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‘ Preface

Institute for Solid State Physics (ISSP) was established in

1957 as a joint-use research institute attached to the Univer-

sity 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 has moved to Kashiwa campus

and started anew in 2000. Thanks to new research buildings

and renewal of research facilities, the research environment
in Kashiwa by far exceeds that in Roppongi. Transportation, Fif Director
one of the major problems at the time of relocation, has been 5'
much improved since the opening of Tsukuba Express railway %l E ﬁ A

in August, 2005. IYE  Yasuhiro

Here we briefly report the status quo of the major projects that have been pursued in Kashiwa. As for the high
magnetic field project, the setup of a dc generator with flywheel has been completed so that we are stepping into
the actual development stage of non-destructive long-pulse magnets. As for the synchrotron radiation facility,
the construction of the Materials Science Beamline under the University of Tokyo Outstation Project is currently
in its final stage. We shall hold its formal opening in October 2009. As for the neutron science facility, the High-
Resolution Chopper Spectrometer is currently under construction at the BL12 of J-PARC/MLF in collaboration
with the Institute of Materials Structure Science, KEK. As for the computational materials science, a plan for
the prospective organization for utilization of the Next-Generation Supercomputer is being finalized by the
community representatives. Nowadays, these very-large-scale facilities tend to be installed by cooperation of
multiple research organizations, so that it becomes necessary to device a new scheme for their operation. In

planning such a new scheme, it is crucial to set the "spirit of joint-use" as the basic guiding principle.

In connection to the concept of joint-use research, the MEXT has recently dissolved the former "Joint-Use
Institutes" scheme and newly started authorization scheme for "Joint-Use/Joint-Research Organizations”. With
the help of a supporting letter from the Committee of Physics, the Japan Science Council, and another from
the Bussei-iinkai, ISSP has duly won the authorization. Although it is not clear at the moment what changes
will be brought about by the new system, we interpret this as a resolution of MEXT to strengthen the support
of "Joint-Use Research" system that is original in Japan. Because it is precisely what ISSP has been pursuing
since its establishment, we do not foresee any major changes in our mode of operation. One particular change
is that the Joint-Use Facility Committee is more explicitly authorized as the decision-making committee on
the issues of joint-use of ISSP. In seeking the operation of ISSP that appropriately complies with opinions and
demands from the materials science community, we shall ask the external members of the Committee further

commitment and cooperation.
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ISSP Main Building at Roppongi Campus (1963)
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History ‘

The Institute for Solid State Physics (ISSP) of
the University of Tokyo was established on April 1
in 1957 as a joint research laboratory based upon the
recommendation of the Science Council of Japan and
the concurrence between the Ministry of Education,
Science and Culture and the Science and Technology
Agency in order to carry on basic research in condensed
matter physics. Within the first 15 to 20 years, ISSP
had achieved its original mission, that is to serve as
the central laboratory of materials science in Japan
equipped with state-of-art facilities that were open
for all domestic researches in order to catch up on the

research in Japan with the international level.

The next goal was set to develop advanced experi-
mental techniques that were difficult to achieve in most
university laboratories. The reorganization of ISSP into
the "second generation" took place in 1980. Division
of Physics in Extreme Conditions included groups in
the areas of ultra-high magnetic field, laser physics,
surface science, ultra-low temperature and very high
pressure. It aimed to create extreme conditions and to
explore new phenomena. Neutron Scattering Labora-
tory was constructed in Tokai in collaboration with the
Japan Atomic Energy Research Institute. Its capability
was significantly improved during 1990 - 1992 due
to renovation of the research reactor. In 2003, it was
reorganized to Neutron Science Laboratory. Synchro-
tron Radiation Laboratory operated the SOR-RING in
the Tanashi Campus of the University of Tokyo and
maintained beam lines in the Photon Factory at the High
Energy Accelerator Research Organization (KEK) in
Tsukuba. After the shutdown closing of the SOR-RING
in 1997, effective use of new light sources in Japan
is an important mission. 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.

5

In 1996, another major reorganization of ISSP into
the "third generation" took place, in order to pursue
new frontiers beyond the traditional disciplines and
become an international center of materials science.
One example is to explore new phenomena in combined
environments of various extreme conditions, since
individual technologies for high magnetic field, low
temperature and high pressure had reached certain
maturity during the "second generation". Another
example is the study of artificially designed materials
such as thin films, materials fabricated on surfaces and
mesoscopic systems with nanoscale structure. Focused
efforts are also planned on synthesis and characteriza-
tion of new materials with the aid of computational
physics, which allows us to design and predict proper-
ties of new materials. Currently in ISSP, there are 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
Lab., Neutron Science Lab., and Materials Design and
Characterization Lab.). In addition, there is a visiting
staff division as well as two foreign visiting professor

positions.

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 Laboratory in a university corporation. In
2007, celebrating the 50th anniversary, the ISSP estab-
lished International MegaGauss Sciene Laboratory and
started serving as an international center of physics in

high magnetic fields.
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SEFEM BT & L CHRE

Establishment of ISSP as a joint research laboratory

BB - BREWAS 2 00T, BRI S IR ¢ RSARAE 1 SRR

Opening of Radio and Microwave Spectroscopy, Theory II, and Crystallography I divisions
Frge R /4 5 N - 7] S 1 =

Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions

AR, - RS 1 FRFIHEER

Opening of Low Temperature and Magnetism I divisions

IR - oy - AR - S - BRI PR R

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

EAES 2 - BEERES 1 - WA - SURYIPE IR

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

YrttwtZErt AT

Inauguration of ISSP

AR 2+ JERLA - I - BEERES 3 MRMIHER. 20 FRfT & 4 %

Opening of Magnetism II, Solid Materials, High Pressure, and Theory III divisions. Total 20 divisions
FEEL AR 2 SRR 1 SRS S

Solid Materials division was renamed as Inorganic Materials division

S R CIL et b Fi'a

Opening of Neutron Diffraction division

WA (FEAE) e 228 E % 5)

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

LRV EALY/NER T TG din

Foundation of Synchrotron Radiation Laboratory

AR PR FE i T

Ultra-Low-Temperature Laboratory building completed

e D 22 FMHHRRYPEAR (RIS, MRV — — Rk, BRI O EE)
OB BETERFT, bR EERT, BRI & & NS BE G 0 5 KREFI R 0% B
HRFT 1 IS FRBL S 115

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

BRIy - MRBR L — o — SRR T

Ultra-High Magnetic Field Laboratory and Laser Laboratory building completed
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g hazer (R 10 42) 23S, 6 KL %%

Opening of Materials Development division

%5 1 [ ISSP [HE s v Ry & THEGEZEAOYER L Abye) bife (DARESUE 2 & Ichilfk)

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

Foundation of Neutron Scattering Laboratory

B RREAL 235 M < 4 5

Evaluation of scientific achievements of ISSP by an international external committee

e R, PG, o, MIRBIEME. Jedinor o b R & WuE BN pFE iR
Ak AL AR BT 7 I R TR R 2 I A 72 3 iR I P S 1 B

Reorganization into five divisions; New Materials Science, Condensed Matter Theory, Frontier
Areas Research, Physics in Extreme Conditions and Advanced Spectroscopy divisions, and three
facilities; Synchrotron Radiation, Neutron Scattering and Materials Design and Characterization
Laboratories

FEREMF v v 8 2T BT 2 WD S L

Construction of the new ISSP buildings in Kashiwa campus started

k- BGELIH e R TR 23920 S 4

Evaluation of activities of Neutron Scattering Laboratory by the external committee

i ¥ ¥ S 2~ DOBEEHHIG

Relocation to Kashiwa campus started

BER5E T

Relocation completed

HHE| N EHTaR

Opening of foreign visiting professorship

bk BELWT TR MR S v P RIS R L Sl

Reorganization to Neutron Science Laboratory from Neutron Scattering Laboratory

Ve EE TRl R SME R 23S M S 4 B

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

R RYEDIE SR FENRHR A E 2 D

The University of Tokyo was transformed into a national university corporation

FeImAEIS IS % - 2 R — VPR I A B

Division of Frontier Areas Research was renamed as Division of Nanoscale Science
HIEREEARI ST S 41 %

Evaluation of scientific achievements of ISSP by the external committee

Il Bk g 2 B AP R D BT

Foundation of International MegaGauss Science Laboratory

RISZ 50 ARl g3k

Celebration of 50th anniversary
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Organization

HRFIBEREFIZEER

Advisory Committee for Joint Research

E& (BIRE)

iR

Director

e

Faculty

| I
AEBEHHS

Selection Committee

TR EEEER FHimpEaR

Administrative Office

ISSP Advisory Committee

Supporting Facilities

“Administration

8

ERRIE
Cryogenic Service Laboratory

IHE=E
Model Shop

BEHREEE
Radiation Safety Laboratory

e
Library

ANy IL—LI
Stock Room

International Liaison Office
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Research Facilities

L LIPENEREZIEL iR i

Synchrotron Radiation Laboratory

L Ezzas
Advisory Committee
|| LB il

Materials Design and Characterization Laboratory

L Egzss

Advisory Committee
R F R IR
Neutron Science Laboratory

| @gzas

Advisory Committee

| BB SR IS R A AT OB R
International MegaGauss Science Laboratory

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

of fund for user activities.

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

maintains apparatus installed at the research reactor in

fifgRERrd =
Research Divisions \%sitfg Staff
ABEAERE

BRI PRI Foreign Visiting Staff

Division of New Materials Science

Y B R U RRPT
Division of Condensed Matter Theory

F/ AT — VAR ZERFT
Division of Nanoscale Science

| Division of Physics in Extreme Conditions

TRERERIS Y T ST ER T

" Division of Advanced Spectroscopy

Felm AR ST AR

9

the Japan Atomic Energy Agency, Tokai, Ibaraki. In
addition, supporting facilities, which include Cryogenic
Laboratory, Model Shop, Radiation Safety Labora-
tory, Library and International Liaison Office provide

services to both in-house and outside users.

New research positions as professors, associate
professors and research associates of 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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1,400
1,200
1,000
800
600
400

200

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

FEWZi4s Workshops
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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.

FAR A EL
1400 researchers 41400
1300 1300
1200 1200
1100 1100
1000 1000
900 $RIR {5 900
800 Subjects 800
700 700
600 600
500 500
400 400
300 300
200 200
100. 100
2004 2005 2006 2007 2008

PRI B3 L OB AL R A D — - W0 B A Bl v
A—R—avEa—FE IO R LEEEITZE RO &)

Number of subjects and researchers adopted to domestic joint research

Guest House

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

Workshop

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.

XL o AT D FE I DT

FAfE _

g AFFHFAAIRIC BIGADE CEE L,
b B, 3 R CER 15 EE~) ¥
10 3wz "HMZ LD, IKid, &%

5

HEFHO A LTI S Ot % £ 03
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THE INSTITUTE FOR SOLID STATE PHYSICS 2009

IR 2 - ISSPRIEE S /K77 A International Activities and ISSP International Symposium

YIETT T IZ BRSSO v 4 — & LT b EE R
HEH-> T3, 1989 40 515 % - 72 ISSP EHEE >
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BREHESFIHIN WD, X512 1981 HLK,
PETHGELIC BT 2 HoKi 1 0 E B o el %2 5L
7L T3, Zoficdbd LEBKO/NS WEEY — 2
Tay TrRT->T0w5,

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 Japan-US cooperative research program on neutron
scattering since 1981. In addition, ISSP organizes

smaller scale international meetings.

7 —~ @ EHIH OSMEH(SEN)
Title Date Participants(overseas)
£ 1E | FEREBEEROYEEF .8-28-
1st The Physics and Chemistry of Organic Superconductors IR 2ot 205 (34)
EoE | BEEETRALORIE o
8th Correlated Electrons A0 0oz 200 (25)
£9[0 | EFRERMROTER 11
9th Quantum Condensed System 20gte eIl 120 (23)
£ 105 fﬂSi@ELCBH%j’/ﬂ’rIyx 2006-10-9-13 247 (34)
10th Nanoscience at Surfaces
£ 110 | KEEKOYERZE .10-12-
11th Hydrogen and Water in Condensed Matter Physics 20ee o lz-le 107 (21)
ISSP [EEE> > H 724 ISSP International Symposium
@7 —~ O EHH OSMEH(SEN)
Title Date Participants(overseas)
ER7—73v7EDER "Sub-10 nm Wires, BB
International Spring School on “Sub-10 nm Wires” 20020 125 (55)
EAMIRICHIT2 MROY ALK .6-2-
Topological Aspects of Solid State Physics 20 Eraze JLl e
YEYBICRTZA—/\—avEa—F1>7 PR
Supercomputing in Solid State Physics 2009 A00gees B 85 (14)
BIEREEROHERS roo
New Developments in Theory of Superconductivity 2oz v a1 A

BT DEER7—2732 a7 Recent International Workshops
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J\@ﬁ/ Budget

PIERIZERTC I, Rt d 3 Mgk % FIH L <kl
B L 7e REBEE IS 1 2 VT 2, WIEEIZERT
DHEIE, FRTIFICIEL T, HERER A YR
DRI B 2 B AL S, MBRR R R A T
YRR T A, B 2 oI FTaE A R A
FERME R R, R TYHKICE L Tw B, 2
N5 DRER D% 8 2 T B IR IS 3D DR
2EWFREHE DEBRICE I LT %, YITERFZERTC U BI4E,
YIPERLE AR & REBEELFEZ DD DI A ¥
VAZRFEmL TW»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 introductory lectures on condensed matter
science and a guided tour are given to those who are

interested in graduate courses in ISSP.

{&X:8%E Master Course B8 Doctor Course
2006 £ | 2007 £ | 2008 & | 2009 £ | 2006 £ | 2007 £ | 2008 £ | 2009 £

YEFER  Physics 54 51 40 33 29 31 26 25
{LZEI  Chemistry 8 3 3 3 4 4 4
HIRRERIFEK  Earth & Planet. Sci. 2 2 1 1 1 0
YIETHEIL  Appl. Phys. 12 11 10 7 6 4 3
MEREK Advanced Materials 39 36 38 37 8 11 13 14
EHIE T I Complexity Sci. and Eng. 0 0 4 4 0 0 0 0

& &t 115 103 95 88 48 53 47 46

R AFEOFBREBEE%  Number of graduate students

- N s
SRt /Publication

YIERRZERT T3, 4R 350 2> 5 500 fRE i D224
XHRZFHR L T 5, 2008 4 0 2447 SCHR 375 fi D
WA, 22T 335, ik 17, WiEiH 17, & (%
TERD—F) 6 LhoTw3,

About 350 to 500 scientific issues are published
through annual activity in ISSP. The 375 articles
published in 2008 consist of 335 papers in refereed

journals, 17 proceedings, 17 reviews, 6 books.

600
500
400
300
200

100

2004 2005 2006 2007 2008

SEMTE RO (T s — T 7 - fREE Ha )

Number of Scientific Papers (including proceedings and reviews)
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(D)
: 4»

SEIR 20 4E)E (2008 fiscal year)

L3 (A) AHE  XEBRIZELD

[3(B) W& : XEPHFELD

LI1(C) &z RAFELD

[ 1(D) =K - HEME : KE - th&FELD
LI1(E) RFMEE | XHRZEE - BRFMRES LD

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

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

(C) Grant-in-Aid from Private Corporations

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

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

(A) (B) (@) (D) (E) &t
ANEE Mg Sk R HEAR | BIEHERE Total
Frk 20 £ (2008) | 1,517,658 2,559,789 8,592 322,093 493,000 4,901,132
FHL 19 £ (2007) | 1,470,205 2,415,721 14,178 239,450 478,600 4,618,154
L 18 £ (2008) | 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
FHL 16 £ (2004) | 1,341,540 2,162,225 13,180 69,574 466,200 4,052,719
Tk 15 £E (2003) | 1,502,097 2,130,210 21,950 149,079 348,500 4,151,836
FHL 14 £ (2002) | 1,527,173 2,237,894 6,584 61,352 344,700 4,177,703

\

FHEAEDHEF  Budget in recent years (Hifz : 1)  (Unit: Thousand Yen)

2i %k B1 %% /Staff Members

SRR 21 FEEERRAT RS, DTo k) Ths, FEKBIZEZ RV,
FY2009 Number of staffs (Visiting Professors not included)

B = HEBIR B % BATHRE =i
Professors Associate Professors | Research Associates | Technical Associates Total
T B
Number of staffs 23 28 39 34 124

Z oft, X RO RERELZ 75 ATH S,

The number of administrative staffs is 75.
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Division of New Materials Science

B EREinEgk, 77— v h =R
F/Fa—7, BREEKLEDOHICR NS
Koz, THWE) oFFAIE I ETITMEL &
CPERMEOH L R Z W T &7, #Hark
PIPEBIR DOFE R F 7R FROFT L wEM TN
A ADBFIC S DR h D, FiERETZEEM
TiE, FTLOYWEZ AL, SE B2 v
TZOWHEZMET A LI, HLWPYE
Blcoh» 2 EHR 2R R LMHT L%
HEEE LTWw 5, SEPUIHTE 7 > Dz
SHD . FMARZAMR AR MDD LICEME
DFREHERCR R E W ERE, #1 L P B
MOBHFE R 21T woo, BEE IV — 7L
FRBHERL 7V — 7" & DERMPE % B8R 2 728 & 0
DI T B, FRCYVE G & 1358\ 1
JBRERE 2B oM EHEEL T 5,
FcldBie, ERSERLY. EVEFRYHE.
ARESER L CRoEFHE 2 R ITWEICE T
ZAE Y, Wl BRIORTRHES ¥ o
bl o TEHERBROBHE ERE kT —<D 1
2L LTEY., BETICEIT 2UEARCRES
fET, WERIRIC 3 V) 2R BLSGHE . AL -
PREGHE . BEIESRALIS, S R e Sl B W
T T FEBR BT & WA L 22 FZE 0D 5T
W3,

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 seven 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 Laboratory. 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 oxides,
heavy electron systems, f-electron compounds
and organic conductors. Here, various advanced
experimental techniques are employed, such as
high-pressure synthesis, structural characterization,
transport, magnetic and calorimetric measurements,
nuclear magnetic resonance and optical measure-

ments.
[
O AR #EZ B % —HN =
Professor Takehiko YAGI Research Associate  Hiroyuki MITAMURA
n B - B % =H
Professor Masashi TAKIGAWA Research Associate ~ Makoto YOSHIDA
B B R R B % mMH =
Professor Toshiro SAKAKIBARA Research Associate ~ Taku OKADA
AR HE #z B # =tE —%&
Associate Professor Hiroyuki TAJIMA Research Associate  Kazuyuki TAKAHASHI
BB H AR B % WA FN
Associate Professor Hatsumi MORI Research Associate  Yousuke MATSUMOTO
AR it A ] N FEF
Associate Professor Satoru NAKATSUJI Technical Associate ~ Chizuko MURAYAMA
RHEERD PN i) KirErIHE BEE AE
Project Assistant Professor ~ Kenya OHGUSHI Technical Associate  Hirotada GOTO
# & (¥8) HE EA
Visiting Professor Masato YOSHIZAWA
#Z GIEARER) NNUARX AR
Visiting Professor Luis BALICAS

FE R AT 7R

Division of New Materials Science
http://yagi.issp.u-tokyo.ac.jp/

INRWESE S

Yagi Group

100 JF5E BT FE % ki HE R iR & FE B
THAEIE, I EIEAYHEOMBEMETIZE T 5456
G2 5 L L bic, EIENZFHL 25D
BOWER, ik - BEETWEOMAZIT> T 2,

JEJN G L L Ic B OREEZE I e 5 b o L L
KN TA=F DO EDTH S, FHITIFHEETED S
HURE (HEE%) £ CRVCENOMAEES>TED .,
WHIZZ DEPNIENIGC TZ DX ERESEZ S,
I5ETThNbNI A T2 T, X, ZhdAk
FioZ kMmoo O & DI E S, WHEOHEOMRIZ X
IRV ENFEE TOMADBRAIRTH 5, AWFFRETIE,
R R T 12 3B 1) 2 XA HT 2B 2B, RIIGA
BoE Mg 28 L T WHOSKRELZH
SIcT B L, BHEAERMML T, HHETNTIES
IENTERVHLOYEZAER LD, HERPEED
HRICHET 2 L ZEZ o N T 3 WEOGERE %2 W
SPICT IR HEEL T 5,

L—F—mM#S A VY EY 7V EILEBEZRWBEESERROKTF. 2@EDS
AYEYRICEAT IO AREZBYEAZMALHRIC, YAG L—¥—X%zR
HUBTCETIMT 2,

High pressure and high temperature experiment using laser-heated dia-

mond anvil apparatus. A sample is squeezed between two diamonds and
heated up to several thousand degrees by YAG laser irradiation.

¥
g
JAV NI <=5 MH =
Takehiko YAGI Taku OKADA
E265d Bh#
Professor Research Associate

High-pressure and high-temperature conditions, more than
100 GPa and up to several thousand degrees, are created in the
laboratory and properties of materials under these extreme
conditions are studied. Pressure is one of the most basic param-
eters that controls property of materials. In the universe, very
wide range of pressure conditions exist and materials change
their properties dramatically depending on the pressure. What
we know about materials at ambient condition are only a very
small portion of the entire property. For better understanding of
materials, we are carrying out high P-T in-situ X-ray diffraction,
as well as other physical property measurements, and electron
microscopy of recovered samples. Synthesis of new materials
using high-pressure conditions, and the study of the Earth’s deep
interior are also carried out.

~ NaAlsiO,

148GPa, 2150K

Intensity (a.u.)

9 10 11 12 13 14 15 16 17 18
2 theta (deg.)
#9150 ARETER S 1z NaAlISIO4 DR X #REIHT /(Y —> T, IIE - MNEiC

O, SEIEFLRECIBREIN, YYI/OMNOVEENERWSZ Elc&D,
BEETTORBICERBEPRFERET SN TES,

High pressure in situ X-ray diffraction pattern of NaAlSiO4 obtained at
about 150 GPa. Various changes of the diffraction are found up to this pres-
sure. Combination with synchrotron radiation made it possible to get high
quality data under these extreme conditions.

1. BiEYrEE. IR - REETIVEZOBEERER TICH T 2HEGEBOYMEDOHRR
Studies on phase transformation of oxides, metals and Earth’s deep materials under high pressure and temperature

2. BEREZAWCHYEORRMRE

% NNEAES) =7 JLRUwY Synthesis of new materials using high-pressure conditions

Visiting Professor Frederic MILA 3 E%E%‘E%Eﬁ&'ﬁfﬁ@ e
. =] =] /) n
R HEAERE) rasz rokelbra Development of high pressure and temperature experimental techniques
Visiting Professor Akhilesh ARORA
HR NBEAEER) NvISTVY FUZR
Visiting Professor Douglas MACLAUGHLIN
14 15
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Division of New Materials Science
http://masashi.issp.u-tokyo.ac.jp/

e )1 k78 %2

Takigawa Group

MR (NMR) % BAERFR L LT, FHik
WO WE RN T 2BHREZME L T» 5,
WHBE R TR, BIEE, R (SR ) Wk, AR,
WOERRIT & o e S B LR RIFIRESEFIL TR D | WY -
7 EoNNEtE2EZ2 2 Ecins OfOE T
AR DS 2, HIEEEORAE— A~ FE
[RUUEME— AV P 2FF->TED, s 3ZRMOE
MEBWGLEBSARZ KL TWwb, ZDRHONMR I,
EANETFOAE v, S, JuEZ Lo HBEIHEAS
THN L RRGRPIRERR S EOWEEZ, 7 It
D2ENBEBFRE %S, HAl3x RREZRD 0L
ANM R HIE2E 18 2 5 4i L. KR - 50 - mER £
HIBRES: L lAa G b T, BREELLAY. &L
LA ERE R EZ R E L 227> Tw 3,

i 1| =H

Masashi TAKIGAWA Makoto YOSHIDA
% EUE
Professor Research Associate

We use nuclear magnetic resonance (NMR) as the major
experimental tool to investigate exotic phenomena caused by
strong electronic correlation in solids. A remarkable feature of
strongly correlated electron systems is the competition among
various kinds of ordering such as superconductivity, ferro-
or antiferromagnetism, charge and orbital order. Quantum
phase transitions between these ground states can be caused
by changing the external parameters such as magnetic field or
pressure. Nuclei have their own magnetic dipole and electric
quadrupole moments, which couple to the magnetic field or
electric field gradient produced by surrounding electrons. This
makes NMR a powerful local probe for microscopic investiga-
tion of the exotic order and fluctuations of multiple degrees
of freedom of electrons, i.e., spin, charge and orbital. We use
various NMR spectrometers in different environment (low
temperature, high magnetic field and high pressures) to inves-

tigate transition metal compounds, rare earth compounds, and

organic solids.

THERRE (WERGTHEER) TERS niciHiRERS
SMS5ESN 190K & T 2EREEED 2V NMR X
I Ko 105 F RS DBIS% ac AN TEER Lo & 2D

BT —20Y A ~DHIGIRIFESUERBEIER

Intensity

L&D 7THRIERRT %,

5TV NMR spectra at T=190 K (high temperature
metallic phase) obtained from a needle-shape single
30| crystal synthesized in the Y. Ueda’s laboratory (Mate-
rials Design and Characterization Laboratory).
Magnetic field of 10.5 T was rotated in the ac-plane.
0 A single site yields seven resonance lines split by the

114

EEIBRAREZRIE 1 RITREHE B-SrossVe0s DEEEERICE
17 5fEREE, bHAMIC2FAMT S IRF(LTHIEicLD. 6
BEONFTIILTASDEL S,

The crystal structure of the high temperature metallic phase of
the quasi one-dimensional conductor B-Sro33V20s, which exhib-
its a metal-insulator transition. Ordering of Sr atoms doubling the
periodicity along the b-axis results in six inequivalent vanadium
sites.

1. ERIT. 75AML—h - REVRDY A F I AL EFHES

116 ‘ 1‘13‘ ‘ 120 electric quadrupole interaction.
Frequency (MHz)

Mo b AAICBED &S YA b ORICHEZE
BT RDEWAHD, EEBETHBIC
HED5Y. BENHORSRREANE
BEHAMICEET I EERLTWS,

Angular dependence of the Knight
shift at T=190 K. The pronounced
difference of the Knight shift between
the two sites neighboring along the
b-axis indicates a large modulation of
electronic charge distribution along

|

oo | | avag | e | 190K EBBEFA RS homEE
AT ) 1

the conducting direction even in the
metallic phase.

Angle (degree)

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

2. FEBBIEER
Exotic superconductors

3. BERETFRICHITBER - Ul - SWFOHRFLESE

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

4. BHEBBCEBERICEF2AEY EEBRDY (IR

Spin and charge dynamics in magnetic organic conductors
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Sakakibara Group

WE DR THERBRIZIEGREHEICH 72> Tw 2,

ZOHRTHWETRREDIHEOYERTIZ1I 7 rE Y

L0 & ED IR i LRI TEIR R W EE 2 R a8

BB, DK il FEBEEE T I3 DM E TB & @
MY 22 EPWEEZ 72O RBTOHIESL % . FL vl
MBRBHIF SN S, SIFRETIE IO &) 2Rkt
L2 RO 4 B R OBEAYEO R 217> T 5,
BAEMIC PEHLAMPECET R, BTFAEVRE

IV 7 92 L =RV R EBHRNRT, B

HBGHE 2 TR TR E LTHIZELTw 5, ZOHMN
DizdIz, Tkl 30 2V 7V E v ORI £ CREAVHIE
DIVRE 72 IR D RGN EEP. R4 RSP BE I
%50 75 A FETT R D BEACTN A RE 1 - 1% 5 vh BRI 20 7

£, MHOEEFIFE LT TV 5,

BIERT 7 27 —HAFFCAWS F v /Oy Y XAFmEE, RIEE30MKTI17 T
ETOHICBIENFIRETH %o

Force-sensing capacitance cell used for the low temperature Faraday mag-
netometer. Magnetization measurements can be done at low temperatures
down to 30 mK and in magnetic fields up to 17 T.

1. EWEF LAY ORIt L B

Magnetism and superconductivity in heavy electron systems

2. HIFEHMEVICE T 2L ERYKRF
Multipole orderings in f electron systems

3. 77 AL —rAEVROEERRE

B

TR ERER =—HEN 8=
Toshiro SAKAKIBARA  Hiroyuki MITAMURA
E265d Bh#

Professor 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.
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8 (deq.)

BENMEHACAERE TAEL LAY 7 1 EEY) Dy2Ti207 @ 0.3K &1} 3
WL DESAREEE. (111 ARERDIC. 71 RIL—ILZHBRAEY Ty T
BBEIBAENTWS,

Field angle dependence of the magnetization of the spin-ice compound
Dy,TiO7 obtained at 0.3 K by an angle-resolved magnetization measure-
ment system. Ice-rule breaking spin flip transitions can be seen around the
[111] direction.

Ground state properties of geometrically frustrated spin systems

4. EFRAEVROEEIREE
Ground state properties of quantum spin systems
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Tajima Group

ITEAER FRCHEBEEI S X O % A B0
EWRE LB TYEOMEET> TV 5,

A B I o WF %2 < 13, i MIM (Metal-Insulator-
Metal) SEEICHIEZ R > T3, ZOEAIE, b Hifl
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L ®ETHIHMHAKBMoN TS, FLESICHN
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ITO/chlorophyll a:[Fe(dpp)2] (BF4)2/Al DIEETINA R DBERFNZANY K ILD
BEMKEFE (FIMNEBE 3.5V), WERIE. 689 nm OBRFENLREDRERET M,
Electroluminescence spectra of the ITO/chlorophyll a:[Fe(dpp)2](BF4)2/Al
device at different temperatures under the applied voltage of 3.5 V. The inset
shows the temperature dependence of the EL intensity at 689 nm.

1. BEARENT/INA XDIERE & CYIERIE

HE #xz
Hiroyuki TAJIMA
AR

Associate Professor

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

Organic thin films: In this subject, we are especially inter-
ested 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 MIM junctions with insulating layers of biomolecules,
spin-crossover complexes, and porphyrin complexes using
various experimental techniques.

Conducting molecular crystals: We are interested in charge-
transfer salts of iron phthalocyanine and their derivatives. We
found giant negative magnetoresistance in this system in 2000.
We are studying their magnetic and electrical properties in order

to clarify the origin of this phenomenon.

© (107 J/rad)

TPP[FePc(CN)2]2 DEES MLV DREREME. 12K E25 KDMNLIZH—T DR
RIIRKERICL S,

Magnetic Torque of TPP[FePc(CN);]; salt. The inversions of torque curve at
12 K and 25 K are due to magnetic transitions.

The fabrication and characterization of organic photovoltaic devices

2. BEFENT A A — ROERE S CYIEEE

The fabrication and characterization of organic light-emitting diode

3. BEMT YO 7 = VEEDIERE L OCYIEEIE

The synthesis and characterization of conducting charge-transfer crystals of phthalocyanine
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Mori Group

SR, B E X OFEER R & oMEE: S T
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EEMBHBE TR L ICBRBIREH [-ET2Cu(NCS)2] DE#ESR
Organic superconductor [k-ET,;Cu(NCS);] prepared by the electro-
crystallization method

1. FREREERE L CBEEFEORE CBE - YT

EeRIES =iE —&
Hatsumi MORI Kazuyuki TAKAHASHI
HEHIER Bh#

Associate Professor Research Associate

The development and structural and physical properties
for molecular functional materials like molecular conduc-
tors, magnets, and dielectrics have been studied. The attrac-
tive points of molecular materials are 1) that there is a variety
of materials since a few million kinds of molecules have been
synthesized so far, 2) that molecules and intermolecular interac-
tions 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 inter-
actions (electron correlation) induce the magnetism as well as
conductivity in molecular conductors.

Our group studies 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 superconduc-
tors, in which the superconducting state is competitive to the
charge ordered state owing to electron correlation and shape of
designed molecules. (See the figures.)
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HIRERBIREA f-(meso-DMBEDT-TTF)2PFe DBXIBH D EAKFIE. EET.
90 K TEE—IERABBZRI I MEELHICHEBRENET U, 4.0 kbar T,
43 K THBILEHEBERIT,

Electrical resistivities under pressures for new organic superconductor,
B-(meso-DMBEDT-TTF),PFs. The metal-insulator transition occurs at 90
K at 1 bar. By applying pressure, the transition was suppressed, and super-
conductivity was found at 4.3 K under 4.0 kbar.

Development and structural and physical properties of new organic conductors and superconductors

2. BER—EE/N\1 Ty NEIHEEARDORI CHBE - YR

Development and structural and physical properties of organic-inorganic hybrid magnetic conductors

3. BME C EREEOFBICE DOHFR

Study of dielectric response of organic materials and metal complexes
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Nakatsuji Group

Yo 7a 54 7k, FiLOPHERKOFER
ZH b, oTd, BROET - Hltha %2322 2 Mk
ELTOEEMEY S, WETD 1028 i b OF 7oA
ERLCAID Zd~vrnnBTBRph4 LHRRAINT
BO., WHL ALY R BE L 2B OBIF 2 2 3 L v
BTHL% HIETYEYHORBETH L L E2 5, T
HEix, RICEBSELMAYC, BEUETRETEN S
ERLAE ORI EFAFEICHD fi A, BT HEETH
BNaH Ly L 7OBEE - A VR AIRIE, Wike
JEIC BT 2R —MHORR, RO X ¥ BT 2
252 ETHIfFINS, BMErEHRTORLVETFAY
VIREEZR LIEH L TR R D TWw B,

-
L=

=T
=
P

.
« 0 A1y
T ooq SW

=
=

R

A C, (WmoleK) o
m

g
2
oy

itk

=

. EFHEEBEETOHLVWBLEESBA Y VRIFRE
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Satoru NAKATSUJI Yousuke MATSUMOTO

HEHIR BhE#R

Associate Professor Research Associate

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

tors.

FEDFFE U 2 2 RIT=ZARFHIEFEE NiGazSa

(EL) 2RTHEDBVEREE, (L) BREEZRIRUICABROERES.
(T) BKLEDRBEKFE, 71 ZRE 6w = 80 KICNIGT RO E—TICINZ.
BRET =10KTENZHSI—D2DE—7F, HILWAEVREOFRZRY

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 metallic spin liquid states near quantum phase transitions

2. BUESRICHIT BN —IHOHR
Berry phase effects in magnetic metals

3. 2 RIUHUEHFEFRTOEF AL VIRE

Quantum spin states in two-dimensional magnetic semiconductors
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MnzSiSs @ .
BEREEFYEOBER, BREACLDESBEEAGEZEZRIRIIROTR
H+ NEEE{EY) CalrOs. BRBEEEORYE SrFexAse. SRE — IS FE TH
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Single crystals of correlated electron materials. CalrO3 post-perovskite,
which exhibits the metal-insulator transition upon carrier doping, SrFe;As,
which is a parent compound of the high-temperature superconductor,
Mn;SiS4, which exhibits a novel multicritical phenomena, and PboRuyO7,
which is a polar metal.

PbzRuzOr

1. BEGEEERWHYERR

KRB Wit

Kenya OHGUSHI
IHERED

Project Assistant Professor

Our group is focused on an exploratory synthesis and charac-
terization of strongly correlated materials, which exhibit novel
quantum phenomena.

When electrons interact strongly with each other in a solid,
they form a many-body state, where each electron no longer
behaves as an individual electron. This many-body state often
shows intriguing phenomena such as zero resistance in super-
conductors and the fractionalized charge in quantum Hall
liquids. In order to search for a new quantum state in a matter,
we synthesize oxides, chalcogenides, and intermetallics, and
investigate their electric, magnetic, and optical properties. Our
interests extend from search for a new mineral into develop-
ment of new functional materials. Our recent achievement is the

finding of a new metal-insulator transition system Ca;-Na,IrOs.

CayNa,IrO;

SR

h

Paramagnetic
Metal
]
0.0 0.1 0.2 0.3 0.4 0.5

X

TEMEBRFEEZTRYT CarxNadrOos DIRE -Na 8 (T-x) FHEICHF 2B FHER,
EBAR: Ir O t2g UEICH T 2BFRE, ABAN: RAMROTZAA M,

The electronic phase diagram for Ca;.xNa,IrO3 (0 < x < 0.37) within a
temperature-Na content (7-x) plane. Left inset: Schematic view of the elec-
tron configuration among the ¢ orbitals. Right inset: The post-perovskite
structure.

Synthesis of new materials by using high-pressure apparatus

2. BEREETFYEOYIERR

Studies on electronic properties of correlated electron materials

3. MEZEBWCHERBIE S MXBED A
Structural analysis by using synchrotron radiation
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Masahito YOSHIZAWA
EEHR

Visiting Professor

We are investigating the electron-phonon coupling in
various strongly correlated electron systems such as rare earth
compounds, organic conductors and transition metal oxides by
means of ultrasonic measurements, and developing SQUIDs
by using high-quality films made by Molecular Beam Epitaxy
apparatus.

Elastic constants given by the ultrasonic measurement
provide us with a powerful and very sensitive tool for detecting
the symmetry lowering and the order parameter fluctuation
as its precursor. It has been used in the research on the charge
ordering, the quadrupolar ordering, the vortex state in super-
conductors and the rattling phenomena in clathrate compounds.
Now, it has been recognized that ultrasonic measurements can
provide important information on the higher-rank multipoles
like octupole. The ultrasonic experiment has been made in
static field, so far. We are promoting the experiment in multiple
extreme conditions combining pulsed magnetic field and high
pressure to look for novel physical properties by using features
of the ultrasonic probe. We are expanding the ultrasonic field
to a precise angle dependence of the elastic constant in the

magnetic field to investigate the multipole physics.

A\

NUBZ LA R
Luis BALICAS

NEAEEHER

Visiting Professor

Our program at ISSP is based on a collaboration with
Nakatsuji group initiated nearly a decade ago, focusing on 1)
the anomalous physical behavior of f-electron systems close
to quantum criticality or valence transitions, ii) the role of
geometric frustration and spin chirality on the anomalous Hall
effect observed on a metallic spin-liquid system, iii) the search
for new unconventional superconductors and iv) the charac-
terization of the superconducting properties of new supercon-
ductor such as p-YbAIB4. We are also working in the develop-
ment of ultra-high sensitive micro-machined eletro-mechanical
Faraday magnetometers to explore the magnetic response of

small single crystals at dilution fridge temperatures.
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Frederic MILA
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Visiting Professor

Our main interest is to explore exotic properties of frustrated
quantum magnets. The competition between exchange integrals
is expected to realize a variety of new quantum phases. An
important recent progress in this field is the quantum phase
transitions in frustrated magnets in strong magnetic fields
predicted by theories and observed in experiments.

SrCuz(BO3),, a quasi two-dimensional spin system on the
Shastry-Sutherland orthogonal dimer lattice, is a remarkable
example, which shows a sequence of fractional magnetization
plateaux. In the last two years, detailed NMR and magnetiza-
tion/torque measurements performed by the collaborating
groups of ISSP and the Grenoble High Magnetic Field Labora-
tory revealed unexpectedly rich phase diagram with novel and
complicated magnetic properties. Our primary goal is to analyze
these experimental data to determine the magnetic structure of
the various plateau and intermediate phases and understand the
mechanism to stabilize such phases based on analytic theories
on effective bosonic models, as well as numerical simulations.

rOZ FyelLYa
Akhilesh K. ARORA

NEANZEHR

Visiting Professor

We have been investigating pressure-induced amorphiza-
tion. It is of interest to examine whether the structure of a
pressure-amorphized material is different from that obtained by
melt-quenching. It has been clarified that some systems exhibit
distinct amorphous phases which possess different density,
entropy, local coordination, intermediate range order, or compo-
sition. In analogy with polymorphism in crystalline materials,
a term ‘poly-amorphism’ has been coined for such distinct
amorphous phases. During the four-month stay at ISSP I have
planned to study the structure of a few selected materials with
network structure such as zirconium tungstate and vanadium
pentaoxide for possible existence of poly-amorphism at high
pressure using X-ray diffraction. Structure of the amorphous
phases will be obtained by analyzing the diffraction data by
direct Fourier-transforming of the structure factor and also by
reverse Monte-Carlo simulation. Corroborative studies that
probe the structure on a local scale such as Raman spectroscopy
are also planned.
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Douglas MACLAGHLIN
NEAEZEHE

Visiting Professor

Our program at ISSP builds on our continuing collabora-
tion with the group of Prof. Satoru Nakatsuji, in which we have
studied geometrically frustrated magnetic materials using the
muon spin rotation (uSR) technique. This collaboration has
revealed significant properties of these exotic systems. We have
established the presence of strong static and dynamic magnetism
in the triangular antiferromagnet NiGa,Sy, in stark contrast with
the magnetic field independence of the specific heat up to 7 T.
In the pyrochlore iridate Pr2Ir;O7 we found results suggesting
that hyperfine-enhanced 'Pr nuclear magnetism appears to be
involved, raising the question of the nature of the singlet Pr3*
state required for this mechanism. Our program continues the
use of pSR as a unique probe of magnetism at the atomic level,
to study new materials and issues in this dynamic field. We also
interact with Professor Takigawa, with whom we share a number
of interests.
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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 topics 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-scale numer-
ical computations, such as quantum Monte Carlo simula-
tions and state-of-the-art ab-initio calculation of electronic
structures based on the density functional theory.

B % EE Efl
Research Associate Masatoshi SATO
B % BH Eh
Research Associate Tatsuya FUJII

B % HItS ZHA
Research Associate Hideaki MAEBASHI
B % KRR H
Research Associate Jun OHKUBO

B % RER —E
Research Associate Kazumasa HATTORI
B % Wi #F
Research Associate Yasuhiro UTSUMI
B % FO RE

Research Associate

Yoshifumi NOGUCHI

B & TH X
Professor Kazuo UEDA

E BH RE
Professor Yasutami TAKADA
B B I IESR
Professor Masaki OSHIKAWA
8 B BR B—
Professor Hirokazu TSUNETSUGU
B BTt BA
Associate Professor Mahito KOHMOTO
BB 2E &
Associate Professor Osamu SUGINO
HBIE g =&
Associate Professor Takeo KATO
HEHE (BB) e &

Visiting Associate Professor Hiroshi KONTANI
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Phase boundary between the insulating and superfluid ground states in the
(t, A ) plane for polariton chemical potential =0 by Jize Zhao et al. e

1. EVBEFROI Y ORBER
Microscopic Theory of heavy Fermion systems
2. R EBEEHDER
Theory of high Tc superconductivity
3. 73 ZARL—Y 3V OBWRE Y RICE T 2ETFIHEGRS

i
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AT
Mtz IPS BH ED
Kazuo UEDA Tatsuya FUJII
% EUE
Professor Research Associate

Strongly correlated electron systems which include high-T¢
cuprates and heavy-fermion compounds is one of the central
issues in the condensed matter physics.

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
SrCuz(BO3); has been studied and various unusual properties
are found: the exact dimer ground state, almost localized triplet
excitations and magnetization plateaus. The S=1 Heisenberg
model on the pyrochlore lattice was 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 a
strongly anharmonic lattice vibrations of ions in cages. We have
shown that unusual temperature dependence of resistivity and
NMR relaxation rate originates from the unharmonic lattice
vibrations.

Transport phenomena through quantum dots define an inter-
esting many-body problem in a mesoscopic system. We have
succeeded in generalizing the Kubo formula into nonequilib-
rium situations, 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-dependent
DMRG has been developed.

o
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t

Quantum phase transitions in spin systems with strong frustration

4. AEY EHBEOFEE UICRDEFRFIRR

Quantum critical behaviors in spin-orbit coupled systems

5. 2F Ry Mk T2 EHMXER
Kondo transport phenomena through quantum dots
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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 recogni-
tion, we are constructing a theoretical framework for solving
this system faithfully from first principles, culminating in the
self-energy revision operator theory (SEROT) that may super-
sede the density functional theory in the future. Some practical
approximations to SEROT are invented to investigate the
properties of the nucleus-electron complex system from various
aspects. Specifically, we surmise that a final resolution will be
obtained for the microscopic mechanism of high-T; supercon-
ductivity only by the investigation along this line. Currently we
do some basic works for the completion of such a theory for
superconductivity with paying special attention to the competi-
tion between the attraction due to electron-phonon interactions
and the repulsion due to electron-electron Coulomb interac-

tions.

EBMEZBRBICEALLTZ774 K MCy (x=2, 6, 8) DBEBEBEE T, Z/ER
Rt dDEBELTTOY MUTcb D, Tl 3HULENLT B MICHKY 21T
M7/ VERBBULIRTBFARAREICEFZ2BLEEE LT TIN50 T 32
TE—REFETBRINS,

Superconducting transition temperature T¢ as a function of the layer distance
d for the graphite intercalation compounds MCx (x=2, 6, 8). These values of T
ranging more than three orders of magnitude are reproduced by first-principles
calculation of T for superconductivity in the three-dimensional electron gas
coupled strongly with polar phonons associated with the metal ion M.

1. BEIRILF—SETEETFER | AR R A 1 AR T Y ¥ v ILICIE U e 2 DFEKRR
Self-energy revision operator theory: Exchange-correlation effects and their manifestation according to external one-body potentials

2. KEERERENREEER | MI—BFHAROBNIGE

Time-dependent density functional theory: Dynamic properties of the inhomogeneous electron gas
3. N=7 v U ABIEN S BESBLEER  BHALY 74/ VESRICE T ZBIRE

Strong-coupling theory for superconductivity with vertex corrections: Superconductivity in charge-spin-phonon complex systems
4. R—=Z0Y - NAR=Z0Y | V=Y 77 —ROFEEPIAMBEOE

Polarons and bipolarons: Characteristic features of a Jahn-Teller system and effects of anharmonicity

o1

. BFEG  SETEGRKRTOGETFOEFHSEEZDEBFRNDOHE

Quantum solids: Quantum fluctuation of protons and its effects on electrons in solid hydrogen in high pressures
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Professor Research Associate

We study mainly quantum many-body theory, pursuing
universal concepts applicable to wide range of systems. Mathe-
matical studies such as exact solutions are utilized in giving a
unified picture on experimental data and in making new testable
predictions. For example, we systematically study perturbations
on the free boson field theory in 1+1 dimensions, in order to
understand wide range of phenomena including field-induced
gap, Electron Spin Resonance and quantum wires, in a unified
manner.

We also study fundamental problems in statistical mechanics.
For example, through the development of an algorithm to
identify the order parameter without a prior knowledge, we are
seeking a deeper understanding of the “order”. Moreover, we
develop new approaches to complex networks and stochastic

processes, based on statistical mechanics and field theory.
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A diagram representing the quantum Brownian motion on a tri-
angular lattice. Junction of three quantum wires, although being

vvmg@m

a quite different physical problem, can be also represented by
the same set of diagrams and is mathematically equivalent to the

quantum Brownian motion. Exploiting this mapping, we have
found a new low-energy fixed point for the junction problem.

1. ERTAEVRICE T B2EFAE Y HIEDZOERIC & B EXL

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

2. HIBER, EF 77V VEBEEFRIROES

Conformal field theory, quantum Brownian motion, and junction of quantum wires

3. ROV AR &2t
Topological order and fractionalization
4. HERIBE ERETNE

Stochastic processes and statistical mechanics
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Hirokazu TSUNETSUGU Kazumasa HATTORI

% Bh#

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 complex order in the
systems where spin and orbital degrees of freedom are coupled,
and new type of quantum order in frustrated spin systems. In
particular, we study the order and critical phenomena in the
systems where many soft modes of fluctuations are coupled,
which is characteristic to frustrated systems, and also the
effects of these anomalous fluctuations on electronic states and
transport phenomena. We also investigate anharmonic lattice
dynamics of rattling ions and superconductivity mediated by
these excitations. We have recently found that the supercon-
ducting transition temperature is strongly enhanced around the
point where the excitation energy of ion motion shows a large
reduction.

°@®

(£8) B¢+ O% OF7#E KOs206 [£ 513 2 KA o
VRN OEEE, BET 2N Y LA LY HFEAK

KBHLPTV, (HE) KIAYKRFY Y rILD
3RIEFE b £EL S B & = DBEEGBEE,
KA AYDEFRBICHSHETRILE— AN
(LN < BB b DETRIEERE To A HBXT
3,

(left) Cage structure around K ion in
B-pyrochlore compound KOs;Og. K ion motion
is soft along the directions towards neighboring
K ions. (right) Superconducting transition tem-
perature T¢ vs third-order anharmonic term, b,
of the K ion potential. T is remarkably enhanced
around the b-value above which the excitation
energy A of K ion quantum oscillation is strongly
reduced.

1. dBF. FEFLAEYLREEEREEFROETRE

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

2. 73 ANL—Y 3 Y ROfEHZE

Statistical physics of frustrated systems
3. BEFHRMAKORTEFIHOER

Theory of novel phases in quantum magnets
4. FEFRTMRFIRED & BInE

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

WM =

TLNAZALEFICBITIHRO ETRILF— DR,
MFOHFFF Hall IREEZRYT

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

1. ®EBEE
High-temperature superconductivity
2. EANBIIEE
Anisotropic superconductivity
3. VBT BUBEREE
Topological invariants in condensed matters
4. (RIENKE

Topological order

30
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Mahito KOHMOTO Masatoshi SATO
HEHBUF EUE

Associate Professor Research Associate

In many body systems, there appear many interesting
properties due to interactions. Some examples are the high-
T. superconductors and the quantum Hall effects. Traditional
theoretical approaches based on the perturbation theory often
fail to analyze these recently found phenomena. For example,
the non-perturbative filed theoretical approach succeeded in
the quantum Hall effects. At present, our main subjects are the
anisotropic superconductivity like high-T¢ superconductor and
the fractional quantum Hall effect. Our purpose is the develop-
ment of the non-perturbative method including the field theory
and the solution of the basic problems in physics like above.

0 0.02 0.04

281 ERLUBD, OHEAMAZIERLTWS,
Fig.2. The same as Fig.1 for ®~0.
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BEKREICE T ZKOBELBBETICH T2 KFRERIGDORRIT (Volmer
step: Ht'4+e™ > Hag) DT 2L —> 3V, KOEMEICSHEHSbNTWEKE
AAVHBBEFZRIMD P LD SIRET BHRFEFAENSHSMNC U,
Structure of water at the interface with platinum surface, and the Volmer
step of the hydrogen evolution reaction (H*+e">Haq). The hydrogen ion
weakly bound at the contact layer accepts electrons from the electrode and
is adsorbed on the surface.

1. EBKRHEHICET3BEE (BT RIGHE
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Osamu SUGINO Yoshifumi NOGUCHI  Yoshihide YOSHIMOTO
IR Bh# BhE

Associate Professor Research Associate Research Associate

The first-principles simulation of the ground and excited
states of materials is the main subject of our research. We are
aiming at finding novel functionality or reactivity of materials
by doing large-scale simulations and are also developing calcula-
tion methods/algorithms to advance the simulation tools.

These days, nanotechnology has made it possible to control
the material at surfaces and interfaces, greatly extending poten-
tial of materials. As a powerful tool to investigate the poten-
tiality paid increasing attention is the first-principles simula-
tion, which solves the basic physics equation like Shcrodinger
equation numerically under realistic arrangement of atoms and
molecules. Our group use this approach to study structure and
reactivity at surfaces or interfaces as well as phase transitions.
We also develop calculation methods to extend the frontiers
of the first-principles research, e.g., non-adiabatic quantum

dynamics under electronically excited systems.

1
A, (rad”)
=
—ali
R
.

0 &0 120 180 290 300 0
¢ (degree)

NaHz IC 517 B JEFBRR. FEMTBRRIR B ROMA CE DS EHS R T
BOREHEETH > FUWHEERNS LBEEEE S TICHENEL <
BHICHD, BRIGRTEE, FREHE,

Non-adiabatic coupling of NaH,. This quantity is defined by the nuclear
coordinate derivative of the many-body wavefunction and has been difficult
to compute. Our new method has made it much simpler and can be com-
bined with simulation. Black dots are present calculation and red line is the
reference.

Structure and electrochemical reactivity of metal/water interfaces

2. XIF A/ ZHIVEERWEIEREE

Structural phase transition using the first-principles multicanonical ensemble method

3. BMEREE & RFEEER

Effective screening medium method and ferroelectric thin film

4. FEMTBRNERIGY 1 XU R

Non-adiabatic dynamics of electronically excited systems
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BFEVTALOECL>THEON, BIREHEEULIEHFROBER,
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Phase diagram of dissipative double-well systems obtained by the quantum
Monte Carlo simulation. For a fixed parameter of a normalized inverse
potential, there appear sequentially the coherent tunneling regime, incoher-
ent tunneling regime, and localized regime, as & increases.

1. XY ZAEY I RICH T DEXEFIE
Transport properties in mesoscopic systems

2. BFRY bk - —RTEAKICE T 2BETFEBEERAOER
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g =X R ¥
Takeo KATO Yasuhiro UTSUMI
AR EUE

Associate Professor Research Associate

The main research subject is theoretical study of transport
properties in mesoscopic systems, in which the most charac-
teristic feature is quantum interference of electrons revealed in
nanostructures. Recently, novel technology including control
of quantum states in small dots/superconductors, carbon
nanotubes, and spintronics has been developed, and its applica-
tion to electronic devices has been considered extensively. It is
appealing that a novel experiment can provide a new insight on
understanding of fundamental physics.

We are trying to study electron-electron interaction and
decoherence effect of electrons in these systems by combining
analytical approaches (bosonization methods, Kerdysh Green’s
function methods, etc.) with numerical approaches such as the
Monte Carlo method. We are also challenging to develop new
numerical algorithms for nonequilibrium transport properties.
We are also studying electron correlation and electron-lattice
coupling in organic conductors by using both numerical and
diagrammatic methods based on the Feynman diagram.
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Theory of electron-electron interaction in quantum dots and wires

3. DFHEEOFREEYMEOFHE
Finite-temperature properties in organic conductors
4. FTFEEBREICN T 2HEAEF EDRF

Development of numerical algorithms for nonequilibrium steady states
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Hiroshi KONTANI
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Visiting Associate Professor

My research activity is the area of strongly correlated electron
systems including the transport phenomena. These systems
frequently show anomalous transport phenomena, in which
simple scaling relations with respect to the electron relaxation
time is violated. For example, in metals with strong magnetic
fluctuations, like high-T¢ cuprates and Cell5, the resistivity,
Hall coefficient, and magnetoresistance are proportional to T,
T, and T, respectively, which is called the "modified Kohler's
rule". We are studying these anomalous phenomena based on
the field theory, by taking the current vertex correction into
account. We are also studying the anomalous Hall effect (AHE)
and spin Hall effect in d, f-electron systems. Especially, we
have recently found a new mechanism of spin structure driven
AHE, which naturally explains the salient feature of the AHE in
pylochlore Nd;Mo,07.
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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 transport in
mesoscopic structures of semiconductors, 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.
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Yasuhiro IYE Akira ENDO

265 Bh#

Professor Research Associate

The principal research subject of our group is the quantum
transport of low-dimensional electron systems in artificial
mesoscopic structures at low temperatures and in magnetic
fields. A comprehensive picture is attained of the open-orbit
geometrical resonance effect in magnetotransport of GaAs/
AlGaAs two-dimensional electron systems subjected to
periodic potential modulations. Quantitative evaluation of the
self-consistently screened potential profile and its temperature
dependence, of the compressible edge states around an antidot
in the quantum Hall regime is obtained from the analyses of the
Aharonov-Bohm oscillations. The Seebeck effect in the quantum
Hall regime is studied by a new technique to establish a gradient
in the electron temperature while keeping the lattice tempera-
ture uniform. The relaxation and control of nuclear spins associ-
ated with the non-equilibrium inter-edge-channel transport
are explored. A multi-probe micro-Hall device has been devel-
oped for a non-invasive observation of the vortex states in a
mesoscopic superconductor with spatial resolution.
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Technical Associate
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Lly]
EBFR—IBEBOTYFRY RRICEIFTZ7/\0/ 7 - R— LIRS, (a) ¥ U OR—ILRF EHNBLEFHHOBER, (b) AHOEEEFERKEETH.

X3 R2 2R T—HERT . . . . . .
3OORBRELRENT -V ERT (a) Schematic drawing of the multi-probe micro-Hall device. The mesoscopic supercon-

The Aharonov-Bohm oscillations in an antidot in the quantum ducting sample to be studied is placed on top. (b) SEM image of the sample.
Hall regime. Three panels show data at different temperatures.

1. ZEEHABET D2 RTEFROEFHERR

Quantum transport in 2DEG systems under artificial potential modulation
2. 7YFRy hRICBIFZI—L Y FEFER

Coherent transport in antidot systems
3. EFR—ILRICEITBRAE VEEDE

Nuclear spin-related phenomena in quantum Hall systems

4. XV Z2AEY VBEEEICE T DBARDIDEL
Vortices in mesoscopic superconductors
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Shingo KATSUMOTO  Eisuke ABE
% Bh#
Professor Research Associate

The main research topic in Katsumoto group is the quantum
phenomena, especially quantum many-body effects in artificial
structures such as nano-structures of semiconductors, metals,
ferromagnets, superconductors, etc., and also their hybrid struc-
tures fabricated by high-quality ultra-thin film growth, electron
beam lithography, and AFM lithography. In such systems,
generally quantum phenomena appear more dramatically than
in uniform bulk materials. They are also important in industrial
applications. Research themes are 1) quantum decoherence as
a many body effect, 2) coherent transport in quantum wires
and dots, especially the Kondo effect, the fractional quantum
Hall effect, 3) macroscopic quantum phenomena in mesoscopic
superconductors, 4) magnetic dynamics in nano-magnets, etc.
As applications of physics, quantum information processing
with spin-freedom, photovoltaic effect in nanostructures are

studied. The studies are close collaboration with Iye group.
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Yoshichika OTANI
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Professor

Nano-scale magnets can have, according to their shape and
size, ordered domain structures such as magnetic vortices and
single domains. We experimentally study static and dynamic
properties of nano-scale magnets, to obtain a better under-
standing of the quantum behavior associated with domain wall
displacement and magnetization reversal. Moreover we employ
non-locally produced spin- currents to study spintronic proper-
ties such as the spin injection magnetization reversal, the spin
accumulation, and the Spin Hall Effect. Furthermore we try to
manipulate the motion of nano-scale magnetic domain wall and
conduction electron spins using the principle of the potential
ratchet characteristic of biological systems.
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AEVRDOHZEAWCENEERERFORRAR &ERE NicRF D SEM .

Schematic diagram and SEM image of a fabricated magnetic switching
device which operates using only spin currents.

0.05 i AEVR—)LHROBESHIRE. () BEF/HEROZAE Y R—)L
—_ M MRERET DEHICTER U RAE Y IR—ILRFOEEEFIEME
G e (SEM) &, B Py I3/8—< B+ (NigoFepo B2) £XR7. (b)
E H HEMRPZRiN2 tMEE LV TREEFALVE. AEVH
- oFr——— E BHEMEACLDZhZh LEHE THCRETESNTERT 2,
-~ - (@) D SEMRFICHATRULERMHSEBE L L ALV IZIRIR

BFRAHEEE, 75keV IEBFHICL>T 10nm £TOL YR MITATEE, WNBEEEAZAVWTHSLE—8BF (V—/—1) F5YIYRYOBRBER > RICARNAD, () 10 KI2HF 3R LY ERES DMH .
L= —FFAT—YICL>T50nm DABEGHLERBEZFE D, %z hH 5*7’!}! v~ L;ZCE(RD Tﬁﬁﬁﬂi’fﬁ I\FE Mt (LY — AR LA VEBEETH > Electrical detection scheme of Spin Hall Effect (SHE). (a)
Electron beam lithography machine. With 75keV accelaration, the cutting 2 ABIRE—IWER. YT Y YT ALY MY RILIELZ DD, <-0.05[ ] SEM image of Spin Hall device prepared for measuring SHE
dimension can go down to 10nm. The laser interference stage has 50nm Current-voltage characteristics of a single Cooper-pair transistor, which in Pt nano-wire. In the SEM image Py indicates permalloy
precision. consists of ultra-small superconducting tunnel junctions. This shows the (AN A e e e (NigoFeyo alloy). (b) Up and down electron spins are respec-
device current in a color plot as a function of the gate voltage (abscissa) and 0 [ . ! ! | . tively swept to the top and bottom surfaces of the Pt nano-
- _12000 -1000 0 1000 2000 wire via spin-orbit interaction. (c) Magnetic field dependent

the source-drain voltage (ordinate). The periodic large peak structure is due

to the Josephson-quasiparticle coherent cycle. spin accumulation signal measured at 10 K.

Magnetic field (Oe)

1. 8F Ry b EFHEROIE—L Y MEE

Coherent transport in quantum dot - quantum wire systems
2. EFRY RRAEY®P AV RO Y VBrEZAWEFERET

Quantum information processing with electron spins in quantum dots, mesoscopic superconductors, etc.
3. HEWMFERERAWVCEEFEIE. AEVIEA

Diluted magnetic semiconductors and their applications to single-electron circuits, spin injection

4. FBEEEEER W EEER

Photovoltaic devices with semiconductor superstructures

1. 7/ RAT—LOBKBRTFOREY T A1 F I v 7 ADHRE
Spin dynamics in nano-scale magnetic vortex lattice

2. AEYR—ILHRICRER SN D AE Y REREEOMRE
Mechanism of spin current generation via Spin Hall effect

3. ERMRT Y Vv IILTF oy hEAVWCRAEY NOZI RRFOHR
Spintronic devices using asymmetric potential ratchet
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IR XK Pt B

Fumio KOMORI Kan NAKATSUJI
% Bh#

Professor Research Associate

Electronic and magnetic properties of alloys, compounds
and materials with nanometer-scale structure at solid surfaces
are studied using scanning tunneling microscopy/spectros-
copy (STM/STS), photoelectron spectroscopy and magneto-
optical Kerr-rotation measurement in an ultra high vacuum.
Band structures of the surface states and the chemical bonds
are studied by photoelectron spectroscopy using VUV light
and soft-X-ray. Local atomic structures, formation processes
of surface nano-structured materials and dynamical processes
induced by electron tunneling or photo-excited carriers are
examined by STM. Electronic conduction in an atomic scale is
controlled by atom manipulation using carrier injection from
STM tip to the surface.
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Yoshinobu Group
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HE = A B
Jun YOSHINOBU Shinya YOSHIMOTO
265 Bh#

Professor Research Associate

Solid surfaces are very intriguing, because novel structures
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 (UVSOR-II, KEK-PE, SPring8)
is also used to study electronic structure of surface and interface.

Topo.  dlidy  Topo.  dlidV P, ‘!‘. 1 ,—:,}h?-»
L dimer U dimer

“BE (LU) ORX-TINYZILTAR—2ED Ge(001) RED MM (a,b) RE L U
HER (b,d) Re AX-TILXZVALATAN—RFHICEBUASINZN. EFEERIELY
AR—LEFICEE NI, ETIVE (e) ICRUIcL S, REREEF (i) F. Ge ¥+
N—OTH Ge RFICBELTYAY—IARZEHRT 20T, LY Y—DOTRIRFIE
I£$H% SN FRFTREELENDD UFTAY—DLRIIEICH S Sn [RF TIFEELS nixL,

Topographic (a,c) and dI/dV (b,d) images of the Ge(001) surface with two kinds
(L U) of Sn-Ge dimers at 80 K. The both dimers are imaged as protrusions in the
topographic images while an electronic standing wave is observed only around the L
dimer in the dI/dV image. Schematic illustration (e) shows that the surface electrons
on a wide Cu(001) terrace. Square-shaped islands of 3 nm x (green line), conducting on the lower atoms of the Ge dimers in the dimer row direc-
3 nm and mono-atomic high form a two-dimensional square tion, are reflected by the Sn atom (small blue ball) at the L dimer, and can go through
superstructure. the U dimer with a Sn atom (large blue ball).

i (001) RE LICEHBEI LBy A+ / FOMOKR. —
RFHET3InMEADRES ORIV AV F / HFNEAKRT
Z1E> T2 RITMICEIN T %o

Topographic image of the self-assembled MnN nanoislands
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T'he potential energy surface of
24m AN adsorbed NO species on Pt(997)

1. BEAF=¥BHKRE/\1 7V y RROBELRAESFIMH
Organic molecules on Si surface as novel hybrid systems

Si(100)c(4x2) REICMBRERIC|MEL L2 AFILTARYD
STM %

STM image of the regioselective cycloaddition reaction of
2-methylpropene with the asymmetric dimer on Si(100)c(4x2)

1. RES / EEPDEDEBEFIRE,

B8R K OHMT

2. EEREICBTBRF - DFOBRIBREDHR
Dynamical processes of atoms and molecules on metal surfaces

3. KOFERAEDHEEER | KOKARAICH T BEZERIG

Electronic states, conduction and magnetism of nano-structured materials

2. hyRILBFPL—T—KREIC L ZREHHIRE

Surface dynamical phenomena induced by electron tunneling and photo-excitation

3. RET / BENE D EBE

Formation processes of nano-structured materials at surfaces
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Surface and interface chemistry of ice
4. BMERADHKICL BDREL L OCREDEFIRE

Investigation of electronic states at surface and interface

5. RET/BEYOBELBRERGE

Electronic states and conductivity of nano-scale structures on surfaces
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Hasegawa Group
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A1) REDS TMKR, RABFRENRALORT v 7P RIEHEEICHELS
he, BFEER (BH :1.4nm) ZFEL TN,

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.

BB FEif IO 289
Yukio HASEGAWA  Toyoaki EGUCHI

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.

STMICLZRFY=Eal—ray, i (111) RALTHREFZ—D 9 DBENIS
. MOXFEENTWD, BEBEHOKEZ(E 8nm x 8nm,

Atomic manipulation by STM: an alphabetical character of "M" is written
with 11 Cu atoms on Cu(111) surface. The size of the observed area is 8 nm
x 8 nm.

1. BB STM IC& B2BFEERK « 7Y —TILiREN G EXRABFREOME
Low temperature STM on surface electronic properties by observation of electron standing waves and the Friedel oscillation

2. STMic & 27/ Y+ R FORBEEFEICET 2K
Superconductivity of nano-size particles by STM

3. ARM ZBWeRERT > ¥ ¥ LAIE - ERIERDHAE

Measurements of surface potential and electrical conductance by AFM

4. FLWITO—TFEOBMHEE ZNIC L 2HFOYIERR

Developments of new probe microscopes and its applications for exploring novel properties of materials
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SITiIOs BRAMEN TV IRV ICE T B — MERDRE, 7— MNEEKEE, 1.3
V OERFY — N BEERICIEIEED SERBIBNEBT 2. OO SrTiOs /i
GRETOY—MFr UPHEEE 2 x 10'2cm? TH 5,

Sheet resistance of a SrTiO; field-effect transistor as a function of tempera-
ture and gate bias. The device shows a transition from an insulating state to
a metallic state at a critical gate bias of 1.3V, which corresponds to a sheet
carrier density 0f 2x10'2 cm™ at the SrTiO3 / insulator interface.

1. BIEYANTOREACOBERRY 1 FIv IR
Thin film growth dynamics at oxide heterointerfaces

2. Bt/ EEDESR
Growth of oxide nanostructures

3. BItMBLHRT/INA R
Oxide field-effect devices

\

A3
DyI¥—3Ivy @ 8K
Mikk LIPPMAA Ryota TAKAHASHI
Vi 26 Bh#
Associate Professor Research Associate

Transition metal oxides are well known for the large variety
of different electronic ground states that occur in structur-
ally similar compounds. Transitions between electronic states
can often be induced by changing the carrier density in oxide
materials.

We study carrier density dependent phase transitions in
oxides by constructing field-effect devices, in which the carrier
concentration of a thin interface layer can be modulated by
applying an external electric field. In particular, we study the
transport behavior of devices based on SrTiO3, which can be an
insulator, a semiconductor, a metal, or even a superconductor,
depending on dopant density. In our case, we have successfully
demonstrated that field-effect doping can be used to generate
a metal-to-insulator transition in a simple transistor structure.
Even a normal-to-superconductor transition can be induced,
when a ferroelectric film is used for generate a sufficiently high

local electric field.
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Nb R —7 SrTiOz SERDBIEEHBRELEH. Nb K—7 SrTiOs EED LICHE
U 7385 B 1 Po(ZnTi)Os IR D BRAMBA e ANEZ 5 & THERREEHIC
DERBEREFE LT,

Modulation of the superconducting transition temperature in a Nb-doped
SrTiO; film. The necessary electric field was generated by changing the pol-
ing direction of a ferroelectric Pb(Zr,Ti)O3 film that was grown on top of
the SrTiO3 film.
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2 —1
Kazuya WATANABE
BEEEHR

Visiting Associate Professor

Our research interest includes laser induced photochemistry
on solid surfaces and ultrafast dynamics of adsorbate-substrate
systems in response to laser pulse excitations. Our research
primarily focuses on well-defined solid surfaces under ultrahigh
vacuum conditions and on elementary processes of photochem-
istry of surface adsorbates: ultrafast electronic and vibrational
dynamics of adsorbates.

Experimental techniques used in our research include
time-resolved nonlinear optical spectroscopy which possess
surface and interface sensitivity: time-resolved second harmonic
generation, time-resolved infrared-visible sum-frequency gener-
ation spectroscopy. We are interested in laser induced excitation
of adsorbate-substrate vibrational modes which is relevant to
various adsorbate dynamics: diffusion, desorption, adsorp-
tion. In particular, we investigate mechanisms of excitation and
dephasing of nuclear wavepackets of alkali atoms and carbon
monoxide adsorbed on transition metal surfaces. We also study
(incoherent) vibrational excitation dynamics of surface adsor-
bates via interaction with substrate hot electrons.
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2) AR 2B~ 7 A HEEE

3) AR E AP FEEDOERXIT - XV A2
vy 7%

4) MR T2 T 280 - S5k

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, high pressures up to 10 GPa and high
speed rotation of cryostats at over 6 rad /sec. 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 solid and liquid under
ultra-low temperatures and high magnetic fields.

2) Liquid He in confined geometries under rotation,
a possible supersolid “He.

3) Low dimensional or mesoscopic systems such
as organic or semiconductors under high magnetic
fields.

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

multiple extreme conditions.

*
B & AR BE B % WA Rk
ix Professor Takehiko YAGI Research Associate  Yoshitomo KARAKI
* - N
_— s & WE 18R B % Bt BT
L | : Ee ‘.8 Professor Toshiro SAKAKIBARA Research Associate  Takako KONOIKE
= [} B -
g |5 ' B o A4RE % B % Nt
(! | ’ Associate Professor ~ Minoru KUBOTA Research Associate  Kazuyuki MATSUBAYASHI
| | _ BT RHE #A e b= AE fA
Hl "= . Associate Professor  Toshihito OSADA Technical Associate  Kazuhito UCHIDA
At BB R EtE BITEPImE RE MF
Associate Professor  Yoshiya UWATOKO Technical Associate =~ Kazuko NAKAZAWA

# &g (88 £2E i
Visiting Professor Takashi NAKA

B8 G |
Technical Associate  Kouji MUNAKATA

Fa—Ev I T7YEIBENFRKEES, *HYERIEMERIRPT & HHE /concurrent with Division of New Materials Science

SEMRRE (BE - BES - SE)
TOYERNENFAIETH %,

Cubic anvil high pressure apparatus.
Cryostat for experiment in multiple
extreme condition of at low tem-
perature, high magnetic filed and
high pressure.
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Minoru KUBOTA Yoshitomo KARAKI
BT EUE

Associate Professor Research Associate

Discoveries of vortex fluid state and its transition into super-
solid state in hcp *He, and Physics at ULT: Kubota group at
ISSP conducts fundamental studies on Physics at Ultra low
temperatures(ULT). Study of superfluidity (SF) and Quantized
vortex science under rotation up to the world highest speed
below 1K is one of the major topics studied. They study also
peculiar features significant at ultra low temperatures as cooper-
ative phenomena of nuclear spins and electronic counterpart in
solids, realization of ideal low D systems and so on.

Superfluidity is now seen in dilute gases (Bose Einstein
Condensation, BEC), in Quantum liquids, and very recently
also in a Quantum solid, solid *He. Superfluidity is a Quantum
phenomenon of macroscopic scales. The phenomenon of Non
Classical Rotational Inertia (NCRI), where some mass of the
matter does not rotate with its rotating container, has long been
thought to be peculiar to superfluid sates of certain liquids and
gases(BEC/BCS), but recently it is observed also in bulk solid
*He. Solid crystals have regular lattice ordering in real space.
In addition superfluidity has an order in the momentum space
simultaneously. Actually Kubota group has discovered quantum
vortex states in solid “He. They found a vortex fluid state and
discovered its transition to a real 3D supersolid state in solid
“He. They found evidencies of vortex lines under rotation as
well. The group cooperates with many groups of national and
international teams for these activities.
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a) B% 1 [EEneDBEREERSHEE. RO b) BYW 6 EEOEREIGHNGRE, C556HRE
BOMREEH D, o) BRIBEFREBREZE pss = A NLRShys (&) EBFBIREOIRFE
EERRISE NLRS (FR) DREKFE,

a) ISSP Ultra low temperature rotating cryostat and b) ISSP High Speed (up to 6
rev/sec) rotating dilution cryostat. Both of them enjoy the world record high speed.
c) Supersolid density p“—ANLRglm (green dots) of the supersolid state and nonlinear
rotational susceptibility (NLRS) (blue dots) of the vortex fluid state in hcp “He at 49 bar.

Quantized vortex state in solid *He and transition from vortex fluid to 3D supersolid state

2. BRE. BrEcEFTRARUBBEBERNZOERNE

Fundamental study of superfluidity, superconductivity and quantized vortices and textures

3. LWEBRE & EFRROFRE &

Search for new superfluids and quantum phenomena

4. BIERFEORROME | RFEEFOERAHE. ERNERTROERRR
Unique phenomena at ultra low temperatures: Nuclear - electron cooperative phenomena, Magnetism of dual features, low D systems study: *He, “He monolayers
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Toshihito OSADA Takako KONOIKE
R Bh#k

Associate Professor Research Associate

Transport study of low-dimensional or nano-structure
electron systems under high magnetic fields: To search for new
phenomena in electron systems with small spatial structures,
to clarify their mechanisms, and to control them for applica-
tion. We have a great interest in quantum effects, topological
effects, or many-body effects relating to commensurability
among electron orbital motions, vortices (magnetic flux), and
spatial structures (topology). The present targets are low-dimen-
sional conducting crystals (ultra-thin film graphite, TMTSF
and BEDT-TTF families of 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.

B H 4 a-(BEDT-TTF)2KHg(SCN)4 @
BEREEREICE )2 EERIIEROSH
BHAEREFED 2 BHD /NG —>, BREE
EREOEFREZRIRLCREOBEN
RNI—VDRZ 2,

Second derivative pattern of interlayer
magnetoresistance in the CDW phase
of an organic conductor a-(BEDT-
TTF);KHg(SCN)4 scanned over the
whole magnetic field orientation. There
exist various angular effect patterns
reflecting the electronic structure of the
CDW phase.

FEFBRT OBBBSIBROBS T KEE, () At —L Y b REREEZRHO5HE (B
B b RIVBENBEEELDBWER), b)Y —L Y NEEREERZR DB,
BRYMEOBBBSIENROAEEREFLEDEVEZBER I —L Y AICEEMITICRERTH %,

Dependence of interlayer magnetoresistance on magnetic field orientations in
semiconductor superlattices. (a)Case of coherent interlayer coupling (interlayer
tunneling occurs much frequently than scattering). (b)Case of incoherent interlayer
coupling. This experiment relates the angle-dependence of interlayer magnetoresis-
tance to the coherence of interlayer coupling in layered conductors.

1. BEE/S 774 hBLEOF vy TEREBRICE T ZT « 7 vV BFROGEDE
Transport properties of Dirac electron system in ultra-thin graphite and organic zerogap conductors

2. BRYEOAEREERRIGECERIE—L VR

Interlayer coherence and angle-dependent magnetotransport in layered conductors

3. ERTEHEEDOHISTERE L VAL Y BERIRE

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

4. ZEEFR—ILRDAA T ILREIRE
Chiral surface state in multilayer quantum Hall systems

5. BEHIZEFT OV RBFRICE T2 HAREERGE

Chaos and electron transport in Bloch electron systems under magnetic and electric fields
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Temperature dependence of the specific heat under
pressure on YbCozZnzo. When the pressure is raised
above a critical pressure, the system changes into an
magnetically ordered state.

1. ZEMRT & T 2 BEYENEFRORR

ER =t LV
Yoshiya UWATOKO ~ Kazuyuki MATSUBAYASHI
HEHIR BhZK

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 indispensable 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 experimental 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 inter-
actions strongly depends on the inter-atomic distances and the

density of electronic states.
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Development of the physical property measurement systems under the multi-extreme conditions

2. BEERYE KT 2 ENFEREEOYIEMRE

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

3. ZEMRTR T TOMRYIERRDREK

Search for new physical phenomena under multi-extreme conditions
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Takashi NAKA
BEHR

Visiting Professor

Using a high-pressure technique, the volume and the corre-
sponding properties of solids may be tuned, thereby inducing
transformations from one solid state to another, as in the case of
nonmagnetic-to-magnetic phase transitions and crystallographic
phase transitions. In rare-earth compounds, for example, the
compression of the crystal modifies the electronic state through
single-ion crystal-field and magnetoelastic interactions and/or
interatomic interactions, such as quadrupolar and a magnetic
couplings mediated by conduction band electrons.

In this respect, we have developed a magnetometer avail-
able under extreme conditions, down to 0.5 Kelvin, over 10
Tesla and 2 GPa as a cooperative work with ISSP. Previously, we
have developed successfully a magnetometer using the Faraday
method available up to 6 Tesla, 1.5 Kelvin and 1.8 GPa in NIMS.
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Light is a versatile tool for investigation of the
materials such as semiconductors, metals, organic
and biological materials as well as strongly-correlated
electron systems. Recent developments in lasers and
electron accelerators along with the novel measure-
ment techniques have been providing us innovative
experimental tools.

Our division is responsible for the advanced
spectroscopy applied to material researches and also
the development of new coherent light sources based
on laser technology over a wide spectrum range from
X-ray to terahertz. Most of the research activities
on the development of new lasers with an extreme
performance and the application to material science
are directed in a specially designed building with a
large clean room and an isolated floor in Kashiwa
Campus. The experiments utilizing the synchrotron
radiation are performed at beamlines in Photon
Factory (Tsukuba) and SPring-8 (Hyogo).

The main current subjects are as follows:

o Physics under ultra-high optical field and
attosecond pulse generation.

o Ultrafast dynamics of wave-packets and photo-
induced phase transitions.

o Ultra-thin low-threshold quantum-wire lasers, and
firefly bioluminescence.

« Study on ultra-high resolution photoemission and
time-resolved photoemission.

« Study of X-ray optics, surfaces, interfaces and
nano-materials by X-ray scattering/diffraction.

e Laser development and precise control for
next-generation spectroscopy

« Attosecond spectroscopy and imaging using strong

7), ~ , 3

REEHEEL TV 5. laser fields and coherent soft x-ray pulses
[

B B EEB RARER B # 55 &5
Professor Shuntaro WATANABE Research Associate =~ Motoyoshi BABA
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Professor Tohru SUEMOTO Research Associate  Makoto NAKAJIMA

B ® ¥ A B # ak FF
Professor Shik SHIN Research Associate  Kyoko ISHIZAKA

B B = B85 B % RBI 1R
Professor Toshio TAKAHASHI Research Associate ~ Shunsuke ADACHI
B il &Y B # HEZE AR
Associate Professor Hidefumi AKIYAMA Research Associate ~ Tetsuroh SHIRASAWA
ba ey IR T B # 2/ 8¢
Associate Professor Yohei KOBAYASHI Research Associate  Toshimitsu MOCHIZUKI
BHEHAT k& REB B ErIga EH EBA
Project Assistant Professor  Jiro ITATANI Technical Associate ~ Teruto KANAI

R (B8) e HEE i ErIBE BE KE

Visiting Professor

Takayoshi YOKOYA

Technical Associate
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Professor Research Associate

EER RAKER

Development of ultrashort high-power lasers and its applica-
tion to multiphoton processes such as ionization and high-order
harmonic generation is being performed. Coherent XUV
and soft X-ray radiation by high-order harmonics is used for
nonlinear, time-resolved spectroscopy.

The wavelength of harmonics reaches down to the water
window (4.4 nm) and the pulse width is as short as femtosec-
onds (1071 s). The peak brightness is much higher than that of
synchrotron radiation.

Based on this advantage, two-photon above threshold ioniza-
tion in rare gases has been observed for the first time in the
XUV region (25-28 eV). In addition, attosecond pulses (860
as) have been generated by using the 9th harmonic of a ultra-
short (~8 fs), blue (400 nm) laser and the pulse shape and phase
were determined uniquely by frequency-resolved optical gating
(FROG) using two-photon above-threshold ionization. This will
open the door to nonlinear, time-resolved spectroscopy in the
XUV and soft X-ray regions.
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Attosecond pulse measurement by frequency-resolved optical gating.

2HREUIEEHAK (28 eV) DEBEEZZEZ TR/ 5N S 2 X FBEA
AMEDBEFANRY Mbe 10 BHAOEBRTRLTH S,

Electron spectra of two-photon above-threshold ionization
versus optical decay between two harmonic replicas (28 eV).
The map was expressed by contours with 10 steps.

1. BRE/NILASHEAL —Y— DR
Development of ultrashort, high-power lasers

2. ZRTBE (BREHEAK. ZHFIAE) OWR

ERNSHELLT MY/ULZDER (B) 68 (9R). WiRE7—UT—
FRFR/CIL R,

Pulse shape (blue) and phase (red) retrieved from left figure. The
dashed line corresponds to the Fourier transform-limited pulse.

Research on high-order harmonics and multiphoton ionization

3. XUV, B X &8IS0 7 = L M WFERTY - IRED D

Nonlinear, femtosecond spectroscopy in the XUV and soft X-ray regions

4. XUV, B X#R7 b #/0L R DF4E

Attosecond pulse generation in the XUV and Soft X-ray regions
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Professor Research Associate Research Associate

Optical spectroscopy provides versatile tools for solid state
research. Among them, the 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 and 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 visible to terahertz region.

For this purpose, we prepared various tunable light sources
and measurement environment which allow us to study trans-
mission, reflection, luminescence and Raman scattering with
high time resolution and accuracy down to low temperature.

Our main interest is in the dynamics of electron-lattice relax-
ation, 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 insulator-metal transitions and other photoin-
duced phenomena to study their dynamical behavior.

(a) 8 1 RTAEEHE (PtBrR) IckE T 2 BCREMEFREAXOBHISENSF
SNICKRRDL—E—. QBREFOEMICHLE L TH D, KRHIEHH 300fs TH
RIREZ1T> TWBHRTFIDH %, (b) HAEDKEIRFO@ETHSET L IRERD
DY —Y213E8. FWESHRTRINL 2RTWBRT Y Y vIILELZEST S
EROYIFOIRDOEIRT RSN TS, (¢) 7 = h MREIBAELAEREDF
DERTYo

(a) Movie of the wavepacket taken for the self-trapped excitons in quasi-
one-dimensional Pt complex (Pt-Br) by means of time-resolved lumines-
cence. Q is the deviation of the atoms from the equilibrium position. The
damped wavepacket oscillation with a period of 300 fs is clearly seen. (b)
Lissajous motion of the wavepaket retrieved from the time-dependent lumi-
nescence data. The contour of the 2D potential surface and the trajectory of
the wavepacket are shown by red and green curves, respectively. (c) central
part of the femotosecond luminescence measurement optics.

1. BEREANKICL D RIESDOEREEANE 7RIV - h—E—
Atomic movie based on ultrafast luminescence spectroscopy
2. KREDRFN - TINIVYDREIC L BHAFRIBGBBEDT 1 FIIR
Dynamics of photoinduced phase transitions by time-resolved infrared and terahertz spectroscopy

3. EEEDTFICH T2 BEREFEM
Ultrafast electronic relaxation process in bio-molecules
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Professor Research Associate

We are developing laser-photoemission spectroscopy in order
to know the electronic structure of the materials, using vacuum-
ultra-violet light and soft x-ray. Photoelectron can measure the
whole information of the electrons in solids, such as energy,
momentum, time, space and spin.

Ultra-high resolution laser-photoemission spectroscopy
has been developed and we obtained the resolution of about
AE=150peV. This is the highest resolution of the world in the
photoemission spectroscopy. Ultra-high resolution photoemis-
sion spectroscopy is closely related with the transport proper-
ties of the solids. We can discuss electron-phonon or -magnon
interaction in solids. We observed superconducting gaps and
pseudo-gaps of the strongly correlated materials in momentum
space. We are also developing the new time-resolved photo-
emission spectroscopy in order to know the photo-induced
phenomena in superconductors, transition metal compounds,
organic materials, and semiconductors. Furthermore, we are
now developing photoelectron microscope in order to know
the nano electronic structure in solids. Our aim is to have the

nanometer size microscopy of electronic states.
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1. MXIRL — T —RBS D BEABFINIC L DBLER. BRTYE. FIPEZOEFREDCHR
Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

2. MXBL—Y—REPBABFNNRIC L DAFERROMFR

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

3. MXML —Y—ABFERBRICL 5T/ BEDEBFREDHE

Laser photoelectron microscopy on electronic states of nanomaterials
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Professor Research Associate

S

Fundamental studies on X-ray, neutron, and electron
diffraction, in particular intended for the development of
new methods to solve the structure of surfaces, interfaces
and nano structures by using interference phenomena.
For instance, we have been studying the surface struc-
ture and phase transition of metals on semiconductor
systems using synchrotron X-ray diffraction and LEED.
We have been also developing new methods to solve the
phase problem in surface X-ray diffraction.

VBM CBEM

SiC(0001) &RE LICHR U cfE SR SION R, A£RIE X &
EIfflc & > TRE LI REEE, ARIFEHR X RN - FHE0HK
[CE>TESNIERFEMMEOIRILF—/N\Y RTOT 74 )L,

The crystalline SiON layer epitaxially grown on the
SiC(0001) surface. Left figure shows the structure model
determined by XRD analysis. Right figure shows the layer-
resolved energy band profiles obtained by X-ray absorp-
tion/emission spectroscopy measurements.

Si(111)-5x2-Au RED/KF —Y VK, HUNAEAS XIREITEIC L
DERSNIFBRERRFOBAEINBREL DEFHES N, InZE
TIRRIBSNTWBETINESMEELERME Shice ABD
DERENIFE. Au DRFERYT MLIZHEY %o

Patterson map calculated from integrated intensities observed
for the Si(111)-5x2-Au surface. The arrows indicated by A,B
and D correspond to the interatomic vectors between two Au
atoms on the surface.

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

2. RESFRER & OBETHIEDRF

Development of new methods to study the surfaces and interfaces

3. XIRBBICB T 2IEREAZ R ER L LWAZ DT DA

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

4. XHREIHTE. XK - REFREZE. TS

X-ray diffraction physics, X-ray and neutron optics, and X-ray interferometry
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RYI(BERR. BER) &
VIRYIL (EEE. BE),
Firefly (Arima, Japan) and
sea firefly (Yokosuka, Japan).

H—TRHEFHROEBR

Transmission/absorption
spectrum of a T-shaped
single quantum wire.
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Hidefumi AKIVAMA  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 mechanically
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, crystal
growth, material science, and semiconductor device physics and
engineering. FET-type doped quantum wire devices are realized
and studied for optical physics of 1D many electrons.

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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1. EBREAKRCMER DBHHAME L = \MEEFHIRRL — 5 — O/ESR & BEM DY
Ultra-thin low-threshold high-quality semiconductor quantum-wire lasers and their micro-spectroscopy and imaging

2. 1 RTEZEEBFEARE S VOBFROALZINE & LHHEERMR
Optical physics and many-body physics of dense electron-hole or electron systems in 1D
3. ¥BHREBFRBERLUT/N\A ADMEE, SmEL. BEFHH. \|EO e, BgREE
Material physics and development of high-quality semiconductor nano-structures via microscopy
4. IRZI - 735 « T IIRY )ik EDEMFN & EYMLF RS ETRIERLE
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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INBR - ETE
Yohei KOBAYASHI
TR

Associate Professor

We have been studied about advanced laser technology and
its applications, such as sub 6-fs Ti:sapphire laser oscillator that
produces an octave-spanning spectrum.

The technologies of an ultrashort pulse generation and an
ultra-narrow linewidth laser were developed independently.
However, the combination of these two technologies realized
brand-new research area recently. Precisely-controlled femto-
second laser can be regarded as many cw lasers. This technology
can be applied for the attosecond physics in the time domain,
and for the precision spectroscopy in the frequency domain.
It is applied for the optical atomic clock through the optical
frequency comb. One key word for this research area is the
high-repetition rate, high-intensity laser. High power fiber laser
system is one of the most promising candidates for this study.
The combination between the precision spectroscopy in solid
state or gases and the high-field physics will be the main interest
in our lab.

.

FAVI—=TNYRFIIHSTFATL—F—DARYI Mo L—F—D
HAZEFRFTOHLILD D, #DEL 1GH z. /ULRIER 5.6 fso

Spectrum of the octave-spanning Ti:sapphire laser oscillator. The
repetition frequency is 1 GHz, and the pulse duration is 5.6 fs.

1. BR/NNILAL =Y =2 X7 AOMERFER U L —H'— OB

Development and precise control of ultrashort pulse laser system

2. BghiRL —=REYE
High-rep rate, high-field physics

Precision spectroscopy
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1. ERERBE/VULA L —HY —HROREH
Development of intense ultrafast lasers

2. BREFARICLZT7 MO —L v MIRRXEDOFAE & HlfH
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Jiro [TATANI
FFERRED

Project Assistant Professor

We study ultrafast phenomena in strong optical fields using
high-peak-power ultrashort-pulse lasers, aiming to establish
ultrafast optical sciences in short wavelength (extreme ultravi-
olet to soft x-ray). In particular we focus on the generation and
application of high harmonics that are produced by atoms or
molecules exposed to intense laser fields. Following are the main
research topics:

Attosecond physics -- high harmonic generation is based on
the coherent interaction between strong laser fields and atoms
(or molecules). It is a promising route to produce attosecond
optical pulses. We study the fundamental process of HHG for
producing, controlling, and measuring attosecond pulses, which
will become the foundation of attosecond spectroscopy.

Molecular Dynamic Imaging -- high harmonics are tempo-
rally and spatially coherent light. Furthermore, their generation
processes contain coherent interactions between strong laser
fields and electrons. We study how these coherences can be
exploited for imaging molecular orbitals of gas-phase molecules
and scattering imaging of nanostructures in solids.

BL—Y—BHRORFHI S DEREHEEEOHR SN, &t
EUFRDOBFRREREREDOEFORBEHDOTHICL >
TIRENS 2B FHFRS N, 7 MO S NS,
Mlustration of the elementary process of high harmonic
generation. Electron wavepackets in the continuum
interfere with the bound-state electrons to induce oscil-
lating dipoles that emit high harmonic photons.

Generation and control of attosecond short-wavelength light via high harmonics

3. BREAKZERVWICBEEA X —J Y TRITORFAE

Novel molecular dynamic imaging using high harmonics
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B HEE
Takayoshi YOKOYA
REHR

Visiting Professor

We study the mechanism of low temperature phase transi-
tions (magnetic transitions, superconducting transitions, and so
on) of f electron superconductors by using ultrahigh-resolution
laser photoemission spectroscopy.

Variety of physical properties of solids is intimately related
to the distributions of energy and momentum of electrons
(electronic structure) near the Fermi level. Photoemission
spectroscopy is a unique experimental technique to directly
observe temperature dependent electronic structure of a solid.
By using laser photoemission spectroscopy with very high
energy resolution, high cooling power, and high bulk sensi-
tivity, we observe bulk electronic structure of URu,Si; across
the hidden order transition, which has been difficult to study
by using conventional photoemission spectroscopy, in order to
understand its mechanism.
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Synchrotron Radiation Laboratory
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Synchrotron radiation from insertion devices
provides 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 Synchrotron
Radiation Laboratory (SRL) has a branch laboratory
in the High Energy Accelerator Research Organization
(KEK) at Tsukuba. The branch laboratory maintains
an undulator called Revolver, two beamlines and
three experimental stations, which are installed in
the Photon Factory (PF) and 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.
The accelerator group is studying accelerator physics
and developing the accelerator related technology for
advanced and future synchrotron light sources. The
members of SRL have been playing an essential role in
the new beamline project of the University of Tokyo.
They are constructing a new undulator in soft X-ray
region and promoting new research plans by means
of time-resolved spectroscopy, soft X-ray emission

spectroscopy; etc.

¥ £ (ERR) Ml BAA B %

Professor (Director)  Akito KAKIZAKI Research Associate
HEHER R B B #

Associate Professor  Norio NAKAMURA Research Associate
HEHER WH & RNErIHE
Associate Professor  lwao MATSUDA Technical Associate
% 8B (58 HE B BINErIME

Visiting Professor Hiroshi KONDOH
KirEFIBE

Technical Associate

EINEFIBE

Technical Associate

BINEFIBE

Technical Associate

=S

Technical Associate

Technical Associate

BE IEx
Masami FUJISAWA
B Bx
Hiroyuki TAKAKI
w5 BT
Akiko FUKUSHIMA
A #E
Takashi SHIBUYA
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Ayumi HARASAWA
&L &A
Kenji SHINOE
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Hirofumi KUDO
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Isao ITO
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Solid State Spectroscopy Group
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The solid state spectroscopy group consists of two laborato-
ries, the members of which are promoting advanced solid state
spectroscopy using synchrotron radiation in soft X-ray and
vacuum ultraviolet region. They operate, maintain and improve
two undulator beamlines and three experimental stations at the
Photon Factory (KEK-PF); an angle-resolved photoelectron
spectrometer (BL-18A), a spin- and angle-resolved photo-
electron spectrometer (BL-19A) and a soft X-ray emission
spectrometer (BL-19B). Furthermore, they make leading
researches on electronic and spin states in surface and ultrathin

film systems by themselves with these facilities.

BL-19A ICREBEINcEMEIA L V&S (VLEED), B2 BEEETF OIS S
EbhERIET FBICHEVWIRILF—DEETRAE Y DEALEFIANRY NLOH]
EM T3,

A New Spin-polarized Photoemission Spectrometer with Very High Effi-
ciency andEnergy Resolution for high-resolution spin-resolved photoemis-
sion spectroscopy
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Binding Energy (eV)

BLL1BAEIY RRAF—yaYy, TIT. BEENMEDS
MXBRAFHRICLDEMRET TILIYVEY T, NNUR
Ry EVY, RBEBONMEREREDERETS> &

The beamline BL-18A and the experimental chamber
equipped with high-resolution electron spectrometer.
Here, varieties of photoemission experiments, Fermi
surface mapping, band mapping, wave function-sym-
metry determining, are performed.

%% —~ Research Subjects

il BAA R B BOE IEXE
Akito KAKIZAKI Iwao MATSUDA Masami FUJISAWA
265 V26 Bh#

Professor Associate Professor Research Associate

Furthermore, they have actively worked on developing new
experiments for synchrotron radiation. By combining scanning
tunneling microscope and synchrotron radiation X-ray spectros-
copy, they have constructed a new chemical imaging method.
They also worked on ultrafast spectroscopy experiments through
a combination of ultra short laser pulse and synchrotron radia-

tion pulse.
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Ag(111) BESBHIEIC Bi £W0ES €T V3 x V3 REBBEE MR L RO 7 o)L 3 EA0FE
DEAN/NY R3#. SEER (a)2.6nm. (0)3.5 nm, (c) 5.2 nm, BEROEFHFREDOEHE
FHRBABETY V2 NNHPRICE > TAEYDRULKRAREENRETHE BT, NV RPR
NTE3, NELTWS,

In-plane band dispersion near Fermi level of V3 x V3 surface superstructure prepared by
Bi deposition on Ag(111) ultrathin film at various thickness of (a)2.6nm, (b)3.5 nm, (c) 5.2
nm. Band splits are found at the crossing points of free-electron-like bands of quantum-
well states in the films and spin-polarized bands of the Rashba effect at the surface.

1. ALV DEABFONAE L CHIHA—EURERIC L 2 RERMEDHR
Surface magnetism studied by spin-resolved photoemission and magnetic linear- and circular- dichroism
2. ABFELCTAEFAARRICLZ2EBE S VFEHEKA - AHDETFREDHR
Electronic structures of metal and semiconductor surfaces studied by means of photoelectron and inverse

photoelectron spectroscopy
3. BENBANERICLDZIRARE YT F 37 XAOWA

Electron spin dynamics by means of time-resolved spectroscopy

4. REFIEMEIC & DHBUNEE. BMUNEEOA XA-Y V7 & BFIREDFR
Imaging of nano-structure materials by means of photoelectron emission microscope (PEEM)
5. XEBFAIE in situ RABRZEREIC & 2 EHRE_LERTEEEA Z N 5B FOEERR DR

Electron transport through low-dimensional structures on solid surfaces studied by means of combination of
photoemission spectroscopy and in situ surface conductivity measurements
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Accelerator Physics Group
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Norio NAKAMURA  Hiroyuki TAKAKI
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Associate Professor Research Associate

Our research subjects are particle accelerators mainly used
as synchrotron radiation sources. We study beam physics in
these accelerators and develop advanced accelerator compo-
nents, subsystems and technology. One of our recent activi-
ties is research of a next-generation light source based on an
energy recovery linac (ERL), which is expected to be superior in
brilliance, coherence and temporal characteristic to the existing
synchrotron light sources based on electron storage rings. We
are studying beam dynamics in ERLs and developing ERL
components such as a superconducting RF cavity and a fiber
laser for driving a photocathode gun in collaboration with some
other SR facilities. We also developed a pulsed sextupole magnet
in collaboration with KEK-PF and successfully tested a new
injection scheme using it at the PF ring. Furthermore we are
constructing a polarization-controlled undulator for a material-
science beam line of the University of Tokyo at SPring-8 and
developing a phase shifter for fast helicity switching of the
undulator radiation.

RIBRBESCRD fc  DREEMEERDEEILETIL (B) EHUVWARARD
fedhlc PR U Y JICRES NI/ ULANEEREA (B).

A single-cell superconducting RF cavity model for a next-generation syn-
chrotron light source (left) and a pulsed sextupole magnet installed at the
PF ring for a new injection scheme (right).

AT —~ Research Subjects

SPring-8 IR 2RRAFYENLE - LS Y OREHBF VY2 L —%
() E2EARADEDHOBERTIONT AT (F)o

A polarization-controlled undulator for the material science beamline of the
University of Tokyo at SPring-8 (left) and a phase shifter prototype for fast
helicity switching of the undulator radiation (right).

1. EEEEIR

High-brilliance synchrotron light source
2. REERBH IR

Next-generation synchrotron light sources
3. IR INERIE BRI O T

Research and development of advanced accelerator components, subsystems and technology

4, IERBFRICH T2 E— LY
Beam physics in accelerators
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Hiroshi KONDOH

BEEHIR

Visiting Professor

The time-resolved (TR) synchrotron radiation (SR) photo-
emission spectroscopy is one of key application projects
of BLO7LSU which is under construction at SPring-8 as a
University-of-Tokyo Materials Science outstation. The TR
photoemission experiment planned for BLO7LSU is character-
ized by the combination of laser-pump-SR-probe technique and
high-resolution TOF electron analyzer, which will enable us to
measure efficiently TR core-level photoemission spectra with
resolving vibrational structures and hence to trace temporal
changes in electronic state, chemical shift, structure, density, and
furthermore molecular vibration for adsorbate and substrate.
This technique will open a new pathway to approach elucidation
of photo-induced dynamic processes such as photo-induced
surface phase transition, site-switching of adsorbate, interac-
tions of carriers in photocatalyst with adsorbates and so on. We
are going to set up the TR-SR photoemission system and tune

up it for the application studies.
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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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Professor (Director) Zenji HIROI Technical Associate
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Professor Yutaka UEDA Technical Associate
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Associate Professor Naoki KAWASHIMA Technical Associate
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Associate Professor Hiroshi NOGUCHI Technical Associate
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Associate Professor Osamu SUGINO Technical Associate
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Research Associate Jun-Ilchi YAMAURA Technical Associate
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Research Associate Yoshihide YOSHIMOTO Technical Associate
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Research Associate Yusuke TOMITA Technical Associate
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Research Associate Hiroaki UEDA Technical Associate
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Research Associate Takafumi SUZUKI Technical Associate
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Research Associate Yoshihiko OKAMOTO
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Reiko YAMAJI

A==y Ea1—% YZATLA

Supercomputer
Hitachi SR11000/48 model J1

* IR ERIZRERPI & #HE /concurrent with Division of Condenced Matter Theory
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% BB IRBLY OfE L YOI H S 11 5 HBY
WWEHL A S, iERR 2TV, mHEE 20
BRYOmMAIZHEL T3, FICHEHLTW DI
SR EERE LA VBT T, 2 I TRERNEG 7
FAFL—vaviZko CTRIEMBRFE Z S0, &F
o E0N IR IR IR S 5, i, 3
KIL7 7AbL—=varvRFE2Ha73 2540707kl
1 Cd2Re207 % AOs206 (A = K, Rb, Cs) IZEWTH -1
ISR 2 F A L 7,

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;O¢
(A =K, Rb, Cs) which crystallize in such a three-dimensionally
frustrated lattice.

B /81 Oy A7 BRACYBIEEE AOs206 DEXIES, BILEEGERER
ElF 3.3K (Cs). 6.3K (Rb), 9.6 K (K) TH3,
Superconducting transitions observed in resistivity for the

B-pyrochlore oxide superconductors AOs;Os. The T¢ is 3.3 K, 6.3
Kand 9.6 K for A = Cs, Rb and K, respectively.

%27 —~ Research Subjects
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1. FILLWEFRAEYRROBRIBEEEFRYE DR
Search for a new material realizing a quantum spin system or a strongly correlated electron system

2. AEY 1/2 1T A EFREBMEARDEEIRE
Ground state of the spin-1/2 kagome antiferromagnet

3. BRBEER
High-T¢ superconductors
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W E TR/ ICHA, ARSI EHLEL T
. (D)2 A MY — - FF =7 v FigF2FE2 2 Xt
7 7 A b L— b RYHE SrCuz(BO3)2, (2) b L VY AT
ZFio NaVa0s, (3) i 1 XouEE N NF YL 7r Y R
B -A0.33V205 (A = Li, Na, Ag, Ca, Sr, Pb), (4)#HH A
F4 PREFEIR T 7 254 b Mn {4 RBaMn2Os, (5)
SRIL7 TAPL—FRAERLVELY., (6)FT %
A PEISFOY LAY, BEBETFSNE, IN6D
PHICEWT, z2hzh, (1)ENY) 7Ly DY 4
7 —fEmft LB 77 b =B (2)¥i# 2 AT
s & B K, (3) EMKFES & EFHR
(R, (4) FRLER - OB IS & =il BRI ST,
(5)WOBEREFF DF& A 72 A E v —o8 4 T )L ZHIIETS &
s HiER . (6)RE—fifking, 2L Tw s,

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 and chalcogenide have been mainly
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 diffrac-
tion, electron microscopy, electrical resistivity and magnetic
susceptibility measurements etc. Our recent outcomes are the
finding 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-A033V20s5 (A = Li, Na, Ag, Ca, Sr, Pb), (4) new charge/orbital
order transitions and room temperature CMR in A-site ordered
perovskite manganites RBaMn»Og, (5) novel phase transitions
caused by the interplay among charge, orbital, spin and lattice
degrees of freedom in 3D frustrated spinel oxides, (6) metal-
insulator transitions in hollandite vanadates, A;VgO16 (A = K
and Rb).

BEEMEANERE TEARR &HBEOEAR,
Physical property measurement system under ultra-high

B-Nap 35V>05

1 | I I B -Nao.33V20s O EH —RE (P-T) 18
Mo MEICEDERE (NM) —BREKF
mEAER Nz oh,. ERKER
(CO) ICBi#E L THBIREAE (SC) '
%, SSICEEETIE. FcICHERBE
EBEEHR (NP) HHIERET 3,

Pressure-temperature (P-T) phase
diagram of p-Nag 33V20s. The metal
(NM) to charge ordered (CO) insu-
lator phase transition is suppressed
by pressure and a superconduct-
ing phase (SC) appears, bordering
on CO. In much higher pressure
region, a nonsuperconducting

pressure, “Oshitaro’, and the enlarged sample part.

X7 —~ Research Subjects

metallic phase (NP) newly emerges.

4 G 8 10 12
F (GPa)

1. BBEBZE0RY. NLITEYFEOEHR ERELES S CHFEOHRE
Synthesis of transition metal oxides and chalcogenides by controlling stoichiometry and phase equilibrium

2. BIER & U XHIRMET D2 DIHHER I £ SBEREB DT

Study on structure and phase transition by in situ observation of X-ray and neutron diffractions and electron microscopy

AFEETEIPHRTHN S I S LS ERMEDOE
filfifid: & 2 2@ U 7 MR O 2 17> Tw %,
2 O AL IED 6 A — F L 7GR EiT 0 20H 7o it 2
PR T TR ERBYBE, MYz oL
LT, FHRBLLE LW EN B8 DS L DD b 5,
RHERE & B U 7 B A O Tk 3R I S R T o fig
BB TENZREL, 2 DBRREEZH T TET S,
AFEETIE, KT ETERINLLAE VR, K — XK
TR 72V IRFRICNTZHLVEY T ALBED
BAFE 21T\, FERNEETH > 72\ X DD DR Z MR L,
FBED RBROREIZE D ATV S, 2k 2IE,
N—T 7 IAFEFEMEN D BTV T AL aiEd
BB, BLAIZINEZAEVEETICOVLTERDES
OETIVICHER L, BERECHEARR 2 BH L 72,
IE»EDANTNARETLTH ., ALNEET L
ISR S 2 BLFE QYR %2 BRIV IC AT T % 5l A b T4
FEFICEA T, 7o & ZUE, ISR & g1 IR
Fiicme Il F2RET 5L, F—X - "N —F
ETVICHIGT 2 LI N2 RICKh D, FEETHERIC
B S N7 X v v 7D o ERBIH A~ OEE 2 3iH T 5
By S 2L —>avydbBADIINV—TDORITDHKRED
12Th 5,

EHOS U (2) 5% S U (N)
S IR U e\ €2 ALY
I:I EFNICEVWTEREEINDVBS

I I REE, ROBRIEAEY T ED
HEDRS ZRT,

The VBS state that appears in
the two-dimensional SU(N)
Heisenberg model. A darker
I I line corresponds to a spin pairs

H ll:l with stronger correlation.

T —< Research Subjects

We are developing new numerical methods for many-body
problems and investigating problems of condensed matter
physics and statistical mechanics. Developments in computer
technology that started in the middle of the 20th century bring
forth the third category of physics, namely, the computational
physics. This new category is playing a complementary role to
the other two traditional ones, experimental and theoretical
physics. The computational physics is particularly powerful in
dealing with many body problems. We have been developing
new Monte Carlo methods for spin, boson and fermion models
defined on a lattice, and solved several problems. For example,
we extended the cluster algorithm to novel models that incolude
high order terms with respect to spin operators. Although these
models are highly artificial, considerable experimental efforts
are invested recently on creating real systems that correspond
to artificial models. For example, in a super-cooled atom system
trapped in an optically generated lattice, the Bose-Einstein
condensation was observed. One of our recent achievements
is observation of such a phase transition in the Bose-Hubbard
model.

R=XN\N—=REFILOHEK, tidRy EYTEOFRE. U ERABEERORS
THd. MRIRERE, SRIEFryTOREIEKRT,

Phase diagram of the Bose-Hubbard model. The red curve is the condensa-
tion temperature T/U, and the blue one is the gap. Both are plotted against
t/U, where t is the hopping amplitude and U is the onsite repulsion.

1. HUWETFHRFHEORR EEFRAER

Search for novel ordered states in quantum systems and quantum critical phenomena

3. BN - MKHEE O & b FEEE L OEFHEEMRDOHE
Study on novel electromagnetic properties related to correlated electrons

4. FSESKEIEY RISEIREDRAES & CEIRSEE T TORMIC & 2HIE DR

Synthesis of new materials under various conditions including high-pressure
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2. ZHEEOREREDHA. < ICEFEYTAILDEDHFEDRFK

Numerical methods for many-body physics, in particular, new quantum Monte Carlo techniques

3. 7ZAML—Y 3 v ORBEEEFERDS 2HEIAE VR
Classical spin systems with frustration and/or long-range interactions
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F 7o EREORBA, SZERIC OV THHZEL Tw 3,
RN TIRIROBLA . DHEPWEER D 7 o I IR
IoTw3, 2oz HEUby PR Z Ty S 2
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CHFERL 72, B OB 2 Bk O 2RI D FHA
TWw3,

WEZRNDRMRORF Y T3y b RMRFZ DL SB/NF 22— MRIZE
L TEMRMERNERNS,

Snapshot of red blood cell in capillary flow. Red blood cells deform to the
parachute shape in microvessels of our body.

X7 —~ Research Subjects

We study soft-matter physics and biophysics theoretically and
numerically. Our main target is the physics of biomembrane and
cells under various conditions. We develop membrane models
and hydrodynamics simulation methods.

We found the shape transitions of red blood cells and lipid
vesicles in shear and capillary flows using mesoscale hydrody-
namic simulations: discocyte-to-parachute, stomatocyte-to-
prolate, and prolate-to-discocyte, etc. We also clarify the several
fusion and fission pathways of the membrane using coarse-
grained molecular simulations. In particular, the pathway via
pore opening on the edge of stalk-like connection was newly
found by us, and later supported by an experiment.

RERLOEGFEORF Y723y b, 3R (K) KANZEMA T, BERHSFAH

MEZFHE. FEDFIIEKEBD () CHKEBD R 5183,

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.

Materials Design and Characterization Laboratory

1. MhIT & ZIRMBRDEF
Flow-induced deformation of red blood cells

2. £AREORE. 2R
Fusion and fission of biomembrane

3. BEROHCES. WEER

YR GHE (Materials Design Division)

Tt

Supercomputer Center

B Y 8 JI|E [ERE Charperson: N. KAWASHIMA

B Y e B {& Contact Person : 0. SUGINO

# Y% B B8 BP0 1HT] Contact Person: H. NOGUCHI

B #% HA IFFIE  Research Associate : Y. YOSHIMOTO
Bh #% EH #4) Research Associate : Y. TOMITA

Bh % $5K PRSE  Research Associate : T. SUZUKI

B # 2 £ A Research Associate : H. SHIBA

1. &EEFEFHRA = —a v Ea—%

B EHEEE TSR EY B AE O A — R —a v
Ea—% s A7 L%, A——a vt a—¥HHAMNHE
B20HEICH-D 2 2EOYIENTEE oL FEA 4t L
Tw2, BIEDOY 27 L3P 17 43 HIcHT s ik
DT, BEEGITL D E , — FHEAEMGEZ R o ik Bk
(Hitachi SR11000 model J1/48) & B OFRALFRAE S % FF
OBiFE A FFH R (SGI Altix3700Bx2/1280) # 1% &
LAY AT LTHD, KETIE, Y AT LDV Y —
EB Lo ER Y AT AMEREHERIT 2 & L bIC,
REL =S DHRICET 2L LT AT LDHE
HEMZzT>Tw5, A——a ¥t a2—% OFNHIHEE
IZOWTlE, & —2o = (http://www.issp.u-tokyo.
ac.jp/center/) Z&MHI N\,

The Supercomputer Center (SCC-ISSP) operates a supercom-
puter system, which serves all researchers on condensed matter
physics in Japan with no charge through User Programs super-
vised by the Supercomputer Steering Committee. The present
system, installed in March 2005, consists of two parts: a system
of high performance nodes powered by closely united proces-
sors (Hitachi SR11000 model J1/48) and another system of
sparsely connected processors with high total arithmetic perfor-
mance (SGI Altix3700Bx2/1280). While the Center responds to
questions and inquiries from all the users on daily basis, it also
maintains high performance of the system in cooperation with
the venders, Hitachi and SGI.

ISP Supercaompaiter System

System A .
= | Hirachi SRT1000 Hﬁﬂﬂﬂli . 0|
::I .- . TR

RMEFBE H #31T Technical Associate : H. YATA

B T B 8 BH %&Ek Technical Associate : T. FUKUDA
SMTIESPIHE B%{T Technical Associate : S. ARAKI
M ESPRE LUitt § Technical Associate : R. YAMAJI

2. iRy + 7 — 7 B

RETIE, PN LAN, 8XO, A= —
N, 7 7 AN =N WWW =8 (IR — L R —
2 http://www.issp.u-tokyo.ac.jp) DK — D
BUER 21T\, REBREZ GO LTNICEEL Tw 3,
PIEE R Y b7 — 7 TREHRFE T v v R A%y b7 —
27 (UTnet) Z# L 74 ¥ —F v F~\DERHDI=D, 7 7
A7 75— NVORHE, BTFA—NVICHTE 74 V20K
TEBRE, VANVAREY 7 b0 27 DTN DELAG 7%
EDt¥Xa) T4z fioTns, £, HINTHa
YE2L—FBLUOxy 77RO QA T L EaEK
AT Lp EOWSMOER LR AE, RE0K 7 a7
WKRE SN KL = =7 vy OFBZZ 175 T
W3, X5 LB REZD T T, WA — 24 <—
Y. WIS, 7254 €T 4 LEA— PR EDETH
WONEE I ZIT> T35,

The Center also operates the local area network in ISSP, and
e-mail servers, 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, which is connected to the internet via UTnet (the
campus network of the University of Tokyo), by monitoring
electronic traffics for virus infection and by distributing

anti-virus softwares to in-house users.

&)

Self-assembly and morphological transition of lipid membrane F_ YEHIRPTERAMZ—/(—0
4. 2 RITHFZ T DRIRER |__ _'_..I_'-_"'_i___ YEa1—9 VAT LB 3
Melting transition in two dimension System B ;Fthties‘slgecr_cl‘)s‘;‘g“ter System - ; _j—avba—4 YRFLB (SGI Altix3700Bx2/1280)

The supercomputer system B (SGI Altix3700Bx2/1280)

deibatr bor kel Liaty Foyias, Dmaresty of ol
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Materials Design and Characterization Laboratory

ian

J YIE AR« BEAEE (Materials Synthesis and Characterization Division)

PVE G L7 51 i =

Chemical Analysis Section

Materials Synthesis Section

B Y 8 EH ET  ContactPerson: Z HIROI B Y mae FH B Contact Person : Y. UEDA
M EMPE JLE [EE  Technical Associate : T. KITAZAWA BT B 8 AW BGF Technical Associate : Y. KIUCHI

EINEPIBE K28 1EZ  Technical Associate : M. ISOBE

ARETIE, PEIRICER ZWEHIZ O W TOL¥Eoit
PH L CWHD I TEOBGT S K MEANTIRIC L 2
MHORERE KOG 21T H L, & - o - L
BB D % SR 2 BTN O SEFRMAICHE L T 5,

AETE, FIWHO AR, BUYHO LB, Bk
R EMZEHRABO G Z2IT>Tw s, £/, KRS
i P AU 0 BRSO, SURKER RN TR 7 & 2 BT At
DILFEMAPITES & LT L TWw 5,

The main purposes of the Materials Synthesis Section are to The Chemical Analysis Section is engaged in determining the

synthesize new compounds and to prepare well-characterized chemical composition of specimens and in purifying chemical

samples and single crystals of various materials. Various kinds reagents for preparation of high quality specimens. The

of furnaces are provided for crystal growth experiments. analytical equipments, several types of automatic balance and a

system for preparation of ultra-high purity water are provided
for chemical analysis experiments.
FERE
TO-Ta 7YV —VEERBRIF. BER5I LA SEERF (R TELRE
MBEXT Uy IR 73V I RIA P—UBBIA. YUy M), EEEFEME—XEBYA A7 F S5 —, SEEASERTS AV
BHZEEERE (10° Torr). HBEIMTHE RADKDTRE. RBEEME. EFRTF. BEXEEE. WER. B

Main Facilities EHERE. MKBIERE, RiGTRE

Floating-zone furnaces, Czochralski pulling apparatus with an Main Facilities

SEM-EDX/WDX, ICP-AES, Microscopes, Automatic balances,
Potentiometric titration apparatus, Various apparatuses for sample
preparation, The system for preparation of ultra-high purity water,

and Freeze-dried machine.

induction heating system, Bridgman-type furnace, Ar-arc furnace,
Furnace for flux method, Ultra-high vacuum deposition apparatus,
and Cutting machine.

EEBFBRBHE—XRIAI7O07F 719 —
SEM-EDX/WDX

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

Xl
X-Ray Diffraction Section

B Y 8 EH ZET  ContactPerson: Z HIROI
Bh 2 m;ﬁ 72— Research Associate : J. YAMAURA

BRI YN %2 R Y E O BTSSRI I B\ Tl f
MEXEMRNT 30 CHREALMELZ GO 5, AETIE, X
B3 % T FRE O RS ESE LIRS X 2 HEL
fbzs EVPERSEOWIE 217 ) LT, TNt oigEE I
xt L a0t KBTS 27> T\ 5,

The main purposes of the X-ray Diffraction Section are struc-
tural analysis and identification of the powder and single crystal
specimens for solid state physics. By using the 4-circle diffrac-
tometer equipped with the warped imaging plate diffractometer
and a refrigerator the structural analysis is performed in the
temperature range of 2-300 K.

FERE
PUEhEY X #REIHTET. CCD Y AT L A XA =YV 7L — B XIREHFFH
MRXREWTEREB., ZVINAS, TAEINILTHAS

Main Facilities

Automatic 4-circle X-ray diffractometer, Curved imaging plate
diffractometer, Powder X-ray diffractometer, Laue camera, and
Weissenberg camera.

LA BhE

BERAA X —Y 77 L — MUXIRETE
Imaging plate type X-ray diffractometer for low temperature application
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Electron Microscope Section

B Y mE FH B
BTEFBE /ot 1IEFE  Technical Associate : M. KOIKE
¥ fif B 8 TR 1Ef  Technical Associate : M. ICHIHARA

Contact Person : Y. UEDA

BRI Y E DGR OB 1 7 FBTH 5.
AETHE, BTFRL AV TOBERRZBIET 270, &
o RRETE & RSB o3 AT o T B 2 fif . WHE DM
MREDTTE 2 179 &3, Bz N o FIH It L,
SR AP EBWIE 2 T-> Tw 5,

The Electron Microscope Section supports electron diffrac-
tion measurements, lattice image observation and micro-
scopic analysis of various solid materials, both crystalline
and non-crystalline with atomic-scale resolution, by using a
high-resolution electron microscope and an electron micro-
scope with an X-ray micro-analyzer.

FERE
200 kV BRI E FIEME. 200 kV BEFIEHE (LaBs ¥ 1 7).
ER - BRNILY — ERA AV E—LEE. BEARMERDOLHDER

DEE

Main Facilities

200 kV electron microscope with an X-ray micro-analyzer,
200 kV electron microscope with a LaBs gun, High- and low-
temperature holders, Focused ion-beam milling, and Various
apparatuses for sample preparation.

200 kV B BET 247 E FRMR
200 kV electron microscope with an X-ray micro-analyzer
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Electromagnetic Measurements Section

B Y B8 K ZFKIA Contact Person : Y. IYE

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

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

ARETIX, MWHOEANWEE TH % EHLANERNITEE
Z, R L OGO CHIFICO > THET 5 L &
BT, BERURHENERE, YRR N E 2 E, BE S
A% E D2 TN EFAICHEL Tw 3,

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.

FEXE

15/ 177 AZBEEITRY M RT7Uy MRS FRSBEEYY
Fyh (NUDTLATY=), IREEMBICAEREE (VSM). 16/18
FRTIEH—BEEYI XY M (NMR). SQU | DELAIEEE (MP
MS). NAYMHAEEE (PPMS), VOXICIILEBEESY TR Y

Main Facilities

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

BRAFIEERE
SQUID magnetometer (MPMS)

J YIE AR« BEAEE (Materials Synthesis and Characterization Division)

o I

Spectroscopy Section

#H Y 8 HE #Z ContactPerson: H. TAJIMA
B Y% M B Xt Contact Person : T. SUEMOTO

NWHMED & 2 e Rl EkEes % if 2. BTNt 3L FRFIH
Il T3,

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.

BRI
TREANIEE . FODERER, 5D RRTL/C
JLAL—H—xR RUL>O—5—

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.

FeF R ER R
Spectrometers (Room A468)
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Neutron Science Laboratory

Since 1961, the ISSP has been playing a central role
in neutron scattering activities in Japan not only by
performing its own research programs but also by
providing a general user program for the university
owned various neutron scattering spectrometers
installed at the research reactor of JAEA (Tokai). In
the JRR-3 reactor (20MW), the university group owns
14 spectrometers, and the Neutron Science Labora-
tory (NSL) 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 & (fERR)

Professor (Director)

" ®

Professor

R

Associate Professor

HEHR

Associate Professor

BEARFHAEHEEEORERRTF HRE (BE)

JRR-3 [CRRE & NichIEFEELREREEER.  Visiting Associate Professor Hiroaki KADOWAKI

CDRFIFN S 2RDAPEFEEE 3KD
AREFEENEABICS I EHE N, BiET
214 RIR—ILORETFE— ARBRBRIC
PHFEMEL TV,

The reactor hall of JRR-3. The eight neu-
tron scattering instruments are attached
to the horizontal beam tubes in the
reactor experimental hall. Two thermal
and three cold guides are extracted from
the reactor core towards the guide hall
located to the left.
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Taku J. SATO Research Associate ~ Maiko KOFU
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Pressure-Temperature (7-P) phase diagram for A-B diblock copolymer aque-
ous solution. By increasing T at ambient pressure, the system undergoes micro-
phase separation, indicating the presence of strong hydrophobic solvation
(SHS). On the other hand, a macrophase separation takes place by pressurizing
at ambient temperature, suggesting weak hydrophobic solvation (WHS) at high
pressures. This observation suggests that hydrophobic interaction is exclusively
important at ambient pressure, i.e., the atmospheric environment.

&l 783 =B

Mitsuhiro SHIBAYAMA  Hitoshi ENDO
Bz Bh#k

Professor Research Associate

Polymers, gels, colloids, and liquid crystals are classified to
soft materials, which undergo various transitions in response to
a slight change of an environmental variable. We are interested
in the physics of soft-matter, particularly in the physics of gels
and micro-emulsion. Nano-order structure investigations and
studies on dynamics of soft matter are carried out with state-of-
the-art equipments, such as the small-angle neutron scattering
instrument (SANS-U; upgraded in 2003) and the neutron
spin-echo spectrometer (iNSE; upgraded in 2004). Other
scattering techniques, such as dynamic/static light scattering,
microscopy, mechanical/thermal analyses, UV/IR spectros-
copy, and rheological studies, are also employed if necessary.
Current interests cover (1) inhomogeneities in polymer gels, (2)
hydrophobic interactions in polymer gels and block copolymer
solutions, (3) pressure-induced phase transition of soft-matter,
(4) structure investigation of slide-ring gels and nanocomposite
gels, (5) oil gelators, and (6) structure and dynamics of molec-
ular chaperone.

microphase separation
transition (MST)

separation transition

SHS-region £}, WHS-region P

1. BEEER D FTILOBEE Y F I v I R RERER. VIL—TILER
Structure and dynamics, phase separation, and sol-gel transition of functional polymer gels

2. Y7 kXY —DENFERGRRROWMA
Pressure-induced phase transition of soft-matter

3. BUKMEMREIER SRR ICEY 20 F i

Molecular studies on the relationship between hydrophobic interaction and phase transition

4. BETILPF/AVRIY NI OBEET A FIIR

Structure and dynamics of slide-ring gels and nanocomposite gels

5. FI P ROVOBEET A1 FTIVR
Structure and dynamics of molecular chaperone
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Hideki YOSHIZAWA Yasuaki OOHARA Masakazu NISHI
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Professor Research Associate Research Associate

Metal-insulator transition in transition-metal oxides has
drawn much attention because it is a phenomenon which
reflects interplay among spin, charge, lattice, and orbital degrees
of freedom. Our group has been performing systematic inves-
tigations of such transition-metal oxides in view of influence
of charge/orbital ordering, spin ordering, and structural transi-
tions to transport property. The triple axis neutron spectrom-
eter owned by the ISSP is shown in the left figure below. With
use of these spectrometers, the hole-doping dependences of
the incommensurability and the transition temperature of the
stripe ordering for hole concentration x up to x = 0.5 have been
observed in the highly-doped La;.xSryNiO4 which is one of the
isomorphic compounds of the High T cuprate superconductors.
The ordering temperatures of the stripe charge as well as spin
orderings have the maxima at x = 1/3, and they decrease beyond
x = 1/3. Although the incommensurability is approximately
linear to the hole concentration, close inspection of the data
indicates that the incommensurability exhibits a subtle deviation
form the linear relation for both sides of x = 1/3. Such an exotic
stripe ordering exists widely in the two-dimensional transition-

metal oxides.

- R,.SrNiO,

AL, x=1/3 DIREDORRINEZ PRI 7E T 5, ZD X e

> - o N s N 500 ‘ 1

I AT A THRF G EIRBEEBAIED» D TR, seppesrsamino—o ‘ + b

o NG T A o N - N=R T % Laz«SrxCuOs & FE D # 000 R=la c
B ARRTCEB RIBRALD THEL T2 S EDROED o0t LT s o ns ¢ %0 eewnine | 160
FFETHI B 2z o5 3, B VWTBASALR K51 TH g © 0 Tamuadacta.
FoOR—7REREE, ZhF 3 300¢ i i ]

THFEOGEBREENEUCHIHKFOGEREEE x=1/3T 8 L TIC
BRERUBERDICET 2, 251 7THRFOBBE & 50t e ]
x=1/2 TR —7BE LERNICRLBERE Lo T, #8 § ° & +
KRTP3E x=1/3 DR TRBBTNERL x=1/3 DRE © 8 $
ORRUERE IR TS, COBRAREVNE, 517/ 100f ST SR
OF v U F—BEOEIL L BFEN S EHTR—LHROME 0 | St
BEREMSTREINTWS, 0 e - - .
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Ibaraki. with recent Hall-coefficient measurement. 0 0.1 02 03 0.4 05 06 0.7

Hole concentration ny, = x + 23

1. BEREERAYNTY 2R - BBREGRE Y. TORICHRY 2BUIHKE - BEKF - BUBHFELR E OPMEFEELIC L 2R
Neutron scattering study of metal-insulator transition, magnetic ordering, charge/orbital orderings in transition-metal oxides
2. BILERICE T2 AV BB OREDHARIIAR
Microscopic study of influence of spin fluctuations in magnetic superconductors
3. 73 AL— MERERERICE T 2R FIRE DI
Lattice dynamics of thermoelectro-clathrates
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Heat capacities of imidazolium-based ionic liquids. We have found a glass
transition with a large heat capacity jump in the temperature range 170-230
K for every substance.
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Associate Professor Research Associate

We are studying chemical physics of complex condensed
matters, especially glasses and supercooled liquids, water and
aqueous solutions, ionic liquids, and proton conductors. 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. Ionic
liquids, found recently, exhibit many interesting physical
properties originating from the competing electrostatic and van
der Waals interactions and the entropy effect. Proton conductors
are significant not only for applications such as fuel batteries but
also for basic condensed matter physics such as quantum effect
on atomic diffusion. 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.
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Inelastic neutron scattering spectra of copper rubeanate hydrate and biimid-
azole chromium complex hydrate. The phonon excitations of water mol-
ecules are shifted to the low-energy side due to the confinement effects.

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

2. KELVEEYE (VFXL—hKNYPRE) OBEETIFIIR
Structure and dynamics of water and related materials such as clathrate hydrates

3. BERAAVREDHNZHNEEES A FIIR

Thermal and dynamical properties of room-temperature ionic liquids

4. 7ONVEEBEOBEET 1 TITR
Structure and dynamics of proton conducting materials

THE INSTITUTE FOR SOLID STATE PHYSICS 2009

R R AT

Neutron Science Laboratory
http://sato.issp.u-tokyo.ac.jp/

P ke Wk 7€ =

Sato Group

B2 I 3h P HEELAZ - O TR R O AE v DS %
LTV 5, HLOWE TIHMEIRTRERFRAE VIF#RIEL
BT 27325, ficidfc o R cEiREFTcRER
HoERFObDDH D, ZOLIRYEDIES EDFIKPZ
IS BN DR RAERTIREZ R 2 50 HINTH 5.

FOEDWFZEHlE LT f-Zn-Mg-Tb HERE BRI T 2
JRTERE R E — FO Bl ZENT 5, HEi5MmEE. 20
JE B A3 R R E 2 R 72 e I b Db ST E IR
ERiOL VIR R TH B, HERERPICBRE—X b
E NG G, N AR RPIcEI NG E LT R
2B BE O WIRFIN B 720, ZOEHPLHRFLICOWT
N R EfTb T, Fig. 112 {-Zn-Mg-Th ¥4
E R VE AR DRGNS Z_ 27 ML E2 RS, 2.5 meV FLEICIE
DILVIEFPERGELE— 7 BB SNTB Y, s D
M2 WSS € — F 2 EAE§ 2 0393 %, Fig. 2 1213
DE— 7 DT BED Wit 2R D iz d, O
FE53 AR IXAE 20 HRRER 7 9 A9 — I RTE S 2 A E v
il — R CHHINL Z LDV T o7,

B3 LD 270 697, AL HE 8 R E
SRR L CHFZE 21T o T\ 5, SBRFE R BT L1
LD Y EOM L ED TV 3,

Fig. 2
BEREEEANZAVTAES
BSREE— 2 MED Q KF .
Q-dependence of the integrated
intensity of the broad inelastic peak,
measured using a single grain of the
f-Zn-Mg-Tb quasicrystal.
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1. EEREOHRAPERYBEDRTF. RAEVITAFIIR
Atom and spin dynamics of quasiperiodic systems

2. HEERANTZ7 AR L—KLTWSRE Y ROBKIZS
Spin fluctuations in geometrically frustrated magnets

3. R YT RIMERES K U IEFEELIC & 5 5H

B =

Taku J. SATO
IR

Associate Professor

Using neutron scattering we study dynamics of atoms and
spins in materials that have large remaining fluctuations at low
temperatures preventing trivial long-range order. We aim to
elucidate origins of the fluctuations and resulting non-trivial
ordering scheme.

Here, as an example of recent study, observation of localized
collective magnetic excitations in the f-Zn-Mg-Tb magnetic
quasicrystal will be described. A quasicrystal is a highly-ordered
solid without translational invariance. It is expected that
magnetic moments in the quasicrystal may behave differently
than those in the periodic crystal. Figure 1 shows the magnetic
excitation spectrum in the f-Zn-Mg-Tb magnetic quasicrystal;
a broad peak around 2.5 meV is readily seen, indicating
existence of a certain collective excitation mode. Figure 2 shows
Q-dependence of the integrated intensity of the broad inelastic
peak. The Q-dependence can be explained by collective excita-
tions localized in dodecahedral spin clusters.

Not only the neutron scattering but also macroscopic
measurements, such as electrical resistivity and magnetic
susceptibility measurements, are carried out in our group. We
also work on crystal growth, as well as development of new
neutron scattering techniques.

FZ0-Mg-Th Quasicrystal LAM-4D (Ef = 4 59meV)
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Neutron scattering study on new materials with novel physical properties

4. FEFERWH U WRERFIEDRFE

Development of neutron scattering techniques
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Visiting Associate Professor

In 2009, I take part in the neutron scattering group of ISSP
and investigate two subjects as a guest scientist by using the
sabbatical half-year of Tokyo Metropolitan University. In this
period, "Quantum phase transitions of correlated electron
systems" and "Kasteleyn transitions in spin ice" are studied
especially in view of complemental utilization of JRR3 and
J-PARC that will become available in the near future.

Since divergence of order parameters in quantum critical
phenomena are weak in comparison with second-order phase
transitions occurring at finite temperatures, it is generally diffi-
cult to observe singularity of quantum critical points (QCP). For
example, specific heat measurements clearly showing existence
of QCPs frequently fall short of determining the singularities.
An interesting point of phase transitions is the idea of univer-
sality, i.e., many QCPs are classified into a single universality
class exhibiting the same singularity characterized by the same
effective action. Our aim is to investigate quantum critical
behavior of typical systems by directly observing correlations
of order parameters using neutron scattering to discuss their
universalities. The spin ice (e.g. Dy2Ti»O7) has attracted much
attention because of its intriguing frustration mechanism. The
ground states of this system are macroscopically degenerate
with the finite zero-temperature entropy. Interesting theoretical
predictions, which have not been seriously investigated to date
by experiments, are Kasteleyn transitions in three and two space
dimensions, which may occur under magnetic fields along a
[100] direction and fields tilted slightly from a [111] direction.
These transitions are so-called topological phase transitions
which are characterized by line (string) defects. We plan to

investigate these by directly observing string defects.
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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 800 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-
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concurrent with Division of Physics in Extreme Conditions
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A picture of the largest flywheel DC generator. This generator can store 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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1. EF ALY RYEOHIERE
Study on magnetism of quantum spin systems

2. EHEECEME ORI L EEDOE

Magnetization process in
BaVS; by use of 70 T magnets
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Professor

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 6 ms, maximum field 70 T

2. Long pulse magnet: Pulse duration 30 ms, maximum field 65 T

Short pulse magnet is used mainly for magnetization
measurements on insulating materials and Long pulse magnet is
used for magnetization and magneto-resistance measurements
on metallic materials. Our magnet has been breaking the world
record of non-destructive magnetic 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 enable us to generate long pulsed field with the
duration of 1-10 seconds. The longer pulsed fields can provide
much better conditions for precise measurements that had been
thought to be difficult before.

We are in collaboration with many researchers in other
universities or institution by developing or supplying magnets.
Recent topic is the development of X-ray diffractometer under
pulsed field that is collaborated with SPring-8 in Harima.
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Time dependence of output-current from flywheel-DC
generator for long pulsed field

Study on magnetism and conductivity of strongly correlated electron systems

3. IR 100 TR TRy NDFREHE
Development of non-destructive 100 T-magnet

4. BOY T INILAR TRy N DRF
Development of ultra-long pulse magnet
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Takeyama Group

100 7 A 7 DL L oiasiig 5 st L Btibise &£ 2D X 9 7%
MRERBREE T CHBLT 2 MO RN EZT> T %,
WG oRE ke LT, B2V ¥—%2HH L TR
W4T 9 TEBEMEE & B E 0l a A VIcEEKR
BWMEZRAL CHBRSG 2472 T—-58& a1 Lk
ZRRAL T2, TERGRME T, T TIcsN IR
EREGFAE T30 T AT BZEBL Tw A, HITE O
B & X DS L EHEEZ O YR HiF L %
WhZED TS, —&Ea Lk Tk, BERSGD
HIANIC X DR X R Z 2h 2hh L, B3 L —
W — % o e REROEARIE 1, MEE T IR A AR LA
HE O TARRBAGIE ICH OO0 S, T—% & a4 Lk
TIEEBME LB OHEERSERA S o, X% 200 725
FTUMERET> TS, YIEETE, Z0XH%
SRS R TR T, A—R v+ /) Fa—7F
Bk BETOBMBSGRAEY. 77 AL — &
T A E VMR & ORISR R O fi#i e & &
HTWn 5,

BHIRMACLD 40T BRETHARSNLTFAML—-bIRERL
ZnCr204 DBRHIGH(CIBIR. 7 7 57 —EEN 518 S hichtiBiE, K
ENES#R72 1/2 75 b =& DBBBRAI TR ICRR S NIRRT
HEBERT, £ LBBHRETERT SMWARDEI L. AEEBRE
HSWIAPAERICHARSNCFHOEI I F+r AMROERAIZ
FaTVIAARY Y b HEHE K X TORHANAIRETH %o
Magnetization of frustrate spinel ZnCr,O4 measured by the Faraday
rotation method under ultra-high magnetic fields up to 400 T gener-
ated by the electro-magnetic flux compression method. Arrows show
the phase transitions above the plateau phase. The upper left picture
shows a primary coil for the electro-magnetic flux compression. The
upper right picture shows a handmade miniature optical cryostat
made of “stycast” resin. The sample can be cooled down to 5 K.

1. BIRABMEISRAE & YISO R R

5
A
AL IEZER JINE R

Shojiro TAKEYAMA  Eiji KOJIMA
6] Bh#

Professor Research Associate

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 world record for the highest indoor magnetic field by the
EMEC technique; currently the maximum magnetic field is
730 T. Further developments are underway for achieving much
higher fields, more precise and reliable measurements for the
solid state physics. The horizontal and vertical STCs are used
for more precise measurements up to 200 T, respectively, in
accordance with their magnetic field axes. The former is mainly
used for magneto-optical measurements by use of lasers, whilst
the later is more suited for the study of low-temperature magne-
tization 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.

400

c Field (T)

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

2. BERISH IR
Magneto-optics in ultra-high magnetic fields

3. EBRHIEHBE

Magnetization processes of magnetic materials in ultra-high magnetic fields
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Masashi TOKUNAGA
Tokunaga Group T

Associate Professor

L g

WIS T ICB ) 2MEHER 2 BlE T2 FRE L T, Recently, X-ray and neutron diffraction measurements in
2OV A T I BT 2 X R0t R B 5T 0 EER IR, pulsed magnetic fields succeeded in studying field-induced
PEINDTHS, L L s 0TI e 2Bk T structural transitions. However, these techniques are not appli-
I OB A WS 2 T T D . F 7 ST RO cable to detect the change in faint signal originating from super-
Mgz i 5720w v 4 LKk 2RO HFET 5, radiation facilities.

B2 B MEHERGHIRE 2R T s Bl m Pk L As an alternative method to investigate field-induced struc-
T8OV RS IS B 2 @R G A —2 v 7y AT tural transitions, we developed a high-speed polarizing micro-
LEHF L, A AF L2 HOROENSR E L scope imaging system combined with a pulse magnet. As a first
<. J@Ik~ v # VB Lay2Sr32MnOy 1< 5 3 2 B target for this system, we observed field-induced melting of
SRR O R B 2 7 2 i b L CRIMIS 3 = & charge/orbital ordering in a layered manganite La1/2Sr32MnOs.
CRIIL Fo, BUBBRIFIC HIRT 2 675 113 G anisotropy originating from the orbital ordering. Numerical
BROMELL L CBINS NS, WHROERFIHTHRIRIL analyses of the obtained images demonstrate the field-induced

structures, and are limited by the available machine time in

Intensity in the polarizing microscope images reflects the optical

AP 2 St YEE TR S L D HHKICZ melting transition clearly in comparison with the results in
WHEBOHFEL R L T35, magnetization and magnetoresistance measurements.

= La, 5Sry,,Mn0,
130K HIl c-axis

Intensity (arb. units)

T TR T N T NN TN [ N TN T N O |

panaleaeilesnadoranloianlapialanis

0 5 10 15 20 25 30 35

nyH (T)
(a) EOMIHE LT (0)28 T DHIBH TH|FZ L 200 K ICHF % Lai/2Sr3/2MnO4 RABEBMIRERD S RO ICMERFERDOBREDKISKEE. BPI<IBLHER
DRAEBEHEEE, BAIEEERL TESNIcabETH D, BiHIE cBAMICE EOF—5 EHitamicA 7ty bEHBLTWS,
ML TS, Field dependence of the optical intensity originating from the orbital order-
Polarizing microscope images on the cleaved ab-plane of La1/2Sr3/2MnO4 ing derived from the polarizing microscope images. Data for various tem-
at 200 K in fields of (a) 0 T and (b) 28 T. Magnetic fields were applied along peratures are offset for clarity.
the c-axis.

1. XILF7 zOA v IV YEOHSFLEBEE
Field-induced transitions in multiferroic materials
2. BRBEEHOBESYTE
High-field studies on high temperature superconductors
3. JNLRABEIE TICE I 2 mR R EMRERE
High-speed polarizing microscope imaging in pulsed-high magnetic fields
4. REY - B - BFREAROREEBYE

Cross correlation effects in materials with coupled spin, charge, and lattice degrees of freedom

80
THE INSTITUTE FOR SOLID STATE PHYSICS 2009

BB SRR S L - DI T et

International MegaGauss Science Laboratory
http://ymatsuda.issp.u-tokyo.ac.jp/

o TH R shF 7E =2

Yasuhiro MATSUDA
Y. Matsuda Group BT

Associate Professor

AMEETIEFILDIE = Lo L, RS HEEfERe We investigate electronic and magnetic properties of matter
rma At —"—HHEr gz, 100 57 25 22 2R at ultra-high magnetic fields in the multi-megagauss range in
R COEROET - REWMEOWIE %2> T\ 2 collaboration with Takeyama Group. Magnetic-field-induced

phase transitions and crossover phenomena in strongly corre-

53 DR E v P HUEEB) IS TEE M § % 720,
e e I ST B = ] fi - H 7y 75
K& RIS <TH 5, Lo L—MIC, WHoR) Magnetic field can precisely control the properties of matter
RBMEPHEINC AT E L HEBR 4 & ORI 24 through the Zeeman effect and Landau quantization. However,
bz 3icid, MOBRSEIHEL &5, YU O in general, magnetic-field effect is smaller than pressure or
ERGEEEEE 700 7 A SO EIRREE T ESTRETH D | temperature effect. Hence, a high magnetic field is required to
ZOBEDOY — 2y I 2L % — |3 R R & i e induce the dramatic phenomena such as a phase transition.
A R JERE R b & % < OYIECEE e In ISSP, 800-Tesla magnetic field is generated by the electro-
3% JEL Al B S A
WEARONIFTE 5, in such a high field much exceeds an energy corresponding to a

- > 2% LE, l==4 BB - 3

o, AW TIE, WD TRBRRIIC ) % 5t room temperature, significant field effect is expected in variety
Y 2, XA oAz H#EL TE H, SPring-8 % of materials including antiferromagnetic or non-magnetic
KEK-PF 12 3\ TIERERI 50 5 2 v A 5RHES % M materials.
W7 X RN YER X B E M YD b 175 We also carry out X-ray magneto-spectroscopy using
Twd, XEHEROEI ALY —7 4 F v &0k synchrotron X-rays at the SPring-8 and KEK-PF that is a useful

c o i ) means to study the electronic states in high magnetic fields.

. PE AR T BIEED WAER & 2 5 70, ST ’ 81 me
FAF—ZESI LT, JURK - PIEERHHETDH 2. a non-destructive 50-Tesla pulsed magnet is expected to develop
SRS X BRGS0 S TR OREGEEREE R an understanding of microscopic mechanisms of the magnetic-
OHENIRE CGERT 5 LHIffsn 5, field-induced phenomena.

LI s B B S B S N L e

lated systems are the main subjects.

magnetic flux compression method. Since the Zeeman energy

Element- and shell-selective X-ray magneto-spectroscopy using

M #E B Y E EuNin(Sit«Gex)2 x=0.82
D40 F RS ETDIIL ZEBIBICH T
% Eu Lo RUNIHD X SRIRURZ R T k)L
(XAS) & X iS5 H Z & (XMCD)
AR N, KREERRICER U 281

XMCD (Aut)

Z BANT PUBRDSEASN TN S,

8 X-ray absorption spectrum (XAS)

= and X-ray magnetic circular dichro-

8- ism (XMCD) spectra near Eu L,-edge

S in EuNix(Si1-xGey)2 x=0.82 at pulsed-
BEH X SRERICAVWDBNE/ LR TRy b WE | 40T XAS 2 3+ 8 magnetic fields up to 40 T. Peculiar
3mm DNEEEAS. 50 7 RS DBRIISFKAENTEL, . 'E fgatures attribuAtevd to the hybridiza-
A miniature pulsed magnet for the synchrotron = fllr(;llfob;rtlgmi‘relrlmclell;‘fegz?rtavalence states
X-ray experiments. The inner diameter is 3 mm. A 7.60 = 5161‘ e }éﬁ e }63 v .
50-Tesla field can be generated. : : : :

Energy (keV)

1. BREISHERICE 1T 5HERORSFERGEBRR
Magnetic-field-induced phase transitions in magnetic materials at megagauss fields

2. BEIS X % MCD I & 2% LR A OREEF-HEEFERE DR
High-magnetic-field X-ray magnetic circular dichroism study on correlation between conduction and localized electrons
in rare-earth compounds

3. @IS X MRNAKIC LB AEY 7 ORA—/N—RROER
Study on the spin-crossover phenomena by high-magnetic-field X-ray absorption spectroscopy

81
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Zheng Group

YIEWTZEIC 81T 23S O EEMIZH 4 B L Tw 3,
Z DO, BEGDE T OWIERIR 2 H o IR HE T 2
N5 TH S, W% NG5 OHE DT TGRS
(NMR) ZEELZFHEEHROOEOTH Y, YDA S
FTIEREM O CHERMEL T 2, Mg % v
7= NMR ORI SN s B2 EwIHHe R XY v
F TR, PEBER L L COMSHIEHIRRE M
BHLVWIEIETFAEVEV RN REZRARSFIC2=—
JRMEFERERD I DHEIZH D, SHTIE, Wo»
DMHOE BB TERICB LT, KA 72y FoA
A7V Fe 7%y bEHVEZLICKYRAIE T AT
F COHiPHTOImELS NMR 25A[RE & 7> T\ 5%, Lo L
2505 & WG TR X 2 BRVE WER ORI IC 1, E
WG TR T THh 2 AL AN, HlAIE,
SRR ALY B IR AG AR 1T 35 1 2 b LR 5 3B o B BF
221213 100 7 A 7 HHIBO WS PN L 72 %, 2 OIS
TOMEERREICT 2723 v v 7L Ak % H
W7z NMR OFEMEBARFRTH %, SEEIZR Y 778V A
S 2 MM % 7200 NMR Eiio s % B4,

IR i e 5 - E et

International MegaGauss Science Laboratory

= WL

Muro Group

W PR OB TIREBICK E LW EL2 52 /TR —
WRNRR T NG ) 7 « R—= L5 7% E0Blkd 2 R %
5l &k 9, WY I I 2 BLR 0 B s A
TES, L2LuH6, MG TIRRRL 2B o
7o FHHNEHIR S 41, GHIE b LW 72 & o Kk
AR B DIRSNLTW» 5,

B3 7 7 4 N—2 H T, BIREYS T itk
7y 7TNDH =R AR bV EEEHIE % AR
T2EETHEH A7 2 %2% T 2, BRMICIE, 2A—
N=)L 22y y ¥ AL —F ERERRE 7 7 43—,
2 NVFF e vV, HEFAZ A b 2
VFF 2V RIVEEYA VAR AT L2 REEET 5,

FRIEYS 1S B 2 B 22 A — AR 2 X7 b oL o llE
BERFA—V2ZRILETFRZCA—R VT /) F2a—TDA
EUYMEDBIHICE I AT E % 5,
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Visiting Professor

Importance of high magnetic fields is increasing in scientific
researches, since a magnetic field has a strong effect on the
motion of electronic spin as well as on electronic orbits. Among
various measurements under high magnetic fields, nuclear
magnetic resonance (NMR) is one of the major techniques in
physics, chemistry and biology. In addition to the apparent merit
of enhanced signal-to-noise ratio, high-field NMR has advan-
tage of providing unique insights in the quest of the phenomena
such as field-induced phase transition, superconductivity and
quantum spin. With the installation of resistive magnet and the
hybrid magnet, NMR experiments have been conducted at high
fields up to 45 T. However, in many cases, the currently avail-
able highest static field is not enough. For example, study on the
upper critical field for the copper-oxide high temperature super-
conductors is in the range of 100 T. Long pulsed high magnetic
field can offer the way to lead the high-field NMR to higher
field. Experimental techniques for high field NMR by use of long
pulsed high magnetic fields will be developed.

5o =
Kiyofumi MURO
REHR

Visiting Professor

Magnetic field brings a strong influence to the electronic
states of semiconductors, and induces various interesting
phenomena, like quantum Hall effect and Aharonov Bohm
effect. Strong field may bring more fascinating phenomena.
However, the measurement in high magnetic field is restricted
to basic ones, like photo-luminescence and absorption, because
of the confined environment and the transient behaviors.

We develop a high-sensitive measurement system of Kerr
rotation spectrum (magnetic circular dichroic spectrum) based
on multi-channel homodyne detection, which utilizes super-
luminescent diode, polarization maintaining fiber, multi-
channel detector and phase modulation.

High-sensitive measurement system of Kerr rotation
spectrum becomes an effective tool to investigate spin-related
phenomena of quantum Hall two-dimensional electron system
and single-wall carbon nanotubes under very high magnetic
field.
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Chen Group

WY N CoERTPAYIREICB ) 2B TORT A
F AR O W THEEITI, £/, A7 L2 b
0= 2B B ZOF BRI OWTHHS,
19 g, 79 v ZADBEEER 7 v A LIx, dllL))2E
KRS It~ 7 v e IR P iR 22 1127 % % Zdad
T2 7 77 2 2 HRADPEN £ 72 13 AT
BEZ EE) 2 8 C MEEME DS H 2 2 L ITR DK DY, TS
WA A ZATH B, Pk, 20 {HACHIED BT 1120 &S
oA F RICRIBT 2 BT AL RAOERD e I T
&7, 1990 6, ElEREL — Y —Larv o —%§
MoFERBICK D, MRS N RV ZFET2RR T
FADWMAEDEER E L THEEBEINTE R, B vy
PO IS X, A A A2 E RIS BT 2 e
HEh A KL, BT A4 AWNRET OB O EEN &L
o 1-25& L THBEINTWS, FLiT. BRI LE
BESOTFEICLD, YV (P) F—7 Si OARMYIR
T mpks b iR, EEhEFORT A A ANED) %
FEERIICH S 20T 5,

Pl sl ik 2 -yt e il e

International MegaGauss Science Laboratory

1— RV fsEE

Yudson Group

F BEERICEHCIA D o - 81 - IEFLR o BRIES T
TOWRBITEHZHRD, AT NLX— (RPNEY A7
OFRYIFLF—THY, o Lt@ELTIIL—< v
IANX—) WETF - -BEFHLVIEET - EfLyr—vv
MAFHOZF VX — LD KREL %5 A RHBIRD
Wfrx 2%,

EARTHFhOET - EAZHREL, ZORICHE
EHE L OKEHGZHML7zE &, 20k E X OLF
FERED X7 —u Y HAEEHE X OEBILE T~
Py NDWERR T L0 RHRNL L ~DDOHWNET
5, ¥, 05 DR THERMEIEL 7256 O mik
B4 7atbu gl oBifR, L, B2
PBE N LD L) ITHBIRE LB x2H s
NPT 5,
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Zhanghai CHEN

AEABEHIR

Visiting Professor

We study the quantum chaotic dynamics of impurity electron
in solid-state environment under strong magnetic fields. Its
potential applications in optoelectronics are also studied. In
late 19 century, French mathematician Poincare found that in
the macro-world governed by classical mechanics, a nonlinear
Lagrange Equation for a deterministic dynamical system could
result in the irregular or unpredictable motion behaviors,
known as classical chaos. Since early 20 century when quantum
mechanics was just emerging, scientists have been looking for
the quantum mechanical correspondence of classical chaos. Ever
since 1990s, highly excited Rydberg atom has provided a main
test bed for investigating quantum chaotic dynamics, thanks to
the developments of advanced laser and computer technologies.
Quasi-Landau resonance, which manifests the periodic orbital
motion of a chaotic semi-classical system, has been generally
accepted as one of the direct evidences of quantum chaotic
motions of electrons. We plan to study the absorption or photo-
conductivity spectroscopy of phosphorus-doped silicon under
strong magnetic fields, and demonstrate experimentally the

electron quanturn chaotic motion in solid-state environment.

&
@

1—RYY H5F,3—)
Vladimir YUDSON
NEAERRIE

Visiting Professor

The subject of our research is a system of electrons and holes
in nanostructures in the presence of a strong magnetic field.
There are variety of interesting physical effects in such systems
when a characteristic magnetic energy (first the cyclotron and
later the Zeeman ones) is becoming greater than the Coulomb
energy of electron-electron and electron-hole interaction. These
effects manifest both in transport and optical experiments.

Our current goal is to study effects of the Coulomb interaction
and disorder on transport and optical properties of electrons
and holes in coupled quantum wells in the presence of a strong
perpendicular or parallel magnetic field. In particular, we are
planning to study the diffusion vs localization regimes caused
by an intrinsic disorder. We are interested also in manifestations
of multi-particle complexes in a cyclotron resonance and in
the system photoluminescence resulted from spatially indirect

optical transitions.
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Supporting Facilities

YR ZERT IS\ IFZE TG B % P O T

7202, WL O OIFEHEHR BRI SN TS, research activities. Cryogenic Service Laboratory for

RSB I R AR AWk~ Y ™ L DNk 25 % supplying liquid helium and liquid nitrogen, Model
Shop for various machining, Radiation Laboratory

By - MG 2 RIRIEAIL R, BeA i T 2
79 TAE=, XHREEE S B R o B 2 7

for the safety in experiments that utilize X-ray, y-ray

B EERIHRE, F—LR—URUE.- 7 7 5 4
T4 LAR— MY 3B 21T ) AN E
BakhETH2, INLOMLBEOEE X, 2
NZNNIGT 2 RECORERENEMLZ LR,
Y D EAIR R £ 72 1 3IERBIRE 1< X D FEFED
¥BBfTbNh s,

Supporting Facilities

We have various facilities in order to support

and radioactive materials, Library, Stock Room for
) B B, ARPHEREE BB fi 2, B supplying common expendables, International Liaison

YRR E RO AT - B2 1T ) MFEE, W% Office for supporting foreign researchers, and Publi-
FAEZIC TR E T B EEH OB S EEH A cation Section for advertisement and publication. In
SHIORIA 72 Ly 20— A, WIEERFERTIC each facility, several staff members are working under
TEEET 2 SME AT 1o B 2 e & 7 s 2 ) supervision of corresponding committee.

EBRESR R RER R EPImE
Chairperson Toshiro SAKAKIBARA Technical Associate

Cryogenics service p v =
BB E

Technical Associate

IHEER Rt B RiTEFIBE
Chairperson Tohru SUEMOTO Technical Associate

Model shop E SIS

Technical Associate
RZEHES
Technical Staff
MEEHES
Technical Staff
ARSI EHES
Technical Staff

BEHREBEER =fE B3 B EPImE
Chairperson Toshio TAKAHASHI Technical Associate
Radiation lab.
REZER 28 E— " R
Chairperson Koichi KINDO Administrative Staff
Library — B m
Administrative Staff
BEREER Xhvol—L) BIF BS EBWIES
Chairperson Toshio TAKAHASHI Administrative Staff
Stock room
ERREER 28 E— EBMEER
Chairperson Koichi KINDO Administrative Staff
International liaison office -
EBWMEER
Administrative Staff
RHREBRESR ng B kit EE
Chairperson Naoki KAWASHIMA Technical Staff

Public relations
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Hikaru TSUCHIYA
Bl mF

Reiko SAGIYAMA

M SHE
Kiyonobu OKABE
s =

Jun YAMAZAKI

SH &
Tadao IMAI

BA &

Yasumichi ENOMOTO

NE #=

Seiji MURANUKI

L0

Kiyokazu NOZAWA

ER BE MEESERRERETE)

Rumi WATANABE

BR HTF (MNEEFEERETE)

Noriko SOGA

Mt+-E RF

Hideko AIZUMI

B8H WF

Akiko KAMEDA

AR ERET

Mihoko KUBO

ax #od&

Mizue ISHIZUKA

ERZEBS R R {2EB Chairperson: T. SAKAKIBARA
EMiEMBE B X Technical Associate: H. TSUCHIYA
B i B 8 B I¥SF  Technical Associate: R. SAGIYAMA

IR B IR~ 7 & LR SEE2 ML, Hb
HCEIRSEMICBET 29— EZRMF ¥ v R 2A2EDE
HEAAR Y ROFELIT>T05, WENY 7 LI1EY
PEfFZ I BT, FRH LRI I NG, AJL
e AR A AL, K3 L TRIRMLICRI S %,
2008 fEE DA~ 7 LD EFER EHERIZZNEF N
294,100 L, 211,000 L TH %, MEERIZIHE L DI

L. L T3, 2008 4 B iR i %5 55 o i & 1
647,100 L £ 72> T3,

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 2008 fiscal year, 294,100 L of liquid helium
was produced as a total and 211,000 L was supplied to the users.
Liquid helium is transferred from the 6,000 L storage vessel to
various small storages with the centrifugal immersion pump
system. Liquid nitrogen is purchased from outside manufac-
turers. The supplied liquid nitrogen was 647,100 L in the same
year.

FEXE Main Facilities

AYDLRILEE | (Y >F) Helium liquefier system | (Linde) 200 L/hr
AYDLRIEEE I (U >F) Helium liquefier system Il (Linde) 150 L/hr

TEAY D LETE Liquid helium storage vessel 6,000 L

RAERITIE Liquid nitrogen storage tanks 20,000 L
EUREAANY 7 LA ZEMEE  Helium gas recovery compressor 190 m3/hr

BEBEANU LN AR Liquid helium transport containers

500 L, 250 L, 100 L etc.

BOAANY LR ERY T Centrifugal liquid helium pump system 20 L/min

AU D LRI, FRES S OE RS EFRY T
Helium liquefier, storage and transfer system
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IEEER Xt Chairperson: T. SUEMOTO
BMTEMBE [E8 3{E  Technical Associate: K. OKABE
®RiTEMBE UIE 2 Technical Associate: J. YAMAZAKI
Wi 5 Bt Technical Staff: T. IMAI
MsEEs {8 FWE  Technical Staff: Y. ENOMOTO
MiEmEs NE T Technical Staff: S. MURANUKI

TAEER, Wi ERE2ET 2 TEMOMT., WM
DRt d 2 2E1HE LA OWIER O Z DR, % L TLEHE
REIOMBK LM ERITTo T3, 2, WJEHE S 23
USRI TAE 217 ) 720 OWIZEE TR b RE S
nTws,

The model shop consists of a machine shop, a glass shop and
a supporting 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.

TEFRRE

BRIEE : 5@ty =>stry— NCHER
IR 50 B, BEMTH

AZATHE : A7 AEE. Vv 7LRERIF. BERINTHE.
TAVEYRNYRY —

WMRETIEE : SHEMERR. BBk, 750 R\, R—)LE

Main Facilities

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

Glass shop: Lathe for Glass Work, Polishing Tool,
Ultrasonic Machining Tool

Supporting Machine Shop: Universal Lathes, Precision Lathes,

Milling Machines

NC HEf#c £ B1F2
Numerically controlled lathe
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Supporting Facilities

ian

HEREBEER 35 BEE  Chairperson : T. TATAHASHI

EMEMBE BHE HF]  Technical Associate: K. NOZAWA
(MEHREUR E1EE) (Radiation Protection Supervisor)

JCHRE B X, PRI IS B U 2 UREYE (U
ERREIE 2 &) LR ERE (XEELE
) ORI &\ TR D B HREEE 2 Bk L .
REzRT2 I E2HNWE L TREINTVS, 20D
7o BRI B b 2 2 22 iU SRS B & L
T, BEEYE R RS A R E O BB, 2RO
BEIRICHE ) BT &, BB E T ISR 3 2 Ui B
WMEHEOER, AR X MEHE, XiEE
S5 D S WIRRAT O S S OV U BB S D #EE < it R
B EEEZWT D Gk, HORFRIU# O BB IS 217> T
W3, 7, MEITZ, U, Th & OISR E
% 22Na FEHEZ A\ 7987 £95T ¥ 2 HEBRE 0Kl
R (Xfzat) milidz2iiTw s,

The aims of this laboratory is 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 2Na source.

Various types of survey-meters are provided.
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Main Facilities

The rooms for radiation experiments and radiochemical opera-
tions (unsealed U, Th and sealed 22Na source), various types of

survey-meters, and, 7ch hand-foot-clothing monitor.
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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
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http://www.issp.u-tokyo.ac.jp/labs/tosyo/
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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.

The available items and prices can be checked on the webpage
of ISSP. (http://www.issp.u-tokyo.ac.jp/contents/sections/stock-
room/list.html)
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The International Liaison Office handles various international
matters at ISSP under the supervision of the Committee for
international affairs. The major functions are the coordination
of a visiting professorship program, the assistance in ISSP inter-
national symposiums, and the accumulation of “know-how” for

continuous improvement of our services. The Office also serves

as an information center for researchers from abroad.
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