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| ‘ Preface

This is the 2006 edition of the annual report of the
Institute for Solid State Physics, the University of Tokyo.
Our Institute, established forty-nine years ago in 1957,

has started its research activities in the new Kashiwa

campus since the turn of the century. This report not

only briefly summarizes both history and organization

of our Institute but also conveys its present status by

collecting activities of laboratories and supporting sec-

Fi&  Director

tions.

EH AR

Condensed matter research, dealing with interdisci- UEDA Kazuo

plinary areas of physics, chemistry and materials sci-

ence, constitutes the fundamentals of current material

science. Since it enables us to understand diversity of materials and seemingly inscrutable surpris-
ing phenomena that manifest themselves in a variety of circumstances, it is one of the frontiers
of intellectual horizons of human being. Besides such an aspect of basic science, it also plays an
important role in fostering modern technologies such as information technology by applications
of magnetic materials, semiconductors and superconductors all of which were born in this re-
search area. Specifically it may be mentioned that the so-called nanoscience and nanotechnology
representatively illustrate how the basic research in materials science develops into the modern

technological application.

The main field of material science has been so-called solid state physics in which properties of
materials are investigated microscopically in terms of atoms and molecules or even their compo-
nents, namely, nuclei and electrons. Recently, however, not only these hard materials but also
soft ones including complex systems and random ones are getting important and forming large
research subfields. In future, we envisage that materials science will include biological materials
like proteins as one of its main streams. In fact there have already been seminal works in the

direction.

Based on the half-century activities as a national center of cooperative researches, the Institute
for Solid State Physics will continue our effort to evolve into a worldwide center in the field of

material science including the new directions.
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|
History ‘

The first period (1957-1980)

Physical and chemical properties of materials
were studied actively in Japan before and even dur-
ing World War II. After the end of World War II,
however, the research activity in Japan could not
regain the international level, because of the dif-
ficult conditions in existing research institutes. In
order to promote the development of science and
technology in Japan, a movement arose for the es-
tablishment of a central laboratory of material sci-
ence. Based upon a recommendation of the Science
Council of Japan, the Institute for Solid State Phys-
ics (ISSP) was established in 1957. The original mis-
sion of ISSP was to bring the level of scientific re-
search in Japan back to the international level and
to share its facilities with all domestic researchers.
At establishment, ISSP started with 20 divisions
(later increased to 22 divisions), ten experimental
facilities (including the Computer Center and Cryo-
genic Service Laboratory), and three supporting
facilities. In addition, the Synchrotron Radiation

Laboratory was founded in 1975.

The second period (1980-1996)

Accompanied by rapid development of science
and technology and economic recovery in Japan,
universities had built up their own well-equipped
facilities. Twenty years after the establishment of
ISSP, the need to reorganize ISSP was discussed.
The research system of ISSP was changed not only
to extend research areas but also to improve mobil-
ity in research projects aiming intensive studies on
up-to-date research subjects. After the reorganiza-
tion, ISSP had five divisions and two research fa-
cilities.

The Division of Physics in Extreme Conditions
aimed to develop original techniques, and succeed-
ed in realizing extreme experimental conditions of
the world-record class. The Division of Synchrotron
Radiation maintained the high-resolution spec-
troscopy facility in the Photon Factory at the High
Energy Accelerator Research Organization (KEK)

5

in addition to the facility in Tanashi Campus of the
University of Tokyo. The Division of Neutron Dif-
fraction maintained experimental facilities in the
Brookhaven and Oak Ridge National Laboratories.
During renovation of the research reactor of the Ja-
pan Atomic Energy Research Institute, the Neutron
scattering facility of ISSP in Tokaimura was signifi-
cantly improved. These facilities were operated on
the basis of joint research, open for domestic re-
searchers, and produced remarkable achievements.
The Condensed Matter Division and the Theory
Division maintained small groups motivated by
individual interests and ideas. These groups were
consolidated in a Material Development Division in
1989 with the aim of exploring new materials and
their novel properties.

The third period (1996-the present)

In the context of transference of public institutes
away from the capital, the relocation of ISSP was
required. In connection with the relocation, a new
project aiming for an international research cen-
ter supporting wide areas of material science was
considered. The divisions and laboratories were re-
organized, focusing on materials, methods, and re-
search concepts. Currently, ISSP has five research
divisions (New Material Science, Condensed Matter
Theory, Nanoscale Science, Physics in Extreme
Conditions, and Advanced Spectroscopy) and four
research facilities (Neutron Science, Synchrotron
Radiation, Material Design and Characterization,
and International MegaGauss Science).

The activity of ISSP in Roppongi finished 43
years after the establishment. The relocation to
Kashiwa campus was completed in 2000. Mean-
while the University of Tokyo was transformed into
a national university corporation in 2004. Now,
ISSP is expected to play a new role as a joint re-

search laboratory in a university corporation.
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1957

1958

1959

1960

1961

1965

1969

1972

1975

1979

1980

1982

T/ Chronology< (X

SEEFHPERT & LTH R

Establishment of ISSP as a joint research laboratory

WG - B 20, BELHE SR © A5EE 1SR THTER

Opening of the Radio and Microwave Spectroscopy, Theory II, and Crystallography I divisions
A - PR, B o i

Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions
AR, - RS 1R R

Opening of Low Temperature and Magnetism [ divisions

ARG - oy - AR EE - BN - BRI TR R

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

A 2« BEGAHS 1 - MR - St iR r s

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

Yt s BB T

Inauguration of ISSP

B 2 - FRAA - R - PSS 3T - BEk. 20¥MERs

Opening of Magnetism II, Solid Materials, High Pressure, and Theory III divisions. Total 20 divisions
FEEARER 2 SR P P A R S B

The Solid Materials division was renamed as the Inorganic Materials division

S [E A WL B 10 s e o)

Guest house completed

Hh - [l R PR T

Opening of the Neutron Diffraction division

WA (FEEM) s (228 E%5)

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

O TR P I T 7 i 3

Foundation of the Synchrotron Radiation Laboratory

SR PV ET e BUR L)

The Ultra-Low-Temperature Laboratory building completed

fEKD 2 2FRM DR PEERFT GRS, WRL — o — Rim¥i:, @RI L OEEE) .
OB B PERFT, e RIS, BERY IR o NS BERTRTT o b AR O 5
FILIC R S 15

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

HESRIEY - MRBRL — o — SRR )
The Ultra-High Magnetic Field Laboratory and the Laser Laboratory building completed

6
THE INSTITUTE FOR SOLID STATE PHYSICS 2006



FRITTE

5

FR6E

FRTE

FHIBE

FHOF

TH11%

FR125F

F135F

TR 155F

TH165

TR17%

TH185

1989

1993

1994

1995

1996

1997
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2006

FIEBASEIRM (KR 1 04F) Hshakai, 6 KMME%A2

Opening of the Materials Development Division

1TSS SPEERS v Ry h THRGHZEAOYBLL L) Bife (DUREEUE T L IchfE)

The 1st ISSP International Symposium on "The Physics and Chemistry of Organic Superconductors'
k- BELITE MR DT

Foundation of the Neutron Scattering Laboratory

- BELITZE MR LRI ZE B i R o

Guest house for visitors to the neutron scattering laboratory completed

SHREHIi S FE iS5

Evaluation of scientific achievements of ISSP by the external committee

FERE YRR, SovmiEil, WREBREEYIVE. Jelingr o 5 RDTFEERFT & BB R DT R
kLT TR R BT 7o Y E G R TR R 2 N 2 7 MR I S S 4%

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

FEURAAF v oS AIC R T W HERTZE AT S B — G A8 1

Construction of the new ISSP buildings at Kashiwa started

rl LI e MR AR RIS S S 1 %

Evaluation of activities of the Neutron Scattering Laboratory by the external committee
(EERIAAY ENDY 4 1| e

Relocation to the Kashiwa campus started

MRS5S T

Relocation completed

HHEIN % EfTax

Opening of foreign visiting professorship

b R R0 ) 3t B Rl R B S s o 4 2

Reorganization to the Neutron Science Laboratory from the Neutron Scattering Laboratory
YrE R R R TOMRREi SR S

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

BERREDIE SR ERE N AR E L 2D

The University of Tokyo has become a national university corporation

FedmsE ISR B 2 ) 2 — VPR E B P A A T

Division of Frontier Areas Research was renamed as Division of Nanoscale Science
SHEHIi S FE i S 5

Evaluation of scientific achievements of ISSP by the external committee

Il Bt B 2 P AR R D BT

Foundation of the International MegaGauss Science Laboratory
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#Hifx  Organization ‘

HAEFAEREMNEE S AEEEHRAR

Advisory Committee for Joint Research Selection Committee

MER (BER)

Faculty

T X EF 5B HiEmE R
Administrative Office Supporting Facilities

[ [

.igi?é? ﬁ'. .;. .I f}_
Administration

8

ERRILE
Cryogenic Laboratory

TIE=
0 Model Shop

 mEREEE
Radiation Safety Laboratory

ME=E
Library

ARy IIL—L
Stock Room

ERsRE
International Liaison Office
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Director
wES
ISSP Advisory Committee
I |
Research Facilities

Research Divisions \%siti%g Staff

- HBERS Y IR RIERR
Synchrotron Radiation Laboratory
-
Advisory Committee
1 R TR 2 IR AR
Neutron Science Laboratory
L szzEs
Advisory Committee
L Y& SR TRV e R
Materials Design and Characterization Laboratory
| EzzEs
Advisory Committee
I P8 5 15 35 L A A ST R
International MegaGauss Science Laborator

| EEzESs
Advisory Committee

ISSP belongs to the University of Tokyo. At the
same time, its facilities are open for all domestic
researches 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 Ad-
visory Committee, consisting of nearly equal mem-
bers from and outside of the University of Tokyo
to represent the interest of the outside users, gives
advises 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 Divi-
sions, four Research Facilities, Visiting Staff Divi-
sion and Foreign Visiting Staff Division. Among
these, the Synchrotron Radiation Laboratory has
a branch in the High Energy Accelerator Research
Organization (KEK), Tsukuba, Ibaraki and the
Neutron Science Laboratory maintains appara-
tus installed at the research reactor in the Japan

Division of New Materials Science

NAEAES
4 B R ST 72 2R P Foreign Visiting Staff

| Division of Condensed Matter Theory

Y B i 2R BR P

7/ AT — LR ST ER T

Division of Nanoscale Science

| Division of Physics in Extreme Conditions

PR IR IS ) 1 AT ST AR T

~ Division of Advanced Spectroscopy)|

Pyl i

9

Atomic Energy Research Institute, Tokai, Ibaraki.
In addition, supporting facilities, which include
Cryogenic Laboratory, Model Shop, Radiation
Safety Laboratory, Library and International Liai-
son Office provide services to both in-house and
outside users.

New research positions as professors, associate
professors and research associates of ISSP are ad-
vertised publicly. Candidates are selected by the
Selection Committee consisting of nearly equal
numbers of in-house and outside members and
then approved by the Faculty Meeting. A part of
position has its own finite term of appointment.
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Joint Research and International Collaboration
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SEIRFI I ZE B 1 T i it

HEMHD - DNKFFEE I, X vV RARD
fEAMEREZAHT 2 2 E8HKkE, (v 7L 28 %,
VA v 2E)

Domestic Joint Research

The facilities of ISSP are open to domestic re-
searchers, who are encouraged to submit joint
research proposals. In addition, the ISSP provides
opportunities for young scientist including gradu-
ate students across the country to do research for
extended periods. The ISSP supports travel and
research expenses for visitors.

The supercomputer system of ISSP is used via
internet by domestic researchers.

900 iﬁﬁﬁf il |
800 800
700 700
600 600
500 500
400 400
300 300
200 200
100 100
2001 2002 2003 2004 2005

PR BCE & OBRIRAEL CERFH O—# - WE A - i T~
A—8—a v ¥ a—% B IOEHEE LIEEIE B D A5
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 (single 28, twin 2
rooms).

FINWEgE2  Workshop

PIMERTZE BRI WREE T — < IcDWwT 2~ 3 Hid
Eowtiazhl ., EhNAHEZT ) 20 DHIET
H %, REOYMEDITEH ORI E ., HLFEM A
REMBEE R L > TIRIRBERIE S NS,

X _E D EFIFBHIEOEMIC DLW TR AP EREFAARIC

BEVEDERES W, 1,200
kB, 35 BEi (FR 15 EE~) RFShTW3 000
HRE & D) K. SEEXRNAOAELEEREROR ’
EREIEHSNTVWET, 800
600
400
200

IS

workshops

ISSP holds domestic workshops on specific sub-
jects of condensed matter science typically with a
two to three-day schedule and one hundred par-
ticipants. Proposals for workshops are submitted
from researchers over the country and selected by
the Advisory Committee for Joint Research.

BIEH

participants
R
B
number of
workshops
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1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
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(B2 « ISSP [Hl% /89" International Activities and ISSP International Symposium

VIR ZERT i E R D e v ¥ — & LCH EHE R
HEHEH>TWB, 1989 FEh 54K % - 7 ISSP HEE >
VRY T LDT—2ELUOBMELDBRICRIN T
2035, SO 2HIC 1 BRI TFEI N T 3,
F 7 IVERFZERT DR 5 30 & 36 L 7 I (R
ZHIERIATbNTE D, R AE DSHE AR
FIEPIFH SN TWS, 612 1981 EDKR, kT
BLELIC BT % HER IR O EisER o 8E3 % Ji7- L
TWw 3, 2003 £ 5 134 L BIBL 0 /N & v ISSP [E B
V= av7bihEor,

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 Pro-
motion of Science, the Ministry of Education, Cul-
ture, Sports, Science and Technology, and other
agencies. ISSP has also been coordinating the
Japan-US cooperative research program on neu-
tron scattering since 1981. A smaller scale inter-
national meeting, the ISSP international workshop,
started in 2003.

o —¥ OFEHH OSIMEK (SNEA)
Title Date Participants(overseas)
£10 | BRBEEGOYEL (L3 1989.8.28 - 30 205 (34)
1st The Physics and Chemistry of Organic Superconductors
E2E | BCMBEEGOYEL (L5 1991.1.16- 18 258 (1)
2nd The Physics and Chemistry of Cuprate Superconductors
% 3[E | BRKREICE T SEBE 1992421 - 23 162 (23)
3rd Dynamical Processes at Solid Surface
BAE | BEBICHT SEAR 1993.11.10- 12 191 (38)
4th Frontiers in High Magnetic Field
$50 | L—T—WELDHFORMR 1995.11.8- 10 182 (22)
5th Frontiers in Laser Physics and Spectroscopy
% 6 E %ﬁ]‘;%iﬁ%*”ﬁﬁ L f:%’lﬁﬁﬁ%@%ﬁﬁfﬁ 1997.10.27 - 30 106 (2] )
6th Frontiers in Synchrotron Radiation Spectroscopy
% 7 IEI EF‘"SE?’E‘S(EL%%UFB bTC%'l‘EEﬁﬁo)%ﬁﬁﬁﬁ 1998.11.24 - 27 130 (20)
7th Frontiers in Neutron Scattering Research
£ 8 M | MEREEFRMEDRATIR 2001.102-5 200 (25)
8th Correlated Electrons
HoE | ETRERHROMERN 2004.11.16 - 19 120 (23)
9th Quantum Condensed System
ISSP [#F% A ¥ 4 ISSP International Symposium
o7 —¥ OFEHH OSMEK (SNEA)
Title Date Participants(overseas)
st Quantum Transport in Mesoscopic Scale and Low Dimensions
g2m | TR T L 2003.11.18 - 21 150 (15)
2nd Gel Symposium
%30 | FTEYEBICLZEFRARKANO7 7O0—F 2006.7.17 ~ 8.11 100 (15)
3rd Computational Approaches to Quantum Critical Phenomena

ISSPEEY —2 > ay 7
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YIVERFZERTC Ik, Frtad 2 sk % FIH L CotERley
B L 72 REBEE IS 1 2 VL TWw 5, YRR
DHEIZ, MEDTIIIGL T, HERERFBHEER
R B, (LA R, HhBRR R AES T2
FFERPE T A HY . & 5\ X HE AR B
BB REIZICE L T 325, 2 DFERDM% bk
Z T RE TR I D3 YIERAIFL S D BRI SE
HL T3, YRR, BI4E. PrERE ARG
JFE & RFBEEEFHED =D DI A ¥ v A% KL T
W3,

ISSP contributes to the graduate education in
condensed matter science using its unique facili-
ties. The faculties participate in the following de-
partments of the graduate school of the University
of Tokyo: Physics, Chemistry, Earth and Planetary
Science, Applied Physics and Advanced Materi-
als. However, students are encouraged to develop
their careers across the established disciplines. Ev-
ery year introductory lectures on condensed mat-
ter science and a guided tour are given to those
who are interested in graduate courses in ISSP.

&L Master Course f51+38% Doctor Course
2003 % | 2004 & | 2005 | 2006 £ | 20034 | 2004 &£ 2005 £ | 2006 %
MEBFEK Physics 31 27 39 54 19 24 20 29
{tFHEK Chemistry 2 5 9 8 6 6 6 3
HERRERIFEHEK  Earth & Planet. Sci. 3 1 2 0 1 1 1
YIEIZEX  App. Phys. 14 12 12 12 12 10 7
MBERBER Adovanced Materials 27 30 38 39 8 10 8
& &t 7 74 99 115 45 49 47 48
WE 4O EBRRFEEEA: % Number of graduate students
AN wgge o . .
sl / Publication
600
PIPERTZERT T &, £ER 350 2> & 500 i Hii 2 0 27 i ¢
R FER LTV %, 2005 4O 4 ik 386 i 0 PIR =
. EANTERSL 299, SR 46, MESIGIE 30, A (¥ 400
BAD—I) 11 Lh->Tw3,
300
About 350 to 500 scientific issues are published 200
through annual activity in ISSP. The 386 articles -l
published in 2005 consist of 299 papers in refereed
journals, 46 proceedings, 30 reviews, 11 books. 0
2001 2002 2003 2004 2005

MR (Try—T ¢ v 7 - EHEEED)
Number of Scientific Papers (including proceedings and reviews)

12
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%ﬁ / BUDGET

SRR 74EEE (2005 fiscal year)

L1 (A) ABE: XER2AELD

[ (B) MHE  XERFELD

L1 (C) B2HENE : REZELD

[ (D) ZFHE - AWK : KE - ETELD
L1 (B) BIFHRE XHBEELD

(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 Industries

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

(E) Grant-in-Aid from Ministry of Education, Culture, Sports, Science and Technology, etc.

(A) (B) © (D) (E) &t
AGE MhaE BRAHENE RIS - SRR MR E Total
A1 74 E(2005) 1,374,411 1,982397 18,090 80,620 528,100 3,983,618
TR 164 (2004) 1,341,540 2,162,225 13,180 69,574 448,100 4,034,619
TR 155 (2003) 1,602,097 2,130,210 21,950 149,079 348,500 4,151,836
TR 144 E(2002) 1,627,173 2,237,894 6,584 61,352 344,700 4,177,703
TR 134 (2001) 1,571,857 2,095,185 14,376 112,369 258,000 4,051,787
TR 1 24 E(2000) 1,643,996 2,230,226 8,501 112,237 216,873 4,111,833
TR 14E(1999) 1,628,833 2,056,445 19,298 100,200 192,600 3,897,376

FEEO (67 © T-M)  (Unit : Thousand Yen)

%ﬂﬁ,\"‘fl / Staff Members

FRL SRS Z, MToEBhTHE, B, () NIKE.
FY2006 Number of staffs () : visiting staff

Hi% BB E RIS | SRS (HRes) =5
Professors Associate Professors| Research Associattes| Technial Associates | Administrative Officials Total
8
Number of staffs 24 (4) 28 (4) 40 36 69 197 (8)
13
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Division of New Materials Science

B EiEs gk, 77— v h—RY
7/ Fa—7, AEEEGKLREOHICH S NS
L9z, THWE, oFRIEInE TICME L &
CYERADOH L R Z BT &7, #idk
PIPEBIR DO FE L F 7R EROHT L wEM P TN
A ADBFEIC S DR h 5, FVERIATZEEM
Tk, FLOWEEZ SR L., & REm 2 v
TZOWEZMET 52 LIk, HLVWIE
BUCO L 2YUEHE 2 A A LBHT 22 L %
HEEL LTw3, SEMIIBIE 6 DD EDL
SHD ., BMAEITHMAZREOD L ICHME
DFRBHER LR B WERIE, B L W rElE £
MiDOFE R L2722 YEHE S V-7 L
FRBHERL 7V — 7" & DEBMPE % Bk 2 7258 & U0
DT T %, RS E GG & 1358 i
TIBIRE RS o Z HEE L T 2, 4
McIi3BE, ERSERY. EWEFRYHE.
AR S WEFHBE 2 R I WHICE T
LAYV, B, B ORT RS E ORI
YO TEHELHROMHZ T T —~D 1
SLLTEY, BETICE T 2WEARORE
FERT. RIS B 1 2R BIRME , AL
HEGE, BRI, s B R LItk v
C i 75 FEBR BT 2 BRAE L 79050 & 11T
W3,

Discoveries of new materials have often
opened new horizons in materials science. High
temperature oxide superconductors, carbon clusters
and nanotubes, and organic conductors are good
examples. New materials also lead to the future
development of new devices and technologies. The
goal of the Division of New Materials Science is to
uncover novel phenomena that lead to new concepts
of matter, through combined efforts of search,
synthesis and characterization of new materials.
Currently, our division consists of six groups.
Although each group has its own research style
and projects, we try to maintain close collaboration
between those groups working on production of high
quality materials and those working on advanced
technology for measuring physical properties. In
particular, we keep strong collaboration with the
Materials Design and Characterization 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 measurements.

S AV N = 3= B F
Professor Takehiko YAGI Research Associate
B B I = B F
Professor Masashi TAKIGAWA Research Associate
B F
Research Associate
B B R R B F
Professor Toshiro SAKAKIBARA Research Associate
B F
Research Associate
BhEUR HE #z B F
Associate Professor  Hiroyuki TAJIMA Research Associate
BhER ECIRIES B BEHE
Associate Professor  Hatsumi MORI Technical Associate
UES€ it A KITEFIHE

Associate Professor

Satoru NAKATSUJI

Technical Associate

14

MR =

Taku OKADA
il
Makoto YOSHIDA
2 A—
Koichi IZAWA

Al %
Takashi TAYAMA
SEf
Hiroyuki MITAMURA
WE =4
Masaki MATSUDA
Ml FET
Chizuko MURAYAMA

®EE SAE

Hirotada GOTO
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Yagi Group

100 5. 0T B 72 bk gk i 1 s TR B 2 S
THRAEIE, S EFIELYWEHOMBEMATICE T 2555
Motz s L L bic, RIENZAALZHY
HoWRP, bk - BEEBVEHOMAE 217> Tw 2%,

R L e oREBEZ 2SI 2 H - & bk
KA NRTR=F DO EDTH B, FHICIZTBELL S
HUSE (BEEZY) £ CRVCENOMAER>TED
YEIZZ DEPNTENCIGL CTZDEERELEZ S,
IRETThitbN RT3 W, 13, 2R %R
FORRAMEO 0 L2IBET, WHOEDOMRIZIZ
JSCENFIRTOWEI AR TH 5, AUFFEETIE,
SR NI B 2 XERMAHT B 928, [nIIGA
Bl FUMEGEE L 2@ L T, WHOSKRLE®H
ST B M, BENEZFMAL T, WETTIEES
ZEBTERVHLOYEZAER L 72D, HBRPEAED
WBICHFET 2 L E 2 5N T2 WH ORISR IEE %2 W
LI MR HEEL T35,

L—Y—RATA VY EY R VELKBEZRVWCBEESERROKETF. 2EDST
AVEYRICHRATIO0 AREZBTENZMATHRIT, YAG L—Y—Xx%ZR
HUBTCETMRT 2,

High pressure and high temperature experiment using laser-heated
diamond anvil apparatus. A sample is squeezed between two diamonds and
heated up to several thousand degrees by YAG laser irradiation.

%7 —~ Research Subjects

INRWESE R

PIE RIS Division of New Materials Science

% B AR #E
Professor Takehiko YAGI
By F ME =

Research Associate  Taku OKADA

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 parameters 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.

" NaAlISiO,

148GPa, 2150K

Intensity (a.u.)

9 10 11 12 13 14 15 16 17 18
2 theta (deg.)
#9150 BRETEA S nic NaAlSiO4 DR X#REH /NS —> T IIE - M
W TERSIFBECHIRRS N, YU /OMNAVBEEZERVS Z EICk D,
BREETTHRBICHESEEPRTZRET 2T LN 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

pressure. Combination with synchrotron radiation made it possible to get
high quality data under these extreme conditions.

1. BEYvERE. HIR - RERBYEZOBESESR TICH T DGR CYEDIHE
Studies on phase transformation of oxides, metals and Earth’s deep materials under high pressure and temperature

2. BEBREE BV GHYE DRRRRE

Synthesis of new materials using high-pressure conditions

3. BEERRRRENORZ

Development of high pressure and temperature experimental techniques
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Takigawa Group

MR (NMR) % BAERFR L LT, FHik
WO WE RN T 2BHRZME L T» 5,
SAHBIFE R Tl ERE, R (S ) EE. AR,
WRERRT & o e BB RRF IR HEFIL TR D | WY -
N7 EONNELEEEZL LTINS DOETH
BRI DE2, HIEEEORAE— A~ FE
KRVUEME— X~ P 2Ff>TE D, o ZFABMOE
DPED RGBS AR ZIE L Twd, ZDONMRIL,
BEANETFOAE v, S, PUE% L0 HHEIHEAS >
THN L RRGRPIRERR S E0WEEZ, 70
D2ENBEBFRLE LS, HAI3ML RREZRD L
ANM R HIE2E 18 2 5 fi L, K - 50 - mEZ% £
HIBRE S LA b T, BREELLAY. &L
{LEPERE R EZ R E L2 iT>oTw 3,

e )1 k7 =2

H RSB Division of New Materials Science

B R I =
Professor Masashi TAKIGAWA
Bl F HH

Research Associate  Makoto YOSHIDA

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
investigation 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
investigate transition metal compounds, rare earth compounds,
and organic solids.

FHAEMEE (WERMEESR) TAERS nithRERE
EMSESN 190K 6T 2EREEED °'V NMR X
I Ko 105 F RS DEIS% ac AN TEER Lo & =D

ZlLERT —2DUA ~DHIGIRIFESUERBEERA

Intensity

IC&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
(Materials 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

EREIBRAREZRYE 1 RTREH B-SrossVe0s DEEERERICE
17 5 fEREE. bHAMIC2FRAMT S ARFLTHIEICLD. 6
BEONFTIILTAIDEL S,

The crystal structure of the high temperature metallic phase of the
quasi one-dimensional conductor B-Srp33V20s, which exhibits
a metal-insulator transition. Ordering of Sr atoms doubling the
periodicity along the b-axis results in six inequivalent vanadium
sites.

-90

AT —~ Research Subjects

1. ERIT. 75AML—h - REVRDY A F I U X & EFHER

L Il L L Il L
116 118

‘ 120 electric quadrupole interaction.

Frequency (MHz)
I [c-axis] I “ I @ 1 190K £&F2F1 ~¥ 7 NOBEKRE

‘5 Mo b ARAICBEDES YA b ORICHEZE
BT RDEWAHD, EEETHBIC
HEL5T. ERMDHOKRERRAIME
BMARICEES 52 ERLTVS,

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

I"11 /

the conducting direction even in the
metallic phase.

Il
-60 -30
Angle (degree)

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

2. BERBEEHR
Exotic superconductors

3. BEEETFRICE T HER - PuE - ZBFORFLESE

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

4. BHEBBRCERICEF2AEY EERDY A FIVR

Spin and charge dynamics in magnetic organic conductors
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Y/
A

WE DR THERIRIZ)IE CIRERIFHIC D 72> Tw 5,
ZOHRTEVETFRLEH2HMOYERTIEI FLE Y
& D bEL IR VIR E S CHEBEOHE 2 R THAD
HD, DD TR T E ORESNNE T B %
922 LR DRMIOED L, HLVY
MR GFI NG, BUIFAETIZZO X ) RIRVRE
T % ROk % B WE R OMSIEDOIA 2 1T> T\ 5,
HEWicx tEHapweEVETR BTFAEVRE
U7 7 AL —FAEVRE EVPPHANR T, WP
FEBGHIGE %2 B EBRTFR L LTIIEL T, ZOHM
DIz, HA 1330 2V 7L E v DMK ¥ TRALITE
DIRRE 22 L DR, BRA BRI R oI
5D 7 8 BE 3 R D B AL I E e 1 - W35 vh LB %8 1 7
E. MEOREERFE LIT>T 15,

Sakakibara Group

BERT 7 2T —HAFHCAWSF v /X5 Y ATER. RIER30 MK TI15T
K TOHILAEDFIRETH %,

Force-sensing capacitance cell used for the low temperature Faraday
magnetometer. Magnetization measurements can be done at low
temperatures down to 30 mK and in magnetic fields up to 15 T.

AT —~ Research Subjects

1. EWEF LAY DRt & BinE

Magnetism and superconductivity in heavy electron systems

2. HTEEDICHT B LEDBKE
Multipole orderings in f electron systems

3. 72 AN L—KMREVROEEIRE

A BEEIZE AR Division of New Materials Science % i

b Jt Wk 7€ =

IR 28R
Professor Toshiro SAKAKIBARA
B F Hilh 2
Research Associate  Takashi TAYAMA
B F =BEN #@=E

Research Associate  Hiroyuki MITAMURA

Magnetic phenomena in condensed matter extend over a
wide temperature range. In some systems like heavy fermions,
interesting magnetic behavior is quite often observed at low
temperatures 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 characteristic 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 magnetization and specific heat measuring systems in
rotating magnetic fields which are powerful tools for detecting

various anisotropic properties.

=
a
m
= 40 307
= 20T
15T
35 P 10T
el 097T
095T
08T
3‘0 1 1 1 1 1 1 1
15 -10 -5 0 5 10 15
0 (deg.)

AESBREACAERE CAELLAE Y 7 A 2{LEY Dy2Ti207 D 0.3K (L& F 2
BALOBISE A AEREE, 111 ARZRDIE. 7 RIL—ILEKRBAEYTY YT
BRI TV,

Field angle dependence of the magnetization of the spin-ice compound
Dy,Ti,O7 obtained at 0.3 K by an angle-resolved magnetization
measurement system. Ice-rule breaking spin flip transitions can be seen
around the [111] direction.

Ground state properties of geometrically frustrated spin systems

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

FFEGE (FroEER L X VEREEERES) %
NRE LB FUEDIEZIT> T 5,

HHEHER O Tld. K i MIM (Metal-Insulator-
Metal) B&ICHEZ R >Tw5b, ZOEAIE, kb HH
"l TNARATH DB EEDIC, BRI, HEE %
B ETEIHKMEBRVBFSNT VS, FRESITHY
r&m,. GEREIROBBZZZ 52 LItk ), WEON
JI—va VAR TH 5, biubiLd, EFEEEYE
ZH\ 7, EL#%7 (BIODE) ®fE#lic 2003 Fic#d T
L7, BRFELOERTIE, TOBRREEZIT T, K
W7 4 ) ALEY GO S HEERBEYE 2 v 720
ZHED TG,

ARESHELOE TR, BEEK7yur 7=
BEIVOZOBEYEZ P, (BE2H) n &1 L
M) dEFOBEICHET 2 RMOBRZHRL T
W3,

Absorbance or EL intensity

!
400 600 800 1000
Wavelength / nm

HEEFENY A A — RED hemin (NAZESDENF) OBEFRED
Voltage induced transition of hemin (a small molecule containing heme) in
BIODE

%7 —~ Research Subjects

1. EFRFEHY 14— R OERE & O IERIE

MK

UE2 65 HE #Bx
Associate Professor  Hiroyuki TAJIMA
B F WH B4

Research Associate ~ Masaki MATSUDA

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

Organic thin films: In this subject, we are especially interested
in MIM (Metal-Insulator-Metal) junction. In spite of its
simple structure, MIM junction exhibits various interesting
phenomena, such as electroluminescence, photovoltaic effect. By
changing insulating material and metal electrodes, tremendous
variations are possible in this device. In 2003, we succeeded in
fabricating a biomolecular light-emitting diode (BIODE) for
the first time. Subsequently, we are intensively studying BIODE
devices using various materials and experimental techniques.

Conducting molecular crystals: We are interested in charge-
transfer salts of iron phthalocyanine and their derivatives. We
are studying their magnetic and electrical properties in order to

investigate the effects of d-m interaction in this system.

Torque + offset (a.u.)

-200 -100 0
Angle 0 (deg)

TPP[FePc(CN)2]2 DEES M LY
Magnetic torque of TPP[FePc(CN);]; salt

The fabrication and characterization of BIODE (Biomolecular-Light-Emitting Diode)

2. BERRENT/INA ADIERE & CYHERIE

The fabrication and characterization of organic photovoltaic devices

3. EBMT YOS 7 = VDR E L OCYIEEIE

The synthesis and characterization of conducting charge-transfer crystals of phthalocyanine
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PRIETE =

= Mori Group

PSR, WA B X OREE R £ OB T
WHE OB L 2 OlE, Mo 2iT>Tw 2, 71
WYEOMIZ, 1) BEOEH L E5bTw 25T
DHANTH 20, WEBEHICEKRTHLI L, 2)
Z Doy E L O HMHAENEG - FlIETTeETd 2
ZE. 3) TRIEHICERSDOVEDIENGENRE L,
SFERBENE L TET B THEEARREN L, 4)
RriciZig kel FHMAMEN ETHE) 2RE, B
BYECMA, A P2 L 2WERRICE NS L
nEPEFONDL, axb, FTETHFA T LI
KO FEMAEAE X OETHE L EYE 7 2 =%
ZH Loz, Ei, M. AEvIicma, o
TOHMEXIBN S, 5 HEWEE S TIROHE A WEEEE
PEZWIZEL T2, ik, LB L 70T oIk EE
THEO BN S F = v h—F— FEERRTFH &
JEJI T CHIZEM D BE T 28 L WERKEEREGE (K2
) Z R L 7,

EERBME TIER U IcBHEBIEER [K-ET2Cu(NCS)2] DB S
Organic superconductor [k-ET,Cu(NCS);z] prepared by the

electrocrystallization method

o,

%% —~ Research Subjects

1. FREREEEE S OBLEADRE MBS - YL

A BEEIZE AR Division of New Materials Science

BhEIR # PR
Associate Professor  Hatsumi MORI

The development and structural and physical properties
for molecular functional materials like molecular conductors,
magnets, and dielectrics have been studied. The attractive 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 interactions are
designable and controllable, 3) that large response of external
pressure and electron-phonon coupling are observed due to
softness of molecules, and 4) that large Coulomb interactions
(electron correlation) reflect the 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 superconductors,
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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IR EHBIEEE B-(meso-DMBEDT-TTF)2PFe DBSUEM D E N K7EF M, BET.
90 K TEE—IGFHEGBERI IH\ NELEICEERENET U, 4.0 kbar T,

43 K THBIEEHEBERI T,

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
superconductivity was found at 4.3 K under 4.0 kbar.

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

2. BR—ER/\1 Ty REEEEERORE CBE - YT

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

3. BHME L SREAEDOFBISE DR

Study of dielectric response of organic materials and metal complexes

19
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Nakatsuji Group
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%7 —~ Research Subjects

—

. FLLWEBBER(LEYMOEEYE

PIE RIS Division of New Materials Science

it A

Satoru Nakatsuji

BhR

Associate Professor

Discovery of new phenomena is at the forefront of the
research of condensed matter physics. Inorganic materials, which
provide important basis for current electronic and information
technology, keep us surprised by numbers of novel quantum
phenomena due to correlation among macroscopic number
of electrons. Thus, the search for new materials that exhibit
new phenomena is one of the most exciting and significant
aspects of the material research. In our group, we synthesize
new materials in so-called strongly correlated electron systems
including transition metal compounds and heavy fermion
intermetallic compounds. Low temperature thermal and
transport measurements are used to study quantum phenomena
such as unconventional metallic and superconducting states
close to spin and orbital orders and quantum spin phenomena

in magnetic semiconductors.

FEDBIF U T2 2 RIT= AR FHMEF B NiGazSa

(L) 2RTHEDBWVEREE, (GL) HREEZRIRL CANAROEES,

(T) BKLBDRERFE, 74 EE 0w = 80 KICNIGT 2RO E—TICINZ.,
EBET =10KTENZH>—DDE—JE, HILWAEVREDOERERT,

Two-dimensional magnetic semiconductor NiGa,S, 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.

Low temperature study of new transition metal based compounds

2. 2RTHEFEHTDOEF AL VIRE

Quantum spin states in two-dimensional magnetic semiconductors

3. EVETFRTOEFHRFARR. TEBALVRIFRRE

Quantum critical phenomena and metallic spin liquid state in heavy fermion systems
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Division of Condensed Matter Theory
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In this division, we are conducting vigorous theoretical
research from a microscopic point of view on topics at
the forefront of contemporary condensed matter physics,
statistical physics, and materials science, in pursuit of
the development 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
transition-metal oxides and organic conductors, quantum
phase transitions and critical phenomena in the so-called
strongly-correlated systems such as low-dimensional
quantum magnets and electron systems including the
Kondo lattice, metal-insulator transitions, heavy-fermion
physics, superconductivity in various materials from
both phenomenological and microscopic points of view,
exchange and correlation effects on dynamic properties
in metals and semiconductors, dynamic processes and
catalytic properties at surfaces, and quantum transport
and interactions in mesoscopic conductors.

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

BHE (B8) BBl fEE

Visiting Associate Professor Yoshitaka TATEYAMA
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- M. Takahashi Group
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Asymptotics - | EFP for the Heisenberg
16" ] chain: It decays rapidly in a

Gaussian-like way.
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VIPEBEHRITZEEE  Division of Condensed Matter Theory
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Professor Minoru TAKAHASHI
B F WA 1E3A

Research Associate  Masahiro SHIROISHI

Exact evaluation of the correlation functions for interacting
quantum systems are critically significant, but very difficult
problem even for the exactly solvable models. As for
the spin-1/2 anti-ferromagnetic Heisenberg spin chain
H=J zjé ;i+S;+1 (J>0), only the nearest-neighbor correlation
function (S;-S;u)=1/4—In2 and the second-neighbor
correlation function (S;-S;.2)=1/4—41In2+9/4{(3) had

been known for a long time. Here { (s) is the Riemann zeta
function.

This situation has been drastically changed in recent researches.
Actually, in 2003, we succeeded in calculating the third-neighbor
correlation function for the first time evaluating their multiple

integral formulas by use of the Boos-Korepin method,
(S;-Sjs) :%—9ln2+%§(3)—14C(3)1n2

125

_§C(3)2—?§(5)+25C(5)1n2.

More recently, based on the g-deformed KZ equations,
we have developed an algebraic method to calculate further
correlation functions. As a result, we have obtained the
spin-spin correlation functions (S;-S;..) up to n=7
as well as the emptiness formation probabilities (EFP)
P(n)= <H’;:, (Si + 1/2)> up to n=8 (Fig. 1).

We have also calculated all the matrix elements of the
reduced density matrix p,for n neighboring lattice sites up
to n=6, by means of the similar algebraic method. As one
of the important applications, we have evaluated the exact
values of the von Neumann entropy (Entanglement entropy)
S(n)=-Tr p,log, p, of the n neighboring sublattices up to
n=6 (Fig. 2), which measures how much the ground state is

entangled.

20 Fig. 2
NAEYRIVIHOBEEREICE
374> /4T h0
E—. nhRELRBILDONT
S(n)~1/3logzn+const. & ¥4I
BRI %,

von Neumann entropy for the
Heisenberg chain:

It behaves asymptotically
S(n)~1/3logzn+const.

.

Exact
Asymptotics ---

-~

Study of one-dimensional quantum systems by the Bethe ansatz method

. AEVIREBRIC & BIERTHIEEDTE

Study of low-dimensional magnets by the spin-wave theory

. BFEVTAIOEDSERADER

Applications of the Quantum Monte Carlo method to many-body systems
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K. Ueda Group
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Professor Kazuo UEDA
By F B ED

Research Associate  Tatsuya FUJII

Strongly correlated electron systems which include high-T¢
cuprates and heavy-fermion compounds is one of the central
issues in the condensed matter physics. This problem concerns
with various ground states of many body systems and quantum
phase transitions among them.

The simplest and most typical example of the quantum
phase transitions is the order-disorder transition in quantum
spin systems. Recently a new spin gap system, SrCux(BO3)>,
was discovered. The orthogonal dimer Heisenberg model for
SrCuy(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.

A new Hubbard type Hamiltonian with an orbital degeneracy
is proposed by us for CeTIns(T=Co,Rh,Ir) which is a new
heavy-fermion system. It is pointed out that the magnitude
of orbital splitting plays an important role as a controlling
parameter for the spin fluctuation mechanism of unconventional
superconductivity observed in this system.

Transport phenomena through quantum dots define an
interesting many-body problem in a mesoscopic system. We
have developed theories of Kondo transport in both equilibrium
and non-equilibrium conditions.

Fig.1 Fig.2

ERVEENICANTVWIZEFRY NRTOREEE, Fig.1,2 o8
lFZzhzn U=4, 6 DHH. BFEENE<R>T S &, /N
FREMF e E ECHEBE— T IFERDLERT V> v LiEFET
D2DODE=INERBET %o

The density of states at the quantum dot with a finite bias
voltage in Fig.1 for U=4 and Fig.2 for U=6. In a relatively
strong correlation regime, the Kondo peak splits into double
peaks near the chemical potentials of leads when the bias

0.8

0.6

po(@) (1/aD)

voltage is increased.

72—~ Research Subjects

1. EWBFROI I OEER
Microscopic Theory of heavy fermion systems
2. Y= RBEEADIER
Theory of high Tc superconductivity
3. 73 ARL—Y 3 VDBV EYRICE T B ETFHERS

10

Quantum phase transitions in spin systems with strong frustration

4. RAEY EHBEDOFES UIcRDEFRFIRR

Quantum critical behaviors in spin-orbit coupled systems

5. EF Ry MR T 2 EBEERER
Kondo transport phenomena through quantum dots
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Takada Group
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VIPEBEHRITZEEE  Division of Condensed Matter Theory

% & BH RE
Professor Yasutami TAKADA
B F HifE R

Research Associate  Hideaki MAEBASHI

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 astonishingly
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
recognition, 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
supersede 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,
superconductivity 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 competition between the attraction due to electron-phonon
interactions and the repulsion due to electron-electron Coulomb

interactions.

R—=ZOYOBEHEE M BF 74/ VEAERa DEMITHEL. RILRY
A VHERTEEZRIC m* (FERT 2D E®e P Tot DV —> 75— TIE
ZFNIFERMTHW, FICHBEREICET ZFREFUNSG ZHIETIE m* DI
RFMHZENZDT, a DREVWIAdEFR TR t2gBFELDH eg BFDOAD
FToLBEPTVI &ICHRD,

Effective mass m* of a polaron: With the increase of the electron-
phonon coupling constant a, m* increases very abruptly in the Holstein
model, but it is not the case for the E®e and T®t Jahn-Teller systems.
In particular, a conservation law concerning the internal degrees of
freedom imposes a strong constraint on the rapid increase of m* in the
former model, implying that eg electrons move much faster than tg
ones in 3d electron systems with large a.

| RAEBEMR LA 1 AR T ¥ 2 v LICIE U fe 7 DRI

Self-energy revision operator theory: Exchange-correlation effects and their manifestation according to external one-body potentials

2. WEMRERENRELEER | NI —BFAXROBHILE

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

3. N—=7 v U AMIEN & B SBEEER

CBRAEY T4/ VEARICE T BBIEE

Strong-coupling theory for superconductivity with vertex corrections: Superconductivity in charge-spin-phonon complex systems
4. R=Z0OY - NAMR=Z0Y : V=V TF 5 —ROFEMEPIRTNEOHER
Polarons and bipolarons: Characteristic features of a Jahn-Teller system and effects of anharmonicity

5. 2FEHR  SBETERKRTCOBFOEFHSEEZDEFRNDEZE
Quantum solids: Quantum fluctuation of protons and its effects on electrons in solid hydrogen in high pressures
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Oshikawa Group
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Masaki OSHIKAWA

B R’

Professor

Our main focus is quantum many-body theory. Based on the
close correspondence among quantum many-body systems,
classical statistical systems and field theory, we pursue universal
concepts in physics. At the same time, we aim to give a unified
picture on experimental data and to make testable predictions.
For example, we study perturbation to the free boson field
theory in 1+1 dimensions systematically, in order to understand
wide range of phenomena including field-induced gap, Electron
Spin Resonance and quantum wires, in a unified manner.

Recent development in understanding complex systems
motivates us to reexamine the fundamental concept of “order” in
statistical physics. Through the development of an algorithm to
identify the order parameter without a prior knowledge, we are
seeking a deeper understanding of the “order”. They are not only
of theoretical interest, but would also be important in realizing
stable quantum computers.

These studies are carried out based on international
collaborations.

EARTFLOBFI SV VEBERT I ATV T Lo 3RDEFHIR
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VA VINF

1

A diagram representing the quantum Brownian motion on a
triangular lattice. Junction of three quantum wires, although

L3

being 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,

La
VAV MA

we have found a new low-energy fixed point for the junction
problem.

A2 7T —~ Research Subjects

1. BERTAEYRICE T B2BFRAE Y HIEDIZOER

ek BER

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

2. HBER, BT 7 7V VEBEEFHROES

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

3. IEFZ—NILIFEHE RO Y A IILEKE
Non-abelian statistics and topological order

4. BELE & 8 Fhtat

Ferromagnetism and quantum statistics
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Tsunetsugu Group
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Three-sublattice spin nematic order on a triangular
lattice. Each spin has anisotropic fluctuations restricted
on a disk perpendicular to director (shown by a black

rod).

72—~ Research Subjects

1. BEREETFROETFRE

Electronic states of strongly correlated electron systems

2. EFHIERDOER
Theory of quantum magnets
3. EBRERLEY. 18- 7 F /1 RREEVOWHR

VIPEBERITZEE"  Division of Condensed Matter Theory

E

B B BR H—
Professor Hirokazu TSUNETSUGU

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 and unconventional superconductivity
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.

It was recently discovered that conventional magnetic order
scenario is not appropriate to explain various low-temperature
properties in the triangular antiferromagnet NiGa,S4 with
spin-1, including neutron scattering, specific heat, and magnetic
susceptibility data. In our recent study on a corresponding
model, we have proposed the presence of spin nematic order
where magnetic quadrupoles are ordered and clarified that this

scenario can explain many of the properties consistently.
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Study of transition metal compounds, rare earth compounds, and actinide systems

4. BEHHERDOKE L HER

Order and phase transitions of systems with multiple degrees of freedom

5. 72 AL —Y 3 Y ROFEYIESR
Statistical physics of frustrated systems
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Kohmoto Group
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Fig.1. Energy spectrum with a magnetic flux ® in
the honeycomb lattice

A7 —~ Research Subjects

1. =R8rE
High-temperature superconductivity
2. EANBGE
Anisotropic superconductivity
3. MMEICHE T BAEREE
Topological invariants in condensed matters
4. RIRNRE

Topological order

(ma SR
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! PIPEBIGRTTZEEEI"]  Division of Condensed Matter Theory

BhEIR Rt BEA
Associate Professor  Mahito KOHMOTO
B F & &7l

Research Associate  Masatoshi SATO

In many body systems, there appear many interesting
properties due to interactions. Some examples are the high
Tc 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 Tc superconductor
and the fractional quantum Hall effect. Our purpose is the
development of the non-perturbative method including the field
theory and the solution of the basic problems in physics like
above.

0.04

2H1 ERUED, OPHREOMAEZIEAL TWS,
Fig.2. The same as Fig.1 for ® ~0.
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Sugino Group

£ 2 W2

PIPEBIGRTTZEEE™  Division of Condensed Matter Theory

e 6) 285 &
Associate Professor  Osamu SUGINO
B F B £

Research Associate ~ Minoru OTANI

Main research subject is the first-principles density functional
approach to electronic structures of materials and their
dynamical processes. Recent activity covers (1) the transition
metal/ water interfaces including their structural and dielectric
screening properties as well as electrochemical and catalytic
reactions occurring at the interface, (2) excitation and non-
adiabatic dynamics of molecules and surface adsorbates using
the time-dependent density functional theory, and (3) first-
order phase transitions of crystals and liquids. Our aim is to
extend frontiers of the simulation to microscopically understand
complex but rich variety of phenomena that have not been
accessible with conventional computational approaches.

We, as a member of the MDC division, help supervising the
ISSP supercomputers for use of the joint research program. Our
group collaborates with Dr. Yoshihide Yoshimoto of MDC also

for scientific activities.

%87 —~ Research Subjects
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Electrolysis of water at the biased Pt(111)/water interface: A snapshot from
the first-principles molecular dynamics simulation. Hydronium ion in the
water attracted by the surface charge is going to adsorb on the surface by
accepting one electron, or to bind with adsorbed hydrogen atom. Dielectric
property of water and catalytic property of the metal are found to play
important roles.

1. BBERE - KERFEICE T 2EE. (E2RIG

Transition metal/water interfaces: Structural and dielectric properties and chemical reactions

2. BF - REROME, JERTREERE

Excitation and nonadiabatic dynamics of clusters and surface adsorbates

3. MEO—REEE
First-order phase transitions of materials
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The phase diagram of dissipative double-well systems obtained by the
quantum Monte Carlo simulation. For a fixed parameter of the inverse
potential barrier, there appear the coherent tunneling regime, incoherent
tunneling regime, and localized regime, as o increases.

A7 —~ Research Subjects

1. XV RO Y I RICH T 2ERFFE
Transport properties in mesoscopic systems

2. BFRY bk - —RTEAKICE T 2ETFEREEROER

YIPEBER I ZEE  Division of Condensed Matter Theory

E

g EAE

Takeo KATO

BhER

Associate Professor

The main research subject is the theoretical study of
transport properties in mesoscopic systems, in which the most
characteristic feature is the quantum interference of electrons
revealed in microstructures. Recently, many new materials
and phenomena including quantum bits made in small
dots/superconductors, carbon nanotube, and spintronics has
been studied. The application 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 of electrons in these systems by combining
analytical approaches (Bosonization methods, nonequilibrium
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-electron and electron-lattice
interactions in organic conductors. The spin-Peierls and charge-
order transition and related phenomena are analyzed by the
mean-field approximation and quantum Monte Carlo method.
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Theory of electron-electron interaction in quantum dots and wires

3. A TFHEEAEDERREY DT
Finite-temperature properties in organic conductors
4. FTFEESRRBICN T 2REAEF EORF

Development of numerical algorithms for nonequilibrium steady states
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Sedrakyan Group
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Bk OFFEHEO— 1% Phys. Rev. B 73, 235118
(2006). It H 5,
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YItEBEHTZEE"  Division of Condensed Matter Theory
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EEEHHIZ BB fERE

Visiting Associate Professor Yoshitaka TATEYAMA

The subject of the research in my group is development,
demonstration and application of new first-principles
molecular dynamics (FPMD) techniques based on the
density functional theory (DFT) for quantitative simulations
of redox (electron and proton transfer) reactions and
photoexcited dynamics that are elementary processes in
many of environmental, energy and biological issues such as
photocatalyst, fuel cell and photosynthesis. Redox reactions
in (aqueous) solution or on solution/solid interface can be
characterized by free energies, not total energies. We are
trying to develop FPMD methods to compute free energies
for such redox reactions, utilizing techniques in statistical
physics and ideas in the electron transfer theories so far. For
the photoexcited dynamics, demonstration and extension of
the real-time propagation scheme of time-dependent DFT,

which recently attracts much attention, is being tackled.

YIRS SR Division of Condensed Matter Theory
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RIS Fr> 75
Ara SEDRAKYAN

NEAEEHER

Visiting Professor

During my 4 months stay in ISSP I had intensive discussions
in group of Prof. Kohmoto transitions in Quantum Hall effect
on the basis of unconventional Hall effect on graphene.

It appeared that Hofstadter problem on honeycomb lattice
has couple of interesting properties. First of all the model
possesses chiral factorization with the presence of zero modes
even for non-zero magnetic field. This fact reveals Z, anomaly
ensuring the absence of the zero conductance in Quantum Hall
Effect. We revealed also Bethe Ansatz structure in the model
and have reduced the solution of the Hofstadter problem to the
set of Elliptic Bethe Equations. The investigations of this Bethe
equations via analytic and numerical methods are on the way

Our efforts have resulted in the article, which we have
published in Phys. Rev. B 73, 235118 (2006).

Moreover, our common investigations reveal a set of new
interesting problems in connection with unconventional Hall
effect on graphene, which we are going to investigate further.
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Division of Nanoscale Science
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One of the outstanding trends in modern
condensed matter physics is the rapid development
in studies of atomically controlled surfaces and
interfaces, artificial superlattices and micro-
and nano-structures. The background of such
developments is the advancement of key technologies
for epitaxial crystal growth, microfabrication, surface
characterization, and local sensing by use of scanning
probe microscopes.

The Division of Nanoscale Science consists of
seven laboratories --- Iye, Katsumoto, Otani, Komori,
Yoshinobu, Hasegawa and Lippmaa. The research
efforts of these labs are directed to various aspects of
nanoscale science.

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
properties 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

1o
REPITERH their functional properties.
5 EDNEITHTH %,
% B & ZR3h B F HEE B
Professor Yasuhiro IYE Research Associate ~ Akira ENDO
E G BKx E5 B F RIER =N
Professor Shingo KATSUMOTO Research Associate  Eisuke ABE
B B B &E B F AN 2
Professor Yoshichika OTANI Research Associate  Takashi KIMURA
BhEIR IR XK B F Pt B
Associate Professor  Fumio KOMORI Research Associate  Kan NAKATSUJI
BY#IE a5E = B F LT Rz
Associate Professor  Jun YOSHINOBU Research Associate  Yoshiyuki YAMASHITA
BhER RAI =i B F IO £8
Associate Professor  Yukio HASEGAWA Research Associate ~ Toyoaki EGUCHI
Bh#iR Dy IR— Ivy By F AEE
Associate Professor  Mikk LIPPMAA Research Associate  Tsuyoshi OHNISHI
BHE (¥8) AE KITEPIE mHF =
Visiting Associate Professor Hiroshi KAWAI Technical Associate ~ Kozo MUKAI
BE GEARE) IVTAY-UA—INY AT HifErEa fREk 0
Visiting Professor Ora ENTIN-WOHLMAN Technical Associate  Takushi IIMORI
®i® GNEARE) FN\OZ—FL/Y KiErIEE BEx &8
Visiting Professor Amnon AHARONY Technical Associate ~ Yoshiaki HASHIMOTO
® it B B EH e

Technical Associate
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Resistively-detected nuclear magnetic resonance in 2D electron system in
the quantum Hall regime. The “dispersive” lineshape observed in the vicinity
of v=1 disappears as one moves further away from v=1.
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1. ZEEEREETD 2 RTEFRICE T 2ETFEERER

F ) R — )\VPIPEESEE™  Division of Nanoscale Science

g XS
Professor Yasuhiro IYE
B F =B ¥

Research Associate ~ Akira ENDO

We fabricate quantum structures based on high mobility two-
dimensional (2D) electron and hole systems formed at GaAs/
AlGaAs heterointerface, and investigate quantum transport
phenomena. Recent research subjects include, oscillatory
magnetoresistance effect reflecting the miniband formation in
one-dimensional lateral superlattice, Aharonov-Bohm-type
effects in antidot arrays and single antidot system, ground states
of bilayer quantum Hall systems and 2D hole systems, nuclear
magnetic resonance and low-energy spin excitations in quantum
Hall regime. We also study the local magnetic field modulation
effects in ferromagnet/superconductor and ferromagnet/
semiconductor hybrid systems. The research activities are
conducted in close collaboration with Katsumoto group.
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Aharonov-Bohm type oscillations in a small array of antidots fabricated
from 2D electron system in the quantum Hall regime. The two series of
oscillation reflect the spin-resolved edge states around the antidots.

Quantum transport in 2DEG systems under artificial potential modulation

2. ALVEHEP 2 EEHEZROEFR—IL%R

Quantum Hall systems with the degrees of freedom of spin and two layer
B BE—TFYFRYRBLIOTYFRY MEFICHIFTZIE—L ¥ s EFHI®

Coherent transport in single antidots and antidot arrays

4. FEEREBEMEEINA T Uy RS
Semiconductor/ferromagnet hybrid systems

5. BIREA/BEIEGER/N\1 Ty REE
Superconductor/ferromagnet hybrid systems
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Katsumoto Group
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F ) R — )\VPIEESEEE™  Division of Nanoscale Science

E BXx E&
Professor Shingo KATSUMOTO
B F RIER S
Research Associate  Eisuke ABE

Artificial materials such as stuck of ultra-thin films
(superstructures), quantum dots or a mesoscopic interference
circuits are laboratories for quantum many-body effects. We
can tailor the systems as well as vary the parameters during an
experiment. We begin with growing high-quality ultra-thin films
then proceed to electron beam lithography to produce such
quantum structures. The "throughout" fabrication brings us a
large freedom in designing the experiments. Our main subjects
are quantum many body effects, quantum coherence and
decoherence. More specifically, the Kondo effect in quantum
dots, coherent transport, coherent manipulation of electron
spins, quantum Hall effects, diluted magnetic semiconductors
and their applications to spintronics.

We are in collaboration with Iye-group. We provide high-
quality semiconductor superstructure samples to other divisions

in ISSP, and to other universities.

EF R v k% Aharonov-Bohm (AB)
UV ZIEBHAATERICE N Fano
SEREMNR. RRICMHEY 7 D /2

I
0.1
BRELENEIRERRT SLPOATRIC %o —5H,
Molecular beam epitaxy machine to grow high quality i)
ultra-thin films of semicondutors. =0
|
1
0.1 F

Ay %ZRYFERNS D, D
HWiBIc &k > TELT %, BAREFH
EOBEFEMIEEE,

Fano-Kondo lineshape observed
in the conductance of an
Aharonov-Bohm (AB) ring which
has a quantum dot on one arm.
The flat region at the center is
due to the phase shift locking to
/2. The lineshape varies with the
magnetic flux piercing the ring.
The inset is a micrograph of the
sample.
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Coherent transport and spin-dependent transport through quantum dot systems
2. EFRYMNDREVIRRBET VI VT ILAY N EFFTAE—L VR
Quantum coherence/decoherence and spin states in quantum dots

3. FEMMEFERZAVWCEEFERE. AEVIEA

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

4. 2RTEARZAVCEFBE (EFHER EFRY L)

Quantum structures based on two-dimensional hole systems
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Scanning electron microscope image of a non-local spin valve device to
determine the spin chirality of a magnetic vortex confined in a magnetic
disk. The inset shows a spin valve signal where the numbers on the curve
correspond to magnetic configuration.
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F ) R — )\VPIPEESEE™  Division of Nanoscale Science

http://www.riken.jp/lab-www/nanomag/indexjpn.html

E

B B e HE
Professor Yoshichika OTANI
B F A R

Research Associate  Takashi KIMURA

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
understanding of the quantum behavior associated with domain
wall displacement and magnetization reversal.

Moreover we employ non-locally produced spin-currents
to study spintronic properties 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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Schematic diagram and scanning electron microscope image of a fabricated
magnetic switching device operated by using only spin currents.

Static and dynamic magnetic properties of nano-scale magnets
2. REVEARVRAEY RSV RT7—IC & > THRINDHMEICET 23
Magnetism induced by spin injection and spin transfer

3. ER/MRT > v LEBWF / RAEY NO=J RAXFOME - BAR
Development of spintronic devices using asymmetric potential
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Komori Group
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Band structures around M on clean (a) and partially N-covered (b)
Cu(001) surfaces studied by ARUPS. The lattice of the clean Cu area on
the latter surface is compressed and the electronic structure changes. On
the N-covered surface, the Cu surface band shown as the upper yellow-
red curve in (a) shifts upward, and the wave number at the boundary of the
surface Brillouin zone increases as in (b).

Fig.1
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Associate Professor  Fumio KOMORI
B F i B

Research Associate  Kan NAKATSUJI

Electronic and magnetic properties of alloys, compounds and
materials with nanometer-scale structure at solid surfaces are
studied by using scanning tunneling microscopy/spectroscopy
(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 (Fig.1)
and soft-X-ray. The structures and the formation processes
of surface nano-structured materials, and the atom processes
induced by electron tunneling (Fig. 2) or photo-excited carriers
are examined by STM.

Topological defect on Ge(001) surface
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STMEZEH DS TILY =D L (001) EEEEREEREICEFZRBAIC N> RILE
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80K T. M (a) DAWANMBICETAFEAT S &, £ 10nm BN 2B DHER
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Successive STM images of the same area of a Ge(001) surface including
a topological defect at 80 K. The defect moves after injecting tunneling
electron at the point of white circle in each image as in its right image. The
injected hot carrier propagates in the surface states and induces an atom
motion at the defect.

Local electronic states at the surfaces of nano-structured materials

2. hYRIEBFPL—Y—KREIC L ZRERR

Surface dynamical phenomena induced by electron tunneling and photo-excitation

3. RET / EEMEDOETINGE CHE

Electronic states and magnetism of nano-structured materials

4. RET / BENE D HIEE

Formation processes of nano-structured materials at surfaces
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1. BESF=4EHFRE/\1 7Y RROBELRED FOEFYHE
Organic molecules on Si surface as novel hybrid materials

2. EBRRAKBITBRF - PFDYAFIVR
Dynamics of atoms and molecules on metal surfaces

3. KAFERADHEEER ; KOKEFRAEICH T ZLZEKIG
Surface and interface chemistry of water ice

4. HUNEIBE T E— AIC & 2RERISHIE & DT
Electron induced surface processes in nano-scale

5. AR IEIC & % FEAREFEDE FIRE

vifa WE7ESE

Si(100) REDFERIHY 1 X —~"DITF
LY oORkEdR, Ry v)LTRILF—
M&ETFIVK BIERIREZ REIRE 2
THS5Z2ZEICERINL T (XBSR ),

Precursor mediated adsorption of
ethylene on the asymmetric dimer on
Si(100) [Nagao et al., J. Am. Chem.
Soc. 126(2004)9922].
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Associate Professor  Jun YOSHINOBU
B F TR

Research Associate  Yoshiyuki YAMASHITA

Solid surfaces are intriguing, because novel structures and
electronic properties emerge as a result of symmetry breaking
of bulk. In addition, surfaces play an important 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 ultrahigh
vacuum at low temperature. We have utilized surface vibrational
spectroscopy, photoelectron spectroscopy and scanning
tunneling microscopy in order to investigate structures,
reactions and electronic properties of atoms and molecules on
surfaces. Synchrotron radiation is also used to study electronic

structure of surface and interface.

Si(100)c(4x2) KRB LI N U XFILF IV 9F D STM
Bo NUXFILTIVIFBEFRIEDT 1 MBIRWICK
B9 %,

An STM image of site-specific chemisorption of
trimethylamine molecules on Si(100)c(4x2).

Investigation of electronic states at semiconductor surface and interface
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hT, BFEER (BH: 1.4nm) ZFEL TS,

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 1.4nm.

A2 7T —~ Research Subjects

B NI 7E =

F ) 27— )\VIPEZETE™  Division of Nanoscale Science

BhER Al =i
Associate Professor  Yukio HASEGAWA
By F IO 28

Research Associate  Toyoaki EGUCHI

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 temperature,
high magnetic field, or under an irradiation of synchrotron
radiation light, and new functional and analytical methods with
probes such as AFM lithography.

STMICLBRFY=EalL—ray, #(111) RELTHRFZ—2I DBH
T MOXFZEVNTWS, BEEROKEZIE 8nm x8nm.

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 8nm
x 8nm.

1. R STM IEL B BFEEK - 7 U —TILIRENG EREEFIREDHR
Low temperature STM on surface electronic properties by observation of electron standing waves and the Friedel oscillation

2. STM [L & 27/ Y+ TN F DOBEERFIEICET 2K
Superconductivity of nano-size particles by STM

3. AFM ZFWeRERT > 2 v JVAIE - BRIBRDHRIE

Measurements of surface potential and electrical conductance by AFM

4. HFLUWTO—TFEOBFE ZNIC L 2T OYIERR

Developments of new probe microscopes and its applications for exploring novel properties of materials
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(a)
Source Gate Drain
epi-CaHfO3
SrTiO3 .
(b)

ﬂ Pb(Zr,Ti)O3 f
W q Nb:SrTiO5
ﬁ SITiO5
(@) TESF v LBILY FET OF /01 2 s, BBBFERFREF v RLAE
DEMBEHEELTWNS, (b) BIHE PD(ZrTi0s H/\—L A ¥— Otz K

SEZZETNb R=T SITIO3 BOF+ U P BEZZERHUICT/INA X,

(a) The device structure of an epitaxial oxide FET. A transmission electron
microscope image shows details of the channel interface. (b) A device where
the carrier density in a thin superconducting Nb-doped SrTiO3 layer is
modulated by changing the poling direction of a ferroelectric Pb(Zr,Ti)O3
cover layer.

AT —~ Research Subjects

1. EFYtzH-> cEREBESERERRICMERONE

F ) R — )\VPIPEESEE™  Division of Nanoscale Science

Yy I¥— Iv7J

O B
]) \‘/ ’ ? hmw'l % Associate Professor  Mikk LIPPMAA

B F APl

Research Associate  Tsuyoshi OHNISHI

We study the growth and electronic behavior of transition-
metal oxide heterostructures. The physical properties of very
thin oxide layers that are usually only a few unit cells thick, are
dominated by size effects, as in nanodots or nanowires, and
by interactions with neighboring atomic layers due to charge
transfer, exchange interactions, and crystal defects. Our aim is
to observe electronic phase transitions in thin interface layers,
induced by modulating the carrier concentration by electric
field effect. For this purpose, we develop oxide field-effect
transistors based on epitaxial oxide heterostructures that are
grown by pulsed laser deposition. In addition to the device
development, we also work on the development of improved
thin film growth techniques for complex oxides and collaborate
with various other groups on the characterization of the atomic

and electronic structure of oxide thin films.
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FILF TV EDT —hNA 7 ATEBREICHE > TV, ThiE, #BEE-&
BOEBNFET DBWF v RILBTRI > EERL TV,

The channel current of a SrTiO3 FET plotted as a function of gate bias and
temperature. The channel becomes metallic above a gate bias of ~ 1.3V,
showing that an insulator-to-metal transition occurs in the thin channel
layer of the FET.

The growth of complex electronic-quality transition-metal oxide thin films
2. TIEYF Vv VBT / Ry hOF /DA V—DERT A FII X

Growth dynamics of epitaxial oxide hanodots and nanowires

3. BRILUNTOBEILKITZF v FEEDEFRINRER

Field-effect modulation of carrier density in oxide heterostructures

4. ERVRFEDEFHIEEGRS
Electronic phase transitions induced by field effect
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Entin-Wohlman Group
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F ) 2 — )VPIEEZ2 R Division of Nanoscale Science

Ml 5 W 7E =

BEBBIR AE fH#

Visiting Associate Professor Hiroshi KAWAI

We conduct education and theoretical researches in
condensed matter physics. In researches, we are focusing on the
dynamical processes on solid state surfaces.

Science of atomically controlled surfaces is one of most
important fields in modern condensed matter physics. The
advancements in experimental technologies including the
scanning tunneling microscopy have contributed to investigation
of the properties of the surfaces. The latest advancement enable
to observe and controle the dynamical processes on the surfaces
in the atomic level. Many of the dynamical properties are
dominated by the dynamical quantum processes. The theoretical
researches on the dynamical processes on solid state surfaces
are increasingly growing to be important. The followings are
our research subjects.1)Structural phase transitions between
ordered phases on semicunductor surfaces under observation
of scanning tunneling microscopy. 2) Vibrational excitations
on semiconductor surfaces induced by the tunneling current of
the scanning tunneling microscopy and the low energy electron
irradiation. 3) The excitation-induced cooling on semiconductor
surfaces. 4) Structural manipulations on semiconductor surfaces
by the coherent quantum processes with electron-vibration
interactions 5) Coherent remote manipulations on atomic

structures of solid surfaces.

F 7 A — )VPIEEFEERIY]  Division of Nanoscale Science
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Ora ENTIN-WOHLMAN

NEAREHZ

Visiting Professor

1. The applicability of the equations-of-motion technique for
quantum dots was analyzed. It was found that at the particle-
hole symmetric point the Green function is temperature-
independent due to a discontinuous change in the imaginary
part of the interacting self-energy, but this imaginary part obeys
the Fermi liquid unitarity requirement away from this special
point. However, the Friedel sum rule is considerably violated,
and consequently the widely-used simplified version of this
method fails to produce the Kondo correlations [Phys. Rev. B 73,
125338 (2006)].

2. By using an intricate lattice model to describe small coherent
mesoscopic Aharonov-Bohm interferometers, the conductance
data (taken in ISSP) was explained in great detail, including the
shape of several Coulomb blockade peaks as function of the
magnetic flux. [Phys. Rev. B 73, 195329 (2006)].
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NEABEHR LY

Visiting Professor

During this visit, I spent most of the time collaborating with
the experimental group of Katsumoto and Iye, attempting to
find a theoretical interpretation for their data on the closed
Aharonov-Bohm interferometer with a quantum dot on one
branch. We found that although the conductance of such an
interferometer obeys the Onsager symmetry under magnetic
field reversal, it needs not be a periodic function of this field:
the conductance maxima move with both the field and the gate
voltage on the dot, in an apparent breakdown of ‘phase rigidity’
These experimental findings were explained theoretically
as resulting from multiple electronic paths around the
interferometer ring. Data containing several Coulomb blockade
peaks, whose shapes change with the magnetic flux, were fitted
to a simple model, in which each resonant level on the dot
couples to a different path around the ring. [Phys. Rev. B 74,
014430 (2006)].
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Division of Physics in Extreme Conditions
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This division is organized to pursue the study
of physical properties of condensed matters under
extreme conditions such as ultra-low temperatures,
ultra-high pressures combined with steady high
magnetic fields up to 20 T. In addition to these
individual extreme conditions, physics under multiple
extreme conditions is also emphasized. Under these
conditions, novel phenomena, which cannot be
understood in terms of existing theories and thus
stimulate the creation of new concepts, are expected.
Discoveries of such phenomena have often opened up
new horizons in material science. Many outstanding
instruments developed in this division, for example,
are those which produce low temperatures down to a
few tens of uK, high pressures up to 200 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 semi conductors under ultra-high
magnetic fields.

4) Strongly correlated heavy electron systems such
as 4f or 5f inter-metallic compounds under multiple
extreme conditions.

Eo O

Professor

BhER

Associate Professor

Bh#R

Associate Professor

BhR

Associate Professor

B#E (R8)

Fa1—-EvITUEIBEARELE,
ZEMRRE (BE - 8BS - SE)
TOYERNEHNFIETH %,

Cubic anvil high pressure apparatus.
Cryostat for experiment in multiple
extreme condition of at low
temperature, high magnetic filed
and high pressure.

B (B8

B#E (R8)

Visiting Professor

Visiting Associate Professor Yoshihiko INADA
Visiting Associate Professor Keiya SHIRAHAMA

Visiting Associate Professor Akira MATSUBARA
®ig GlEAZE) Jv317 1-—Y

a%x =KE B F LA &
Hidehiko ISHIMOTO Research Associate ~ Akira YAMAGUCHI
ARE = B F WA RK
Minoru KUBOTA Research Associate  Yoshitomo KARAKI
RE A B F K& HEZ
Toshihito OSADA Research Associate  Eiji OHMICHI
LR Et B F W+ EA
Yoshiya UWATOKO Research Associate =~ Masato HEDO
WH EE RMTEME A+E B
Technical Associate ~ Takeshi IGARASHI
HifE £t BiErIE WE A
Technical Associate  Kazuhito UCHIDA
WER A KifrEPImE FE AT

Technical Associate  Kazuko NAKAZAWA

Yuriy BUNKOV
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FFREE IS ™ Division of Physics in Extreme Conditions

e arx EE
Professor Hidehiko ISHIMOTO
Bl F A B
Research Associate  Akira YAMAGUCHI

Temperature (T), magnetic field (H) and pressure (P) are the
most basic parameters which determine the state of condensed
matter. Particularly our facilities cover the temperatures all the
way down to pK produced with a nuclear magnetic refrigerator.
Quest for novel quantum phenomena is carried out in such a low
temperature region, combined with high magnetic field (< 20
T) produced by a superconducting magnet. Main activities are
on the experimental verification of basic concepts in condensed
matter physics such as 1) a quest for a new type of superfluidity
or magnetic order in the two dimensional quantum liquid and
solid 2) a spin fluid dynamics in superfluid *He A; phase. 3) the
quantum tunneling of magnetization in nano-scale molecular
magnets. One of the recent results is a confirmation of gapless
spin liquid ground state in solid *He adsorbed on graphite which
forms an ideal two dimensional anti-ferromagnetic triangular
lattice. Investigation of its ground state in high magnetic fields
is under way. The other work in high magnetic fields is a spin
fluid dynamics in the superfluid *H A; phase. A magnetic
fountain effect has been used to investigate the spin relaxation
phenomena. The results so far obtained suggest the existence
of minute minority spin pair condensate in the Al phase as is
shown in Fig 2.
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387 —~ Research Subjects

1. ABRTTAY U L 3 DR & BiRED

Magnetism and superfluidity in low dimensional 3He
2. BHEESHOREBREBANY VL3

Highly polarized superfluid 3He

3. BER - MBS DT )L IRER OB T

(Tey - T, - Ty)

Heavy charged particles in neutral Fermi liquid under high magnetic fields

. DTHEEB T EEFHREN XU VT

Quantum tunneling of magnetization in molecular magnet

5 EEEAY ORI &BInE

Enhanced nuclear magnetism and superconductivity in intermetallic compounds
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a)ISSP High Speed (up to 6 rev/sec) rotating dilution
cryostat and b)ISSP Ultra low temperature rotating cryostat.
Both of them enjoy the world record high speed.

ffZ%T—~ Research Subjects

1. BR# s EFRRIZE OB

Fundamental study of superfluidity and quantized vortices

2. HLWEBRE & EFRRORE & #EH

Search for new superfluids and quantum phenomena
3. BIERYMAR

FFREE IS ™ Division of Physics in Extreme Conditions

ARE =

NRHBEEE =
Associate Professor  Minoru KUBOTA
B F WA BKR

Research Associate  Yoshitomo KARAKI

Superfluidity in a Crystal?

Kubota was one of the few people who initiated condensed
matter experiments at micro-Kelvin ultra low temperatures.
Kubota group at ISSP conducts fundamental study on
Superfluidity and Quantized vortices under rotation down to
Ultra Low temperatures at the world highest speed bewlow
1K. Superfluidity is now seen in dilute gases (Bose Einstein
Condensation, BEC), in Quantum liquids, and very recently also
in Quantum solids. Superfluidity really is a Quantum phenomena
of macroscopic scales. The phenomena 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 Bose Einstein condensates of certain liquids and
gases, but recently it is observed also in bulk solid *He. Solid
crystals have regular lattice ordering. In addition superfluidity
has an order in the momentum space simultaneously. This is a
quantum phenomena at macroscopic scales.

Kubota group studies superfluidity of both fermion
systems (liquid 3He, etc) and Bose systems (*He systems, H
systems, etc) under extreme conditions including under the
world fastest rotation and ultra low temperatures. The group
investigates not only known systems of superfluidity, but also
new candidate systems to expect superfluidity and/or new
quantum phenomena. And actually
studying solid He under rotation.
Superfluidity mediated by vacancy
excitations other than solid *He
is also of great interest. The group
cooperates with many groups of
national and international teams

for such activities.

Condensed matter study down to ultra low temperatures
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FFREE IS ™ Division of Physics in Extreme Conditions

L 6) RAH #&A
Associate Professor  Toshihito OSADA
B F KE &Z

Research Associate  Eiji OHMICHI

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 application.
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). In low-dimensional systems such as
organic crystals or artificial semiconductor superlattices, and
their micro-fabricated nano-structures, we flexibly explore new
transport phenomena and electronic states using precise field
rotation or MEMS probes. We also propose new experimental
methods to study electronic structures and develop new micro-

scale measurement techniques.

100 +/ 72 LopuhNEiERHRZ
Yy LAY FLN-DEEE
BMER. mROAFMBA Y FL
N—ZFBLTHEERS ML AE
MAEEE R T,

Scanning electron microscope
image of the micro-cantilever on
which a small sample crystal with
the mass of 100ng is mounted.
Precise magnetic torque
measurement have become
possible using commercially
available AFM cantilever.

ERBIRF O BERSIER OIS A KT, (a) Ab—L Y NREBRFESEEDHE (BRI RIVEE
PHEEELDEWES), b)1>I1—LY  NEEREEZRDEHE. BIRYEOBRBRSIEROAEK
BEHEONY TS0 ROREWHBREIE—L Y ZDEWCERET 5 & ERUCERTH %,
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387 —~ Research Subjects

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 is the experiment which shows that
the background angle-dependence of interlayer magnetoresistance depends on the coherence of
interlayer coupling in layered conductors.

1. BERYEDAEREEERSCEDBMEEBRIE—L YR

Interlayer coherence and local natures in angle-dependent magnetotransport in layered conductors
2. BRUTEBEFEOHEISTHER - ALV BERIRE

Charge/spin density wave phases under magnetic fields in low-dimensional organic conductors

3. ZREFIR—ILRDAA T ILRERE

Chiral surface state in multilayer quantum Hall systems

4. (ERTTYEE O AN THHREE DR & ik

Fabrication and transport studies of artificial micro-structures of low-dimensional conductors

5. BBHSH 7Oy REFRICE T D HAREBEREE
Chaos and electron transport in Bloch electron systems under magnetic and electronic fields
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Uwatoko Group
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The weight became 10 times
smaller than the Old Cubic
Anvil apparatus, but can
generate up to 8 GPa, as same
as the previous one.
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1. ZEBRFIRT TOFMARYEIRRORE

LR WEFE =

FFREE IS ™ Division of Physics in Extreme Conditions

BhER R Et
Associate Professor  Yoshiya UWATOKO
B F Mt IEA

Research Associate ~ Masato HEDO

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
interactions strongly depends on the inter-atomic distances and

the density of electronic states.

05 T T T 1
102GPa f]

CIT (WKemol)

o CeRhSi,

0.0 1 1 1 !
0.5 1.0 1.5 20

TK)

ENFEBLEMR CeRhSiz DENTHHAEDHHER. 1.1 GPa Xl LDE
ATREVWTBREEBICHESHLVWE—IDPHRRU, NMELEDICRB
EEEBERERF ERLTWS, AfFRICLD. CeRhSis DEANFEDBIR
BRI BEDTH B I ENRESMNER ST,

A result of specific heat measurements under high pressure on
the pressure induced superconductor CeRhSi3. A new peak
due to superconducting transition appears at P = 1.1 GPa. The
superconducting transition temperature rises with increasing
pressure. In this study, it became clear that pressure-induced
superconductivity of CeRhSi3 is a bulk property.

25

Search for new physical phenomena under multi-extreme conditions

2. BIEERYEIC KT 2 ENFEBEE OYIERR

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

3. ZEBRTICH T 2 REYIENEFR DR

Development of the physical property measurement systems under the multi-extreme conditions

4. 10GPa fkiBEENFERMN & MIEREEYIENE

The 10GPa-class high pressure generating technology and the physical property measurements in the dilution

refrigerator temperature range
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Visiting Associate Professor Yoshihiko INADA

We will develop new types of cryostats to promote in studies
of the strongly correlated electron systems under the high
pressure. They are designed to be compact and easy to cool
without large mechanical pump outside of the cryostat. The *He
cryostat and the *He-*He dilution refrigerator with charcoal
absorption pump and JT effect have the advantage of keeping
high conductance of gas flow and small heat leak, therefore they
can perform well in cooling power.

In the heavy fermion strongly correlated electron systems,
characteristic temperatures are usually very low, so it is
necessary to measure at very low temperature of below 0.1 K. We
will apply the new cryostats to measure the magnetization under
the high pressure with a piston-cylinder cell and diamond-anvil
cell.

FuPREREIPEWTZE%EY]  Division of Physics in Extreme Conditions

FEEEFE =

EEBHIS BHik £t
Visiting Associate Professor ~ Keiya SHIRAHAMA

Novel quantum phenomena such as supersolidity and
quantum phase transition have been recently discovered in
helium quantum fluids and solids. These findings open a new
avenue in condensed matter physics of 21-st century. In order
to create new concepts in low temperature quantum physics,
we study and search for quantum phenomena in helium and
hydrogen.

In ISSP, collaborating with Kubota laboratory, we examine
“supersolid” dynamics in solid helium using the ISSP High
Speed rotating dilution refrigerator. Torsional oscillator
studies under rotation are underway. In Keio University, we
study strongly correlated Bose systems realized by “helium
nanostructures”, in which *He (or hydrogen) is confined in
various porous materials. We pursue new quantum phenomena,
including quantum phase transition, Bose glass and supersolidity,

by performing thermodynamic and mechanical measurements.
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REBHIR VN
Visiting Associate Professor Akira MATSUBARA

Study of superfluid helium 3 in aerogel under rotation.

Helium 3 is a fermion and its superfluid state is a p-wave
superfluid. It is important in the condensed matter physics
field. In ISSP, we research the properties of superfluid *He
under rotation using the rotating demagnetization cryostat
which belongs to Kubota-group of ISSP. Superfluid *He has
several different phases and we measure the magnetic and
hydrodynamic properties of each phase of superfluid *He
under rotation using cw-NMR techniques. Recently "aerogel"
can be treated as an impurity against superfluid *He but
the phase of superfluid *He in aerogel is not identified. We
want to identify the state of superfluid *He in aerogel with
HPD state, in which nuclear spins rotate coherently, with
parameters such as temperature and the rotation speed. We
also research the effects of aerogel and rotation to textures of
superfluid >He, and the vortex structure and vortex dynamics
of superfluid *He in aerogel.

FuFREEYIPEWTZE%E"]  Division of Physics in Extreme Conditions

Jyva7 a1-—Y
Yuriy BUNKOV

NEABEHKR

Visiting Professor

E

Spin-mass rotation of superfluid *He at restricted geometry.

I have come from CNRS, Grenoble, France. 20 years ago
my group in Kapitza institute, Moscow, have found HPD, the
magnetically excited coherent quantum state of superfluid
3He. In this state the magnetization precess homogeneously
even in inhomogeneous magnetic field. I have also
participated in first investigations of superfluid *He under
rotation in Helsinki University of Technology. Many different
types of quantum vortices were found. In Grenoble, we are
studying the suppression of superfluid *He by aerogel, which
plays a role of impurities.

But only here, in ISSP, in group of professor Kubota, we
are able to make the most complicated experiment with *He
possible. That is the HPD studies of superfluid *He in aerogel
under rotation. What can we learn from this experiment?
There are three symmetries, which are broken in 3He at
superfluid transition: gauge symmetry, spin and orbit rotation
symmetries. Aerogel interacts with gauge symmetry, HPD
interacts to spin system and rotation interacts to orbital
symmetries. We are able to study the crossover of all three
symmetries. Now we have got the first results and starts to
analyse its unique features.
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Division of Advanced Spectroscopy
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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
measurement 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:

ePhysics under ultra-high optical field and
attosecond pulse generation.

«Development of advanced soft X-ray lasers and
related physics under ultra intense radiation.

oUltrafast dynamics of wave-packets and photo-
induced phase transitions.

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

LEERHEL T2, «Study on ultra-high resolution photoemission and
soft X-ray emission spectroscopies.
«Study of X-ray optics, surfaces, interfaces and
nano-materials by X-ray scattering/diffraction.
[
g EEB KR B F B R
Professor Shuntaro WATANABE Research Associate  Shunsuke ADACHI
B B Rt & B F RIS
Professor Tohru SUEMOTO Research Associate  Makoto NAKAJIMA
B ® 2 B F Ak BF
Professor Shik SHIN Research Associate  Kyoko ISHIZAKA
B B = B85
Professor Toshio TAKAHASHI
Bhi% 2H EA B F 5% B
Associate Professor  Hiroto KURODA Research Associate ~ Motoyoshi BABA
B3R il ®=X B F =HHE E#®
Associate Professor  Hidefumi AKIYAMA Research Associate  Masahiro YOSHITA
HiE (F8) BA T RiEPIME =H BA
Visiting Professor Yosuke KAYANUMA Technical Associate  Teruto KANAI
wE GEAER) —VJ IV -EY smEriBA Bx KiE

Visiting Professor

Cun-Zheng NING

Technical Associate
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Watanabe Group
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B & R HRARER
Professor Shuntaro WATANABE
B F BIL 1R

Research Associate ~ Shunsuke ADACHI

Development of ultrashort high-power lasers and its
application 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 (4.4nm) and the pulse width is as short as femtoseconds
(10" second). The peak brightness is much higher than that of
synchrotron radiation.

Based on this advantage, two-photon above threshold
ionization 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
ultrashort (~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.

aseyqd
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0
Time [fs]

AR T — b (FROG) JEIC& 27 bH/NLZDRIE

Attosecond pulse measurement by frequency-resolved optical gating.

Fig.l 278U 7EfK (28eV) DEEZZEZTHESND 2 XFBHA
AMEDBFANRY ML 10 BERDESRTERL TH B,

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.

A2 7T —~ Research Subjects

1. BR/NLRAEHA L —H — DR F
Development of ultrashort, high-power lasers

2. ZRFEE (BRBFR. ZHFA A1) DR

Fig.2 Fig1 hSBELT MY ULZADKTE (F) EAH8 (77 ). BiRIE7—U T—
FRSR/CLR,

Pulse shape (blue) and phase (red) retrieved from Fig.1. The dashed
line corresponds to the Fourier transform-limited pulse.

Research on high-order harmonics and multiphoton ionization

3. XUV, R X RO 7 = L SR - BE D8RR

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

4. XUV, BX#R7 bV DFEAE

Attosecond pulse generation in the XUV and Soft X-ray regions
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Suemoto Group
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Trajectory of the wave-packet obtained from the time-
resolved luminescence data of self-trapped excitons in
platinum complex (Pt-Br). Photon energy of 0.6 eV
corresponds to about 0.2 A in real space amplitude. The
vertical cross-section shows the wavepacket shape |¥|*.
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Sehnsr e e Division of Advanced Spectroscopy

S KRt &
Professor Tohru SUEMOTO
B F i

Research Associate  Makoto NAKAJIMA

Various ultrafast laser sources have been invented and
developed recent days. However, it is essential to develop
corresponding measurement techniques including control of the
sample condition, when we want to fully utilize the advantages
of the advanced laser sources. The aim of our group is not only
to achieve highest records but also to apply the newest ultrafast
spectroscopy techniques to wide range of materials. For this
purpose, we prepared tunable short pulse sources along with low
temperature, high magnetic field and microscope facilities. Our
main interest is the dynamics of electron-phonon relaxation,
magnetic ordering and photo-induced phase transitions. So-
called "time-domain spectroscopy” is the highlight of the present
activity. We can observe the atomic vibration including the phase
information and the time evolution of the wave packet shape
by using ultrafast luminescence and reflection measurements.
Recently, we initiated terahertz pump & probe spectroscopy to
study the dynamics of photoinduced phase transitions.

A
Shape of the
& Wavepacket

(7#240 points)

1. BEERADKICL B FRESORKHEFNE T I v - A—E—DHIE

Atomic movie based on ultrafast luminescence spectroscopy

2. B—RTEBIEMHICH T BRI FHEM

Exciton relaxation process in quasi-one-dimensional metal complexes

3. AFEEEBDY(FITR
Dynamics of photoinduced phase transitions

4. TINIVYBHRIC & B RSB
Time-resolved spectroscopy using terahertz radiation
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Shin Group

4

pe

BHED S X FRD £ 2L ¥ — 5 D etk % BAdh &
5 LI ko T EFREOBEBHREOWIZEZ LT3, KT,
AT L —F =2 e L THO B ok z b
FEL 3o P2 1) ZEichz AnTw 5,

FrlclFE I N L —¥ —HE T 5KF 0.36meV O
IV -z A L. HRRETH 2, HEFIHL
EWE MR RET B 7 =)V T OB IREEZ A
52 LDTELMODTHNBGIETH 5, HMIZEAERSIM
MBI EDOX v v 79X v v 7H 2B L, #kBR
WIEEBR L 2B TIREZ AL 2 ENTEL LX) IS
oo — N L= —ORMWEEZAHLT7 24 b
IO R O Tk 2 X L < BEReEAS
Vi, GHY. PR EONFRBRICK 54T
AZRMIEL T3,

—Ji. Z R EEOEEYE OB IREII AR A
REEESCBRL, ¥ v 2ok 2f%E T 2 LT
Fid CHIETH 5, MXMILTEZ T, Zokkk
DD THFEIC R > T E R, EATOEBREEDOR
7T e #H. DN A ORF BN 2 BEREVE D7 %
HBOTW3,
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The experimental system for the laser-photoemission spectroscopy
that has the highest resolution of the world
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B B ¥ B
Professor Shik SHIN
B F ak FF

Research Associate  Kyoko ISHIZAKA

The electronic structure of the materials is studied by using
vacuum-ultra-violet light and soft X-ray. Especially, we are
developing laser-photoemission spectroscopy. Ultra-high
resolution laser-photoemission spectroscopy has been developed
and we obtained about AE=0.36meV. This is the highest
resolution of the world in the photoemission spectroscopy.
Ultra-high resolution photoemission spectroscopy is closely
related with the transport properties of the solids. We observed
superconducting gaps and pseudo-gaps of the strongly
correlated materials. We are also developing the new time-
resolved photoemission spectroscopy in order to know the
photo-induced phenomina.

We study the baio-materials, such as protein and DNA.
The electronic structures of these materials are closely related
with the functions of the biomaterials. Soft X-ray emission
spectroscopy is very powerful for the study of these materials.

(a)200 K
RN

(b)100 K
Jo

HBFARTHERALL TR
THEEEEAE TTF-TCNQ @
7T IEOREZEL
Temperature dependence
of the Fermi surface of the
one-demensional organic
conductor TTF-TCNQ

1. TBEDREED L —F—HEFONIC &L BIrERR, ERTYE. FTIWEZFOEFREOMR
Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

2. L—Y—ZRAWKEDBHABFOHIC K ZHFEREROWRE

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

3. MXBAERDHKICE D EFEYEZOETFREDHRE
Soft X-ray emission study on the biomaterials
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T. Takahashi Group
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CTR(Crystal Truncation Rod) scattering obtained for the Si(111)-6x1-Ag surface. 11
The result indicates that Ag atoms locate at 3.1 A measured from the top of the Si 10 3 3

double layer of the substrate.
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Toshio TAKAHASHI

Fundamental studies on X-ray and neutron 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 structure and phase transition of metals
on semiconductor systems using synchrotron X-ray diffraction.
We have been also developing new methods to solve the phase
problem. Methods utilizing interference phenomena and many-
beam conditions in surface X-ray diffraction have been applied

to solve surface and interface structures.

TEERE G

Si(111)-6x1-Ag RE D/ —Y VK, BU/INEAS XREHTEC & DB SN IFBRBRRSOBIEIBEL DGtES N, KD
FROWEREIRAIZ, COREICE T BRFENT MLICHIEU. Ag-Ag RFEDONY MUICHEET 2 EEZ 515,

Patterson map calculated from integrated intensities observed for the Si(111)-6x1-Ag surface. The arrow in red, indicating
an interatomic vector, corresponds to the vector between two Ag atoms on the surface.

AT —~ Research Subjects

1. X#gEirz AL cERRE - REBSE. -/ BE0m%E

Studies on surface, interface and nano-structures by diffraction/scattering

2. HULWATIYEOBETHMEDRF

Development of new methods to study the surfaces and interfaces

3. XIRBBICHE T IR AZ R ER L VLWAZ DT DR

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

4. XEREIHTE. X - REFREZE. TS

X-ray diffraction physics, X-ray and neutron optics, and X-ray interferometry
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Kuroda Group
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High-order harmonic spectrum from boron laser ablation plume. The 65th
harmonic is obtained by irradiating Ti:sapphire laser.

A2 7T —~ Research Subjects

1. R 189nm &K F2 NikEY 77¥ X Rl —H—DEEk
Physics and development of Ni-Mo 18.9nm X-ray laser

LT 7E =
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Associate Professor  Hiroto KURODA
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Research Associate  Motoyoshi BABA

Extensive studies on physics to generate of coherent Soft
X-ray and Soft X-ray lasers are being carried out. Studies on
a new scheme of transient collisionally pumped longitudinal
Ni-Mo 18.9 nm laser, which was first developed by our group
and opened a new trend in Soft X-ray laser, are continued.
Furthermore, highly directive higher harmonic generation
(HHG) of Soft X-ray using a pre-plasma in ablation mode are
also developed and found out it is very interesting as a new
physics and also efficiency and other characteristic are desirable.
We have shown up to 71% of Ti:S (11.19 nm) by vanadium
plasma and found out strong single harmonic enhancement
due to strong resonance effect in indium and tin plasma. Nano-
material formation and controlling by polarization was also
studies by using femtosecond laser system.

Indium plasma
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Spectrum of high-order harmonic generation from the laser ablation indium
plume irradiated by femtosecond laser pluse. The enhancement of the 13th
harmonic is due to strong resonance with the strong radiative transition of
In IL

2. L—Y=FTL—ya>vy——yv hEAWHIEESRE X REAEOERYEEmEL
New scheme of ablation controlled plasma and anomalous enhancement of single harmonic due to strong resonance

3. FRET. FLIM OEXZBWY > /N0 EDEE(ERIER
FRET and FLIM of luminous proteins

4. L—H—=T7TL—yaviEeRWcF /BEEREH L W

Formation of nano-structure on crystal surface with femtosecond laser pulse irradiation
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Akiyama Group
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Firefly (Arima, Japan) and sea
firefly (Yokosuka, Japan)

AT —~ Research Subjects

1. BHHEEL = WVEETFHlRL — U — OEBLE MK

Bl f 7 =

B—TREFHIROBEBIRI

Transmission/absorption
spectrum of a T-shaped
single quantum wire
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Associate Professor  Hidefumi AKIYAMA
B F HH IE#R
Research Associate  Masahiro YOSHITA

Advanced laser spectroscopy on the basis of lasers and
microscopy is developed and applied to semiconductor quantum
wires and other nano-structures, in order to understand and
control their optical properties quantum mechanically 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. Experimental
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 developing experimental techniques such as sensitive
luminescence detection, absolute luminescence-yield
measurements, transmission/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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Ultra-thin low-threshold high-quality semiconductor quantum-wire lasers and their micro-spectroscopy and imaging
2. 1 RABEEBEFEARE L OBFROXZINE & SHEEERAMR
Optical physics and many-body physics of dense electron-hole or electron systems in 1D
3. ¥BHEFHEDEMEL. BISHE. BHMOEHA. BEREHR
Material physics and development of high-quality semiconductor nano-structures via microscopy
4. IRZIL - 73T - DI IR E DEYFEN & EYMLFE RN EHRIERE
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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Kayanuma Group
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Visiting Professor

We are investigating theoretically the dynamical problems in the
photo excited state of matter ranging from optical region to hard
X-ray region in the energy scale. Specifically, our recent interest
is focused upon such topics as the ultra fast relaxation dynamics
by ultra short light pulse excitation, the band renormalization
effect in semiconductors under an intense off resonant infrared
laser field, the dynamical symmetry breaking in the core exciton
state of light element materials observed by the resonant X-ray
emission spectrum, the recoil effect analogous to the Mdssbauer
effect observed in high resolution XPS spectra for a hard X-ray
irradiation. These works are being carried out in collaboration
with a number of experimental groups, and we are enjoying to
see unexpected new phenomena emerge at every steps of the
improvement of experimental resolution both in the time domain
and the energy domain.

We are also studying various aspects of the coherent quantum
dynamics driven by time-dependent external fields. This subject is
being studied in collaboration with theoretical groups in Augsburg
University and the University of Tokyo. For example, we have
recently proposed a novel method of qubit manipulation by using
the correlated Landau-Zener nonadiabatic transitions.
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Visiting Professor
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One of the emphases of our research is how Hartree-Fock level
many-body interactions can modify gain and absorption features of
semiconductor nanostructures, and further beyond, how scattering
effects change the spectral lineshape. We have shown recently
how a consistent treatment of electron-electron and electron-
phonon scatterings can dramatically affect the spectral lineshape of
intersubband transitions, more so than for interband transitions.

In connection with intersubband transitions, our interest is also to
investigate how a new type of device, the so-called two-photon laser can
in principle be made based on semiconductor intersubband transitions.
Coulomb interactions play an important role in the operation of
such a device. We have shown Coulomb interaction in intersubband
transitions with three subbands can lead to a new transparency due to
the coupling of various intersubband plasmon modes.

In terms of interband transitions, my present interest at ISSP is the
spectroscopy of quantum wires in collaboration with Akiyama group.
They have recently obtained the best spectroscopy data ever on GaAs
quantum wires which could shed new light on the understanding of
the long standing issue of exciton-Mott transitions and the scenario
of how optical gain occur in a one dimensional system. We are
working for understanding their experimental data and for designing
new experiments to further provide more insights into the phase
transitions or cross-over involving exciton, biexciton, and plasma.
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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 energies 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 has been playing an essential role in
the new beamline project of the University of Tokyo
to promote advanced synchrotron radiation sciences
using brilliant light sources in vacuum ultraviolet and
soft X-ray regimes.
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Solid State Spectroscopy Group
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k-resolved inverse photoemission spectra of LaBg(001). The surface states
originated from La 5d and 4f states are observed near the Fermi level (A)
and 6.8 eV above it, respectively. Analyzing the energies of the features
in the spectra, it was deduced that the low work function of LaB(001)
surface is caused by the higher charge density of La atoms in the topmost
surface than those in bulk due to the electron transfer from subsurface to
the topmost La layer.

A2 7T —~ Research Subjects
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Research Associate  Taichi OKUDA

The solid state spectroscopy group consists of two
laboratories, 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 photoelectron spectrometer (BL-19A) and a soft X-ray
emission spectrometer (BL-19B). Their current interests are the
surface magnetism of transition metal thin films, the imaging of
nano-structure materials by means of photoelectron emission
microscopy (PEEM), unoccupied electronic states of surfaces by
a k-resolved inverse photoelectron spectroscopy, etc.
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Surface magnetism studied by spin-resolved photoemission and magnetic linear- and circular-dichroism
. ABFELOEABFOARRICL Z2EEE L CHEHERH - REDOETFREDOHE

Electronic structures of metal and semiconductor surfaces studied by

. HEFIEMERIC
Imaging of nano-structure materials by means of photoelectr:

means of photoelectron and inverse photoelectron spectroscopy

KBHUNEEL BUNBBDA X -V VT EBFIREEDIAZ

on emission microscope (PEEM)

CBES - MXBEBERSNEZFHATIE—LT 1Y - DHRFERDREFHFE

Design and feasibility study of soft X-ray and VUV beamlines
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Accelerator Physics Group
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Photograph of multipole-magnet girder with 4 dummy magnets for low-
emittance lattices (left) and a result of 3D structural analysis of this girder
(right).
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High-brilliance synchrotron light sources
2. RIERBEIIR

Next-generation synchrotron light sources
3. SEIRAIINEIRB R ER DR

S
Associate Professor  Norio NAKAMURA
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I] ) \p— Research Associate  Hiroyuki TAKAKI
B F R BE

Research Associate  Hiroshi SAKAI

Our research subjects are particle accelerators mainly used
as synchrotron radiation sources, especially high-brilliance
synchrotron light sources and next-generation synchrotron light
sources such as Energy Recovery Linacs (ERLs). We study beam
physics in these accelerators and also design and develop their
advanced accelerator components and subsystems. Our recent
activities are research and development of a high-resolution
beam profile monitor using two X-ray zone plates, copper-
coated insertion-device vacuum chambers for suppression of
the resistive-wall wake fields, a multipole-magnet girder for low-
emittance lattices, a high-performance beam position monitor
for beam orbit stabilization, a new orbit correction method
uniting global and local orbit corrections, an initial-beam-
loading compensation system for high-intensity electron linacs
like Free Electron Lasers (FELs), a HOM-damped RF cavity
adopted in the ASP(Australian Synchrotron Project) light source
and novel insertion devices and so on. These are very important
for generation and stabilization of low-emittance electron beams
and high-brilliance photon beams, which are common features
of the most advanced synchrotron light sources. Furthermore
R&D of a superconducting RF cavity for ERLs just started.

WNEZAAY FSNRATYLAMEZF T VN\-DBEEZEABREY NV,

Setup of ultra-high vacuum test for copper-coated stainless steel chamber.

Developments of advanced accelerator components and subsystems

4. IERBFICH T2 E— LR
Beam physics in accelerators
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VB R E RN ZE T R ERHAT e R (PF) T3,
2.5GeVE TEREY v /o R AT 2 HEENE XK X
MAHIR DB Z W Th &5 W 2 WEF OB W I
TR EITH 2O DORGEICE T 2 € — 24 7 1 v B
DAFE 2T > TE Ty HERFEVER TR, B O U
TP RERR S E B2 M T 5 E— L 5 4 v - SR
Bl A AR T A L ARGIEILTE D, TyYalL—
% Z RS 28 L oot okt - BFEITE 3 2%
E%oTw3, 22T, PR CHoniz, #udics
YIVERFZE ME % TRET S LT 2 BEEDEEE T2 T
L RIS GE OWFERTE TG L Tw E 2w,

Kobayashi Group

(1) BV v 7 BIEHEDGE 2 LR 2 MR x2 A 2 L
&7 % ERL (Energy Recovery Linac : * %)L ¥ —[A[IY
WA Fy 7 )REERO-OD BB T 7 1+ AE&GEB
X E—L5 4 F Iy 7 ADWEE LT3, FRERIC
B ETHTRELEZEFE—20WE By ¥ R,
R 2 VX =00 ZRFFL, B EERAESE, S5
FTCZRVX—RINZTbE 2 LI HEBH L, 2D
LI BBERREL 7 T4 ABXOMEEZHLEE S
CSR (Coherent Synchrotron Radiation) D52 —
AR ADRKE 2 ZFVX —D T K 2 ERDYE
HEOE =LA F Iy 7 ARMEER 7 NV—7 (PR
B) EEBLWIBRDO b EFRT VS,

(2) EREY v 7 RIEHEEE YEIRIC B 1 % Top-Up H#lizd 7
DOF L AT RN ZT> TS, ZOHL
WAL, BERD X ITBA DOV AR I E RIS
KRN ANY TR TR E R D SV AL
WA (WRBERGCAEBERA) 20Tl E
DIV ABREAATAFZTTREICT 2, 2L AVURRERE A
ZHE— A AHIZTTIC PRFAR ICBWTRIILTH
D, BUERIERR 7 v — 7 (hRfgEE) L LT
IV ARNERERAN & 2 A% PF Y v 7 Cidlid % 2
LR LT 5,
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B BOHPITETZERERE  Synchrotron Radiation Laboratory

b e Wk 7€ =

BEBBIR FREE E=

Visiting Associate Professor  Kenji ITO

We, at the Photon Factory of the Institute of Materials
Structure Science, have developed the beamline technology to
handle synchrotron radiation in the vacuum ultraviolet and
soft X-ray region from the 2.5-GeV PF storage ring for studying
electronic structures in gas phase and condensed phase. In
the Synchrotron Radiation Laboratory of the ISSP, they are
planning to construct some beamlines, which are to be installed
at existing high-brilliance synchrotron radiation facilities. It is
urgently demanded to design undulator beamlines for soft X-ray
region. We will develop R&D on such beamlines of grazing
incidence optics with active control optical elements, based the

experience at the Photon Factory.

BB PERTFEliiEE  Synchrotron Radiation Laboratory

T =

BRI ALY 7 = |
Visiting Associate Professor Yukinori KOBAYASHI

(1) We study the lattice design and the beam dynamics of the
arc section in the energy recovery linac, which is expected as
one of the 4th generation light source. The arc section has rolls
of preserving the high quality (low emittnace, low energy spread
and so on) of the electron beam generated by the electron gun,
producing the synchrotron light and recovering the energy
efficiently in the main linac. To obtain the optimum lattice
we examine the effects of the emittnace deterioration for the
coherent synchrotron radiation (CSR) and the cause of the beam
loss due to the higher order energy deviation cooperating with
the accelerator physics group (Nakamura group).

(2) We have developed new injection system using a single
multipole pulsed magnet for the top-up operation in high
brilliance synchrotron light sources. The system enables us to
inject the beam with only one pulsed magnet without a local
bump produced by several pulsed dipole magnets. We have
succeeded in the beam injection using a single quadrupole
pulsed magnet at the PF-AR. Next we are developing a pulsed
sextupole magnet, and going to demonstrate the beam injection
using the sextupole at the PF ring cooperating with the
accelerator physics group (Nakamura group).
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Janowitz Group

Bi- % 8l (b4 i ik i A5 35 A A & 4 B Ron o A i
BRIF IS W T2 R 2 08 7 B EBRIC X -
T L T3, Btz 7 v RKL b R¥D 6 K
LB OX Yy 775 )X =2 a3 vDoic SQUID
I & BRELIINE, XERAENTIC Xk 2 S MNT 2 & 21T -
#2o 74 F¥ 7727 FY—BL-18A TiF 4 R 0%
79 & £MTE, BiSrLaCuO- HiRHEEEA DR 2 b
74 THE XIEN B K= F— 7 &R0 2%l % R fH
HT7 2V ISR S &) e T E S S R %
B, TOALIA THTIR7 =)V S HERLDHE T AR
7 RNNVBERHE2 7INL Ty —VITEETEHDTH
529 hol, IO LR MoERBEEATH D
(Nd)LaSrCuO THEH E N, ZD A+ 74 FHHIcED
RECHBZEZRL TS,
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WIE B IPERISENEEE  Synchrotron Radiation Laboratory

.< JV/ ‘7‘/( J V4 m % %

Y/ Ty UKD
Christoph JANOWITZ

NEABEHIR

Visiting Professor

We have been studying the dimensionality effects and
charge ordering in Bi-cuprates by means of photoelesctron
spectroscopy. In ISSP, we characterized the samples we had
brought from my home institute, the Institute of Physics of the
Humboldt University Berlin, by mean of magnetic susceptibility
measurements with SQUID, EDX to obtain oxygen content
of the samples, etc. We had four-weeks beamtime at the
beamline 18A in Photon Factory. We were able to obtain very
important results on the disappearance of the Fermi surface
on BiSrLaCuO-high temperature superconductors in a special
region of hole doping, the so called static stripe phase. It was
found that in this stripe phase the maximum intensity near the
Fermi energy occurs in the second Brillouin zone. This makes
the results similar to that from the other HTc superconductor
with the sripe phase (Nd)LaSrCuO and proves the universal
behaviour of high Tc’s in the doping regime of this stripe phase.
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I FAH % fEdE L < & 72, BltE, HAKE T/
WFZEBAFERERE D WFZE I E 757 JRR-3 12 K2EH%E%
B9 2 ik HGELEE 18 13 B % 22 A RS
ZAERIFY 300 FREAE, 6,000 A - HIZEL T3,
WlaEk 0 FEMET 2 EALFRFHIC X D ik
BEADOMIE, 77 A L —F L REMERDE
WE TR, ARRICHEE RS DR 4 2GR O B
ZERIFLHELT, BAT - au4 FOfEe
HHERRS . ARV E O SRR & BEREDITZE 72 &
N—=F=2TFUYT7NL»eY 7 27T NVETE
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EHOTERATONT WS, £/, YlEHT
VI HOK 2 T LT Y ) o SRR
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Neutron Science Laboratory

Science 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
13 spectrometers, and the Neutron Science Laboratory
(NSL) provided a general user program. Under
this program, close to 300 proposals are submitted
each 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 Tc superconductors,
heavy Fermion systems, low dimensional magnetism,
high-pressure physics etc.), fundamental physics and
neutron beam optics, polymer, chemistry, biology, and
materials sciences. The NSL also operates the U.S.-
Japan cooperative program on neutron scattering, and
supports the development of the neutron-beam based

material sciences in Japan.

# B (ERR)

Professor (Director)

g R

Professor
AARThARHERBOREART R DUt
JRR-3 (LB S N hiE FEE SRR BB, Associate Professor
CDRFFNS2RDRAPEFEEE 3KD  phsis
AREFRENEAMCS SN, BET Associate Professor
BHA RR—ILOFEFE—LAKBREKBER I
FEFEHBEL TV S, BhEUR
The reactor hall of JRR-3. The eight Associate Professor
neutron scattering instruments are Bh#EI% (B8)

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.

Visiting Professor

Visiting Associate Professor Hiroyuki TAKAKURA

TE R B F KR ZFHA
Hideki YOSHIZAWA Research Associate  Yasuaki OOHARA
B F [z I |
Research Associate ~ Masakazu NISHI
B F g HX
Research Associate ~ Naofumi ASO
el FEsA
Mitsuhiro SHIBAYAMA
BH 5 B F WE BEA
Kazuma HIROTA Research Associate ~ Masato MATSUURA
= & KitBa N X
Osamu YAMAMURO Technical Associate  Yoshihisa KAWAMURA
EBE = BtTE Ba B
Taku J. SATO Technical Associate ~ Satoshi WATANABE
=8 Fil RiEE xR &K
Technical Associate ~ Toshio ASAMI
=EBE BB =

#ig NEARR) UrI—vz7 oA
Sergey B. VAKHRUSHEV
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Yoshizawa Group

BB EBAY O T RE - fsEiEgiE, Ay -
B - T - BOEIRRE e E R I BIE L TEL 2R
ELTAREAFHAZEDBAICHEIN TS, Hiff%k
B TILERRBRAY OR T EA - PulHF LRk s &
UM SRR L BAnE & oA &2 hiErialz o
LW TR L T 5, ETOMIE, HARETN
WFZEBH MRS (JAEA) OWFZR 1< 3 E S L - Pt J i
OHETIHEBD I LD 1 BTH %, HHETEELER T
. 2O X)) RotE AR L CWE O R RGELA <
7 PVERIIET 2, A FTOXIE, WiREBIEEZ T
ALY D—>TdH % LagoSraCuOg4 & [FIHY o i i v %
o Lag,SrNiOs DRI B W THME NS A+ 54 78
o F—7BEREN% x=1/2 £ TOFE F— 7k T
g LR S oA 794 7HRFOBRIRE L 2 +
T4 THRFDA L 74 7 ORIBRD H — ViR % R
L7ZbDThHsd, ALT74 7T LML 2T D
RIS IE & B IS x=1/3 THAKZ R L dH LI
5, FRALN T4 TP ORI S — VIRE I L T
IND32 03, FEMIC TR 3 & x=1/3 DUt TR 2§

iR AEFEliiE%  Neutron Science Laboratory

vi e EZE

B B THE R
Professor Hideki YOSHIZAWA
B F AR HHA
Research Associate  Yasuaki OOHARA
B F g X
Research Associate  Naofumi ASO

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
investigations of such transition-metal oxides in view of
influence of charge/orbital ordering, spin ordering, and
structural transitions to transport property. The triple axis
neutron spectrometer 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
Lay-xSrxNiO4 which is one of the isomorphic compounds of the
High Tc cuprate superconductors. The ordering temperatures of
the stripe charge as well as spin orderings have the maximums
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 from the linear
relation for both sides of x = 1/3. Such an exotic stripe ordering

exisits widely in the two-dimensional transition-metal oxides.

R, SrNIO
NEFL, 1=1/3 DBEOHRIE L LT TV D, < w
Dk BAL T A THRIF SRS ERA 0 ) ek DIEEIET I ORERD 2 B
TH%Laz,SrCu0s EAEORE | @@@R=La | 75, ¢
(LB ERILER BB THEL TWD 2 LMg SFEE25S LS 0f o ¢4 R=Nd ; i
CEEWTEAS NI ANSA TR 00 Tranquadaetal.
EOWMFRTHS I NDD0H 5, FOR—7BEREE. ZN51 5 300f : ;
_ THRFOEBRE ENELCBIKFOBEBEREEFE Xx=1/3T & b TIC
BAERULS LRSS B0 Z12 k51 THREOBBE I 500l . e
x=1/2 TR —7RELEBNCREBERE Lo T, 38 § ° & +
LBTP3E x=1/3 ORE THENETERL x=1/3 ORE © i $
ORHILERE U TS, CORRBIFEVNE. 2 h577R 100 S SN
DF v F—REOEL BRI BB T EHR—LHROME ° 3 St
ERHNASTEIN TN, 0 } } e P }
Doping dependence of the stripe ordering in highly-doped ¢ 0-5f """~ Ao ’/‘:””; ””” B
Lay.xSryNiOy, which is an isomorphic compounds of one 2 ! //‘ ® ¢
of High Tc cuprate superconductors Lay..SrxCuiOs. Unlike 5 0.4p A
the expectation from the previous studies, the transition g 777777777777777 :‘ fffffff : ffffffffffff
i temperatures of the stripe charge and spin orderings exhibit 2 031 og}‘ ; ;
HART HTRBISME (JAEA) OB JRR-3 the maximums at x = 1/3, and decreases above x = 1/3. The GE’ ook O/’ : :
e Sl R periodicity of the stripe order is approximately linear in x, & ™ e | @R=la
CRESNICYIERRATO 3 BEFIET ) E, but the systematic deviation from the linearity around x = g S | &R=Nd
Triple-axis spectrometer installed at the JRR-3 1/3 strongly indicates that it is related to the change of the = o1y i 0 Tranquada et al.
in the Japan Atomic Energy Agency, Tokai, carrier concentration within the stripes, being consistent 0 T T T
Ibaraki. with recent Hole-coefficient measurement. 0 0.1 02 03 04 05 06 0.7

T —~ Research Subjects

Hole concentration np, = x + 23

1. BREERIYNTT R - BEAGRE L. ZORICHRT 2HIHKE - EEKEF - BLETKER & OREFRELIC &L 2R
Neutron scattering study of metal-insulator transition, magnetic ordering, charge/orbital orderings in transition-metal oxides

2. BREAICE T2 A VBB DHEDHRMR

Microscopic study of influence of spin fluctuations in magnetic superconductors

3. VAL — NABERERICE T DR FIRE DR
Lattice dynamics of thermoelectro-clathrates
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Shibayama Group
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A B = kIt 6n E I E N A CEL AR iE
SANS-U & shfE1-2 ¥ vz o — @ E INSE 2 iz,
ERAOBIRY G EGELEE 1 (SLS/DLS ALV-5000, 3 & ). J1%-
BPIMENIELREIE, LA X — 8 — a2 &2 e
F A= —OREERNT 6 F ) B o BT E TS
A F 27 AR N—= LRI CWIZEZ BRI L T %,
ERZBARABREEZS OOV V#ENSRZ TOY I HESHRKARDBE—ESD
HX, BETIE. BEQOLREEHICHFA—F —TOI/OBDBEINE D, —A.
BRTHKEZMZ TV E, 7Oy V#HOBEENRKBELBRWEHEDSEIERL.,
ZREBEMS Y VORI 5, 2O ENS. BKEEEERIIEEICEL

TREBNBHEEERTSH S &b %,

Pressure-Temperature (T-P) phase diagram for A-B diblock copolymer
aqueous solution. By increasing T at ambient pressure, the system undergoes
microphase 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.

787 —~ Research Subjects

|
_f 3 iR AEFEliiE%  Neutron Science Laboratory

el Fe5A

Mitsuhiro SHIBAYAMA

B R’

Professor

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 spectroscopy,
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
molecular chaperone.

T

hase separation
transition (MST)

microp

separation transition

P

SHS-region % WHS-region

1. BEEESD T ILOBEE Y1 I v I R, FERER. VIL—7ILER
Structure and dynamics, phase separation, and sol-gel transition of functional polymer gels

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

3. BUKMEMREIER SHEBBICEY 20 Fimaoiise

Molecular studies on the relationship between hydrophobic interaction and phase transition

CRBBTIILYF/AVRYY NTIILOBEEY (TSI R

Structure and dynamics of slide-ring gels and nanocomposite gels

5. FI P ROVOBEET A1 FTIIR
Structure and dynamics of molecular chaperone
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EE N BhEIR ER 5
’% H] E:[ j’yhu % Associate Professor  Kazuma HIROTA
B F WH EA

Hirota Group Research Associate  Masato MATSUURA

K4z, BEFONTEHBE (B Ay - fjuE) Our main subject is to study the spatial structures and
BT ETIERT 2 2EEE L 2054 F 3 7 255, [Eik dynamic properties of the internal degrees of freedom of
DEBN R RGNS E 522 L 22TV, electron (charge, spin and orbital) by neutron and X-ray
FLRIRIC 2. BB TR O W - R E - B . scattering. We mainly focus on the charge, spin and orbital
V7 7y —FERDF ) A — LV ERE Y% nanoscale spatial structures in relaxors, and the spin dynamics
F=7 L Wi REEDOA Y 54 F 27 Al E2 it of impurity-doped high-T; superconductors. These systems
LT3, TN6DRTIE, WHH HEEHR I8 < B often exhibit intrinsically heterogeneous structures due to
DL EWHIZ X > T REMWICAEE 2 RkEE (intrinsic competitive and cooperative correlations among internal degrees
heterogeneity) % & 2255 5, 72, WHEDHTH of freedom. They are also very susceptible to an external field,
KISEC R L C. RO O O b 728 5 3 2 which disturbs a subtle balance among various interactions. To
DN Z LT, MO TRERIGEZRT I LEVH 5,
space structures of such systems, we have our own neutron and
Z D &9 GG ORRIT LD R IR 22 [ G O I 0 X-ray spectrometers as well as material synthesis and analysis
feis, BURFE R - BRI © i T LS B & T — laboratory.

degrees of freedom in strongly correlated electron systems,

properly describe the order parameters and clarify the time-
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TS AIRKAER : VEORRCRFNETREZED TEWVBEETEENNT Zn & Ni ™% R —7 U e @IRBInER Lay 85Sr0.15Cu04 DIEREEKRIE : Zn

xz. BREU* 0y TRICHLWREEES O U, Ni REERMESEEET L

) oS
Induction Coupled Plasma Spectrometer: ICPS can quantitatively analyze FofNY /=S IALTING,

the elements in a very small sample with an extremely high accuracy. Spin excitations for Zn or Ni impurity-doped high T, superconductor
Laj 855r0.15CuQ4 at low temperatures: Zn induces a novel in-gap state, while
Ni renormalizes the spin excitations to lower energies.

327 —< Research Subjects

1. BAEEFROER - RAEY - EAHEDOERBEE T 1 FII X
Spatial structures and dynamic properties of strongly correlated systems

2. USOY—FBRDFT /AT —IEE
Nanoscale structures in relaxors
3. RNz R—7 LS RBLERDRAEY Y1 FII X
Spin dynamics of impurity-doped high-T; superconductors
4. PETHELBEEDRE. ERFERLIVOCT—INEY R T LR EDRK

Development of neutron-scattering instrument, experimental techniques and analyses
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Heat capacities of several ionic liquids (bmim: 1-butyl-3-
methylimidazolium). We have found a glass transition in every
substance.

200

72—~ Research Subjects

1. ASREB, RNY Y E—IRERRUEERDY A FIU R

P PEADIFEERE  Neutron Science Laboratory

E !

BhER = &
Associate Professor  Osamu YAMAMURO

We are studying chemical physics of complex condensed
matters, especially glasses and supercooled liquids, water and
aqueous solutions, room temperature ionic liquids, and clathrate
compounds. Glass transition is a mysterious phenomenon in
which supercooled liquids solidify without structural change.
This phenomenon cannot be explained by current physics.
Furthermore, glasses have many unsolved problems (e.g., boson
peaks) derived by their structural disorder. Water (aqueous
solutions) is the most familiar and important material for
humans and also exhibits various unique phenomena derived
by hydrogen bonds. Room temperature ionic liquids, found
recently, exhibit many interesting physical properties originating
from the competing electrostatic and van der Waals interactions
and the entropy effect due to orientational disorder of ions.
Our interest in clathrate compounds is quantum mechanical
motions of guest molecules weakly hindered by host lattices.
These substances are investigated from neutron scattering, heat
capacity, and dielectric measurements. Our aim is to find simple
(?) rules involved in complex systems from the three different
points of view, structure, dynamics, and thermodynamic. We are

also developing new neutron spectrometers and calorimeters.
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ERFEETERL L7 BILT 7 ZBEKMYORUEFHELANY M. ETRIL
F—REBENT AP FOTA ABLVBEDOBERE EBICHALTWS,
Neutron scattering spectra of amorphous clathrate hydrates prepared by
low-temperature vapor-deposition. The intensity of low-energy excitations
is reduced with increasing size and concentration of guest molecules.

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

2. KB KUEEYE (VXL — KPR E) OBEETAIFIVR
Structure and dynamics of water and related materials such as clathrate hydrates

3. BRAAVREDHRNZNMEEES(FIIR

Thermal and dynamical properties of room temperature ionic liquids

4. BEECEPROT AP FDIAFIIR
Dynamics of guest molecules in clathrate compounds

5. #UWHIEF2ER S HBET DR

Development of new neutron spectrometers and calorimeters
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Sato Group
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BEDWIEHIE LT £-Zn-Mg-Tb #E#E LREEAR RT3
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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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Atom and spin dynamics of quasiperiodic systems

2. BEERAN 7S A KL —KLTWEZAEY ROBSIZE
Spin fluctuations in geometrically frustrated magnets
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Taku J. SATO
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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 excitations 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.

1-Zn-Mg-Th Quasicrysal LAM-40 (EI = 4.59meV)
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Neutron scattering study on new materials with novel physical properties

. BEFEBWCH U WERFEDORE

Development of neutron scattering techniques
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Hiroyuki TAKAKURA

BEBBIR

Visiting Associate Professor

Structural knowledge is essential for understanding the
physical properties and tailoring application of condensed
matter. However, understanding of atomic structures is still not
enough for aperiodic crystals, especially quasicrystals. One of
the subjects of our current intensive research is the structure
determination of quasicrystals and structurally complex alloy
phases including approximant crystals to quasicrystals using
laboratory X-rays, synchrotron X-rays and neutrons. We
also develop structure determination method of aperiodic
crystals. As the future perspective of our research, we intend
to understand not only static structure, but also dynamical
structure of non-periodic ordered materials. We are in
collaboration with Sato-group.

P RHADIZENERE  Neutron Science Laboratory
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JrIN—zT EILTA

Sergey B. VAKHRUSHEV

NEABEHKIER

Visiting Professor

I was visiting ISSP for four months to cooperate with the
Professor Hirota's group in the field of the mesoscopic structure
of relaxor ferroelectrics and nanocomposite materials. We have
obtained new information related to the initial formation of
the region with correlated ionic displacements in the relaxors.
In particular we have carried out 2 experiments studying the
neutron diffuse scattering in the model relaxor PbMg1/3Nb2/303
(PMN). We have clearly identified the Burns temperature
(~635K in PMN) as the temperature of the arising of the
diffuse scattering both transverse and anisotropic. Analyzing
the structure factor behavior we have succeeded in showing
polarization and deformation related components appear
simultaneously. We now continue the analysis of the new data
together with those independently obtained earlier in the ISSP
and the Ioffe Institute. We also have performed small angle
experiments on several nanocomposite materials. We have
observed substantial decrease of the SANS intensity on heating
of the NaNOy/porous-glass system that in combination with
the other results can be tentatively interpreted as the result of
the percolation of NaNO; clusters. We made plans of future
collaboration with a special emphasis on the combined neutron-

synchrotron radiation experiments.
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The aim of MDCL is to promote materials science
with the emphasis on the “DSC cycle” where DSC
represents three functions in developing new
materials, Design, Synthesis and Characterization.
The MDCL consists of two divisions; Materials
Design Division (MD-D) and Materials Synthesis
and Characterization Division (MSC-D). The
Supercomputer Center of ISSP (SCC-ISSP) belongs
to MD-D, while in MSC-D there are six sections
for joint-use; Materials Synthesis Section, Chemical
Analysis Section, X-ray Diffraction Section, Electron
Microscope Section, Electromagnetic Measurements
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 structure 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 characterized. The characterization results are
immediately fed back to the synthesis and to the
design of materials. Through this DSC cycle we aim
to develop new materials with new functions. Almost
all the facilities of the MDCL are open to domestic
scientists through the User Programs conducted by
the Steering Committees of the MDCL.
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Professor (Director)  Yutaka UEDA Research Associate
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Professor Hajime TAKAYAMA
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Professor Zeniji HIROI Research Associate
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Associate Professor  Naoki KAWASHIMA Research Associate
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Visiting Professor Yutaka OKABE Research Associate
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Visiting Associate Professor Hiroshi KAGEYAMA Research Associate
B F e == B F

Research Associate  Jun-Ichi YAMAURA Research Associate
B F NE B

Research Associate  Isamu OGURO
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Technical Associate ~ Masaki ICHIHARA Technical Associate
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Technical Associate ~ Masayoshi KOIKE Technical Associate
gmErme WA W B EPImE
Technical Associate ~ Touru YAMAUCHI Technical Associate
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Technical Associate  Yoko KIUCHI Technical Associate
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Y. Ueda Group

BREEZ2 e, Hrar AtPin EizownT
Mex R FEHR T O L BiGE R E X G, 7
fi - TS, BRI WKW IC O Wi L, IR,
SRR, B - PUERT. BTAE VBIRA
ERE YR R T ERIL S OBFE A 21T > T 5,

WMIHARE CROEF IR, GRS nzyEE LT
F. (D)2 A MY — - =7 v FIg T2 £ 2 Xt
75 A kL —FRZRYWH SrCuz2(BO3)2, (2) FL Y AT
%o NaVaOs, (3)#E 1 Kotk NFY 7870y X
B -A0.33V205 (A = Li, Na, Ag, Ca, Sr, Pb), (4)¥Hl A
¥4 FERFAIRT 7 254 b Mn {4 RBaMn2Og. (5)
3RIL7IA ML —FRAE LAY, (6)KF %
A FRINFI T LB, REVBETFONDE, ZNH5D
PHICEWT, zhzh, (1)BEN) 7Ly FDv 4
7F =kt LWL 7 7 b —BR, (2)FiE n BT
B L O MK, (3) BT ER L ENFHRE
R, (4) BBl - PUBRT IR & SR E KRS,
(5)WBETRF DA A E v —84 TV AMHIERS & 1/
LA, (6)eBE—Ridms, 2L w2,

Y 7E =
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Professor Yutaka UEDA
B F TEH &8
Research Associate  Hiroaki UEDA

Our primary research effort has been focused upon
the development 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 nonstoichiometry, structure, phase transition
and physical properties have been studied by TG-DTA (DSC),
X-ray and neutron diffraction, 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 SrCu,(BO3), with Shastry-Sutherland
lattice, (2) novel charge order transition and devil’s flower type
phase diagram in NaV,05 with a trellis lattice, (3) charge order
transitions and pressure-induced superconductivity in quasi 1D
conductors f-A33V205 (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,
AVsOi6 (A = Kand Rb).

<
=
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| | i '
'w o | /
BEEMEAERE TEXR) &HBEBOBAR,
Physical property measurement system under ultra-high
pressure, “Oshitaro’, and the enlarged sample part. 0 2
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B-Lig 36205
B-Lio.33V20s @ E 71 — & B (P-T) 16 Ko
Metal AFLR.O : R#BM#F. CO. : BHEI
JH&EME. SC.: BEEHE, EAHICELDE
FEIBEIMZ Sh, BLEEHIEN D,
2BEOBEERENEET .

Pressure-temperature (P-T) phase
diagram of B-Lio.33V205. AE.L.R.O:
antiferromagnetic order, C.O.: charge
ordered phase, S.C.: superconducting
phase. The charge ordered phase is
suppressed under high pressure and the
superconducting phase appears. There
exist two kinds of superconducting
phase in B-Lip33V20s.

P (GPa)

1. BREBZaORAY. NILITMEYFEOER ERELES L CHFEOHRE
Synthesis of transition metal oxides and chalcogenides by controlling stoichiometry and phase equilibrium

2. BER LU XIRERT D2 DIBEREIC K BHBEREE DIE

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

3. BN - BB AL (L2 REEH L CEFHERIROMR

Study on novel electromagnetic properties related to correlated electrons

4. FEKHIE® RIDFIRADRFES & MBIHRAE T TOEMIC & 2F B DRF
Synthesis of new materials under various conditions including high-pressure
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1. RAEV T SRCHFTBHEERET 1 FITR
Phase transition and dynamics in spin glasses

2. 8F (TYFL) REVRIEKFZ2EFHEER
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Professor Hajime TAKAYAMA
B F AR FHHE
Research Associate  Yoshihide YOSHIMOTO
B F =/l

Research Associate  Yusuke TOMITA

Mainly by ‘numerical experiments, we are studying peculiar
cooperative phenomena in various complex systems. They
are randomly frustrated systems such as a spin glass where
ferro- and antiferro-magnetic interactions are randomly
distributed, random quantum spin systems where the interplay
between randomness and quantum nature plays a key role, and
nanoscopic magnetic systems where the finite-size effect is of
crucial importance.

‘Numerical experiments’ here mean that “we look at nature
created by a microscopic, theoretical model by means of
methods of computational physics” They are powerful methods
particularly for studying random systems and/or finite systems.
By developing new algorithms, by which complex systems can
be efficiently simulated within available computer resources,
and by making use of appropriate models and algorithms, we
have found various new phenomena and/or mechanisms such as
glassy dynamics in spin glasses, a peculiar freezing process in a

magnetic dipolar cube, and so.
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‘From-edge-to-interior’ spin freezing in a dipolar cube
(system only with the dipole-dipole interaction). The
lowest energy spin configuration in a bulk cubic crystal has
the continuous O(3) symmetry, which is reduced to the
Z, symmetry on an edge of a dipolar cube. We have found
the following spin-freezing process which is attributed to
this symmetry reduction: first freezing of edge spins (d),
growth of magnetic domains from the edges (b), inversion
of some domains (indicated by a circle in (c)) to reach the
lowest energy multi-domain state (a).
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Quantum phase transition in quantum (random) spin systems

3. T/ HBEGROEBEBHRRERET A FSIR

Phase-transition-like phenomena and dynamics in nanomagnets

4. BHBRICHT 2H U WGEYIENFEDORR

Development of new computational methods for complex systems
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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>O7 and AOs;0¢
(A =K, Rb, Cs) which crystallize in such a three-dimensionally

¥ CdzRe207 % AOs206 (A = K, Rb, Cs) icB\»THizzic  frustrated lattice. A
SV 5 SV
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Superconducting transitions observed in resistivity for the T /// % 2
B-pyrochlore oxide superconductors AOs;Og. The T¢is 3.3 K, 6.3 74 o] S
Kand 9.6 K for A = Cs, Rb and K, respectively. 05 1?{;(-‘; 20
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A2 7T —~ Research Subjects

1. HIULWEFRAEYRROBRERETFRYE DR

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

2. KF v UTEAIC & BEERETFROYMERIE

Photocarrier injection to strongly correlated electron systems to control their electronic properties

3. BRBEEHS
High-Tc superconductors
4. REBHEEERR U EEREEREOER

Growth of large single crystals and thin films of transition-metal oxides
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Associate Professor  Naoki KAWASHIMA
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Research Associate  Takafumi SUZUKI

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 quantum spin, boson and fermion models defined on a
lattice, and solved several problems. For example, we extended
the cluster algorithm to novel models that cannot be expressed
as a simple Heisenberg model, such as the bilinear-biquadratic
model and the SU(N) models. The bilinear-biquadratic model,
in particular, is a recent focus of attention since it may be the
model of the super-cooled atom system trapped in an optically
generated lattice. Besides the quantum models, we are also

working on the classical frustrated systems, such as spin glasses.
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The VBS state that appears in
the two-dimensional SU(N)
Heisenberg model. A darker
line corresponds to a spin pairs
with stronger correlation. In the
model with the fundamental
representation, the VBS state
becomes the ground state for N=5
or larger. For N=4 or smaller, on
the other hand, the ground state is
the simple Neel state.

T —~ Research Subjects

1. FILWEFHORREEFHRARR

-0.1
-0.1 -0.05 0

V B SREICH T 2HFEMOHRER NG, BH#d x FAOY (Y-
FRH. it y AAOS A Y —HRFERICHG U, REARWNIEHE
BENBVIEETRT,

The probability distribution of the dimerization order parameter.
The horizontal or vertical direction in the figure corresponds to the
dimerization in the x or y direction, respectively. The brighter red
indicates high probability.
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Search for novel states in quantum systems and quantum critical phenomena

2. ZHMBORBREDRR. FKICEFEYTHILOEDHFEDRF
Numerical methods for many-body physics, in particular, new quantum Monte Carlo techniques

3. REVI SR
Spin glasses
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_[AI; w = #R  EA
» BERF ﬁﬂ I:IB =
Iﬂ i:' m j_u % Visiting Professor Yutaka OKABE

Okabe Group

HIBBHRICB TR =) v 7 OME»EETH The concept of scaling is important in phase transitions. I
20, FUFAERTIA L= avDH B 2O study the scaling properties, critical phenomena and dynamics
BORr—Y v S OWE. BRES. 205437 of phase transitions for random and frustrated systems. The
HEEPIEL TV, IETFELE LT BIKET 7 emphasis is put on the computational physics approach; the
B F e dc, AR A TR (V22— algorithms are explored. For example, I have recently proposed
V) KARZBOTEY, FiLeEryTAHre7La the algorithm of nonequilibrium reweighting, and examined
Y ALPRELT7T VT AL DT R ERHEHEL Tw the Monte Carlo algorithms to calculate the density of states. I

%, BARMZRELE LT, i, JEFH reweighting ¥ also investigate the scaling properties of the diluted XY model
OFIE, REEELZRDZEYTFALTTLTY RLD and the Potts model with next-nearest-neighbor interactions.
Batafiv. 4. BERXY 7. JOF BJ‘HE{’FFH@ Moreover, the hybrid algorithm for the dynamics of nano-
HBERY VEFALEERCBTZ2Ar—) v JoE
/@ﬁ%@ﬁ%%ivﬁx:%ﬁéﬂﬁvaP&®
JBHL 22 fas A 7 A DGR £ &2 FONTTw» 3

development of new Monte Carlo algorithms and optimization

magnets and the mean-field theory for the exchange bias
phenomena are studied.

)b

)

=

YRR Materials Design and Characterization Laboratory

Iilh ERBE (=TS
w’l Visiting Associate Professor Hiroshi KAGEYAMA

d"’ﬁ

KageyamaGroup
YREEodLT —< i, MESHREEZHWTERSY The research of my group directs the development of
IF 4y I L LRSERRE L. BN (R, topotactic low-temperature synthetic routes, such as ion-
BAUZH, el (A VR ) REET S LIC exchange reactions, redox reactions, for the rational design

of new inorganic compounds that have improved or new

H5, Fio, A4 VIEICK) ChETIKE DX
S5 JEL 2 = - - N 5
TCEME A 2SS Z LI L T 5, ZOTFEOHEIE, of layered perovskites are useful to create low-dimensional
JRENED RHAD> & T O REMEA DY (IO A % B 2 ) magnetic systems, as metastable phases that are not formed
Fonzs L, miit 7 Iy 7D LX) ITHEH DR by a conventional high-temperature reaction method. Among
DIRBPREBRICHES T (T2 GE(LEE»T 3 the advantages of this method are (i) magnetic materials (e.g.,
302) EHEIC BRI S TE 2 L. BRSSO (CuCl)LaNb,0Oy7) are obtainable starting even from non-
A SR SRR P A KT R P D RGP 12 % - magnetic precursors (e.g., RbLaNb,Oy7), (ii) one can design
FNZASNDZERETHD, TNFETITA A v 3ZH
R~ 727 4 b (CuChLaNb207 D 2 &> iR IRAE, obtained ion-exchanged materials are generally of high quality
(CuBr)LaNb207 ® A + 7 4 7+, (CuBr)SraNbzO19 D and are stoichiometric, in contrast to (de)intercalated materials,
13WAb 77 b =% ELHRBIRERWE LT, Ths so that one can investigate the low-dimensional magnetism
DBE DR DIZ D, WA 4 v kD AR, Fi- whose properties are known to be easily destroyed by a tiny

BRI — F ORIE 2 B D T B, amount of defects. To date we have obtained, for example, a
series of S = 1/2 square-lattice antiferromagnets with a range

properties. In particular, we found that ion-exchange reactions

magnetic lattices of interests such as square lattice and triangular

lattice in a rational way, just as molecular chemists do, (iii)

of physical properties including a spin-liquid behavior in
(CuCl)LaNb,0Oy7, a stripe magnetic ordering in (CuBr)LaNb,O7,
a 1/3 magnetization plateau in (CuBr)SroNb3O1o. Such strategies
can be expanded to obtain multi-magnetic-layer systems, and
inorganic-organic hybrids with potential multifunctionalities.
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) PG (Materials Design Division)

CORR RN

Supercomputer Center

1. ZELEFMHA = —arEa—%

HRIRRE CREEYEY SR O A — N —a v
Ea—%LAFL%, A——av¥a—¥HEAMNHZE
H20H® IO & 2E oY EEE O LA It L
TWw3, BEDY AT LIF R 17E3 HICHFTS N
DT, HERAICTK D EG S — F ARG 2 $5 o 3B
(Hitachi SR11000 model J1/48) & &\ #AULBRBE 11 % +5
DBEA WA ERE (SGI Altix3700Bx2/1280) %1% &
LAY AT LTH D, KBTI, VAT LDRY ¥ —
LB L o m gL AT AR HERI T 2 & L b,
BEL—FLSOMHRIIGT2HEL T, AT LDE
MW ZT>TWw3, A—"—ay¥a—%ORHHH
22 W Tk, b —24& <= (http://www.issp.u-tokyo.
ac.jp/center/) ZZHI N\,

The Supercomputer Center (SCC-ISSP) operates a
supercomputer system, which serves all researchers on
condensed matter physics in Japan with no charge through
User Programs supervised 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 processors (Hitachi SR11000 model
J1/48) and another system of sparsely connected processors with
high total arithmetic performance (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 SGL

IS5P Supercomputer System

o 5\"5[_9“1 A Front-and WS
0 HiMiSRIIUUUMﬂd&UU“-‘ |—|mmm
| g T L k. Jonga |
= [

OO0 00 00 (-

bE SWITCH

B Y FE EF {& Chairperson : 0. SUGINO Bh F FH FE Research Associate : Y. YOSHIMOTO
B Y% 8 JI|E [EFE Contact Person: N. KAWASHIMA Bh F EH #/" Research Associate : Y. TOMITA
B2 Y% mEe 5 —  Contact Person : H. TAKAYAMA Bh F $5K RS Research Associate : T. SUZUKI
Bh £ HAH 2fE Research Associate : Y. ISHIDA
BMEFBE KH 1T Technical Associate : H. YATA
B i B B fBHE ZXEK Technical Associate : T. FUKUDA

2. Ny b7 — 7 B

ARETIE, WEHZEHT LAN, BX U, BT A =19 —
N, 77 AN =N, WWW H— N (PR — 2~ —
¥ http://www.issp.u-tokyo.ac.jp) fho &K — "D
HEH 21TV, RYEBEEZ GO HTNICREE L Tv» 5,
MRy P — 7 TREERYEX Y VA Ry PU—
7 (UTnet) ZJ@ L 724 ¥ ¥ —3% v b NOEHRDI-D, 7 7
A7 4 —NVORE, BFA—NVIHETEI7A4VADOK
HERE, VA NVARKY 7 77 DR DA 7%
EDEX a2V T4 NEEfT->TWS, £/, FTINTHD 2
YE2—FBLUNRy 7 —7BRD QKA. T L EREH
AT L EOEEOEM EFE, Aok 7o T
WWREINIREL - =7 ) v Y OEHR L EDBT-T
W3, 5 NERIBREB 2O N T, YR — L X —
. UMEE, 77T 4 ET 4L R— R EOETE
WMOMNEEHZIT> TV 5,

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 of the ISSP, which is connected to the internet via
UTnet (the campus network of the University of Tokyo) by, for
example, monitoring electronic traffics for virus infection and
by distributing anti-virus softwares to in-house users.

SGI Altix3700 Bx2/1280
7.7TFlops 1,378

System B

YHERRRATHRAIAZ —/¢—3
YEa1—9 Y RT LB
The Supercomputer System X—/\—=3YtEa1—-% 2RXTLB

(SGI Altix3700Bx2/1280)

imstitute for Saiid State Physics, tniversity of Tokve ot the SCC-ISSP.

The supercomputer system B (SGI Altix3700Bx2/1280)
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YIE AR » BEEE (Materials Synthesis and Characterization Division)

P & Lo b=

Materials Synthesis Section Chemical Analysis Section

B Y 8 EH ET ContactPerson: Z HIROI B Y me FH B Contact Person : Y. UEDA
HiMTEME JEE [EE  Technical Associate : T. KITAZAWA ¥ fif BB 8 KRN BBF  Technical Associate : Y. KIUCHI
HRMTEPBE /vt 1IEZX  Technical Associate : M. KOIKE

BINEPIBE KRS8 1EZ  Technical Associate : M. ISOBE

ARETIE, FEDOEKR, BYEO B, HR5 & AETIE, PEIRICER ZWEHIZ O T oir
R EMEHRABO G Z2IT>Tw s, £/, KRS PH L CWHD I TEOBGE S K MEANTIRIC K 2
i P S 0 R RO, SURKRIEIN T 7 & 2 BT At ME oS KOG 21T ) L, FEE - o8 - L

DILFEF AT & LT L TWw 5, BB D % AR 2 BTN O SEFRMANICHE L T 5,
The main purposes of the Materials Synthesis Section are to The Chemical Analysis Section is engaged in determining the
synthesize new compounds and to prepare well-characterized chemical composition of specimens and in purifying chemical
samples and single crystals of various materials. Various kinds reagents for preparation of high quality specimens. The
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.

FERF

TJO0—FT VY- VBEEBRIF. BRI LA SBERF (K TELE
MAKXTY Y I VIR, T3 v I RIR, P—UBBIE. U2y ME). EEEFEYE— XAV O7F S ¥—, FERESEART AV
BZEEKEEE (100 Torr). BEYIMTHE HAESHDEE, REEME. EFRT. BEEEXEERE. MESR. B4
Main Facilities EREEE. MkEEREE. RiGrmie

Floating-zone furnaces, Czochralski pulling apparatus with an Main Facilities
induction heating system, Bridgman-type furnace, Ar-arc furnace, SEM-EDX/WDX, ICP-AES, Microscopes, Automatic balances,
Furnace for flux method, Ultra-high vacuum deposition apparatus, Potentiometric titration apparatus, Various apparatuses for sample
and Cutting machine. preparation, The system for preparation of ultra-high purity water,

and Freeze-dried machine.

B3| LA EEBFBEUE—XBYA I O7F 51 F—
Czochralski pulling apparatus with an induction heating system SEM-EDX/WDX
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X-ray Diffraction Section

# Y B 8 FEH ZET Contact Person: Z HIROI

By F |5 JE— Research Associate : J. YAMAURA

BRI M 2 7R W E O FIFE LRIl I 35 v Tl K
REERNT I3 CHERMEZ H0 2, AETIE, XK
[HH7 2 T HTRE OFS ERHE LIRS X 5 HEA
b7 EWEREOWE 2179 Lz, TNt oigiE I
xf L ChEaR R o fik, e 27> T 5,

The main purposes of the X-ray Diffraction Section are
structural analysis and identification of the powder and
single crystal specimens for solid state physics. By using the
4-circle diffractometer equipped with the warped imaging
plate diffractometer and a refrigerator the structural analysis is

performed in the temperature range of 7-300 K.

FERE
EE X REHTEN A X =Y T 7L — MREXREHE R XREH
KB, DUINXZ. TARYNILTAXS

Main Facilities

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

: A S

BERAA X —J > 77 L — MR XHRETE
Imaging plate type X-ray diffractometer for low temperature application
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R EiE

Electron Microscope Section

B Y me FH B Contact Person : Y. UEDA

rWmEME WER LM

Technical Associate : M. ICHIHARA

T BB Y E D BHIERHE D G /1 7% FBTH 5.
AETIE, BTRLVAVTOBRGZEET 570, &
IIIRRETE & ST o T T AR 2 A WE OB
MREENE 217 9 & Ieic, Bz TNt FIATIpEL
HFFHPIZE DI 217> T 5,

The Electron Microscope Section supports electron diffraction
measurements, lattice image observation and microscopic
analysis of various solid materials, both crystalline and non-
crystalline with atomic-scale resolution, by using a high-
resolution electron microscope and an electron microscope with

an X-ray micro-analyzer.

B
200 kV BEFfRBHEOMEFEHE. R -
E—LEKE. EEARMERDOIHDELZ DEE

mafly— ERAA Y

Main Facilities

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

200 kV BHRBHF DT EFBRHME
200 kV electron microscope with an X-ray micro-analyzer
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YIE AR« BEEE (Materials Synthesis and Characterization Division)

PR S E o I

Electromagnetic Measurements Section Spectroscopy Laboratory

B Y 8 K ZFIA Contact Person : Y. IYE B Y BF 2 HBE #< Contact Person : H. TAJIIMA
B Y% mE Il Contact Person : M. TAKIGAWA B Y e Kt Contact Person : T. SUEMOTO
# Y B 8 FEH ZET Contact Person: Z HIROI
Bh F IN\NE =B Research Associate : . OGURO
KETIE, WHOIEARIEE T H 2 BRI AIEE WHITED & 2 6 AME ids 2 i 2. AT/ o LR FIH]
Z, WMEE X WSO IR GHIICHO > THIET 2 & & gL T3
Z | I
iz, WOSCRFENE R, PIRRHENE R, MG The Spectroscopy Section offers joint-use facilities for
Fi7e E DR 2 TN OIFRAICP L T 2, standard optical measurements. The facilities can be used for

The Electromagnetic Measurements Section offers various measurements of conventional absorption spectrum in the UV,

e . . . visible and IR regions, luminescence and its action spectrum
facilities for measurements of electric and magnetic properties glons, P ’

of materials. The followings are types of experiments currently and Raman scattering.

supported in this Section: electrical resistivity, magnetoresistance

o . E
and Hall effect, magnetization, magneto-quantum oscillatory TSNS AR 5T AN R
R I als 71 Iz als =.al~ =
phenomena, a.c. susceptibility, magnetic torque, and NMR. LR L —H— SR

Main Facilities
. UV and VIS absorption spectrometer, IR spectrometer, Raman
BRI spectrometer with Ar ion laser, Tunable dye laser equipped
15/ 1 7T7RSBEEI TRy M RAT7UY NS FISBRENS
Xy h NUDTLTY-), RBAHABEECAIEEE (VSM), 16/18
FRoEH—BIRETY Sy b (NMR). SQU | DB{LEIEEE (MP
MS). SREYERAEEE (PPMS), ORIV EBRETY IR Y ~

with excimer laser, and Monochromator and related electronic
instruments.

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.

BERIEEEE ' SRS
SQUID magnetometer (MPMS) Spectrometers (Room A468)
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International MegaGauss Science Laboratory

WG CTIE SV A7 2y FEHOTHE &
[ % FE 4 U KR4 e (CRER A S8
Mtk &) oMEE2ZEMS ¢, ZOETIRE
BTV B, VARSI, 80 727 (E
Mg R ) ¥ COIEMERIREES & 100 7 &
7 LA 1600 7 A 7R (BN FUR RIS A)
ECHRETE ZMIER (& a A ViE, &
M) b B, B IKE YR (BX
BE, K, WHER ) 2w, hofiR
VIEREL (R, R & HAGHE L FEEP
ENA DR GE 7 h3E E T 2% &I
HEFEMAMR E L THFE LT3, HRRKD
ERFEER 210 M) ZHW#a v 7L R
(1~ 10 BFE) SIEIE 100 7 R 7 W4
DEFEDHED T 5, HBH ORI E Tl
IS & v ) BEHRIREETOR L Wtk %z
HRT 2R %> T 5,

IRIRREENICRKBE LU "EBRUBMEE) ICL2BBHSGHRERSE, £
PNBISFREEEB & U TR HRRS 600 7 XA ZROHRERERFTL T
W23, FMCEDAIN. WY1 NCERBIBRET TR Y MY b
Nd, EAAMINICEE XAV 21 —ILOEXIVFYH—EBRHIS 40
FOMRILS, 600 A7 Y RTZ DERMNMEATE %, WiHHRERREIEY
A OBORKETHD. REBRICILEEDADIEHWIEIN D 2O,
TRIBEG ) UL ARG RERBE TH D, BIALUEPRIBETIZLH
EREOYMERRICFIAS N TWS,

An ultra-high magnetic field generation system for the electro-
magnetic flux compression method settled inside of the
protection house for explosion. The system has generated over
600 Tesla, which is the world record as an indoor operation. A
primary coil is settled at the center sandwiched by two seed coils
aside. The 5 mega-joule giant condenser bank power supply
injects 40 kilo-volts and 6 mega-ampere current into the primary
coil. The operation is a pulse mode with duration of micro-
second order. This is called a destructive pulse magnetic field
generation system since the coil and surrounding materials are
destroyed after a shot. This system currently serves for magneto-
optical measurements and magneto-transport measurements for
solid-state physics.

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 (the world record
of the non-destructive magnet), and from 100 up to
600 Tesla (the world strongest as an indoor record)
by destructive (the single turn coil and the electro-
magnetic flux compression) methods. The former
offers physical precision measurements (the electro-
conductance, the optics, and the magnetization).
The multiple extreme physical conditions combining
high fields with ultra-low temperature and ultra-high
pressure are also available, and are open for domestic
and international scientists. The magnet technologies
are intensively devoted to 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
nondestructive magnet. Whereas, the latter facilities
(destructive ones) are oriented for developing new
horizons in material science realized under such

extreme quantum limit conditions.

¥ 8 (%R B IEZER B F
Professor (Director)  Shojiro TAKEYAMA Research Associate
B B 2B E— B F
Professor Koichi KINDO Research Associate

RKIEFIHE

Technical Associate

& T B 8B

Technical Associate

& i BB

Technical Associate
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Takeyama Group

IR 7 AR R T b 2 BGIRMME S — & Z a4
WIER T2 A B A7 A8V ARG FAERRTE 2 4T - T W
%, BNTRIMFRGKSEELEZFERHL TwD, £,
D& nETHREET coPENE FEoMA L &
HIZ, T EIERWEOWMEEHI & T & #E L TWv 5,
HAEN B F B2 FI T A DA AGEIECHBLT 28 L
WYIEMOBER L EVMEDE OB ZED T3,
5 A 7" 11 7RG T O {5 5 B G RS B ik 2 9 SO o7
A=KV F ) Fa—=T %I BEES 7 NT ) 7 - R —
LR ONCAARBIA, IR E A Mk E
BN R E L CHBHEY T THEBIT - H - A Y
¥ DG LA YR B SRR A S %
BR% EZBERL T 5, BHERES N TREIRES
NTVLERTFR—X - T4 vy ay A4 vEEHO A
EEALEZMES, 779 AL —FETRAE VRO
B 7 7 7 7 —RlHEIC X B EAMEE DfEIH 722 & b A L
Tw3,

g

: [s207]

Current (MA)
l‘n} L
(L) piey onauBep

g

Time (us)

BHEBEIBARSRERBRCHREPORIANOER, HIACILEZAW
3MIIRILF—HEATD 520 T OHBREZRR LY 77y TACILDE
SEATISANICBROBEZELZTRY,

The injected primary current and a pick-up coil signal showing obtained
magnetic fields up to 520 T. A backdrop is a picture of a newly designed
primary coil with an inner wall of a cupper sheet employed for the electro-
magnetic flux compression techniques.

A2 7T —~ Research Subjects

1. BURENGESEIS R A & YISO MR

Sk 1L f e 52

FE RS ERRES B AUIFEERE  International MegaGauss Science Laboratory

B g Bl EZER
Professor Shojiro TAKEYAMA
B F NIE R

Research Associate  Eiji KOJIMA

Solid state magneto-photophysics involving photons,
electrons, spins, and their complex states is our main research
subject realized in semiconductor and magnetic nano-composite
structures and in ultra high magnetic fields. Our main scheme
is the magneto-optical measurements, which are used for
clarifying various phenomena governed by electron correlation
and many body interactions. Our materials of research cover
type II quantum structures (high density excited states), carbon
nano-tubes (optical detection of Aharonov-Bohm effect), dilute-
magnetic materials (spin related phenomena), and the spinel
oxside (a frustrated spin system). Magneto-optical properties of
the exciton complexes, such as a charged exciton, a biexciton,
and multi-excitons as well as the exciton Bose-Einstein
condensate are the targets to be elucidated by means of the

linear and nonlinear magneto-optics under ultra high magnetic
field.
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—BZAAIETREVICHISREZ SISO T 7 57 —MEES, 120 TR
BETAEY 1/2 75 b —"DOEI—REGEBIEA SN, AEIXIDRDOR—
JURE 12 K LD{EVWS K TiTo T

A waveform of the magnetic field obtained by a single-turn coil and the
Faraday rotation signal through the sample. The first order transition to the
spinl/2 plateau was successfully observed at 120 T at 5 K, which was well
below the Néel temperature T (=12 K).

Developement for destructive ultra-magnetic field magnets and solid-state physics measurements

2. BEENXREIRE TORIILENE

Magneto-optics of high-density optically excited states
3. A—MRVF/Fa—TOBTNE

Magneto-optics of carbon nano-tubes
4. FERIIGRE FAER

Exction correlation under extremely high magnetic fields
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Kindo Group

W ICRIEI N a vy F oy —FEiRE2 T, JE
BV ARG R FE L. 2 OBRGY T CREE R il
ExITI . MRA ZHBIIGU T, RRE VA2 T %y
FOFAFEZITo TR D, BlfE, 2 — — ST I 6E 2 ik
B I LT O " HEHTH 5,
(OPEER WAV S/ S

KW 70 7 A 7
@uv 7 rsVAR T 3y b

RAREY; 656 7 A 7

Ya— bV AR S 2y MRFEICIESEOMALHIE I
oo, vy 7 0LA< 7 2y Md&EiE o ikl
EB X OHAIRTIHIE 2 ST vT w3, Mpfges ol
fEI -~ 7 2y MIIEMEE OV RS oA G2
BEHLTBY, BED 100 727 DFE%E HIE L P%
ZiToTW3, £7. PR IS X b 4 A4l <
o v 78V Z SR EENC 0) 7 BT FE S AT -
TWw3, ZoOgHHE, MBRAD7 74 K54 — L EE
WFEEZERE L THWE 2 ET/OLRIER T~ 10
BowstExBiET b0 TH %,

TP D AT TR & o SR I Kk D AR 4
NV A= 7 %y PORY - G217 ->Tw 5, R,
SPring-8 & H:[EIBHFE % 17 o 72 HRREES T X Bl 7 0 o 25 1
BRIIDIEY 7200 EDTH S,

e .
| g = 79 g

VLV AIRG ),

VAR 30 3 ) D,

SPring-8 @ BL19LXU p—
ICERBEI N/ AR L
B XARETAERE
NEE,

for X-ray diffraction S8
measurements under [
pulsed high magnetic
field installed in the
beamline BLI9LXU at
SPring-8.

AT —~ Research Subjects

1. BFRAEYRYE DHIEMR
Study on magnetism of quantum spin systems

2. BHEBECEYME ORI L EEDE

a7

FE pEnaE R AT 7 3% International MegaGauss Science Laboratory

B #® £E E—
Professor Koichi KINDO
B F 158 R

Research Associate  Yasuo NARUMI

We carry out precise measurements under non-destructive
pulsed high magnetic fields that are generated by capacitor banks
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. A four-year project has been started from 2006 to generate
long pulsed field with the duration of 1-10 seconds by use of the
largest DC generator equipped with flywheels.

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.

LSCO on LaSrAlO , substrate LSCO on SrTiO; substrate

600 T T T T 800 __l T T T T T
500l y=0.11 em-.\—U.Il
00} i Lr-175K
3oop 17304 a00]
200 ~
100 2001
: e =
200 b Xx=0.15

FT=259K

Resistivity (ucm)

i I i i 1 r 0 i i i i i i
0 10 20 30 40 50 &0 70 0 10 20 30 40 50 60 70
B (T) B(T

70T YT %Ry N &K 2HSIEHUAE DA,

An example of magneto-resistance by use of a 70 T magnet.

Study on magnetism and conductivity of strongly correlated electron systems

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

4. BOYTINIVAR TRy ~ DBRF
Development of ultra-long pulse magnet
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Y O EAMNR R F 72 13 IER SRR I X D EEO

Supporting Facilities

We have various facilities in order to support
research activities. Cryogenic Service Laboratory for
supplying liquid helium and liquid nitrogen, Model
Shop for various machining, Radiation Laboratory
for the safety in experiments that utilize X-ray, y-ray
and radioactive materials, Library, Stock Room
for supplying common expendables, International
Liaison Office for supporting foreign researchers,
and Publication Section for advertisement and
publication. In each facility, several stuffs are working

under supervision of corresponding committee.

BTN S,

[

ERZEER
Chairperson
Cryogenics service

THERER

Chairperson
Model shop

BEHREEEER
Chairperson
Radiation lab.

MEZER
Chairperson
Library

EBFEER (AhvIIL—L)
Chairperson
Stock room

ERREER
Chairperson
International liaison office

RHREREER
Chairperson
Publication and advetisement

HWER &RER

Toshiro SAKAKIBARA

KT

Tohru SUEMOTO

=fE #B5

Toshio TAKAHASHI

TE B
Koichi KINDO

B E=

Zenji HIROI

=E B
Minoru TAKAHASHI

Bx =5

Shingo KATSUMOTO

® T B B TE X%
Technical Associate  Hikaru TSUCHIYA
wwwme EBU BT
Technical Associate  Reiko SAGIYAMA
rmEMRBE @ BE
Technical Associate  Kiyonobu OKABE
R =] s =
Technical Associate  Jun YAMAZAKI
WrzEmes SH B
Technical Staff Tadao IMAI
wExEmEs BEA FE
Technical Staff Yasumichi ENOMOTO
WrzEmEs NE #H-
Technical Staff Seiji MURANUKI
giiErMme BE BN

Technical Associate

Kiyokazu NOZAWA

t* £ EE 2%
Administrative Staff ~ Rumi WATANABE
- mms BX BT
Administrative Staff ~ Noriko SOGA
EBEHES m+E ®=F
Administrative Staff ~ Hideko AIZUMI
EBRMEER B8H #TF

Administrative Staff

Rifi#ESR
Technical Staff

Akiko KAMEDA

ax #o2

Mizue ISHIZUKA
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Cryogenics Service Laboratory

EREBER HE {LEB Chairperson: T. SAKAKIBARA
EiWwmE B X
B B 8 EIL T Technical Associate: R. SAGIYAMA

Technical Associate: H. TSUCHIYA

IRAL R 3R~ 7 & LR SEEZ MG L. b
HCERREMICBE T 29— E 29 F v VR AL EDE
HEAAR Y ROBEHLIT5 T w5, WE~NY 7 L1E3Y
MR IcHET, FREPEEICHEBEIN S, EFXKL
e AR AFEI L, L CTHIRGICFIT T %,
2005 FEEDWE~NY) T LD EER EMBRR ZNEF N
312,000L, 228,000L T& %, WIKEFRIZ/EH X D I

L. L Twv 3, 2005 4 B D W 4 % 5 o i &
666,000L & 72> T\w 3,

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 2005 fiscal year, 312,000L of liquid helium was produced as
a total and 228,000L was supplied to the users. Liquid helium
is transferred from the 6,000L storage vessel to various small
storages with the centrifugal immersion pump system. Liquid
nitrogen is purchased from outside manufacturers. The supplied
liquid nitrogen was 666,000L in the same year.

FEXRRE Main Facilities

A LHEREEE (U >F) Helium liquefier system (Linde) 200L/hr
BAENY D LEE Liquid helium storage vessel 6,000L
REEREE Liquid nitrogen storage tanks 20,000L
EMREAY 9 LA ZEfE  Helium gas recovery compressor  190m3/hr

BEEAANY I LA ZRSE Liquid helium transport containers

500L, 250L, 100L etc.

BEORAAY T LRERY T Centrifugal liquid helium pump system 20L/min

e N :
AU D LRI, FES & CELNRSH TR 7
Helium liquefier, storage and transfer system

Chairperson: T. SUEMOTO

I#E8R KT
EMEMREBE I BE
- = 1] - =]
mrzEmes SH B

Technical Associate: K. OKABE
Technical Associate: J. YAMAZAKI
Technical Staff: T. IMAI
riEEE AR ZEIE  Technical Staff: Y. ENOMOTO
HEiEEs NEB EF T Technical Staff: S. MURANUKI

TAEEE, Wk ERALZET 2 TEMOMIT., #7EH
DRt dH 5 H0E MO ZORR, 2 L CHEE
HETOMWBE LM ERTH> T3, $7, WIEEHS W
FNC AR B TAE % 4T 9 720 DR E TAEE b 3%iE
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.

TERE
HRIEE  b@Etlfvy=>vrteryy—. NCHs,
BT S R, WEMIH
AZATHE  AZAEE. Yy 7ILBBRUF,. BERINIE.
TAVEYRNYRY —
MRETE | DhRElEE. BREER, 7518, R—)L#

Main Facilities

Machine shop: Five-Axis Universal Machining Center,

Numerically Controlled Lathe,

Numerically Controlled Milling Machine,

Electric Discharge Machining Tool,

Lathe for Glass Work, Polishing Tool,

Ultrasonic Machining Tool

Supporting Machine Shop: Universal Lathes, Precision Lathes,
Milling Machines

Glass shop:

NC Hefiic & B1F%
Numerically Controlled Lathe
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Supporting Facilities

JECH SR B

Radiation Safety Laboratory

] 5t 52
Library

HEREBEER 35 BE  Chairperson : T. TATAHASHI

EMEMBE BHE HF]  Technical Associate: K. NOZAWA
(BETHREUR EEE) (Radiation Protection Supervisor)

JCHRE B X, TERR T IS B 2 O EYE (U
ERREE 2 &) LR ERE (XHEEEZE
) ORI > T BB O R E 2 Bk L.
RErRT 2 L2HNE L TREINTVS, 20D
7o BRI B b 2 2 22 U SRS B & L
T, BOVEYE R R s A R E O BB . 2RO
BEIRICHE ) T & . BB BT ICH T 2 U B
WMEHEOER, BEHRE X OMEIE, XREE
S5 D S WIRRAT O S S OV U R EUR B DB < it ok
B EEEZWT D Gk, OB O BB AME 217> T
W5, E£7, Y=EiiE, U, Th & £ OIEEHRREE
% 22Na FEHEZ Fl\ O 79870 £ 95T & 2 HBRE 0%l
B (Xfzat) milidziiTws,

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
radiochemical operations by use of unsealed U, Th and sealed
22Na source. Various types of survey-meters are provided.

FEHE

tZEERE CGEEHNZMREMEZBR TR 2YIERFRETE—DEER
=), RYMAOVERE (PNa BHgREBWEERY hOYE—LAlC
K BEBRHITZ D). BEAREET. Ge XEMNRHER. o RBRHIE. RIE
VUFL—=—vavhorvid— KEY—RAX—F—ZF FEREZE (\
YRI7YRNIAREZY —IC K BFROMER

Main Facilities

The rooms for radiation experiments and radiochemical
operations (unsealed U, Th and sealed 22Na source), various types
of survey-meters, and, 7ch hand-foot-clothing monitor.

NYRZYhIAREZS—
The 7ch hand-foot-clothing monitor

HEZER £8 — Chairperson: K. KINDO
% £ JEE BEZE Administrative Staff: R. WATANABE
— % B 8 =3I HF  Administrative Staff: N. SOGA

P PERF SR T = S X RS ATE S 2. 0 HIZ i o, Bt E
FEOMASLKEGEDOHE L & bic, 2EOHLFEFH
WRE Do, YEREZ L & L BB % %5008
L. FIAHI#EL T3,

FIERHEA v ¥ —F v b TR TE 2, PIEERD
HIZHEHERFENTRHIN TV E2ETFY v —F L%
F—=F X=2DHHTE 3,

F 7 ARPORE RN D W X XEARRFIAH A I X 53¢
MEE, BIMEHY —EA 2T WERORMICE D Tw»
%,

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

=S
[ : 783m?2
BEHK 159,561 f (FRk 17 EERIRHE)
(£%E 54,679 . = 4,882 . &AMIEEZSD)
MEtESEE (7151 CEMEEe2] B MM 941
FERFE ©¥H 9:30-17:00 (KFEAFIA 6:00-24:00)
EEFEH 1247 (WS8EFLAN T —TF )L, BRIVEY REE)
RERAWHR 48
e 134
BE HEEES
BB (3N GERmmBEED)

http://www.issp.u-tokyo.ac.jp/labs/tosyo/

HEE
Library
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AbwZI—24
Stock Room

International Liaison Office

EWMEBR FEH ZET Chairperson: Z. HIROI
EH@MmES PU+H{E TEF Administrative Staff: H. AIZUMI

ALy 70—, [FEEERA, B2, R e &
BRICIE L T E 2k, 2 ot E R Eodt
WY ZE Z AT 5, MEEOMEEZX 5 720 HHEA
WHLY AT LZ2HOWT 24 RRA -7 LTE), HE
Y E BED D I AT § 5 2 L3 TE S, A
EixEed, — S TATFRESG TR 0P, —f
BAICED AN TEIUMBTERONRTH S,

A H LAt IE Y = 7 R—=YTHIHTE 3,

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 list of the items and prices is shown on the webpage of
ISSP.

ERXAEER S B Chairperson: M. TAKAHASHI
E ¥ B8 8H FNF Administrative Staff: A. KAMEDA

PIVERFZERTIC & 1 2 BRI 22 b 2 B 21T 9 o
EEKEZRE2O b &, SMEANFEHITEOHE, I,
A& OEH, WENEREEY — 7> a2 v 7OREE,
ISSP s v R LA DEE BT 26550/ 71T D
BRAEZTToTw5, 2o, HEDHEANTES D
AR, SEI ARtz L Tws,
MR 52

SHEL N D 34k

(R - 2O - GERE TR S, HHAES)

W7y =7 b OWHEE - EMICBE S 2 FE
P Y23

HEHTBOSR (FETHE - )8 oY)

V7 L— a O - FEf

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
international symposiums, and the accumulation of “know-how”

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

ARy IL—L1
Stock Room

International Liaison Office
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Kashiwa Campus Map

(B UNE Y/ i)
ISSP

® KA

Main Building
® A&l - 2 H AR R 2 ER

Cryogenic/Multiple Extreme Conditions Laboratory
© HRPRBR I S ERAR
Ultrahigh Magnetic Field Laboratory
b T JESR R
Advanced Spectroscopy Laboratory
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Synchrotoron Radiation Laboratory
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@SR AP F HIRI TR
Institute for Cosmic Ray Research
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Institute for Cosmic Ray Research
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BEES  Parking

O RAFHEHE AR
Graduate School of Frontier Science
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Transdisciplinary Sciences
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A RAIE

Integrated Biosciences
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Computational Biology
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Supporting Facilities
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General Research Building
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Environmental Science Center, Kashiwa Branch
OREEE5i

Kashiwa Library
© HEH] - JEAEB

Cafeteria and Shop

A FAO
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SPETRT
Gate House
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Kashiwanoha Koen Kita National Cancer Center Hospital East
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| ESnw N Ly FEATEIR = KE
The Institute for Solid State Physics, AL &%
The University of Tokyo = HH ’
T 277-8581 FTEEMAMHDIE 5-1-5
5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581

SREEFHR

TEL: (04)7136-3207 Tobu Nods-Line e
http://www.issp.u-tokyo.ac.jp J}\ Bhtvy—
ERA %V‘; DS ¥ > /SR
O OKIFTVRATLRA HOEXvV/XZARBOMNS % Kashiwanoha-campus
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NZFIFROEE. TR/ THOEAREER, £1-1E ’ =/ NE
LA ABREOT S, THI0ATEAR TE 54014 H e
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TRAHL TE /&1 E % E
OTAZEMNS
BENAZRA T HREOT S N75ATEINAEY Y — TE #5145
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T 305-0801 FIKED < (FATARE 1-1 HIR
1-1 Oho, Tsukuba, Ibaraki 305-0801 .
TEL:(029)864-1171 O BARES AR omion oo
BEE RIBE D < IETH
T NE e R —
Neutron Science Laboratory Togo() FERT | gop
T319-1106 FHREHIEHBNEH 106-1 M mmxe
106-1 Shirakata, Tokai, Ibaraki 319-1106 T o oo
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