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I:II:“ Preface

Institute for Solid State Physics (ISSP) was established in 1957

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

and has acted as a central organization in the field of materials
science in Japan. After 40 years of activity in Roppongi campus,
ISSP moved to Kashiwa campus and started afresh in 2000. Thanks
to new research buildings and renewal of research facilities, the

research environment in Kashiwa by far exceeds that in Roppongi.

Transportation, one of the major problems at the time of relocation,

has been greatly improved after the opening of Tsukuba Express FrE Director
railway in 2005.

The MEXT (Ministry of Education, Culture, Sports, Science and % ﬁgl\
Technology) took the initiative in renovating the joint-use research IYE  Yasuhiro

institute scheme in Japan. ISSP was duly granted the authorization

and started afresh as a joint-use/joint-research institute in the new scheme from FY2010. Since it is precisely what
ISSP pursued since its establishment, it does not imply any change in our mode of operation except that the Joint-Use
Facility Committee is explicitly authorized as the decision-making committee on the issues of joint-use/joint-research
activities. In FY2013, ISSP will go through a mid-term evaluation.

In recent years, the relative weight of researches using large facilities has increased immensely even in the field of
materials science which is traditionally thought to belong to the small (budget) science category. ISSP is in charge of
operating some of those large facilities which are difficult to maintain by ordinary university faculties.

The Neutron Science Laboratory operates the High-Resolution Chopper Spectrometer (HRC) at the BL12 of
J-PARC/MLF and several spectrometers at JRR-3. Although recovery from the earthquake damage is nearly completed,
some of the activities are stymied by the tightening of nuclear reactor regulation. In the International Megagauss
Science Laboratory, the magnet design study for the 100T non-destructive long-pulse project, and upgrading of the
capacitance banks for the destructive 1000T project by the electromagnetic flux compression method, are vigor-
ously pursued. ISSP participates in the HPCI (High Performance Computing Infrastructure) consortium, and act as
the core institute to lead the research in the Strategic Field 2, “New Materials and Energy Creation”. The Center of
Computational Materials Science established in April 2011 is acting as the headquarters of the Computational
Materials Science Initiative (CMSI).

Development of laser technology since 1980s has extended the energy range attainable by laser to VUV or even
soft X-ray region. On the other hand, researches using soft X-ray synchrotron radiation are underway at the SPring-8
BLO7LSU, a long-base undulator beamline. As symbolized by XFEL, there is increasing overlap between laser and
synchrotron light in terms of wavelength range, brilliance and coherence. With such development in sight, Laser and
Synchrotron Research Center (LASOR) is established in October 2012, merging the former Division of Advanced
Spectroscopy and Synchrotron Radiation Laboratory. This new center aims at promoting comprehensive studies of

photon science and optical properties of various materials, making synergetic use of laser and synchrotron light.

October 2012
Yasuhiro Iye, Director
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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 catch up on the research in Japan with the inter-
national 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. In 2003, it was reorganized to Neutron
Science Laboratory. Synchrotron Radiation Labora-
tory 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. After the
shutdown closing of the SOR-RING in 1997, Harima
branch of Synchrotron Radiation Laboratory was estab-
lished at SPring-8 in 2009. 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.

In 1996, another major reorganization of ISSP into
the "third generation" took place, in order to pursue new

5

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 technolo-
gies for high magnetic field, low temperature and high
pressure had reached certain maturity during the "second
generation". Another example is the study of artificially
designed materials such as thin films, materials fabri-
cated 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, Nanoscale Science
(its name changed from Frontier Areas Research in
2004), Physics in Extreme Conditions, and Advanced
Spectroscopy) and three research facilities (Synchrotron
Radiation, Neutron Science, 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.
Meanwhile 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 Labora-
tory in the university corporation. In 2006, the ISSP
established International MegaGauss Sciene Laboratory
and started serving as an international center of physics
in high magnetic fields. In 2011, Center of Computa-
tional Materials Science was established in the ISSP, for
promoting materials science with advanced supercom-
puters. Most recently, Advanced Spectroscopy Division
and Synchrotron Radiation Laboratory are 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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8 > 42 /Chronology < <K

SEFEMRRERT & L CTHER

Establishment of ISSP as a joint research laboratory

PTG - BEEWES 2 S0P, BULHED O IR ¢ SR EE 1 SRRk

Opening of Radio and Microwave Spectroscopy, Theory II, and Crystallography I divisions
A - LR, BELEE) & 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 - 3T - TR - T - ORI TR

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

FEAREE 2 - BEERES 1 - WAIE - SRR

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

YIEwHE AT BT

Inauguration of ISSP

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

Opening of Magnetism II, Solid Materials, High Pressure, and Theory III divisions. Total 20 divisions
FEEL AR 2 BRIV I I AR AS

Solid Materials division was renamed as Inorganic Materials division

Hh - A B P A s

Opening of Neutron Diffraction division

B AR (G EEM) Wt 228 ML % 5)

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

W B TS i A s i

Foundation of Synchrotron Radiation Laboratory

AT PR e 1

Ultra-Low-Temperature Laboratory building completed

fERKD 22 FRFIAHRIRY R (B, MIRL — — Rk, @SRy L oEaT) .
OB B TERT, b7 R, SRR & & IS BEEMT 0 5 KEFIR 0% B
R 1 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

6
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1989

1993

1995

1996

1997

1999

2000

2001

2003

2004

2005

2006

2007

2010
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2012

FUOEBASERIM (KRR 10 4F) 2SRk & 4, 6 K E % 5

Opening of Materials Development division

55 1 [ ISSP [HXs > Ry o TERGEIZEAROYEL & ye, Bifi (DIRERSUEE L Ichifi)

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

Foundation of Neutron Scattering Laboratory

BROMER R A3 F2HE S 41 %

Evaluation of scientific achievements of ISSP by an international external committee
FYERY:, YR, ok, MRBREMIME, Sednr i b RUEZEARE & WOE R TSR
AL TR RS BT 7 (LR TR 2 0 A 7 3 iR I P S 1 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 RIS BT 2 YIS R RUESE T

Construction of the new ISSP buildings in Kashiwa campus started

s BTSSR C AR 2352 S 4 5

Evaluation of activities of Neutron Scattering Laboratory by the external committee

1% v ¥ S A~ DA

Relocation to Kashiwa campus started

BHs5E 1

Relocation completed

HSHEINE BfTa

Opening of foreign visiting professorship

itk - RGELOFFE iR A3 e AT SRR 1 Sl

Reorganization to Neutron Science Laboratory from Neutron Scattering Laboratory

YrE G R T AR 23S S 4 B

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 ISR M & 2 A 7 — VIR SE R P A RS B

Division of Frontier Areas Research was renamed as Division of Nanoscale Science
SHBETTI2SFENE S 1 B

Evaluation of scientific achievements of ISSP by the external committee

]Sk SR B P BIE e % D BT

Foundation of International MegaGauss Science Laboratory

A7 50 ARl

Celebration of 50th anniversary

SEEAMA - HEPEMLA & L CERR

Start as a joint usage/research center

FHREBIENI 2 v — DFTER

Foundation of Center of Computational Materials Science

Fa i 73 YW LR P B VB SO VI PET ZE MR S A - PR S . MR 2 & — L v B OGERIAIEE
vy =T

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

7
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FIEx (BUE=)
Faculty

AEREHER
Selection Committee

EvEa
Administrative Office

HBEfER
Supporting Facilities

ERBIEE
Cryogenic Service Laboratory

THE=
Machine Shop

- HREEE
Radiation Safety Laboratory

ME=E
Library

ANy TIL—L
Stock Room

ERRE
International Liaison Office

B Administration
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Director
s
ISSP Advisory Committee
HEFAEREMEER
Advisory Committee for Joint Research
I I
MEmER ZEERrg = 2
Research Facilities Research Divisions Visiting Staff
NEABS
1 BRI i HFERSEHRE Rl e Sy
Materials Design and Characterization Laboratory Division of New Materials Science
[_E§§§%: _
Advisory Committee - W TR 2T R
HRiE R S g M R Division of Condensed Matter Theory
] Neutron Science Laboratory
[ Ezzas S+ 27— TR
Advisory Committee Division of Nanoscale Science
H _Eﬁ%ﬁ?ﬁﬁ%&ﬂ%ﬁﬁ%ﬁ@i&b
t 1 t -
nternational MegaGauss Science Laboratory i R P 2 45 -
| Ezzss Division of Physics in Extreme Conditions
Advisory Committee
| SEYEBEREMREYI—
Center of Computational Materials Science
| mzzss

Advisory Committee

BRIAE—L> MERARR 5T —
Laser and Synchrotron Research Center

BRI R I

Synchrotron Radiation Laboratory

| m=zss
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 Univer-
sity 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.

Currently ISSP consists of four Research Divisions,
five Research Facilities, Visiting Staff Division and
Foreign Visiting Staff Division. Among these, Synchro-
tron Radiation Laboratory has branches in the High
Energy Accelerator Research Organization (KEK),

L szzss
Advisory Committee

9

Tsukuba, Ibaraki and in the SPring-8, Sayo, Hyogo, and
the Neutron Science Laboratory maintains apparatus
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 activi-
ties are performed in the Kobe branch. Apart from the
Research Divisions and Facilities, supporting facilities,
which include Cryogenic Laboratory, Machine Shop,
Radiation Safety Laboratory, 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 BHE  Domestic Joint Research
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%,

L[l A1 7 B9 1 e

HEHHD DI R TEH X, WF v S ANDIE
W Z AT 2 LBk, (v 282, VA
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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.

FIRAEL
researchers 1400
1300
1200
1100
1000
900
800
700
600
500
400
300

1400 B?{}oiﬁ:%(

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

8 2007 2008 2009 2010 2011 0

SIS X ORISR RO — e Y EL AR T
A—R—aV Ea— ¥ B LRI E LA A & F)

Number of subjects and researchers adopted to domestic joint research

Guest House

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

R %2 Workshop

Pt 7E LBIRECRE T —< It T2~3HR&
FEotteaziE, BPAi#21T) o DHET
b5, EREOYENITEE OWEEICHED &, EEF]
REMBE I > TR ERILVE S LB,

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

SEHR

participants

0
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

FLIWigi2:  Workshops

10

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

Committee for Joint Research.

DL _E o HFEF HHE O FEMIcOWTE

Eﬁ ARALFAFARICBRCAEDELEE Y,

w@% %8B, 3y AmIC CFRL 15 FEJE~) FAT
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Bl R 32 i s ISSP IR BR >/~ R3/™7 A International Activities and ISSP International Symposium

YIERZE AT IR B R D £ v 7 — & LCH R B 5%
ZHoTW3, 1989 & 54 E o7 ISSP FE s v R
CILDT = BIOBMERDB LRI INT LS,
SHLM2EIC I ROBENFEIN TR S, Y
TRZEFT DR B 2 i3 Ai % 76 FH L 7 B AL R 2 b 6 56
IiTbn Ty, SRR AONE A ERIESH
ARSEARHR I 1 K 2 AV TR WA EE 7 & & R il BE 23 A
HEnTws, 512 1981 B0k, dl:riedlic B3
LHARG NI HEOEMEEOEH Z R LTwE,
DA D UHIED /NS WERY — 7> a2y 7 %2175
W3,

ISSP plays an important role as an international
center of condensed matter science. The table shows
the title and the number of participants of the ISSP
International Symposium, which started in 1989 and is
scheduled once in about every two years. 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.

@7 —~ OFEHAH OSMEH(NEN)
Title Date Participants(overseas)
£1E | BRBLEHROYEEE B P
1st The Physics and Chemistry of Organic Superconductors IEERgas ot 205 (34)
£8[E | EBERBEFRIARDRAR -10-2-
8th Correlated Electrons AU0I= 10z 200 (25)
F£9[E | EFEERAROFER T
9th Quantum Condensed System 2ourel I TELe 2oz
F£10[E | BARAICKITZF /1T VR AL
10th Nanoscience at Surfaces 200 10 Y 247 (34)
£ 11 [\ | KELKOYMERIZE .10-12-
11th Hydrogen and Water in Condensed Matter Physics 200210 216 107 (21)
ISSP [EE$> > H 724 ISSP International Symposium
o —< O OSMEH(NEAN)
Title Date Participants(overseas)
A7 - 2 ZA#RT—0>3v7 THEENEOBEROIH) 2010-9-8-10 70 G0
Japan-Swiss Joint Workshop "New Trends in Theory of Correlated Materials"
ISSP-CMSI EET—o>3v7 - YVRI UL MASP2012 A .
MAterial Simulation in Petaflops era (MASP2012) LU Z 2T 98 (21)
FE5EIE—LYh XUV 8L X RORELISHBICET2T7ITT—03v7
5th Asian Workshop on Generation and Application of Coherent XUV and X-ray
Radiation (5th AWCXR) 2012:6-27-29 116 (25)
ISSP EFET—oy 3y TOe—LY NRXERRIZ,
ISSP International Workshop on Coherent Soft X-ray Sciences
F/ AT —VEEBERDO 3D RFARX—I VT A
International Workshop on 3D Atomic Imaging at Nano-scale Active Sites in Materials Zolziet 68 (10)

FOLDEEY —2 av 7 Recent International Workshops
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L)Bfi /Education

VIR ClE, Frtad 22 FIH LTtk Rl i
B L 7o RAEBE B I 2T 5, VI AT O3
B3, MESTEISET T HERARAFE RIS
Bl g, {LEHi, HBRRER 2 EIR, T¥%
WFZERH B T2 & 2\ 13 87 FEIS AR 22 F 22 R
YERELR, EHHTEELIEL TV 20 oo
HER D2 i 2 T A LB IS 2D W E R A IS8
BEDEBRIBEHL TS, PHWIEAT T, BIE. KRE
PP LEE DI DDHAY VAR EML T\ 5, Fi,
BELWOLEZ N RIYERIEAME LT 2%HH
WF9EX 2+ —n ToERA DRI ZBFELT» 5,

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

at Komaba campus.

B&1:8% Master Course E1:8% Doctor Course
2009 £ | 20104 | 20114 | 20124 | 2009 & | 20104 | 20114 | 2012 4
YIEEHEK  Physics 33 27 32 36 25 32 26 26
{LEHEK  Chemistry 3 3 2 1 4 3 3 3
HERXERIFEK  Earth & Planet. Sci. 1 0 0 0 0 0 0
MIEBETHEK  Appl. Phys. 10 7 11 15 3 2 4 4
YIEREK  Advanced Materials 37 38 38 42 14 13 12 14
438 T B Complexity Sci. and Eng. 4 2 0 0 0 0 0 0
& &t 88 78 83 94 46 50 45 47

W 4 FEDOE LR A B

Number of graduate students

AN 2L /Publication

600

PIVERFZE AT Cid. £ 350 205 500 i mifh o 2
MiSCHRZ FF LT3, 2011 4EEE D24 STk 371 o
R, EAfTam X 338, xikdx 12, EaiadsH 10, A (£
7IARD ) 11 E72oT\W1 3,

About 350 to 500 scientific issues are published
through annual activity in ISSP. The 371 articles
published in 2011 consist of 338 papers in refereed

journals, 12 proceedings, 10 reviews, 11books.

1

500

400

300

200

100

2

2006 2007 2008 2009 2010 2011
EMFER RS (T s — T 7 - fRFE Ha L)

Number of Scientific Papers (including proceedings and reviews)
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/ Budget
13)52 23 4EEE (2011 fiscal year)
(D)
C1(A) A4E  XERZEALD
L 1(B) ¥4&  XERZAELD
L1(C) TH&: REZELD

[ 1(D) X% - HEWR KR - th&TEFELD
L 1(E) B2MRE  XHRNFE - ARZMRERLD

(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& ke REMFTHERR | BEHARE Total
¥R 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
Bk 20 £ (2008)| 1,517,658 2,559,789 8,592 322,093 493,000 4,901,132
T 19 £ (2007) | 1,470,205 2,415,721 14,178 239,450 478,600 4,618,154
R 18 FFE (2006) | 1,447,491 2,422,618 15,430 105,191 521,300 4,521,030
FHL 17 £ (2005) | 1,374,411 1,982,397 18,090 80,620 542,900 3,998,418
FHEDOHER  Budget in recent years (Hf7 : TH)  (Unit: Thousand Yen)

\

2iii%k 1% /Staff Members

TR 247 HB1HRE

B & TR Bh # RATHE v =5
Professors Associate Research Technical Administrative Total
Professors Associates Associates Staff
H B
Number of 22 19 40 31 12 124
staffs
13
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Division of New Materials Science

ALY REAR, 79— ovRh—FRrF
JFa—7, GREEELZEOHICRSNS XD
. THWE ) OFERIZINE TICREE L R {E
FHEEDOFH LWRRIZ T E 7, HasmiEBg
DFERITETFRDHT L FEMP T34 2D FE
IZODO%DI5, HERHEMIAEBI T, Filw
WHEEZGRL, FSE R Z VT2 oM 2
ETHIEICKD, FTLOWEBLC ORI LYk
BREFRRUMHT 22 E2HELL TV S,

LRI BIE 6 DD AELORY . iR E
FHE AR O LIRS EOREHER S K%Y
PERIE, B L PIHERE B OB TS 72 £ 24TV D
D, PMERIE 7V —7 ERARHER 7V — 7 L D
PP Bk 2 72885 B DA T %, R RIRET
AT R & 3R\ T I BIR 2 IR S 22 D3 S I FE 2 4
HELTWV 5, S CIRBE, EBSELAY.
HOEFRYHE, GEEEAR RS EOETHE
ZRTYEICEB TS AE Y, WE, EROKF 2
OZDRENO 76T L ERBROMHE F 5
BT—=D1OLLTEH, MEIRICE T SR
RUE, FEEREA - RBGIIE, RIS, 6
SRR 70 ST I TR B 7 S B B Al 2 B A L 7
DD S NT WS,

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 six 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-
metric measurements, nuclear magnetic resonance

and optical measurements.

[

B B -1 R B #

Professor Masashi TAKIGAWA Research Associate

B B R 2R Bl #

Professor Toshiro SAKAKIBARA  Research Associate

B B8 H IR B #

Professor Hatsumi MORI Research Associate

AR HE #Bxz Bl #

Associate Professor Hiroyuki TAJIMA Research Associate

AR ik A Bl %

Associate Professor Satoru NAKATSUJI Research Associate

LRI R s B %

Project Associate Professor Kenya OHGUSHI Research Associate

EHE (£8) =2E —& B %

Visiting Associate Professor  Kazuyuki TAKAHASHI ~ Research Associate
BB HE
Technical Associate
KITEFIHE

Technical Associate

14

=@ % BIEARE b N
Hiroyuki MITAMURA Project Researcher  Kouji ARAKI

=H BHIEARE By B2
Makoto YOSHIDA Project Researcher  Takayuki ISONO
MH = BIEARE I B
Taku OKADA Project Researcher  Naoki KASE

WK FEN BHEMRE AN X
Yousuke MATSUMOTO  Project Researcher  Kenta KIMURA
AR B RIS VE AR - IN:
Motoi KIMATA Project Researcher  Kentaro KUGA
e R BIEHRE TH BE
Shunichiro KITTAKA Project Researcher  Yasuyuki HIRATA
+tH B IR WA —%&
Akira UEDA Project Researcher  Ichihiro YAMAUCHI
M FEHF BIEHRS A7zl ATV
Chizuko MURAYAMA Project Researcher  Eoin O'FARRELL
®E SAE

Hirotada GOTO
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Division of New Materials Science

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

i )N k7 =2

Takigawa Group

MR AL (NMR) 2 E4FEBRTFRELT BEEAN
DEWCEFHMHAEICERT2HREM LTS, il
MBI RTid, HISE, W) (R ) i, Bk, W
B L oS R RPIRESFREFILTE D, W - £
N et EEZD LTINS DR OR THIERE
BRINEL, FHEEEEAOMRT—2 v FPESIUE
@%—ka%%ofxb\_meiﬂlw 61D B 15

BIGAMZER LTS, ZOLODNMRIZ, FEAEHNET
DAY v, Hfif, BEREDHBEI ARG > THN DR

BERPRELRSZTOWEEZ, S 7uickr Gk R
FB LD, Pokldtak Rtz o OLANMRMIE 2L E
ZEEMHL . KGR - RIS - SR EDSHIBREE Stk L LA
abhE T, BEBeRILEY. & ELEYLE KRz
WRELIHAEEZToTV S,

URECHEINLTATZ Y E
ILENMREBEA®ILA. &
BERA2#HI-_AX—Fictzy
cEnfcec s, mMmrrEilz
BWwkdy /o hgeILTH DR
A5, # 7mm3 OREMETEIC 10
BSREUEOEEZRET DL
NTED, RIEZILITVZEHAL
TEABEE UV THWS Z &ick
D, BKEEORWELRENE
5N, BEEY T XY NRTH
&mﬁﬂﬁﬁzmﬁﬁ CHEFRC

IE&bh,. BETCHRERARE
63\%¢NMR7\/\7 NLhESHh
%,

The opposed-anvil-type high pressure cell designed for NMR experiments
developed in our laboratory is installed on a double axis goniometer. In
spite of the compact size, the cell is capable of generating more than one
hundred thousand atm. Good hydrostaticity is obtained by using sealed
liquid argon as the pressure transmitting medium. Single crystal samples
in the cell can be directed along arbitrary directions in a superconducting
magnet, allowing us to obtain precise angle-resolved NMR spectra.

(a)

Intensity x f 2 (arb. units)

(Y
RN A2 =H MH =
Masashi TAKIGAWA Makoto YOSHIDA Taku OKADA
% B B3
Professor Research Associate 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.

T T T T T

T
Hilg, 11T Te 1
- 0.8
| E 06
=1 0.4 o
02 57AKEOEETICE TS
80 805 81 ° SiCRRILAY SrFesAsy D
28K BAs BFEDONMRZARYT

o BAREE iK% (28K)
TR—EROPLHEISIREME
ﬁ YU Tz 2 RO EIBIRHER
HE N3, €R(4.2K) Tl
N5 0 3 AROHBIRN RE
¥ sc BMEBKFICL>TENRZN2
AEDICAHEUIZART ML
(AF) &, RE&HME DN ERTLS
MEEETICHHLBNANR
7 NIL(SC) D HFT B, B
S[EMEDAEISEE B

18K

A 1A

-—

|

EEREICH D ENDD B,

60 70 80 90 100

75As-NMR spectrum in the iron-pnictide compound SrFe;As, under high pres-
sure on 57000 atm. In the paramagnetic and normal-conducting state (28K), one
central and two quadrupole-split resonance lines are observed. At the low tem-
perature (4.2K), the whole spectrum consists of two parts. In one of them (AF),
each of the three lines splits into two lines by antiferromagnetic order. In the
other part (SC), they do not split by antiferromagnetic internal field. The latter is
shown to belong to a superconducting state from the measurements of nuclear
relaxation rate.

1. BRI, 7ZAKL—hK - REVRDY A F XU XA EEFHERE
Dynamics and quantum phase transitions in low dimensional or frustrated spin systems

2. BREBEER
Exotic superconductors

3. BEEETFRICKE T BER - PuE - SWMFORFEESE

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

4. BHEBRCERICE T2 AV EERDY A FIIR

Spin and charge dynamics in magnetic organic conductors

15
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labs/sakakibara_group.html

b Dt Wk 7€

Sakakibara Group

WEORTHRABSIIA IR ERIHICD>Tws, 2
DR TEWETRLEEHIEOMEZTIZ I 7LEVEDD
DRI L B CHUIRE IR E 2R a5 5, C
D &9 72 il BE I LR O BERIINE FRZEA T2 2 L
DI HE 2 7= DR OMED % (. L OEBIR D HIRE
IND, YHFAETIEZO L) RARORFVEIREE 2 R Ofk %
BYHEROWRYEDOM A ET> TS, BRI T E
TEYPEVCET R, BRTAEYRELT77AL—L
AE VR EDWFENRT, WAL HBGE 2 292 5T
BELTHEL TS, ZOHMNDOIC, H4lE30 297
IVE Y ORI F CREAHINE 23 AT BE 72 = EE D g I 552,
W4 72 5 P DR S %0 75 £ BE 43 iR D G AL I o 2
BTG5 P L EHNE 2518 7 & R EH DR ERFE D IT > T 5,

BERZ 7 27 —HASKICAVWSF v (VY Y 2AFmEsH. RIER
30mK T 17 T XRTORALAENAIRETH B0
The force-sensing capacitor used for the low temperature Faraday

magnetometer. Magnetization measurements can be done at low
temperatures down to 30 mK and in magnetic fields up to 17 T.

1. EVWEF LAY O & B8

Magnetism and superconductivity in heavy electron systems

2. fEFLEYDOLBFEREICHRY 2KRFEESE

Multipole orderings and fluctuations in f electron systems

3. 73 A L— MNEHEAEOBALBETRR

Magnetization of geometrically frustrated magnets
4, EFRAEVROEEIRRE

Ground state properties of quantum spin systems

TR 2D Em R—H =HN A=
Toshiro SAKAKIBARA  Shunichiro KITTAKA Hiroyuki MITAMURA
% 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, and angle-resolved magneti-
zation and specific heat measuring systems in rotating magnetic
fields which are powerful tools for detecting various anisotropic

properties.
307mKo o 1T

0157} © 299, %
= - ﬁszk__
S 5y
o o 7
e 01562 K
=2 00,
K o1
o oty

10
[100] [110] [010]
Field direction
EVWETFBEEE CeColns DRERREICH T 2 HBOBIBHEKRFES L VD
KRN SEIND T v v T,
Field-angle dependence of the specific heat in the superconducting mixed

state of the heavy-fermion superconductor CeColns, and the gap symmetry
deduced from the experiment.
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RIETL R

Mori Group

S () ER, BB XOEEER R SO REME
THEWEDTE L2 ORfiE. PO 7EZT> T3,
MBI, 1) #5000 b 257 FH HL
THDHD, WEIIFEISKTHELIL, 2) ZONTE
KO B A A 3G - BT Ch 2L, 3) &
TR SO IDIGIREDREL, TR L
LCETF B FHEMEARRENIE, 4) ETH7—1
VHHEAEH (B HHBE) »AREL, Erosait (EEk)
ERTE (BEME) DSBEAT A EREDETOND, A,
DTETHA T2 I TR E X OCE T
BRI A= %S LT 2S¢ T, B, T
AEVITMA, FFOHBE ENS, o EWERST
FOE R BEBELEZTIZE LT\ 2, BRI, O FOJmith &
fHoEME LETHEDoBN 3 F 2y h—F— R
BRI E . BT CBEEHSBAT 28 L AR
7 (KZH) 2Rl 7%,

EEBMERE TR L e BHEBRER [k-ET2Cu(NCS)2] DEiESE
Organic superconductor [k-ET2Cu(NCS),] prepared by the
electrocrystallization method

1. 2FOBEHREZENUVIHREHK (B) SO & HEENRR

A R LA &
Hatsumi MORI Akira UEDA

% EUE

Professor Research Associate

The syntheses and structural and physical proper-
ties for molecular functional materials such as molecular
(super)conductors, magnets, and dielectrics have been studied.
The attractive points of molecular materials are 1) that there is a
variety of materials since around 50 million kinds of molecules
have been synthesized so far, 2) that molecules and intermo-
lecular interactions are designable and controllable, 3) that large
response of external pressure and electron-phonon coupling
are observed due to softness of molecules, and 4) that large
Coulomb interactions (electron correlation) reflect the magne-
tism as well as conductivity in molecular conductors.

Our group has investigated the curious molecular functional
materials based upon charge, lattice, spin, and molecular degree
of freedom by changing physical parameters with designed
molecules. Recently, we found new organic superconductors,
in which the superconducting state is competitive to the charge
ordered state owing to the electron correlation and the bending

and stretching of designed molecules. (See the figures)

10 [~
meso-DMBEDT-TTF
P - Y (a) 1bar
1 (b) 2.1 kbar
(©) ] (c) 3.1 kbar
10" (d) 4.0 kbar

MREBRKERERBTER
B-(meso-DMBEDT-TTF)2PFe
DBEIISADENKEF M. BE
T OKTFzvh—R—RE
BREKFERICHVEBE—ER
FEBER I MEEHIC
4.3K BRENET U, 4.0 kbar T,
= 43 K THRICEHEBZERI T,
Electrical resistivities under
pressures for new organic
superconductor, f-(meso-
0 100 200 300 DMBEDT-TTF),;PFs. The
Temperature (K) metal-insulator transition
occurs at 90 K at ambient pressure with accompanying checkerboard-type
charge ordering. By applying pressure, the transition was suppressed, and
the superconductivity was found at 4.3 K under 4.0 kbar.
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Development and studies of structural and physical properties for novel organic (super)conductors based upon

molecular degree of freedom

2. AR TCOBNATON VIEEZFA U LBEREER. FEAORF &M
Development and studies of structural and physical properties for organic dielectrics in use of proton dynamics

3. Bt CEMNHE T 2 BEE DR & AN

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

conductivity are competitive

4. DTEMEONEG O, #5. B%. BE. BH) BEOHE

Studies of responses to external stimuli (light, magnetic and electric fields, temperature, pressure) for molecular materials
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Tajima Group

FTEAE (FHICEEEE R X026 REEHRS) 2
NRELLBTYEOMEZITo>TV 3,

A B I o WF %2 <13, 12 MIM (Metal-Insulator-
Metal) #2&ICHKEZRf>TW5, ZOEAIE, Kb HH
BF)TNARATHDLEEDIC, BRIOL, HEENEIE
LOLTZEMBRPASNT WD, FRBEAICHVS
|, EREEOMBEZNZ5ZLickD), MERDY
I—>avu[fgTH B, J CELIV (Carrier Extraction
experiments using a Linearly Increasing Voltage) %%
Moz —EAXEE T s ¥ —oikE, fizxofsy
ZRWIOGRENFE T OEREZToTw 2,

BB HEROMATIE, BN E2HOAERFS v
PRAYDOERE, {BEMEF 7y v 7= OB RARKSIK
HOREZHE 2 FEHF2IT>T1 5,

150 T T u T T T i
A=0.02 VIS, o ]
< [60K ,w“ ”“'*'—'«.Obs'
% 100 ¢ =1 ms T
=
\5 50
\

F(10'V/m)
B sweep B (BEBH—T) BLOYITH S sweep B (R, F. & AfgH—
7) @ ¥ CELIV T FH)b, B (ER) SLUEHE (TE), #EHE, /LI
TOESNEHAGEM ITO/PEDOT:PSS/P3HT:PCBM/AL,

The photo-CELIV signals for the normal (a curve formed by small black
dots) and zigzag (curves formed by red, blue, green dots) sweeps at 60 K.
Upper and lower panels illustrate the observation and calculation, respec-
tively. The sample is bulk-hetero junction solar cell ITO/PEDOT:PSS/P3HT:
PCBM/AL

1. BENEENTI/INA ADERE L CYIERE

N

Motoi KIMATA
HEBIR Bh#

Hiroyuki TAJIMA

Associate Professor Research Associate

Our main subject is electrical properties on molecular assem-
blies especially on organic thin films and conducting molecular
crystals.

Organic thin films: We are especially interested in MIM
(Metal-Insulator-Metal) junction. In spite of its simple structure,
MIM junction exhibits various interesting phenomena, such as
electroluminescence, photovoltaic effect. By changing insulating
material and metal electrodes, tremendous variations are
possible in this device. Now, we are intensively studying disso-
ciation process of electron-hole pairs in photovoltaic cells using
photo-CELIV(Carrier Extraction experiments using a Linearly
Increasing Voltage) technique. Fabrication of photovoltaic cells
using new materials is also important subject.

Conducting molecular crystals: Fabrication of field-effect
transistor using conducting molecular crystal and magnetic
and transport studies of iron phthalocyanine salts which exhibit

giant negative magnetoresistance are the subjects.

S —
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D=0.5x10"states. m>. eV
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CELIV ¥ 7 FILh 5kedic, BEETRILF —% & 95, BFIEAX (geminate
) BEREH, K calc £H2DIE, RERTROSNICEERH (obs) & Gauss B
HTT71vbhUIcHD,

The density function of electron-hole pairs (geminate pairs) plotted against
dissociation energy. The curve denoted by "obs" was determined through
the analysis of the photo-CELIV data. A fit of the Gaussian function to the
observed density function is denoted by "calc".

The fabrication and characterization of organic photovoltaic devices

2. BERBENRN SV IR Y DERE L TYIERE

The fabrication and characterization of organic field effect transistor

3. BEMTHIOY T = VIEEOYMERIE

The characterization of conducting charge-transfer crystals of phthalocyanine
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Nakatsuji Group
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Satoru NAKATSUJI Yousuke MATSUMOTO

IR Bh#

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 transi-
tion metal compounds and heavy fermion intermetallics. Our
interest lies in quantum phenomena such as exotic supercon-
ductivity and spin liquid states close to a quantum phase transi-
tion, Berry phase effects in magnetic metals, and quantum spin

phenomena in magnetic semiconductors.
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Two-dimensional magnetic semiconductor NiGa,S4 developed in our group.

(Top left) Strongly two-dimensional crystal structure. (Top right) Hexagonal
shaped single crystal. (Bottom) Temperature dependence of the magnetic
specific heat. In addition to the conventional peak at the Weiss temperature of
80 K, the unusual peak at 10 K indicates the formation of the novel spin state
at low temperatures.

Exotic superconductivity and spin liquid states near quantum phase transitions

2. BHEBICET BN —GHOHR
Berry phase effects in magnetic metals

3. 2 RTHMEFEHTDOEF AL VIRE

Quantum spin states in two-dimensional magnetic semiconductors
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BREAMEBBERELEMOERESR. ANMOMERR CalrOs. KRSRBELHE
Ba1-«KxFezAsz. RESIHREDIEN 2B PboRu207. #EHEIERE Mn2SiSa.
Single crystals of correlated transition-metal compounds. Strongly
spin-orbit coupled Mott insulator CalrO3, Fe-based high-temperature
superconductor Baj_xK Fe;Asy, non-centrosymmetric metal PbyRu,O7, and
anomalous antiferromagnet Mn;SiSs.
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Kenya OHGUSHI
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Project Associate Professor

Our group’s research is focused on the exploratory synthesis
and characterization of strongly correlated transition-metal
compounds, which exhibit novel quantum phenomena such as
superconductivity, magnetic order, and a metal-insulator transition.

We synthesize high-quality transition-metal compounds
using a variety of techniques such as the flux, chemical vapor
transport, and high-pressure methods. The electrical, magnetic,
thermal, and optical properties of these compounds are then
characterized on a microscopic scale. To investigate their crystal
and magnetic structure, x-ray and neutron diffraction measure-
ments are also carried out at external facilities such as SPring 8.
Our recent achievements includes (1) identification of the novel
magnetic order and a metal-insulator transition in strongly
spin-orbit coupled iridates, (2) discovery of a new supercon-
ductor, HgyReO3, which exhibits strong rattling motion of the
Hg atoms, (3) observation of second harmonic generation in
non-centrosymmetric metals, (4) elucidation of the Hall effect in
the Fe-based high-temperature superconductor Baj.,KyFe;As,
and (5) clarification of the electronic properties of Fe-based
ladder compounds.
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Electronic phase diagram for Ca;_xNayIrOs. Inset is a sche-
matic view of a spin-orbit coupled electron.

Magnetism and superconductivity in transition-metal compounds

2. BEREBLEYICR T 2MERR &Y

Transport and optical properties of transition-metal compounds

3. BESREZBWCHYERFE

Search for novel materials using high-pressure synthesis

4. EFE—LZRWBEYEMRE

Investigation of structural properties using quantum beams
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Visiting Associate Professor

We have synthesized and characterized novel molecular
functional solids responsive to external stimuli or chemical
environments in order to develop new functionalities based on
unique properties of molecules.

There are molecular transition metal complexes exhibiting
bistable phenomena such as spin crossover, valence tautom-
erism, and thermochromism. We have focused on such molec-
ular bistability to control conductivity, magnetic, dielectric, and
optical properties in molecular crystalline solids. The disclosure
of correlation between molecular electronic properties, intermo-
lecular interactions, and physical properties is very important
to design and synthesize new molecular solids. We examine
the change in their crystal structures and physical properties
by using external stimuli such as temperature, pressure, light,
and magnetic or electric fields or by chemical environments
such as gas and solvent molecules. In ISSP, we collaborate with
Mori and Tajima groups to study the pressure and photo effects
on magnetic and conducting properties, and also Sakakibara
group to measure DC magnetic susceptibilities at extremely low

temperatures.
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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.
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Visiting Professor Arno SCHINDLMAYR
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Four regimes in the low temperature behaviors of Kondo effect of a
vibrating magnetic ion. On the boundary two-channel Kondo behaviors are
identified.
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Professor Research Associate

The simplest and most typical example of the quantum
phase transitions is the order-disorder transition in quantum
spin systems. The orthogonal dimer Heisenberg model for
SrCux(BO3); has been studied and various unusual properties
are found. The S=1 Heisenberg model on the pyrochlore lattice
is also studied and importance of spin-lattice coupling to lift the
degeneracy is pointed out.

New superconductive materials were discovered in
B-pyrochlore compounds. A unique feature of this system is the
strongly anharmonic vibration of ions and we have shown that
it is the origin of unusual temperature dependences of resistivity
and nuclear magnetic resonance (NMR) relaxation rates.

Recently effect of vibrations of a magnetic ion coupled with
conduction electrons is studied. It is shown that opening of
a new channel accompanied with phonons leads to a line of
critical points of two channel Kondo effects.

Concerning the transport phenomena through quantum
dots, it is shown that generalization of the Kubo formula into
nonequilibrium situations is possible, which leads to a new
theoretical definition of the shot-noise. Concerning numerical
study of Kondo transport, a direct method to calculate current
with the time-dependant density matrix renormalization group
(DMRG) has been developed.
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Quantum phase transitions in spin systems with strong frustration

2. IRENT DA A 2 IC B I BIREERR
Kondo effects of a vibrating magnetic ion
3. EF Ry MIH T 2 EBERER
Kondo transport phenomena through quantum dots
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Yasutami TAKADA Hideaki MAEBASHI
% B

Professor Research Associate

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
Green's-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.
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Momentum distribution function for the electron liquids at r=1
(diamond), 2 (ellipse), 4 (plus), 5 (star), 6 (cross), and 8 (rectangle)
obtained by the GWT method. These results satisfy all important sum
rules, implying their high accuracy, while it is not the case in the results
for =1 (longer dashed), 2 (dashed), 3.99 (dotted-dashed), 5 (dotted),
and 10 (solid) obtained by the reptation Monte Carlo method.

1. GWI & 1 7— REERZEICHCIBEFEHS IR T —DHEFEORE L ZOEEYENDIGH
GWT method: Development of the calculation method for the electron self-energy always satisfying the Ward identity

and its application to actual materials
2. BEKERERBEER | NI —BF A RAROBGE

Time-dependent density functional theory: Dynamic properties of the inhomogeneous electron gas

3. BoEHRBEEOF—RIEHE

ENBEHEBCEER T ONBEFRABERORR

First-principles calculation of the superconductlng transition temperature: Proposal of a good functional form for the

pairing interaction in the density functional theory for s

uperconductors

4. R=Z0Y - R"AR=F0Y : V=T 5—ROFEEPLIFRNBEOHNR
Polarons and bipolarons: Characteristic features of a Jahn-Teller system and effects of anharmonicity
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Masaki OSHIKAWA Yasuhiro TADA
% B
Professor Research Associate

Our main focus is quantum many-body theory. Based on the
close correspondence among quantum many-body systems,
classical statistical systems and field theory, we pursue universal
concepts in physics. At the same time, we aim to give a unified
picture on experimental data and to make testable predictions.
For example, recent experimental observation of superfluid-
like behavior in liquid Helium 4 confined in one dimension is
described as a dynamical phenomenon related to anomalously
slow relaxation characteristic in one dimension. Moreover,
frequency dependence of the “superfluid transition” temperature
is predicted.

On the other hand, recent developments in quantum
many-body problems motivate us to reexamine the fundamental
issue of classification of quantum phases, at conceptual level. For
example, we study characterization of topological phases, which
has no local order parameters, in terms of quantum entangle-
ment. With these studies, we also aim to develop an interdisci-
plinary field with quantum information theory and quantum
computation.

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

1 RTICHAUADIERIAENI T L4 D, SEIFREARBUCRITZ
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Superfluid response of liquid Helium 4 confined in one
dimension. As the frequency is lowered from 200kHz(right)
to 20Hz(left), the onset temperature of superfluid response
approaches to zero. The inset shows a dissipation peak at
about the same temperature as the onset of the superfluid
response at each frequency, and a power-law dependence of
this temperature on the frequency.

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

2. #EER & = DYIEYEADEHA

Conformal Field Theory and its applications to condensed matter physics

3. MRAVAIEEEBFIVIVTILAY b
Topological phases and quantum entanglement

4 F/ZABHOBRENY U L4 DEFERFRR

Liquid Helium 4 in nanoporous media and quantum critical phenomena

5 BLWBFRICHITZHEGR & ELE

Phase transitions and superconductivity in heavy fermion systems
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Kondo effect of a tetrahedron cluster of magnetic impurities and its sche-
matic ground state phase diagram. With increasing exchange interaction
J between impurity spins, the ground state changes from the conventional
local Fermi liquid state to a new state where an emergent scalar chirality of
impurity spins is decoupled from conduction electrons. These two states are
separated by a new non-Fermi liquid (NFL) quantum critical point where J
is the order of Kondo temperature Tk of individual spin.
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Hirokazu TSUNETSUGU Kazumasa HATTORI
Bi% B
Professor Research Associate

Strongly correlated electron systems, particularly compounds
including transition-metal, rare-earth, or actinide elements,
are the main subjects of our research. In these systems where
electron-electron interactions are very strong, there appear
a variety of interesting phenomena at low temperatures, and
various magnetic orders, unconventional superconductivity and
density waves are typical cases.

The present targets of our study include novel types of quantum
order and quantum fluctuations in frustrated spin and strongly
correlated electronic systems. In these systems, many soft modes
of fluctuations are coupled, which is characteristic to frustrated
systems, and this affects the nature of quantum phase transi-
tions, as well as electronic states and transport properties. We
have recently studied electronic structure and electric transport
properties of strongly correlated electrons on a triangular lattice.
We have also studied the Kondo effect of a frustrated cluster of

magnetic impurities and discovered novel quantum states.
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Change in the self energy of impurity electron with the Kondo temperature.
Larger hybridization V results in a higher Kondo temperature and corre-
sponds to the case of weaker interaction between impurities. With decreas-
ing V, the dependence on imaginary frequency w, changes from Fermi
liquid like to insulator like. Units of energy are the band width D of con-
duction electron, and Coulomb repulsion U and hopping ¢ between impurity
sites are fixed.

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

2. 72 AL =Y 3V ROGEHZFE
Statistical physics of frustrated systems

3. EFHREAROHMBTEFIHOER
Theory of novel phases in quantum magnets

4. FEFRMBFIRE & B8

Anharmonic lattice dynamics and superconductivity
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Honeycomb t =1, {, =1, t=1

1. NZALRFIEBITBHRD & TRILF—DER,
R OHFIE Hall (EEZRY .

Fig. 1. Energy spectrum with a magnetic flux @ in the
honeycomb lattice

1. 727z VICEFREFR—ILHR
Quantum Hall effects on graphene
2. MROY AL
Topological insulator
3. MEICHITBAERERE
Topological invariants in condensed matters

4. (IR

Topological order

n T e
" - -
»

-

"l

Rt BA
Mahito KOHMOTO
HERIR

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.

0 0.02 0.04

2.8 1 EEAUHD, ONEOMEZEILAL TS,
Fig. 2. The same as Fig.1 for ®~0.
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BERBEORFEE ZNZAVWTIT>/cAR - KEARFRE TOBBMERIT.

Development of the effective screening medium method, which has enabled
electrocatalytic reaction dynamics simulation at Pt/solution interface.

A% 7T —~ Research Subjects

7\

2 &
Osamu SUGINO Yoshifumi NOGUCHI
AR B

¥ R®

Associate Professor Research Associate

Our research interest is in the first-principles (FP) computa-
tional method both its application to condensed matters and its
development. The FP calculation is the method to solve the basic
equation, such as Schrédinger equation, without abstracting the
target thereby enabling prediction of the material properties.
It requires very large computational time and, therefore, it is
essentially important to improve the algorithms towards higher
accuracy with enhanced efficiency. We do this by utilizing the
many-body Green’s function method and the tensor decomposi-
tion method and aim at realizing high-accuracy ground state
calculation, reliable excited state calculation, and non-equilib-
rium calculation. We are also interested in the ultrafast
chemical reactions and developing a method for the non-Born-
Oppenheimer dynamics. Target of our application study is now
the fuel-cell reactions, the water splitting and related energy-
conversion mechanism, and our fuel-cell simulation has been

selected as the priority project of the K-computer.
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Development of the nonadiabatic couplings, which has enabled photo-
isomerization dynamics of a folmaldimine molecule.

1. BRKARSEOEIE & BMARER GO BHEE

Structure of the electrode/solution interface and electrocatalytic reaction dynamics

2. BREREEDORF & EFBEMBES L UIFFRPAZDEDFHE

Effective screening method and simulation of electron transfer and nonlinear optical processes

3. ZHBHERICED K E—REHEFEOMAE L EFRMEREHE

First-principles calculation of electronic excited state on the basis of many-body perturbation method
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The dot-site Coulomb repulsion U enhances a cross correlation of currents
through a normal dot (SU(2)) and an orbital-degenerate dot (SU(4)), while
the orbital degeneracy suppresses the cross correlation.

1. XY RO Y I RICH T 2HERFIE
Transport properties in mesoscopic systems

2. BFEHEEEROBRWMERTTEFDER

B it
g &£ REF £
Takeo KATO Rui SAKANO
IR Bh#k

Associate Professor Research Associate

The main research subject is theoretical study on transport
properties in mesoscopic systems, in which quantum interfer-
ence of electrons emerges through transport properties. One of
our purposes is to understand novel features emerging in inter-
acting electrons in solid-state mesoscopic devices by utilizing
various theoretical methods. Recently, novel technology on
quantum information, spintronics, and quantum optics has
been intensively studied in small semiconductors/superconduc-
tors. We are engaging in construction of fundamental theory
and development of new numerical method for understanding
of various phenomena in this research field. We are especially
focusing on strong electron correlation in mesoscopic objects.

We are also trying to understand transport and dielec-
tric properties in the presence of strong electron-electron
interaction in bulk materials by utilizing various theoretical
methods. Recent activities in this direction are charge-ordering
phenomena and dielectric responses in organic conductors and

giant relaxor-type dielectric response in transition oxides.

Fermi surface
T

Q

ky 0

—TT
—T 0 T

Kz

CHZDBEHERDT TIVIH, BEKFE/Y —VDOREQ 1L

Y %o

BRkF IR
IZ. 7z LIEDE

T7z)LZEMNSELEUbcend LS

A Fermi surface of organic conductors near charge-ordering transition.
The Fermi surface is modified so that the wavenumber of charge-ordering

pattern Q spans it well.

Theory of electron correlation in low-dimensional conductors

3. FETERETHZE - EFEAEROEREE

Fundamental theory of non—equ[llbr[um statistical mechanics and quantum measurement

4. ZHRBETFROBEEF ERS

Development of numerical algorithms for interacting electron systems
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SYFIRA Y —
Arno SCHINDLMAYR

NAEANBEHR

Visiting Professor

7L/

The focus of our research is the development and application
of quantum-mechanical many-body techniques to investigate
the electronic excitation spectra of solids from first principles.
The electronic, optical or magnetic properties of a material, as
measured in experimental spectroscopies, can thus be calcu-
lated quantitatively from the underlying microscopic electron
dynamics. Our principal methods are many-body perturbation
theory, which is based on Green functions, and time-dependent
density-functional theory. We are particularly interested in the
effects of correlation on the electronic band structure and in
the accurate description of collective excitations like plasmons,
excitons and magnons. Specific applications include the absorp-
tion characteristics of materials for optical technologies and the
spin dynamics in magnetic solids. Another important research
activity is the formal theory development to analyze the influ-
ence of frequently-made approximations and to improve the
internal consistency of practical implementations as well as the

conformance with known exact relations.
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One of the outstanding trends in modern
condensed matter physics is the rapid develop-
ment in studies of atomically controlled surfaces
and interfaces, artificial superlattices and micro and
nano-structures. The background of such develop-
ments is the advancement of key technologies for
epitaxial crystal growth, microfabrication, surface
characterization, and local sensing by use of scanning
probe microscopes. In the Division of Nanoscale
Science, the research efforts of seven groups are
directed to various aspects of nanoscale science at
surfaces, interfaces, and artificial materials/structures.

The on-going research activities include

- Study of low temperature quantum and spin
transport in mesoscopic structures of semiconduc-
tors, metals, superconductors, magnetic materials and
their hybrid structures.

- Study of local electronic states and transport
phenomena by scanning probe microscopes.

- Study of transport, magnetism and other proper-
ties of novel materials at solid surfaces.

- Study of dynamical processes such as chemical
reaction at solid surfaces at the atomic level and
creation of new material phases.

- Study of epitaxial growth of oxide thin films and
their functional properties.

L/ EREEEIEN
S ASME 4 3
BEDVHEITTTH 5,

[
S R ZwIA B #% EiE B e =] FR EH
Professor Yasuhiro IYE Research Associate  Akira ENDO Project Researcher Tatsuya AOKI
B & Bx E5 B % 5K Ets BIEE RH #Hx
Professor Shingo KATSUMOTO Research Associate  Shinya YOSHIMOTO Project Researcher Takayuki HARADA
B B K& &b B #% = BA RIS RE Fh
Professor Yoshichika OTANI Research Associate  Ryota TAKAHASHI Project Researcher Yosuke HARADA
® B NGRS XK B % R ORE BIEE & BT
Professor Fumio KOMORI Research Associate  Yasuhiro NIIMI Project Researcher Howon KIM
S =HE = B #% =H B
Professor Jun YOSHINOBU Research Associate  Yasuo YOSHIDA
R Ral i B % Sk
Associate Professor ~ Yukio HASEGAWA Research Associate ~ Taketomo NAKAMURA
IS Dy I¥— IvY EirErIme mHF EF=
Associate Professor Mikk LIPPMAA Technical Associate ~ Kozo MUKAI
Hig (£8) B & Bt ErImME BREX  hRT
Visiting Professor Satoru TANAKA Technical Associate  Takushi [IMORI

KifrEFIBE B &

Technical Associate  Yoshiaki HASHIMOTO

RiTEFIBE EH Mz

Technical Associate

Masayuki HAMADA
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GaAs/AlGaAs FEMR T 2 RIUETRIT 2 RICNTTHE
TROBEAR TV v VEFZSML 72 R1E, A TT7
Tv 7 7V IFVRDOBEMELT, RTINS
DETHA—NIBIZE T 237V o HBE & BE L Bk
vy, JHH100nm 3 XX 200nm iR 2RI . AR IC
B2 WERME SR 2 FENCHNE L 722 2, (1)t
I X 2 B AIRE), (2) AR TIRE) (2 7=

7« EA—2IRE) ORIEZF. Ho0ic, (3) A—7v
i3 e T 22 L IR XA R TUR B, o 3FRBOIE D
BHR A S 7, FFiC (3) 13, BREMRT vk
LIZNVIPIBHORIEE 2D, ATT4 797 - 7203
F Y OERBUCIANT T, 2RIGET-REEN LR X
OVZE SRR %2 et 70 B 5 5 <
DTG,

AUEHE L DS R

1 ----plain 2DEG
Hexagonal LSL

T
0.0 0.1 0.2

B(T)
(£ ] A FEBKT OEEBTEHHE
(R ] AAHIOPERIET (B a=200nm) ORSIER, B A H£0B X
B3 2RAREIENSND, BREEHEMI TVWEL 2 RTEFROBTIE.
AR ] BSERERO (1/BICHY3) 7—UTANY M.

Main panel: Magnetoresistance Ap/po of the hexagonal LSL (a = 200 nm)
showing commensurability oscillations resulting from the periodicities A
and B. Magnetoresistance of the plain 2DEG is also shown for reference.
Left inset: Scanning electron micrograph of the hexagonal array of the EB
resist (black dots). Periodicities A and B are indicated. Right inset: Fourier
spectrum of the oscillatory part (d%/dB?)(Ap/po) vs. 1/B.

0.4

1. ZHEERBETD 2 RTEFROEBFHERR

& Z&3A

=3 E=2A
=k B
Yasuhiro IYE Akira ENDO
% UE
Professor Research Associate

Two-dimensional electron system (2DES) at a GaAs/AlGaAs
heterointerface subjected to a hexagonal lateral superlattice
potential is of great interest in the context of the possibility of
realizing an artificial Dirac fermion system, as well as in the
context of stabilizing the so-called bubble phase of the higher
Landau level quantum Hall regime. Magnetotransport measure-
ments on samples with 100nm and 200nm periodicity have
revealed (1)commensurablility oscillation due to geometerical
resonance, (2)amplitude modulation of the Shubnikov-de Haas
quantum oscillations, and (3)small amplitude oscillation due to
geometerical resonance of the open orbits formed by the super-
lattice potential. The feature (3) testifies the miniband formation
by the lateral superlattice. Effort toward realization of the Dirac
point is under way by improvement of sample preparation so
as to enable fine tuning of the 2D electron density and of the

period and amplitude of the superlattice potential.
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(a) Hexagonal lattice in the reciprocal space, showing Fermi circles and
open orbits originating from Bragg reflections due to periodicities A and B.
(b) Open orbits in the real space. (c) Oscillatory part of the low-field mag-
netoresistance (obtained by subtracting slowly-varying background) of the
hexagonal LSL (a = 200 nm). Downward triangles mark the magnetic fields
for the geometric resonances of the open orbits A and B to take place.

Quantum transport in 2DEG systems under artificial potential modulation

2. EFR—IRICHBIT IR EBERTE

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

3. UST774 M U357 VDEFHE
Quantum transport in graphite and graphene
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(a) Electron beam micrograph of a device to detect spin polarization in a quantum
point contact (QPC). (b) Green-white-red image plot of the QPC conductance
variation as a function of the plunger gate voltage of the detector quantum dot (QD)
and the amplitude of the square wave superposed. The numbers indicate the num-
ber of electrons in the QD and the vertical arrows indicate excited states.

CFEERDRE Y RAR SR

Creation and detection of spin current in semiconductors

. BFESEER WS HROME

Study of many-body effects in quantum structures

- HEE - BEEERNTY Y REEICEL ZMERR

B =5 R OHE

Shingo KATSUMOTO  Taketomo NAKAMURA
% UE

Professor Research Associate

With the techniques of epitaxial growth of high quality
semiconductor films, vacuum depositions of metallic films,
and lithography from micron to a few tens of nanometers, we
prepare low dimensional systems such as quantum wells, wires
and dots and quantum circuits composed of them to study the
quantum many body effects. Our research interests also go to
some applications of the physics of electron and nuclear spins to
so called spintronics, and quantum information manipulation,
classical logic devices with the use of superconductivity.

One of our present primary subjects is the creation of spin
currents in non-magnetic semiconductor quantum structures
with electric currents and the spin-orbit interaction and the
detection of the resultant spin polarization with a side-coupled
quantum dots. Another is the spin injection from ferromagnets
into semiconductors via almost localized states in quantum dots.
We are also studying the physics of the Andreev bound states
appear at boundaries between semiconductor naonwires with
strong spin-orbit interaction and superconductors.
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Nb BB THAZ InAs B F IR (BARISRFEE) D7 Y RL—T7RE
KR8 (ABS) ZBU iz E%Z No MEEOBEHELT7OY MUEHD,
ABS EXRY I TV VMROHKIEEL L THBS N 2IREIE. InAs ITRT
BRTEUDREYR—ILHRICEDKRELFIRE NS,

Conductance of an InAs quantum wire through Andreev bound
states (ABSs) as a function of source-drain voltage. The inset shows
the device structure. The oscillation due to the resonance between the
ABSs and the AC Josephson effect is largely diminished with the spin
Hall effect caused by the current through the InAs quantum wire.

Study of peculiar phenomena in superconductor-semiconductor hybrid structures

. EERSEFEROYE

Transport and magnetism in diluted magnetic semiconductor.
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Professor Research Associate
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(a) Schematic drawing for measurements of spin dynamics in
magnetic vortices fabricated with Py (Nig;Fej9) and an SEM
image of two Py disks. (b) MFM image of the two Py disks with
the same polarity and the corresponding schematic drawing. (c)
AMR signals as a function of frequency with and without the
right Py disk. By adding the right Py disk, one peak splits into
two peaks.

RO Ir IMLREKREFE. ThEfTREIE
VR—ILEHRE RSB Cu I Ir ZFINT &, I imINREICIS U TRE Y R—)UEEh &Ny
%, ZOMEENS Culr DAEVREMIMEK, TROEAEYR—ILAD 2.1%THBI DN S,
Spin Hall effect (SHE) in Culr alloys: (a), (b) SEM image and schematic of a spin Hall
(SH) device. When an electric charge current is applied non-locally to a Py/Cu junc-
tion, only a pure spin current is induced along the Cu bridge. Most of the pure spin
current is then absorbed into a Culr wire because of its strong spin-orbit interaction.
As a result, one can detect the SHE as a voltage. (c) SH resistivity of Culr as a func-
tion of Ir concentration. When Ir impurities are added to Cu showing no SHE, the SH
resistivity increases with increasing the Ir concentration. The slope yields the conver-

Various domain structures such as magnetic vortices and
single domains are formed in nano-scale magnets, depending
on their shape and size. The magnetic vortices, for example, have
two degrees of freedom, i.e., polarity and chirality, and allow us
to design an artificial magnetic lattice called “magnonic crystal”
consisting of several magnetic vortices. These are expected to
be next-generation magnetic memory and logic devices. We
fabricate nano-scale magnets to experimentally study their
fundamental static and dynamic magnetic properties. We also
use nano-scale magnets to produce “pure spin current” which
transfers no electric charges but only spin angular momentums.
By injecting the pure spin current into non-magnetic metals
and superconductors, we are able to observe various interesting
phenomena such as the spin Hall effect, the spin injection
induced magnetization reversal, and the spin accumulation. We
aim to study and develop new types of spintronic devices using
the spin injection techniques.

(b) Py1 Culr Py2

v

Pcur - Pcu (MQem)

sion efficiency from the charge to spin current, i.e. the SH angle of 2.1 %.

1. 7/ AT —IIVBSKIBIBRFZRAWCAEY YA F 20 DMK
Spin dynamics in nano-scale magnetic vortex lattice

2. RAEVIR—ILHRZERA WA E Y RAEREE DR

Study for the mechanism of spin current generation via spin Hall effect

3. AEVRZEBWIHSBES
Magnetic phase transition using spin current

4. B/ BEBHESRTICEITEZAEVIEA

Spin injection into superconductor/ferromagnet hybrid devices
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Komori Group
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ky (A7)

8 nm

EE Ge(001) RE EICTE 2 1 RITHEED S TMMNR (a) & 7 = )L IEMIE
DNV R v 7 (b) RED&EREBEWIEICIE RFT A XOLEHARIKICIEA T
W3, EBIFADE SICITHTICHATNSHBAMEBDLSICRBICHE>TWD
BFiN$ 5. 7 )LIEAFETIE. /Ny REREOOEOBRAMICIKIFE A EDE
I TRTNTHZH. 0.1eVET TR, BANG2RIT/NY RERRD,

Topographic image (a) and the Fermi-surface band mapping (b) of
Au-adsorbed Ge(001) surface. Atomic-size protrusions align one-dimen-
sionally on the surface. The one-dimensional structure consists of zigzag (A)
and chevron (B) segments. The band at the Fermi surface very weakly dis-
perses in the direction parallel to the line of the surface protrusions whereas
the band disperses two-dimensionally in the occupied states below 80 meV
from Fermi energy.

1. REF/BEYEOEFRE. GEESURIE

IR XK

Fumio KOMORI
iz

Professor

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(MOKE)/second harmonic generation(SHG)
measurements in an ultra high vacuum. Band structures of
the filled surface states and the chemical bonds are studied by
photoelectron spectroscopy using VUV light and soft-X-ray.
Local atomic and electronic 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 manipu-
lated through electron-lattice interaction by electronic excitation

of tunneling electrons and photons.

ky[A1]

15 17 L
kx [A-1]

08 09
kx [A1]

(a) 8 EMERIL 7z SIC(0001) EiR EICHADRICL > THERULILTE/Z 7D
STM, V'3 7 V& SiIC(0001) TSR LEERT Y 7 L& EFNICE> T W3,
(b-e) 4 (bc) H&LVB8E (de) 1BH L7z SIC(0001) EAR EICER UL 1 BY
STIYOT7)LIENYRIYEYS, BLZDDKATO ¥\ RFLRAR
INTWD, RIRIEFIBRT S 7V TFEINZ/N\Y RERTH D, SEBERL
feER ETIE, ERAMOBEFEREIN/NSSAD, —8HEORFENH S,

(a) STM image of single layer graphene grown on 8°-off SiC(0001) substrate
by thermal decomposition. Graphene covers both the step edges and ter-
races continuously. (b-e) Constant-energy angle-resolved photoemission
spectroscopy intensity maps at Er for the graphene samples formed on the
4°- (b,c) and 8°-off (d,e) substrates around Kge (b,d), K.¢p° (c), and K.e0° (€).
Here 0 degree indicates the tilting direction of the substrate. Dotted curves
represent the constant-energy ideal 7* band shape including the trigonal
warping for flat graphene. The observed shape of the Dirac band for the
4°-off substrate is consistent with the ideal graphene while that for the 8°-off
substrate is elongated in the tilting direction.

Electronic states, conduction and magnetism of nano-structured materials

2. FYRIVBFPL—T KR & 2RESHIRK

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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1. AR F - BRREOREFR E EFYIE DR

Interaction between organic molecules and solid surfaces

2. EBRHEICKITBRT - D FOHHBEDHE

Ko BRI R SRR (TR-IRAS) (T
L DRE SN PLO97) KEICH T K
BENOAFORTYYvI)LTRILF—E

The potential energy surface of
adsorbed NO species on Pt(997)

\ 4 Gk
afiE % a4 B

Jun YOSHINOBU Shinya YOSHIMOTO
% 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-PF, SPring8 etc.) is also
used to study electronic structure of surface and interface.

—dm—
Sethy oty Sty
APTS_ e - 2 Fad
Rh(111)
CsHi2 CsD12
Ead 70.2kJ/mol > 62.1 kJ/mol
|Ad| 0.375eV > 0.338eV

lad rad(CeH12) < rad(CsD12)
(Arad = 0.02-0.03 A)

dm 6.83 A > 6.73 A

Rh(T11) RAICRE LY 7 ONFY U FTEHA
SNICRERN, BISREAEDR

Kinetic and geometric isotope effects observed
in the case of cyclohexane on Rh(111)

Dynamical processes of atoms and molecules on metal surfaces

3. RIEMFREOBFRE L AZRIGOME

Electronic states and chemical reaction at oxide surfaces

4. MEADHIC L BREL L CREADEFRELLFBOHE

Investigation of electronic states at surface and interface using SR (synchrotron radiation)

5. REBEEY S/ BEYOBEL BEXLE

Electronic states and conductivity of nano-scale structures on surfaces
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AR FOVBEMEE (STM) RJFE 1M BEMSE (AF
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EL. BEFRBAGHIR R E (KT vL) SO
FHEIEH LTV 5,

AR - BEGh - UEDE F e v o BB Fco 7 u—
7SRO, Vo —7 R o7 VY T 574 —
EOWESL, Hitzte 7 0 —7 3 F i DO PRRICH R AT ICHL
DiATWS,

WO REDS TMR, REABFRENKELDORT Y 7ORMEEEICHE S
nc, BFEEK (A8 1.4nm) ZFHLTWS,

An STM image of Cu(111) surface. Electron standing waves, which are
formed as a result of scattering and interference of surface electronic states
by steps and surface defects, are observed. The wave length of the oscillatory
structure is 1.4 nm.

RA =i SH s

Yukio HASEGAWA Yasuo YOSHIDA
HEHIR Bh#

Associate Professor Research Associate

Using scanning tunneling microscope (STM) and atomic
force microscope (AFM), we investigate the properties of atoms
and electrons on surfaces with an aim of finding new physics in
nanometer scales.

Eliminating thermal fluctuations and disturbances,
low-temperature STMs allow us to measure surface electronic
states locally with very high energy and spatial resolutions and to
control them precisely by arranging individual atoms on surfaces
with the probe tip. Using the setups, we have observed electron
standing waves, screened potential and the Friedel oscillation,
and the superconducting gap of individual nano-size particles.

By improving a force sensitivity of the AFM probe to the
ultimate level, we achieved the world-best high resolution AFM
imaging, and now use it for measuring surface electrostatic
potential accurately in a nanometer scale spatial resolution.

We are also engaged in developments of probe microscopes
under various extreme conditions, such as, ultralow tempera-
ture, high magnetic field, or under an irradiation of synchrotron
radiation light, and new functional and analytical methods with
probes such as AFM lithography.

FT/HAXPo 747 REEDER STM&RE, BHETTO MY RILDKICELD
BEEX vy IDHOUENSBENLEFRHER CBR)

Low temperature STM image of nano-size Pb island structure, and an real-
space image of quantized magnetic flux (vortex) obtained from tunneling
spectra showing a superconducting gap under magnetic field

1. ERSTMIC KB BFEEER - 7 —TILIRE R EREBFREDHZ
Low temperature STM on surface electronic properties by observation of electron standing waves and the Friedel oscillation

2. STM L& 27 /1 TR F OBEERIEICE T 2%

Dynamical processes of atoms and molecules on metal surfaces

3. AFRM ZRWRERT > 2 v JLAE - ERIERDHAE

Measurements of surface potential and electrical conductance by AFM

4. TIEIRME STM IC & 2 F / AT —ILTTRDHT « (LEDT

Elemental / chemical analysis in nanometer scale using synchrotron-radiation assisted STM
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Lippmaa Group
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Fig. 1. (a) Temperature dependence of magnetite resistivity, showing the
Verwey transition at 120 K. (b) Measured pyroelectric current in a thin film
sample (blue), together with the integrated polarization curve (red). Inset
shows switchable polarization at 9K.
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1. LA L =Y —HEEIC L BN T OEEDFR

Uy IX— Iy B BK
Mikk LIPPMAA Ryota TAKAHASHI
R Bh#k

Associate Professor Research Associate

The main topic of our research is the characterization of
transition-metal oxides in confined geometries, such as very
thin films, nanostructures, and heterostructures. Many oxide
materials show very complicated phase diagrams as a function
of doping, temperature or external fields. We study the mecha-
nisms of those phase transitions in thin film structures.

We have recently looked into the appearance of a ferroelec-
tric state in magnetite Fe3O4 thin films below the 120K Verwey
charge ordering transitions. By measuring the pyroelectric
current response of high-quality magnetite thin films under
periodic laser heating, we have shown that the polar state of
magnetite appears at the Verwey transition temperature, as
shown in Fig. 1. Ferroelectric polarity switching is possible at
low temperatures. A temperature scan of Raman spectra shows
that the magnetite thin films have no further structural transi-
tions below the charge ordering temperature, and the polar state

is thus a result of the charge order, not a displacement of ions in

the crystal.
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Fig. 2. Temperature dependence of Raman spectra of magnetite, showing
the structural change at the Verwey temperature but no further structural
changes at lower temperatures, proving that the appearance of the ferroelec-
tric state is not related to cation displacements.

Growth of thin oxide films and heterostructures by pulsed laser deposition

2. BALY OREBIRK D NS

Phase transition mechanisms in oxides under external excitations

3. (LY OERFREICE 1T B A RIERIE
Photocatalytic activity at oxide - liquid interfaces

4. BT INA RDEFHEE

Electronic behavior of oxides in various device structures
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Satoru TANAKA

15

EEHIR

Visiting Professor

Surface reorganization is an interesting phenomenon in
metals and semiconductors physics that has been studied for
a long time in terms of reconstruction of surface atoms or
adatoms and adlayers structure formation. Generally, surface
structures are periodically ordered in sub-nanometer scale and
rarely in nanometer scale. We have found that such a nanometer
ordering of one-dimensional structures can be produced on
SiC, a wide-gap semiconductor. It is very important to control
the ordering distance and other properties of these structures
for the purpose of practical application as a template for hetero-
material growth. In a process of hetero-epitaxy of metals and
semiconductors we also have to study formation and growth
mechanism to achieve desirable structural quality of the resul-
tant materials. In particular, the one-dimensionally templated
SiC surface is attractive for graphene growth, because such
phenomena as anisotropic surface diffusion, nanoscale selec-
tive growth, etc. may result in unique graphene nanostructures:
nanoribbons, quantum dots, and anisotropic ordered ripples.
We try to understand the correlations between such graphene
nanostructures on SiC and its electronic properties.
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2) HHEEARR V57 2 DRRIG * T4 T v
7 EAR
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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 10 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 oBg* e RER B %
Professor Toshiro SAKAKIBARA  Research Associate
AR kA #&A B #

Associate Professor Toshihito OSADA Research Associate
i 2265 LR EH KirErIBE
Associate Professor Yoshiya UWATOKO Technical Associate
AR (B8) e BA

Visiting Associate Professor  Akira  YAMAGUCHI

EHR (BR) B+ EA

Visiting Associate Professor Masato HEDO

HE HNEAEER) A F

Visiting Professor Woun KANG

BE BF BIEARE EBE M
Takako KONOIKE Project Researcher  Mitsuyuki SATO
Ly S (I E= BHEMEE Fry Iviry

Kazuyuki MATSUBAYASHI

WA A

Kazuhito UCHIDA

Project Researcher  Jinguang CHENG

* SN ERISAITIRARFS & B4 /concurrent with Division of New Materials Science
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Osada Group
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Monolayer/bilayer graphene junction device. When both of the mono-
layer graphene side and the bilayer graphene side show quantum Hall
effect with different topological numbers, there appear boundary chan-
nels, which result from hybridization of edge states of both sides, at the
junction boundary so as to satisfy the "bulk-edge correspondence”.

ff%7T—~ Research Subjects

' (TR
RE #&A B BF
Toshihito OSADA Takako KONOIKE
IR UEd

Associate Professor Research Associate

Transport study of low-dimensional electron system and/or
Dirac fermion systems in solids. To search for new phenomena
in electron systems with small spatial structures or internal
degrees of freedom, 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 singularity of band structure, pseudo-spin internal degrees of
freedom, and commensurability among electron orbital motions,
vortex (magnetic flux) configuration, and spatial structures
(topology). Our targets are low-dimensional conducting crystals
such as graphene (monolayer graphite) and organic conductors,
and artificial semiconductor/superconductor micro-structures
fabricated by advanced processing techniques like MBE or EB.
We flexibly explore new transport phenomena and electronic
states by electric, magnetic, and thermal measurements using
precise field rotation, miniature pulse magnet, MEMS probes,
etc. under magnetic fields and low temperatures. Recently, we
have concentrated our studies on quantum transport of relativ-

istic Dirac electrons in graphene and organic conductors.

SET 4V VBFROBFR—IAEHIERE. BRABCIIAEYORLEZRED
n=0 I V& VEMDT y JRENEHAICAET 2N HIILREREDTERS . KA
AEVREESR. BREET « 5 v 7 BFR o-(BEDT-TTF)2l3 ICBWTAY AJLREIR
EOFHEZRBRNICHER L c.

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 car-
ries persistent spin current. We have experimentally confirmed the existence of
the helical surface state in the organic Dirac fermion system o-(BEDT-TTF)aI3.

1. 727z o8I0 EOF vy TERERICEITZT 1+ 7V VBFROEFRE
Quantum transport of Dirac electron system in graphene and zerogap organic conductors

2. BRYEoAEKRFRMCEEERIE—L VX

Interlayer coherence and angle-dependent magnetotransport in layered conductors

3. ZREBFR-IRICE T BN I REREDEFEE

Quantum transport of chiral surface state in multilayer quantum Hall systems

4. ERTEEBHOESTERE L AL Y BERRE

Charge and spin density waves under magnetic fields in low-dimensional organic conductors

5. BBESEH T OYNBFRICEITBNAR EBXEE

Chaos and electron transport in Bloch electron systems under magnetic and electronic fields
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Uwatoko Group
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A magnetic field, temperature, pressure phase diagram on YbCo2Zny:
YbCo2Znyo show the typical heavy fermion behavior with huge electrical
mass enhancement, y ~ 8 J/mole-K* with no magnetic order down to 20 mK
at ambient pressure. By applying pressure, it shows magnetically ordered
state above a critical pressure Pc ~ 1 GPa.

1. ZERETICR T 2HRYIERROREK

(/N =
Yoshiya UWATOKO Kazuyuki MATSUBAYASHI
HERIR UES

Associate Professor Research Associate

The group of the high pressure has been studying various
materials at low temperature, under high pressure and in the
presence of high magnetic fields. Nowadays, low temperature and
ultra-high pressure techniques have become popular as an indis-
pensable method for research in solid state physics. Through these
techniques, the study of strongly correlated electron systems,
which is one of the most important themes in modern solid state
physics, has been undertaken. The creation of such an experi-
mental environment is not always easy and the development of
the techniques itself is often a challenging attempt. Considering
that many mysterious phenomena observed in the strongly
correlated electrons systems result from the electron-phonon and
electron-electron interactions in a solid, we foresee the discovery
of various unknown phenomena under multi-extreme condition,
since the degree of these interactions strongly depends on the
inter-atomic distances and the density of electronic states.
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YbCo2Zn20 .

[ ]
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15 »

10 %

0.5 Ty max

s
FL I~

P (GPa)

6_7___,__!3_.._.
I{lll
woH (T) Pc

Search for new physical phenomena under multi extreme conditions

2. BEERYE I &T 5 ENFEREBIRKOMRE

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

3. ZERETICE T 22ERERR CBREYMIEET EDOHEL

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

multi extreme conditions
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Akira YAMAGUCHI

BEEHR
Visiting Associate Professor

Macroscopic quantum-mechanical phenomena realized in
ultra-low temperature, such as superfluidity and superconduc-
tivity, are the main subjects of our research. The facilities in
the ISSP cover the temperatures down to 1mK produced with
a copper nuclear magnetic refrigerator, combined with high
magnetic field (< 15 T) produced by a superconducting magnet.

The present targets of our study include superfluid phases of
liquid helium-3. Especially, the phase called as “A1” has been
regarded as a “ferromagnetic” superfluid phase whose conden-
sate only involves totally spin polarized state. The Al phase has
attracted broad interests partially because the existence of similar
phase to the Al is expected in the recent research of exotic
superconductors. The unique hydrodynamics of the superfluid
Al phase originating in the broken relative spin-orbit-gauge
symmetry allows spin superflow to be created intentionally.
We are conducting spin-pump experiments to investigate the
detailed nature of the Al phase, using the ultra-low temperature
and high magnetic facility of the ISSP.

At EA

Masato HEDO

BEEHR
Visiting Associate Professor

Recently, the Seebeck coefficient measured at low tempera-
tures has been attracted attention in order to discuss the
electronic state of the series of compounds, called heavy-
electron system. Both the Seebeck and the electronic specific
heat coefficient are reflected the electronic state and are able to
scale in this system. Whereas the electronic specific heat coeffi-
cient also reflected release of entropy by the magnetic moment,
the Seebeck coefficient is only because it contributes to the
electron scattering in the vicinity of the Fermi energy, we think
those can be separated by comparing the those coefficients.

In our laboratory, we investigate the anomalous physical
properties observed for heavy fermion systems in the vicinity
of the pressure-induced quantum critical point by using the
thermal transport properties coefficients, especially the Seebeck
and the electronic specific heat coefficient, as a probe under
multiple extreme conditions and discuss the quantum criticality
in these systems. We have taken much notice of YbCo2Znyg with
huge electronic specific heat coeflicient and are going to discuss
the critical fluctuation around the critical pressure of pressure-
induced ferromagnetic transition.
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Visiting Professor

Organic conductors have been provided many kinds
of low-dimensional electron systems to study fundamental
properties of correlated electronic systems. The purpose of
this research is to explore novel quantum magnetotransport
phenomena relating to new electronic states recently emerged in
organic low-dimensional systems. Concrete subjects are as the
followings:

(1) Using an organic conductor a-(BEDT-TTF),l3, of which
electron system is known as the only one massless Dirac fermion
system in bulk crystals, we experimentally explore two novel
electronic states in the Dirac system. One is the high-pressure
insulating phase where two Dirac cones merge and disappear,
and the other is the spin-polarized 0-th quantum Hall state with
unusual edge transport under high magnetic fields.

(2) Using the magnetic breakdown effect in the CDW state
of a-(BEDT-TTF),KHg(SCN)4, we experimentally demonstrate
quantum-mechanical angle-dependent magnetoresistance
oscillation (AMRO) phenomena. They are in stark contrast to
conventional AMROs which are not quantum but semiclassical.
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The aim of MDCL is to promote materials science
with the emphasis on the “DSC cycle” where DSC
represents three functions in developing new
materials, Design, Synthesis and Characterization.
The MDCL consists of two divisions; Materials
Design Division (MD-D) and Materials Synthesis
and Characterization Division (MSC-D). The 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 Measure-
ments Section, and Spectroscopy 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 those of materials
with new nanoscale structures are developed. In
MSC-D, various new materials are synthesized, single
crystals are grown and the structural, electromagnetic
and optic properties of the materials are character-
ized. 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 facili-
ties of the MDCL are open to domestic scientists
through the User Programs conducted by the Steering
Committees of the MDCL.
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X7 —~ Research Subjects

Our primary research effort has been focused upon the devel-
opment of inorganic materials possessing novel electromagnetic
properties such as superconductivity, metal-insulator transition,
charge/orbital order and various quantum spin phenomena. The
transition metal oxides, chalcogenides and fluorides have been
synthesized under various atmospheres and single crystals of
them have been grown by FZ and flux methods. The nonstoichi-
ometry, structure, phase transition and physical properties have
been studied by TG-DTA (DSC), X-ray and neutron diffraction,
electron microscopy, electrical resistivity and magnetic suscep-
tibility measurements etc. Our recent outcomes are the findings
of (1) quantized magnetization plateaus caused by Wigner
crystallization of triplets (magnons) in 2D frustrated system
SrCuy(BO3); with Shastry-Sutherland lattice, (2) novel charge
order transition and devil’s flower type phase diagram in NaV,0s
with a trellis lattice, (3) charge order transitions and pressure-
induced superconductivity in quasi 1D conductors B-A033V205
(A = Li, Na, Ag, Ca, Sr, Pb), (4) new charge/orbital order transi-
tions and room temperature CMR in A-site ordered perovskite
manganites RBaMn,Os, (5) novel phase transitions caused by
the interplay among charge, orbital, spin and lattice degrees of
freedom in 3D frustrated spinel oxides, (6) novel metal-insulator
transitions in hollandites, K;MgO16 (M = V and Cr).

K2CrgO16 DESIEM (0) EMEILE (x)o KoCrgOie ldF 2V —IRE
180 K DB T, 95 K THREAIEE MR U o £ RItRHkICER
T3, ThidldLoHTORBESEIREEBOEATH 5.

Temperature dependences of resistivity (p) and magnetic sus-
ceptibility (y) of KoCrgO16. K2CrgOie is a ferromagnetic metal
with T¢ = 180 K and undergoes a transition to an insulator at
T = 95 K, retaining ferromagnetism. This is the first observa-
tion of ferromagnetic metal-insulator transition.

1. BRBZEOBY. HILIT VY. 7 vbMEOER ERNELER & CHFEEOHE
Synthesis of transition metal compounds by controlling stoichiometry and phase equilibrium

2. X#REHr, REFET. BFEREHE (BFRET) OZ0BEHREICSSBERTE DT
Study on structure and phase transition by in situ observation of X-ray and neutron diffractions and electron microscopy

3. BRH - MRKMEEOFHE & (LFREESH L OCEFHER O

Study on novel electromagnetic properties related to correlated electrons

4. FEKHIE RISHIREDRFAES & BSR4 T TORIC K 2FEDRF
Synthesis of new materials under various conditions including high-pressure
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B /1 O AT BACBIRE A AOs206 DEXIBH. BImHEEER
EF 3.3 K (Cs). 6.3K (Rb). 9.6 K (K) TH5,
Superconducting transitions observed in resistivity for the

B-pyrochlore oxide superconductors AOs;Og. The T¢ is 3.3 K,
6.3 Kand 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 the
related topics are spreading over not only superconductivity but
also unusual metallic behavior which is generally seen 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.

Transition-metal oxides are one of the most typical systems
where the effect of Coulomb interaction plays a critical role on
their 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 carriers. We anticipate there an unknown,
dramatic phenomenon governed by quantum fluctuations.
One of the topics we study now is a quantum spin lattice based
on triangle geometry where a magnetic frustration tends to
suppress ordinary long-range order and may lead to an unusual
spin liquid ground state. Recently, we found superconductivity
for the first time in the pyrochlore oxides Cd;Re;07 and AOs;Og
(A =K, Rb, Cs) which crystallize in such a three-dimensionally

frustrated lattice.

AOs,0,

p (mQcm)

0 50 100 150 200

1. HULWEFRAEYRRRIEARETF RYE DR

Search for a new material realizing a quantum spin system or a strongly correlated electron system

2. REY 1/2 AT ARFREHEIEEDOEEIRRE

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

High-Tc superconductors
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The "conventional" picture of the super solid. The deviation from a com-
mensurate filling is responsible for the super current.

X7 —~ Research Subjects

Our group investigates fundamental problems in condensed
matter physics, such as critical phenomena in quantum magnets
and superfluid, based on massively parallel computation on ISSP
supercomputers and "K-computer” at Kobe. For example, we are
trying to find a "deconfined" critical phenimena, a new category
of quantum phase transition, as a transition between Neel state
and VBS state in the SU(N) Heisenberg model. Our recent
computational results are in favor of the continuous transition
predicted by the 1/N expansion theory, and we are planning a
larger computation on K-computer for more conclusive results.
In addition, the list of our research subjects includes novel
quantum states and supersolids in ultra-cold atoms trapped in
optical lattices, the incommensurate super-solid phase in partic-
ular, computation of entanglement spectrum of a VBS state, and
developement of new methods for quantum frustrated systems
based on tensor networks.

L M T v L
V/U=1/z (z=6)
3D cubic lattice 4

0.06

0.04 0.08

t/U

RIEERERRDSH 2L ARFR—ZX/NIN—REFILOBN, t (FRyEVTED
¥ U BFHBREEBORE TH 3. Fryh—R—K (CB). @&#K# (SF).
EyhE (M), BEGFE (SS) BRENRZ D, NFBEENELSET /2
THBERME (S S)AEEL TW3, (Ohgoe, et al: PRL 108, 185302 (2012).)

Phase diagram of the Bose-Hubbard model on the cubic lattice with the
hopping constant ¢t and the on-site repulsion U. There are the checker-
board phase (CB), the superfluid phase (SF), the Mott insurator phase (MI),
and the super solid phase (SS). The super-solid phase exists even at the
commensurate filling.

0 0.02

1. #LWEFHEEFREBORER

Search for novel quantum phases and quantum transitions

2. ZUHBEOBEREDOME. & ICEFEY THIDEOHMFEDRFE
Numerical methods for many-body physics, such as quantum Monte Carlo techniques and tensor network methods

3. AEVI SR
Spin glasses
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Snapshot of red blood cell in capillary flow. Red blood cells deform to the
parachute shape in microvessels of our body.
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Associate Professor Research Associate

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.

MERLEOEGFEORF v 723y b IR () KANEMA T, BERHSAM
WMEZFHE. BEDFIFEKED (8) SHKED (R 55,

Snapshot of fusing bilayer membrane. The fusion is induced by external

force on the particles (purple). Lipid membrane consists of hydrophobic
(yellow) and hydrophilic (red) parts.

1. WNIC & 2 RIMERDER

Flow-induced deformation of red blood cells
2. EFEO/ME. DH

Fusion and fission of biomembrane
3. REEDOBCESE. Gl

Self-assembly and morphological transition of lipid membrane

4. 2 RITHFHR T DORIFRER
Melting transition in two dimensions
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Quantum spin systems are currently at the frontier of modern
physics and advanced materials research. In this proposed
project, we will work together and utilize both analytical and
numerical expertise in many body physics to study the exotic
quantum states of quantum spin systems and to develop a better
understanding of experiments. In particular, we will study the
global phase diagram of coupled transverse Ising chains though
the quantum Monte Carlo. It was recently discovered that
exotic low-temperature properties in the compound CoNb,Os,
including neutron scattering and thermal transport. Moreover,
we will work on the nature of a new insulating state in three
dimensional geometrically frustrated magnets.
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FEE R AT LAEREEMERF TR L LB IC, Z2E—Y D2 5D
MHRICZ DM CIBEC R, PATLOEHEMN 21T >T
W5, A= 8—arvEa—FOHHHEFEICOVTL, F—24
~— ¥ (http://www.issp.u-tokyo.ac.jp/supercom/) % £l X
Nz,

2. TNy b — 7 Bl

ARE T PVEZI LAN, BXO BT ALY —N 77
AN =S WWW =N (PPEIER— 2= http://www.
issp.u-tokyo.acjp) fhDEFEY — NDOE MM Z TV, K
Bz GBIt LCw 2, Bty b7 —2 Tk
FIKR¥F v /8 A %y b7 —2 (UTnet) 2l L 724 ¥ ¥ —
ZYbANDID, T7AT I —IVDHKIE, TANAXEKY 7
Y Z T DFTNANDEAG 2 ED X F 20 T4 XK EIT > T
3, . FINTOarvEa—3BLU0Ry M7 —ZBRD
Q&A, TUVEREI AT L% EDOHELR OE B EF A2
ELfToTn3,

3. HPCIHmg7mr 74 (IH "RHR A ary7ayx
7 Mg 7075 5)) DR

FPEEROE M AR S 2@ T4 T a7 L0 2
BHWE - 22 VX —AlR, OGRS R—FLTWw3,

A—=N—=3v¥Ea1—% YAR7LB (SGI Altix ICE 8400EX/3840 cpu)
The supercomputer system B (SGI Altix ICE 8400EX/3840 cpu)

RiTEMERE S #1T Technical Associate : H. YATA
BT EPBE BEBH %Z&EL Technical Associate : T. FUKUDA
S XESPIBME AR Z{T  Technical Associate : S. ARAKI

BT B

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 main system
was renewed in July 2010. It consists of two systems: SGI ICE
8400EX (3840 CPU x Intel Xeon 5570) and NEC SX-9, 64CPU.
In addition to maintaining high performance of the system in
cooperation with the venders (Hitachi and SGI), 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
softwares to in-house users.

3. MEXT, HPCI Project

We support Center of Computational Meterials Science, ISSP,
which is responsible to the project "Novel materials and energy
resources’, by providing and managing computer resources.

SGI Altix ICE B400EX/3840 cpu
180TFlops 46TB memory ¥

[ ¥

| -
B SGI Altix XE 270
2cpu 2400 [IRIRNE

NEC SX-9/64 cpu
lops 4TB memory

X @ =
= §
NEC Express 5800 ‘ s
UTret 2epu 2ACE
-

MERRAHARNBRA—/N—I Y1 —9 Y X7 LEHEE
The Supercomputer System at the SCC-ISSP.
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Materials Synthesis Section

B Y 8 EH ET  ContactPerson: Z HIROI
BAEEPBE JLE [EE  Technical Associate : T. KITAZAWA
EBMTEPBE FBE8 1E/Z  Technical Associate : M. ISOBE
BMTEPBE /ot 1IEZE  Technical Associate : M. KOIKE

ARETIE, FWHD G, WERYHO LB, Bk
A MR GRE2T>T05, £, FilEi
FEAUA P HET T RUA, BURHR I T %2 & 2 TN+ 0
SEREM AR a & LT LT 5,

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

provided for crystal growth experiments.

FEHE

JO-F4 YUYV —-VEESZERF. BERSI LA SEESFE (GEHM
RAXTVYITVIA TIV IR P—UBBEA. )=y MMA).
BHZEREEE (100 Torr). FEEUIMTHE

Main Facilities

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

BiE&s| LR

Czochralski pulling apparatus with an induction heating system

52

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

L I3 B

Chemical Analysis Section

B Y meE FH B Contact Person : Y. UEDA
BTEPIBE [RS8 1E/Z  Technical Associate : M. ISOBE

BTEPBE /Ut IEZ  Technical Associate : M. KOIKE

ARETIE, PRI Y EICO VLTI
B LWED T ORRGE 8 LOMEAN TEEIC X 2 MR
DREHE LR LT LIz, FRE - 87 - L2 EIc
BH 2 #iikds 2 it A o L EF IS LT 5.

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

chemical analysis experiments.

TERAE
FUBABRAR T AVEAD A TERE. SEEME. EFRA. B
EHERE, MAEERE

Main Facilities

ICP-AES, Microscopes, Automatic balances, Potentiometric titration
apparatus, Various apparatuses for sample preparation, and The
system for preparation of ultra-high purity water.

ICP-AES

THE INSTITUTE FOR SOLID STATE PHYSICS 2012



Materials Design and Characterization Laboratory

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

X CRRU

X-Ray Diffraction Section Electron Microscope Section

B Y 8 EH ET  ContactPerson: Z HIROI B2 Y mEe FH B Contact Person : Y. UEDA
B #% |5l JE— Research Associate : J. YAMAURA ¥ i B B JEMR  KEH  Technical Associate : D. HAMANE

SV HO MM GO G 75 FBRTH 5,

LiE BhEK AHETIE, TRV TOEBREEILET 5720, HIT

e R & B SO ROy AT R T BB 2 i AL P O B

BRI O YITEZ R T EOBFE PRI BT, RGN ZTT ) LT, B2 TSt ORI ICHEL . L
ERRATIIMR O THRE M B2 505, KETIEX, XERBT FIABF 7R B2 1T > T %,

2T BRI EO IS I LI K ARG 2 LR &

WERGGOWIEAT) LI, BTN OB I L O tion measurements, lattice image observation and microscopic

RFHOfRSE, BT 7EZT>Tw» 5, analysis of various solid materials, with the atomic-scale resolu-

The Electron Microscope Section supports electron diffrac-

tion by using a high-resolution electron microscope and an
The main purposes of the X-ray Diffraction Section are struc- Y : : P

electron microscope with an X-ray micro-analyzer.
tural analysis and identification of powder and single crystal P B o

specimens for solid state physics. By using a 4-circle diffractom-

TR

200 kV BEBFR BT TEFIEMIE. 200 kV EFBEHE (LaBs 71 7).
B8 - BRRILY— ERAAYE—LEE, BESHMERDOHDEL
2-300 K. DB, EEBFEHHE—XBYAIOTF 51 ¥ —

eter equipped with a warped imaging plate and a refrigerator
structural analysis is performed in the temperature range of

Main Facilities

200 kV electron microscope with an X-ray micro-analyzer,
200 kV electron microscope with a LaBe gun, High- and low-
temperature holders, Focused ion-beam milling, Various

TERE
BEREERITA CCD Y AT A, B X—Y > 7L — MR
UEAEIE. MREFE FTVIAXI A A—I VT TL— R GRHID

#E i
apparatuses for sample preparation, and SEM-EDX/WDX.

Main Facilities

CCD system for the single-crystal structure analysis, Curved
imaging plate type diffractometer, Four-circle diffractometer,
Powder diffractometer, and Laue camera.

BERAA X —Y Y7 7L — MNXIREE 200 kV B BE 1R F B
Imaging plate type X-ray diffractometer for low temperature application 200 kV electron microscope with an X-ray micro-analyzer
53

THE INSTITUTE FOR SOLID STATE PHYSICS 2012



POEL R M

ian

AL S

Electromagnetic Measurements Section

B Y B8 K ZFKIA Contact Person : Y. IYE

B Y m e gl o= Contact Person : M. TAKIGAWA

# Y B 8 FEH ZET Contact Person: Z HIROI
mirEmABe LN ® Technical Associate : T. YAMAUCHI

ARETIE, WHOEANNE TH 2 E MBI TEE
Z M B KOS IR GHEIRICOI > THIET 5 L LI,
PR TEIE 2L E, BRI E 2 E, EEE ALY
D2 TN DO IR L T2,

The Electromagnetic Measurements Section offers various
facilities for measurements of electric and magnetic properties
of materials. The followings are types of experiments currently
supported in this Section: electrical resistivity, magnetoresis-
tance and Hall effect, magnetization, magneto-quantum oscilla-
tory phenomena, a.c. susceptibility, magnetic torque, and NMR.

2

15/ 1 7T7ATBEEYTRY M ATV Y NS FITBEEY TR Y
E(NUDLTU=)16/18TRZIEH—BIREYI XY ~ (NMR).
SQU | DEMLAIEEE (MPMS), REYKERNEEE (PPMS)

Main Facilities

Superconducting magnet (15/17 T), Split type superconducting
magnet (5 T), High homogeneity superconducting magnet (16/18
T) for NMR experiments, SQUID magnetometer (7 T), and PPMS
(physical properties measurement system).

RRUFIERAIERE
SQUID magnetometer (MPMS)
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J YIE AR » BEEE (Materials Synthesis and Characterization Division)

o e

Spectroscopy Section

#H Y 8 HE #<Z ContactPerson: H. TAJIMA
B YR E XK & Contact Person : T. SUEMOTO

PHTED & 2IEAWE R & 2 i 2. TS FEEF IS
HLTws,

The Spectroscopy Section offers joint-use facilities for
standard optical measurements. The facilities can be used for
measurements of conventional absorption spectrum in the UV,
visible and IR regions, luminescence and its action spectrum,

and Raman scattering.

Bt d
FREANDARES, RADKKER SV ER. RRAZE/UL
AL—HF=HR NXUL>YI—F—

Main Facilities

UV and VIS absorption spectrometer, IR spectrometer, Raman
spectrometer with Ar ion laser, Tunable dye laser equipped
with excimer laser, and Monochromator and related electronic
instruments, Parylene coater.

FRIERER
Spectrometers (Room A468)
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VPRS2 T O vh P - RHERFAL R Tld b P78
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BLEEEE 14 B2 A, REILFA OB
%9 300 FE, 6,000 A HIZELTWS, Yl
RDOFENS 2 2EIFEFC LY., Sl s
D%, 77 AL —b LBEARDPE WE T3,
KR TCRE A DR A R O e R I U0 &
LT, MR OMEYIE, SoFPanA
DG PR, LAY EO G EE & ERED
e, BREN—F2TUTADLY 7 =TT
ECEHETIRIL Y ECM B O SEFERTFE A3 b P+
BraLE O TRAIITbITw 5, £/, Yl
TIEHAG g3 Th RGO ) D FENEREE
ELTHIREIL . FepsE o7 BEELAFZE o F6 J2
ICHBRL TV 5,

Neutron Science Laboratory

Since 1961, the ISSP has been playing a central role
in neutron scattering activities in Japan not only by
performing its own research programs but also by
providing a general user program for the university
owned various neutron scattering spectrometers
installed at the research reactor of JAEA (Tokai). In
the JRR-3 reactor (20MW), the university group owns
14 spectrometers, and the Neutron Science Labora-
tory (NSL) provided a general user program. Under
this program, about 300 proposals are submitted
every year, and the number of visiting users under
this program reaches over 6000 (person-day/year).
Major research areas 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 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 # ERR) %LU FIA B #

Professor (Director)  Mitsuhiro SHIBAYAMA Research Associate

8 B B2 B %

Professor Hideki YOSHIZAWA Research Associate

R = & B #

Associate Professor ~ Osamu YAMAMURO Research Associate

I A R BfErImE

Associate Professor ~ Takatsugu MASUDA Technical Associate

R (BB R& [EdE ZMBE

Visiting Professor Masashi HASE Technical Associate
g M 8

HR  RRRTF BIEHRS ME H
Maiko KOFU Project Researcher Hiroshi AKIBA
EAE R HEIMES EH W
Minoru SODA Project Researcher Makoto ASAI
BH #X BIEFRE rE &k
Kenta FUJII Project Researcher Toshio NAKAO
xR RX BIEHRE R HA
Toshio ASAMI Project Researcher Masato Hagiwara
ZH RN

Ryosuke SUGIURA

K2 B=

Administrative Secretary Katsumi OOTSU

BARRF O RRARERE JAEA) DIFRBRTFIF JRR-3 ICRE S hic I FEELRR
KB, SADEBREBENKTFE-LIICREZNTVS,
DRAMFEHEE L 3ADRFETFEENROEAMICSIEHI N, BT 201 Rik—
WICH B2 4B50FPHEFE—LRBEERHICHPETFZAMIEL TV S,

The reactor hall of JRR-3. The eight neutron scattering instruments are attached
to the horizontal beam tubes in the reactor hall. Two thermal and three cold
neutron beams are extracted from the reactor core toward the guide hall located
to the left and provide neutron beams to 24 instruments in the guide hall.

e, TORFFEHNS 2K
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Neutron Science Laboratory

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

e 1k 7 =

Shibayama Group

V7 bey—tix, TexDHORY DY EEYE 2K
T2 TR0 WHE-MBoZLThs, WkEEPHBEE
PIE 7 8 DN— R & — T I3 i oM I & v ) i PR B
BB OTRRN2DEEZRTOICNL, V7h<ey—TI&
L - B AR TR OIEZ R L, SRR AEEE R 7
T, BRADOMRETIZY 7= —DARETHB—0 1
HHHBIR—DERINER L EZHIEL TV 2, RETIE, 7
WVOMGTHE - IR, A 1EDOWEREDIZ, TR
BIFYMEE SOOI E I ERERII7 IV DA & R AT -
PIVERRZE. WENISIC BT 5 S L oYk L REEHBT, 44
VN DEFE EREERET - PR L 2T o Tw 5,

TG B R Iu b iE e N Hr - L SANS-U %
HMz, B BIRGEGELEEE (SLS/DLD ALV-5000), /)
2 BRI, L AX—F—RhEEZHWT, V7 b
Y —DF ) F =¥ —ORGERIT, /B o BTHETDS
AF 27 A% HN= LIRS BRI L T» 5,

&l 75 B @K

Mitsuhiro SHIBAYAMA ~ Kenta FUJII
6y Bh#

Professor Research Associate

Soft matter undergoes various transitions in response to a
slight change of an environmental variable. We investigate the
relationship of the structure and dynamics of soft matter, such
as polymer gels, nanoemulsion, and micelles. The aims of our
research are systematization of “molecular-bond correlated
systems”. Concurrently, we explore various applications of soft
matter on the basis of the physics of soft matter. Recently, we
are developing various types of super-tough gels on the basis
of findings on the structure-property relationship unveiled by
neutron scattering, flow behavior of micelles in solutions.

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 and structural analyses

of ion-gel.

—BERATICHZ T/ AVRI Y ML ONEREFEE. (a) T
HEIROEHE (MIEME). (b) AV M FANEFEICLD, VL
A BOFRD. WEDOREMRD Z M U RO BEL R K
Scc. Spp, Scpo

Small-angle neutron scattering (SANS) of uniaxially deformed
nanocomposite gels. (a) Photographs of undeformed and
deformed gels (7x). (b) Partial scattering functions, Scc, Spp,
and Scp extracted by contrast-variation SANS.

1. WEEESATIILOBEE Y1 I v IR, KERERE. VIL—7 L&
Structure and dynamics, phase separation, volume phase transition, and sol-gel transition of functional polymer gels

2. BRNERFTINDOERAN =X
Deformation mechanisms of super-tough polymer gels
3. MENGTOSF /INIILYavELCIILOBESEEL

Structural evolution of nanoemulsion and micelles in flow field

4. A 72T DT & BERIT
Development and structural analyses of ion-gels
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Neutron Science Laboratory

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yoshizawa_group.html
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Yoshizawa Group
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FrohE oo 1 5Tbs, hiETEELERTIZ, 2
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A THIF DIBIRE E A LT TRRIF DAL 74 7RO
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FiosiE A L x-0.9 fhE Cifiig ik — BB 2R3, &R
DINAFEF R T AE VF L F 27 2052 LU,

:I::E
=/
Hideki YOSHIZAWA

R

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 spectrom-
eter owned by the ISSP is shown in the left figure below. The
hole-doping dependences of the incommensurability and the
transition temperature of the stripe ordering for hole concen-
tration x up to x = 0.5 have been observed in the highly-doped
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 show 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 as well

as reactor-source inelastic neutron spectrometers.

R, Sr,NiO,

Ni % Co @ 2 ZOuHRBLY I B T HRIBA Y v i B |
= g 2 . . 500 ! 1
MR OD AR REBIHIROXE Y A< .
s s . ns o s - =RBLEE R MREYDO—oT 000 R-Lla | c ¢
FUDSBLISNTED, ZOXIBBERAC UYL FITA 52 LarSrCuls & AR o400 ST R N | Tco 1
A, N . J v ~ EZ D LazxSrNiOgs DRICE W < 5 © Tranguada et al. !
EWEBLG, (SRTLAEOBE PTG . SN0 IR s |
LOBIZELT w3, TREREFE. ANTATRFOE F Lo
BRECHBEUCHSKFOEBR § c Tco .
Bl x=1/3 TEARRL b EBOIET 3, Frex k517 & 200] ° ,& s ]
BFORSIL x=1/2 £T K —7REENNICRTAREEL © 8" W
BHID. HMICRTPSE x=1/3 ORI THBWBTAERL 100} 0o @i ¢ In
x=1/3 DREORHIEERLIETND, ZORRRIREL, ° 1 Lot
ARNSATHOF v U7 —REOEL & BIRD S 2 T EhR— 0 Eti e
ILHRDAERZERN SREENT NS, 05F - - AR .
w 7 | /1 . *
> ! /
Doping dependence of the stripe ordering in highly- Z 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- @ e 1
L . : : IS L / ! ! ]
sition temperatures of the stripe charge and spin orderings g 0.2 ; '
AABETAMREREE (JAEA) OWZIE JRR-3 (o exhibit the maximums at x = 1/3, and decreases above x 8 e ! : 2f;z
RBES NI IETFRTD 3 MEBMTHHE, = 1/3. The periodicity of the stripe order is approximately = 0.1¢ 7 | Trnquadaetal |
linear in x, but levels off beyond x=1/2. The system gradu- i |

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

ally becomes metallic and shows the insulator to metal
transition near x~0.9.

O0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Hole concentration ny, = x + 23

1. BEREEBRAMIRT RE - EREGEBY. ZORICHIRT 2HAKE - BEHKRE - SLERF A E ORMEFEELIC 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
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Heat capacity of glassy propene prepared by low-temperature vapor-depo-
sition. A glass transition with a giant heat capacity jump and a boson peak
with a pronounced annealing effect appeared.

1. ASREB, RYYE—IRBREDTRAUEEROT 1 I IR

e

IJ.IE &
Osamu YAMAMURO Maiko KOFU
AR B

Associate Professor Research Associate

We are studying chemical physics of complex condensed
matters, especially glasses and supercooled liquids, water and
related materials, ionic liquids, and single molecule magnets
(SMMs). Glass transition is a mysterious phenomenon in which
supercooled liquids solidify without structural change. This
phenomenon cannot be explained by current physics. Water is
the most familiar and important material for humans and also
exhibits various unique phenomena derived by hydrogen bonds.
Tonic liquids, found recently, exhibit many interesting physical
properties originating from the competing electrostatic and
van der Waals interactions. SMMs are significant not only for
applications such as high-density magnetic-recording media
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 dielec-
tric measurements. Our aim is to find simple (?) rules involved
in complex systems from the three different points of view, i.e.,
structure, dynamics, and thermodynamic.

5 T T
TbCuC,D,,N,0,5- C;D,0
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Ao/ meV

FLEBEDFHAOPEFIERERELANRT Mlo 1.7 meV & 12.3 meV OBS
il £nehn To-Cu 1 A VEOKIEEEER E To 14> O—#WMETEICE
ESIERR

Inelastic neutron scattering spectra of a rare-earth based molecule magnet.
The magnetic excitations at 1.7 meV and 12.3 meV are originated in the
Tb-Cu exchange coupling and uniaxial anisotropy of Tb ions, respectively.

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

2. KBLUBEEVE (BKZIAMBRLE) OBEETA(FIIR

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

3. BRAAVBREDHNZHMEE T A F I

Thermal and dynamical properties of room-temperature ionic liquids

4, BRFHADAEY YA FII R
Spin dynamics of single molecule magnets
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Associate Professor Research Associate

Quantum novel phenomena enhanced in low dimensional
spin systems, frustration systems, spin clusters, etc are studied
by combination of material synthesis, bulk property measure-
ments, and neutron scattering in our group. While in classical
systems spins culminate in long range order upon cooling, low
dimensionality and quantum effect disturb the ordered state.
Geometrical frustration induces multidegenerated ground state
that leads to quite sensitive to external perturbation. Conse-
quently various types of spin liquid including spin-nematic,
RVB, VBS, and Tomonaga-Luttinger liquid, and exotic ordered
states accompanying spin liquid-like behavior are achieved. We
synthesize magnetic materials that realize these novel states and
measure the magnetic susceptibility and heat capacity. Further-
more taking advantage of our own beam lines in high flux
neutron source, we identify the magnetic structure by neutron
diffraction and we directly probe the microscopic dynamics in
magnetic materials by inelastic neutron scattering technique.
Our goal is to reveal nature of novel quantum state by measuring

static and dynamical structure of magnets.
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(b) Field dependence of magnetic propagation vectors. That
of SDW order indicated by [J symbol is explained by the
density of bound 2-magnon.

(a) BEEMET 5 A~ L— b8 LiICuVO4 DBISHHEFEH 707 7 1 Jbo
H > 8.5T THiZAIE SDW BKFDFEY ik FHERAIS i,

(a) Neutron diffraction profile of ferromagnetic frustrated chain

0
040 042 044 046 048 050 LiCuVOy. Field induced SDW order was observed at H > 8.5T.

1. 732 L — MEEEROHESIEE B KmiE

Magnetic structure and excitations in frustrated magnets

2. R EFHIEAEDRE
Search of new quantum magnets

3. BARBRERDEIRE

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

We synthesize substances including low-dimensional
quantum spin systems and investigate their magnetism using
magnetization, specific-heat, and neutron-scattering techniques.
Quantum mechanical effects are apparent in low-dimensional
small-spin systems. Novel spin states can appear instead of
magnetic order. RVB (resonating valence bond) or Tomonaga-
Luttinger liquid was proposed theoretically. Experimental
investigations of the states have been performed. In the case
that magnetic order appears, intrinsic properties of low-dimen-
sional systems can remain. Recently, we study magnetism of
CusMo209. The spin system consists of spin chains coupled with
spin dimers. We observed hybridization of magnetic excitation
of the spin chains and that of spin dimers using inelastic neutron
scattering techniques. Magnetic frustration exists in CuzMo20s.
We discovered appearance of electric polarization in the antifer-

romagnetic ordered phase (multiferroics).
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The aim of this laboratory is to study the physical
properties of matter (such as semiconductors,
magnetic materials, metals, insulators) under ultra-
high magnetic field conditions. Such a high magnetic
field is also used for realizing the new material phase
and functions. Our pulse magnets can generate up to
80 Tesla by non-destructive way, and up to 730 Tesla
by destructive (the single turn coil and the electro-
magnetic flux compression) methods. The former
serves for the physical precision measurements (the
electro-conductance, the optics, and the magneti-
zation). The multiple extreme physical conditions
combining the strong magnetic field with ultra-low
temperature and ultra-high pressure are also available,
and are open for domestic as well as for international
scientists. The magnet technologies are intensively
devoted to developments for the quasi-steady long
pulse magnet (an order of 1-10 sec) energized by the
world largest DC generator (210 MJ), and also to
a 100 Tesla class nondestructive magnet. Whereas,
the explosive pulse magnets capable of generating
over 100 T are oriented for new horizons in material
science under such extreme quantum limit condi-
tions. Development for 1000 T-generation by means
of the electro-magnetic flux compression method is

also our mission.

[
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Professor (Director) Shojiro TAKEYAMA Research Associate
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Professor Koichi KINDO Research Associate
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Visiting Professor Tatsuo KOBAYASHI Technical Associate
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Technical Associate
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Technical Staff

AEE KA BEMERE DI NI
Akihiro KONDO Project Researcher Mitsuru AKAKI
SR NP 7 BEFRE Rk &
Daisuke NAKAMURA Project Researcher Yoshikazu SAKAI
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Yoshimitsu KOHAMA Project Researcher Atsuhiko MIYATA
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Koushi KAWAGUCHI
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Akira MATSUO
HE RER
Tokurou NAKAZAWA
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Kouichi OYA

Project Researcher

Weihang ZHOU

EEDEBE L TIRILF—2EHET 5 2 AR &K 460rpm TEIER

SELRBICIRDHEEZIRILEF—N2I0M) TH B, BAHEHIE5T.3MW ICHEL. FORRIGFREBEH 2.7kV. BAERN
19KA £73>TWD, CORBEERWVS & T, /ULRIEBHI 1 WREIE 22 60T OMBERET DZFETH S,

A picture of the largest flywheel DC generator. This generator can supply the maximum energy of 210 MJ at the rotation
speed of 460 rpm. The maximum output is 51.3 MW, which allows us the maximum voltage of 2.7 kV and the maximum
current of 19 kA. A 60 T class long pulsed field with duration of about 1 sec. is planned by use of this generator.
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Faraday rotation of fused quartz, which was used for calibration of a mag-
netic flux generated by the electro-magnetic flux compression method. (a)
The schematics of the experimental setup for the Faraday rotation measure-
ment. (b) The magnetic fields determined by Faraday rotation (a solid line),
with the Verde constant =0.2 deg/mm T at laser wavelength=638 nm, and
by a pickup coil (a dotted line). A decrease of the field after the peak, which
is known as the “turn-around” phenomena, has been observed clearly in
the Faraday rotation measurement around a peak field over 700 T. This
phenomenon has been observed for the first time in the flux-compression
techniques. The signal from the pick-up coil showed a delay and suppression
of the peak value due to the high-frequency response delay in an electrical

circuit of the long signal lines.

1. BUREEMEIS A & YR RIRT R R

BRL IEZER A NN
Shojiro TAKEYAMA Daisuke NAKAMURA
% B

Professor Research Associate

AN

We are engaged in developments 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. Further developments are underway for achieving
much higher fields, more precise and reliable measurements
for the solid state physics. The horizontal and vertical (H- and
V-) STCs are used for more precise measurements up to 200 T,
respectively, in accordance with their magnetic field axes. The
H-STC is mainly used for magneto-optical measurements by
use of laser optics, whilst the V-STC is more suitable for the
study of low-temperature magnetization in a cryogenic bath.
We are conducting the studies on magneto-optics of carbon
nano-materials or of semiconductor nano-structures as well
as on the high-field magnetization processes of the magnetic
materials with highly frustrated quantum spin systems.

800+ T T T y
7001 (D) ]
f | = Fused quartz, 638 nm
= (0.200 deg./mm T)
T S00[ «eee. Pickup coil 1
w
L I .
£ 300 o
o >
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100 B
0 1 1 1 1

32 34 36 38 40
Time (us)

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

2. EREBHIICEIR
Magneto-optics in ultra-high magnetic fields

3. BB ISH(LEE

Magnetization processes of magnetic materials in ultra-high magnetic fields
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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. Long pulse magnet: Pulse duration 30 ms,

maximum field 65 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
longer pulsed field with the duration of 1-10 seconds. The Long
pulsed fields can provide much better conditions for precise
measurements that had been thought to be difficult before.
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1. EFRAEYRYEOBIEIE

Study on magnetism of quantum spin systems

2. BERCEYEORN & mEDHRE

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.

Study on magnetism and conductivity of strongly correlated electron systems

3. JEIE 100 TASY TRy hDRFE

Development of non-destructive 100 T-magnet

4. BOVTIVILAR TRy S DREF

Development of ultra-long pulse magnet
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The high-speed imaging system that can take polarizing microscope images
in pulsed fields up to 35 T. The magnet and the sample are cooled down
using the closed-cycle cryocooler.

1. ¥ILF 7 zO4 v 7B DWISFERRGRE
Field-induced transitions in multiferroic materials

2. BRBLEFOBESYIE

High-field studies on high temperature superconductors

3. JNULRRBEIS T ICH 1T 5 =R R MR R

oK g5
Masashi TOKUNAGA

R

Associate Professor

The crossed-coupling among spin, charge, orbital, and lattice
degrees of freedom causes changes in various physical properties
in magnetic fields. We study novel physical phenomena in these
cross-correlated materials with utilizing the world highest class
of pulsed magnetic fields. To capture the essential aspects of
the composite phase transitions, we have been developed many
experimental probes that can detect the instantaneous changes
of various physical properties. In particular, our high-speed
polarizing microscope system provides us with unique oppor-
tunity to visualize the changes in crystallographic symmetry in
pulsed high magnetic fields. With utilizing these special instru-
ments, we are studying on magnetoelectric effects in ferro-
electric magnets, field-induced melting of spin/orbital order
in a parent compound of the iron-based superconductors, and

martensitic transformation in magnetic shape-recovery alloys.
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of the iron-based superconductors. The insets show polarizing microscope
images in the orbital-ordered/disordered phases.

o
N
o
-
o
o

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

4. BIERRREREE OHRISHERER

Field-induced transitions in magnetic shape-memory alloys
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Magneto-optical absorption spectra in solid oxygen o phase.
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Yasuhiro MATSUDA
HEHIR

Associate Professor

We investigate electronic and magnetic properties of matters
in ultra-high magnetic fields of over 100 T in collaboration with
Takeyama Group. Magnetic-field-induced phase transitions and
cross over phenomena in strongly correlated systems are the
main subjects.

Magnetic field can precisely control the properties of matters
through the Zeeman effect and Landau quantization. In ISSP, a
700-Tesla magnetic field is generated by the electro-magnetic
flux compression method. Since the Zeeman energy in such a
high field much exceeds an energy corresponding to a room
temperature, a significant field effect is expected. Specifically,
the following studies are conducted: (1) Quest of magnetic field-
induced phase transitions 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-spectroscopy in pulsed high magnetic fields using
synchrotron X-rays at the SPring-8 and KEK-PF. Element-
and shell-selective X-ray magneto-spectroscopy is expected to
uncover microscopic mechanisms of the magnetic-field-induced

phenomena.

L I e e e e e
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s Long Pulse Magnet 1.4 K
( Ref. K. Onizuka er al. ) .
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Ultra-high magnetic field magnetization process in a
2D orthogonal spin dimer system SrCuz(BO3),.

Quest of magnetic field-induced phase transitions of solid oxygen

2. BSTRREAE - EBHh%
Magnetic field-induced insulator-metal transition

3. (BERTEF ALY ROBELISH LB
Magnetization process of quantum spin systems

4. EVETROHSHETFRE

Electronic states of heavy fermions in high magnetic fields
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Tatsuo KOBAYASHI
EEHE

Visiting Professor

Oxygen molecule is a magnetic molecule with the spin S=1;
the exchange interaction is antiferromagnetic. The oxygen
molecules are arranged in the solid phase so that the antifer-
romagnetic exchange interaction forms the nonmagnetic singlet
ground state and then gains the binding energy. Although the
magnetic interaction is theoretically predicted to become larger
than the van der Waals force, the phenomena related to that
competition between the magnetic and van der Waals inter-
actions are rarely known. In the present study, we search for
the ferromagnetic solid oxygen induced by pulsed magnetic
fields by measuring the magnetization. An ultra-high magnetic
field over 100 T is applied using a single turn coil method. We
expect that the ferromagnetic solid oxygen appears in the high
magnetic field with a crystal structure different from that of the
three phases (o, B, ) of solid oxygen at zero 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, supercondicutors, and superfluids,
to the ones with direct industrial applications, such
as semiconductor devices and electrode chemical
reactions in batteries. Due to the recent trends
towards higher level of parallelization, however, it has
become a very important task 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.
Recently, we have started to find ways to lead activities
in fundamental science study to solutions to problems
with more direct social impacts such as substitutions
of rear elements.
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Associate Professor Hiroshi NOGUCHI Technical Associate
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Technical Associate
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Technical Associate
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Hideaki MAEBASHI Project Researcher Tsuyoshi OKUBO
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Hayato SHIBA Project Researcher  Zhixin GUO
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Yoshifumi NOGUCHI Project Researcher Takahisa KOUNO
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Hiroshi WATANABE Project Researcher Tatsuya SAKASHITA
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Todo Group
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RYFREEBOEFEYTAINAYI 2L —Ya VER, Y1 MERICEDFE
BENCHIE—AY NOZEESHETRT,

The results of quantum Monte Carlo simulation of impurity-induced phase
transition. Spatial distribution of magnetic moments induced by site dilu-
tion is shown.

1. BERTEFAEYRICRIT BEFRIFIRE

B2 ER
Synge TODO
SFERIR

Project Professor

We study novel order states and quantum-phase-transitions,
which are looked at the quantum spin system etc., by using the
technique of computational physics, such as the quantum Monte
Carlo method. The effect of quantum fluctuations is pronounced
especially in line-shaped or thin-film magnets, nano particles,
etc. There, the geometric effect of substance can be quite strong,
and thus spins resonate by quantum fluctuations, and cannot
align with each other. When nonmagnetic impurities are
introduced into this “spin liquid” state, it shows the extremely
different behavior; magnetic long-range order is often induced
contrary to the usual magnets. By using the large-scale computer
simulation, we study such phenomena elicited by competi-
tion and coexistence of quantum fluctuations and disorder.
We also study the simulation algorithms, which fully demon-
strate the capability of the latest supercomputers including the

K-computer, and develop open source software.
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Metropolis heat bath BC

RILATEHEYTHIVDERILE T 2 EAFH N —FIERE. HALOHL WA
(BC) TIHEHE (77 ) HERICF LR > TN,
The geometric construction of transition kernel in Markov-chain Monte

Carlo. In our new algorithm (BC), the rejection rate (red boxes) is elimi-
nated completely.

Quantum liquid state in low-dimensional quantum spin systems

2. R, BEFW5E. AMSDHRAICLDHTLEFH

Novel quantum phases created by competition of dimensionality, quantum fluctuations, and disorder

3. BT aL—Ya VFEORE
Development of new simulation algorithms
4, Y22 L—avVYIhvT7oOEIHLE S1 TS R

Parallelization of simulation software and development of libraries
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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

F— EOMRN 2L —F — 2T 2 LIk,
v rubu v iEHEE G SRR X e —
LAV EFAFELT WS, T s BB
AR, B X B E TR W I ROV X — i PH O F R

lasers. The cutting edge soft X-ray beamline is also
developed using synchrotron radiation. LASOR
center is responsible for the advanced spectros-
copy, such as ultra-high resolution photoemission,

time-resolved, spin-resolved spectroscopy, diffrac-
tion, light scattering, imaging, microscopy and

7GR 2 FbC, S R G e, R
WMoy, A€ SRk, BTG, BT
PHEL, A A= VT, BT HBEDH L
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BLO7 I2BWTHR X M o iisi 217>\ %,

[ ]

fluorescence spectroscopy, by new coherent light
sources based on laser and synchrotron technology
over a wide spectrum range from X-ray to terahertz.
In LASOR center, a variety of materials sciences
for semiconductors, 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 collabo-
rations 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).

— . = = = M=
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Professor(Deputy Director) Fumio KOMORI

A = wiErBe FR HH  wmEmEe EE &
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Associate Professor ~ Yohei KOBAYASHI  Research Associate Toshimitsu MOCHIZUKI Technical Associate Hidenori SHIGEHASHI  Project Researcher  Masahiro YOSHITA
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Project Researcher Geiseler Jost Henning
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Suemoto Group
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Professor 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 RTAZEAE (P-Br k) ICH T2 BESREME TR OIHEINE
NE/ENIRRDLA—E—, fitdh (TRILF¥—) BEFOEMICHYEL
THD., KRS BEREZ1TS EREFIC 300fs ML THREL TWSHKRT
Hond (FREH). (b) MiERT Yy vIILELTORRES, HLEh5H
FULKRRNIRT Y Y v VEEDOELET 2 AMICART %, () 7z Lb
R R A RERE O HLED .

(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. BEREADINKICKDFRESOEREHRUNE NI VY - hA—E—
Atomic movie based on ultrafast luminescence spectroscopy
2. BESRERN - TINIVYRHEIC L DAFEBEGEL DT I IR
Dynamics of photoinduced phase transitions by time-resolved infrared and terahertz spectroscopy

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

Time-resolved observation of surface morphology by a soft X-ray interferometer
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BEMEEL - —ABEFANEI L DBRSNICICREBEEHE KFe2As; DRSS
MRBLEEF v v 78S, BLSnRBREIE 34K THS,
Anisotropic superconducting gap structure of the iron-pnictide supercon-

ductor KFe;As; revealed by ultra-high-resolution laser photoemission spec-
troscopy. The critical temperature is 3.4 K.

_
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Shik SHIN Yukiaki ISHIDA
% 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.

BREFREEEZRVCR X EL -V —REIBAETFINEKE.

Soft-x-ray time-resolved photoemission spectrometer using high-harmonic
generation.

1. XL —V— BB RELEFONICL 2BCEE. BERTYE. FVEZOEFREDOME
Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

2. BXRL —TF B BABFONIC L 2 AFEREROMAE
Time-resolved laser-photoemission study on the photo-induced phenomena

3. XL — U —HEBFBEMEICL DT/ BEOETIREOHAR
Laser photoelectron microscopy on the electronic states of nanomaterials
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Takahashi Group
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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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Toshio TAKAHASHI Tetsuroh SHIRASAWA
% B

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.
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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. REFRHE E DBEHIE DR

Development of new methods to study the surfaces and interfaces

3. X#RHERIC K T BIHREAZ B EH L VWAZR B ORA

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

4. XREHFE. XiR - PiEFRR. THE

X-ray diffraction physics, X-ray and neutron optics, and X-ray interferometry
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MY (BHEER. BER) &
TIRYI (EEE. HER),
Firefly (Arima, Japan) and
sea firefly (Yokosuka, Japan).
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Transmission/absorption
spectrum of a T-shaped
single quantum wire.

L &EX 27 8o
Hidefumi AKIYAMA  Toshimitsu MOCHIZUKI
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Associate Professor Research Associate

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.

The structures of current interest are T-shaped GaAs quantum
wires. We are currently aiming at making the world thinnest and
cleanest quantum-wire semiconductor lasers that have superior
laser performances such as low threshold currents. Experi-
mental 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.

For the above studies on small nano-structures, we are devel-
oping experimental techniques such as sensitive luminescence
detection, absolute luminescence-yield measurements, trans-
mission/absorption measurements of single nano-structures,
micro-spectroscopy, imaging, and solid-immersion microscopy.
Recently, 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 biologists and

industry researchers.
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Device physics of gain-switched semiconductor lasers and solar cells

2. EmBFEAETFHRE S UCHFICE T ZERTEFELF v Y 7 DSAHAERE & IFEHE
Many-body interactions and non-equilibrium properties of low-dimensional electron-hole systems in clean

3. FERETFEER LU TNA ADMER, SREL. BENME. \HAEEH. BREHA

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

4. IRZI - 735 « TIIRY )ik EDEMFN & YL FRICETRIELE
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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I. Matsuda Group
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Overview of the time-resolved photoemission system at high-brilliant soft X-ray beamline,
SPring-8 BLO7LSU. Synchrotron radiation pulses, generated at an undulator, pass through a mono-
chromator that is composed of mirrors (M) and a plane-grating (PG). A Ti:Sapphire laser system

(BLO7LASER) is installed at the beamline.

1. BEIBRXBONRBROFRERES IV ADMHE

y
i

Analyzer

»X

-
J
A A
H B A &=
Iwao MATSUDA Susumu YAMAMOTO
HEHIR B

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)

spectroscopy with high brilliance synchrotron radiation (e.g.
SPring-8) and ultrashort pulsed- lasers.

Roles of carrier and molecule dynamics at the surface/inter-
face 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.

SPring-8 BLO7LSU [E DB X RANEREX
T—YavNEHE, RITKHEE 2 RTAESEE
N EmACAEBROY Y ZILICBR/ULAL —
Y- EBIEER X RBEEE R U TaERR RO
BEFOARREITS.

Time-resolved soft X-ray spectroscopy apparatus
at SPring-8 BLO7LSU utilizing high-brilliance
synchrotron radiation and ultrashort pulsed-laser.
Time-resolved photoemission spectra are mea-
sured at an analysis chamber equipped with a two
dimensional time of flight electron spectrometer.

Developments of time-resolved soft X-ray spectroscopy and researches on surface dynamics
2. XBEFOARRICL 2EBHE L OFEARE - AHOEFREOME
Electronic structures of metal and semiconductor surfaces studied by means of photoelectron spectroscopy

3. BR/NVLAM X REAWREIBEROBAEBERAEL YT 1 I I 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 T
Yohei KOBAYASHI Akira OZAWA
HEHIR EUE

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 ten years ago. It opened
up a new research area such as carrier-envelope-phase depen-
dent phenomena, attosecond physics, and precision spectros-
copy 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 higher repeti-

tion rate of >4GHz laser oscillator is also studied.

Yo 77 A N—L—HF—%ER—R& UIcHBERK D LDEE

Optical frequency comb based on an Yb-fiber laser

1. BE/NVAL ==Y 27 AOMERER VL — — DR

BIEDIRLL—Y—ICLB2HEARTTXY

Xe plasma generated by multi-MHz laser system.

Development and precise control of ultrashort pulse laser system

2. BRDRL —=EBEYE

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

Precision spectroscopy
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Itatani Group
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ERERNL - —TRELCBREBFRD KOR, FRIBDOHXEART ML,
Soft x-ray spectra in the water window produced by an intense IR laser
system.

3.0 4.0 7.0

1. EREBR/NLAL - —DRH
Development of intense ultrashort-pulse lasers

2. BREAEE LT M X R/ULZDFRE EDKISH

wRAa BB af IBR
Jiro ITATANI Nobuhisa ISHII
IR B

Associate Professor Research Associate

In attosecond optical sciences, we can measure the dynamics
of matter on unprecedented time scales with phase-stabilized
intense ultrashort laser pulses and attosecond soft-x-ray pulses.
One of the main objectives in attosecond sciences is to measure
and control the multielectron dynamics of matter in highly
excited states. Intense ultrashort-pulse lasers are also useful to
produce optical pulses at different wavelength covering from soft
x rays to IR and THz. It means that we can probe and control
the ultrafast dynamics of matters through various freedoms.

We work on the development of intense ultrashort-pulse
lasers, and their applications to attosecond optical sciences.
Especially we work on high harmonic generation, aiming to
produce attosecond soft x-ray pulses for time-resolved soft-x-ray
spectroscopy. We also work on the generation of intense IR and
THz pulses and their applications to coherent control of atoms

and molecules.

Photon energy (eV)

CEP shift (= rad)

KD RO BR @ O RAR I,
High harmonic spectra in the water window and their dependence to
carrier-envelope phase (CEP).

Generation of attosecond soft x-ray pulses, high harmonic generation, and their applications to ultrafast spectroscopy

3. BREL—Y—ZRWAFOIE—L Y MNIBEELTAA—I VT
Coherent control and imaging of molecules using intense laser sources
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Harada Group
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Yoshihisa HARADA
IR

Associate Professor

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.

Energy

N e
a\.\/ ) W ]
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-40

30 20 o
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- >~ BLO7LSU THEBICHF L 50 meV OERZESF T RILF—5
BREEE R DB X IRAA DN E,

IRETRILF—HDHN OH OFEET 2 22X TR2THEAS TV, TOFEEAL

TREDKDRICZ 7 ORI —UNFET 5 ENRS N,

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

found a microheterogeneity in pure liquid water.

1. BV Mgk, FTRSEEEEREORARYEICHK T 2RME (BREME. AEVME. Y7/ Ve, ERRERME. Jud

R L) DEEERE % DR DR

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 /O —. BERAROEEIERICET 5%
Electronic structure analysis of aqueous solutions to study microheterogeneity and interaction at solid-liquid interfaces

3. MR B ORARIGENT. BRICZRIN. ARERISET. £BY /U BOEEERIT D) DZ DBATFEDFRFK
Development of in situ soft X-ray spectroscopy for surface reaction of fuel cell catalysts, electrochemical reaction,

photocatalytic reaction and functionality of metalloproteins

4. MXBHRADHDOBBIRILF —DEEEL & KEDED DT DERIEFAHR

Basic study on ultrahigh energy resolution optics for soft X-ray emission and time-resolved spectroscopy
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Kotsugi Group
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Nakamura Group
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Masato Kotsugi

EEERIR

Visiting Associate Professor

Photoemission electron microscopy (PEEM) has been of
powerful visualization tool of solids. For example, it can provide
us sample shape, electronic state, magnetic domain structure,
lattice structure and chronological structure, with the resolution
of several tens nanometers.

In the currently conducting project, construction and utiliza-
tion of new aberration correction PEEM is in progress as collabo-
ration with Prof. Shin group. The use of aberration correction
mirror is enables us to compensate the chromatic and spherical
aberration of photoelectons simultaneously, and ultrahigh resolu-
tion of 2nm is expected. We improved its lateral resolution by
introducing the knowledge accumulated in SPring-8 and Max
Planck Institute of Microstructure Physics. We are currently
utilizing this ultramicroscope for the investigation of nanomagne-
tism or graphene.

i

o
&
N B

Tetsuya NAKAMURA
REEHRER

Visiting Associate Professor

Studies of magnetic materials using synchrotron radiation
X-rays have been greatly developed since 1990’s, which are
mainly driven by experiments of an X-ray magnetic circular
dichroism. At present, spin-electronic devices and permanent
magnets are investigated intensively. The further developments,
which should be achieved in the next stage of this research
field, are thought to be in nano-scale probes using a focusing
X-ray beam and in time-resolved measurements in addition
to improvement of the measurement accuracy of conventional
XMCD. Moreover, a new magneto-optical-effect experiment will
be expected using an advanced coherent light source, FEL. At
a University-of-Tokyo Materials Science outstation (BLO7LSU)
at SPring-8, the time-resolved XMCD measurement using a
femto-second-laser system is planned. We will also challenge to
perform an experiment of XMOKE using the FEL.
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Synchrotron Radiation Laboratory

BIR (MR £ & Professor (Director) : S. SHIN

24 = INER 3K Professor : F. KOMORI

OB B WH B Associate Professor : I. MATSUDA
OB B JFRHE &R Associate Professor : Y. HARADA
Bh E2' BARK 722 Research Associate : H. TAKAKI

Bh 2 A = Research Associate : S. YAMAMOTO
Bh 2 8 Yt—EBR Research Associate : K. YAJI

Bh 2 B2 IE3E Research Associate : M. FUJISAWA
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EMiEmME BEE W8T Technical Associate : A. FUKUSHIMA
RiTEMBE e = Technical Associate : T. SHIBUYA
BEMEMBE JFR Kb Technical Associate : A. HARASAWA
RiTErIHE &1 38  Technical Associate : K. SHINOE
EMEMBE T#& 183 Technical Associate : H. KUDO
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Synchrotron radiation, especially from insertion devices, has
provided researchers with a powerful probe, easily tunable over
an extreme wide range of energy and wavelength to understand
the complex world of atoms, molecules and solid states. The
members of Synchrotron Radiation Laboratory (SRL) have
been playing an essential role to promote advanced synchro-
tron radiation sciences using brilliant light sources in vacuum
ultraviolet and soft X-ray regimes. The SRL opened a branch
laboratory at the SPirng-8 to operate the new high-brilliance
soft X-ray beamline BLO7LSU of the University of Tokyo. At the
Photon Factory, SRL maintains an undulator, two beamlines and
three experimental stations, which are fully opened to outside
users. The in-house staffs of SRL not only serve the outside users
with technical support and advices, but also carry out their own
research works on advanced solid state spectroscopy as well as

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

1. BEPBRXBONRBOFHEERES IV ADME

The synchrotron radiation laboratory is promoting advanced
solid state spectroscopy using synchrotron radiation in soft
X-ray and vacuum ultraviolet region. They 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 synchrotron radia-
tion laboratory also operates the Tsukuba branch and maintains
two bending-magnet and undulator beamlines, connected with
two experimental stations at the Photon Factory (KEK-PF); an
angle-resolved photoelectron spectrometer (BL-18A) and a spin-
and angle resolved photoelectron spectrometer (BL-19A). The
current interests at KEK-PF are in the spin dependent surface

electronic structures of quantum films, topological insulators

and transition metal magnetic thin films.

BMEIAEY VLEED B8R %Z 1T e 2D BEEEF 20Tt KEK-PF BL-19A
OEEERFENXZARL TEIRER L Y DRABFORRRET S,

A new spin-resolved photoemission spectrometer with VLEED spin
detector, which enables us to measure spectra with very high energy- and
momentum resolutions.

Developments of time-resolved soft X-ray spectroscopy and researches on surface dynamics
2. BXBREAASKOBBR LT RILF —2EREL & RS ED N D o DEFENFHR
Basic study on ultrahigh energy resolution optics for soft X-ray emission and time-resolved spectroscopy
3. AEYDBIEEFOINS SJVOBIA—EHERIC L ZRARE Y EFIREDTFE
Spin-dependent surface electronic states studied by spin- and angle-resolved photoemission spectroscopy and

magnetic linear- and circular-dichroism
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Supporting Facilities

We have various facilities in order to support
research activities. Cryogenic Service Laboratory for
supplying liquid helium and liquid nitrogen, Machine
Shop for various machining, Radiation Laboratory
for the safety in experiments that utilize X-ray, y-ray
and radioactive materials, Library, Stock Room 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.

[

EREER
Chairperson
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International liaison office
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Public relations
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Yasuhiro MATSUDA
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Technical Associate  Hikaru TSUCHIYA
wmErms Bl BT
Technical Associate ~ Reiko SAGIYAMA
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Technical Associate ~ Naohisa KITAHARA
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Technical Associate  Kiyonobu OKABE
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Technical Associate  Jun YAMAZAKI
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Technical Staff Tadao IMAI
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Technical Staff Yasumichi ENOMOTO
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Technical Staff Seiji MURANUKI
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Technical Associate

Kiyokazu NOZAWA
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Administrative Staff ~ Machiko KONDOH
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Administrative Staff ~ Yuko HARADA
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Administrative Staff ~ Yoshiko OGURA
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Administrative Staff =~ Nahomi KOJIMA
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Administrative Staff ~ Akiko KAMEDA
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Administrative Staff ~ Chihiro SEKI
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Technical Staff
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Cryogenics Service Laboratory

LA
Machine Shop

ERZEBER HE {£EB Chairperson: T. SAKAKIBARA
KimEMEE TE X
EiErBE B ¥F  Technical Associate: R. SAGIYAMA
BAEEPKE JEE E  Technical Associate: N. KITAHARA

Technical Associate: H. TSUCHIYA
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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 recovered and
purified in this laboratory for recycling liquefactions. In the
2011 fiscal year, 323,000 L of liquid helium was produced as a
total and 232,745 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 562,280 L in the same year.

ITHEER £8 E— Chairperson: K. KINDO
BiMEME R &S Technical Associate: K. OKABE
miiErBe |LIE =
rxEmEs S3 B Technical Staff: T. IMAI
TRExEEE B ZEE  Technical Staff: Y. ENOMOTO
MEiE#EE NE 2T Technical Staff: S. MURANUKI

Technical Associate: J. YAMAZAKI
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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.

FELHE
HMIEE  smElEvy=—>voteyy—. NCHet,
1BIE7 51 288, MBI
A ATHEE : A7 A, vy 7 BEKIF. BERINIE.
FAVEY RNV RY —

MRETE | SRS, B2NEER. 7518, R—)L#

Main Facilities

Metal shop: Five-Axis Universal Machining Center,
Numerically Controlled Lathe,
Numerically Controlled Milling Machine,
Electric Discharge Machining Tool,

FTEXE Main Facilities Glass shop: Lathe for Glass Work, Polishing Tool,
ANUDTLRIEEE] (V7))  Helium liquefier system | (Linde) 200 L/hr Ultrasonic Machining Tool
ANITLREEEN (V>7)  Helium liquefier system Il (Linde) 233 L/hr  Researcher’s Machine Shop: Universal Lathes, Precision Lathes,
AN D L\BriE Liquid helium storage vessel 10,000 L Milling Machines
RAEBRETE Liquid nitrogen storage tanks 20,000 L
EUNEAAUTLARERE  Helium gas recovery compressor 190 m3/hr
BEBAANUILAN AR Liquid helium transport containers
500 L, 250 L, 100 L etc.
BORAAUTLRERY T Centrifugal liquid helium pump system 20 L/min

FR>T NC fefic & B F3%
Helium liquefier, storage and transfer system Numerically controlled lathe
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Supporting Facilities

JECS kA B

Radiation Safety Laboratory

HE
Library

HEREBEESR 35 BEE  Chairperson : T. TATAHASHI

M EME BHE HM  Technical Associate: K. NOZAWA
(EHREUR EEE) (Radiation Protection Supervisor)

TECRHRE B =1 PIVEWESE T IS B 2O EE (U4
BRI E 2 &) CRUNRRTEELEE (XfEEZ &)
DU T AT, BRI E OIS 2 B L ., &
REMRTZZEZHMNELTHRESIN TS, 20D,
TECRRR AR B 2 42 T A 70 SO A BRSEB & L. O
PEYYE SR R A R E O FTRLE . 225 S OB kI
IEHRTHEE, BEETICR T 2 MU B S H F D
PRI, R BRI O S E . X AR AL E 55 o) 32 I
T D FE M S O TR IR A D #13 <R Re l fedt BRE 2 W
DLk, BB EOBFINMELZT>Tw5, £k,
Wik, U, Th % X O IEE BRI E % 22Na # &
KRR Z 7 WF 9870 £ 93 C & 2 B B0 B R BUN R (XA
&) ISR ZMHA 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

EFERE GFEHRRYE BRIk Z 2 MIERRAE—DERE).
RYMAYERE NaBHRREAVWLERRY MOYE—LICLS
REBAMTZ D). BENREE. Ge ¥HMMREH, offiRHE RiEY Y
Fl—yavhovy— EEY-—-RAA—9—%F BRREE (\VR
7Y hVOREZY —IC &K 25RO

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.

NYRZYyRNIJOXRYVOREZY —
The 7ch hand-foot-clothing monitor

2x8R BPSA (EZF Chairperson:S. KATSUMOTO

% £ A EEF Administrative Staff: M. KONDOH
* £ [REHE #MF Administrative Staff: Y. HARADA

EBHHEE B {EF Administrative Staff: Y. OGURA

Y PERIE T X5 =SSR T 2O HINISIR . T R
HHDOWMFP KB EOHB L &bz, 2EOLFF b
REDTDIZ, PR EZ RO E LB R L BT L .
FHIZgELTw 3,

P ERHEA v & —%y FCHRERTE S, FOEERDSHC
LR HERFENTAINTOIEF Iy —F LT —F_—
ADHHTE S,

F 7 AR E BHT W XA AR ZR NS & 23k
HE, BB —EAZTOE B ORMIZE0TW S,

The ISSP Library holds many documents concerning
materials science for researchers. The online catalogue can be
used to find books and journals held in the Library. The IT
facility gives the access to many electronic journals and online
databases. If an item is not available locally, the Library can
arrange an inter-library loan.

Service hours: Monday-Friday 9:30-17:00

BE
EL=] : 783m?
BEH 164,679 fit (FRL 23 EEXRIRE)
(¥£ 58416 . 1= 6,263 fl. BAMEZSD)
MESEIEAES © 73978 (FMEE 634 1. TMEEE 105 1)

FIZERE  : FH 9:30-17:00 (BEAFIAE 6:00-24:00)

EEFEE 1241 (RN8FEIELAN T —7)L, BRIVEY MKBE)
RERAER 34

e 134

BE HEEES

BEH 13N (EBEEBED)
http://www.issp.u-tokyo.ac.jp/labs/tosyo/

HME=E
Library
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AbyZI—2L4
Stock Room

B A2 it =2
International Liaison Office

sBEER JI|B EFE Charperson: N. KAWASHIMA
EBHHmEE B FEFEE Administrative Staff: N. KOJIMA

ALy 7)) —5i3, BT, FLZEERA, ke &R
CHGE L TR E E SN DM, £ DS Rk £ Mkl
Ytz 252 C0 5, MMREDHEHZXS 70 HBAGIHL
SATLEMOT 24 KA =7V LT, LYz
HEDDLAMATT 2L TES, FASHEIEE D,
—HE TATRRES TR, —fFEAICL) 2Rt
F Y TELYMBIEEDONRTH 5,

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.

ERZREERE &8 E—
s miEtEa 8H WF
Ex@mkEa B T

Chairperson: K. KINDO
Administrative Staff: A, KAMEDA
Administrative Staff: C. SEKI

PIVEREFE AT IC 31T 2 E BRGS0 0 2 3 B 21T )
PG EREOb e, HEANEFETEOSE, M, fHdE
DEF, Y EITEREY — 2> ay 7054, ISSP
BES v RO LDEEIBT 2B O DERBE R
fToTw2, DM, HEDIHEAMAES O AIG LI,
SEIF AWM ZLTVS,

- SHENEBTE - SAEAFIHE O

() - 22O - B THLS . HEERSE)
W7 UY 27 N OGS - EfEICBE Y % 9
c L 7Y I— a v Ol - Ef

The International Liaison Office handles various international
matters at ISSP under the supervision of the Committee for
international affairs. The major functions are the coordination
of a visiting professorship program, the assistance in ISSP inter-
national symposiums, and the accumulation of “know-how” for
continuous improvement of our services. The office also serves

as an information center for researchers from abroad.

ARy IL—L1
Stock Room

International Liaison Office
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Kashiwa Campus Map

VIR SRR EREEMRFA A T ) B ST EA RS
The Institute for Solid State Physics Kavli Institute for the Physics and Mathematics of the Univers
®  Aff ™ HREFAE®EA-B-C
Main Building Joint Research Building A - B - C
® il - % Ehb RS ERR N &g
Cryogenic/Multiple Extreme Conditions Laboratory Main Building
© ¥ a3 — b OV ARSI
Short Pulse Magnet Laboratory
© Syt IR
Advanced Spectroscopy Laboratory
® MERERI A SRR

Laser and Synchrotron Research Laboratory

GER=NE PN 13 ey

Long Pulse Magnet Laboratory WATFZRE Q
FEISIFERT © )Piashll\fv/a\ Re;ear/c\h Complex
Institute for Cosmic Ray Research B 2 MEMIAR ®

Kashiwa Research Complex2
FreREEI R 2R R R
Graduate School of Frontier Sciences i N o
@ Hb Suppolruhgg Facilities B,
B2 v 7 — WISt

dpEluo IS BN AR BT el BT i Environmental Science Center, Kashiwa Branch

Transdisciplinary Sciences Laboratory Kash?wa by
e
Vet 1 iams © AR
® Ei?i;%ences Enidigs Cafeteria and Shop
e e e L,
Environmental Building © E}\uﬂejtuﬁjfﬁ ::Eﬁér I
© [E#A Bl @ j(;FEI » /u‘ &

Computational Biology Laboratory Todai Kashiwa Donguri Day Nursery

A FAO

mpEs\ *
® o Pclolo] o

o [o]fo|e
BEESS Parking BEE1S Parking BEI5 Parking
? : .

EuNAFREY S — g
I 2 National Cancer Center
AT PNl 2 OEH N AR —

Todai Nishi OHDENE Todai Mae AOmEAEL =
Kashiwanoha Park Kashiwanoha Kouen Kita National Cancer Center Hospital East
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Tokatsu
Techno Plaza
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W R AR LRSS RO = KA
The Institute for Solid State Physics, el o £ o<

The University of Tokyo

T 277-8581 TEEMMHDE 5-1-5

5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581
TEL :(04) 7136-3207

http - //www.issp.u-tokyo.ac.jp/

RREHR
Tobu Noda-Line

%\%
%
TBEN =
QHOEF v/ CAFRAEN (OKIETIRTLAE) &b '
BiEs K255 e b

EERE/AZFA K109
(718 03] ALK HH DHRRENTT. TAFT~> THAR] TE
(718 04 - 71 10] TF)IIaBRRO1T—> T5RART TE
OERAEC (R BER. RRXMITRER) &b
WERE/AZFA §9257
(7918 01] ELA A BFT 2> 5—1T (HDERERER) > AR TE
(18 44] B’ w2 5—17 ( BBERHERTRH)
- EINARREY 5 — TE
OFEEHEER IC. HSETH 5 2

B EREREI—L Y MERIZRREY 5 —
Laser and Synchrotron Research Center

O MEBESIERRER D<KIERE
(BITXRILF—INREFFREER)
Tsukuba Branch of Synchrotron Radiation Laboratory
T 305-0801 ZHEHEDIEHARE 1-1
1-1 Oho, Tsukuba, Ibaraki 305-0801
TEL :(029) 864-1171

O MERF TR EER
(SPring-8 M)
Harima Branch of Synchrotron Radiation Laboratory

T 679-5198 EEEAAEMARAIAE1-1-1
1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5198
TEL : (0791) 58-0802

BB TR 2R R
Neutron Science Laboratory
T 319-1106 FKIBMEMMEH BREF 106-1
106-1 Shirakata, Tokai, Ibaraki 319-1106
TEL :(029) 287-8900

BBt EMERZMA LY —BFERE
Rt Z AR ER 2R ER)
Center of Computational Materials Science (Kobe branch)
T 650-0047 EEEMHFHPRXSERE 7-1-26 R501

7-1-26-R501 Minatojima-minami-machi, Chuo-ku, Kobe, Hyogo 650-0047
TEL :(078) 304-0170

.
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