Visiting Associate Professor KAWAE, Tatsuya Research Associate MIYAMACHI, Toshio Project Researcher IENAGA, Koichiro
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Professor Research Associate
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Oscillatory ac magnetoconductivity of a 2DES with hexagonal potential modu-
lation. The lower panel shows the center line and the oscillation amplitude
extracted from the traces in the upper panel. The vertical dashes indicate the
positions of flat-band conditions for the two periodicities A and B associated with
the hexagonal lattice.

1. ZEERBET D 2 RTEFROEFEMERR

Two-dimensional electron system (2DES) in GaAs/AlGaAs
hetero-interface subjected to artificial potential modulation
(lateral superlattice) exhibits such phenomena as commensura-
bility magnetoresistance oscillation and Aharonov-Bohm effect.
In the quantum Hall regime, where electron solid (stripe and
bubble) phases are observed in high mobility samples, commen-
surability effect and/or pinning effect associated with the
relation between the intrinsic periodicity of the electron-solid
phase and the artificially imposed periodicity can be expected.
In this study, high frequency conductivity of 2DES with hexag-
onal potential modulation was measured by use of a coplanar
waveguide. In the low field regime, the magneto-conductivity
exhibits commensurability oscillations and amplitude modula-
tion of the Shubnikov-de Haas oscillations, whose periodicity
corresponds to the two principal periods associated with the
hexagonal lattice. In the quantum Hall regime, multiple resonant
peaks in the ac conductivity are observed and they exhibit
characteristic magnetic field (Landau level filling) dependence.

Sample B
7| Pin=-35dBm
1 Thath ~ 80 mK

Frequency (GHz)

(sm) ["oloy

B(T)

ANABRFEREHL 2 RTEFROBEKCERDOHISE L UEIRE
KM BHEFR—/LEBICEEIN RIS EEEE R EROfIBE—
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The magnetic field- and frequency-dependence of ac conductivity
of a 2DES with hexagonal potential modulation. Multiple resonant
peaks appear in the integer quantum Hall regime and exhibit a
characteristic magnetic field dependence.

Quantum transport in 2DEG systems under artificial potential modulation

2. BEFR—IRICBITZ2ABHREBEREE

Thermoelectric effects and a.c. transport in quantum Hall systems

3. U774 U357 VDEFHE
Quantum transport in graphite and graphene
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Conductance of a quantum point contact (QPC) made from an (In,Ga)
As two-dimensional system as a function of the gate voltage. The unit is
the quantum conductance Gq = 2¢%/h. The insets show bias voltage (Vqrc)
dependence of spin-polarization of 0.5 Gq and 1.0 Gq plateaus respectively.

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

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

3. BN/ Ty MBEICEU 2YBRR

B E5 R CHE
KATSUMOTO, Shingo  NAKAMURA, Taketomo
% UE

Professor 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 applica-
tions 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
structures with (1) combination of the spin-orbit interaction and
nano-structures, also with (2) spin-injection in semiconductor/
ferromagnet monolithic structure. In (1), we have shown that
high spin polarization is realized in the combination of quantum
dot and quantum point contact through two different mecha-
nisms. In (2), spin injection from epitaxially grown Fe films
with a high efficiency has been achieved. With these techniques,
we are exploring the quantum interference in the spinor space.
Hybrid systems of superconductors and quantum structures,
and introduction of a spin-orbit interaction to graphene are also

our subjects.
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IEYFIvILERU Fe 5 INAS2 RITRICAEVEA L. FEBAMBEZRE
UTREVINLTEEZRE L e D, BARIHBOEFEHRTE,
Spin injection from eptaxially grown Fe into an InAs quantum well has been

detected through spin-valve magnetoresistance structure in non-local volt-
age. The inset shows a scanning electron micrograph of the sample.

Physics at interfaces between the phases with different symmetries
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(a) Schematic of spin absorption method in lateral spin valve struc-
ture. By flowing an electric charge current (Ic) from a ferromagnetic
permalloy (Py) wire to a nonmagnetic copper (Cu) wire, a pure spin
current is induced on the right side of the Cu wire. Thanks to a strong
spin-orbit interaction of Bi-doped Cu alloy, the pure spin current
is preferentially absorbed into the CuBi wire and converted into a
charge current via inverse spin Hall effect (ISHE). (b) Invserve spin
Hall effects observed in several nonmagnetic metals (Cu, Pt, Culr, and
CuBi). All the measurements were performed at 10 K.
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OTANI, Yoshichika NIIMI, Yasuhiro KIMATA, Motoi
% B UE
Professor Research Associate Research Associate

Spin currents possessing two independent degrees of freedom,
charge and spin, play an important role in spintronics research.
Among those currents, a flow of spins with no net charges is
called “pure spin current”, which is not only expected to be
an essential element for low power consumption devices but
also considered as a novel physical quantity for fundamental
spintronics researches. We are aiming at establishing principles
to generate, detect, and manipulate the spin currents by using
a variety of materials with spin-orbit interaction including
non-magnets, ferromagnets, superconductors, organic materials,
etc. Particularly we are elucidating the characteristic functions of
spin currents appearing when the size of devices becomes of the
order of the relaxation length of the spin currents.
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(a) Schematics of our spin injection device using a conductive polymer
PEDOT:PSS and its molecular structure. In this experiment, the pure spin cur-
rent is injected from a ferromagnet into PEDOT:PSS using a spin pumping
effect operated by ferromagnetic resonance. (b) The pure spin current transmit-
ted through the polymer layer reaches the Pt layer and is converted into a charge
current via the ISHE of Pt. Since the spin current decays in the PEDOT:PSS
layer, its spin diffusion length can be determined by studying the thickness
dependence of the ISHE signal detected at the Pt layer. (c) Inverse spin Hall
voltage observed in the Py/PEDOT:PSS/Pt trilayer device.

Study of generation and detection methods of pure spin current

2. AV RERAWCHESHEER
Magnetic phase transition using spin current

3. Bk / BLBHEGRTICBIT2AEVEA

Spin injection into superconductor/ferromagnet hybrid devices

4. BEBEANDIEVEA
Spin injection into organic materials

5. 7/ AT —IVBKBERFERAWCAEY Y1 F 27 ADME
Spin dynamics in nano-scale magnetic vortex lattice
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Komori Group
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K[ RNEE 206009 5 2 ez HER IS, @EEZEH
TAE N ROVEME (STM), SGEF76. KA —%)
B (MOKE) - 25 @i e 6 24 (SHG) M %\ Ciff%e %
fil> T3, STM 2V by 2V TR 2%
TIREZ, MESHGET 2 TIREBURTFE T IREL
MOKE/SHG Ml T3 Z TR T2, 7o, 7/ A7 —
WLEIDORIZEIC B W CEELRGURM R R ICBI LT R
TR —IVOEGEREZHN TS, RHTE, PR
BIPL—Y— LUl INAE T RO RV F —
DT RAFEAT 2R 2T, FrasWE2ERT 2
TEHTES, 220, bURAETEACXBRFBEIRE
FLAMY R T > > )V BELBEREIC DWW THIFZE L T 5,

o
o

Binding energy (eV) ©
>

N
(&)}

1.0
Wave vector (A'1)

0.5

= @
(b)2.0 V (

£RAE Ge(111) RELICTEfc 2 RITEED STM MR (a-d) & ARPES 38
DR (e)e TDZEAMNKAEIILTED., ZDD=ZERDKEIDIFTRY—
HERETE %, ZBANRIEIL L STMERITIE. /N 7 ZEBIE (Vo) REFHED
HD. Voo EFIFBEZARFNSNZNARFICELRT 2, REASE/NV RHMN2
K (S1,82) HH. S1IFRWAEYHBEREERORLSOICT Y2 /DR L, HEE
BA%EH>TAEYDBL TS,

Topographic STM image (a-d) and ARPES intensity mapping (e) of Au-
adsorbed Ge(111) surface. Atomic-size protrusions of a gold trimer make
a triangular lattice on the surface. The triangle lattice pattern changes to a
honeycomb one with decreasing the sample bias voltage (Vsb). A triangle
cluster made of the three trimers in size is seen in (a). There are two metallic
surface bands (S1,S2), and S; is anisotropically split to two spin-polarized
bands owing to the strong spin-orbit interaction.

1. RE7F /BEYBEDETFRE. TEL KL UHE

N Xk

=
KOMORI, Fumio MIYAMACHI, Toshio
% UE
Professor Research Associate

Electronic and magnetic properties of alloys, compounds and
other materials with nanometer-scale structure 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. Band structures of the filled surface states
and the chemical bonds are studied by photoelectron spectros-
copy using VUV light and soft-X-ray. Local atomic, electronic
and magnetic structures, formation processes of surface nano-
structured materials and dynamical processes induced by
electron tunneling or photo-excited carriers are examined by
STM/STS. Local atomic structure can be manipulated through
electron-lattice interaction by electronic excitation of tunneling
electrons and photons.

-0.1 0.0 0.1 -0.1 0.0 0.1

k, (A7)

(a) MROAY AL Bi1 5SbosTer.7Se1 3 NEFHRED STM MR, REIC I
Te & Se FFMNAHZTWS, (b-d) BIEEE (ERFTH) BER, &N\ T7RXE
E (Vsp) TO dI/dV RO T — ) TERIC L > TR ENT. NV RF vy TRD KR
OYAIIINY RATOBENERE S o, (e,f) B E ARPES MENHiR, 70—
VLR (250 fs, 5.9 eV) MR Z/ULR (170 fs 1.5 eV) 51T (e) 2 W k#k
T(f) LTW3, IESE MROYVHILNY ROSENBER S N,

(a) Topographic STM image of a cleaved surface of Bij 5Sbo.5Te1.7Se1 3. (b-d)
Bias(Vsp)-dependent amplitude maps of the elastic scatterings, or QPI,
derived by Fourier transformation (FT) of the dI/dV images. Intra band
scatterings within the topological surface band are observed in the bulk
band gap (e,f) Intensity maps of ARPES by a 250-fs probe laser pulse (5.9
eV) before (e) and after (f) impinging a 170-fs pump laser pulse (1.5 eV).
Unoccupied topological surface band is observed in (f).

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

2. bYRIVBFPL—T KR & 2REIHIRR

Surface dynamical phenomena induced by electron tunneling and photo-excitation

3. REF / BEME O AERE

Formation processes of nano-structured materials at surfaces
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Yoshinobu Group
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K/ VEOMEL XORAREOY L, RIAIRE) >
Yo, MET IR EDEM T E BB by )L B
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ZHOIHEEBEDIT>T0 2,

Rh(111) KAICWE LY 7 ANFEY D (a)STM K E
(b) DIREET )L,

(a) an STM image and (b) the proposed model of
adsorbed cyclohexane molecules on Rh(111).

1. EFILBIRIC & 30\ FOER(L & RERGOHE

”’g_\.m

<

EE ik

n

YOSHINOBU, Jun YOSHIMOTO, Shinya
% UE

Professor Research Associate

Solid surfaces are intriguing objects, because novel struc-
tures and electronic properties emerge as a result of symmetry
breaking of bulk. In addition, a solid surface plays an impor-
tant role as “low dimensional reaction field”, on which we can
provide atoms and molecules and manipulate them deliberately.
In order to fabricate atomically-controlled surface materials,
we have to understand the dynamical behavior of atoms and
molecules on surfaces. The research of these subjects is closely
related to the basics of catalysis, semiconductor processes and
molecular electronics. In addition, we can simulate chemical
reactions on cosmic dust with laboratory experiments in ultra-
high vacuum at low temperature. We have utilized surface vibra-
tional spectroscopy, photoelectron spectroscopy and scanning
tunneling microscopy in order to investigate structures,
reactions and electronic properties of atoms and molecules on
surfaces. Synchrotron radiation (KEK-PFE, SPring8 etc.) is also

used to study electronic structure of surface and interface.

~

Activation and surface reaction of small molecules by model catalysts

2. BFRRHEICEITBRT - 2 FOHHBEDMHE

Dynamical processes of atoms and molecules on solid surfaces
3. FEMMEBREOER & REABFRES L L2 RICOHAR

Fabrication of thin film of semiconductor photocatalyst and its electronic states and surface chemical reaction
4. 737y U EYRBREBRRTYERADEFREE RIGEDHE

Electronic states and reactivity of low-dimensional materials on surfaces

5. FHRKPOERKEICH T B LZEREDOHZT
Chemical reaction on solid surfaces under ambient conditions
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Hasegawa Group

AR VIS (STM) &, Z05%EU CEID
JRFHEEZHO DI T 20452567, P tiliEic &
DY 7/ COBETRBICBT 2 H2E52, 3512
A MR (SP-) STM I X 2 i g AR R R AL~
RxG . JEBEME v 2oL (IETS) 12 & 2 ffi4 Rtk
IANX =BT 2ERELIEHTIENTES,

ERINHsescld, iRy Fciiff 42 S TM
EEHOT, \WARD7 IRV IRERRAKRE T T4
RRAREARR A OMAIREOBLE L, WAL DU R
R FRIN 2R B ETIREOH MBI Z T -
T3, ¥/, SP-STM IZ X2 MO RFTA E > i i
EWEAER RSB 2 %8, TETS 12 k2 2 E VIR o #F%E
EREDDLEEBIC, FFval —varvZEfiLcta)
L7ptEoflfz HiEL w5, FoETid, CeColns %2 E
DEWETRYEOE T REC RIS SR - 0
TEDOWMZEICHID HATE D, B{ZEX v v 7RO 1A
TIVTOLERBIRGEZ AL TV S,

3
BIRESBERE TORENR, SIERED 1 RFEPb (kis, BEEHE) & PoE
(e, BInEE) OREABE THESNAL N Y RILDKART MLhS, BfE
BAFHENFRED S 40nm OBEIFHICH e > TRAE L TVWD I EMNBRBIN TS,

Proximity effect at superconductor/metal interface. Tunneling spectra taken
around an interface between 1ML-Pb layer on Si (blue, normal metal) and
a Pb thin film (yellow, super) indicate the penetration of superconductivity
into the metal layer with a decay length of 40 nm.

1. B3R STM € & 2 BPTRIE T DBEERFIE ICBE T 2%

KA =i SH E

HASEGAWA, Yukio YOSHIDA, Yasuo
HEHIR UE

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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ZEVRIBESTM Ic & DB5Nc AgRALDF /Y1 X Co 74 F > RiEETD
HACEEIR. BEiBIC & DRI OBILTRS RET B1csh (~+025T), NFT5A
ROBIRNE SN T WS,

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. EVWETRYEDOEETFIRE - B8R - BRISHE

Local electronic states, superconductivity, and magnetic properties of heavy-Fermion materials

4. FBERT VY aXRIILEDF/ RT—I)LTOBERAIFRIE

Nano-scale resistance and its spatial distribution by scanning tunneling potentiometry
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Lippmaa Group
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1. XERFEAXDK (XES) & X RRINAE (XAS) ZAWT, Rh¥®Ir 2 R—=T7L
eF I VBRANOYFULEELNNILIERONY RE vy TRHORF—PF I+
T —DEGERNET Do 7O LTI —DIEEEMG R ZER—TLIcF I
BANOYFILTOHRES B, —A. MEFH LIGICHT S Rh* £ Rh* 0
EREMTRHETOEMOY 7 MEIRS N,

Fig. 1. X-ray emission (XES) and absorption (XAS) spectroscopies are used
for determining the location of in-gap donor and acceptor states in photocat-
alytic Rh and Ir-doped SrTiOj thin films and bulk samples. The unoccupied
acceptor states only appear in Rh**:SrTiO3, while only minor shifts are seen
in the occupied Rh*" and Rh®* states close to the top of the valence band.

520 530

1. LA L =T —#EERIC L 2BACYERZ L TAT OBEDIFE

Uy IX— Iy B8 BKX
LIPPMAA, Mikk TAKAHASHI, Ryota

HEBIR Bh%

Associate Professor Research Associate

Oxide thin films offer many advantages for developing
catalytic materials. Our interest is to study the electronic struc-
ture, atomic-scale microstructure, and photoelectrochemical
activity of SrTiO3-based photocatalytic materials that can be
used for hydrogen production from water by sunlight. In partic-
ular, we study Rh, Ir, and Pt-doped SrTiOs3 thin films with the
aim of tuning the bandgap of the material by lifting the valence
band edge. A variety of soft x-ray spectroscopic techniques,
including XES and XAS are used for determining the electronic
spectra of the materials (Fig. 1). The measurement results are
compared with first-principles calculation results and inter-
preted in terms of photocatalytic activity. In this work, we have
identified the factors that determine the photogenerated charge
collection activity as a function of the dopant valence state, as
summarized for the case of p-type Rh:SrTiO3 hydrogen photo-
catalyst in Fig. 2. Similar valence-dependent efficiency differ-
ences have also been identified for n-type oxygen-evolution
catalyst Ir:SrTiOs.

— ..
Conduction
Band

PRS-
Conduction

Valence

Valence

Band Band
Rh*:SrTiO, ~ Rh*:SITiO,
Lo H,-evolution High

activity

2. Rh* (%) ERh3H(#EB) ER—TURF I VBRSOV F I LOBEFHEE,
Rht R—/\Y N DIEEBT U279 —#1Ic & > THF v U 7 OBBEIEE D,
KEEEMT BAMMBRIEDONEDHDICED B,

Fig. 2. Schematic illustrations of the electronic structures of Rh*":SrTiO3
(purple) and Rh**:SrTiOj3 (yellow). The presence of the unoccupied accep-
tor state associated with the Rh*" dopant results in fast photocarrier recom-
bination and very low photocatalytic hydrogen evolution efficiency.

Growth of thin oxide films and heterostructures by pulsed laser deposition

2. NEFEOBILY DEEBRR

Phase transition mechanisms in oxides under external excitations

3. BiLY—RAEREICE T 2 hERE
Photocatalytic activity at oxide - liquid interfaces

4. BERBRETILF 7040y 7Y
Polar oxides and multiferroic coupling
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WA, MBI E R TR R YRR FBRELT
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f BT MY E ClERERDmE f B TL, iz
JET2EB T IRK TSI EIC kD, HOEIRE, B
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HWTETIREBOZEMN A2 0%, 3 A P2 EIcEEE]
WTzzeT, INORRABIROERZMBIHL TN, Bif
PIBFENZA £ LTIE, CeColns DMK - MIGE TIcB1F5
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AT E
KAWAE, Tatsuya
BEEERR

Visiting Associate Professor

Scanning tunneling microscope (STM) is a powerful tool to
investigate not only new phenomena on solid surface, but also
novel properties in strongly correlated electron systems. In ISSP,
we collaborate with Hasegawa group to develop a new STM
operating in the temperature below T = 100 mK and magnetic
fielduptoH=14T.

Strongly correlated f-electron materials show a variety of
intriguing features, such as heavy fermion behavior, anisotropic
superconductivity and multipole ordering. These phenomena
originate from the hybridization between localized f-electron
and conduction electron bands. We examine the spatial evolu-
tion of the electronic properties in f-electron materials using a
newly developed ultra-low temperature STM. We are especially
interested in search for the FFLO state in CeColns and direct

observation of quadrupole ordering in PrPbs.
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1) B - SRS N ORISR

2) AHEEEAD 572 v DRRIL - T4 T v
7 E1R

3) LEMIR FICET 280 - HBiSE Gk

This division is organized to pursue the study
of physical properties of condensed matters under
extreme conditions such as ultra-low temperatures,
ultra-high pressures combined with steady high
magnetic fields up to 20 T. In addition to these
individual extreme conditions, physics under multiple
extreme conditions is also emphasized. Under these
conditions, novel phenomena, which cannot be
understood in terms of existing theories and thus
stimulate the creation of new concepts, are expected.
Discoveries of such phenomena have often opened up
new horizons in material science. Many outstanding
instruments developed in this division, for example,
are those which produce low temperatures down to a
few tens of pK and high pressures up to 15 GPa. These
machines are frequently used in collaboration with
many scientists from all over Japan and abroad. Some
of the main subjects are as follows,

1) Low dimensional quantum systems and liquid
under ultra-low temperatures and high magnetic
fields.

2) Low dimensional systems and/or Dirac electron
systems such as organic conductors and graphene.

3) Strongly correlated heavy electron systems such
as magnetic compounds or superconductors under

multiple extreme conditions.

# B ER =t B % Ly I E= BiImrs A E
Professor UWATOKO, Yoshiya Research Associate MATSUBAYASHI, Kazuyuki Project Researcher SATO, Mitsuyuki
gt MR RER B TF MR HEWRE  FrY IVITY
Professor SAKAKIBARA, Toshiro Research Associate SHIMOZAWA, Masaaki Project Researcher CHENG, Jinguang
pi=eid RE #ZA B % Hg &X BiImrs OEH #—
Associate Professor OSADA, Toshihito Research Associate TAEN, Toshihiro Project Researcher SAKAI, Kenichi
I W = porErgE  WHE A BiEmxe  BE EF
Associate Professor YAMASHITA, Minoru Technical Associate UCHIDA, Kazuhito Project Researcher FUKUOKA, Syuhei
gy (x8) FE OB KRS RIE HF

Visiting Associate Professor NAKANO, Tmohito

Technical Staff NAGASAKI, Syoko

* SRR ERFT & $HE /concurrent with Division of New Materials Science
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Uwatoko Group
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UWATOKO, Yoshiya MATSUBAYASHI, Kazuyuki OKADA, Taku
iR UE Bh#

Professor Research Associate Research Associate

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.

MnP BiE@REE%E RS CrAs {LEa¥IE. Tn = 270K UITF T—REBZH# > TRE
HHEHKFER T DR b-BITA4%DIEUNERA SN ZDEEDE—A Y ME1.7
uB TH 3, I DORBHEIEELRERSET TRBITHLD UERFTES Pc = 9 kbar
TREEAOEBS, ERKIC/NLY BBRENERY %, CrAs{ba¥ick T 518
B, CritBYTHNO TORETH S, (a)  ENFLBEEME CrAs DIRE -
ENHEE,. BEEOERBREF 20 FICIEALTH S, (b): T =04KICEFTBKR
BENROENKEE. MFDO VR, R (FR). OF(F). B8LC=A ()
&, EBESL (RRR) OE5H#ERRR = 240, 327, &KLV 250 DRE(IC,
TNENHLY %o

CrAs adopts the orthorhombic MnP-type structure with a first-order anti-
ferromagnetic transition at Ty = 270 = 10 K,which is accompanied with
discontinuous changes of lattice constant b by ~ 4% below Tn. Neutron
diffraction measurements established a double-helical magnetic structure
propagating along the orthorhombic ¢ axis with the Cr moment of 1.7 uB
lying essentially within the ab plane. The first-order Tn can be suppressed
quickly by the external pressure and vanishes completely at a critical pres-
sure Pc = 9 kbar. And then, bulk superconductivity with T = 2 K emerges at
the critical pressure. Our discovery of superconductivity in CrAs makes it
the first superconductor among the Cr-based compounds. (a) Temperature-
pressure phase diagram of Pressure-Induced Superconductivity in the Anti-
ferromagnetic System CrAs. The superconducting transition temperature
Tc has been scaled by a factor of 20 for clarity. (b) The superconducting
shielding fraction at 0.4 K, |47my|T=0.4x, and the superconducting transition
temperature width, AT, as a function of pressure. The symbols of circle (red),
square (blue), and triangle (green) in (a, b) represent three independent
samples with residule resistivity ratio RRR = 240, 327, and 250, respectively.

Search for new physical phenomena under multi extreme conditions

2. BEERYE I &IT 5 ENFEBEBIRKOMRE

Study of the pressure induced phase transitions in strongly correlated electron systems

3. ZERETICE T 22ERERR CBEMIEEST EDHEL

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

multi extreme conditions
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Osada Group
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Ny FEEDOR) =¥, FRuY VBT, A VH
HHEE, L - BORELE - Ro =G0 E AR I
B L 72 TR - IR - RS Fc Bk 23h 5, WF
BRNRIBT 772 EDQETIEYE, ARERLEDI
RICYE, PEk - BEEERON T/ iEchds, 7/
WEXETER, WS T DA E D RSB EHIL, /N SOV ARG A
\Z K B IBREIS R & BUINGURE O T BR &AL i HE SRS
TOBNABIOESLM - BEKN - BHIE 2 £ 2 TR TB
ET5, ML 972y, 7AA7 ALY R EDR T IEYE
P, FPRuPAAMMHERICBRIN~N) AV AL FVER
W RO R BEICB T 2582 I T T 5,

TART7ALY (RFERVY) OREEE. YUY TREHOTART4LY
T/ URYONY RigiE, BRRTIE/ LI OF vy THICREHT v JRENE
THIEERH U, 74RT7 ALV RBEBHE p B 2 RT+BHe L THREFS
h2HERFEBVETH 2D COF v v IRT Y IREIGZ ORERFEICKELRR
BE5XB%00TH5,

Crystal structure of phosphorene (atomic layer of black phosphorus), and
band structure of phosphorene nanoribbon with the zigzag edge. We have
found that the metallic edge state appears in the middle of the bulk energy
gap in the finite system. Although phosphorene is a novel atomic layer
material expected as a high-mobility p-type 2D semiconductor, this metallic
edge state might play an important role in its transport properties.

RE #&A Bk &%
OSADA, Toshihito TAEN, Toshihiro
HERIR EUE

Associate Professor Research Associate

Transport study of low-dimensional electron system. To
search for new phenomena in relativistic Dirac electrons systems
and electron systems with small spatial structures or strong
magnetic fields, to clarify their mechanisms, and to control them
for application. 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 commensurability 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 semicon-
ductor/superconductor nano-structures. We flexibly explore new
transport phenomena and electronic states in small samples by
electric, magnetic, and thermal measurements using nano-fabri-
cation techniques like EB, precise field rotation, miniature 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.

ZET« 7 v UV BFROEFR—ILUEBHKIERE, BHRABICIIAEYDRLBZRE
D n=0 Z VT VEMOT Y IREANFEARICART 5NYU DIIVRERENTHS
N KAREVRZESR. BREET « 7 v VB FR a-(BEDT-TTF)23 IcE W T
AU N IVREIREDFTE = RERMICHERR U Teo

Quantum Hall ferromagnetic state in the multilayer Dirac fermion system.
There exists the helical surface state, which consists of the edge states with
opposite spin and chirality of the n=0 Landau level on each layer, on the side
surface, and it carries persistent spin current. We have experimentally con-
firmed the existence of the helical surface state in the organic Dirac fermion
system a-(BEDT-TTF),ls.

1. BFEYME (U757, 74RT7A4LVE) ODEFRELETFEE
Electronic structure and quantum transport in atomic layers (graphene, phosphorene, etc.)

2. BT« v VBFROETFR—ILERMERICE 5\ AILREIREE
Helical surface state in quantum Hall ferromagnetic phase in an organic Dirac fermion system

3. ZREBFR-IRICE T BN I REREDEFEE

Quantum transport of chiral surface state in multilayer quantum Hall systems

4. BRPEOBERERSCELERIE—L VX

Interlayer coherence and angle-dependent magnetotransport in layered conductors

5. BBESH T OYNBFRICEITBNA R EBXEE

Chaos and electron transport in Bloch electron systems under magnetic and electronic fields
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Yamashita Group
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YAMASHITA, Minoru SHIMOZAWA, Masaaki
HEHIR Bh#

Associate Professor Research Associate

What happens when materials are cooled down close to
absolute zero temperature? It sounds a boring question because
everything freezes at T = 0. It is NOT, however, in some
materials because quantum fluctuations persist even at absolute
zero temperature. It was first discovered by Heike Kamerlingh
Onnes at 1911, who was the first to liquify Helium and reach
~ 1 K, that the resistance of mercury suddenly vanished at low
temperature. Followed by the 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
focusing on studies to characterize the elementary excitations
of a new quantum condensed state of spins which may emerge
in frustrated magnetic materials, such as antiferromagnets
at two-dimensional triangular or kagome lattices, by precise

themo-dynamic measurements at ultra-low temperatures.
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§ dy-dmit
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Magnetic Gapless
long-range (algebraic)
order spin liquid

Quantum Frustration

critical phase

(a) EFAEVRADOEBYE TH 2 BT Y MEBRIE EtMesSb[Pd(dmit)2]2 I & W TERI S Nzl ORGSR EN ., €ORIEN S OBERNRR{LOEMIEFvv TL XD
BWRBENCDEF AV RIKICHEET 2FZ2RULTWS, (b) RESNTVWSHEN, BIKFEICEEL TEFRAEOEFEENREREINTWS,

(a) The field dependence of magnetization of an organic Mott insulator EtMe3Sb[Pd(dmit);],, which is a candidate material of a quantum spin liquid (QSL).
The linear increase from almost the zero field shows the presence of a gapless magnetic excitation in this QSL. (b) Proposed phase diagram of the QSL where a

quantum critical phase emerges next to the magnetic ordered phase.

1. #ABWTSAKL—Y 3 vED DHERICH T ZEFAE VRE

Quantum spin liquid state in geometrically-frustrated magnets

2. BERICH T 2 HHBREIRE

Unconventional superconducting states at ultra-low temperatures

3. BERNERE CBERICE T 2 EEAIE R D7

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

Ce ®Yb DA LHEGEAXLENETRETIEN DY
BREORIZIE, WA - FEESRMEZRE 2 DDOREBDHEEHIL T
WBRLDH D, ZNGIFESPHE, TEREBEEIC LS
Tavyhra—LTELIEDMAENT S, B THRFSEE
IEN 2 O DRBOEFLEETIIIE7 = )L SR B IE
BCS BB EDEHINEZENHY, ARETIEZ
NoDOFAREBORKR B LN Z DRIFZMIHT 2212, #ll
Rtz B8, . IR, B8 2 il Ly e =
ToTw 5, PIZITEVWETRLAY) CePtSiz 131.4~2.4
GPa OESI#IBH T Te ~ 0.15 K FREDOBEEM»HILT
203, FUEJIFEEK T Ce DFfif 7 0 AF —/"—HRIB I
TR, flifFho E2HENE L BBETH D LT
INT 5, Hll RSSO mREREE T I 1T 554
RYMERIED &, iR o T2 BENL L BIEE O E N
ZHHS DAL 72\,
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NAKANO, Tomohito
REERR

Visiting Associate Professor

In Ce- or Yb-based heavy fermion compounds, quantum
critical point (QCP) appears owing to the competition of
different states controlled by pressure, magnetic field, chemical
substitution, and so on. Around a QCP, interesting phenomena,
such as non-Fermi liquid behavior and non-BCS supercon-
ductivity, are often observed. We have been studying quantum
critical phenomena by synthesizing high-quality samples and
measuring their physical properties under extreme conditions
of pressure, magnetic field, and very low temperature. For
example, the ternary heavy fermion compound CePtSi; exhibits
a pressure-induced superconductivity between 1.4 and 2.4 GPa
with superconductivity transition temperature T ~0.15 K.
Furthermore, a sign of a valence transition/crossover is observed
at the pressures, indicating that the pressure-induced supercon-
ductivity is mediated by valence fluctuation similar to the case
in CeCux(Si, Ge)2. We will clarify the universality of the valence
fluctuation-mediated superconductivity using high-quality
single-crystal samples and the extreme conditions.
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SEFEFFE, PR G S A S B R E 2 &
DEHIN TV,

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 six 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 RR BEf &= B % Z EA KirErmE BHE BR
Professor (Director) HIROI, Zenji Research Associate SHIBA, Hayato Technical Associate FUKUDA, Takaki
BB ng B B # B B wiiErImE BB SAE
Professor KAWASHIMA, Naoki Research Associate WATANABE, Hiroshi Technical Associate GOTO, Hirotada
IR FO &5 B # TR FE RIS HEAR KE
Associate Professor NOGUCHI, Hiroshi Research Associate KASAMATSU, Shusuke Technical Associate HAMANE, Daisuke
N g * . = 3 =
I 2EH & B AE 1ESE mrsrmeE  JUE ES
Associate Professor SUGINO, Osamu Research Associate MORITA, Satoshi Technical Associate KITAZAWA, Tsuneo
B % B # PWIEEFIWE A BT
Research Associate YAJIMA, Takeshi Technical Associate ARAKI, Shigeyuki
pifiErIlE /vt IEE IS BK MR
Technical Associate KOIKE, Masayoshi Project Researcher  NAWA, Kazuhiro
kErmE LA W BEMRE ER BF

Technical Associate YAMAUCHI, Touru

mirErIEE RE BT

Technical Associate YATA, Hiroyuki

* I EEATTITARFT & HHE /concurrent with Division of Condenced Matter Theory
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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.

AT —~ Research Subjects

The remarkable discovery of high-T. superconductivity and
the following enthusiastic research in the last decade 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.

y T A& FRE
RILRG Ak

quantum spin on Cu?* ion

2 1/2 ATAEFREWMEEDOETIVYE & RZDMMEPRILRY 1 N ORES
i & BiER

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

1. HULWEFRAEYRRRIEARETF RYE DR

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

2. REY 1/2 AT ARFREHEIEEDOEEIRRE

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

High-Tc superconductors
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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. Furthermore, we recently work on developments of new
computational methods such as tensor networks, as well as the
possible relationship between the computational complexity and
the thermodynamic properties.

ﬂ T rrrrrr-;rr L LA
“ - EEEgEEN ‘il EENN : - LN LN | - :I -
. . SHORBRAEHDT—LF LT X THIESS
. . TI—L7 LT XLOWFIEEN TR > T
A . . Worm algorithm with multiple worms, which
: N 4& . makes the worm algorithm parallelizable.
0 - .
0 1 2 3 4 5 6 7

X7 —~ Research Subjects

1. HFLWEFHE EFHEEBRORE

Search for novel quantum phases and quantum transitions

2. ZEEOBIEREDMRE
Numerical methods for many-body physics
3. AR RO
General theory of critical phenomena
4. SV LRETER
Disordered systems and computational complexity
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BN IVICRBENND T )b, ZEERIC K > TR BZEDFEHR S NS,

Snapshot of a lipid vesicle confined in a spherical vesicle.

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.

FARTRT TOREEEREDO—)LREEDF M.

Snapshot of the rolled structure of surfactant
membranes induced by shear flow.

1. #HRE. BEENRY T ILDOFREFR
Shape transformation of cells and lipid vesicles

2. EFEO/ME. DH
Fusion and fission of biomembranes

3. FTET COREMERFRDY A FZIR
Dynamics of membranes out of equilibrium

4. HSRAILE T ZEWNVETRR
Slow dynamics in glass
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% Y% EHE (Materials Design Division)
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Supercomputer Center

#BYEE B[] {HF Charperson : NOGUCHI, Hiroshi
BHYFE JI|E [BEFE Contact Person : KAWASHIMA, Naoki
BYmRE EF {& Contact Person : SUGINO, Osamu

Bh #% &3] HEiE Research Associate : WATANABE, Hiroshi
Bh ¥ 5N FEEH Research Associate : KASAMATSU, Shusuke
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A==y ¥Ea1—% YR7 LB (SGI Altix ICE 8400EX/3840 cpu)
The supercomputer system B (SGI Altix ICE 8400EX/3840 cpu)

BIMEFBE KH  #{T Technical Associate : YATA, Hiroyuki
BiTEMBE  {BH ZREE Technical Associate : FUKUDA, Takaki
HINESPIE T AR AT Technical Associate : ARAKI, Shigeyuki

5PN BhER
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1. Joint-Use Supercomputer System

The Supercomputer Center (SCC) operates a supercomputer
system available to all researchers of condensed matter physics
in Japan. One can submit a proposal for a User Program to the
Supercomputer Steering Committee, and once granted he/she
can use the facility with no charge. The supercomputer system
consists of three systems: SGI ICE 8400EX (3840 CPU x Intel
Xeon 5570), NEC SX-9 (64CPU), and FUJITSU PRIMEHPC
FX 10 (384CPU). The first two systems and the last system were
renewed in July 2010 and April 2013, respectively. In addition
to maintaining high performance of the system in cooperation
with the venders (Fujitsu, SGI, and NEC), the SCC also responds
to questions and inquiries from users on daily basis.

2. In-House Networks and related missions

The SCC also operates the local area network in ISSP, and file
servers, 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.

3. MEXT, HPCI Project

We support Center of Computational Materials Science, ISSP,
which is responsible to the project "Novel materials and energy

resources", by providing and managing computer resources.

SGl Altix ICE 8400EX/3840 cpu I
%

NEC 5X-9/64 cpu

180TFlops 46TB memory 6.6TFlops 4T8 memory.

Fujitsu PREMEHPC FX10/384 cpu
90.8TFlops 12TB memory
R

YERRAHARNBR—/N— Y1 —9 Y X7 LERE
The Supercomputer System at the SCC-ISSP.
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Materials Design and Characterization Laboratory

YIE AR« BEEE (Materials Synthesis and Characterization Division)

PIE G [ AS S g VT

Materials Synthesis Section Chemical Analysis Section

# % B EH =T Contact Person : HIROI Zenii B Y 8 EH ET  Contact Person: HIROI, Zeniji
BAESEMBE JbE [BE Technical Associate : KITAZAWA, Tsuneo BTEPMBE /\t 1FEZX  Technical Associate : KOIKE, Masayoshi

ARETIE, FIWHDO AR, MEMPED LB, B ARETIE, DRI Y EICO W T
HEAEWM AR O GR2IT>T05, £, Flmi B LWED N5 OGRS 8 LOMEAN TR X 2 08
FEAUA PR T U, SRR BN T 2 & 2 BTN+ 0 DREWE LOPE LT LI, FRE - 87 - (L2 BRIC

SEF TR S £ LT LTw 5, B 2 iR 2 T N O L FEFI AL T 5,

The main purposes of the Materials Synthesis Section are to The Chemical Analysis Section is engaged in determining the
synthesize new compounds and to prepare well-characterized chemical composition of specimens and in purifying chemical
samples and single crystals of various materials. Various kinds reagents for preparation of high quality specimens. The analyt-
of furnaces are provided for crystal growth experiments. ical equipments, several types of automatic balance and a system

for preparation of ultra-high purity water are provided for
TEDE chemical analysis experiments.
TO—T« IV VBERBRIA. BE&SI LA SEBRFE (R
AATY Y IIVIR TSIV IR T-UBEBA. 22y ME).

TERE
REREZE (10° Torn)., HEYHiH FERAEART S VRN EE, AEENE. BTEA. B
Main Facilities EREEB, MkESEES

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.

Main Facilities

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

BiERS| LR FEEABART 7 ANEADHDITES
Czochralski pulling apparatus with an induction heating system ICP-AES
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X-Ray Diftraction Section

B Y KB EHF E-

B ¥ KE f#

Contact Person : HIROI, Zenji
Research Associate : YAJIMA, Takeshi

xE B

BIRE Y2 R S OPEIFEPRHIEIIC BT, Al
T I3 THEEAMEZ GO 5, AETIE, XHRET
2T, BB E ORGP I X G2 LA Y
PERE DD T2 T ) IS, TS O BFFEE ISR LCht
IO, K72 T o T 5,

The main purposes of the X-Ray Diffraction Section are
structural analysis and identification of powder and single
crystal specimens for solid state physics. By using the 4-circle
diffractometer equipped with a warped imaging plate and a
refrigerator, the structural analysis is performed in the tempera-
ture range of 7-300 K.

EL S

MARXREITERE. EEREERTA CCD ¥ A7 A, MEE X REIHTE
BHAA—I YT TL—MRXBREFE. SVIAXS A X=IVTT
L—hSHIDEE

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.

J YIE AR » BEEE (Materials Synthesis and Characterization Division)

ieg e

Electron Microscope Section

# % P B8 EH ET Contact Person : HIROI Zenii
¥ 1 B 8 JER K& Technical Associate : HAMANE, Daisuke

MBI HO MG RE MO A 12 TR TH 5,
KBTI, BFBELNNVTOBERGRZBIET 570, &7
FRBETE & FE SRR 73 B 7 - B B 2 i 2. L B
G217 ) I, @iz ATt o MATICfEL . L
FIRBE AR S 2T > T %,

The Electron Microscope Section supports electron diffrac-
tion measurements, lattice image observations and microscopic
analyses of various solid materials in both crystalline and
non-crystalline forms with the atomic-scale resolution by using
a high-resolution electron microscope equipped with an x-ray
micro-analyzer.

TERE
200kV BRBS AT EFEME. R - SRRV —. SRR
DfcHDER DEE

Main Facilities

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

KR
Imaging plate type X-ray diffractometer for low temperature application

AAX=Y VT TL— NXIREITE

50

200 kV BEREFZ T E F IR

200 kV electron microscope with an X-ray micro-analyzer
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Materials Design and Characterization Laboratory

Y A K« BFAiEE (Materials Synthesis and Characterization Division)

PR S E o e

Electromagnetic Measurements Section Spectroscopy Section

#H % Ff B ZK Zx5A  Contact Person : IYE, Yasuhiro B Y FF 8 3KJjr B  Contact Person : SUEMOTO, Tohru
B Y% m Bl Contact Person : TAKIGAWA, Masashi # Y% B B RN ZE3SZ Contact Person : AKIYAMA, Hidefumi
# Y B 8 EF ZET Contact Person : HIROI, Zenji

HMTEPBE UK Bl Technical Associate : YAMAUCHI, Touru

ARETIE, WHOEANNE TH 2 E MBI TEE MHED & 26 ER S L — Y — Rz, BTN
Z M B KOS DR GHEI IO o THIE T 5 £ &b, NOILFEFNPEL T B, AT - 25 - RIPBEIRDWLIL -
PGSR E 2L, PR PR S, SRS ARl S AR PV, BT = e EOREDARETH %,
D2 TN O ILFF I LT 5,

The Spectroscopy Section offers joint-use facilities for stan-

The Electromagnetic Measurements Section offers various dard optical measurements. The facilities can be used for mea-
facilities for measurements of electric and magnetic properties surements of conventional absorption/reflection spectrum in
of materials. The followings are types of experiments currently the UV, visible and IR regions and Raman scattering.
supported in this section: electrical resistivity, magnetoresis-
tance and Hall effect, magnetization, a.c. susceptibility, magnetic TERRE
torque, and NMR. FREANADIARER . FADKRER TV ANHHER. RRAZE/UL

AL —H—3}R
F I Main Facilities
15/177FA5BEEY TRy~ 16/ 18FA5BH—BEETY UV/VIS absorption spectrometer, IR spectrometer, Micro-Raman
vk (NMR). SQU | DEMLEIEREE (MPMS). REMMRITEE spectrometer with Ar and He-Ne lasers, Pulsed YAG laser equipped
B (PPMS). VORI JLERBIEET SR Y ~ with tunable OPPO and a laser-machining unit, Ar ion laser,
Cryostat.

Main Facilities

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

BRI ERE TAB LTIV DHREE
SQUID magnetometer (MPMS) IR and Raman Spectrometers (Room A468)
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J YIE AR » BEEE (Materials Synthesis and Characterization Division)

e T

High-Pressure Synthesis Section

B Y Ff 8 FEFH =T Contact Person : HROI, Zenji
RITEPIBE %BE SAE Technical Associate : GOTOU, Hirotada

AETE, AR, BTEEToMSE MIcE»T
e () WHD GRZ2TT) LI, SIEATICET2Y
HOZEHZFRT0 5, I5ICHFEOFEH S A2 IE B
g 2 SR 2 TN 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 RZVEIL I, XIREIFEE.
M SN U ANEB. YAG L—H—INTH. Zoft (KEMIHE. 5§07
EY RHEESB. . NCEFTUYITYY)

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 —E v ¥ 7L X.4GPa £ TOBEREGHRERA.
Wakatsuki-type 700 ton cubic press for high pressure and high
temperature synthesis experiments up to 4 GPa.
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DDT, FKFOHDICH BT Z DD ICH
2BTOOWHENERIFLE)., ZOWH
ZFHLTYEIC X 2T oL S 21
EL. WENOBETFLHERE —X v DL
BOR 1% M5 EEg 7% TR TG £,
YIPEWE ST O P RHADT R i E Tl RIS HA
ST ISR FE RS O WS R 745 JRR-3 123
BNk E e, P EELERIC K S
YIPENTFE D 7200 D 2 E SL R A 2 HEHE LT & 72,
51T, 2009 FICARSHRE) L 7 K8 EE Ry s
iR J-PARC ICB T, WHTDF a v —Hl
53R HRC & MW7zt HF O #EE % FT 5T
%, Whisk»E T2 2ELRMAICED, &
A EEEDOHE, 77 AL — b LA
HOER, ARRITHEE RS DR 2 i O

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
Laboratory (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 Fermions
systems, low dimensional magnetism, high-pressure
physics, etc.), fundamental physics and neutron beam
optics, structure and phase transitions of polymers,

gels, and colloidal systems, physical chemistry of

WHEZIEC o L LT, BHEEERO(LAYRL, &
I and FOREPHIER, EEYEOEX
HEXE LBEREDIITE, REN—F=T U7 A5V 7
F2 7 U 7V E TEGIEIA YR O SLREWE
ZHPETFRGELE O TRAIITbNTwS, F
oL W ER IR HOR B S S T LT Y
DFENEFEBIE LTHIEBIL . FosE o b B
WHEDFERICHBAL TV 5,

[

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 EER) KL FEA B % HR  RRRTF BIEHRS ME H
Professor (Director)  SHIBAYAMA, Mitsuhiro Research Associate KOFU, Maiko Project Researcher AKIBA, Hiroshi
Hn B B RS B % E6H @ BIEHRS BA Xt
Professor YOSHIZAWA, Hideki Research Associate SODA, Minoru Project Researcher NEMOTO, Fumiya
®n B = & BTErIgE EROEX BIEARE FE &KX
Professor YAMAMURO, Osamu Technical Associate ASAMI, Toshio Project Researcher NAKAO, Toshio
I mH R BfiErImE ZH BN BIEHRS twHE B
Associate Professor MASUDA, Takatsugu Technical Associate SUGIURA, Ryosuke Project Researcher IKEDA, Yohichi
iR (58) FlE  —5R BB N Kih BIEARE IR ER
Visiting Professor TERASAKI, Ichiro Technical Associate KAWANA, Daichi Project Researcher KOBAYASHI, Riki
% (B8) EE = M & A B BIEHRS EH OE
Visiting Professor SATO, Taku J Administrative Secretary KIFUNE, Satoshi Project Researcher ASAI, Shinichiro
FEOEARE) OJ/U AVIYT ETAVY

Visiting Professor

REBERS FIERMER J-PARC I[CRESNICEDHEIET 3 v/—n)E (HRC), 50Hz TH
ET2EBO/NVVARETFE. PEFAREZEDFav/\—TRBShcR. SR TiES
N 2RETA TV TRESND, TATI/ITRETOIRILF—OFREFELNBAE
TR, MENBT—FIRENAIREL 2> 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.

RONNOW, Henrik Moodysson
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http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/shibayama_group.html
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Shibayama Group

V7 bey—tix, TexDHDOMY DY EEYE 2K
T2 TR0 WH-MEoZLThs, WIkEEPHBEE
PIE 7 8 D N— R & — T3 8 oM I & v ) f R B
BB OTRRN2DEEZRTOINL, V7h<ey—Ti&
L - H AL CERROYIEZ R L, SRR AEEE R 7
ER ﬁ&@ﬁﬁ%%@;*ﬁw&?—@z&%’m%é—“%fﬁ*
HHHBIR— DRI R EZ HIEL TV 5, TiF, A
NV DORSTHE - MRS, Tﬁ#/@@ﬁ%&t@ v, FEEMW
BIEER DOI FIERE SN OB LRGSR -
PIVEREZE, WGB3 L oYtk REERB, 44
YV DEFE EREERENT - PRI L 2T o Tw 5,

TSE B> Z R ITALE M E N Hp T #EL SANS-U %
EP/ua:\ BN EHGEL S E (SLS/DLD ALV-5000), 1

CBIMEHIE S, L AX—Y—RhEEHVT V7 b
57 DI F =5 — DGR, T/ B oBTRETDY
AF I AR N=LIZIRIAWIFEZ R LT\ 2

-\g‘m

wormlike micelle

|02;HH T T T T T T TTT T T TTTTT

high

‘H\‘\/\N

a8
hon
h

Volume Fraction

P C?é“

Neutron Scattering Intensity / cm

Awu\lmum\ Lol 4o}

low
| |

R, e K
10? 10" 10’
1 high end-cap energy

q / A spherical micelle

ER=XBREEEHDFO I CILTHK - BRRBEONEFIETFHELEAR, REE
HEHDEDERICHEN, RN SRS NGB L. S 5ICHlIAKRAE > BIE
NEEBT B,
Variation of SANS profiles for star-type trimeric surfactant in aqueous solu-
tion with varying volume fractions. With increasing surfactant concentra-
tion, micelles are transformed from spherical to wormlike micelles, followed
by entangled rodlike micelles.

LlJ TE?L\

SHIBAYAMA, Mitsuhiro

6y

Professor

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. Recently, we
are developing various types of super-tough gels on the basis
of findings on the structure-property relationship unveiled by
neutron scattering.

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 if necessary. Current
interests cover (1) inhomogeneities in polymer gels, (2) struc-
tural characterization and studies on deformation mechanisms
of high-performance polymer gels, (3) rheo-SANS of nanoemul-
sion and micelles, and (4) development of ion-gel and structural
analyses.

1) fem]

[ 0 0°
q AT q[AT

RUN-AVTZAELT 7 VILT IR /A7 VBREERONEFEFEELTOT «—
L DRERFE, REOETICLDRIFEIEE (UCST BUEZEE) L. KeBFEE
5% (LCSTHiEEH) LHEOEHETRT,

Temperature dependence of SANS profiles of pNIPAm/ionic liquid solu-
tions. By lowering temperature, the system undergoes phase separation
(UCST type behavior), which is opposite to pNIPAm/water systems (LCST).

1. BEEMSA T OBEE Y1+ Iy I R, KERERE. VIL—7ILER
Structure and dynamics, phase separation, and sol-gel transition of functional polymer gels

2. BENEAFITINDERANZZ L
Deformation mechanisms of super-tough polymer gels
3. MENGTOSF /INILYavELCIILOESEEL

Structural evolution of nanoemulsion and micelles in flow field

4. A 72T DT EBERIT
Development of ion-gel and structural analyses
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Yoshizawa Group

B
YOSHIZAWA, Hideki

BB ORTEE - iz, Avv-&
fif A% - WOERRE R E DV EBEICBEL TR 2 BR EL
THRACHESINTE TS, LSiFFRETIE, KIRER T
JIGE R3¢ (J-PARC) OME R <2 H A5 1 W 72 B FE 4%
# (JAEA) offtli cAE s s rE—2a%2HwTrh
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TEAM - PLERT PR SO EHBR LBAEE LD
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% LazxSrxCuOy4 & RO fE 54K & % 7 LazxSrxNiO4
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A THIF DIIRE E A LT TRRIF DAL 74 7ORD
R—VIBEREEZ R L b DTH B, AbIA THRIFDOE
R x=1/3 T KZRL7H ERWDICIRT 5, ik,
x=1/2 DL ED I 51T F—7 R T, R ICERIK
Pt A L x-0.9 (L Ciiig ik — BB 2R3, RiE
DINAFEF R T AE VL F 27 Z0WF5IC LU,

6

Professor

Metal-insulator transition in transition-metal oxides has
drawn much attention because such a phenomenon reflects
interplay among spin, charge, lattice, and orbital degrees of
freedom. Our group has been studying their behavior by
neutron scattering technique with use of pulse and steady-
source neutron beams, and the triple axis neutron spectrometer
owned by the ISSP is shown in the left figure below. The hole-
doping dependences of the incommensurability and the transi-
tion temperature of the stripe ordering for the hole concentra-
tion x up to x = 0.5 have been observed in the highly-doped
LasxSryNiO4 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 shows the insulator to
metal transition at x~0.9. Recent pulse neutron studies on Ni
and Co systems revealed that the unusual hour-glass type spin
excitations exist in these 2 dimensional transition metal oxides,
and our group is studying such unusual spin dynamics and their
relation to the transport properties with using pulse and reactor-

source inelastic neutron spectrometers.

Ry SrNiO,
Ni % Co @ 2 It IR IC B THIRIPAL » 3 SR
. - 500f ! 1
WCRMROODROHREBIIHO AL VEARY .
s s N . rs N - =RBLEE R MREYDO—oT 000 R-Lla | c ¢
PADBISNTEY, ZOLIRFHBAELTAFITR 55 Lop.snCu0s cRRORRSE  _ 400F SOTRT 0 | Tco :
N Ny ~ y BE% R xSrxNi Rlcswn <& ). I
LERR. SKOUE OB R b R B I RE R o e ]
EOpiELTWV S, TREREE. 271 TRFEOE | !
BRECHBELCHSKFOEBR § c Tco
Bl x=1/3 TEARRL s EBDIET 3. £rxh517 & 200 /e & s
BFORSIL x=1/2 £T K —7RECENNICRTAREEL © 8" W
BHID HMICR TP E x=1/3 ORI THBWBTAERL 100} 0o @i ¢ In
x=1/3 DREORHIEERLIETND, ZORRRIREL, o 1 Lot
ARNSATHOF v U7 —REOEL & BIRD S 2 T EhR— 0 Eti e
ILHRDAERZERN SREENT NS, 01— R o .
w . 4 .
= e ¢
Doping dependence of the stripe ordering in highly- ZF 0.4F i A i 1
doped LayxSryNiOy, which is an isomorphic compounds @& [ “j,.,,,,j ,,,,,,,,,,,
of one of High Tc 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 0.2F 4 : 1 ]
i = - exhibit the maximums at x = 1/3, and decreases above x 8 4 ®FR-La
BARRFHAERFEE (JAEA) OFFEIF JRR-3 (C X — s X . e 01k L0 ! & R=Nd 1
BESNIHERRFO 3 BT KR, = 1/3. The periodicity of the stripe order is approximately £ 0.1p | o Tanquadastal
linear in x, but levels off beyond x=1/2. The system gradu- i |
Triple-axis spectrometer installed at the JRR-3 in ally becomes metallic and shows the insulator to metal 00 0‘1 0‘2 0‘3‘ 0‘4 0‘5 0‘6 0‘7

the Japan Atomic Energy Agency, Tokai, Ibaraki. transition near x~0.9.

Hole concentration ny, = x + 23

1. BEREBRAMIRT RE - EREGEBEY. ZORICHIRT 2HAKE - BEHKRE - SLERF A E OPMEFEELIC L 2%
Neutron scattering study of metal-insulator transition, magnetic ordering, charge/orbital orderings in transition-metal oxides
2. FIDHIED KRB U LBEERICE T 2BIHKFEEAEY ST A I 7 XDHE
Neutron scattering study of spin sturucture and dynamics in noncentrosymmetric magnetic superconductors
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Yamamuro Group

AWFZEE CIEE MR E R O AP Z AL Tv 5, Bl
TEDELNRIZ, HIR B HRE, KB LOZDORHE
WHE. A4k, KEBGEE R, oy TRiaThs, A
7 ARG G 2 L2 e 2 S 9 E L 9 2 AR
BRTHH, YIEWEEORFEDORMED—D>TH S, K
RS EERPED D> THh B KB 2T 4
DR EYVEZ RS, AF VA TIE FE L7 7V TAT—
NANDGFED S, HARFILOE»B NS, Eikho
K#EIZ, RFvevEic k> TR E BT (Fr L)
Rz T, B FREA S B R G R 22 oI
7220 Tl BLREO BRI 4 & FEBEY R T b
BLLEYR, ZSOPEICH LT, P HGEL. X R,
BAE, FEBENREZMEL, WhiE - ¥4 - 7R 81
YOIBRH» O, EHERYEICNET M (?) k1)
ZHOMPIZTEZERZHBEL TS,

60

50

40

30

20

-1 -1
Cp / JK ‘mol

20 40

T/K
INTIT LXK DREE, KREEDHREICL DA F RGN RN, AL
1375 2EBREOEMKEE. A TRIESEEDEN,

Heat capacities of palladium hydrides. Glass transitions due to the freezing of
hydrogen motions appeared. Upper-right and lower-right figures represent
the composition dependence of Tg and the crystal structure, respectively.

1. AZREB, RYYE—IRBREOTRAUEEROT 1 I IR

YAMAMURO, Osamu
% Bh#

KOFU, Maiko

Professor Research Associate

We are studying chemical physics of complex condensed
matters, especially glasses and supercooled liquids, water and
related materials, ionic liquids, hydrogen storage solids and
single molecule magnets (SMMs). Glass transition is a myste-
rious 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 many interesting properties originating from competing
electrostatic and van der Waals interactions. Hydrogen in solids
exhibits classical and/or quantum (tunneling) diffusion depend-
ently on potential energy surfaces. SMMs are significant not
only for applications but also for basic physical properties such
as quantum effects on magnetization reversal. These substances
are investigated from neutron scattering, x-ray diffraction, heat
capacity, and dielectric measurements. Our aim is to find simple
(?) rules involved in complex systems from the three different
points of view, i.e., structure, dynamics, and thermodynamic.
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i TRED THA OB RERIC & 5P FEREBIERELANRY L, O—L > VEHK
T74v T2 LI DEMBENESND. BARIBD FEEZRT,
Quasielastic neutron scattering spectra due to the magnetic reversal of a
rare-earth based molecule magnet. The relaxation times are obtained by fit-
ting the data to Lorentz functions. The inset shows the molecular structure.

0
-0.15  -0.10

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

2. KBELUBEEVE (BKZIAMBRLE) OBEETA(FIIR

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

3. BRAAVREDHANZHMEE T A F IR

Thermal and dynamical properties of room-temperature ionic liquids

4. KERBEERDORNFLHNEEE YA F IV R

Thermal and dynamical properties of hydrogen storage solids

5 BAFHMADAEYSTAFIIR
Spin dynamics of single molecule magnets
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Masuda Group
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a. YILFT7xOA Y AEERY 2 RITRBHEM BazCoGe207 D&
&, b. BazCoGex07 DAL YIUBF. RYT « v I ANL—% Oxv.
BLUBINBEET . RVKHD R EYWBF ADEBRME, 7 0—/\—
BNERIT AV IARL—F%ERT, c. PHEFEEZAXY ML, 0.1meV
DERAUFX vy TETFYFI AR T 1 v VEEFRAOFEICL DR
AEhd. d. LR dM/dH DBERFEORRT -7 & L OFERE
R.7YF7IAOXRNT« v VHAEREERUCHEERRERE Y
VATV RTH B,

a, Crystal structure of Ba;CoGe;07. b, Structures of spin
dipoles, spin nematic operator Oxy , and electric polarizations in
Ba;CoGey07. Red arrows are spin dipoles and open circles with
crosses and small filled circles indicate the directions of electric
polarization calculated by using the relation between spin nematic
operator and electric polarization. Two-tone clovers are nematic
operators. ¢, Inelastic neutron scattering spectrum. Anisotropy gap
of 0.1 meV is explained by antiferro-nematic interaction. d, Angu-
lar dependence of magnetic susceptibility dM/dH. Calculation
including antiferro-nematic interaction and experimental data are
consistent.

1. EFHMEGRTT 5 ML — MEEAROKSEE & KRR

0 8
75 PR E6H 1@
MASUDA, Takatsugu  SODA, Minoru
AR 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 sensi-
tive to a small perturbation and, thus, the area is frontier of
quantum phenomena. Our research topic includes spin liquid,
RVB, Cuboc structure, skyrmion lattice, etc. Another goal is to
observe a new magnetoelectric effect in multiferroic compounds
and/or relaxor magnets. Particularly we focus on the micro-
scopic mechanism in the system where the macroscopic
thermodynamic quantities are controlled by non-conjugate
field. Figure is an example of our study identifying the existence
of antiferronematic interaction in a multiferroic compound by
combination of neutron scattering technique and magnetization

measurement.

electric
polarization
spin dipole

\\ nematic
operator Oyy

Magnetic structure and excitations in frustrated magnets and quantum magnets

2. XIWF7xzO470 R
Multiferroics

3. BRBRERDEIRE

Magnetic excitation in supercrystal of oxygen molecule in nanoporous metal complex
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TERASAKI, Ichiro
EEHIR

Visiting Professor

An enormous number of atoms and electrons in solids
collectively cause various properties, which are called emergent
properties. To understand and control these is one of the goals in
condensed matter physics. In particular, an emergent property that
largely responds to a small external impetus is called “function”
Terasaki Group designs and synthesizes new materials with novel
functions through making full use of the cutting-edge science and
technology, and tries to contribute to developments in physics.

Recently we have extensively studied (1) huge magnetic and
thermoelectric responses due to the spin-state control in the
cobalt oxides, (2) thermoelectric energy conversion by photo-
doped carriers, (3) intrinsically non-equilibrium state of matter
in the Mott insulators under a dc electric current flow, and
(4) design and synthesis of new ferroelectric materials due to
bending of oxygen networks. A feature of the research style is
that we construct a new measurement system properly adjusted

to a new material properly tailored.

SATO, Taku J
BEEHR

Visiting Professor

Neutron scattering experiment in the eV energy region is
the forefront of the neutron science; we utilize such epith-
ermal neutrons to investigate unconventional superconductors,
magnetic materials and also spin-split electron systems.

Conventional reactor based neutron sources generate cold and
thermal neutrons effectively, and hence, low-energy excitations in
condensed matters have been studied extensively to date. On the
other hand, the recently constructed spallation neutron sources,
such as J-PARC, provide higher-energy (eV region) neutrons
quite efficiently. Along with the source technology advancement,
high-energy-resolution spectrometers have been also built; one
outstanding example is the high-energy chopper spectrometer
(HRC) co-constructed by ISSP and KEK. Such a combination of
spallation source and high-energy-resolution spectrometer enables
us to explore much wider energy range as compared to the earlier
inelastic techniques. We will use this newly developed technique to
investigate spin and electron excitations in various novel materials,

such as Iron superconductors, and spin-split band electron systems.
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Laboratory for Quantum Magnetism (LQM) investigates
quantum effects in magnets and strongly correlated electron
systems. We combine synthesis, in-house low-temperature
experiments, neutron and X-ray spectroscopy and theory.
Recent focal points include spinon-excitations in 1D and 2D
Heisenberg antiferromagnets. Purely dipolar coupled model
magnets exhibiting quantum phase transitions and spin-glass-
iness. Electric field control of topological magnetic textures -
skyrmions, and magnetic fluctuations in unconventional super-
conductors and their parent compounds.
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The aim of this laboratory is to study the physical
properties of matter (such as semiconductors,
magnetic materials, metals, insulators) under ultra-
high magnetic field conditions. Such a high magnetic
field is also used for realizing the new material phase
and functions. Our pulse magnets can generate up to
80 Tesla by non-destructive way, and up to 730 Tesla
by destructive (the single turn coil and the electro-
magnetic flux compression) methods. The former
serves for the physical precision measurements (the
electro-conductance, the optics, and the magneti-
zation). The multiple extreme physical conditions
combining the strong magnetic field with ultra-low
temperature and ultra-high pressure are also available,
and are open for domestic as well as for international
scientists. The magnet technologies are intensively
devoted to developments for the quasi-steady long
pulse magnet (an order of 1-10 sec) energized by the
world largest DC generator (210 MJ), and also to
a 100 Tesla class nondestructive magnet. Whereas,
the explosive pulse magnets capable of generating
over 100 T are oriented for new horizons in material
science under such extreme quantum limit condi-
tions. Development for 1000 T-generation by means
of the electro-magnetic flux compression method is

also our mission.

% B (EER) LU EZ B % W RiA Bt ErImE na ¥
Professor (Director) TAKEYAMA, Shojiro Research Associate  KONDO, Akihiro Technical Associate ~ KAWAGUCHI, Koushi
B & £E E— B # AR KE KiiEFIBE EE 1EE
Professor KINDO, Koichi Research Associate  NAKAMURA, Daisuke Technical Associate ~ SAWABE, Hironobu
AR K NE B = E& irEFIBE WE &
Associate Professor TOKUNAGA, Masashi Research Associate  MIHYAKE, Atsushi Technical Associate  MATSUO, Akira
R R ER3A B # HHE BEE PNTESPHE  FUE RS
Associate Professor MATSUDA, Yasuhiro Research Associate  IKEDA, Akihiko Technical Associate ~ NAKAZAWA, Tokurou
5 * 3 P b= N
IR kA #A RHEBIH IVE B P EEPmE  AHE B
Associate Professor OSADA, Toshihito Project Research Associate KOHAMA, Yoshimitsu Technical Associate ~ SOEDA, Kunihiro
. st S RE #—
RIRBRIEY MM ERPIE HE / concurrent with Division of Physics in Extreme Conditions Technical Staff OYA, Kouichi
EUMREBRMSRESBENTREASn BEHES RH &M
Control oM (e ol sl EVEC syt go\ %%ﬁ;’f-_qﬂi ﬁﬁ%ﬁ' ) ;D 0%05?_ ?)VE;\AE; Project Researcher SAKAI, Yoshikazu
_ EAVFVHNVIT, 2 _ .
ey QoM sk IR AREE o TN, BICEE THEMRE B &

N0 EE L < 50 kV. 2MJ @ 1> 5> Project Researcher ZHOU, Weihang

YRV ITHD, BHEOBHEBREICE
REWIGT B, 600 TREDBEESHRENATRBRKRET EB> TV, BRIRIEDCTHEISR
AICIILABEL T 20kV, 2MJ BIT Y FY YN\ I HHIRRE. & DRVWIBRSNE SN 5.

Newly installed electro-magnetic flux compression (EMFC) system. The new EMFC
generator energized by the 10 modules of 50 kV condensers, all together 5 MJ, is
oot v condenser s A€81gNEd tO generate 1000 T ultra-high magnetic fields. Another 2 MJ main condenser
osxwomae=sm,sokv 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.

Sub Condenser Bank
2MJ, 20 kv

2MJ Main Condenser Bank
0.5 x4 Module =2 M, 50 kV
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Newly-developed ultra-high magnetic field generator of the electro-
magnetic flux compression method. The 5M]J 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.

1. BIRABBESHAE S MERHRIBAT R R

BRI IEZER s NN
TAKEYAMA, Shojiro NAKAMURA, Daisuke
% EUE

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 measure-
ments for the solid-state physics. 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.

100 T T

O single-turn coil

O non-destructive
pulsed magnet _|

At =R BIEE K
La1.84Sr0.16CuO4 DR —
BSHEN, SRKBEXRTE
EhSRES Shic LI
FEBOEHI RSN TNDS
(O: =B J)LE O
FEMIE/INLAT TR Y K)o
HhZ—<v7IEERAKY
O—7ESDRIEOE{%E
KT miRIE Werthamer-
Helfand-Hohenberg
(WHH) B IC & 5 LEBERS
WIGHBRO 7« v T4
ERETHD, T UBHEHL 0
LEMERRIEE RS 2 ER 0 10 20 . 40
Ici2>TW3, Temperature (K)

80; B,
60 \ -

40+

Magnetic Field (T)

=
RF magnitude (arb. units)
20 72 76 80 84

The temperature-magnetic field phase diagram of the cuprate superconduc-
tor Laj 84Sr0.16CuQO4. The open symbols are the upper critical field evaluated
from the high-frequency electrical conductivity measurement ( O : single-
turn coil, [J : non-destructive pulsed magnet). The intensity map shows the
evolution of the high-frequency probe signal. The dashed curve is a fitting
curve of the upper critical field by the Werthamer-Helfand-Hohenberg
(WHH) theory. The upper critical field is determined by the Pauli effect in
this material.

Technical developments for destructive ultra-high magnetic field magnets and for solid-state physics measurements

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

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 36 T
Short pulse magnet is used mainly for magnetization measure-
ments 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 are under development.
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Profiles of magnetic field for Long pulse magnet. The maximum field of
36 T is used for the heat capacity-measurements under high field.

Study on magnetism and conductivity of strongly correlated electron systems

3. EWIE 100 TRV R Y N DFRFE
Development of non-destructive 100 T-magnet

4. BOYVTINLAR T Ry ~ DRAF
Development of ultra-long pulse magnet
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(top) in-plane (pxx) and out-of-plane (p.;) magnetoresisitance and
(bottom) in-plane Hall resistance (pxy) of single crystals of graphite
measured in pulsed high magnetic fields applied along the c-axis. The inset
in the lower figure schematically shows the expected dispersion relation of
the two Landau subbands crossing the Fermi energy. Anomalous increase of
the p;. in this quantum limit state suggests the emergence of another density
wave state above 53 T.

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

2. EFMRREICE T 2EFIHEGERE
Electronic phase transitions in the quantum limit state
3. NLRARBEIG TICR 1T 2 SRELEMIRERE

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 the electrons. We study various
kinds of phase transitions in high magnetic fields with using
non-destructive pulse magnets and 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 phase transi-
tions of semimetals in the quantum limit state. Owing to the
small carrier density, some semimetals can go into the quantum
limit state, in which all the carriers occupy only the lowest
Landau level, in the field range accessible by pulse magnets.
Our magnetic and transport measurements on graphite, which
is known as a typical semimetal, suggest the emergence of the
quantum limit state above about 53 T. The non-monotonic
increase in the resistance at the higher field indicates the
emergence of a novel electronic phase above 53 T. We are
carrying out various experiments on graphite to make clear the

nature of this novel phase.
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High-speed polarizing microscope imaging in pulsed-high magnetic fields

4. SRBEEED RIS

High-field studies on high temperature superconductors
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Y. Matsuda Group
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Magnetotransmission spectra image at the field-induced phase transition
from the o phase to novel phase of solid oxygen. The upper panel shows the
waveform of the magnetic field.

1. EMRERSR DRGSR HTRAE DA

M FR5A twHE B

MATSUDA, Yasuhiro  IKEDA, Akihiko
IR Bh#

Associate Professor Research Associate

We have been studying the electronic and magnetic proper-
ties of matter in ultrahigh magnetic fields exceeding 100 T in
collaboration with Takeyama Group. Magnetic-field-induced
phase transitions and crossover phenomena in strongly corre-
lated systems are the main subjects.

Magnetic field can precisely control the electronic states
through the Zeeman effect and Landau quantization. In ISSP, a
700-Tesla magnetic field is generated by the electromagnetic flux
compression technique. Since the Zeeman energy in such a high
field is larger than the energy corresponding to a room tempera-
ture, significant field effects are expected. Specifically, the
following subjects are studied: (1) Novel magnetic-field-induced
phase of solid oxygen, (2) Magnetic-field-induced insulator—
metal transition, (3) Magnetization process of quantum spin
systems, and (4) Electronic states of heavy fermions in high
magnetic fields. We also carry out the X-ray magneto-spectros-
copy in pulsed high magnetic fields using synchrotron X-rays
at the SPring-8 and KEK-PE Element- and shell-selective X-ray
magneto-spectroscopy is expected to uncover the microscopic
mechanism of magnetic-field-induced phenomena.
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Ultrahigh magnetic field magnetization process in a valence fluctuating
compound o-YbAIB4. The field derivative of the magnetization is plotted as
a function of magnetic field in the inset.

Study of the magnetic-field-induced novel phase of solid oxygen

2. HisSRitEe - BHn%
Magnetic field-induced insulator-metal transition

3. ERTETAE Y RO BHISHALBE
Magnetization process of quantum spin systems
4, EVWBFROBISHEFIRE

Electronic states of heavy fermions in high magnetic fields
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As symbolized by the 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 computational task and distribute
it to many computing units. In order to solve this
problem in an organized way, we coordinate the
use of the computational resources available to our
community, including “K-computer” and ISSP super-
computers. We also support the activities of CMSI,
an organization of the materials science community.
In particular, we operate the web site, MateriApps,
which offers easy access to various existing codes in
materials science as well as cooperative code-develop-
ment environments. In addition, we are also leading
these activities to solutions to problems with more
direct social impacts such as substitutions of rare
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Akai Group
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Energy relative to Fermi energy (Ry)

ZnSICCr & Fe ZEBRS BB EHANEOTHBICHANMDST/N—TXFILIC
2% EWSFRIBHSRKENERT 2, CMD IL&>TTH A vEhich ZDiF
MCH CrieS: EDZ K DEBBELEYRTHRAFESLTWVNS,

ZnS doped with Cr and Fe is predicted to be a half-metallic antiferromagnet
(compensated ferri-magnet) (HM-AF). Also we have predicted that many
other intermetallic compounds such as CrFeS; might be HM-AFE

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

4. Bl & K ABEA DRFIFE

Magnetism and development of new permanent magnets

FH A

AKAI, Hisazumi
RHERUR

Project Professor

Our main objective is to theoretically produce new function-
ality materials by means of computational materials design
(CMD). In particular, the development of new high-perfor-
mance 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 a problem is very
difficult, but in the case of CMD we can solve this by making
use of the knowledge, which is obtained through quantum
simulations, about underlying mechanisms that realize a specific
feature of materials. In this regards, the developments of new
methods of quantum simulation are also our very important
subjects. Among them are developments of methods of accurate
first-principles electronic structure calculations in general, first-
principles non-equilibrium Green’s function method, screened
KKR-method that realizes exact order-N calculation for huge
systems, and the methods beyond LDA.

Magnetic anisotropy energy of Sm,Fe N
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The magnetic anisotropy energy (MAE) of a new type of magnet SmyFe;7N.
The experimental observation that MAE changes its sign from in-plane to
uniaxial anisotropy, which is necessary for permanent magnets, is correctly
reproduced by our first-principles calculation.

Energy difference (mRy/f.u.)
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(1) Truncation in real space

(2) Mapping into a Krylov subspace
° (3) Evaluation of
O leite— tle—>G(2)
) o
A —TEEIND

[
(4) Back transform
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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
FHERUR

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.

A= —N2ZUO7PHEEET
8 51 72 BCC # & NbC 0 & 9
BEEREDORBELEE, NaClE 2
i @ NbC(100) E & BCC & D £
Fe(100) % Baker-Nutting @ B f% Z
[010Inbe//[01 1]Fe, [001]INbC// & ¥
[0T1]re DFERAMULTHAEERE
EEHY %o RRRTFEHKRFOD
BWEEEROfZHIC Fe RFNC 0
RFICEDE, EADNABIC KA
TWSZ ENDH B,

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.
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1. B—FREEFREHEICK T I2HERNHAEFE - 7ILTY XLDRFK
Development of efficient methods and algorithms for first-principles electronic structure calculations

2. F-REBCEFEFEDOFRRE

Development of first-principles electronic transport calculations

3. IRV AVBEDE—REETIRESE

First-principles calculations of two-dimensional Si structures

4. BIEREBOMEIOBIE - HEEDKRR

First-principles exploration of permanent magnet materials

5. OpenMX DRAF & NFE
Development of OpenMX
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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 spectroscopy, 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 semicon-
ductors, 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 collabora-
tions with materials science. Most of the research
activities on the development of new lasers with an
extreme performance and the application 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 experiments
utilizing the synchrotron radiation are performed at
beamline BLO7 in SPring-8 (Hyogo).
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SUEMOTO, Tohru WATANABE, Hiroshi
iR FHEBNK
Professor Project Research Associate

Optical methods based on pulsed lasers are indispensable for
investigation of ultrafast phenomena in solids.

While, the ultrafast technique has been developed mainly
in the visible and near infrared region, the spectral range is
growing to long wavelength (mid infrared, terahertz) and
short wavelength (EUV, soft X-ray), recently. Our group is
engaged in investigation of excited states and their dynamics in
various materials i.e., inorganic oxides, organic complexes and
bio-molecules, taking full advantage of the pulsed light sources
from THz to soft X-ray region.

For this purpose, we developed transient absorption/reflec-
tion spectroscopy in visible and infrared regions, femtosecond
luminescence spectroscopy, terahertz time-domain spectros-
copy, and soft-X-ray time-resolved interferometery.

Our main interest is the dynamics of electron-lattice relax-
ation, magnetic ordering, and photoinduced phase transitions.

Wavepacket dynamics of the atoms in solids is investigated by
luminescence up-conversion method and the time development
of the wavepacket shape and splitting phenomena are observed.
Terahertz pump-and-probe method is developed and applied to
photoinduced phase transitions and spin related phenomena to
study their dynamical behavior.

(a) 1 RTA®EAE (P-Br k) (CH T2 BESREME TR DOIHEINE
HEBENRROL—E—, it (TRILF—) FRFOEMICHL L
THD, KRS BEIREZ1TS EREFIC 300fs ML THHL TWSHKRT
Hond (FREM). (b) MiERT Yy vILELTORRES, HLEHSH
FEULERDPRT YO v VEEQEET2AMICART %, () 7z Ak
R RS RIEEE O 0LE 7

(a) Movie of the wavepacket taken for the self-trapped excitons
in quasi-one-dimensional Pt complex (Pt-Br) by means of time-
resolved luminescence. Ordinate (energy) corresponds to the devia-
tion of the atoms from the equilibrium position. The damped oscil-
lation and a splitting of the wave-packet at 300 fs are clearly seen.

(b) Wave-packet motion on an adiabatic potential energy surface.
The wave-packet proceeds to the left and splits on top of the poten-
tial energy barrier. (c) The central part of the femotosecond lumi-
nescence measurement optics.

1. BERENAIHICE DI ERESOEREHNE NI VY - hA—E—
Atomic movie based on ultrafast luminescence spectroscopy
2. BERERN - TINIVYRHEIC L DAFTERGBEAEVYREOY A FIIR
Dynamics of photoinduced phase transitions and spin ordering by time-resolved infrared and terahertz spectroscopy

3. R X RTHETC & 2 EFEREMR DR E 2 RER

Time-resolved observation of surface morphology by a soft X-ray interferometer
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EAREL — T —ABFAREICE DBASNIHKRBEER KFe2As; DR

ﬁE’JEEfE%#’i vy 7S BLEEBRER 34 KTH S,
Science (2012)

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.

(Okazaki et al.,

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—
HEFEME (L—— PEEM)

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

1. XL —F—RBSORELBFONIC L 2BLEE. BRTYE. FIVEZOEFREDOME
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/ BEOETFREOHAR
Laser photoelectron microscopy on the electronic states of nanomaterials
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Electron density map of the one-dimensional structure of the Au-Si(553) sur-
face, reconstructed from measured X-ray diffraction data by using a phase and

amplitude retrieval algorism.
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TAKAHASHI, Toshio
653 BhE#

B BB

SHIRASAWA, Tetsuroh

Professor Research Associate

Fundamental studies on X-ray, neutron, and electron diffrac-
tion, in particular intended for the development of new methods
to solve the structure of surfaces, interfaces, and nano struc-
tures by using interference phenomena. Aiming to solve the
phase problem in surface X-ray diffraction, we have developed
new methods, such as a direct imaging of interface atoms from
measured X-ray diffraction intensities, a characterization of
meso-scopic range strain field utilizing multiple X-ray diffrac-
tion phenomenon, and X-ray fluorescence holography. These
methods are applied for such as surface quasi-one dimensional
metal, metal silicides, organic films.

A recent topic is the development of a new method for quick
measurement of surface X-ray diffraction profile aiming for
time-resolved measurements of dynamic phenomena at surface

and interface, that is collaborated with other researchers.

(=] W —_ —_ (3] o8]
(=) W (=) W
z direction/A

'
W

'
f=}

0o 1 2 3 4 5B

Electrons/A-3
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FREEE,

Bi thinfilm/Si(111) interface structure directly reconstructed from
measured x-ray diffraction data.

Studies on surfaces, interfaces and nano-structures by diffraction/scattering

2. REFE E OISR DR

Development of new methods to study the surfaces and interfaces

3. XIRERICH 1T 2 IR B EH L WAZ DB ORA

Optical phenomena such as nonlinear optics in X-ray wavelength region

4. XRErE, X% - pEFRE. THE

X-ray diffraction physics, X-ray and neutron optics, and X-ray interferometry
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Akiyama Group
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AKIYAMA, Hidefumi
IR

Associate Professor

Advanced laser spectroscopy on the basis of lasers and
microscopy is developed and applied to semiconductor quantum
wires (QWRs) and other nano-structures, in order to under-
stand and control their optical properties quantum mechani-
cally, which vary with their size and shape.

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
there 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.
Femto-second short pulse generation directly from gain-
switched semiconductor lasers is studied intensively to under-
stand 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 to understand their
efficiency limits and new design principles for improvement.

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 in collaboration with biolo-
gists and industry researchers.
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Device physics of gain-switched semiconductor lasers and solar cells

2. BmEXERETFHRE LOHFICE

17 BERTTEFIEILF v U 7 DL AEMERE & FEFEE

Many-body interactions and non-equilibrium properties of low-dimensional electron-hole systems in clean semiconductor quantum wires and wells

3. FEHRETFHERL VTN ADEE, SmE L. BEFHE. MDA

BifREHR

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

4. RFIIN -5 - U2

R I8 EDEYFIE & EYMLEROCETAIRE

pi=4

Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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I. Matsuda Group
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WHE & A 5z
MATSUDA, Iwao YAMAMOTO, Susumu
HEHIR Bh#

Associate Professor Research Associate

Dynamics in materials, mainly the surface/interface systems,
are studied with developing experimental techniques for time-
resolved vacuum ultraviolet (VUV) ~soft X-ray (SX) spectros-
copy with high brilliance synchrotron radiation (e.g. SPring-8),
X-ray free electron laser, and HHG laser.

Roles of carrier and molecule dynamics at the surface/
interface systems are significant in voltaic effects and catalytic
reactions, for examples, that are necessary for our social
technology. Moreover, the surface/interface system is intrinsi-
cally two-dimensional and it has been a valuable playground for
low-dimensional physics. In our laboratory, we carry out time-
resolved measurements of photoemission and X-ray absorption
spectroscopy to directly probe temporal evolutions of electronic,
chemical, and spin states of materials during such dynamical
phenomena. We reveal their detailed mechanisms at each time
scale, ranging from femtoseconds to milliseconds, and promote
understanding of the whole picture by combining the sequential

information.

Ni 7/ BROHEBHEINFE N —HROIETRILF —KFME, T
XIF—% Ni MFEBRHICEDE S EERBHEIOLEH—Hix
AHERIE N (exp). HIRBELEROGFETHRI LN TES
(sim). TERERIEEERBESREEZHKET S I OHIGHIILF
RBRIFSBEDAEY YA F 27 AR TOERIBRENS,

Resonant magneto-optical Kerr effect on a Ni nanofilm taken
at various photon energy. When photon energy is tuned at
the Ni M-shell absorption edge, giant magneto-optical Kerr

i:S lifi
bunches TR Ll angle was observed (exp.) and it was reproduced by simula-
Ti:S Oscillator y tion (sim.) based on the resonant X-ray scattering theory. It
i is expected that this resonant magneto-optical Kerr effect
(BLO7LASER) . - : . .
L X with element selectivity and large signal generation plays sig-
nificant roles in researches in spin dynamics.
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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 REAVWCKEIMBEROBE 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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IR FEE Fol N
KOBAYASHI, Yohei TANI, Shuntaro
IR B

Associate Professor Research Associate

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

We are developing an Yb-fiber laser-base optical frequency
comb, XUV frequency comb, and high-power fiber chirped
pulse amplifier system for these applications. The high-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.

REFEIALICLZRFON. BEBRIRILT—2RIEREBEREDRLE-
REHL - —EDEAEDRICLDME—R 1 AT OHDBS NicH N EREE
Bofce BIEXY ZAT—7T )L He DHtE— R DRI DH,

Optical frequency comb based ultra-high precision spectroscopy. The com-
bination of ultra-high repetition-rate laser and ultra-high resolution spec-
trograph makes it possible to resolve each comb tooth to detect the meta-
stable He atom.

1. BE/ULAL =Y =2 X7 LOMRFEHERO L — —DBIER I

BIEDRLL——Ic L 2HFEHNRATSXY

Xe plasma generated by multi-MHz laser system.

Development and precise control of ultrashort pulse laser system

2. BRDRL —=BEYE

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

Precision spectroscopy
4. REFRHBIALDKRX - EEIGE

Astronomical and medical application of the optical frequency comb
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Itatani Group
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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. BREABSZAVCESERKOE & EFHH

«\ :
k& AER aH IEX

[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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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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HARADA, Yoshihisa  MIYAWAKI, Jun
IR B

RH #EX

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 noble 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 operand spectroscopy of a
variety of catalysts. Our topics includes study on elementary
excitations (crystal field excitation, spinon, magnon, charge
density wave, orbiton etc.) in strongly correlated materials like
Mott insulators and noble high temperature 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 metallopro-
teins, electrochemical 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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Ultrahigh energy resolution soft X-ray emission spectrometer
constructed for University of Tokyo outstation beamline
BLO7LSU in SPring-8.

Multiple vibrational excitation of H,O observed by the ultrahigh energy resolution
soft X-ray emission spectrometer. The energy separation reflects the profile of the
Morse function modulated by hydrogen bonding. Using soft X-ray emission we

confirmed the presence of a microheterogeneity in pure liquid water.

1. By MMegE, FIRSEEEEREORERMEICK T 2RME (BRBE. AE V. Y7/ Ve, ERRERE. fE

R L) DEEERE £ 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 noble high temperature superconductors

2. KAERAODEFREE S/ ORE—. ERAEOEEIERICET 5%
Electronic structure analysis of aqueous solutions to study microheterogeneity and interaction at solid-liquid interfaces

3. MR B ORARIGENT. BRICZERIN. KRERISET. £BY /N B ORI D) DZ DOBATFEDFRFK
Development of in situ soft X-ray spectroscopy for surface reaction of fuel cell catalysts, electrochemical reaction,

photocatalytic reaction and functionality of metalloproteins

4. MXBHRADHDOBEIRILF —DEEEL & KBDED DT DERIEFAHR

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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FE A TH EE
WADATI, Hiroki HIRATA, Yasuyuki
IR B

Associate Professor Research Associate

We investigate the electronic structures, ordered states, and
dynamics of strongly correlated materials, such as transition-
metal oxides, 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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1. HIBTXIREIHTIC £ 2REEEFROKFIREDTE

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

[l s rh O E IR AE 2 W 22 TR SNV FIEE I, B D
HoWLEBTYELEM T2 EToHEEL52%, MED
fECET IR, R WEICIEH L ORI TE T2 A
ERORZINX—DBKELTA A=Y T THIETTNVE
WG 2L T 28 ) 2R TFIETH S, ZOHiEZ~—
AZLELT, NUFBFOAC V% AC VO RIC k> OF
DV, E5iTiE, 2OVAN TR BT ERIR B~ &L
SNTEBFREPHOBRATHRIFINTE54F I 7 A% 72 L
MR =)V (DR ) $2528 T ZREETY
PNy FREEZ B L TR Z TS, YHREETIE, 20X
9 I B L 7O T BT 2 BEE LT FRAERIL D
i ) AR AR @ﬁk%f@ﬁ%f%b&énaﬁm%
FOE MR, oA HER AR ICRIF LT
BT LR Vit SOV E AR A - A
TrE G2 EOBEAM AR, EEBIZETHES
NHNY FHEGEZ BRI T2, I61ld, N 7A37
FAF ALy FRMRL —5 —alE FHWC, IR EE R
BN = 30V X — 43 fife i T FUR R PR B & 72 5 A B figd
HET BRI L, 72V SHEM VT T B 1%
MAE G (VX =Xy 7R A v 7)) v 7
1E) RT3,

—_

&

\

7N

pli::
KONDO, Takeshi
IR

Associate Professor

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

S

electrons.
(a) SRR ERBIEER Bi2Sr2CuOsd DiERmIEE, (b) XE
o) FT7F T4 —, (c) AEDBABEFH/LEROERXR, (d )
R e =4S Y ROBDZFy T¥ 3w b, () I\ REEDEER, (f)
8 JLEEAD THROBGEEEEY v v 7OBREBR. (9) ﬁfﬁﬁiﬁ
z BERE (To) KDEER (BR) SEER (FR) CAELLE7TILS
oo EREDDANRY Ko (h) (9) TRIARY MLD Te ETFTOD
N ERe BLEERONKRTESNTED, (f) TBAMICRT KD
B EMIET B,

(a) Crystal structure of Bi;SroCuQOg+q high-T. super-
conductor. (b) ARPES analyzer. (c) Diagram of ARPES
experiment. (d) Snapshot of dispersion image. (e) Whole

1. BRL—V—ZRENXRE I 2B REAEIFELEFONE
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N band structure. (f) Competition between superconduct-

X N ing gap and pseudogap. (g) Spectra around Fermi surface

3 below (red) and above (black) superconducting transition

g temperature (7T.=35K). (h) Difference between the curves

in (g). (h) Coherent spectral weight is painted with a red

50 5'0"=°° color, which is corresponding to the red region represented
Energy [meV] in (f).

BODRF

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

2. AERER - ALV - KEDBABF N TRZBELEEY MRAYAILETFH

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

3. BERZFRALLABFONTHRT 2 EEEETRYE

Strongly correlated physics studied by photoemission with synchrotron radiation
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http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/okazaki_group.html
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Okazaki Group

S T 3 EH T OE O E L T )L
X — D HBAR (N FHEE ) Z E BN TE 51 7592
BTFETHLD, 72 ML —F 2R 7, 205

aﬁr%%ﬁ%ﬂz%7"m—7‘%kbfﬁﬁun%:&ﬁ E R NS
RT3t HOBEERELBHTE L)1k
%, AKifse ;T:;Ti L —F S O WS & 3L Tl A
FOVATGR IR L —H — % F O 7 R 3 R 153 2k
EOB% - WRZMED, Kv 7 - 70— WD EEE

ﬁi‘ﬁ koT, KR EED S DE T DEALEBFEDOE B
iU 7Y S L TR AN S ke RN oY R (AP =k 1 [
v, BRIk EED © OE T OB OfRIH, YL
MO EZHIEL 02, 72, ZR2LX—2fiE
A 70peV, ARHIERE 1K SRR S L a5
L —¥ — A OCET e RE 2 oT, IR
HBAROE S, BEES vy 7SR EEBNToL
TR OMEFRHZHIELT1 5

Ti:Sapphire laser system Wave Length Conversion

Flip mijrror
1 kHz, 80 fs, 2 mJ, 394 nm
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OKAZAKI, Kozo
FHEERIR

Project Associate Professor

Angle-resolved photoemission spectroscopy is a very
powerful experimental technique that can directly observe
a dispersion relation between momentum and energy of the
electrons in solid-state materials, whereas by utilizing a femto-
second laser as pumping light and its high harmonic generation
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 utilize high harmonic generations of an ultra-
short-pulse laser in collaboration with a laser-developing group.
We are aiming for understanding the mechanisms of electron
relaxations from photo-excited states and mechanisms of photo-
induced phase transitions by direct observations of transient
electronic states with a pump-probe type time-resolved photo-
emission spectroscopy. Also, we are aiming for understanding
the mechanisms of unconventional superconductivity by direct
observations of the electronic structures and superconducting-
gap structures of unconventional superconductors with a laser-
based angle-resolved photoemission apparatus with a world-
record performance that achieves a maximum energy resolution

of 70 pueV and lowest cooling temperature of 1 K.

D

OPA
(TOPAS Prime)

Flib mirror

Gas Canister

Multi-layer Mirror Chamber
Movable Mirror

Gas Cell Chamber
Al Filter

MCP and Grating Chamber

1. BREHEL —Y—Z2 AWK BLEF O EREDRR

—
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Delay Stage
A2
Thin film polarizer

VG Scienta R4000

BRERRL ——ZBWREIBELE TN
B DBIRE

Schematic diagram of a time-resolved photo-
emission apparatus utilizing high harmonic
generations of a ultrashort-pulse laser.

Development of a time-resolved photoemission apparatus utilizing high harmonic generation from a ultrashort-pulse laser

2. KRFRAREN S OYER OEF OEMEE. JFERER OEERH
Mechanisms of electron relaxation from photo-excited states and photo-induced phase transitions

3. RERBED

L —U—AEIMRAEFNNIC & B IFMEREBREAOEEBEER

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

resolved photoemission spectroscopy
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Sekikawa Group

FRIHEE AN D> SHR X B SOVAGIRE LTL —F — Dk
FaREE G, DB G2 ToT05, FrC, LEFS
TEIC KD PGB Z IR R L . el s OS2 ]
ST BT EICEHRZE LTS,

BREFPCHELT, 2OLAIED 10 7 A NOBREE TG
FI X =330 eV DERZIMEICBIFE L7z, ZDRH®IL,
1) SBRICH—-XBULINEREOGETH D, 2) AT
VI 200 meV BETH 70, BRIREZHRIEHTIDIC
WLTW5, 3) Tl —E0D), IERECRES
BEEHE (HOMO) DAZZSTIROEE DT T iE % F
WRcBTE 3, DTHMETEICETOMNEL20, 1L
EFORDE DM 2R E T AL AREE B, DA E=
RONIEOREEIE» L, JEB T ERIc kb Bz
EB ) A DOYINIRI AR Z R BURICH L, (L2ERIGSA
FIIAEWLEL TS,

FifRa & —L > FEREE R v & —

Laser and Synchrotron Research Center
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Abukawa Group

BETIWFZE 2T, A it 2 1 D R ME 7 I 1 Tl 91 o fi
BHE ., FLRHEE O i & il 2 B8 L7 I8 - o Ze %
FEL T %, RERMOMIEZ TR 5701 MEFE T
FETRITESH VO NTE 7, ATFHERIREBEE VD
Fefz Rio0s, N HEL LR S Z R, 22 TAMIZEE
T2 fENT TR ORE RT3 T2 2 2 =— 7 728
BT DT ZIT> T 5, RHETFORY FREPTIZ
fEHLICIRTE C & 2 IR BYAH PY B2 HLEL(CTDS) EE 2 BHFE L
SR YIRS P VARN SN IS RO (- B S e
VROV Y G T[T (W-RHEED) 2 BiF LT & 72,
B TIROLOMBERBR (7B Eai) 222 AM) —
2 A XS Y ERB T AT (Streak-camera RHEED) %
ERUBF L7, ZEMER SRS e ERE T b
AF—3 a3y Th2 SPring-8BLO7LSU % H|JH L 72 [ 45
fECE T CER A FENEL . G & BRI [H 2>
SHFHRBLROMHZE HIE T,

NS .
Bl KEB

SEKIKAWA, Taro
BEHEHIR

Visiting Associate Professor

Our research is in the area of time-resolved spectroscopy. In
particular, we focus on time-resolved photoelectron spectros-
copy using high harmonic pulses to investigate photochemical
reactions in time domain.

The 30-eV, 10-fs high harmonic light source we developed
has the following three advantages: 1) Single harmonic order is
selected, 2) Bandwidth of the selected harmonic order is about
200 meV, appropriate to detect transient states during chemical
reactions, and 3) Photon energy of the selected harmonic is high
enough to probe multiple low-lying molecular orbitals (MOs),
characterizing the molecular structures and chemical bonding.
Since each MO has a specific orbital energy and electron distribu-
tion, it is possible to identify where and when the chemical bonds
are broken and formed by photoelectron spectroscopy using
high harmonic pulses. We are investigating the photochemical
reactions of organic functional molecules found in biological
systems.

P
¥
w

)l ER

ABUKAWA, Tadashi

BEEHR

Visiting Associate Professor

Abukawa laboratory explores surface/interface structures to

reveal their complicated atomic structures and to study their
artificial regulations that lead to technological applications.
Electron diffraction methods have been significant experi-
mental tools for such structure determinations due to the high
surface sensitivity, however the experimentalists often suffer
from the difficult analyses. Therefore, we have developed the
new simple and unique electron diffraction techniques. One
can know bond-lengths and bond-directions of surface atoms
by our correlated thermal-diffuse scattering (CTDS) method,
while one can easily determine atomic configuration and crystal
orientation by our Weissenberg RHEED (W-RHEED) method.
Recently, we have also developed the streak-camera RHEED
method to trace optically induced ultrafast phenomena at
nanoseconds- and picoseconds-time-scale. At the soft X-ray
undulator beamline BLO7LSU in SPring-8, we will make time-
resolved photoemission experiments on photo-induced surface
events. We challenge to reveal the mechanisms by analyzing
both the surface atomic structure and the surface electronic

states during the dynamical phenomena.
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LI J S P PR B SE M / 48 1 o
Synchrotron Radiation Laboratory / Harima Branch
http://www.issp.u-tokyo.ac.jp/labs/sor/index.html

BT (MR R) 3 i Professor (Director) : SHIN, Shik

£ % /\Fx XK Professor : KOMORI, Fumio

H % g YH % Associate Professor : MATSUDA, Iwao

# % 8 [FEE F,AXA  Associate Professor : HARADA, Yoshihisa
# ® 8 FE KK Associate Professor : WADATI, Hiroki

Bh % BEE  IEF3E  Research Associate : FUJISAWA, Masami
Bh 2 lJ_]Z]K i% Research Associate : YAMAMOTO, Susumu
Bh 2 38 Jt—EB Research Associate : YAJ, Koichiro

Bh 2 E_'ﬂﬁ_, ;__7‘?: Research Associate : MIYAWAKI, Jun

By #% H U#53E Research Associate : HIRATA, Yasuyuki

N i‘%?ﬁﬁfﬁﬁk%«ﬁ‘é%ﬂﬂ% L 7S g 8 L
WEBEAM O - %% L HTfT>Tw5%, SPring-8 I
AR SN AR S E T, Iﬂﬁ&%ﬂ‘i‘éﬁﬁ I RS R D
MXHRT P2l —FE-b74 v (REREBEH AT PR
F—a v PEREE— 054 BLO7TLSU) %1, &
TR FERR X FRCR G2 RS 2 i et O P RH A5 & HE
LT3, RESEAY Y 7138I4E BLO7LSU 128\ TR}
SRR X BRI G EIB AT — > 2 v L E D RAE R G5 e A
T—yaviEiib B OISR X SR R o B RS &
e - iRl E HIREIFZEZ T oTw5, —7, KEK-
PF IZREL TV 2T ETIE3IRDE—LF 1 (BL-
18A, BL-19A, BL-19B) Z#ft#F « 48 L 2 E O KF0mi%
BERE D JL R R FRFZE I LT & 72238, 2014 4 3 HI TR
RS I UGB 24 T Le, REICE ST btk
o Bz, SHMDEX v R A TR D B 2%
A - WX R — Y IR O ERRALTE» I NS,

s

SPring-8 BLO7LSU ® 8 &® Figure-8 7> ¥ 2 L —% —, RBAKIR L D Eii
RANEREAFNRERTEHRTERFOLRZE T IRRAT—YavIicEEE
WX EHtEE N3,

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

EMEME B5
KITEFBE A 2 Technical Associate
wiiErPIEE FIR H DA Technical Associate :
EMEPBE T 18X

EE? Technical Associate : FUKUSHIMA, Akiko
: SHIBUYA, Takashi
HARASAWA, Ayumi

Technical Associate : KUDO, Hirofumi

BAEFEE A FIE  Project Researcher : NIWA, Hideharu
HEHERE =5 Project Researcher : CUI, Yitao
BAEFERE HXE F#Ht Project Researcher : TAKUBO, Kou

B B

The synchrotron radiation laboratory is promoting advanced
solid state spectroscopy using synchrotron radiation in soft
X-ray and vacuum ultraviolet region. We operate 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 and high-resolution soft X-ray
emission spectroscopy are utilized to study electronic states and
dynamics in new materials. The beamlines, BL-18A, BL-19A,
and BL-19B, maintained by the Tsukuba branch at the Photon
Factory (KEK-PF) were closed in March, 2014. The advanced
experimental techniques, developed and accumulated at the
branch, are utilized in experimental stations using vacuum

ultraviolet and soft X-ray lasers at Kashiwa campus.

BHEZ E > VLEED Tﬁﬂ:}%ﬁ’a‘:ﬁ PR =T
BL-19A OB EERA L ZMAL TEIHEI LY
&,

A 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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DI, WO DIEIR AR ITENT RS, (&
it I BN AN TR 22 AR ) 77 IS0 ViR A 2 35 7 B
& - G AR S, BRI T E 21T
TS, X MREEE O R O B B2 47 9 1R
SR BLE, AL E L BRI R, B
BRSO LE - H 24T KEE, 5 L
BT E 72 2 FERH OB S ESH R % B
DREZ 7= AbY 20 —2 PIVEFSERTICIERE 5
HVENFZE 5 B 2 M4 2 365 % W 2 [ BR AR
ME, F—bR=—UPUE - 7774 T4 LR~
MBI 2B 2T ) A MIMIRERER B ETH
%, INSOMEREDME L, ZNETNNILT S
ZRAZOZARNEMLHLZD, HYORRICK

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 for
supplying common expendables, International Liaison
Office for supporting foreign researchers, and Publi-
cation Section for advertisement and publication. In
each facility, several staff members are working under

supervision of the corresponding committee.

DFEEEDEBfTbNS,
[
EREER TR {RER givEMPBE 1E X
Chairperson SAKAKIBARA, Toshiro Technical Associate ~ TSUCHIYA, Hikaru
Cryogenics service , e
gmErms Bl BT
Technical Associate ~ SAGIYAMA, Reiko
IFEER B A EMEME M EE
Chairperson KINDO, Koichi Technical Associate ~ OKABE, Kiyonobu
Machine shop . —
WrxEres SH OB
Technical Staff IMAI, Tadao
HRIEHES NE #Z
Technical Staff MURANUKI, Seiji
wExEmes HEY HN
Technical Staff TANAKA, Yusuke
BHRREREER F IR BEMEME FE B
Chairperson MORI, Hatsumi Technical Associate ~ NOZAWA, Kiyokazu
Radiation lab.
REZER BR B— *® £ BN T (HEREERHRRERETE)
Chairperson TSUNETSUGU, Hirokazu Administrative Staff ~NAKAMURA, Kyoko
Library N -
x £ RE #BF (tRRERHEERETE)
Administrative Staff HARADA, Yuko
EBHESR e EF
Administrative Staff ~OGURA, Yoshiko
BREEER Rhvol—L) EH B f £ ¥ BEZ
Chairperson SUGINO, Osamu Administrative Staff ~ KANO, Shinji
Stock room — N
EBEWES as AN
Administrative Staff ~ AKIBA, Kazuyo
ERXREER T8 JE— sxmKrse BH WUTF
Chairperson KINDO, Koichi Administrative Staff ~KAMEDA, Akiko
International liaison office =
EBHESR BK =T
Administrative Staff ~ ARIMOTO, Sachiko
RREIRESR IR ET Emmurs AR HADR

Chairperson
Public relations

KOBAYASHI, Yohei
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Supporting Facilities
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Cryogenics Service Laboratory

ERZEER IR {REB Chairperson: SAKAKIBARA, Toshiro
giiErmeE 12
EMErI®E E|l EF Technical Associate: SAGIYAMA, Reiko

¢ Technical Associate: TSUCHIYA, Hikaru

IR R FW AN T L LR EF 2L, bbb
TR B 29— E 20 F v 2 SRR D FE A A
RV ROEHHIT>T0 5, RIENY 7 LIIYERTE IS 2
T, REE PRIt SN G, BHLEANYTLT R
FNL , REELUCHRIICRIAT 5, 2013 SFEEOMREA~Y
v ADEFE R RIZZ N Z N 289,800 L, 205,634 L
ThHb, WMEERIIIFBLIOEAL, #iFL w5, 2013
EEDOWA SRR DM EIZ 784,594 L L7 >T W13,

The aim of this laboratory is to supply liquid helium and
liquid nitrogen, and to give general services concerning
cryogenic techniques. The laboratory also takes care of high-
pressure gas cylinders used in Kashiwa Campus. Liquid helium
is produced by the laboratory’s own liquefier and supplied to the
researchers and students. The evaporated helium gas is recov-
ered and purified in this laboratory for recycling liquefactions.
In the 2013 fiscal year, 289,800 L of liquid helium was produced
as a total and 205,634 L was supplied to the users. Liquid helium
is transferred from the 10,000 L storage vessel to various small
storages with the centrifugal immersion pump system. Liquid
nitrogen is purchased from outside manufacturers. The supplied
liquid nitrogen was 784,594 L in the same year.

TAEE

Machine Shop

IkZEE8E €8 E—
rWwEME @ BIE
WRXEEEE S
WExEEEs NE T
wrexEeEs MR HN

Chairperson: KINDO, Koichi

Technical Associate: OKABE, Kiyonobu
Technical Staff: IMAI, Tadao

Technical Staff: MURANUKI, Seiji
Technical Staff: TANAKA, Yusuke

TR, 178 B2 2 TEYOINTL, WMo
Frtad 226 LM OBIE RO Z O R, 2 UCHREERG
DHBEM B Z2ITo T3, i, HIREHS PRI
LM LAE 21T ) 720 DIFAEE TAEEDREI N T2,

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.

FELMHE
B ITER  S5@bE<vy v ey y—. NCHEE.
1BIE7 51 28, WEBMIE
AZATHEE : A7 A, vy 7IBEKIF. BERINIE.
TAVEYRNYRY —

MRELEE : Drere, BRI ERE, 750 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,

TERE Main Facilities Ultrasonic Machining Tool
ANUDLFILEE (V7)) Helium liquefier system | (Linde) 200 L/hr Researcher’s Machine Shop: Universal Lathes, Precision Lathes,
AUILHEICEEIN (V>F)  Helium liquefier system Il (Linde) 233 L/hr Milling Machines
BRIENU T LETE Liquid helium storage vessel 10,000 L
RABRETE Liquid nitrogen storage tanks 20,000 L
EMNEAAUTLARERME  Helium gas recovery compressor 190 m3/hr
BEBEANUILAH AR Liquid helium transport containers
500 L, 250 L, 100 L etc.
BOAAUTLRERY T Centrifugal liquid helium pump system 20 L/min

' Sl 41
- e
S

ANUDLTRILHES, BB &OEDERA LR T
Helium liquefier, storage and transfer system

NC Hefiic & B1F3
Numerically controlled lathe
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Radiation Safety Laboratory

BEHREEEER K
B E M B BE
(EHREUR EEE)

FJE Chairperson : MORI, Hatsumi

SEF0 Technical Associate: NOZAWA, Kiyokazu
(Radiation Protection Supervisor)

TR BR =1, PIPEWTIE T IS B 2O EYE (U4
BRI E 2 &) CRUNRTEELEE (XfEEZ &)
DI T AT, BRI E OIS 2 P51 L ., &
REMRTZIEZHNELTREIN TS, ZD7d,
TR B 0 2 42 T A 70 IOARRRE BRSEGS & LT, O
PEYYE R R A R E O BB . 225 S OV ko
IEHRTREE, BEETICR T 2 MU B 0
PRI, AR BRI O M I E . X R AL 55 o) 32 IR
T D FE M S O TR IR A D #13 <H Re l fedt BR 2
DLk, BN EOBFIMEZT>Tw5, F7k,
Wik, U, Th % X O IEE B E % 22Na # &
FRIEZ I 7-WF 9870 £ 93 C & 2 B B0 B R BON R (XA
&) WIS ZMHMA TV 5,

The aims of this laboratory are to protect researchers from
irradiation due to radioactive source, X-rays, y-rays and the like
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

tFERE GFEHMRRYE BRIk Z 2 WIERRAKE—DERRE).
RYMAYERE NaBHRREAVWLERRY MOYE—LICLS
RERAMTZ D), BEHREE. Ge FEIFRER. offRHE. RiFY Y
Fl—yavhovy— EBY—-RAA—9—% BRREE (\VR
7Y MV OREZY —IC &K B5ROMER

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.

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

2x 828R BX Z=— Chairperson : TSUNETSUGU, Hirokazu

% £ R F£F Administrative Staff: NAKAMURA, Kyoko
* £ JBEH #F Administrative Staff: HARADA, Yuko

EBH@BEE /INE {EF Administrative Staff: OGURA, Yoshiko

YIVERT LT I IR AT OO HIVIZIR e, ATNIEZE
FHOMFEP KL AEDOHE & &I E O ILFA A FHE O
7ewlz, PR A DI E R 2 I U TR AL Te 5,

P& RHEIA ¥ — 2y TR TE, B KEATA
HENTORIEFIr—F LT —IR—2ARBFHTES,
F 7 AR P RHZ DT I AR A AR IS X 2 5CHkiE
5, BYEEOI—EZAZ2{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.

=S
EE : 783m?
BEH 164,733 (FRL 25 EEXRRTE)

(¥%F 58,131 fit. #1&E 6,602 fit. WAMTZTEZST)
MESIESRS 1 72018 (FHE5 635 &, MMES 94 18)
FZERME  FH 9:30-17:00 (KFEsFIA 6:00-9:30, 17:00-24:00)
B 24 (W8EIELAN 7y —T)L, BRIVEY hRE)
R—L~R—3 : http://www.issp.u-tokyo.ac.jp/labs/tosyo/

Outline

Area : 783mi

Library holdings : 64,733 volumes (as of March, 2014)

(Foreign books 58,131, Japanese books : 6,602. 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/

Library
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Stock Room

B 28 i =
International Liaison Office

EBEER B
% £ JJEF ET Administrative Staff: KANO, Shinji

=B@EEE W FIX Administrative Staff: AKIBA, Kazuyo

{& Chairperson: SUGINO, Osamu

Aby 7V —hiE, TR, B e & RBRICIhE L
TRHEEIN DM, ZOME R EDIGEYMZ Z
HATS, MEZDOEHZML7-OHBAGHL S 274
ZHGT 24 A =7 LTR Y, 22z udh >
LAHICAT 52 ETES, B IZECD, —
BCATBES TR, —HBEAICKYazxr sy
TELVSIEHDONRTH S,

The stock room supplies stationery and parts that are

commonly used in reseach and experiments at low cost. By the
automated system control, it is open 24 hours.

l Illu"l.'_llllll'm.l

ARy IL—L4
Stock Room

ERSHEESR &8 J&— Chairperson: KINDO, Koichi
EBE#ES B FUF Administrative Staff: KAMEDA, Akiko
EXEHEEE A ZETF Administrative Staff: ARIMOTO, Sachiko

PIVERRFERTIC 3B 1T 2 B AGRIC o 0 2 3 B 2 179, 1
B BRSO e, HENEEHTEOSEE, fl, 6
DEM, VW EITERRY — 7> ay 7054, 1SSP
BEs v RO LDEEICB T 2B U DEREE R
fToTws, Zofth, HEDIME MR O A IE SR,
SEIF AWM ZLTVS,

- SHENEBTA - SAEAFIHE O

(B - 2NO - SER TR S, HEAEE)
W7 Y 27 OGS - FEREICEY Y 5 5
c L2 I— a v D4l - E

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.

ERRRE

International Liaison Office
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~ Kashiwa Campus Map S
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The Institute for Solid State Physics
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Main Building

I - % BRI FEERR

Cryogenic/Multiple Extreme Conditions Laboratory
g — bSOV A BRI B

Short Pulse Magnet Laboratory

Sl oy I

Advanced Spectroscopy Laboratory
kRG-S

Laser and Synchrotron Research Laboratory
¥ 7oL ARG IR

Long Pulse Magnet Laboratory

FHRAFH ©

Institute for Cosmic Ray Research

FroE Al BRI 2R
Graduate School of Frontier Sciences

G)
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Transdisciplinary Sciences
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Kashiwanoha Kouen Kita National Cancer Center Hospital East
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