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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-

0000 Director

oo

Condensed matter research, dealing with interdisci- UEDA Kazuo

tions.

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 elort to evolve into a worldwide center in the field of

material science including the new directions.
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i
History‘

The first period (1957-1980)

Physical and chemical properties of materials
were studied actively in Japan before and even dur-
ing World War Il. After the end of World War 11,
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

oboboboobooooa

Establishment of ISSP as a joint research laboratory

0oo0doooobooo ooogooooobobbooooo

Opening of the Radio and Microwave Spectroscopy, Theory Il, and Crystallography | divisions
goboobooobooobobood

Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions
oobooboooooo

Opening of Low Temperature and Magnetism | divisions

0000 ooooooDobOoboooboooon

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

gopbdobooboooboo obooboooo

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

goooooogo

Inauguration of ISSP

000000000000 0000000 0000 O0ooooOooo

Opening of Magnetism I, Solid Materials, High Pressure, and Theory Il divisions. Total OO divisions
odooodooooooooooood

The Solid Materials division was renamed as the Inorganic Materials division
goboooboooooo

Guest house completed

O0oooooooon

Opening of the Neutron Dilraction division

0000000000000 00OOoooooooo

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

Foundation of the Synchrotron Radiation Laboratory

Cl(E) [OKE] [CHEkE) O (GE

The Ultra-Low-Temperature Laboratory building completed

Oo0QoOoOoCoOo0oooUUoUoooOUOU0ODUOOoUO00C0OOoOUOU0DDOOoOoU0ODOODOoUOOoOoUoOO
O00C0O0OCOCOOoO0OO0OOUOOUOUOUOODUO0OOD0OO0O0DOOoOUODOOoOoOOUoOoOooOooOOo
ooooooooo

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
Dilraction, Condensed Matter and Theory Divisions and one Visiting Stall Division

Joodoooooboooooaa
The Ultra-High Magnetic Field Laboratory and the Laser Laboratory building completed
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gobodboboobOobobobobboooobooooon

Opening of the Materials Development Division

oooboboooooiboo ioooodobooboot oo oooonoooo

The 1st ISSP International Symposium on "The Physics and Chemistry of Organic Superconductors"
goooooooboogod

Foundation of the Neutron Scattering Laboratory
gboobobooboboooooooboo

Guest house for visitors to the neutron scattering laboratory completed
ogooooooooo

Evaluation of scientific achievements of ISSP by the external committee

goboobbooboooobbooobbooboobobobobooboboobbooboa
ghbooboobooobobooobboobboobboboboobobboabo

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

dododoobooooooooooobboboooood

Construction of the new ISSP buildings at Kashiwa started
udoooooboboooooobooooadd

Evaluation of activities of the Neutron Scattering Laboratory by the external committee
goboooooobooo

Relocation to the Kashiwa campus started

ogoogd

Relocation completed

googogo

Opening of foreign visiting professorship

gboooboobOooboboobooboon

Reorganization to the Neutron Science Laboratory from the Neutron Scattering Laboratory
ddddooooboooooobobooo

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

gooooooooobobboboan

The University of Tokyo has become a national university corporation
0000000000000 0oo0ooooOooooon

Division of Frontier Areas Research was renamed as Division of Nanoscale Science
O00O0oOooooo

Evaluation of scientific achievements of ISSP by the external committee
ddoodoooooooooon

Foundation of the International MegaGauss Science Laboratory
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oo
Director

ooo
ISSP Advisory Committee

oooo
Research Facilities

goooOoooOooo
Synchrotron Radiation Laboratory

L ooooo
Advisory Committee

goooooooo
Neutron Science Laboratory

|_ goooo
Advisory Committee

goooooooao

| Materials Design and Characterization Laboratory

|_ goooo
Advisory Committee

L gooooooDooooO
International MegaGauss Science Laborator:

| Doooo

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.

O Currently ISSP consists of five Research Divi-
sions, four Research Facilities, Visiting Stad 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

O
Division of New Materials Science

gooo
Research Divisions \D/isEthiIr]]g Stall
gopooo

Foreign Visiting Stal

oooo0ooooag

| Division of Condensed Matter Theory

oooooooa

gooooooooooo
Division of Nanoscale Science

| Division of Physics in Extreme Conditions

oooooooooo

Division of Advanced Spectroscopy|

gooooooao

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 Olce provide services to both in-house and
outside users.

O 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.

THE INSTITUTE FOR SOLID STATE PHYSICS 2006
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Joint Research and International Collaboration

00O 0OOOOLO Domestic Joint Research

oobooooooocOoobooOoobooOoooboooon
ooboooooooooooCcoOooooo
0o0dbd--- 00000DOO00O0O0OO0O00O000
oobooooooocOoOoboooOobooOoooboooon
oobooooobOooobooooooobooboooon
0200000000

2000000--- 00O0O0O0O0ODOOOODOO00
oobooooooOooobooooboooooooon
oobooooooOoOoOobooooboooooooon
oobooOooooOoooboocooboooooooon
oobooOooooOooOobooooboooooooon
ooboboooboooooooocOo0oooonooon
sgto0oobo0--- O00O00O0O0O000OO0OOoo0on
oobooOoooboooobooooboooooooon
oobooooooooobooooboooooooon
ooooooooood
oooooooooooboooooooboooooon
ooboooooooboooooooooooooooa
ooboboooobooooboooobooooooooo
OO0000 14300000020020000000000

0 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.

90g) B restarshers. 900
800 800
200 700
600 600
500 500
400 400
300 300
200 200
100 100

2001 2002 2003 2004 2005

oboboboooobobobobooooobooobooooo
goboooOoOOOoOoOoO0oOoOoobOoooobooooboboooon
Number of subjects and researchers adopted to domestic joint research

O doddndndndGuest House

I 6 o T R A )
uobocobOoo0ooO0oOobOoooOoooono 2800
ooooao

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

000 OO O Workshop

gobooboboobooboboooboooboon
ggbodoboboobuoobobooobooboboon
ggbodoboboobooboboooboooboon
ggbooboooobooboobobooooba

00000000000000000000000000
00000000000

00000000000 150000000000000
00000000000000000000000000
0000000000000 500

1,200

1,000

600
400

200

000000 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.

SEHR

participants

FafE
T2

number of
workshops

10

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
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OO00U0ISSPUUOOOOUOO International Activities and ISSP International Symposium

coooooobooooboooOoOooocOooooOon
oo0Oooooo1e80n00ooonIsseOOO
cobobooOoobOooobOooOoOoOooOCcOoOonooOon
cobobOooobOOoboocOoocOooOoooooooo
coooooOoboooOoooOoOoOCcOoOonooOono
cobobooOooboooboooOoOooOCcOoOonooOono
CobOoOOobooOoooooboiesioooonooa
coooOooobOoooOooOoOoOoOobOCcOoOonbooon
coOozoo300000O0O0OO0OOOOISSPOO
cooooooooocooon

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.

e 00O e 000D e 00O (OODO)
O Title 0 Date Participants(overseas)
010 | OO0O0OOOOOOO0O0 1989.8.28 - 30 205 (34)
1st The Physics and Chemistry of Organic Superconductors
o220 goooboobooboobooo 1991.1.16 - 18 258 (11)
2nd The Physics and Chemistry of Cuprate Superconductors
030 | Dooooooooood 1992.4.21 - 23 162 (23)
3rd Dynamical Processes at Solid Surface
040 | ODOOOOOOOOCO 1993.11.10 - 12 191 (38)
4th Frontiers in High Magnetic Field
Oso | obobobDoooooodo 1995.11.8 - 10 182 (22)
5th Frontiers in Laser Physics and Spectroscopy
060 oooooooooOo0oooOooooo 1997.10.27 - 30 106 (21)
6th Frontiers in Synchrotron Radiation Spectroscopy
go7o gooooobooboboboboog 1998.11.24 - 27 130 (20)
7th Frontiers in Neutron Scattering Research
o080 | DOOOOOOOOOOO 2001.102-5 200 (25)
8th Correlated Electrons
0eO | DOOODOOOOOD 2004.11.16 - 19 120 (23)
9th Quantum Condensed System
ISSPODOOODOODOOOISSP International Symposium
e0DOOO e0D0OO edIOD(ODOO)
O Title 0 Date Participants(overseas)
010 ooooooOooooOooooo 2003.8.13 - 21 130 (20)
1st Quantum Transport in Mesoscopic Scale and Low Dimensiong
020 | ODooooooo 2003.11.18 - 21 150 (15)
2nd Gel Symposium
030 00o00oO0O00o0O0O000000000D 2006717 0 811 100 (15)
3rd Computational Approaches to Quantum Critical Phenomena

ISSPO00OO0OODODOODOISSP International Workshop
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Q{Dﬂ / Education

gobooooooooooocooboocOoooboooon
ooboooooooooboocoOooocooobooooo
ooboooooooooboocoOoboocoobooon
ooboooooooooboocoOoboocooobooooon
ooboooooooooboocooboocooobooooon
oobooooooooooocooboboooobooooon
ooboooooooooboocobobooooobooooon
oobooooooooooocooboooooboooon
oobooooooooooocoobooooboooon
ooo

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.

0000 O Master Course 0000 O Doctor Course
20030 | 20040 20050 |20060 |20030 | 20040 20050 |20060
000000 Physics 31 27 39 54 19 24 20 29
0000 0O Chemistry 2 5 6 6 3
O0OO0OO00O0OO0Earth & Planet. Sci. 3 1 1
00000 O00App. Phys. 14 12 12 12 12 9 10 7
000000 Adovanced Materials 27 30 38 39 8 9 10 8
goo 77 74 99 115 45 49 47 48

000000000000 O0ONumber of graduate students

{&D/\D 00O /Publication

gooobobDbOOooDbDb 3000 sc00000oon
goboobogobzoos00000oon 3sen000dn
googoobz2900000 4600000 3000000
gdbodb1iro000o0o0a

About 350 to 500 scientific issues are published
through annual activity in ISSP. The 386 articles
published in 2005 consist of 299 papers in refereed
journals, 46 proceedings, 30 reviews, 11 books.

600

500

400
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200

100

2001 2002 2003 2004 2005

d000o0oooObOo0o00o0oooooobOoboooooon
Number of Scientific Papers (including proceedings and reviews)
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11 /BUDGET
[ 0000 0o 2005 fiscal year)

I loAD0DOOOOOODOD

[ loBOODOODOODOOODO
IJocooooooooooon

[ l0pbO0000000000000000000
I I0E0000O0D0OOOOOOO0

0 A0 Regular Budget (Personnel) from Ministry of Education, Culture, Sports, Science and Technology

0 BO Regular Budget (Non-Personnel) from Ministry of Education, Culture, Sports, Science and Technology
0 CO Grant-in-Aid from Private Industries

0 DO Grant-in-Aid from Governmental Agencies and Private Industries

0 EO Grant-in-Aid from Ministry of Education, Culture, Sports, Science and Technology, etc.

O A0 0BO gcd 0bd OED |

ooo ooo ooooo Oo0oOoooooo ooooo Total
00170 0 (2005) 1,374,411 1,982397 18,0900 O 80,6200 0 528,100 3,983,618
00160 O (2004) 1,341,540 2,162,225 13,1800 0O 69,5740 0 448,100 4,034,619
0 0150 0 (2003) 1,502,097 2,130,210 21,9500 0 149,0790 0 348,500 4,151,836
00140 0 (2002) 1,527,173 2,237,894 6,5840 0 61,3520 0 344,700 4,177,703
00130 0(2001) 1,571,857 2,095,185 14,3760 0 112,3690 0 258,000 4,051,787
00120 0 (2000) 1,543,996 2,230,226 8,5010 00 112,2370 0 216,873 4,111,833
001100 (1999) 1,528,833 2,056,445 19,2980 0 100,2000 0 192,600 3,897,376

oooooo 000000 (Unitd Thousand Yen)

{lD)] 00 /Staff Members

golsoooOoOoOoOoOoOoO0OO0OO0C0COUCCO0OCOO0@mOUboUooOod
FY2006 Number of stalls (" )O visiting stall

oo goo oo oooOoa Do0mMooooog oo
Professors Associate Professors| Research Associattes| Technial Associates | Administrative OCcials Total
oo
Number of stals 24 (4) 28 (4) 40 36 69 197 (8)
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Division of New Materials Science

obooboooooobooboobooooooon
oboooOooobooooboobooboboono
oobmoooocooooooooooooa
obobOooooooooooooboobooo
gboobOooooooboobOobooooooonoad
gboboooooooobooboobobOonoa
gboooobooboboooooboOobOoonad
gboooooooooooooboboood
gbobooooooboobooboooooood
gboooooooooooooobooaod
gpbooooooooooooobobooDo
gbobooooooooobooboboobo
oboboooooooooobooboboog
gbobooooooooboboobooooog
gbobooooboooobooboobobooa
obooooooooooooobocooboooa
gobobocooooooooooooobooooo
obooOoooooooboobooooooonod
gboooboooooocooooboooboona
gboobOooooooboobOobooooooonoad
gbobOoooboooobooboobobooa
goboooboooooboooobooooono
gboooobooboboooooboobooond
gbobooooooboobooboooooood
ooo

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.

ooo goooo ooo
Professor Takehiko YAGI Research Associate
ooo good ood
Professor Masashi TAKIGAWA Research Associate
ooo
Research Associate
ooo goooo ooo
Professor Toshiro SAKAKIBARA Research Associate
ooo
Research Associate
gooo goooo ooo
Associate Professor  Hiroyuki TAJIMA Research Associate
pooo good Ooo0oao
Associate Professor  Hatsumi MORI Technical Associate
gooo oooaog gooooo

Associate Professor

Satoru NAKATSUJI

Technical Associate
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Taku OKADA

oooo

Makoto YOSHIDA

ooooo

Koichi IZAWA
oood

Takashi TAYAMA

ooo oo

Hiroyuki MITAMURA
ooood

Masaki MATSUDA

gooooo

Chizuko MURAYAMA

ooooo

Hirotada GOTO
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ERERERERE

Yagi Group

iooobboOoobOoboOooOobobooobooooobooon
cboobOooocOooboobOoooooocoobooboon
coobOooOoooocOooboOoooobocoobOooDoonon
coooooobooooooooOooOobooobooooo

ubobOooobocOoocoobooboooboooOoOooooo
cboobOoooooocoobooboobocoobOoboon
cobodooooooobooobooOoboooooooon
coboobooooooooooooobooboboooDo
ocbooboooboooooboooooooooooan
oboobooooooooobooooooooboonoann
ooboooooooooooooooooooooon
ooobooboooooooboobOobDoooobooDoon
oboobOooooooooobooboobooobooDoon
obooboooobooboooobooooooboooooon
oboobooooooocoobooboboooobooDoon
oboobOobobooooocooooboobobooon
oooooooboocoobooono

000000000000 00o0o0o0o0o0ooOoOoOoDoOOOOODOOOD200O¢
gooo0ooooooioco000O0O0O0OOOCOOOOOOOYAGOOOOOODO
gooooooooooo

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.

O000O0 Research Subjects

000000000 O Division of New Materials Science

ooo goooo
Professor Takehiko YAGI
ooo ooog

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.

" NaAISiO,

148GPa, 2150k

Intensity (a.u.)

] 10 B 12 13 14 15 s 17 18

2 theta (deg.)

0150000000000 NaAlsioO4OO0O0O0O0OO00O0O0O0O0OOO0OODODOOO
gobooooooOoOoOoooOoO0oO00ooOoO0oOoO0ooOoO0o0oO0OooOoOoOoOoOoooa
goooo0O0oO0o0oO0oO0oOO0O00cO0ObOO0OOOoOO0o

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. 0000000000000 00000000O0O0O0O0OOOOOOOOOO
Studies on phase transformation of oxides, metals and Earth’s deep materials under high pressure and temperature

2. 000000000O0O0OO0OoOoO

Synthesis of new materials using high-pressure conditions

3. 000000000ooo

Development of high pressure and temperature experimental techniques
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Takigawa Group

uboooooobooooobooboooobooooo
coboboobooooocoooooobooOoboooboobooobo
cooooooooooooOo(oo)oooooooo
coooOooobOooobooooooooooOoboOoooon
coobOobOobOooobcOooOooooboobOOoooon
coobobooooboobOOoooooocoooOooboan
coobOobooooooocOoobooooooboOoboan
cobboooooooooooobooobooooooon
oobobooooboooooobooooooooooooan
ooobobOoooooooobobOoboooDoD
ooobobOooooobOoobOooooooooDoon
oooobooobooobooboboobbooooboobooooDgoon
oooboooooboooooooooooboooboooon
cooobooooooooobooboobooooooon

000000000 O Division of New Materials Science

ooo ooog
Professor Masashi TAKIGAWA
ooog ooog

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.

V2b Vib goooo0OoOoOoO0ooOoO0OO0O0OOOO0OO0OO0OOOO0O0DO
L i 0000000 190K 0000000000 5V NMR O
m 90deg| poOO01050000000 ac0000000000
AL-Uw‘ JL_J gooo0oooO0o0oO0oOOoO0O0OO0O0oO0OO0oO0O0oOOO0O00o
2 —L—'LJL‘W LL—AW ooorv0oO0OO0OO0O0O0O
]
) 51V NMR spectra at T=190 K (high temperature
= o metallic phase) obtained from a needle-shape single
30| crystal synthesized in the Y. Ueda’s laboratory
| (Materials Design and Characterization Laboratory).
__*MUMU\IWW Magnetic field of 10.5 T was rotated in the ac-plane.
et A ‘N N ‘O A single site yields seven resonance lines split by the
114 116 118 120 electric quadrupole interaction.
Frequency (MHz)
0.0 T | P N Y B B T
D]]]]DD[[[[D]]]]Dﬁ-Sr033V205[[]]]]DD ;]I?X—:l / @l EQJOES\_HUHLHUHLHUHLHEEDEDDS
000D0000bOODODOODOO SrO00OO0DOOOOODODO 02 | aRalaliafalalafiafataiafiataiaiaiafats)
noooooooooooooon ’ gooooooooooooooooo
The crystal structure of the high temperature metallic phase of the dooooooooOoOoOoOoOOOOO0
quasi OIl'C*dIIIlCIlSIODZIl' goxlductor !3*51’0.33\7205, which C'XhlbltS & -04 g Angular dependence of the Knight
a metal-insulator transition. Ordering of Sr atoms doubling the =~ X shift at T=190 K. The d
S . I . . @ N . pronounce
p_erlodmlty along the b-axis results in six inequivalent vanadium 06 |:v2a, Vzbj s difference of the Knight shift between
sites. / the two sites neighboring along the
\A b-axis indicates a large modulation of
08 electronic charge distribution along
T

00000 Research Subjects

1. 0000000000 booooooooooooooooog
Dynamics and quantum phase transitions in low dimensional or frustrated spin systems

2. 00000O0OO
Exotic superconductors

3. 00000000000000000O0O0O0O0O0O0OOO
Ordering and fluctuations of charge, orbital, and multipoles in strongly correlated electron systems

4 0000O0OO0O0O0OOCOO0OOOOOOOOOOOO0OO0

Spin and charge dynamics in magnetic organic conductors
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Sakakibara Group

ooo gpoooo
Professor Toshiro SAKAKIBARA
ooo gooo

Research Associate  Takashi TAYAMA
ooo oooooo

Research Associate

Hiroyuki MITAMURA

oboooooooooobooooobooooobooon
coobOobooboboboboboooo0oi1000a0
coobOobobOoooocOooooboobobooooon
coooooocOooboobOOooOooooocOoobOOobOoon
coobOobOoooococOoOobOoboOobOOoboOooDoon
cboobOobooooboobooooooocooboOooboan
cobbooboooooooooooooboooboooona
ooooofoooooOOoO0ooOoOO0O0oO0OoO0ooOo0ODO
obooboboooooooooboboooooooan
ooobobDOoooooooobobDOooDOoooDgoon
ooooOoOooobo3o0oobooooooooooooo
oooboboooooooobooooooooooDoD
oboobOoboooooooooooobooooooboon
oooooooobooooooooo

L

poo0o0oO00oOoO0O00000O00000000000O00030mMKO 15T
gooooOooooooooao

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.

00000 Research Subjects

1. 0000000000000

Magnetism and superconductivity in heavy electron systems

2. 0000000000000 0OO
Multipole orderings in f electron systems

3. J0000000000O00oooo

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.

[111]

-
=]
= | \
= f T 30T
I 40 | ( / I'\ 257 o
= I 20T
f Il'l. 157
i ¢ 127
st . gt 1T
Cugltout 0e7T
0687
09T
A0 4 - :
-15 10 -5 o & 10 15

it (deg.)

0000000000000 00000000000 Dy2Ti2070 0.3KOODOO
00000000 000M11]00000000000000D00DOO0OOOOO0
obooooooooo

Field angle dependence of the magnetization of the spin-ice compound
Dy,Ti,07 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, J00D0OO0OoOoooog
Ground state properties of quantum spin systems
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? Tajima Group

oboobOobooboobooooobooobooboono
coooooobooooboooooooo

oo0o0oo0ooOooooog MIMOMetal-Insulator-
MetalDOOOOODOOOOOOOOOOOOOOOO
coobOoooobooocOooboOoOooooobooboooooon
coobOoboooooobocOoobOoboooboOoboon
cbooobooobooboooooboooooboOooooon
coobooobooboboooobooooooooooon
oobOOooeL0OoOBliODEOOOONO 200300000
ooooOooOobOoooobooboooboooogo
ooobobOobOooooO0ooooooboobOooDoon
ooooooo

oboobooobooooboooooobooobooboono
oboobooboooooboooooobooonobDOonDn
0000 dd00oO0oooooooooooooooo
ooo

Absorbance or EL intensity

400 600 800 1000
Wavelength / nm

00000000000 hemnDDODOODOOOOOOODOOODOO

Voltage induced transition of hemin (a small molecule containing heme) in

BIODE

O000O0 Research Subjects

l. 000000000O0O0O0O0O0O00O0O00O0

000000000 O Division of New Materials Science

ooo goooo
Associate Professor  Hiroyuki TAJIMA
ooog googoo

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.)

! ] ! ] . ] 10K
-200 -100 0 100 o o
Angle 6 (deg) —— 7K

TPP[FePc(CN)2]2 0 00 0 0 0
Magnetic torque of TPP[FePc(CN);]; salt

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

2. 000000000OO0OOoOoDoooooO

The fabrication and characterization of organic photovoltaic devices

3. 0000000O0O0OoOOooOoooocoocooo

The synthesis and characterization of conducting charge-transfer crystals of phthalocyanine
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Mori Group
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0 [K-ET2Cu(NCS)2] 0 00|

Organic superconductor [k-ET2Cu(NCS)2] prepared by the
electrocrystallization method

O000O0 Research Subjects

1. 00000000O0O0OO0OO0OO0O0OO0OO0O0O0O0O0O00O00O0

000000000 O Division of New Materials Science

ooog
Hatsumi MORI

ooo

Associate Professor

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.)

Resistivity (ohm cm)
4
5

Resistivity (ohm cm)
o = N W A~ O
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1
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Temperature (K)

300

gol 1001 ﬁ—(meso—DMBEDT—TTF)ZPFG\ ] 10000l mooo
ooKOODOD—O0OO0000O0oo0ooooooooooooooO40kbarod
43 KOOOO0O0O0O0000o

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. 00— O00C00OQ0COOOOOOOOOOOODOOODOODOO

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

3. 00000COCcOOOoOoooooo

Study of dielectric response of organic materials and metal complexes
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J noo oooo
D D D D D Associate Professor  Satoru Nakatsuji
Nakatsuji Group
goodoOoo0oo0ooOoobooUoooobooobooog Discovery of new phenomena is at the forefront of the

O000O0O00O0OO0O0OoO0oOoo0oOoooOoooon research of condensed matter physics. Inorganic materials, which
0000000000000 000000000000 provide important basis for current electronic and information

ooooooooooooooooooooooooo ]
phenomena due to correlation among macroscopic number
nooboboobooooboboobobonono of electrons. Thus, the search for new materials that exhibit

technology, keep us surprised by numbers of novel quantum

ooboobooodoboodgobooodoooaooo new phenomena is one of the most exciting and significant
coobobobOoooocooooooboobOoooan aspects of the material research. In our group, we synthesize
0000000000000 000O0O0oOoOooOoon new materials in so-called strongly correlated electron systems

0000000000000 000000000000 including transition metal compounds and heavy fermion

cooooooooooooobooooOooOooooooDo

transport measurements are used to study quantum phenomena
cooooooooooOooooobooboOoooboOoooo . . .

such as unconventional metallic and superconducting states
bobdbbbodboopdobbooooodoood close to spin and orbital orders and quantum spin phenomena

in magnetic semiconductors.

intermetallic compounds. Low temperature thermal and

s/
S | gt —r— _
= E 2 E 0000000000000000000 NiGazSa
@ - C = - (00)000000000000(00)00000000000000000
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g 1= _B A I = 00 T™=10KOOOOOOOOOOOOOOO0OO0O0000000000000
q E e 0T -1 ar ] Two-dimensional magnetic semiconductor NiGa,S4 developed in our group.
- X T gnl‘ E:'-'? ' ) (Top left) Strongly two-dimensional crystal structure. (Top right) Hexagonal
= - g shaped single crystal. (Bottom) Temperature dependence of the magnetic
o ol “ E 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
ﬁ‘.‘ ] at low temperatures.
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O000O0 Research Subjects

1. 0000000O00O00OO0DOOO
Low temperature study of new transition metal based compounds

2. 0000000OO0OOoOoOoOoOooOoOoon
Quantum spin states in two-dimensional magnetic semiconductors

3. 000000000000 0O0DbOO0ODOoODOOoboOoO
Quantum critical phenomena and metallic spin liquid state in heavy fermion systems
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Division of Condensed Matter Theory

ooo0ooOoOooooooooooon In this division, we are conducting vigorous theoretical
0000000000000 oOO00oooon research from a microscopic point of view on topics at
000000000000 00000000 the forefront of contemporary condensed matter physics,

statistical physics, and materials science, in pursuit of
o0o00oooo0o0ooooooooooo

the development of new concepts to describe collective
o0o0ooo0oooooOoooooOooon

behavior of interacting systems, prediction of novel

pooooooooooodoaoaoan interesting phenomena, and useful theoretical modeling
ooooooobooooboood of materials, in close contact with experimental groups.
oo00o0o00o00o0oooooooon The topics in recent research span such diverse areas

00000000 00000000 (00) as spin-charge-phonon(-orbital) complex properties in
00000000000 000000000 transition-metal oxides and organic conductors, quantum

gobooobbooobuooboboooboon

bobooooooobbbbbbobooood quantum magnets and electron systems including the
uobobooooooboboonooooon Kondo lattice, metal-insulator transitions, heavy-fermion
Oo000o00ooooooooooooOoo physics, superconductivity in various materials from
O0000O0O000oOOoOo0o0ooooon both phenomenological and microscopic points of view,
00000000000 O000000000 exchange and correlation effects on dynamic properties

cooooooooooobooooboooo

oood and interactions in mesoscopic conductors.
vooooooooooooobobbo In performing those pieces of research, individual
gooooOoOoOOmOoooooooooo members employ calculation techniques in accordance
O000DOoOO000DoOOo0oooooon with their expertise and taste, but as a whole, the theory
00000000000 000000000 group covers virtually all modern theoretical methods,
ranging from sophisticated analytical techniques in

phase transitions and critical phenomena in the so-called
strongly-correlated systems such as low-dimensional

in metals and semiconductors, dynamic processes and

catalytic properties at surfaces, and quantum transport

cooooooooooooooooood

mathematical physics and formal many-body theory
00o0o00o0oO0oo0o0oooo0oon

to large computational approaches, such as quantum
pooooododoooooooon Monte Carlo simulations and state-of-the-art ab-initio

calculation of electronic structures based on the density

functional theory.
[
ooo good ooo ooogo
Professor Minoru TAKAHASHI Research Associate  Masahiro SHIROISHI
ooo googoo ooo goooo
Professor Kazuo UEDA Research Associate  Tatsuya FUJII
ooo googo oog gpoooo
Professor Yasutami TAKADA Research Associate  Hideaki MAEBASHI
ooo googoo
Professor Masaki OSHIKAWA
ooo goooo
Professor Hirokazu TSUNETSUGU
ooo goooo ooo gooooo
Associate Professor Mahito KOHMOTO Research Associate ~ Masatoshi SATO
ooo oooo ooog oooo
Associate Professor ~ Osamu SUGINO Research Associate ~ Minoru OTANI
oono goooad
Associate Professor  Takeo KATO
goooooo goooad
Visiting Associate Professor Yoshitaka TATEYAMA
jooooooooOoOoOoooO od
Visiting Professor Ara SEDRAKYAN
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= % M. Takahashi Group
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EFP for the Heisenberg
chain: It decays rapidly in a
Gaussian-like way.

O000O0 Research Subjects

1. 0000000O00O00O0O0O00OO0OO
Study of one-dimensional quantum systems by the Bethe ansatz method

2. 000000O0OO0oOoOoOooOooOooad
Study of low-dimensional magnets by the spin-wave theory

3. 000f0O0CcOOoOooooooooo
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Professor Minoru TAKAHASHI
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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 ZJS_, -S j+1 (J>0), only the nearest-neighbor correlation
function (S;-S;u)=1/4-1In2 and the second-neighbor
correlation function (S;-S;.2) =1/4—41n2+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;-S)s3) =i—9ln2+ %c(3)—14c(3)1n2

—§C(3)2 —%C(S) +25((5)In2.

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)= <Hi:1(51 + 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)=-Trp,log, p, of the n neighboring sublattices up to
n=6 (Fig. 2), which measures how much the ground state is

entangled.
2.0 e Fig. 2
Pt goooooooooooooo
18 P 0000000000000
1.6 P oo n000000O0000O
o S(n)~1/3logzn+const. 0 0 000
14 & Exact noooo
Asymptotics --- von Neumann entropy for the
12 Heisenberg chain:
o K It behaves asymptotically
' . . S(n)~1/3logan+const.
1 2 3 4 5 6

Applications of the Quantum Monte Carlo method to many-body systems
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ooo ooooo

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, SrCuz(BO3)a,
was discovered. The orthogonal dimer Heisenberg model for
SrCuz(BO3); has been studied and various unusual properties
are found: the exact dimer ground state, almost localized triplet
excitations and magnetization plateaus. The S=1 Heisenberg
model on the pyrochlore lattice was also studied and importance
of spin-lattice coupling to lift the degeneracy is pointed out.

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

0ot ] [ 00000000000000000Fig.1,2 o.8
jgoobou=4,60000000000O0O0O0DOO0OO0OOOGDO
pgooobooOoO0oooboooOoO0oOoOoO0OOOOOO0OOOOOOnO o..

gooooOooooooooao

- . . - . 0.4
T'he 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

po(@) (1/nl)

voltage is increased.
U0O00OO Research Subjects

1. 00000000000 O
Microscopic Theory of heavy fermion systems

2. 000000000000ODO
Theory of high Tc superconductivity

3. 00000o0oOooooooooooooooOoOODOO

10

Quantum phase transitions in spin systems with strong frustration

4. 00 00000000000000000

Quantum critical behaviors in spin-orbit coupled systems

5. 000000000000D00D0
Kondo transport phenomena through quantum dots

THE INSTITUTE FOR SOLID STATE PHYSICS 2006



http://takada.issp.u-tokyo.ac.jp

ERERERERE

t Takada Group

obooboooooboooboooooboobooboooooo
coobOobOooooobcooboobooboooooboon
cooooobOooooOoOoOoobOOoOoooboOooooDo
cooobooobOoboooOooboobOobOOobocOoooon
coobOooocOooboobOOooOoooocOooOoOoDOoon
coooooocOooboobOOoooooocooboOoobaon
coobOobooooooocOoobOobOooboooonboan
coooooocbooboobooooooooooooboan
cbooboooobooboooooboobooooooooaon
ooobDoDbOobDOooooooooooboobOooDoon
ooobobOooooobOooboOooooooooDoon
oooooboOoooooobbooooooooooooon
ooobooooobobooomooooobooooobooooo
oboobooboboooooooooobooboooon
cboobOooocoobooboobooooocoooooboon
cboobOobooOoobooboooooocoobooobon
cooooooboobooobooooooooooooo

1.0
0.8

0.6

m/m*

0.4F

0.2E

0 1 2 3 4 5
o

U0O00O Research Subjects

00000000 O Division of Condensed Matter Theory
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Professor Yasutami TAKADA
ooo googoo

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.

gooooOooooomOoO0OO0O000O0OOO0O0cOOO0O0O0OOOOOO
Oo0oDoooOoo0OmO000000E®e0 T®tOOOOOOOO0OOO
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0000000000 D000D03dO0000 t2g00000 eg0OOOO
goooooo 10000l

Effective mass m* of a polaron: With the increase of the electron-
phonon coupling constant o, 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 ey electrons move much faster than tag
ones in 3d electron systems with large .

1. 0000000000000 000000000O000000O00O00O00O00O00O000O0
Self-energy revision operator theory: Exchange-correlation efJects and their manifestation according to external one-body potentials

2. 000000COCOOOOOOOOOOOOOOOOO0

Time-dependent density functional theory: Dynamic properties of the inhomogeneous electron gas
3. 000000000COC00DOO00bOOo00DOoOO00OoOO00oDOoOOOoDoOoOoDO

Strong-coupling theory for superconductivity with vertex corrections: Superconductivity in charge-spin-phonon complex systems
4. 0000000000000 O0O0OO0OO0O0OOO0OOOOOOOOOOO

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

5 000000000000 DO000oooooooooooooooa
Quantum solids: Quantum fluctuation of protons and its elJects on electrons in solid hydrogen in high pressures
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Professor Masaki OSHIKAWA

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

VMQ@W I

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,

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

/N

00000 Research Subjects

1. 000000000000 00000000000000000

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

2. 0000000O0O0OOOOOOCOOCOCcOooO

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

3. 000000000000000OO
Non-abelian statistics and topological order
4. 0O000O0O0ODOO
Ferromagnetism and quantum statistics
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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).

00000 Research Subjects

1. 00000000000
Electronic states of strongly correlated electron systems

2. 00000000
Theory of quantum magnets

3. 00000ooooooo ooooooooooOooOoODO
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Hirokazu TSUNETSUGU

ooo

Professor

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. 0000000000000

Order and phase transitions of systems with multiple degrees of freedom

5. 000000000000000OO0O
Statistical physics of frustrated systems
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Fig.1. Energy spectrum with a magnetic flux ® in
the honeycomb lattice

00000 Research Subjects

1. 00000
High-temperature superconductivity
2. 000000
Anisotropic superconductivity
3. 00000000000
Topological invariants in condensed matters
4. 00000
Topological order
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Associate Professor Mahito KOHMOTO
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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.

t,=t,=1t,=1

0.04

2. 01000000000000000001
Fig.2. The same as Fig.1 for ® ~0.
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Associate Professor Osamu SUGINO
ooog goog

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.
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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. 00000000O00O0O0O0O0O0O0O0O0O00O0

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

2. 000000000O0O0O0OO0O0COOO

Excitation and nonadiabatic dynamics of clusters and surface adsorbates

3. 00000000
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.
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Transport properties in mesoscopic systems
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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.

0 1 2 3 4

g

Theory of electron-electron interaction in quantum dots and wires

3. 000000000000D000
Finite-temperature properties in organic conductors

4 0000OO0OO0OO0OO0OOOOOOOOOOOO

Development of numerical algorithms for nonequilibrium steady states
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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.

00000000 O Division of Condensed Matter Theory

oy by o

oooooo oo
Ara SEDRAKYAN

ooooooo

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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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

their functional properties.

ooo oooo ooo gooo
Professor Yasuhiro IYE Research Associate ~ Akira ENDO
0oog gpoooo ooo gpoogo
Professor Shingo KATSUMOTO Research Associate  Eisuke ABE
ooo goooo ooog ooog
Professor Yoshichika OTANI Research Associate  Takashi KIMURA
oog ooooao ooo oooo
Associate Professor Fumio KOMORI Research Associate ~ Kan NAKATSUJI
ooo oooo ooo ogoogo
Associate Professor Jun YOSHINOBU Research Associate  Yoshiyuki YAMASHITA
0oog gooooo ooo googoo
Associate Professor  Yukio HASEGAWA Research Associate  Toyoaki EGUCHI
ooo poooo oobg ooo ggoog
Associate Professor  Mikk LIPPMAA Research Associate  Tsuyoshi OHNISHI
oooooobo oooo gooooo ogoood
Visiting Associate Professor Hiroshi KAWAI Technical Associate Kozo MUKAI
ooooooooo 00000 -000000 00 oooooo ooooo
Visiting Professor Ora ENTIN-WOHLMAN Technical Associate  Takushi IIMORI
ooooooooo00000 0ooa gooooo ogoood
Visiting Professor Amnon AHARONY Technical Associate  Yoshiaki HASHIMOTO
O0DO0oaDo gpoogo

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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000000000000 O Division of Nanoscale Science

ooo ogoog
Professor Yasuhiro IYE
ooo ooog

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. 000000C0OC0OCOOOOOOOOOOOO

Quantum Hall systems with the degrees of freedom of spin and two layer
3. 0000000000000 0O00O0O00OOOo0OooDOOooOooooo

Coherent transport in single antidots and antidot arrays

4 0000O0OOO0OOOOO0DOoOoOooo
Semiconductor/ferromagnet hybrid systems

5. 00000000000000O00OO0
Superconductor/ferromagnet hybrid systems
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Molecular beam epitaxy machine to grow high quality
ultra-thin films of semicondutors.
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Professor Shingo KATSUMOTO
ooo goooo
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.

000000 Aharonov-Bohm (AB)
00000000oo0oo0o0000 Fano
0000o0o0ooooooooo n/2

gooooooooooooooa
oooooooooOooooooa
gooooooooo

] 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.

00000 Research Subjects

1. 000000000000 00D00000000

~[LR2

Coherent transport and spin-dependent transport through quantum dot systems

2 000000O0O0COO0OOO0OOOODOODODOODOODOOOOODOODOO
Quantum coherence/decoherence and spin states in quantum dots

3. J00000000Oo0ooooooooooo

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

4. 00000000000 OO0OO (DODoooooooo)

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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0000000 00O0O0O OO Division of Nanoscale Science
http://www.riken.jp/lab-www/nanomag/indexjpn.html

ooo goooo
Professor Yoshichika OTANI
ooo ooog

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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Py particle
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Cu

-

Py spin source

5.0kV 7.7mm x100k SE(L)

oob0oo00O0000000000000000O000000C0000 seMOO

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. 000000O00D0OCOO00ODOOO00ODOOO0ODOOO0ODOODOO0ODOOOODO
Magnetism induced by spin injection and spin transfer

3. 0000000000000 0O0DOO0ODOO0ODO0oODOooOOoOooDOOoDOOo
Development of spintronic devices using asymmetric potential
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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).
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Associate Professor Fumio KOMORI
ooo oooo

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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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. 00000COOCOOCOOOOCOOOOOOO

Surface dynamical phenomena induced by electron tunneling and photo-excitation

3. 00000000000O0O0ooo

Electronic states and magnetism of nano-structured materials

4 0000000000000

Formation processes of nano-structured materials at surfaces
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Organic molecules on Si surface as novel hybrid materials

2 0000000O0O0O0OO0OO0OOOOOOO
Dynamics of atoms and molecules on metal surfaces

3. 000000000000 00000O0DOO0OO0oOOooOaO
Surface and interface chemistry of water ice

4. 00000000000O0O0OO0O0OOOO0OO
Electron induced surface processes in nano-scale

5. 0000000000000ooooooboo
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Precursor mediated adsorption of
ethylene on the asymmetric dimer on
Si(100) [Nagao et al., J. Am. Chem.
Soc. 126(2004)9922].

ooo oooo
Associate Professor Jun YOSHINOBU
ooo gooo

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) 000 0000000000000 STM
00000000000000000000000000
oooo

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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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.
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ooo gooooo
Associate Professor  Yukio HASEGAWA
ooo goooo

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.

sSTMOOOOOOOOoOooDool 100000000001

10 (111) 00
0OMOOODO0OO0O0000000000000 8nm x8nmO

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. 00 sSTMOOOOOODODODODOOoDODoDO0oo0o0oooooooan
Low temperature STM on surface electronic properties by observation of electron standing waves and the Friedel oscillation

2. STMOOOOODOOCOODOOCOODOOODOOOO
Superconductivity of nano-size particles by STM

3. AFMOO0000000000000000000000

Measurements of surface potential and electrical conductance by AFM

4. 0000O0OO00O0OOOO0OOO0OO0OOO0O0OCOODOO

Developments of new probe microscopes and its applications for exploring novel properties of materials
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(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.
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Research Associate  Tsuyoshi OHNISHI
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( d ] D D D D D D D D Associate Professor  Mikk LIPPMAA

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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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. 0000000000000 0O0000OOO0O0OOOOOOOOO

Growth dynamics of epitaxial oxide nanodots and nanowires

3. 0000O00OoOOoOoOoOoOoOoOoOoOOOOOOO0OO

Field-eOect modulation of carrier density in oxide heterostructures

4. 00000000 DOO0O0O0O
Electronic phase transitions induced by field eCect

THE INSTITUTE FOR SOLID STATE PHYSICS 2006



Q O000000000ODODODO D Division of Nanoscale Science

5 00000

Kawai Group

gboobooobooboooooooobooboond

ooobomooboooooooooooooobooooo
ooobOoo0oboO0ooooboobOoooooDbOooDo
ooobooooboooooboooooooboboooooon
ooobobDOobDOooooO0oooooobooDbOoooon
ooboo0ooooobObOo0oooboooboooboooooDbo
oboobobooooooboooboboooooobgon
oboobOooobooboooooboooooboooooon
obooobooooobooooobooooobooobooooon
coboooooOboooocooobobOooooboOoooooo
cboobooooobooocoobooooooobooooon
cooobOoooobooocoobooOoOoooocOooooon
coobOobOobOooobocOooooboobobOOoooon
cboobOoooobooocoobOoooooboOobcOoooon
coobooooobooobooboo0o- oboobooboooooo
coobOoooooocooboooooooooooaon
cooobooooboooooooooooooobooooo

Entin-Wohlman Group

lL.00o0oo0oooocooooocooocooboooooonn
cooboooooooomo-ooboocooobocooon
cboobOobOoooooboooboboobooooogon
coobOobOoooocobcOoobOooocooboOoobooon
coooobooocOooboooboOoooooocooboOoboon
cooobooooooooobooboooboOobocOoooon
cbooboooocOooboobOOoooooocooboOoDban
ooobOobobOooobooooooobooboooon
oooood

2. 000000000D0O0O0O0O0ODODO Aharonov-
BonrmOIOOOOOOOOOOOUOODOOOOOOOO
ocoooooooo(boooooooooooooo
gooo)opooooooooooooooooooooo

goooo ogooo
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.
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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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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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This division is organized to pursue the study
of physical properties of condensed matters under
extreme conditions such as ultra-low temperatures,
ultra-high pressures combined with steady high
magnetic fields up to 20 T. In addition to these
individual extreme conditions, physics under multiple
extreme conditions is also emphasized. Under these
conditions, novel phenomena, which cannot be
understood in terms of existing theories and thus
stimulate the creation of new concepts, are expected.
Discoveries of such phenomena have often opened up
new horizons in material science. Many outstanding
instruments developed in this division, for example,
are those which produce low temperatures down to a
few tens of pK, high pressures up to 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.
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Professor Hidehiko ISHIMOTO Research Associate  Akira YAMAGUCHI
ooo goooo ooo googoo
Associate Professor ~ Minoru KUBOTA Research Associate  Yoshitomo KARAKI
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Associate Professor  Toshihito OSADA Research Associate  Eiji OHMICHI
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- Associate Professor  Yoshiya UWATOKO Research Associate =~ Masato HEDO
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oooooooooooooooDooo Visiting Associate Professor Yoshihiko INADA Technical Associate  Takeshi IGARASHI
goooooooooooo
Cubi il high ooooooo oooood gooooog gooodo
ubIC anvil hig pI.‘essure. appara'tus. Visiting Associate Professor Keiya SHIRAHAMA Technical Associate  Kazuhito UCHIDA
Cryostat for experiment in multiple
extreme condition of at low ooooooo ooog oooooo goooo

temperature, high magnetic filed
and high pressure.

Visiting Associate Professor Akira MATSUBARA

joooooooodoOoOoOoooo
Visiting Professor Yuriy BUNKOV
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U0O00O Research Subjects

1. 000000000000000

Magnetism and superfluidity in low dimensional He

.00000000ooooooo
Highly polarized superfluid 3He
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00000000000 Division of Physics in Extreme Conditions

ooo goooo
Professor Hidehiko ISHIMOTO
ooo ooog

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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Heavy charged particles in neutral Fermi liquid under high magnetic fields

.000000000000000000O

Quantum tunneling of magnetization in molecular magnet

.0000o0ooooooooo

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.

O000O0 Research Subjects

1. 00000000000000

Fundamental study of superfluidity and quantized vortices

2. 0000000OO0OO0OOOOooOOooO
Search for new superfluids and quantum phenomena

3. 00000O0O

Condensed matter study down to ultra low temperatures

00000000000 Division of Physics in Extreme Conditions

ooooo
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D D D D D D Associate Professor Minoru KUBOTA

ooo ooooo

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 >He, 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.
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1. 0000000000000 O0OO0OO0OOOOOOOOOOO0

ooo goooo
Associate Professor  Toshihito OSADA
ooo googoo

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.

0N ioo00000000000000
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oooooooao

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.
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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.

Interlayer coherence and local natures in angle-dependent magnetotransport in layered conductors

2. 00000000000O0O0OOOOCOOCOOO

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

3. 000000000Ooo0OooOooon
Chiral surface state in multilayer quantum Hall systems

4. 00 00000000000000000

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

5. 0000000000000OoOoooooooooo

Chaos and electron transport in Bloch electron systems under magnetic and electronic fields
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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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Associate Professor  Yoshiya UWATOKO
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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.
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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.

Search for new physical phenomena under multi-extreme conditions

2. 000COCOCOOOOCOOCOCOCOCOOO

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

3. 0000OoOoOoOoOoOopoOopoooooooo

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

4. 10GPallOO0OO0O0OOODOODOODOOOOOOOO

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.

0000000 0O0ODQ0 O Division of Physics in Extreme Conditions
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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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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.

OO00000O0ODO DO O Division of Physics in Extreme Conditions

Joobobod

goopoooo
Visiting Professor

gooooooo
Yuriy BUNKOV

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 *He 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

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.

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

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

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

«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.
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ooo gooooo
Professor Shuntaro WATANABE
ooo goooo

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

pel
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.0
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Attosecond pulse measurement by frequency-resolved optical gating.

Fig.l 20000000 (28eVv)0000000000O0 200000
0o0o000000000100000000000000

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.

00000 Research Subjects
1. 000000000000000

Development of ultrashort, high-power lasers
2. 0000000000000 0O0O0O0O0OOOOO

Fig2 Figl0OOO0O0000000000(0)000(0)000000000
gpooooo
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. XuvO O XO0OOOOO0OOOoOooooooooooa

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

4. XuvO O XOOoooooooo

Attosecond pulse generation in the XUV and Soft X-ray regions
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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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00000000 O Division of Advanced Spectroscopy

ooo ogoog
Professor Tohru SUEMOTO
ooo ooog

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.

ek A Shape of the
A Wavepachel

(74240

painga)

1. 000000000000 0O0O000O0CcO00Ob0O00DO ooO0DOobO00on

Atomic movie based on ultrafast luminescence spectroscopy

2. 00000OCOOCOOOOOOOOO

Exciton relaxation process in quasi-one-dimensional metal complexes

3. 0000000000000
Dynamics of photoinduced phase transitions
4. J0000O00OO0ODOODOOoOoOoooo
Time-resolved spectroscopy using terahertz radiation
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The experimental system for the laser-photoemission spectroscopy
that has the highest resolution of the world
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000000 OO O Division of Advanced Spectroscopy

ooo ooo
Professor Shik SHIN
ooo goooo

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.
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Temperature dependence
of the Fermi surface of the
one-demensional organic
conductor TTF-TCNQ

1. 0000000000000 000000000O00O00O0O0O000O00O00O0DOO0ODO
Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

2. 000000000O0OOOODOOOOOOOOOOOOOO

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

3. 0000000000000 0bO0ODOODOOobDOobOO
Soft X-ray emission study on the biomaterials
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Toshio TAKAHASHI

ooo

Professor

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.

Intensity (arb. units)

3330 00000000000000000000000000O0O00O00O0O0OOO0O000
0000000000 AgOODOSID0DSIiO0D000000D 31A00000000
ooboooooooo

CTR(Crystal Truncation Rod) scattering obtaingd for the Si(111)-6x1-Ag surface.
The result indicates that Ag atoms locate at 3.1 A measured from the top of the Si

double layer of the substrate.

Si(111)-6x1-Ag0 0 0000000000000 D00000000000000000000000D00DO0DO00000000

goooooo0obooooooOobboOoooOoOobbooooOOoAg-AgO0DOO0ODOL

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

2. 0000000O0OCOOOOOOO

Development of new methods to study the surfaces and interfaces

3. 0000O00OoOOoOoOoOoOoOoOoOoOOOOOOO0OO

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

4. 00000000000 OOOOOoOOO

X-ray diJraction physics, X-ray and neutron optics, and X-ray interferometry
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High-order harmonic spectrum from boron laser ablation plume. The 65th
harmonic is obtained by irradiating Ti:sapphire laser.
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Physics and development of Ni-Mo 18.9nm X-ray laser
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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.
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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 00D0000O0COOO0OOO0OO0OO0OOODOODODODO XOboboooooooooo
New scheme of ablation controlled plasma and anomalous enhancement of single harmonic due to strong resonance

3. FRETOFLMOOOOOOOOOODOOOOODOOOO
FRET and FLIM of luminous proteins

4. 0000O0OO0O0O0OO0OO0OO0OO0O0O0OOO0O0OCOCO0ODOOOOOn

Formation of nano-structure on crystal surface with femtosecond laser pulse irradiation
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Firefly (Arima, Japan) and sea
firefly (Yokosuka, Japan)
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Transmission/absorption
spectrum of a T-shaped
single quantum wire
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Associate Professor  Hidefumi AKIYAMA
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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. 100000000000000000O0O000OOOO0OOOOO
Optical physics and many-body physics of dense electron-hole or electron systems in 1D
3. 000000000000000000C0OO00DOooOoOooooOO
Material physics and development of high-quality semiconductor nano-structures via microscopy

4, 00000000 OO0000O0DOO000ooDObOOoOoobobDooOooo
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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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.

00000000 DO Division of Advanced Spectroscopy
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ooooooao

Visiting Professor

[]

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 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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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.

36°

30°

Intensity (arb. units)

LaBg(001) | 101 101 101 101 JLa 5d00Of ][ ] 24°

Oobo0ooOoO0O0oOOoOoO00O0OO00d0O0O0AOO68evOEODOOODOOOOO
O0lLabdOO00ODOfOODOO0OD0DO0ODOODODOOODOOfODOODOOO
oo0oo0obO0oO0O0O00O0O0000D0D0 LeOOODOOOOOOOD Lab0OO
000000000000000D00 LaBe(001) DD OODOOODDOODOOO
1000000000t O

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 LaBs(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. -18°
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Surface magnetism studied by spin-resolved photoemission and magnetic linear- and circular-dichroism

.00 000000000000000000000000000000000000

Electronic structures of metal and semiconductor surfaces studied by means of photoelectron and inverse photoelectron spectroscopy

.000000000000000000000-0000000000A0

Imaging of nano-structure materials by means of photoelectron emission microscope (PEEM)

.gooob0ocob0obooco0obo0oO0obOOo0oOobOoOoOobOoOooooOooooo

Design and feasibility study of soft X-ray and VUV beamlines for undurator radiation
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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
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Next-generation synchrotron light sources
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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.

gooooooooO0ooDooOo0ooO0o0oooOobO0OboO0O0O0O0O0O0000o0o0o

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

Developments of advanced accelerator components and subsystems

4, J00D00O0O0OOooooo
Beam physics in accelerators
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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.

OO000O0O0O0ODODO O Synchrotron Radiation Laboratory

ooooo ooooo
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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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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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.
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The reactor hall of JRR-3. The eight
neutron scattering instruments are
attached to the horizontal beam tubes
in the reactor experimental hall. Two
thermal and three cold guides are
extracted from the reactor core towards
the guide hall located to the left.
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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.xSryNiO4 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.
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Oo0o0O0b000000 3000000000
Triple-axis spectrometer installed at the JRR-3
in the Japan Atomic Energy Agency, Tokai,
Ibaraki.
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with recent Hole-coefficient measurement.
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Neutron scattering study of metal-insulator transition, magnetic ordering, charge/orbital orderings in transition-metal oxides

2. 000000000000 DOODOODOOOOooOO
Microscopic study of influence of spin fluctuations in magnetic superconductors
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Lattice dynamics of thermoelectro-clathrates
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Pressure-Temperature (7-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.

00000 Research Subjects
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0000000000 Neutron Science Laboratory

ooo goooo
Professor Mitsuhiro SHIBAYAMA

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.

SHS-region R o WHS-region P

1. 0000000000000 O0OO0OO0OO0000O00oDOOobDOobDOooO
Structure and dynamics, phase separation, and sol-gel transition of functional polymer gels

2 00000000000 O0OOOOOOO
Pressure-induced phase transition of soft-matter

3. J000O0O0ooooooooooooOoooOon

Molecular studies on the relationship between hydrophobic interaction and phase transition

4. 00 00000000000000000000000

Structure and dynamics of slide-ring gels and nanocomposite gels

5. 000000000000000O0OO
Structure and dynamics of molecular chaperone
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Induction Coupled Plasma Spectrometer: ICPS can quantitatively analyze
the elements in a very small sample with an extremely high accuracy.
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000000 OO 0O O Neutron Science Laboratory

ooo gopoooo
Associate Professor Kazuma HIROTA
ooo goooo

Research Associate  Masato MATSUURA

Our main subject is to study the spatial structures and
dynamic properties of the internal degrees of freedom of
electron (charge, spin and orbital) by neutron and X-ray
scattering. We mainly focus on the charge, spin and orbital
degrees of freedom in strongly correlated electron systems,
nanoscale spatial structures in relaxors, and the spin dynamics
of impurity-doped high-T; superconductors. These systems
often exhibit intrinsically heterogeneous structures due to
competitive and cooperative correlations among internal degrees
of freedom. They are also very susceptible to an external field,
which disturbs a subtle balance among various interactions. To
properly describe the order parameters and clarify the time-
space structures of such systems, we have our own neutron and
X-ray spectrometers as well as material synthesis and analysis

laboratory.
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Spin excitations for Zn or Ni impurity-doped high T; superconductor
Lay 85510.15CuOy4 at low temperatures: Zn induces a novel in-gap state, while
Ni renormalizes the spin excitations to lower energies.

1. 0000000000 bo00ooobooooooooooobooa
Spatial structures and dynamic properties of strongly correlated systems

2. 00000000000 ODOOOD
Nanoscale structures in relaxors

3. 0000O0O0OoOOoOoOoOoOoOoOoOoOOOOOOO0OO0

Spin dynamics of impurity-doped high-Tc superconductors

4, 0000000000000 DOO00O0ooDbObOOoOoooDbooOoooO
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.
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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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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 0000000000000 O0OO0O0OO0OCOOOOO0OO0OOOOOOOO
Structure and dynamics of water and related materials such as clathrate hydrates

3. J0000ooooooooooooooooon

Thermal and dynamical properties of room temperature ionic liquids

4. 00000O00O00O0O0OO0OO0OOOOO
Dynamics of guest molecules in clathrate compounds

5. 0000000000000000

Development of new neutron spectrometers and calorimeters

65
THE INSTITUTE FOR SOLID STATE PHYSICS 2006



http://sato.issp.u-tokyo.ac.jp

ERERERERE

Sato Group

e
-
-
—_—
==

goooooooboooboooooooobooboboooo
cooboobboobOooobooooobooooooboooon
coobooooboooooooooooobooboooooo
coooobobooocoobooobobobooobOoooooon
coboooooooooOOOoOOOoOboOoOooooaon
oo

oO0oooooooo fzn-Mg-Tb OOOOOODOOO
cboobOooooooooooooboobooboooon
cobooboooooooobooobocooooooooon
oboooooobooobOoboooboooooooobooo
oooooooooooboooooobooboOooooon
oobobooDbOooobobooobOoboooooDbOogon
Oo000000D000000FRig. 10 fZn-Mg-Tb OO
oooooooooooboboboboboo2s5mev ooon
oobooooobooooboobobooboboooooon
ooooO000ooooOoOoOoDoobocOo00O0rig. 2000
coobooobooooOoobOoOoOoOoOoOoOoOoooooon
ooodogozodboooboboooooooobobooooooo
co0oobooooooooboooooono

obobo0oo0o0oooooooocobooboooooboooo
cobobobhooooooooboooboooboOoooooao
coooooooooooooa

Fig. 2
goooooooooooooooa
gooooooooooooo

2 -1 0, 1 2 Q-dependence of the integrated

ax (A1) intensity of the broad inelastic peak,

| measured using a single grain of the
0.00000 0.00002 f-Zn-Mg-Tb quasicrystal.

Integrated intensity (arb. units)
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1. 0000000000 boooooooooooog
Atom and spin dynamics of quasiperiodic systems

.0O0000CcO00DOCOcOoO0oDOoOoOobOoOoobooooon
Spin fluctuations in geometrically frustrated magnets
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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.
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Neutron scattering study on new materials with novel physical properties
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Development of neutron scattering techniques
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ooooo goooo
Visiting Associate Professor Hiroyuki TAKAKURA

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.

O0O0000O00O0OO O Neutron Science Laboratory

Juud ooy gt

oodooooo oooo

Sergey B. VAKHRUSHEV

ooooooo
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 PbMgi/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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J Materials Design and Characterization Laboratory (MDCL)

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
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gooooo ogoooo gooooo
Technical Associate  Masayoshi KOIKE Technical Associate
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Technical Associate  Yoko KIUCHI Technical Associate
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Supercomputer
Hitachi SR11000/48 model J1
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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 SrCuz(BOs); with Shastry-Sutherland
lattice, (2) novel charge order transition and devil’s flower type
phase diagram in NaV,Os5 with a trellis lattice, (3) charge order
transitions and pressure-induced superconductivity in quasi 1D
conductors -A033V20s5 (A = Li, Na, Ag, Ca, Sr, Pb), (4) new
charge/orbital order transitions and room temperature CMR
in A-site ordered perovskite manganites RBaMn;Og, (5) novel
phase transitions caused by the interplay among charge, orbital,
spin and lattice degrees of freedom in 3D frustrated spinel
oxides, (6) metal-insulator transitions in hollandite vanadates,
AVgOi16 (A = Kand Rb).

TiK)

Physical property measurement system under ultra-high
pressure, “Oshitaro’, and the enlarged sample part. a
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Pressure-temperature (P-T) phase
diagram of p-Lig.33V20s. AF.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—Li()_;j,VzOg.

P (GPa)

1. 0000000000000 booooooooooboooooooa
Synthesis of transition metal oxides and chalcogenides by controlling stoichiometry and phase equilibrium

2. 0000000C0COCOOOOCOOCOCOCOCOOOOO

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

3. J0000O0OoOoOoOoOooOoOoOoOoOoOOOOOOOO0DOOOO0

Study on novel electromagnetic properties related to correlated electrons

4, 0000000000000 DOO000oDObOoOooboDbOooooDbDbOooo
Synthesis of new materials under various conditions including high-pressure

THE INSTITUTE FOR SOLID STATE PHYSICS 2006



0000000 0O O Materials Design and Characterization Laboratory

http://takayama.issp.u-tokyo.ac.jp

ERERERERE

Takayama Group

obooboooooboooboooooboobooboooooo
coobOobooooooboOoobobobooooobon
coboooooObooboooboobOOooooboOoooooo
cooobooocbOoboooobooboobOOobocOoooon
coobOobOoooocobcOoOobOobOooooOoDoOoon
coobobooooocobocoooooocoooOooboaon
coobmoooooooooobooooooogo

gboooobobooooooooooobooooo
oooo*“ocoobooooobooooooobooooon
obooooooorboboooobooooooagoaon
oboobobooooooooooooooboooon
oooooobOooooboooooooooooobooo
ooobobobDooooboOooooooboboooon
obooboooboooooboobooooboobooon
oboobOobobOoooocoooooobobooon
coooooobooooooooooboooooo

(a) T=0.36

075<5+ (D) T=0.60

0.5<85<075X%

00000 Research Subjects

1. 00000ooooooooooooboooa
Phase transition and dynamics in spin glasses

. 0000 00000000000000000
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Professor Hajime TAKAYAMA
ooo goooo
Research Associate  Yoshihide YOSHIMOTO
ooo goooo

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).

Quantum phase transition in quantum (random) spin systems

.000000000ooooooooooo

Phase-transition-like phenomena and dynamics in nanomagnets

.goooboocoo0ooocoobOoOoOobOoOooon

Development of new computational methods for complex systems
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Superconducting transitions observed in resistivity for the 1
B-pyrochlore oxide superconductors AOs»Og. The T is 3.3 K, 6.3

Kand 9.6 K for A = Cs, Rb and K, respectively.
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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>0O7 and AOs;Os
(A =K, Rb, Cs) which crystallize in such a three-dimensionally
frustrated lattice.
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Search for a new material realizing a quantum spin system or a strongly correlated electron system

. 0000 00000000000000000

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

.00oooo
High-T¢ superconductors
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Growth of large single crystals and thin films of transition-metal oxides
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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.
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Search for novel states in quantum systems and quantum critical phenomena
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Numerical methods for many-body physics, in particular, new quantum Monte Carlo techniques

3. 000000
Spin glasses
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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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Okabe Group
oooboOooOoCoc0oo0ooOooboOoboobOooooo The concept of scaling is important in phase transitions. I
O000000000O0o0O0oo0ooooooooon study the scaling properties, critical phenomena and dynamics
00000000000 O00000000000000 of phase transitions for random and frustrated systems. The

emphasis is put on the computational physics approach; the

ocoooooooooobooooooooooooao

ocoOo00oO0o0oooOO0O0o0ooOoDbOO0O0oO0oOoooOo0O0O .

algorithms are explored. For example, I have recently proposed
pooooooooooooooooooooood the algorithm of nonequilibrium reweighting, and examined
oooooooooobobooobooboboobooooooao the Monte Carlo algorithms to calculate the density of states. I

0000000000000 0D00DO reweighting O also investigate the scaling properties of the diluted XY model
0000000000000 000000000000 and the Potts model with next-nearest-neighbor interactions.

development of new Monte Carlo algorithms and optimization

00000000000 XYOOOOoOOOOoOoOo Moreover, the hybrid algorithm for the dynamics of nano-

goooooooooooooobobobboboboobobboob
gobobobobobobobobobobobob
gboobobooboobbooboobboobooo

magnets and the mean-field theory for the exchange bias
phenomena are studied.
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ooooo gooogd
ﬂ D D D D D Visiting Associate Professor Hiroshi KAGEYAMA

KageyamaGroup
ooooOooo0oooooOoooOooOo0oooOoboOoonn The research of my group directs the development of
000000000 o0ooooouUoooOoooooooo topotactic low-temperature synthetic routes, such as ion-
0000000000000 000000000000 exchange reactions, redox reactions, for the rational design

of new inorganic compounds that have improved or new
ocoooooOoOoooooooooooOooooooonn

O00000ooooO0o000ooooOoooooooooo . . .
of layered perovskites are useful to create low-dimensional
oobdoooooodoooooooonooooodn magnetic systems, as metastable phases that are not formed

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

cboobooboOooboobooooooooboooban by a conventional high-temperature reaction method. Among
000000000000 O0000O0O0O0O0oOooon the advantages of this method are (i) magnetic materials (e.g.,
0000000000000 000000000000 (CuCl)LaNb07) are obtainable starting even from non-

0000000000000 000000000000 magnetic precursors (e.g., RbLaNb,Oy7), (ii) one can design

goooouooooooobooooooooooon
000000000 (CuClhLaNbO7O00OOOO0OOODO

magnetic lattices of interests such as square lattice and triangular
lattice in a rational way, just as molecular chemists do, (iii)

obtained ion-exchanged materials are generally of high quality

(CuBr)LaNb207 000000 0O 0O O (CuBr)SraNbzO10 O and are stoichiometric, in contrast to (de)intercalated materials,
1/30000000000000000O0DO0O000O0DOD so that one can investigate the low-dimensional magnetism
OooO000O00oo0ooooooooooooooon whose properties are known to be easily destroyed by a tiny

00000000000 000o0O00000 amount of defects. To date we have obtained, for example, a
series of § = 1/2 square-lattice antiferromagnets with a range
of physical properties including a spin-liquid behavior in
(CuCl)LaNby0O7, 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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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 SGI.

I8EP Supenomputer System

Ll
bt

O0O000 OO0O0OO Research Associate : Y. YOSHIMOTO
00000 QJOO0O0QO Research Associate : Y. TOMITA
O0DO0O00 OOOOO Research Associate : T. SUZUKI
O0O0DO0O0 OOO0OO Research Associate : Y. ISHIDA
000000 QdOO0OO  Technical Associate : H. YATA

0O 0O O O OdO0OOO  Technical Associate : T. FUKUDA
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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.

gooooooooooooo
gooooooooooo

| The Supercomputer System 0000000000000000L0SGI Altix3700Bx2/12800
e st tenw t the SCC-ISSP. The supercomputer system B (SGI Altix3700Bx2/1280)

[T -
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Materials Synthesis Section
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Chemical Analysis Section

0O 0O O 0O QJOO0OQO  cContactPerson:Z HIROI
00000 QJQOO0O0O Technical Associate : T. KITAZAWA
000000 [QJOO0O0QO  Technical Associate : M. KOIKE
000000 [QJOO0OQO  Technical Associate : M. ISOBE
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coobOobOoooocoboooooobocooboobaon
coooOooooboocoobooooobooo

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

of furnaces are provided for crystal growth experiments.
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Main Facilities

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

Technical Associate : Y. KIUCHI

gboooboboooocoocoobobOooooo
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The Chemical Analysis Section is engaged in determining the
chemical composition of specimens and in purifying chemical
The

analytical equipments, several types of automatic balance and a

reagents for preparation of high quality specimens.

system for preparation of ultra-high purity water are provided

for chemical analysis experiments.
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Main Facilities

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

oooooo
Czochralski pulling apparatus with an induction heating system
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Electron Microscope Section

0O 0O O O QOQOO0OQO  cContactPerson:Z HIROI

00000 gOoogooo Research Associate : J. YAMAURA
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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.

oooo
obooooooooooOoooobooooobooooooooooo
oooo00o0000b00000o000000

Main Facilities

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

goooo0ooooooOoooOoooooo
Imaging plate type X-ray diffractometer for low temperature application

0O 000 gogoo Contact Person : Y. UEDA

OO0O0O0O0 OdOOOO  Technical Associate : M. ICHIHARA
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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.
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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

200kv 000000000000
200 kV electron microscope with an X-ray micro-analyzer
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Spectroscopy Laboratory
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The Electromagnetic Measurements Section offers various
facilities for measurements of electric and magnetic properties
of materials. The followings are types of experiments currently
supported in this Section: electrical resistivity, magnetoresistance
and Hall effect, magnetization, magneto-quantum oscillatory
phenomena, a.c. susceptibility, magnetic torque, and NMR.
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0000000000 00000000mO0000000D000000
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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.

pooooooo
SQUID magnetometer (MPMS)
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O 0O O O QJO0O0OQO  cContact Person: H. TAJIMA

0O 000 gooo Contact Person : T. SUEMOTO

gbooobooobooboboooboobOooooo
goooogo

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

and Raman scattering.

oooo
Jo0o0O0000b0O00000000000000000D00000D
oooooooo

Main Facilities

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

gooooo
Spectrometers (Room A468)

THE INSTITUTE FOR SOLID STATE PHYSICS 2006



Jooddbooddbod

International MegaGauss Science Laboratory

obooboobobobobooooooon
gobbooomooomooomoomoon
oboobOoooooooooooboobooo
gboooooooooooboosooonooOod
obooooooocobooOoocobOon o000
gobeoOOOOOOOOODOOOODOOOOO
gbooooocoooooooooocoodoonoa
goooooobobobooooooooonod
gooooooooooboobooooobooona
gbooooooooooooooboobodoonod
gboobooooooooooboooooood
gboboooooooooooboboog
oooo0@EoM)OOODOOOOCOOO
gobi1o00000D000 1000000000
goooOooooooooboboooooobooon
obobobooooooooboobooooooonod
ooboooooooooon

oo0oo0o0000O00OO000O00O0DO0D00000O0O0O0O0OO0O0
Joo0ooO0o0oO0o0OboO0oO0oO0eocOdOOOOOOOOOOOOO
ooo00O000000000000O00O00O0O0DOO0DOOO0O00O0
000000000 s0000000000000000000 40
gobo0o0b0eoOO0O0O0O0O0OOOODOOOOOOOOOOCOOOO
0oo0ooO0oO00OO0O00000OO00D0O0O0OO0O0DOOO0DOOO0O0O0
00o000000000000O00000000000O000000
ooo000o00b00000000D

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.
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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.
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000CO000O0O0O000 O International MegaGauss Science Laboratory
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Professor Shojiro TAKEYAMA
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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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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 00D00OO00OO0OOOOOODOODOO
Magneto-optics of high-density optically excited states

3. 000000000000D00D0
Magneto-optics of carbon nano-tubes

4. 000000000

Exction correlation under extremely high magnetic fields
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Kindo Group
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A picture of the
experimental set-up
for X-ray diffraction
measurements under
pulsed high magnetic
field installed in the
beamline BL1I9LXU at
SPring-8.

00000 Research Subjects

1. 00000oooooooa
Study on magnetism of quantum spin systems

2. 000000000COCOOOOOOO

O000COOO0000O0O0O00 O International MegaGauss Science Laboratory

ooo goooo
Professor Koichi KINDO
ooo googoo

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 LasrAlQ  substrate  LSCO on SrTi, substrate

1

=l 11

500, y—0.11

Resistivity (p€2em)
&
=

G 10 20 3D 40 5O O 7O

B(T)

7oTooOOoOOOI

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

Study on magnetism and conductivity of strongly correlated electron systems

3. 000 10000000000000

Development of non-destructive 100 T-magnet
4 J0000O0DOODOOoOoOoOooOoo

Development of ultra-long pulse magnet
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Shop

Supporting Facilities

We have various facilities in order to support
research activities. Cryogenic Service Laboratory for
supplying liquid helium and liquid nitrogen, Model

for various machining, Radiation Laboratory

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

gbobooooobobobooooooooon
g0y Ug o
gooouodoooooooooooooooo
goboooboobobooboboooboobo
oobooobobooobobobobooobooon

cooooooo

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.

[

ooooo
Chairperson
Cryogenics service

ooooo
Chairperson
Model shop

oooooooo
Chairperson
Radiation lab.

ooooo
Chairperson
Library

gooooooooooooo
Chairperson
Stock room

poooooo
Chairperson
International liaison olJce

goooooo
Chairperson
Publication and advetisement

goooao

Toshiro SAKAKIBARA

goaoo
Tohru SUEMOTO

ooooo

Toshio TAKAHASHI

goooao

Koichi KINDO

oo od
Zenji HIROI

ooao

Minoru TAKAHASHI

ooooo

Shingo KATSUMOTO

0o o oo

Technical Associate

0O o 0o

Technical Associate

oooooao

Technical Associate

o o oo
Technical Associate

goooooo
Technical Stall

goooooo
Technical Stall

goooooo
Technical Stall

oooooao

Technical Associate

O O
Administrative Stall
o o oo

Administrative Stall
gooooao

Administrative Stall

oooaoao

Administrative Stall

ooooao
Technical Stall

oooo

Hikaru TSUCHIYA

googo
Reiko SAGIYAMA

ooood
Kiyonobu OKABE

oooo

Jun YAMAZAKI

ooooo

Tadao IMAI

ooooo

Yasumichi ENOMOTO

ooooo

Seiji MURANUKI

ooooo

Kiyokazu NOZAWA

ooooo

Rumi WATANABE

ooooo

Noriko SOGA

gbooooo
Hideko AIZUMI

googo
Akiko KAMEDA

oooooo

Mizue ISHIZUKA
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oogo
Cryogenics Service Laboratory Model Shop

Oo0oo0oo0oo gOoooo Chairperson: T. SAKAKIBARA 00000 gooo Chairperson: T. SUEMOTO
O 000 ggogoo Technical Associate: H. TSUCHIYA 000000 OO000O0O  Technical Associate: K. OKABE
O 0O O O QOOO0O0QO  Technical Associate: R. SAGIYAMA 0O 00 o0 ggooo Technical Associate: J. YAMAZAKI

goooooo OgoOododo Technical Stall: T. IMAI
000000000000 000000000000 ooooooo OODDOO  Technical Stal: Y. ENOMOTO
0000000000000000000000000 0ooooon DUUUD  Technical Stal: S. MURANUKI
000000000000000000000000
00000000000 0000000000000
0000000000000 000000000000
20050 000000000000000000000
312,000L0228,000L0 0000000000 DOO0
00000000002005000000000000
666,000LO0 DO DOOODODO The model shop consists of a machine shop, a glass shop and

a supporting machine shop, which are equipped with various

gboooboooobooboobooocooobooooo
gbobOooobooocoobOoboOooooobOooon
gbooooobobooboobooooooooooboan
gboboooooooooboooooobooooooon
ooooo

The aim of this laboratory is to supply liquid helium and o o . .
o . . ] facilities for designing, metal and ceramic machining, and glass
liquid nitrogen, and to give general services concerning . . . o
. . . blowing. They supply researchers required various original
cryogenic techniques. The laboratory also takes care of high- . .
. . . o . devices and instruments.
pressure gas cylinders used in Kashiwa Campus. Liquid helium

is produced by the laboratory’s own liquefier and supplied to the oooo

researchers and students. The evaporated helium gas is recovered 00000 05000000000000000000

and purified in this laboratory for recycling liquefactions. In ooooo0ooooo00on

the 2005 fiscal year, 312,000L of liquid helium was produced as oooonooonnooonnooononooonnooon

ooooooooooao

a total and 228,000L was supplied to the users. Liquid helium
. . go00o0o00000000000000000000000D
is transferred from the 6,000L storage vessel to various small

storages with the centrifugal immersion pump system. Liquid Main Facilities

3 . . 3 Machine shop: Five-Axis Universal Machining Center,

nitrogen is purchased from outside manufacturers. The supplied i
Numerically Controlled Lathe,

Numerically Controlled Milling Machine,

Electric Discharge Machining Tool,

liquid nitrogen was 666,000L in the same year.

gooo Main Facilities
Gl hop: Lathe for Glass Work, Polishing Tool,
0000000000000 Helium liquefier system (Linde) ~ 200L/hr ass shop UT e tor NTSSh_ or : OI'S ing foo
t
gooooooo Liquid helium storage vessel 6,000L s ina Machi rasso'?lc Uac. |n|ng: Looh Precision Lath
orting Machine Shop: Universal Lathes, Precision Lathes,
0oooooo Liquid nitrogen storage tanks 20,000L upporting : P v St

Milling Machines

000000000000 Helium gas recovery compressor  190m3/hr

0oooOooooooo Liquid helium transport containers
500L, 250L, 100L etc.

000000000000  Centrifugal liquid helium pump system 20L/min

goboooOoOdooOodoOoOooodooOooon NCOOOoOoooo
Helium liquefier, storage and transfer system Numerically Controlled Lathe
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Supporting Facilities

goobooo

Radiation Safety Laboratory

oogdo
Library

oooooooo ooooad

ooooao

Chairperson : T. TATAHASHI

Technical Associate: K. NOZAWA
(Radiation Protection Supervisor)

goooooao
goooooooono

0000000D00000000000000000

000000000000 0000000000000
000000000 @MO0O000000000000000
0000000000000 000000000000
0000000000000000000000000
0000000000000 00000ooooooo
000000000 000000000O0OOO0O0DOD
000000000 000000000O0OO0O0O0O0n
000000000000 0000000000000
000000D0D000000000000000D000
0000000000000 ThODOOODOOOOOD
0%°Nal000000000000O0O0DOO000O0OOO
00000000000000000000

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.

oooo
ooooooooooooooooooooooooooooooo
0MO000000000%Nad000000000000000000
go0bDo000o0o00000Ge0 000000 OO00O0OODO
oo0o0o0o000000000000000000O000000000D
goooo0oOooOoooOooOoooooood

Main Facilities

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

oooooO0oooooooo
The 7ch hand-foot-clothing monitor

ooooo gOoooao
O 0o 0ooooao
00 0O 0 gooog

Chairperson : K. KINDO
Administrative Stall: R. WATANABE

Administrative Stal): N. SOGA

gboooobooobooboboooocooooooo
gbobooooboooooboboooboobOooon
gboobooooboobooooooooooobooon
goooodoooood

oboooooooooboobooooobOooooo
goooooooooooooooooobooobooo
ooooooooooooo

gboooooooooboobobooooboooboooboo
obooooobooboooooobooobooboooon
od

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

oo
oo 0 783m?
ooo 0595610000 17000000

Moo s46790000 4,8820000000000
Ooo00o0 071500000 62100000 9400

oooo 000 9:30-17:000 00000 0 6:00-24:.000

ooo 024000 800 LANOOOOOOOODOOOOODOO
ooooo o440

ooo o030

oo oooooo

ooo o30000000000

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

ooao
Library
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goboboood

Stock Room

Doooo goooo
O0O0O0O0 QOO OO Administrative Stal: H. AIZUMI

Chairperson: Z. HIROI

gbooooboooobooooboooboooooo
coobOobOoooocoobooooobocoobooboon
coobOobooooocobooooobocooboobon
cobobO0ooooOoodobo2000000000000a0
coobOoobOoooocOoobOoobOoboOooOoboOoonoon
coobO0ooobooboooOooobocoooobooboooon
coooboboooooooooboocooooooooboOooon

gobooooooooooocooboooooo

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.

goognd
International Liaison Office

0ooooooo OOOoo
00000 Qgooog

Chairperson: M. TAKAHASHI

Administrative Stall: A. KAMEDA

ubooooooooooobooooboooocoooo
oobobooooobooboooobooboooooooonn
oooooooooooobooooooooogooan
ISspO00000000O0OCOOO0OOOOOOOOO
oboobOooobooooooboobooooboooooon
oooooooooooboooboboooobo
oooood
oooooooood
Moboooobooooooooooooooo
ooboooooooooboooboocoooo
oooood
oobooooooooobocooboocoooao
ooooocooooooooon

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.

gpoooooo
Stock Room

ooooo
International Liaison Office
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Kashiwa Campus Map
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The Institute for Solid State Physics, IERLE

The University of Tokyo

0 277-85810 00000000 5-1-5

5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581
TELO(04)7136-3207
httdl//www.issp.u-tokyo.ac.jp
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Tobu Noda-Line
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