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1| | Preface

Established in 1957 as a joint-use research institute
attached to the University of Tokyo, the Institute for
Solid State Physics (ISSP) celebrated its 50th anniver-

sary last year. The Memorial Symposium was held on

Nov. 30, 2007 in the old Roppongi Campus, which has
been completely renovated as the National Art Center
Tokyo and the National Graduated Institute for Policy

Studies. In the Symposium, the past, present and fu-
ture of ISSP and of the condensed matter science and —EE Director
other related fields were discussed. Encouragements % %réfjll\
and expectations were expressed by the community Vosithiro
leaders for the future ISSP.

Over the last 10 years, two major changes for ISSP took place; the relocation to Kashiwa Cam-
pus and the transformation of the University of Tokyo to a national university corporation. We
recognize that in the present day's competitive environment with gradual cut down of the basic
funding, the role of the joint-use institutes such as ISSP in promoting the research activities of
basic science is becoming all the more important. In order to ensure soundness of scientific re-

search, it is essential to maintain a good balance between competition and concerted effort.

One of the major directions ISSP has been and is pursuing as the joint-use institution, is the
development of unique experimental facilities that would be difficult to maintain in ordinary uni-
versity faculties. There are several near-future projects ranging from the actual construction
stage to the planning stage. The one currently in the final stage of construction is the long-pulse
high magnetic field laboratory, which, when completed, will offer a versatile platform for experi-
ments in high magnetic field, and will constitute a comprehensive International MegaGauss Sci-
ence Laboratory for high magnetic field research together with the existing short-pulse mega-
gauss field installation. Another project vigorously promoted is the Advanced Coherent Light
Laboratory which is envisaged as a laser facility enabling experiments in the unexplored realm

of short wavelength, ultrafast and high peak power.

Having celebrated its 50th anniversary last year, ISSP is now taking a step forward to the fu-
ture so as to keep contributing to the advancement of basic science in the relevant fields by

means of the synergy of the in-house staffs and the research communities.
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~ History ‘

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

The next goal was set to develop advanced experi-
mental techniques that were difficult to achieve in
most university laboratories. The reorganization of
ISSP into the "second generation” took place in 1980,
Division of Physics in Extreme Conditions included
groups in the areas of ultra-high magnetic field, laser
physics, surface science, ultra-low temperature and
very high pressure. It aimed to create extreme con-
ditions and to explore new phenomena. Neutron
Scattering Laboratory was constructed in Tokai in
collaboration with the Japan Atomic Energy Re-
search Institute. Its capability was significantly im-
proved during 1990 - 1992 due to renovation of the
research reactor. In 2003, it was reorganized to Neu-
tron Science Laboratory. Synchrotron Radiation Lab-
oratory operated the SOR-RING in the Tanashi Cam-
pus of the University of Tokyo and maintained
beam lines in the Photon Factory at the High Ener-
gy Accelerator Research Organization (KEK) in Tsu-
kuba. After the shutdown closing of the SOR-RING
in 1997, effective use of new light sources in Japan is
an important mission. Besides activities using such
big facilities, the Condensed Matter Division and the
Theory Division maintained small groups motivated
by individual interests and ideas. Among these
groups was formed Materials Development Division
in 1989 aimed at exploring new materials and their
novel properties.

5

In 1996, another major reorganization of ISSP into
the "third generation” took place, in order to pursue
new frontiers beyond the traditional disciplines and
become an international center of materials science.
One example is to explore new phenomena in com-
bined environments of various extreme conditions,
since individual technologies for high magnetic field,
low temperature and high pressure had reached cer-
tain maturity during the "second generation’. An-
other example is the study of artificially designed
materials such as thin films, materials fabricated on
surfaces and mesoscopic systems with nanoscale
structure. Focused efforts are also planned on syn-
thesis and characterization of new materials with
the aid of computational physics, which allows us to
design and predict properties of new materials. Cur-
rently in ISSP, there are five research divisions
(New Materials Science, Condensed Matter Theory,
Nanoscale Science (its name changed from Frontier
Areas Research in 2004), Physics in Extreme Condi-
tions, and Advanced Spectroscopy) and three re-
search facilities (Synchrotron Radiation Lab., Neu-
tron Science Lab., and Materials Design and
Characterization Lab.). In addition, there is a visiting
staff divisions as well as two foreign visiting profes-
sor positions.

ISSP was relocated to the new Kashiwa campus
of the University of Tokyo in March 2000 after the
43 years of activities at the Roppongi campus in
downtown Tokyo. Here ISSP is aiming at creating
new areas of science in collaboration with other insti-
tutions in Kashiwa. Meanwhile the University of To-
kyo was transformed into a national university cor-
poration in 2004 and thus ISSP is expected to play
new roles as a joint research Laboratory in a univer-
sity corporation. In 2007, celebrating the 50th anni-
versary, the ISSP established International Mega-
Gauss Science Laboratory has been established and
started serving as an international center of physics
in high magnetic fields.
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1957

1958

1959

1960

1961

1965

1969

1972

1975

1979

1980

1982

>>,> 42 /Chronology <<<

I [5 F A ZERT & L TR

Establishment of ISSP as a joint research laboratory

B e - Bl 2 fB1 . BLLAF A SHEr © Lo 1 8Bk

Opening of Radio and Microwave Spectroscopy, Theory II, and Crystallography 1 divisions
AR - JCEERM, B S IREE

Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions

MR - RS 1 R Rk

Opening of Low Temperature and Magnetism 1 divisions

PAAR - 5 F - M RBG - WA - ORI R Y

Opening of Semiconductor, Molecular Physics, Lattice Imperfections, Plasticity, and Nuclear Radiation divisions
Kdhos 2 - PGS 1 - [EARYE - B SR e

Opening of Crystallography II, Theory I, Solid State Nucleus, Surface Properties, and Molecular Science divisions
W WRZE T BT X

Inauguration of ISSP

WA 2 - JRANR - BRI - PREEHS 3 ERIMH R, 2088 & % %

Opening of Magnetism II, Solid Materials, High Pressure, and Theory Il divisions. Total 20 divisions
A AREB & MR PE TR M S A A

Solid Materials division was renamed as Inorganic Materials division

PP AT T g

Opening of Neutron Diffraction division

EAYEERM (CxREM) Rk 22fME & 5)

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

LD O W P AE 5 B e e 1

Foundation of Synchrotron Radiation Laboratory

AR FEE T

Ultra-Low-Temperature Laboratory building completed

PEA D22FR M A IR PSR M GEnhgEdy, MR L —W— FZmptk, SR L ORI
WU BT PR, 7 A R, BERR PR ER 4 & OSBRI o 5 KM R UAE H
HRM 1 ISR S B

Reorganization of ISSP from 22 small divisions to five large divisions, Physics in Extreme Condi-

tions (including ultra-high magnetic field, laser physics, surface science, ultra-low temperatures

and very high pressure laboratory), Synchrotron Radiation, Neutron Diffraction, Condensed Mat-

ter and Theory divisions and one Visiting Staff division
AR - MR L — W — BRI T
Ultra-High Magnetic Field Laboratory and Laser Laboratory building completed
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Fr13F

FE155F

F165E
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FER19E

1989

1993

1995

1996

1997

1989

2000

2001

2003

2004

2005

2006

2007

P B R R M (RERR104E) Ak s h, 6 KM E %25

Opening of Materials Development division

WIMTSSPEERY Y RIY A [HRELECEAOWB L ALY FifE (LIFERAE S L IR
The 1st ISSP International Symposium on "The Physics and Chemistry of Organic Superconductors”
PP - TECRLIVE 78 Bt e oD T ik

Foundation of Neutron Scattering Laboratory

[EBEAL R AFl AT i S L B

Evaluation of scientific achievements of ISSP by an international external committee

P ERE. WY, YR PUR, MBEREEMYE, ede s to 5 KWEFEEBIM & W RURE 78 i R
PP - IBGRLAVE ZE G i V2 7 L RO AP A B % 2 7= 3 MR IS i S B

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

HUERAEHF v > 78 RSB B MYERFZERT J2 Bl A5 1

Construction of the new ISSP buildings in Kashiwa campus started

k- GELFZE bt TOMBRE AT S B

Evaluation of activities of Neutron Scattering Laboratory by the external committee

i v ¥ 8 AN OBl

Relocation to Kashiwa campus started

BUR5E )

Relocation completed

ALELN % H Rk

Opening of foreign visiting professorship

R ECSL I 78 bt e s vh V1 A0 28 i i LS L

Reorganization to Neutron Science Laboratory from Neutron Scattering Laboratory

W PR AT Al b i THMBRFl A I 2 h B

Evaluation of scientific achievement of Materials Design and Characterization Laboratory by external committee
PO RAEDE RN RFE L 2 D

The University of Tokyo was transformed into a national university corporation

S IR ZE SR M % 5 ) A A — VEEZE S M S R

Division of Frontier Areas Reserch was renamed as Division of Nanoscale Science
HLEREPAI A3 Nt S L B

Evaluation of scientific achievement of ISSP by external committee

[ 5% i k38 P 2= O 2 W 5 oD B i

Foundation of International MegaGauss Science Laboratory

Al L50/8 4 il &g

Celebration of 50th anniversary
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ISSP belongs to the University of Tokyo. At the
same time, its facilities are open to all domestic re-
searchers participating in joint research. The admin-
istrative decisions are made at the faculty meeting
chaired by the director and attended by professors
and associate professors. The ISSP Advisory Com-
mittee, consisting of nearly equal numbers of mem-
bers from and outside of the University of Tokyo to
represent the interest of the outside users, gives ad-
vice on various aspects of administration upon inqui-
ry of the director. The Advisory Committee for
Joint Research, consisting of both the in-house and
outside members, evaluates proposals for joint re-
search, workshops, and allocation of fund for user ac-

tivities.

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

Laboratory maintains apparatus installed at the re-

search reactor in the Japan Atomic Energy Agency,
Tokai, Ibaraki. In addition, supporting facilities,
which include Cryogenic Laboratory, Model Shop,
Radiation Safety Laboratory Library and Internation-
al Liaison Office provide services to both in-house

and outside users.

New research positions as professors, associate
professors and research associates of ISSP are adver-
tised publicly. Candidates are selected by the Selec-
tion Committee consisting of nearly equal numbers
of in-house and outside members and then approved
by the Faculty Meeting. Some of the positions have

finite terms of appointment.

THE INSTITUTE FOR SOLID STATE PHYSICS 2008
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Joint Research and International Collaboration

#PEREZE HHE  Domestic Joint Research 5

2 [E YR EEZE R TR LIE WA - JEmFgE % 11
M H720, KDL BFEIRT LA TWAS,

1. JEEFH FAMIE e & A D ik & - T
R TVI2WEEI, TOMEEZ RS 0O ET
HbHo I ANIOWTIE [EEWFZE] & [HEseRH
D2ODREND S

2. WA H——RYP BV 2 L OWERMICAE
B3 aEWIIERICH L. RS H 222 AR~
ORI 2HIETH S ATOTHOIFED b
& THAERL EIFZE R AT 9 Kb R & L7z RIS
PR E. FHEMoOBGALZHME LTHAAET 2
Fi T H O 7D ORI A R OMIED D 5.
3. WEAECHFZER P MRS AT O F 75T ] 72
O NI FWFZE D EAT LU R AR ZWILL. bt
TAP i OF OMEFE % 4 5 7= d ORI BT, WX
6 r HUNE L TWA,

TR —N—a Y Ea—F VAT AR, ¥ ¥ —
v bl CCeEoWEEE oIt s Tw b,

The facilities of ISSP are open to domestic re-
searchers, who are encouraged to submit joint re-
search proposals. In addition, ISSP provides oppor-
tunities for young scientists including graduate
students across the country to do research for exten-
ded periods. ISSP supports travel and research ex-
penses for visitors.

The supercomputer system of ISSP is used via in-
ternet by domestic researchers.

ras‘sﬁgé}% 1100
1000,

) (e 200
) 800
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2003 2004 2005 2006 2007

IR AL i - ISSPIEIB /R A International Activities and ISSP International Symposium )
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7= PEWE R D458 % i & 16 1 L 72 B[R F 78
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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
vears. The unique facilities of ISSP have been used
in many international collaborations. Many foreign
researchers have been spending their early careers
at ISSP supported by various fellowship programs
sponsored by the Japan Society for Promotion of Sci-
ence, the Ministry of Education, Culture, Sports, Sci-
ence and Technology, and other agencies. ISSP has
also been coordinating the Japan-US cooperative re-
search program on neutron scattering since 1981. In
addition, ISSP organizes smaller scale international
meetings.

SRR P B35 L OSRAR AL CEIRIRI O — A% - 0 AR - P 7
A= 7 R= TV 2 — 235 KO BB RO ATH

Number of subjects and researchers adopted to domestic joint research

AR BfiA sk Guest House )

KFEFH O 7= DI RER X, H1F v 2N ANDTE
ik fHT s LM kE. (77 N28%, v
{2 29%)

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

rooms).

HIE%E 2 Workshop )
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S h s,

ISSP holds domestic workshops on specific sub-
jects of condensed matter science typically with a
two to three-day schedule and one hundred partici-
pants. Proposals for workshops are submitted by re-
searchers over the country and selected by the Ad-
visory Committee for Joint Research.

fb. 3y BT (FRASER~) RFSATIS (ML | 18000
. EEARABOARPEMAEORELEN BRI 1,600, participants
TVWET, 1,400
1,200 FafE
-1,oool EE
800] ' 3 number of
codl | | workshops
1 Ay ! . 10
4q|. || ]
200'; I - (B 3
N ] 1|
WIS workshops | % iges 1967 1998 1099 2000 2001 2002 2008 2006 2005 2006 2007
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o7~ OFfEHE @SNEH SEAN)
Title Date Participants (overseas)
#1E | FRBEEEOMIBLLF .8
| 151__ The Phy_sics and Chemistry of Organic Su_perconductcrs I 1959 _8 _28'_30_ 205(34)
. . . .
B70E | REFEEEFIRALIER RO RATR o
7th Frontiers in Neutron Scattering Research SRR 130(20)
#eE | MIEMETRAERORAR o
8th Correlated Electrons <QOlICc S 200(25)
$oE | BTEBRHEOHEM .
9th | Quantum Condensed System ettt japtes)
$B10E | BHEREICBIZF/HIIUR L
10th Nanoscience at Surfaces Chleilly 247(34)

ISSPIEE Y K ¥ 7 4 ISSP International Symposium

o —~ @FG1EHIR @ MEH SEN)
Title Date Participants (overseas)
arfﬂﬂfﬁﬁ?:fgﬁﬁfﬁﬁs of the Density Functional Theory EUDTETRI -6 240 120(20)
it Wt n s s ol G et NG o | 2008°31011 | 82(8)
D= =4 7
Eit?rZati:n;IEIérpjr;nﬁg%;fol oLSL‘J‘bS_Jg ?81 nvryn"\?\fsi'ﬂes" LU 125(55)
?ﬂzg;é;ﬁ;fei?ggf/ ija}litia‘s*iﬁ Physics AR Sicer litie)

IO EEET —2 > 3 w7 Recent International Workshops
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WP U 22 KRB IS 2 IEW TV 5, WTENFZERT
OFH . SIS U Ty BERPERF R
WFERH PR, (LW, HERRAE RS, 1%
FAFZERM B T2, & B I B BURADR - 0F2E
FUHEREIICR L TVAHD. ThEOMEROHZ R
R IR B LD WIPERH AT & O8R5
HLTWB, WU T3, BI4E. YR A M
W& KEBMEFERALZDIDDHA ¥ Y A ERLT
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ISSP contributes to the graduate education in con-
densed matter science using its unique facilities.
The faculties participate in the following depart-
ments of the graduate school of the University of To-
kyo: Physics, Chemistry, Earth and Planetary Sci-
ence, Applied Physics and Advanced Materials.
However, students are encouraged to develop their
careers across the established disciplines. Every
year introductory lectures on condensed matter sci-
ence and a guided tour are given to those who are

interested in graduate courses in ISSP.

T {&+:8%2 Master Course 1@1+:8% Doctor Course

| 2005% | 2006% | 20074 | 20084 | 20054 | 20064 | 20074 | 20084

MIBFEY Physics 39 54 51 40 20 29 31 26

[{E%E W Chemistry 9 8 3 2 6 3 4

| IR EFIFHH  Earth & Planet. Sci 1 2 2 2 1 1 1

YIETHFEE Appl. Phys. 12 12 11 9 10 7 6

| MEHREFEH  Advanced Materials 38 39 36 38 10 8 11 13

BT HEI  Complexiy Sci. and Eng. 0 0 0 4 0 0 0 0

'''''' & & | 99 115 103 95 47 48 53 47

it 4 FOHEYRFEE B Number of graduate students

WYEWFZERT T, 4ERI3507 £ 5008 il % 0 2 SCHk
EREL TV D, 20074 KD 224k L4908 O I,
PRI LAAT, RESR22, MG H12, A (FEA
D—P9E R ->TWh,

About 350 to 500 scientific issues are published
through annual activity in ISSP. The 490 articles
published in 2007 consist of 447 papers in refereed

journals, 22 proceedings, 12 reviews, 9 books.
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E3(A) A2 THEFELY

[ (B) 4% : XERBELY

1 (C) &k : REAE LY

[ 1 (D) =% - LFEME : B - hETH LY

E1 (E) REFAER | JCHBHFE - BAFPNRAS LY

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

(B) Regular Budget (Non-Personnel) from Ministry of Education, Culture, Sports, Science and Technology
(C) Grant-in-Aid from Private Corporations

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

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

for the Promotion of Science.

(A) (B) (c) (D) (E) &t

NS LUIES e FHEME-ARHE | FEARE Total
195 & (2007) 1,470,205 2,415,721 14,178 239,450 478,600 4,618,154
k184 (2006) 1,447,491 2,422,618 15,430 105,191 | 521,300 4,521,030
PRk 174 B (2005) 1,374,411 1,982,397 18,090 80,620 | 542,900 3,998,418
T 165 (2004) 1,341,540 2,162,225 13,180 69,574 466,200 4,052,719
k155 (2003) 1,502,097 2,130,210 21,950 149,079 348,500 4,151,836
FRL 145 (2002) 1,527,173 2,237,894 6,584 61,352 344,700 4,177,703
134 (2001) 1,571,857 2,095,185 14,376 112,369 258,000 4,051,787

oy

TEAOHR  Budget in recent years (B : TM)  (Unit: Thousand Yen)

VBB R/ Staff Members

SER204EERR T RERUE. BLToEB 0 THAE. b, () WIF%FH
FY2008 Number of staffs () : visiting staff

TG R B # TS BHER (HiR ) 1
Professors Associate Professors | Research Associates | Technical Associates | Administrative Officials Total
E 8
Nismber of staffs 24 (3) 28 (3) | 38 35 73 198 (6)
13
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Division of New Materials Science

B E gk, 77—y h—R v
F/Fa—7, GEEEEKRZ EOHICH SN
L9, THWEL oFRIZINE TICMEL %
CYEREOH L R Z W T E 2, #Hidk
PIEBIR D FE I F 7RO L W EM L TN
A ADFFIC D D% h 5, FIVE B AT
Tl L OWEZ AR L, BB 2 v
TZOMWEZHET S LIk, FiLPE
BUCORD2YEBIREZHRALEHT2 L%
HEEL L Tw3, SHMIBIE 7 DDHEED
SRR, SRR HE RO D L ICENE
DAEMERCP K E D ERIE, F L P PE £
MiDOFE R £ 272D YEHE S V-7 L
FREHERL 7V — 7" & DERMPe % Bk 2 723885 b D
DT T %, RS E G EHGfER & 1358
TIBRE RS 2 o2 HEE L T 5, 4
MCI3BIE, ERSERILY. BB RYH.
AR SR EFHEZ R ITWEICE T
LAYV, E, BEORT LS EOREN
Lo TLHELBIROMHEZ FE LT —~<D 1
2L LTEY, AETICET 2WHAR S
FERT. MRS B U AR BIGME . ML -
HeBGHIGE . BRI EIR, e BB 7 sk v
T 7 FEBR B % BRAE U 72 Wi 08 & & T
W5,

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 seven groups.
Although each group has its own research style
and projects, we try to maintain close collaboration
between those groups working on production of high
quality materials and those working on advanced
technology for measuring physical properties. In
particular, we keep strong collaboration with the
Materials Design and Characterization Laboratory.
One of the subjects of our current intensive research
is the effects of strong electronic correlation, in
particular, various ordered phases and fluctuations
involving spin, charge and orbital degrees of freedom,
in transition metal oxides, heavy electron systems,
f-electron compounds and organic conductors.
Here, various advanced experimental techniques are
employed, such as high-pressure synthesis, structural
characterization, transport, magnetic and calorimetric
measurements, nuclear magnetic resonance and
optical measurements.

[

£

Professor

E

Professor

E

Professor

HEHIER
Associate Professor
HEHER
Associate Professor
HEHIER
Associate Professor

FHEEAT

Project Assistant Professor

#E GNEAEER)

Visiting Professor

R GEAER)

Visiting Professor

AR #E
Takehiko YAGI
B =

Masashi TAKIGAWA

R RER

Toshiro SAKAKIBARA

HE #x
Hiroyuki TAJIMA

& AR

Hatsumi MORI

S SPU I

Satoru NAKATSUJI

R Hith

Kenya OHGUSHI

ARRAEYF FrRI-)L

Cedomir PETROVIC

TILXYY A
Mikhail EREMETS

B # MH =
Research Associate  Taku OKADA

B # =H
Research Associate ~ Makoto YOSHIDA

B # Bl
Research Associate  Takashi TAYAMA

B % =HN #E
Research Associate  Hiroyuki MITAMURA
B % WH B4
Research Associate =~ Masaki MATSUDA

B % = —s
Research Associate  Kazuyuki TAKAHASHI
B # WA FEN
Research Associate  Yousuke MATSUMOTO
HEBE N FEF
Technical Associate ~ Chizuko MURAYAMA
KITEPIE #EE BAE

Technical Associate

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

INAWEFE=R

Yagi Group

100 5T, BT FE % B HE iR 8 & FE B
THRAESE, SEIFLYWHOMRSEMTICE T 2R
S 2% T 5 L L bic, EIENZAL 25D
BOWES, Ik - REETVEOMAZIT> T 5,

FEONFIREE & e BEOREBZ LI ¥ 2o L b
RN TA—=F DO EDTH S, FHIFHEEES
HURIE (EEEZS) £ TRAVENOMAIE>TE D,
YEIZZ DEPNTENIGL CZDEERELEZ S,
IRETThbbDBRTWE ™WH,) 1k, 2Rk
RO Eo 0 L2 IBE Y, WHEOEOBMRIZIX
AW ENFIR TOMANRAIRTH 5, KifFFEE T,
S R N2 B 1) 2 XARIAHT 2B 928, IRl
BoE MM 28 L T, WHEHOSKLLEEZN
SicT 5 e, mENEMML T, HHETTIES
CENTEROHLOYEZAR L), HIKRPERED
HEICHIET 2 £ Z 5N T3 WEOMERIEE %2 W]
LT M EHEEL T35,

L—H—#5 1 VEY R7 Y ELEKBZRBWBEESERROKTF. 2@DY
AVEYRICRATI00 IREZBTEAZMALHRIC, YAG L—Y—XZR
HUBTCETMHT 2,

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

AR RE HHE =
Takehiko YAGI Taku OKADA

% EUE

Professor Research Associate

High-pressure and high-temperature conditions, more
than 100 GPa and up to several thousand degrees, are created
in the laboratory and properties of materials under these
extreme conditions are studied. Pressure is one of the most
basic 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]

3
4+
>
= o
w
c 5
o g
€l o 3

o

9 10 11 12 13 14 15 16 17 18

2 theta (deg.)

#9150 BFRETEAIE 1ufc NaAlSiO4 DR X #REHT /WY —> T, DI - MNERIC
W, SRS FBECPBRES N, YV /OMOVBERZRVWS I EIRED,
BEET CHREICHEBEPRTERET S ENTE D,

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. BEYrE£RE. #IK - RERBYEEOBEESR T ICE T 2HEEZLYIEDHE
Studies on phase transformation of oxides, metals and Earth’s deep materials under high pressure and temperature

2. BEREZRWCIYEOREMNR

Synthesis of new materials using high-pressure conditions

3. BEERRRREMNORZ

Development of high pressure and temperature experimental techniques
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Division of New Materials Science
http://masashi.issp.u-tokyo.ac.jp/

e )1 k78 %2

Takigawa Group

B AR (NMR) 2 E4%EBTRE LT, [

W@ﬁw%¥ﬁﬁﬁﬁmhtlTéﬁ%%ﬁnLTw%

MBI E TR TIE, BISE, () Bk, B,
%L&%awoh FHPITIREIETIL <R Y, W -
HEhEoNNEHEE2EZ 22 LTins ofoETH
BB D E2, FA%EEEORAE—X v P8
LPUEME— X~ P 2FF>TE D, o IZFAMOE
DME LGB S AR Z KL Twb, ZDRHONMR I,
BEHANETFOAE v, S, PUE% LD HHEIHEAS
THNZFERZBIPIRER S EoWHE, S 70t

DENBERFRE RS, B3 Rz /0L
A NM Rl 2515 2 805 L, ARIGR - s - |k &ED
NIBRE T A A b T, BRERLAY. &1
{LEwPERE R EZ R E L ik Z2iT>Tw 3,

L)~
B = =H
Masashi TAKIGAWA Makoto YOSHIDA
% EUE
Professor Research Associate

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

o T LFHEMRE WERFMER) TERS NctbRERE
L i aEéfJ\B%bhh 190K Ic&® T 2ZBEEED 5V NMR 2
i 90degl  ~u kL, 105725 DRSE ac MR TEEL 2L ED
TR —20Y A ~DHIGIRIFESUERBEIER
2 o] &L THESHT 5,
5 5TV NMR spectra at T=190 K (high temperature
£ metallic phase) obtained from a needle-shape single
30| crystal synthesized in the Y. Ueda’s laboratory
(Materials Design and Characterization Laboratory).
Magnetic field of 10.5 T was rotated in the ac-plane.
‘ b e 0 A single site yields seven resonance lines split by the
14 116 118 120 electric quadrupole interaction.
Frequency (MHz)
0.0 T w . N
SEGERATREE T T | RITEEH p-Sro3aV20s OB EEMEI @ m poaa] | [SOK FEPS IR
17 2 fEREE. bEARIC2FEBETSIIRFLT S EICLD, 6 [ Pl _

BEONFTIILTAIDEL S,

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

1. {&RT. 75AKL—hk - AEVRDY 1 F 37 X EEFHEGR

BRYT7RNDEWAH D, EBHETHZIC
HELST. BESHOREREBANME
BEARICHEET DI EEZRLTWS,

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

-90

the conducting direction even in the

60 metallic phase.

-30
Angle (degree)

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

2. FHELBBEEMH
Exotic superconductors

3. BEEETRICETHER - P& - ZMFORFLESE

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

4, AR GCERICBITEIAECY EBRDIAFIIR

Spin and charge dynamics in magnetic organic conductors
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Division of New Materials Science
http://sakaki.issp.u-tokyo.ac.jp/
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Sakakibara Group

WE DR THERIRITE IR IC b 72> Tw 5,
ZOHTHVWETRLEED 2BOMERTIEI 7 LE Y
£ D &L IR O IR R TR W E 2R TS A0
HD, DX iR T E OREKNE T B %
922 MR- DRMIOED L, HLVY
MR GFEI NG, UIFARETIZZ O X ) RIRVRE
L % FF Ok % R YE R OSSO 2T > T 5.
BEWicix fEHbALECE TR, BTAEYERE
V77 AL —=FRAEVRE EVPHANR T, WP
Bl E % B ARBFRE LTHfEL Cwd, ZOHM

IR RER Hil 2 =HEN 8=
Toshiro SAKAKIBARA  Takashi TAYAMA Hiroyuki MITAMURA
% EUE EUE

Professor Research Associate Research Associate

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

D=z, FAa1E 30 2V 7V E v ORRETER £ TRALITE
DINTHE 7 L DRETTRE . A iSRRI
A 50 7 £ L3 R D WAL I 7 21 - 3% vh P A v 2 1 7
£, MHDEEFIFE BT T 5,

rotating magnetic fields which are powerful tools for detecting

various anisotropic properties.
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BENEHCITEEE TAE L ALY 71 24L& Dy2Ti207 ® 0.3K LB 3
B OBES A EEEE. 1111 FAERDI. 71 RL—LERZAEYTY Y 7
HBIEEEN TV,

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

BERY 7 27 —HAOHCAWSF v/ ¥ VY RFTEE. RIEE30MKTI5T
X TOBLRIELTEETH B0

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.

1. EVWEF LAY Ot & B
Magnetism and superconductivity in heavy electron systems

2. HTEEYICHT B LEDBKE

Multipole orderings in f electron systems
3. 73 ANL—hREVROEKRREE

Ground state properties of geometrically frustrated spin systems
4. EFAEVROEERRRE

Ground state properties of quantum spin systems
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Tajima Group
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BEKREFE (FIINERE 3.5V). WERIE. 689 nm OERFEALRE D REMRTIE,

Electroluminescence spectra of the ITO/chlorophyll a:[Fe(dpp)2](BF4)2/Al
device at different temperatures under the applied voltage of 3.5 V. The inset
shows the temperature dependence of the EL intensity at 689 nm.

1. BEARENT/INA ZDMERS L CYWIERIE

ﬁ)

h

HS ?ﬁZ AH B4
Hiroyuki TAJIMA Masaki MATSUDA
AR Bh%K

Associate Professor Research Associate

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. Now, we are intensively
studying MIM junctions with insulating layers of biomolecules,
spin-crossover complexes, and porphyrin complexes using
various experimental techniques.

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

T (107 J/rad)

0 90 180

TPP[FePc(CN)2]2 DES N ILY DREREME. 12K & 25 KDMNLIZH—T DR
RIIHKEBICL 2,

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

The fabrication and characterization of organic photovoltaic devices

2. BRFENT A A — R DERE L OYIERIE

The fabrication and characterization of organic light-emitting diode

3. BEWT 4O 7 = VEHDERE L OCYILEIE

The synthesis and characterization of conducting charge-transfer crystals of phthalocyanine
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Mori Group
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EERBHETIER U e BEBEEMR [-ET2CUu(NCS)2] D EiES

Organic superconductor [k-ET,Cu(NCS)z] prepared by the
electrocrystallization method

1. FREREEEE L OBLEADRTAE CBIE - YILETHE

i s
& R =E —E
Hatsumi MORI Kazuyuki TAKAHASHI

HER Bh#R

Associate Professor Research Associate

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) induce the magnetism as well as
conductivity in molecular conductors.

Our group studies the curious molecular functional materials
based upon charge, lattice, spin, and molecular degree of
freedom by changing physical parameters with designed
molecules. Recently, we found new organic superconductors,
in which the superconducting state is competitive to the
charge ordered state owing to electron correlation and shape of
designed molecules. (See the figures.)
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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. BH—EE/N\1 Ty FEIEREADRFE EEE - YR

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

3. BRME L SRIEEDOFBISE DR

Study of dielectric response of organic materials and metal complexes
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Nakatsuji Group
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Satoru NAKATSUJI Yousuke MATSUMOTO
BT EUE

Associate Professor Research Associate

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

semiconductors.

FREA R U fc 2 RITZ A FHMEF S NiGazS4

(EL) 2RTHEDOBRWVERBE, (L) BREEERRUICAAROERESR.

(T) BKHBROREKEFE, 71 ZBE 6w = 80 KITHITY L&D E—7ITA,
BRET =10KTENZH5—DDE—IiF LWLV REDOEMZ R,
Two-dimensional magnetic semiconductor NiGa,S4 developed in our group.
(Top left) Strongly two-dimensional crystal structure. (Top right) Hexagonal
shaped single crystal. (Bottom) Temperature dependence of the magnetic
specific heat. In addition to the conventional peak at the Weiss temperature of
80 K, the unusual peak at 10 K indicates the formation of the novel spin state
at low temperatures.

Exotic Superconductivity and metallic spin liquid states near quantum phase transitions

2. BHSRICHIT BN —HOHR
Berry phase effects in magnetic metals

3. 2 RUTHEFEFRTOEF AL VIRE

Quantum spin states in two-dimensional magnetic semiconductors
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Ohgushi Group
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Pb2Ru207,

Single crystals of correlated electron materials. CalrO3 post-perovskite,
which exhibits the metal-insulator transition upon carrier doping, SrFe;As;,
which is a parent compound of the high-temperature superconductor,
Mn,SiSs, which exhibits a novel multicritical phenomena, and PboRu,O7,
which is a polar metal.
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1. BEGBEZBWHYERR

Reg Wit

Kenya OHGUSHI
RHEBAT

Project Assistant Professor

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

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

finding of a new metal-insulator transition system Caj.xNa,IrOs.
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The electronic phase diagram for Ca;.xNa,IrO3 (0 < x < 0.37) within a
temperature-Na content (7-x) plane. Left inset: Schematic view of the
electron configuration among the t5¢ orbitals. Right inset: The post-
perovskite structure.

Synthesis of new materials by using high-pressure apparatus

2. BEREEFYEOYILRRA

Studies on electronic properties of correlated electron materials

3. RN ZER W iEREIE  BREE D%
Structural analysis by using synchrotron radiation
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Petrovic Group
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W EMREE NS, 72, YbBa DAL ST, Ce
FRELTH LV 3TLROWE TH 5 CeFesPs & CeSnaC D
BEICEDIL ., BUHE, Z YO 2 ZRITL TWw 5,
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Division of New Materials Science
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Eremets Group
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RhNAEYF FrRI—)L
Cedomir PETROVIC

NEABEHER

Visiting Professor

Our work concentrates on exploratory synthesis and
characterization of correlated electron materials, emphasizing
single crystal growth. In particular, heavy fermion metals exhibit
strong electron correlations and large quasiparticle masses.
Competing interactions in such electronic systems give rise to
variety of cooperative phenomena, including unconventional
superconductivity in the vicinity of magnetic phase.

The focus of our study was the first Yb-based heavy fermion
superconductor $-YbAIB4, which was discovered at ISSP. Effort
was made to investigate conditions for phase formation and
enhancement of crystal size. Since mechanism of Cooper pairing
is unlikely to be phonon-based, goal of these studies was to
provide materials base for future experimental investigations
of magnetic excitations by neutron scattering. Our main result
is separation of thermodynamic conditions for crystal growth:
using different synthesis method, closely related a-YbAIB4 phase
was isolated and separated from S-YbAIB4. This result enables
not only larger crystalline size, but also reliable perturbation of
electronic system by chemical doping. In addition, crystals of
YbB4 were grown as well as new Ce-based ternary compounds
CeFesP; and CeSn,C whose properties are being investigated.

TILX Y
Mikhail EREMETS
HEANERHIR

Visiting Professor

SVAG @Y

We study matter at the highest static pressures up to 300 GPa
(3 million atmospheres) in diamond anvil cell with various
optical and X-ray diffraction methods. We also developed to
the highest pressures one of the most difficult technique for
diamond anvil cells - electrical conductivity measurements -
and found a number of high-pressure-induced elemental metals
and simple compounds showing a significant superconductivity.
Recently we focused on hydrogen-dominant materials such as
SiH4 which might be a model metallic hydrogen, and observed
metallization and superconductivity. An important issue is study
of the hydrogen sublattice, in particular, by measuring ionic
(proton) conductivity complementary to electronic conductivity.
It turned out that ionic conductivity techniques is not developed
at high pressures while there are many important problems
to study: ionic conductivity in water, ammonia, hydrides and
many other systems. During the present three months stay we
start with measuring of ionic conductivity in a model ionic
compound Agl, and then will study other compounds. In second
direction, we will synthesize and study metal nitrides with the
methods well developed in the Yagi’s laboratory.
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In this division, we are conducting vigorous theoretical
research from a microscopic point of view on topics at
the forefront of contemporary condensed matter physics,
statistical physics, and materials science, in pursuit of the
development of new concepts to describe collective behavior
of interacting systems, prediction of novel interesting
phenomena, and useful theoretical modeling of materials, in
close contact with experimental groups.

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

In performing those topics of research, individual
members employ calculation techniques in accordance with
their expertise and taste, but as a whole, the theory group
covers virtually all modern theoretical methods, ranging
from sophisticated analytical techniques in mathematical
physics and formal many-body theory to large-scale
numerical computations, such as quantum Monte Carlo
simulations and state-of-the-art ab-initio calculation of

electronic structures based on the density functional theory.

]

B & A %k B # B ED
Professor Kazuo UEDA Research Associate Tatsuya FUJII

% BH RE B % HIfE 33
Professor Yasutami TAKADA Research Associate Hideaki MAEBASHI
B & I IESR B # RAR H
Professor Masaki OSHIKAWA Research Associate Jun OHKUBO
BB BR B— Bl # fRE —E
Professor Hirokazu TSUNETSUGU Research Associate Kazumasa HATTORI
BT Rt BA B % EBE 87
Associate Professor Mahito KOHMOTO Research Associate Masatoshi SATO
BT 2H &

Associate Professor Osamu SUGINO

HEBIE g B4 B # N #F
Associate Professor Takeo KATO Research Associate Yasuhiro UTSUMI
EHER (BB) Sl

Visiting Associate Professor Naokazu SHIBATA

g lEARE) YEF/T LFvh
Visiting Professor Renat SABIRYANOV

g GEAZE) YAhILAF—
Visiting Professor Michael ZHITOMIRSKY
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Kazuo UEDA Tatsuya FUJII
K. Ueda Group i B

Professor Research Associate
ALY IR E SR D 2 IFEVETRE EICET Strongly correlated electron systems which include high- Tk

26 & BEE ORI HRAEEE TR O L RIS, cuprates and heavy-fermion compounds is one of the central
YIREY PR D AT H 3. EEMIIEE Y issues in the condensed matter physics.
FCVBIIET — < BB FDL S b DTH 2. The simplest and most typical example of the quantum
RPHIRRE O&R b BHTIRE 2R, 2L ROR spin systems. The orthogonal dimer Heisenberg model for
FRRITEETH 2, Balbibid 7L — 7 T SrCuz(BO3); has been studied and various unusual properties
ZRBHLAWRE LTI, ZRIGEKLY A v =1 (¥ are found: the exact dimer ground state, almost localized triplet
VROV SRR O BT HEES. ZhiE. REEsh 5, excitations and magnetization plateaus. The S=1 Heisenberg
F/, ZRILRTE, A ur7a7EF Loty model on the pyrochlore lattice was also studied and importance
LT R B L. 7 ORREEAIT T v Rl B of spin-lattice coupling to lift the degeneracy is pointed out.
3 A s« KT O T 2 1 & e L - New superconductive materials were discovered in
LAER AL a7 a7 LY THIEERFE R S D, strongly anharmonic lattice vibrations of ions in cages. We have
COYETIRERMEERICH 2T VA ) A X v DIERIE shown that unusual temperature dependence of resistivity and
WA IREPNEBELREH#HZ L TwiEEISNE, ZOY NMR relaxation rate originates from the unharmonic lattice
BRI B0 5 AU, MBI O fefe  Vibrations,
MDA FIRBIc L 2 b D L LCHRTE 2 - L % Transport phenomena through quantum dots define
W& e L7, an interesting many-body problem in a mesoscopic system.
EF Ry FOWEBRIE, AV Ay 7RIEET S nonequilibrium situations, which leads to a new theoretical
LRRIR & U TREBERER ., IG5 FIc kT definition of the shot-noise. Concerning numerical study of
ZEBRIRBIR IC D W T, IR ZED, ARARK Kondo transport, a direct method to calculate current with the

phase transitions is the order-disorder transition in quantum

B-pyrochlore compounds. A unique feature of this system is a

We have succeeded in generalizing the Kubo formula into

% IR EEIREE I — R L L. v a v b L AHDER - time-dependent DMRG has been developed.
BEMOMHBBBTEAONE Z L 2WoIc LT, F,
FEP- e HOIRRE O FEIf 2 R [AR A7 O T AT AIRR D JA A 0.6 u=0 ]
= S A N ASN
2 THEEEE L, DBEEEBR O BAE T 2 o “o.
st
T3 L N 1
0 A 0.4 o@%
RIS ERFONZEFE DRTEARFICAEN Y AT L TIIBRE - BREEE
MHEEE D, HIBDREE (A ) EARBEOHES (1) FETOHER. 02 E
Phase boundary between the insulating and superfluid ground states in the gel
(t, A) plane for polariton chemical potential =0 by Jize Zhao et al. /13/@/
o
0=

® . . . . . .
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t

1. EVBFROI I ORBER
Microscopic Theory of heavy Fermion systems
2. Y= RBEEARDIER
Theory of high Tc superconductivity
3. 73 ARL—Y 3V OBWRE Y RICE T ZETFIHEGRS
Quantum phase transitions in spin systems with strong frustration
4. AEY EHEDREE UL RDEFRAIRR
Quantum critical behaviors in spin-orbit coupled systems
5. EF Ry MR T 2 EBERER
Kondo transport phenomena through quantum dots
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Takada Group
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BH RE HIfS  ZEH
Yasutami TAKADA Hideaki MAEBASHI
% B

Professor Research Associate

In the hierarchic structure of nature, condensed matter
theory is mainly concerned with the complex system of many
nuclei and electrons, interacting to each other through electro-
magnetic fields. This system is so complex that no rigorous
solution is allowed. It is, however, regarded as an 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.

EBMEZBEICEALLTZ7 74~ MCy (x=2, 6, 8) DBIEERBRE T, ZER
R d OEBELTTAY MUIRBD, T [ 3HULERT BH MICHKT 51
HT7A/VERBURIRTBFARBRICEFIBIEEELT. 5D T e
THE—REFE BRI,

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

. BEIRILF—SGETEEFER | JBERDR N 1 ART > 2 v ILICIE U o 2 DRBREKRR

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

n

KEERERENREEER - MI—EFHRAROBNIDE

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

3. N=7 v AFENEBESBCEER B

MRAEY 74/ VEBRICEITZBEE

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

4. IR—>0OY - INAR—

SOy V—rT7 I —ROF[EMEPLIFFMNEDOHR

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

5 2FEHK  SBETERKRTOGFOEFHSEEZDEFRNOEZE
Quantum solids: Quantum fluctuation of protons and its effects on electrons in solid hydrogen in high pressures

25

THE INSTITUTE FOR SOLID STATE PHYSICS 2008



Lz RE b i
Division of Condensed Matter Theory
http://oshikawa.issp.u-tokyo.ac.jp/

1] WE7E =

Oshikawa Group
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I IE3R ARAR H
Masaki OSHIKAWA Jun OHKUBO

% EUE

Professor Research Associate

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

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

processes, based on statistical mechanics and field theory.

ZARTFLOBF ISV VERERT YA TV T L. 3EDETFHIR
DEERVENICEIEEBIMETHEMN ALYATIILTE

T IENTEHFENICHMBMEEE RS, ZOMCHEREAVT, 8
FHROBERICE T 2HUWVEIRLF—EERZRE U .

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

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.

1. BREAEVRICEFZEFRAEVHIEDZDERIC & 2ER
Field-theory formulation of Electron Spin Resonance in low-dimensional quantum spin systems

2. HEIBER, EF 7 7V VEBEEFRIROES

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

3. MROY AR & D#dt
Topological order and fractionalization
4. BERBRREEMEtHFE

Stochastic processes and statistical mechanics

26

THE INSTITUTE FOR SOLID STATE PHYSICS 2008



Lz RE bl
Division of Condensed Matter Theory
http://tsune.issp.u-tokyo.ac.jp/

X WEFE =

Tsunetsugu Group
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AFvDEs 77 AL —F LM v 27 a7 TOIE
Pk 7 7 A5 — D% BT HRREDI R © v L HE D
BEbbE, [KEICBIT2EREZ Y PuoE—RKYICHS
LB fEEEZIEML. Ay EHEOH B E
DX ICETIREBICHET 2028 L T2,

A BV A7IEFEEMEGRFRD 6 BOEFOEERER
M. U&JREFERNERIWBEAER, 3T BHRE
VEHBEOMATHEL TW3, BRADEISERZIA
EBADIRILF—FvyTE2RDT,

Pyrochore lattice and ground-state phase diagram
of six electrons in tetrahedron unit. U and J denote
charge and magnetic interactions of electrons. >T;
phase has finite degeneracy in spin and orbital spaces.
Color in the phase diagram shows the energy gap
between the ground state and the lowest excited state.

1. BEREEFROEBEFIRE

Electronic states of strongly correlated electron systems

2. 77 AKNL =Y 3 Y ROGEIESR
Statistical physics of frustrated systems
3. EFHREROER
Theory of quantum magnets

4. BRERLEY. FLE - FI/F /1 RREEYDOHE

e

BR B ke —E

Hirokazu TSUNETSUGU Kazumasa HATTORI
265 Bh#
Professor Research Associate

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

The present targets of our study include complex order in the
systems where spin and orbital degrees of freedom are coupled,
and new type of quantum order in frustrated spin systems. In
particular, we study the order and critical phenomena in the
systems where many soft modes of fluctuations are coupled,
which is characteristic to frustrated systems, and also the
effects of these anomalous fluctuations on electronic states
and transport phenomena. We recently derived a low-energy
effective model for LiV,04, which shows heavy-fermion
behaviors such as enormous low-temperature specific heat and
susceptibility. It is found that multi-electron ground states
have degeneracy of both spin and orbital degrees of freedom in
tetrahedron unit of frustrated pyrochlore network of vanadium
ions. This degeneracy is expected to be the origin of large

entropy remaining at low temperatures and we are investigating

the effects of spin-orbital interactions on electronic structure.

Study of transition metal compounds, rare earth compounds, and actinide systems

5. HEBHHEEROKEF HER

Order and phase transitions of systems with multiple degrees of freedom
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Kohmoto Group
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Honeycomb t =1, 1=1,t=1

1. NZALBFICR T DHEROETRILF—DBEEK.
MR OHFIEE Hall (REEERT

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

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

Topological order

BT HEA zE B

Mahito KOHMOTO Masatoshi SATO
HEHBUF EUE

Associate Professor Research Associate

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

0 0.02 0.04

281 ERLUBD, OHEAMAZIERLTWS,
Fig.2. The same as Fig.1 for ®~0.
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Sugino Group
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BEKREICE T BKOEELBBETICH T2 KFERERIGDRRIT (Volmer
step: H'+e "> Hag) D¥ X2 L —Y 3y, KOERMEBICHHSbhTWekER
A AVHBBEFZRIMO P LB SIRET ZHRFEFAENSHS AT U,
Structure of water at the interface with platinum surface, and the Volmer
step of the hydrogen evolution reaction (H*+e™>H,q). The hydrogen ion
weakly bound at the contact layer accepts electrons from the electrode and
is adsorbed on the surface.

1. EBKFEICE T 3BEE (BRLF) RIDHE
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28 & A HR
Osamu SUGINO Yoshihide YOSHIMOTO
BT EUE

Associate Professor Research Associate

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

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

quantum dynamics under electronically excited systems.
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NaHz IC& 1 2 IEMEVREL. FEMBVREIERBIBROMNCEDEEREINDIET
HBORBENEHETH > fch', HLWHEEAVS EBEERESTIFHENELS
BHILED. BRBAFEME, FIRIESE,

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

Structure and electrochemical reactivity of metal/water interfaces

2. RIVF N/ ZAEZRWIEEREE

Structural phase transition using the first-principles multicanonical ensemble method

3. AWERMEE L RFEEEER

Effective screening medium method and ferroelectric thin film

4. FEMTRRIEERIGY 12V R

Non-adiabatic dynamics of electronically excited systems
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Kato Group
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Phase diagram of dissipative double-well systems obtained by the quantum
Monte Carlo simulation. For a fixed parameter of a normalized inverse
potential, there appear sequentially the coherent tunneling regime,
incoherent tunneling regime, and localized regime, as « increases.

1. XY RAEY I RICHT 2 EERE
Transport properties in mesoscopic systems

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

Associate Professor Research Associate

The main research subject is theoretical study of transport
properties in mesoscopic systems, in which the most
characteristic feature is quantum interference of electrons
revealed in nanostructures. Recently, novel technology including
control of quantum states in small dots/superconductors,
carbon nanotubes, and spintronics has been developed, and its
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 effect of electrons in these systems by combining
analytical approaches (bosonization methods, Kerdysh Green’s
function methods, etc.) with numerical approaches such as the
Monte Carlo method. We are also challenging to develop new
numerical algorithms for nonequilibrium transport properties.
We are also studying electron correlation and electron-lattice
coupling in organic conductors by using both numerical and
diagrammatic methods based on the Feynman diagram.
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Theory of electron-electron interaction in quantum dots and wires

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

Development of numerical algorithms for nonequilibrium steady states
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Sabirianov Group
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Naokazu SHIBATA
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Visiting Associate Professor

Interactions between the electrons in materials are important
origins of many interesting quantum states and transitions at low
temperatures. Magnetism, charge ordering, superconductivity
and fractional quantum Hall effects are typical quantum
many body states caused by the interactions between the
electrons. Such materials with strong electron interactions and
correlations are called strongly correlated electron systems.
Upon studying these systems, severe problems are usually
caused by exponentially increasing number of many body basis
states with the increase in the size of system. To overcome this
difficulty we use the method that reduces the number of many
body basis states with keeping accuracy of the ground state.
We apply this method to two-dimensional systems in magnetic
field to understand the ground state and low-energy elementally

excitations of strongly correlated electron systems.

HYE?X /7 LFvhk
Renat SABIRIANOV

NEABEHKR

Visiting Professor

The first-principles simulation has been applied to ferro-
(antiferro-) electric bulk materials more than ten years. Recent
experimental technique has made it possible to prepare
atomically flat ultra thin titanate films on substrate and control
the ferroelectric properties. The thin film ferroelectricity is
sensitive to the surface polarization as well as the geometrical
restriction of atomic displacement, and the bulk approach is not
valid. The explanation of the mechanism requires to investigate
the polarization from a more microscopic viepoint.

With the effective screening method (ESM) developed by
Otani et al. one can apply finite bias to the thin film put on the
electrode and simulate directly how the polarization takes place.
In my visit, I collaborated with Otani and Sugino to extend the
original ESM and applied the scheme to thin films as a basis to

future systematic investigations.
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Michael E. ZHITOMIRSKY
NEAETEHR

Visiting Professor

NATI

My research activity is in the area of strongly correlated
electron systems including the theory of quantum magnetic
systems, superconductors with anisotropic pairing, and vortices
in superconductors. Our collaboration with Prof. H. Tsunetsugu
and his group is on frustrated spin systems. Specifically, we have
addressed the problem of condensation of localized magnons
in geometrically frustrated magnets at high magnetic fields and
mapped it onto effective lattice gas models.

One of our current research projects includes investigation
of excitations in magnon crystals, which appear in the vicinity
of the saturation field after the condensation of localized
magnons. This study should identify magnetic phases in
kagomé and pyrochlore antiferromagnets, which are adjacent
to the magnon-crystal state on the low-field side. We expect
that such phases possess properties analogous to the supersolid
phases predicted for bosonic lattice models. The second project
deals with spin-nematic phases in the spin-1/2 Ji-J> square
lattice antiferromagnet with ferromagnetic nearest-neighbor
interaction. An applied magnetic field should lead to new
magnetic states and interesting phase diagrams, which we
are currently investigating by a combination of analytical and
numerical techniques.

THE INSTITUTE FOR SOLID STATE PHYSICS 2008



F 7 A — )Vt s i M

Division of Nanoscale Science

EEOYMEMHEDFRETRHREITRELDD
—UT, JFT L)L TR &t - S,
NLHE T, MG 2 EXR E T 2%
FLVLERESPHZ, COTRICB . ZEYFT v
IV BT, MRS M e, 4% RE o R mi S A
Fk, A 70— 7 W X 2 R ATHE B
nEDHKEND D, F /AT — VETZEERM
TiE, 20k i LT, REARE
FOANTYEANTHEEZNRETEF ) A —
e AL LY R ATV B,

WF7eiE®Eh & L.,

CCREG - BE - BIEEE - BIER R Lo
MR X 216 OEAMMEIC B W TR
Bl & 41 2 R ik DO W

EE 7 U — 7HEMEEE H o R aTE IR E
PAREHR O,

- ERREICB W TRHT 2 HiEEAWHES
F ) R — VREE DYE.

- RN 81T 262 BOGSE O B @R D
JFHFLVToE, BroznzfAL L)
S AT — VEE DAL,

cBBEERO ZE Y X2 v LE & 2 D%

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. In the Division of Nanoscale
Science, the research efforts of seven groups are
directed to various aspects of nanoscale science at
surfaces, interfaces, and artificial materials/structures.

The on-going research activities include

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

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

- Study of transport, magnetism and other
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.
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Professor Yasuhiro IYE Research Associate ~ Akira ENDO
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Iye Group
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Professor Research Associate

The principal research subject of our group is the quantum
transport in low-dimensional electron systems in artificial
mesoscopic structures at low temperatures and in magnetic
fields. The commensurability effects and mini-band effects in
magnetotransport have been elucidated in GaAs/AlGaAs two-
dimensional electron systems subjected to periodic potential
modulations. Analyses of the Aharonov-Bohm oscillations
in antidot systems furnish the screened potential profile of
the compressible edge states in the quantum Hall regime. The
relaxation and control of nuclear spins associated with the
non-equilibrium inter-edge-channel transport are explored.
Detailed measurements of the current-voltage characteristics
in a superconducting network subjected to spatially varying
magnetic field as a function of the frustration parameter « has
revealed that the phase transition at a=1/2 is governed by the

desociation of kink-antikink pairs at the antiphase domain

boundaries.
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Quantum transport in 2DEG systems under artificial potential modulation

2. PYFRy MRICETZI—L v hEFE®
Coherent transport in antidot systems

3. BFR—LRICHT 3R LS

Nuclear spin-related phenomena in quantum Hall systems

4. AV ZAEY VBEBICHEITDBARDIDEL
Vortices in mesoscopic superconductors
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BT IREELEE, 75keV IBREFHRICE > T 10nm £TOL Y X MNIA AL,
L—H—FHFZXT—VIc k> T 50nm DUBEELEBEZEHD,

Electron beam lithography machine. With 75keV accelaration, the cutting
dimension can go down to 10nm. The laser interference stage has 50nm
precision.

1. BFRy b BEFfROIE—L Y MaE

Coherent transport in quantum dot - quantum wire systems

2. EFRY RREYP AV RO Y VBaEZAWEFERET
Quantum information processing with electron spins in quantum dots, mesoscopic superconductors, etc.

3. HERMFEAZRAVWCEBFEIE. AEVIIA
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Shingo KATSUMOTO  Eisuke ABE

% B

Professor Research Associate

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

close collaboration with Iye group.
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Current-voltage characteristics of a single Cooper-pair transistor, which
consists of ultra-small superconducting tunnel junctions. This shows the
device current in a color plot as a function of the gate voltage (abscissa) and
the source-drain voltage (ordinate). The periodic large peak structure is due
to the Josephson-quasiparticle coherent cycle.

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

4. FBEEEEER W EEER

Photovoltaic devices with semiconductor superstructures
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1. 7/ RT—ILOBTBRFOREY T A+ 3 v I XOME
Spin dynamics in nano-scale magnetic vortex lattice

2. AEYR—ILMRICAREN D A E Y REBEBDOME

B &Fih A =
Yoshichika OTANI Takashi KIMURA
iR Bh#

Professor Research Associate

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.

Py particle

IS
Cu

—

Py spin source
A RO HEBVERRIERERTOERR &R S h/cRT O SEM .

Schematic diagram and SEM image of a fabricated magnetic switching
device which operates using only spin currents.
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(SEM) #. B Py [F/\—~% 0O (NigoFepo &%) ZRJ. (b)
HEMRPZRNZ LASELVOTASEFRAL VB AEVEH
EBHEFRICEDZNZNEEE THICREFESNTEET %,
(@) D SEMRHICHRATRULEGHNSERLU L X E VIR
RITHNAE, (c) 10 KIZ&E T2 R EVEEES ORISKEFE,

Electrical detection scheme of Spin Hall Effect (SHE). (a)
SEM image of Spin Hall device prepared for measuring
SHE in Pt nano-wire. In the SEM image Py indicates
permalloy (NigoFeyo alloy). (b) Up and down electron spins
are respectively swept to the top and bottom surfaces of the
Pt nano-wire via spin-orbit interaction. (c) Magnetic field
dependent spin accumulation signal measured at 10 K.

Mechanism of spin current generation via Spin Hall effect
3. EMHMRT Y Vv LZF oy hERWCREY NOZY RRFOMR

Spintronic devices using asymmetric potential ratchet
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Fumio KOMORI Kan NAKATSUJI
% B

Professor Research Associate

Electronic and magnetic properties of alloys, compounds
and materials with nanometer-scale structure at solid surfaces
are studied using scanning tunneling microscopy/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 and
soft-X-ray. Local atomic structures, formation processes of
surface nano-structured materials and dynamical processes
induced by electron tunneling or photo-excited carriers are
examined by STM. Electronic conduction in an atomic scale is
controlled by atom manipulation using carrier injection from
STM tip to the surface.

i (001) RE LICEHBERI LB Y A+ / FOMOKR. —
RFHET3InMEADRES ORIV AV F / HFNEART
Z1F> T2 RITMICEIN T %o

Topographic image of the self-assembled MnN nanoislands
on a wide Cu(001) terrace. Square-shaped islands of 3 nm x
3 nm and mono-atomic high form a two-dimensional square
superstructure.

1. REF /BEVEDOEFRE. TEH LU

difdv P,
U dimer

dirgv Topo.

Tepo.
L dimer

“BE (LU) ORX-TINYZILTAR—2ED Ge(001) RED MY (a,b) & L U
AER (0,d) e AX-TIIZVLTAY—RBHICELBUEINEN BFEERIILY
AR—EFICENE NI, ETIVE (e) ICRUIc L Slc. REREEF (K E. Ge ¥+
N—OTH Ge RFICBEL T A Y- ARZEHRT 20T, LY Y—DOTRIRFIE
ICH 5 Sn RFCIRIEELENDD. UY 1 Y—DLAIEBICH S Sn RF TIFBELS AW,

Topographic (a,c) and dI/dV (b,d) images of the Ge(001) surface with two kinds
(L U) of Sn-Ge dimers at 80 K. The both dimers are imaged as protrusions in the
topographic images while an electronic standing wave is observed only around the L
dimer in the dI/dV image. Schematic illustration (e) shows that the surface electrons
(green line), conducting on the lower atoms of the Ge dimers in the dimer row
direction, are reflected by the Sn atom (small blue ball) at the L dimer, and can go
through the U dimer with a Sn atom (large blue ball).

Electronic states, conduction and magnetism of nano-structured materials

2. hYRILBFPL—T—KREIC L ZREHHIRE

Surface dynamical phenomena induced by electron tunneling and photo-excitation

3. RET / BENE DO EBE

Formation processes of nano-structured materials at surfaces
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1. BRSO F=384RE/\( 7y NROBEERAS TN

Organic molecules on Si surface as novel hybrid systems

2. ERRAICK T BRTF - D FDERTBEREDHIF

0 R R A R ST IR IR A6 (TR-
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=E = ER A

Jun YOSHINOBU Shinya YOSHIMOTO
% Bh#
Professor Research Associate

Solid surfaces are very intriguing, because novel structures
and electronic properties emerge as a result of symmetry
breaking of bulk. In addition, a solid surface plays an 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 (UVSOR-II, KEK-
PE, SPring8) is also used to study electronic structure of surface
and interface.

Si(100)c(4x2) RENICMBRIRICKE L2 AFIL7AOXRYD
IRAS) (T & DRE S Tz Pt(997) STM &

REICH T ZRENO B FDRT
YIY L IRILF—E

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

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

Dynamical processes of atoms and molecules on metal surfaces

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

4. BEADNIC K B2REL L CREDOEFIRE

Investigation of electronic states at surface and interface

5 RET/BEYOBEEBFERGE

Electronic states and conductivity of nano-scale structures on surfaces
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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 1.4 nm.

RBo/ll =i pam
Yukio HASEGAWA  Toyoaki EGUCHI
HEHR Bh#

Associate Professor Research Associate

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

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

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

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

STMICEBRFY=EaL—>3 v, $l(111) RALTRHRFZ—2I DBH
T MOXFZENWTWNS, BRBHDKRE I 8nm x 8nm,

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

1. BB STMICKZBFEEE - 7V —TILIRER EXREMEFREOHR
Low temperature STM on surface electronic properties by observation of electron standing waves and the Friedel oscillation

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

3. AFM ZAWeRERT > ¥ ¥ LAIE - EBRIERSHAE

Measurements of surface potential and electrical conductance by AFM

4. FLWTO—TFEOBMHKE ZNIC L 2HFOYIERR

Developments of new probe microscopes and its applications for exploring novel properties of materials
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SITIO3 BARMEN Z VIR ICHIFT 2V — MNMERDRE. 77— NBEKFE. 1.3
V OEFRY — MEEZRICIEREAD SRBENGBET D, OO SrTiOs /i
GRETOY—hFrUPEEF2 X 10'2cm2 TH 3.

Sheet resistance of a SrTiOj3 field-effect transistor as a function of
temperature and gate bias. The device shows a transition from an insulating
state to a metallic state at a critical gate bias of 1.3V, which corresponds to a
sheet carrier density of 2x10'2 cm™2 at the SrTiO3 / insulator interface.

1. BIEOINTORECOEBRRY A FIv IR

Thin film growth dynamics at oxide heterointerfaces
2. Bt 7+ /& DR

Growth of oxide nanostructures
3. BLMBIHRT /N 2

Oxide field-effect devices
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Associate Professor Research Associate

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

We study carrier density dependent phase transitions in
oxides by constructing field-effect devices, in which the carrier
concentration of a thin interface layer can be modulated by
applying an external electric field. In particular, we study the
transport behavior of devices based on SrTiO3, which can be an
insulator, a semiconductor, a metal, or even a superconductor,
depending on dopant density. In our case, we have successfully
demonstrated that field-effect doping can be used to generate
a metal-to-insulator transition in a simple transistor structure.
Even a normal-to-superconductor transition can be induced,
when a ferroelectric film is used for generate a sufficiently high
local electric field.
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Nb R—7 SrTiOs R DB EEHEREZH. No K—7 SrTiOs FED Liclik
U 7 38FBIE Po(ZrTi)O3 SEIR D BRAMMEH Iz ANBEZ 5 & THREIREEHIC
DEBBEREREU,

Modulation of the superconducting transition temperature in a Nb-doped
SrTiO3 film. The necessary electric field was generated by changing the

poling direction of a ferroelectric Pb(Zr,T1)O3 film that was grown on top of
the SrTiOj3 film.
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Division of Nanoscale Science
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Haruyama Group
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it 2
Jun NAKAMURA
BEEMEHR

Visiting Associate Professor

We have explored peculiar behavior of atoms and electrons
in NANO-WORLD using state-of-the-art simulations. We
have made researches for the miniaturization of elements of
electronic and/or optical devices and for its limit, and also
have investigated quantum-mechanical effects on operations of
nanoscale-devices. In particular, we are interested in developing
how to define the dielectric properties in nanoscale, which have
been understood in the macroscopic way so far. Furthermore,
we have introduced a new material into nanoscale-devices.
Specifically, we have pursued the following subjects using
numerical calculations:

(1) Development of evaluation methods of dielectric
properties for nanoscale materials

(2) Atomic-scale mechanism of friction

(3) Magnetic properties of atomic wires on semiconducting
substrates

(4) Structural and electronic properties of graphene
composites.

Our definite aim is to make a breakthrough to develop next
generation nanoscale-devices based on novel principles of
operation.

&l S

Junji HARUYAMA
BEREHR
Visiting Associate Professor

Quantum phenomena observable in carbon nanotubes (CNTs),
such as superconductivity, single electron tunneling, and one-
dimensional (1D) electron-electron interaction, are the main
subjects of our research.

CNTs have attracted considerable attention from respect of
unique electronic states and quantum phenomena. For instance,
Tomonaga-Luttinger liquid (TLL), which is a typical phenomenon
in 1D ballistic electron transport regime, has been actively studied
and also Peierls transition, spin fluctuation, van Hove singularity
have been reported. Theories suggest that these phenomena tend
to obstruct appearance of superconductivity. We are investigating
this correlation by carrier doping and forming ensemble of CNTs
and trying to enhance transition temperatures. In contrast, we
are also trying to realize spin quantum entangler by intentionally
separating Cooper pair to individual spins by Coulomb repulsion
of TLL states and injecting them into different CNTs. On the
other hand, CNTs behave as quantum dot, when a channel length
using a CNT is shortened below 500 nm. Because CNTs can
possess strong spin phase coherence due to absence of spin-orbit
interaction, the CNT-quantum dots provide unique electron-
spin correlation. We are investigating novel spin interaction
phenomena by injecting single electrons into new generation
CNT-quantum dots (e.g., carbon nano-scale peapods in which
fullerene molecules are encapsulated).
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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 yK, high pressures up to 12 GPa and high
speed rotation of cryostats at over 6 rad /sec. These
machines are frequently used in collaboration with
many scientists from all over Japan and abroad. Some
of the main subjects are as follows,

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

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

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

4) Strongly correlated heavy electron systems such
as magnetic compounds or superconductors under
multiple extreme conditions.

BB arx wE B # o B8
Professor Hidehiko ISHIMOTO Research Associate ~ Akira YAMAGUCHI
BB ARE X B % R RK
Associate Professor ~ Minoru KUBOTA Research Associate  Yoshitomo KARAKI
HEBIE RE &A B % B BT
Associate Professor ~ Toshihito OSADA Research Associate  Takako KONOIKE
BB R EtE B % WAk ==
Associate Professor  Yoshiya UWATOKO Research Associate ~ Kazuyuki MATSUBAYASHI
EER (58) HBE o Bt ErImE WHE A
Visiting Associate Professor Koichi IZAWA Technical Associate ~ Kazuhito UCHIDA
HEIR (F8) FE XN Bt ErImE FE AT
Visiting Associate Professor Miho NAKASHIMA Technical Associate ~ Kazuko NAKAZAWA
g GMEAZE) XRIOTAF— LI H #H B 8 & EH

F2—Uy o PV LBENFEREE, visng Professor
ZEMRPRE (BR85S - SF)
TOYENEHNTTETH %,

Cubic anvil high pressure apparatus.

Cryostat for experiment in multiple

extreme condition of at low

temperature, high magnetic filed

and high pressure.

Sergey NEMIROVSUKII Technical Associate  Kouji MUNAKATA
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Magnetization curve of two
dimensional antiferromagnetic
solid “He at 0.7 mK

1. EBRTAY U L 3 DR EBIRE

Magnetism and superfluidity in low dimensional 3He
. RIS OIRDEREINY A3

Highly polarized superfluid He in high magnetic field
. ATABFEFRAE Y ROEEIRE
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Professor Research Associate

Temperature (T), magnetic field (H) and pressure (P) are the
most basic parameters which determine the state of condensed
matter. Especially our facilities cover the temperatures all the
way down to yK 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. For example, the second layer solid
3He adsorbed on graphite (so called a 4/7 phase) forms an ideal
two dimensional anti-ferromagnetic triangular lattice, and it is
believed to have a gapless spin liquid ground state. Investigation
of its ground state in high magnetic fields is under way, and a
plateau is found to exist in the magnetization curve at half of
saturation magnetization as is shown in Figure. The other work

in high magnetic fields is a spin fluid dynamics in the superfluid

3He A; phase. In addition
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Quest for a real ground state in a Kagome lattice quantum spin magnet

. EBELEY OZEE & BIRE

Enhanced nuclear magnetism and superconductivity in intermetallic compound
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Kubota Group
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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.

1. BEANY T A 4 OBREES & EFEIREDIF

ES WA BK
Minoru KUBOTA Yoshitomo KARAKI
BT EUE

ARE

Associate Professor Research Associate
Discovery of vortex state in solid “He and Science of quantized
vortices

Kubota group at ISSP conducts fundamental studies on
Superfluidity (SF) and that of Quantized vortex science under
rotation up to the world highest speed below 1K. Superfluidity
is now seen in dilute gases (Bose Einstein Condensation, BEC),
in Quantum liquids, and very recently also in a Quantum solid,
solid “He. Superfluidity really is a Quantum phenomenon of
macroscopic scales. The phenomena of Non Classical Rotational
Inertia (NCRI), where some mass of the matter does not rotate
with its rotating container, have long been thought to be peculiar
to superfluid states of certain liquids and gases, but recently it
is observed also in bulk solid *He. Solid crystals have regular
lattice ordering. In addition superfluidity has an order in the
momentum space simultaneously. This is a quantum phenomena
at macroscopic scales.

Kubota group studies superfluidity of both fermion systems
(liquid 3He, etc) and Bose systems (*He systems, H systems,
etc) under extreme conditions including under the world fastest
rotation and ultra low temperatures. When Bose particles or
Cooper pairs have internal freedom, then one expect “textures”
caused by the internal freedom in addition to quantized vortices.
The group investigates not only known systems of superfluidity,
but also new candidate systems to expect superfluidity and/or

new quantum phenomena. Actually
Kubota group has discovered quantum
vortex states in solid “He. They found
a vortex fluid state and discovered its
transition to a real 3D supersolid state
in solid “He. They found evidence of
vortex lines under rotation as well. The
group cooperates with many groups of
national and international teams for
these activities.

a)

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

2. BRE. B8 cEFRRUBEBENZOERTE

Fundamental study of superfluidity, superconductivity and quantized vortices and textures

3. L WEBREN & EFRROFEE & FH
Search for new superfluids and quantum phenomena
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Osada Group
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RH #A Bl BF
Toshihito OSADA Takako KONOIKE
HEHIR Bh%

Associate Professor Research Associate

Transport study of low-dimensional or nano-structure
electron systems under high magnetic fields: To search for new
phenomena in electron systems with small spatial structures, to
clarify their mechanisms, and to control them for 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). The present targets are low-dimensional
conducting crystals (ultra-thin film graphite, TMTSF and
BEDT-TTF families of organic conductors), and artificial
semiconductor/superconductor micro-structures fabricated by
advanced processing techniques like MBE or EB. We flexibly
explore new transport phenomena and electronic states by
electric, magnetic, and thermal measurements using precise
field rotation, miniature pulse magnet, MEMS probes, etc. under

magnetic fields and low temperatures.

B #1814 a-(BEDT-TTF)2KHg(SCN)4 D
BRZEREICET2ERBIERO 2
BAMHREFED 2 B /NG —> BEE
ERBOBFREZ RIRL cBREDHED
RNI—VDRZ %,

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

FEFBIRT OEERSIBEROWS (K EE. (0 Ab—L Y hEREEZRD5HE (B
Y RIVBENHABAELDEWER). (b)/YIk—LY N2EBBEZRH 25,
BRYEOBEHSIENOAEKRFEDEVEEE I —L Y XICEEMFXETH 2,

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

1. BBE/Z 774 hBLVEOF vy TEREBRICE T 2T 1 7 v IV BFROGEYME
Transport properties of Dirac electron system in ultra-thin graphite and organic zerogap conductors

N

- BB osERFEERSCELEBRIE—L VX

Interlayer coherence and angle-dependent magnetotransport in layered conductors

w

L ERTERBAOESETERS L CRA Y BERIRE

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

=

ZEEFIN—ILRDAA T I)LREIRRE
Chiral surface state in multilayer quantum Hall systems

5. BISHET 7O VNEFRICEITZHAR EERRE

Chaos and electron transport in Bloch electron systems under magnetic and electric fields
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Uwatoko Group

YIPEB O WA T 2 S P TENIE X BEY
MBS ORIFEFH, 5123 L WHEROFERIT O A
ZHHEMEZ INTEL T 2 I B TFBRO—D2Th 5,
Fric, RIRMIEZ I L Tw 2 FEFIC L > TSR B
X OBRIES L BEE ) & At b 1 S B REEL T ©
OYMERIE X, £ OERE LS TREORETH S
tEZ6NS, LaL, PHEMEICRD STV “fb
X7 R L I S BT T OMERIE 217 ) Ry icid,
Reic, BEENRAEEMOENIZDRME 2> T3,

WHFFEE T, AR S & ARk P S T, #Kk
FEoRVWHEEE 2L T2 L2BIEL, ®EED
Bt o BAFE 2 D b DIHRHEICEL Y LA TW B, lE IS
BAFE L 72 3508 & KR 3 & OVE W iRk 5 % BIRGE L |
ERE O Z1T> T\ 5, Fic, BF. #Eif. 2
. BB ICKE ARG R3S T4 O B35
ALV 2MHMEETRYE2 L LTz iED T
%, AT RSN, e B, X#EdT, kT
BT 72 £ DWPE S EZEBL T NROT—< 2% L T
%,

YbCo2Znzo DEENTHEARIE DHER. BEHNT TR
FHHRT %,

Temperature dependence of the specific heat under
pressure on YbCoyZnzo. When the pressure is raised
above a critical pressure, the system changes into an
magnetically ordered state.

1. ZEMRT & T 2 BEYENEFRORR

el g5
ER =t LV
Yoshiya UWATOKO ~ Kazuyuki MATSUBAYASHI
HEHIR BhZK

Associate Professor Research Associate

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

5
WCU:ZHN
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1 £
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Development of the physical property measurement systems under the multi-extreme conditions

2. BHEERYE KT 2 ENFEREE OISR

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

3. ZEMRIR T TOMRYERRDREK

Search for new physical phenomena under multi-extreme conditions
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Nakashima Group
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HE A—
Koichi IZAWA
BRI

Visiting Associate Professor

Understanding the electronic states of strongly correlated
electron systems, including rare-earth, actinide and transition-
metal compounds, is one of important problems facing
condensed matter research, both experimentally and theoretically.
In these systems, owing to the strong Coulomb interaction
among electrons, various intriguing phenomena emerge at low
temperatures, for example, magnetic ordering, heavy-fermion,
non-fermi liquid and unconventional superconductivity etc.
Among these phenomena, especially, the formation of the exotic
electronic states in the vicinity of quantum critical point (QCP),
including NFL state and unconventional superconducting state,
has attracted much attentions for the past decade. Although a
large number of studies have been made on this issue, however,
the detail of low energy electronic excitation responsible for the
formation of these states is still unsolved issue. In our research, we
investigate the low-energy electronic structure by means of thermal
and thermo-electric conductivity tensors under pressure, to clarify
the interaction responsible for the formation of these exotic states
close to QCP. The present target of our study at ISSP is to develop
new experimental technique which allows us to measure thermal
and thermo-electric conductivity tensors under high pressure.

HE

Miho NAKASHIMA

BEEHT
Visiting Associate Professor
Heavy fermion system (strongly correlated electron systems),

where electrons forms the quasi particle state with extremely
heavy effective mass, not only interest us by various phenomena
but also compel us to change the conventional model of
superconductivity after the discovery of superconductivity
in the systems. Because the origin of heavy fermions is the
Coulomb repulsion among electrons (electronic correlation),
paired electrons mediated by lattice vibration is impossible in
the systems, it is required new mechanism for pairing electrons.
Moreover, superconductivity appears with application of high
pressure in some cerium and uranium compounds, which is
called “pressure-induced superconductivity”. It means that
we can control heavy fermion state and superconductivity by
changing lattice constants of the compounds with applying high
pressure. The goals of our laboratory are the discovery of new
pressure-induced superconductor and coming out the truth of
the superconductivity in strongly correlated system.
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RXIATRF—
Sergey NEMIROVSUKII

NAEABEHER

Visiting Professor

Theoretical Study of Vortex State under rotation: Application
to He thin film systems in porous media and its application to
Supersolid state in solid He

The study of vortex state in Supersolid state in solid *He
has been being developed very rapidly. Kubota group recently
summarized the observation of vortex fluid state below an onset
temperature T, in solid He and discusses its transition into a real
3D supersolid state below T. These transitions are characterized
by different behavior of the vortex states, yet there is no
microscopic nor quantitative theoretical analysis. As an expert
of superfluid turbulence physics, I would first study the relevant
vortex dynamics as well as statistics of quantized vortices in
the vortex fluid state by clarifying to what extent the physics
of superfluid turbulence and vortex fluid share the common
physical basis.

Transition from vortex fluid state to a 3D supersolid state,
which could be experimentally analyzed, needs much more
insight taking into account of so far known features of superfluid
turbulence. We would also like to discuss possibility of more
general situations of supersolid in other systems than solid He.
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Light is a versatile tool for investigation of the
materials such as semiconductors, metals, organic
and biological materials as well as strongly-correlated
electron systems. Recent developments in lasers
and electron accelerators along with the novel
measurement techniques have been providing us
innovative experimental tools.

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

The main current subjects are as follows:

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

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

eUltrafast 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.

R ERHEEL TV B, «Study of X-ray optics, surfaces, interfaces and
nano-materials by X-ray scattering/diffraction.
% B ERR RKER B % B R
Professor Shuntaro WATANABE Research Associate ~ Shunsuke ADACHI
E g Rt ™ B # FlIE
Professor Tohru SUEMOTO Research Associate ~ Makoto NAKAJIMA
B B x B B % ak &F
Professor Shik SHIN Research Associate  Kyoko ISHIZAKA

B R =fE B3 By %

Research Associate ~ Tetsuroh SHIRASAWA

Professor Toshio TAKAHASHI

HERR ZH BEA B %

Research Associate  Motoyoshi BABA

Associate Professor Hiroto KURODA

B Ml EX
Associate Professor Hidefumi AKIYAMA

IR IR

Associate Professor Yohei KOBAYASHI

SP=

AT ke REB Bt ErIsa EH EBA
Project Assistant Professor Jiro ITATANI Technical Associate ~ Teruto KANAI
EBR (B8) KH Ef RErPIEE BAR K

Visiting Associate Professor Masaki OHURA

#R HEAEER) Tx=Yy¥a1 PLEYVY—
Visiting Associate Professor Alexander FOHLISCH

Technical Associate  Mitsuhiro HASHIMOTO
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Professor
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Shunsuke ADACHI
EUE
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Research Associate

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 (4.4 nm) and the pulse width is as short as
femtoseconds (101 s). 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.
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Attosecond pulse measurement by frequency-resolved optical gating.

2HRELEEHREK (28 eV) DEEZEZ TESNS 2 XFBE
AMEDEFANRY Mbe 10 BHAOEFRTRL TH S,

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

1. BRE/NILASHEDL —F— 0O
Development of ultrashort, high-power lasers

2. ZHFBE (BREHAR. EHFAA L) OHFE

ERNSBELRE? /UL ADRE (F) Ul (7). BiRiz7—YT—
FRF/VLXo

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

Research on high-order harmonics and multiphoton ionization

3. XUV, B XD 7 = L MR - IR DD

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

4. XUV, B X8RP h/OLZADFEE

Attosecond pulse generation in the XUV and Soft X-ray regions
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Suemoto Group
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Tohru SUEMOTO Makoto NAKAJIMA
% EUE

Professor Research Associate

Optical spectroscopy provides versatile tools for solid state
research. Among them, the methods based on pulsed lasers are
indispensable for investigation of ultrafast phenomena in solids.

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

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

Our main interest is in the dynamics of electron-lattice
relaxation, and photoinduced phase transitions.

Wavepacket dynamics of the atoms in solids is investigated by
luminescence up-conversion method and the time development
of the wavepacket shape and splitting phenomena are observed.
Terahertz pump-and-probe method is developed and applied
to photoinduced insulator-metal transitions and other

photoinduced phenomena to study their dynamical behavior.

(a) 8 1 RTAZ#EGE (PtBrR) Ick T 2 BCREMEFREXOBRISENSF
SNICKRRDL—E—. QRBEFOEMICHEL L TH D, KRHIEH 300fs TH
RIRBZIT> TOWBERFN DN S, (b) HADREREIKIE DRI, SE'IT L IRRD
DY —Y213E8. FWESHRTRSI N 2RTWABRT Y Y vIILELZEENT S
EROPIFAIRDEIRT RSN T WS, (¢) 7z h MREIBAEILATEREDH
DB

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

1. BEREADKICLDEFEHOERFERUE T~V - A—E—
Atomic movie based on ultrafast luminescence spectroscopy
2. BEDBRAEN - TINILVYDREICLDAFEEERDT 1 FIIX
Dynamics of photoinduced phase transitions by time-resolved infrared and terahertz spectroscopy

3. EEREDTFICH T2 BEERETFEM
Ultrafast electronic relaxation process in bio-molecules
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Shik SHIN Kyoko ISHIZAKA
% EUE

Professor Research Associate

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=0.36 meV. 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 phenomena.

We study the bio-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.

HEFHXTERALL 1 RTE
HEEBERTTF-TCNQ O 7 o)L
HDREZL

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

S BREBOTRILF—DRIEERD
EE D
The experimental system
for the laser-photoemission
spectroscopy that has the highest
resolution of the world

REEXBFAAEE

1. BEAEED L — Y —ABEFHRICL Z2BEER. BRTYE. FYEZOEFREDOME
Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

. L= —ZBWREIBAEFOIIC KL ZAFRERDMAE

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

CBXBREADHICLD. EFRYEFEDOBEFREDIHR
Soft X-ray emission study on the biomaterials
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=i B3 BE BB

Toshio TAKAHASHI Tetsuroh SHIRASAWA
% EUE

Professor Research Associate

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

phase problem in surface X-ray diffraction.

Si(111)-5x2-Au RED/NY —Y VR, /B AS X REHTE
IC& DB S NIIFBRERRF OBEABITRE L DEE S N,
INETRRESNTVIETLZSMEELLBERNIESN
fco ABD OERENE. Au DRFENRYT MLICHIET %,
Patterson map calculated from integrated intensities
observed for the Si(111)-5x2-Au surface. The arrows
indicated by A,B and D correspond to the interatomic
vectors between two Au atoms on the surface.

‘e 192 A

1. EFEELEZFIA L CERRE - REBE. -/ BEDRTE HEBRR

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

2. RESFER E OBETHIEDRF

Development of new methods to study the surfaces and interfaces

3. XIRBBICB T 2IEREAZ B ER L VLWAZDTF DR

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

4. XEREIHTE. X - REFRE2E. TS

X-ray diffraction physics, X-ray and neutron optics, and X-ray interferometry
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TITNI—=Ty MARICELZ I —L Y MR 2RREREFHRANRT Mo L—

F—FERBEIBICEDZNZNOY —T Y MCRENL RO R ICFEE
T5, RIZIn&ECrick2/BMHNDZT 3R 2 7ROBVWHRIBESFK (61.15,
27.41 nm) THAXARRE U TRWICHFEINS,

Enhnaced HHG spectrum from the laser-ablation indium/chromium plume
using two compound strong transitions in double target scheme. The strong
13th and 29th harmonics were obtained at the wavelengths of 61.15 and
27.41 nm.

1. BE 189nm & T2 NitkEY 77 XL - —DmElL

Physics and development of Ni-Mo 18.9nm x-ray laser

ZH BA Bz &5
Hiroto KURODA Motoyoshi BABA
AR EUE

Associate Professor Research Associate

We study extensively the physics of generating coherent soft
x-ray using a metal target and soft x-ray lasers. We proposed
and have developed the new scheme of a longitudinal transient
collisionally excited Ni like Mo 18.9 nm laser, which opens a
new trend in soft x-ray laser. We have also developed highly
directive high order harmonic generation (HHG) in soft x-ray
region using a pre-plasma in ablation mode. It is very interesting
as a new physics and also efficiency and other characteristics are
desirable. We showed up to 101st of Ti:Sapphire laser (7.9nm)
by manganese plasma and found out for the first time a strong
single harmonic enhancement due to resonance effect in In, Sb,
Te, and Te plasma too. We achieved enhancement of two-color
high harmonic by using two compound strong ionic transitions
in double-target scheme. We also study the nano-material
formation and controlling by using femtosecond laser system.
We have achieved the production of nano-wires, and nano-

gratings on the various semiconductor surfaces.

L—H—=TTL—>3vicLdF/ T4V —DSEM K, L—H—D/IX\FA—%—
(& (a) &LV (b) (&K &K 800nm, /UL RIE 120fs, mEAEIFE, HH TmW,
500 ¥ 3 v MEE, (c) & (d) I[FiR&K 400nm. /UL R1E 120fs, fRET5E S,
H10mW, EXFHEESRLD 3mm 95 ULIcREE, 500 & 3 v MEE,

SEM images of the ablation craters and nanowires. The laser parameters are:
(a) and (b), 800 nm, 120 fs, linear polarization, 1 mW, 500 pulses; (c) and (d),
400 nm, 120 fs, linear polarization, 10 mW, defocus for 3 mm, 500 pulses.

2. L—Y=FTL—yarvy——v s ERAWHESHEREOREYIEE®
New scheme of ablation controlled plasma and anomalous enhancement of single harmonic due to strong resonance

3. FRET. FLIM O&EXZ=R WY ¥/ BDOHEERER
Study on FRET and FLIM of luminous proteins

4. L—Y—=FIL—yaviEERWF /NFEREZOYE

Formation of nano-structures on crystal surface with femtosecond laser pulse irradiation
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INZRT NI

YL (BERR. BER) &
VIRYIL (EEE, BX),
Firefly (Arima, Japan) and
sea firefly (Yokosuka, Japan).

B—TRHEFHEROEER

Transmission/absorption
spectrum of a T-shaped
single quantum wire.

L 3R

Hidefumi AKIYAMA

HER

Associate Professor

Advanced laser spectroscopy on the basis of lasers and
microscopy is developed and applied to semiconductor
quantum wires (QWRs) and other nano-structures, in order
to 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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1. BRNEARONRER OBHHE L = VMBS FHIRRL — ' — OES & B
Ultra-thin low-threshold high-quality semiconductor quantum-wire lasers and their micro-spectroscopy and imaging
2. 1 RTERBEBFLEARE S VEFROLZIGE & LAHEEERMR
Optical physics and many-body physics of dense electron-hole or electron systems in 1D
3. ¥EHEBFEER LU T/ XDMEE, SmE L. BEarl. \EHOEEHR. EREHR
Material physics and development of high-quality semiconductor nano-structures via microscopy
4. REI - 05T - DIRTIVEE DEYHI & EYLEFRIEHAIRE
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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INBR - ETE
Yohei KOBAYASHI
HERIZ

Associate Professor

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

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

interest in our lab.

.

AVI—=TNYRFIIHSTFATL—F—DARYI Mo L—F—D
HAZEIRFTORLIEED, #BDEU1GH z. /ULRIEL 5.6 fso

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

1. BR/NILAL == X7 AOMERFER U L — U — OB a1

Development and precise control of ultrashort pulse laser system

2. BiRDRL —SaEyE

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

Precision spectroscopy
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1. BREBE/LAL - —HREORE
Development of intense ultrafast lasers
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Jiro ITATANI
HERED

Project Assistant Professor

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

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

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

BL—Y—BHORFHSDBREHRREDEIR, E
FERAPOBFRRERBGREDOEFOREBELROTHICL
TR I 2WBFNFLES N 7 SR OXEIRH TS,

Mlustration of the elementary process of high harmonic
generation. Electron wavepackets in the continuum
interfere with the bound-state electrons to induce
oscillating dipoles that emit high harmonic photons.

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

3. BRERRZRWVCBEREA A —I Y IRt DR
Novel molecular dynamic imaging using high harmonics
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Masaki OURA

BEHEHR

Visiting Associate Professor

With the aid of characteristics of pulsed beam of the

synchrotron radiation in the soft x-ray region, we will explore
new opportunities for studying the electronic structure of
materials by applying the time-resolved detection system to
the traditional soft x-ray spectroscopic method. Especially, we
will develop a technique to observe the response of electronic
structure to the externally applied stimulus by utilizing the
pulsed beam of the synchrotron radiation. For the moment,
we will try to study the relaxation of electronic structure
intentionally stimulated electronic structure by means of the soft
xX-ray emission spectroscopy combined with the time-resolved
detection system. A preliminary experiment will be performed
at the soft x-ray beamline of SPring-8, and such technique will
be applied to the study of materials science at the new beamline
project of the University of Tokyo at the SPring-8.

TA—Uvyya FPLEFVY—
Alexander FOHLISCH

NEABEHKR

Visiting Professor

Raman spectroscopy with visible and UV Lasers is widely used
to study low energy excitations in matter. In complex systems
it would be highly desirable to improve vibrational Raman
spectroscopy with an element specific and chemical state selective
enhancement, where vibrations in complex matter can be directly
assigned to a selected atomic site and chemical environment.
Using soft X-rays (50eV - 2000eV) from modern synchrotron
radiation sources, we can access the resonance energies of the core
electrons and gain element specific and chemical state selective
information of the large majority of elements relevant to materials
science and chemistry. The scientific aim is now to directly map
vibrational modes to specific atomic centers or functional groups in
a complex molecular or solid structure. To separate the close lying
vibrational states is at the limit of present day instrumentation.
However, with the high resolution instrumentation developed by
Prof. Shin, we should be able to open up the field of atom specific
vibrational Raman spectroscopy in complex systems. In a first step
weakly interacting systems shall be frozen onto the cryostat and
are excited and detected with vibrational resolution. The next step
is to study the vibrational progression and vibrational dynamics
in liquid systems, where present experiments can only give an
unsatisfying picture of the interplay between electronic structure,
the ultrafast relaxation processes and the vibrational dynamics.
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Synchrotron Radiation Laboratory
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Synchrotron radiation from insertion devices
provides researchers with a powerful probe, easily
tunable over an extreme wide range of energy and
wavelength to understand the complex world of
atoms, molecules and solid states. The Synchrotron
Radiation Laboratory (SRL) has a branch laboratory
in the High Energy Accelerator Research Organization
(KEK) at Tsukuba. The branch laboratory maintains
an undulator called Revolver, two beamlines and
three experimental stations, which are installed in
the Photon Factory (PF) and fully opened to outside
users. The in-house staffs of SRL not only serve the
outside users with technical support and advices, but
also carry out their own research works on advanced
solid state spectroscopy as well as instrumentation.
The accelerator group is studying accelerator physics
and developing the accelerator related technology for
advanced and future synchrotron light sources. The
members of SRL have been playing an essential role in
the new beamline project of the University of Tokyo.
They are constructing a new undulator in soft X-ray
region and promoting new research plans by means
of time-resolved spectroscopy, soft X-ray emission

spectroscopy, etc.
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Professor (Director)  Akito KAKIZAKI
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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). Furthermore, they make
leading researches on electronic and spin states in surface and
ultrathin film systems by themselves with these facilities.

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

A New Spin-polarized Photoemission Spectrometer with Very High
Efficiency andEnergy Resolution for high-resolution spin-resolved
photoemission spectroscopy
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Furthermore, they have actively worked on developing
new experiments for synchrotron radiation. By combining
scanning tunneling microscope and synchrotron radiation
X-ray spectroscopy, they have constructed a new chemical
imaging method. They also worked on ultrafast spectroscopy
experiments through a combination of ultra short laser pulse

and synchrotron radiation pulse.
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The beamline BL-18A and the experimental chamber
equipped with high-resolution electron spectrometer.
Here, varieties of photoemission experiments, Fermi

NELTWS,

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

surface mapping, band mapping, wave function- well states in the films and spin-polarized bands of the Rashba effect at the surface.
a g a )

symmetry determining, are performed.

%2 —~ Research Subjects

1. RAEVDBABF NS S OCBIA—EMRERIC L 2 REHMEDOTE

Surface magnetism studied by spin-resolved photoemission and magnetic linear- and circular- dichroism

2. EBFELOEABFAAERRICLZ2EEE L CFEAKRE - REDOEBETFREDOHE
Electronic structures of metal and semiconductor surfaces studied by means of photoelectron and inverse
photoelectron spectroscopy
3. FEPBANERICEDZIRARE YY1 F 37 AOWMA
Electron spin dynamics by means of time-resolved spectroscopy
4. XEBFEMBRIC K BHUNERL BUNERO A XYY T EBFREDOAR
Imaging of nano-structure materials by means of photoelectron emission microscope (PEEM)
5. XBFHIHE in situ REBIUZEAE I & 2 BEHEKE HEXTEEFEANZ RN 5 ETFOEMERRDME

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

undulator radiation.

RERBES RO DBLEIRZDADOEEILETIL () EHMULWARATHOD
fe®lc PF U Y 7 ICRES NI/ ULANEEREA (B).

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

AT —~ Research Subjects

SPring-8 ICER Y 2RRAFYERZE—LSA Y ORAFBEI Va2 L —%
(F) tBRARATNBEDOLOOBERETONT 1T (B,

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

1. EEEEIR

High-brilliance synchrotron light source
2. KRB LR

Next-generation synchrotron light sources
3. Sl INEIE BRI O F

Research and development of advanced accelerator components, subsystems and technology

4, INERBFRICH T2 E— LR
Beam physics in accelerators
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To study circular dichroism in the soft X-ray region, we need
special synchrotron radiation sources having performance of
high-speed helicity switching of circular polarized radiation.
However, there is no working source having such performance
at a high level for synchrotron radiation users. Before now, two
approaches have been adopted aiming at high-speed switching.
One is a combination of two helical undulators with different
helicity. The two radiation beams from them were selected
alternately for the attached beamline with an optical shutter or
a kicker magnet system. The other is a helical undulator where
the helicity of the magnet arrays is variable. In the former
case, however, we cannot expect full identity between the two
sources. In the latter, the closed orbit in the storage ring may be
fluctuated during the switching.

Recently, we proposed a new source composed of several
crossed undulators and phase adjusters, generating circular
polarized radiation with high-speed helicity switching. This
source is expected as a standard one since the full source identity
will be obtained with negligible small fluctuation of the closed
orbit. We are going to construct a practical one for the 30-m
straight section of the SPring-8.
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Neutron Science Laboratory

Since 1961, the ISSP has been playing a central role
in neutron scattering activities in Japan not only by
performing its own research programs but also by
providing a general user program for the university-
owned various neutron scattering spectrometers
installed at the research reactor of JAEA (Tokai). In
the JRR-3 reactor (20MW), the university group owns
14 spectrometers, and the Neutron Science 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_<SrxNiO4 which is one of the isomorphic compounds of the
High Tc cuprate superconductors. The ordering temperatures
of the stripe charge as well as spin orderings have the maxima
at x = 1/3, and they decrease beyond x = 1/3. Although the
incommensurability is approximately linear to the hole
concentration, close inspection of the data indicates that the
incommensurability exhibits a subtle deviation form the linear
relation for both sides of x = 1/3. Such an exotic stripe ordering

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

BARRTFOMFEFHEFEEE (JAEA) OIZELF JRR-3
ICERB S NIRRT D 3 SR TR,

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

Ibaraki.
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1. EBEBRILYIRY EE - FEBE Y. TORICHEY 2HIKT - BERKF - BUEHKF R EOFEFHEIC L 5%

Neutron scattering study of metal-insulator transition, magnetic ordering, charge/orbital orderings in transition-metal oxides

2. BILERICBITEAEVEFHOD
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Microscopic study of influence of spin fluctuations in magnetic superconductors

3. VAL — hEABERERICE T DR TFIREI DR
Lattice dynamics of thermoelectro-clathrates
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Pressure-Temperature (T-P) phase diagram for A-B diblock copolymer
aqueous solution. By increasing T at ambient pressure, the system undergoes
microphase separation, indicating the presence of strong hydrophobic solvation
(SHS). On the other hand, a macrophase separation takes place by pressurizing
at ambient temperature, suggesting weak hydrophobic solvation (WHS) at high
pressures. This observation suggests that hydrophobic interaction is exclusively
important at ambient pressure, i.e., the atmospheric environment.

1. BEEESTILOMEE S 152y R, RHEIRES,
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Mitsuhiro SHIBAYAMA  Hitoshi ENDO
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Professor Research Associate

Polymers, gels, colloids, and liquid crystals are classified to
soft materials, which undergo various transitions in response to
a slight change of an environmental variable. We are interested
in the physics of soft-matter, particularly in the physics of gels
and micro-emulsion. Nano-order structure investigations and
studies on dynamics of soft matter are carried out with state-of-
the-art equipments, such as the small-angle neutron scattering
instrument (SANS-U; upgraded in 2003) and the neutron
spin-echo spectrometer (iNSE; upgraded in 2004). Other
scattering techniques, such as dynamic/static light scattering,
microscopy, mechanical/thermal analyses, UV/IR 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.

transition (MST)

microphase separation

SHS-region P WHS-region

VI—5 L

Structure and dynamics, phase separation, and sol-gel transition of functional polymer gels

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

3. BUKMEMREIER SHEBICREY 20 FimaIiis

Molecular studies on the relationship between hydrophobic interaction and phase transition

4. BETILPF/AVRIY NTIILOBEETAFIIR

Structure and dynamics of slide-ring gels and nanocomposite gels

5. FI v ROVOBEET A1 FTIVR
Structure and dynamics of molecular chaperone
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Heat capacities of imidazolium-based ionic liquids. We have found a glass
transition with a large heat capacity jump in the temperature range 170-230
K for every substance.
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We are studying chemical physics of complex condensed
matters, especially glasses and supercooled liquids, water and
aqueous solutions, ionic liquids, and proton conductors. Glass
transition is a mysterious phenomenon in which supercooled
liquids solidify without structural change. This phenomenon
cannot be explained by current physics. Water is the most
familiar and important material for humans and also exhibits
various unique phenomena derived by hydrogen bonds. Ionic
liquids, found recently, exhibit many interesting physical
properties originating from the competing electrostatic and van
der Waals interactions and the entropy effect. Proton conductors
are significant not only for applications such as fuel batteries
but also for basic condensed matter physics such as quantum
effect on atomic diffusion. These substances are investigated
from neutron scattering, X-ray diffraction, heat capacity, and
dielectric measurements. Our aim is to find simple (?) rules
involved in complex systems from the three different points of

view, i.e., structure, dynamics, and thermodynamic.
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Inelastic neutron scattering spectra of copper rubeanate hydrate and
biimidazole chromium complex hydrate. The phonon excitations of water
molecules are shifted to the low-energy side due to the confinement effects.

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

2. KB LVEEYE (VZRAL—KKIYHRE) OBEESTAFIIR
Structure and dynamics of water and related materials such as clathrate hydrates

3. BRAAVRAEDHRNZHNEEES A FIIR

Thermal and dynamical properties of room-temperature ionic liquids

4. 7ONVCEBEOBEET 1 TIVR
Structure and dynamics of proton conducting materials
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Fig. 2
BEREGRANEZRAVWTHES N
SR E — 7 MED Q &EF .
Q-dependence of the integrated
intensity of the broad inelastic peak,
measured using a single grain of the
f-Zn-Mg-Tb quasicrystal.
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1. EERZEOFABPRYPEDRT. REVITAFIIR
Atom and spin dynamics of quasiperiodic systems

2. HEERAN 7S A KL —K LTWEZAEY ROBSIZE
Spin fluctuations in geometrically frustrated magnets

3. IR YT RI MERRES L O IEFEELIC & 557

frpE =

Taku J. SATO
R

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.

Zn-Mg-Tb Quasicrystal LAM-4D (Ef = 4.59meV)
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Neutron scattering study on new materials with novel physical properties

4. PEFEAWCH UL WRBRF LD

Development of neutron scattering techniques
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Shinichi ITOH

EEEHR

Visiting Associate Professor

Chopper spectrometers are one of the standard ways of
studying dynamics in condensed matters by using an intense
pulsed neutron source, where monochromatic pulsed neutrons
are incident upon the sample and the energy transfers are
determined by the time-of-flight method. Also, a position
sensitive detector system with large solid angles is installed
to measure coherent inelastic neutron scattering. We are now
constructing a chopper spectrometer at the Materials and
Life Science Facility in the Japan Proton Accelerator Research
Complex (J-PARC) in order to study the dynamics in condensed
matters, such as strongly correlated electron systems, liquid
and amorphous materials, disordered systems and so on. Also,
utilization of neutrons in an eV energy region will open new
science. Since the dynamics in these systems are spread over a
wide energy momentum space, measurements of excitations
with high resolutions and high intensities are indispensable.
To realize such a performance in the chopper spectrometer,
we are developing and designing neutron devices such as
monochromatization devices, optical devices on the incident
flight path, background reduction devices, a detector system and

SO on.
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J Materials Design and Characterization Laboratory (MDCL)
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The aim of MDCL is to promote materials science
with the emphasis on the “DSC cycle” where DSC
represents three functions in developing new
materials, Design, Synthesis and Characterization.
The MDCL consists of two divisions; Materials
Design Division (MD-D) and Materials Synthesis
and Characterization Division (MSC-D). The
Supercomputer Center of ISSP (SCC-ISSP) belongs
to MD-D, while in MSC-D there are six sections
for joint-use; Materials Synthesis Section, Chemical
Analysis Section, X-Ray Diffraction Section, Electron
Microscope Section, Electromagnetic Measurements
Section, and Spectroscopy Section. In MD-D, by
making use of its supercomputer system, novel
mechanisms behind various cooperative phenomena
in condensed matter are explored, and theoretical
designs of new materials as well as those of materials
with new nanoscale structures are developed. In
MSC-D, various new materials are synthesized,
single crystals are grown and the structural,
electromagnetic and optic properties of the materials
are 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.

% B ERR) EBH - B % MA  fEtbd
Professor (Director) Zenji HIROI Research Associate  Yoshihiko OKAMOTO
£ R B B # TR &R
Professor Yutaka UEDA Research Associate ~ Hiroaki UEDA
pi=eid Ng BE B % A R
Associate Professor Naoki KAWASHIMA Research Associate ~ Takafumi SUZUKI
HEHIER B0 Fa B # A FE
Associate Professor Hiroshi NOGUCHI Research Associate  Yoshihide YOSHIMOTO
HEHR (FB) HRE - B % E@ BN
Visiting Associate Professor Hitoshi SEO Research Associate  Yusuke TOMITA
R HEAEER) DX/ T7 TA4—F B # s =
Visiting Professor Dimo UZUNOV Research Associate  Jun-Ichi YAMAURA
B # AH =
Research Associate  Yasuho ISHIDA
rMEME R IEf pwEMEe JLE ES
Technical Associate Masaki ICHIHARA Technical Associate ~ Tsuneo KITAZAWA
RiTEFIBE N IERH RMTEPIBE BE EE
Technical Associate Masayoshi KOIKE Technical Associate ~ Masahiko ISOBE
21— YAFLA RMErIME R # miEMmE KA BT
Technical Associate Touru YAMAUCHI Technical Associate  Hiroyuki YATA
Supercomputer o _ R
Hitachi SR11000/48 model J1 Es I | AN BF Es R T A=} BHE 8k
Technical Associate Yoko KIUCHI Technical Associate ~ Takaki FUKUDA
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B/t Oy A7 BACYBIEEA AOs206 DESIE. BLEEGEEER
i 3.3 K (Cs). 6.3 K (Rb). 9.6 K (K) TH 2.
Superconducting transitions observed in resistivity for the 1

B-pyrochlore oxide superconductors AOs;Og. The Tcis 3.3 K, 6.3
Kand 9.6 K for A = Cs, Rb and K, respectively.

AT —~ Research Subjects

The remarkable discovery of high-T. superconductivity
and the following enthusiastic research in the last decade have
clearly exemplified how the finding of new materials would give
a great impact on the progress of solid state physics. Now the
related topics are spreading over not only superconductivity but
also unusual metallic behavior which is generally seen near the
metal-insulator transition in the strongly correlated electron
systems. We believe that for the next few decades it will become
more important to explore novel physics through searching for
new materials.

Transition-metal oxides are one of the most typical systems
where the effect of Coulomb interaction plays a critical role on
their magnetic and electronic properties. Especially interesting
is what is expected when electrons localized due to the strong
Coulomb repulsion start moving by changing the bandwidth
or the number of carriers. We anticipate there an unknown,
dramatic phenomenon governed by quantum fluctuations.
One of the topics we study now is a quantum spin lattice based
on triangle geometry where a magnetic frustration tends to
suppress ordinary long-range order and may lead to an unusual
spin liquid ground state. Recently, we found superconductivity
for the first time in the pyrochlore oxides Cd;Re;07 and AOs;Og
(A =K, Rb, Cs) which crystallize in such a three-dimensionally
A0S0,

frustrated lattice.
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1. HILLWEFREVRRUOBERETFRYE DR

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

2. JF v U ZEAIC K BRIBREE ROV LTI

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

3. BRBEEH%
High-Tc superconductors
4. REUBHRBEROBEERBROER

Growth of large single crystals and thin films of transition-metal oxides
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Our primary research effort has been focused upon
the development of inorganic materials possessing novel
electromagnetic properties such as superconductivity, metal-
insulator transition, charge/orbital order and various quantum
spin phenomena. The transition metal oxides and chalcogenide
have been mainly synthesized under various atmospheres
and single crystals of them have been grown by FZ and flux
methods. The nonstoichiometry, structure, phase transition
and physical properties have been studied by TG-DTA (DSC),
X-ray and neutron diffraction, electron microscopy, electrical
resistivity and magnetic susceptibility measurements etc. Our
recent outcomes are the finding of (1) quantized magnetization
plateaus caused by Wigner crystallization of triplets (magnons)
in 2D frustrated system SrCu,(BO3), with Shastry-Sutherland
lattice, (2) novel charge order transition and devil’s flower type
phase diagram in NaV,0s with a trellis lattice, (3) charge order
transitions and pressure-induced superconductivity in quasi 1D
conductors f-A¢.33V205 (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,
AVg0i6 (A =K and Rb).

1

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

B-Nag 35V>0s

| | | | B -Nap33V205 D EH —RE (P-T) 48
He MEICEDEE (NM) —BRFKRE
R AEEBEEMZ Sh,. BEEKEE
(CO) IC B2 L THBIRER (SC) B RN
%, SSICHEEETIE. FcICHERBE
BEEE (NP) HHERT 2,

Pressure-temperature (P-T) phase
diagram of p-Nag.33V205. The
metal (NM) to charge ordered
(CO) insulator phase transition
is suppressed by pressure and
a superconducting phase (SC)
appears, bordering on CO. In
much higher pressure region, a

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

X7 —~ Research Subjects

nonsuperconducting metallic phase

4 ] 8 10 12 (NP) newly emerges.

F (GPa)

1. BBERBZE0RY. NLIT/EYZEOER ERELESR L CHFEOHRE
Synthesis of transition metal oxides and chalcogenides by controlling stoichiometry and phase equilibrium

2. BIER & O XHIRMOT D2 DIHEHER I £ SEEREB DT

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

3. BN - MSHEE O & b FEE SR L OB FHEBEMRDOHE
Study on novel electromagnetic properties related to correlated electrons

4. SESKEIEY RISEIREDRAES & CEIRSEE T TORMIC & 2HE DR

Synthesis of new materials under various conditions including high-pressure

72
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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.

%57 —~ Research Subjects

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

model.

R—=X/N\N—=REFILOHER, tidRy EVVEORE. U SRADEEERD®RS
THd. HMRTERIERE, SREFrvTORESEEXRT,

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

1. HULWEFHRFHEOREKR EEFRMARR

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

2. ZBERBOBEREOME. £ ICEBFEYTHILOEOHFEDFHH
Numerical methods for many-body physics, in particular, new quantum Monte Carlo techniques

3. 73 ANL—Ya v PRIEMEEFAOH 5HBEALE VR

Classical spin systems with frustration and/or long-range interactions

73
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Noguchi Group
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Snapshot of red blood cell in capillary flow. Red blood cells deform to the
parachute shape in microvessels of our body.

AT —~ Research Subjects
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Hiroshi NOGUCHI
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Associate Professor

i

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

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

was newly found by us, and later supported by an experiment.

BMEBEOERRORFT YTV 3y b B (KR) KANEMRT, BEEHRIMAIM
MEZFHE. FEDFIIEKEBD () SHKEBD (F) »"545%,

Snapshot of fusing bilayer membrane. The fusion is induced by external
force on the particles (purple). Lipid membrane consists of hydrophobic
(yellow) and hydrophilic (red) parts.

1. "hic & B IRIMERDER
Flow-induced deformation of red blood cells
2. SAEORE. 2R

Fusion and fission of biomembrane
3. BEROBEES. FiEknD

Self-assembly and morphological transition of lipid membrane
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We are performing theoretical studies on novel phenomena
emerging in strongly-correlated systems such as molecular
conductors and transition metal oxides. Our strategy is to
make simple explanation of the essence of the phenomenon,
by calculations on effective models constructed based on the
actual material, which will lead to understanding the variety in
different materials in a systematic way.

Recently, we have been studying phase transitions where
different degree of freedoms, such as charge / spin / orbital /
lattice, are coupled together, especially metal-insulator transition
which is the most dramatic phenomenon in strongly-correlated
electron systems. For example, in geometrically frustrated lattice
structures, Wigner crystal type charge ordered state frequently
melts, and complex “self-organized” ordering by coupling to
other degree of freedom is generated. Besides, we also construct
effective models for newly synthesized materials (in the field
of molecular conductors, especially, many new compounds are
born) and analyze them in order to search for novel physical
phenomena.
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Recently, the phenomenon of coexistence of unconventional
(spin-triplet) superconductivity and ferromagnetism was
investigated in details by my co-authors and me. The problem
is of considerable interest to the world physics community. The
mechanism of this remarkable phenomenon --- the coexistence
of unconventional superconductivity and ferromagnetism --- is
the so-called magnetization-trigger effect (' *M-trigger") which
switches on the superconducting order. This happens in several
metallic compounds, for example, ZrZn,, UGe;, URhGe, Ulr.
Both ferromagnetic and superconducting orders are due to the
behavior of electrons from the same band: the d-band electrons
(for Zr-based compounds), and the f-band electrons (for U-based
compounds). While the microscopic theory of these heavy fermion
itinerant ferromagnets is quite obscure the phenomenological
approach based on general symmetry arguments and Ginzburg-
Landau free energy functionals is quite successful. In 2008 we
were able to develop our preceding results and to reveal a very
interesting and unified description of the (T,P) phase diagram of
this type of compounds. We are at the stage to present a general
thermodynamic theory of these type of materials. Our results are
in a remarkable (quantitative and qualitative) agreement with
experiments. This research can be further advanced in ISSP at
Tokyo University and, of course, together with research on related
theoretical problems, of interest to my Japanese colleagues.
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Supercomputer Center

B Y% 8 JI|E [EFE Charperson: N. KAWASHIMA
B Y R B 28 {& Contact Person : O. SUGINO
# % B 8 BP0 {FFE Contact Person : H. NOGUCHI

1. ZEHEEFMHA = —arEa—%

B A TG R EY B O A — R —a v
Ea—¥ Y RAT L%, A—r—a v a—%HAHHE
H20F#®R IO g 2E oY EEE O L FEA A It L
T3, BIEDY AT L3R 17 4 3 HICHEF TSNk
DT, HEREEICLDEV, — FHRELRE %2 RO
(Hitachi SR11000 model J1/48) & @i\ i8LERRE ) % F5
DOBRFE AW FEHERE (SGI Altix3700Bx2/1280) #1% &
LEEAS AT LTH D, KETIE, Y AT LDV —
LB L DS ER Y AT AR EMERF T2 L L b,
BEL—FHPSOMHRIIET2HEL T, AT LDHE

BUEMH ZfT>o T3, A——a v Ea—%OfMHE
2o W»Tik, +F— — ¥ (http://www.issp.u-tokyo.
ac.jp/center/) &I\,

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

ISP Supercaompaiter System

System A

Hinachi SR1 1000 mmtmdlf [ it |

tgimed uu_u- 1 i
[T

Syatem B

St baty e bonkak Lraby g, drvrenay of Doipn

YHERRFRATRAIAZ —/¢—3
YEa1—% YT LB

The Supercomputer System X—/\—=3Y¥Ea1—-% 2RXTLB
at the SCC-ISSP.
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Eh = B Research Associate : Y. YOSHIMOTO
Bh % EH #/> Research Associate : Y. TOMITA
Bh # $5K RS Research Associate : T. SUZUKI
Bh % HAH 2fE Research Associate : Y. ISHIDA
HRMEFBE K<H #fT Technical Associate : H. YATA
B i B B f8H ZXEK Technical Associate : T. FUKUDA
2. iy + 7 — 2 Bl
RETIE, WA LAN, BX O, @7 A — 14—

N, 77 AN =N, WWW 5 =8 (HEF S — LR —
¥ http://www.issp.u-tokyo.ac.jp) fho &K —NDE
HHEM 217w, REREEZ GO INICREEL Tw 3
YIEE Sy b7 — 7 TREEKRYEF ¥ VR A%y b7 —
27 (UTnet) ZiliL 724 ¥ ¥ — % v b ~OERD D, 7 7
AT7 74— NDOFKE, BTA—NVICEHAT T4 VADK
HEBRE, VA NANEY 7 b 27 DR DRBCLAR 7
EDx¥a) T4 ERZIToTws, £/, BIATO 2
YE2—FBLUORy F7—VBfRD QA T L EREK
VAT L EOEEROEH LA AREE, KoK 707
ICREINIARL —F =7 ) vy DEF LR E BT T
W3, S5 RRERESO T YR —
P, IS, 7774 ET 4 LAR— bR EDETRE
WMONEEHZT> T3,

Lk—

The Center also operates the local area network in ISSP, and
e-mail servers, file servers, WWW servers for the ISSP home
page (http://www.issp.u-tokyo.ac.jp), and other servers, to
support all the users in ISSP. It takes severe measures of network
security of the ISSP, which is connected to the internet via
UTnet (the campus network of the University of Tokyo) by, for
example, monitoring electronic traffics for virus infection and
by distributing anti-virus softwares to in-house users.

(SGI Altix3700Bx2/1280)
The supercomputer system B (SGI Altix3700Bx2/1280)
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Materials Design and Characterization Laboratory

YIE AR« BEEE (Materials Synthesis and Characterization Division)

P & L2 93 B

Materials Synthesis Section Chemical Analysis Section

B Y 8 EH ET  ContactPerson: Z HIROI B2y mEe FH B Contact Person : Y. UEDA
EMEME JLE [BEE  Technical Associate : T. KITAZAWA B i B B8 KW BBF Technical Associate : Y. KIUCHI

EMEFBE BRIl 1E/Z  Technical Associate : M. ISOBE

AETIE, FIWHO AR, BUAYHO BB, Bk AETIE, PEIRICER ZWHIZ O TOL¥EoiT
B2 EMFEHEARI O G Z2iT>Tw 5, £/, FlE PH L CWHD I TEOBGET S K MEHNTIRIC L 2
i P S 0 RS RO SURKREIN T 7 & 2 BT At ME oS KOG 21T ) L, & - o - L

DILFEF DT & LT L TWw 5, Bz B D % S5 G 2 BTN O JERFI AN L T 5,
The main purposes of the Materials Synthesis Section are to The Chemical Analysis Section is engaged in determining the
synthesize new compounds and to prepare well-characterized chemical composition of specimens and in purifying chemical
samples and single crystals of various materials. Various kinds reagents for preparation of high quality specimens. The
of furnaces are provided for crystal growth experiments. analytical equipments, several types of automatic balance and a

system for preparation of ultra-high purity water are provided

for chemical analysis experiments.

BRI

AT UV - VEERBRF. BE&ESILE. SEERF (B EEa
MAKXTY Y IIVIR, T3V RIR, P—UBBIFE. U2y MRE). EEEFEME—XBIA A7 F S Y —, FEREASEE TS XY
BEFELKE (100 Torr). HEHEIMTHE RADNDITRE, SEBEHMR. BFRT. EREREKE. HES. B

Main Facilitios EWERE. AAUSEE. BRTSE

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

and Freeze-dried machine.

w83 LR EEBFEME— XEYAIO7F 51 F—
Czochralski pulling apparatus with an induction heating system SEM-EDX/WDX
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X-Ray Diffraction Section

B Y FmE EBEH Contact Person : Z. HIROI

B =2 QNI

—_—

o
=

72— Research Associate : J. YAMAURA

BRI %2 R W E O BIFE R I BTl
REERNT I3 M) CHERMEZ H0 5, AETIE, XK
[HH7 2 T HTRE OFS EHE LIRS X 5 HEA
b7 EWEREOWE 2179 L, TNt oitgiE I
o Ui A ok, iR 217> T %,

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 2-300 K.

FERR
mE T X #REIHTEH CCD Y AT LA A=Y VI 7L — M XIREHFET
MARXRETEE, ZVIAAS, TEIRNILTAAS

Main Facilities

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

LA BhER

SRR X—Y v 77 L — MXIRETE
Imaging plate type X-ray diffractometer for low temperature application
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J YIE AR« BEEE (Materials Synthesis and Characterization Division)

R EiE

Electron Microscope Section

B Y meE FH B Contact Person : Y. UEDA
EMEME R 1EH

HMEFIBE /)t 1FEF  Technical Associate : M. KOIKE

Technical Associate : M. ICHIHARA

T AR I Y E O ARG O 17 FERTH 5,
RETIE, BFRLRALVTOBEBGREZBET 270, &
IIIRRETE & SR o T TR 2 A WE OB
RGN 217 9 & Ikic, Bliz TNt o FIATIfE L,
SERAM AR ZE 2 7> T 5,

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

an X-ray micro-analyzer.

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

mafLy— ERAAY

Main Facilities

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

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

PR S E o I

Electromagnetic Measurements Section Spectroscopy Section

B Y B8 K ZFKIA Contact Person : Y. IYE B Y% 8 HE #<2 ContactPerson: H. TAJMA
B Y e FEll - Contact Person : M. TAKIGAWA B Y e Kt Contact Person : T. SUEMOTO

B Y FE E E T Contact Person : Z. HIROI
gEmABE LN # Technical Associate : T. YAMAUCHI

ARETIE, WEHOEANIEE TH 5 BAMNBAITEE WHTED & 2 S RE s 2 0 2. B st o L EFIH]
Z, R L OGN CHEPHICO > THET S & & LT 3,
bz, BRI RE, PRR R S, R R
170 & oidii 2 iAo L FRFICfE L Tw 5,

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,

The Electromagnetic Measurements Section offers various

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

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

supported in this Section: electrical resistivity, magnetoresistance

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

Main Facilities
. UV and VIS absorption spectrometer, IR spectrometer, Raman
TERRE spectrometer with Ar ion laser, Tunable dye laser equipped
15/ 1 77RAZBEEIYTRY b A7V Y NS TFRSBIEEYY
v b (NUDLTZU-), IREFEBEMLAERE (VSM), 16/18
TAZEHE—BEEYIXYy A (NMR), SQU | DELAIEEE (MP
MS). NEAYIEAERE (PPMS), V7AOXIAILEBREYT R Y b

with excimer laser, and Monochromator and related electronic
instruments.

Main Facilities

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

BRI RE SR ERSR

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

WG CTIE SV A7 2y FEHOTHE &
ks 2 64 U Rk A e BT (CHREAR A S
itk &) OWEZZLI D, Z0ET
REEZ P72 O | RIS T ORI E A DPRR
ZiTo T 5, JEMERINIZ 80 7 2 7 RED 3
WAEGISFETE D, B ) WO
EBTELYa— bR T Ry b eSS
U TE RO IRV AR T Ry D B,

NS OFEMERE 7 2y M iE, BB LY
(SIS, Jare, BALINE 2 &), oo hipR
PEELE (R, KIR) L fladb 9,
7. BN OBCEY 2 03 LT 2 YR
DIFEICIFAS A S Tw s, HERKDE
TFEERE 210 A H P a—)) ZHWKER v
JoOVA (1~ 10 BFEE) SIEMIE 100 7 A
7 WS FE A DOBHFE b BIICHEME L T 5, fl)5,
W TIEH 255, 800 7 2 7R £ THAET
E LGSR (— & & a A Lk BRI
SIS EE Ak, 100 7 AT B ETD
Bz P ERE AW S T w3, BRI

The aim of this laboratory is to study the physical
properties of matter (such as semiconductors,
magnetic materials, metals, insulators) under ultra-
high magnetic field conditions. Such a high magnetic
field is also used for realizing the new material phase
and functions. Our pulse magnets can generate up to
80 Tesla by non-destructive way, and up to 800 Tesla
by destructive (the single turn coil and the electro-
magnetic flux compression) methods. The former
serves for the physical precision measurements
(the electro-conductance, the optics, and the
magnetization). The multiple extreme physical
conditions combining the strong magnetic field with
ultra-low temperature and ultra-high pressure are
also available, and are open for domestic as well as for
international scientists. The magnet technologies are
intensively devoted to developments for the quasi-
steady long pulse magnet (an order of 1-10 sec)
energized by the world largest DC generator (210 MJ),
and also to a 100 Tesla class nondestructive magnet.
Whereas, the explosive pulse magnets capable of
generating over 100 T are oriented for new horizons
in material science under such extreme quantum limit

T, BEREY &) B FRRETOR L v conditions.
P2 RR T 2R Z2IT> T %,
¥ (ERE) RBAUU IEZER Bl # NIRRT
Professor (Director)  Shojiro TAKEYAMA Research Associate  Eiji KOJIMA
E O =8 E— B # IS8 R
Professor Koichi KINDO Research Associate  Yasuo NARUMI
I fBx = RiErPIE na #®
Associate Professor  Masashi TOKUNAGA Technical Associate ~ Koushi KAWAGUCHI
IR HE  FR5A &M B A b=
Associate Professor  Yasuhiro MATSUDA Technical Associate  Hironobu SAWABE
® B E WE &

Technical Associate
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Akira MATSUO

HRERDT T RA —LFEERABRONRTE, BEOESHELTT
RINF—2BHET S AR |RA460rpm TEIGRT 2HOBEET R
F—H210MJ TH B, BRAHEAIFE51.3MW ICHEL., ZORRIIRKREE
M2.7kV, RREBFRD 19KA &8> TWD, CORBEZAWVSI LT, /I
JLRMEDH 1 W & 725 60T DB EHET 2 FETH S,

A picture of the largest flywheel DC generator. This generator can store
the maximum energy of 210 MJ at the rotation speed of 460 rpm. The
maximum output is 51.3 MW, which allows us the maximum voltage
of 2.7 kV and the maximum current of 19 kA. A 60 T class long pulsed
field with duration of about 1 sec. is planned by use of this generator.
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Takeyama Group

IR RS F TR T b 2 BREIRMIES 8 & a A
WIER 72 A BB A8V ARG FAERRTE 2 4T > T
%, BATIRMRRERSE A (850 T) ZFEBIL T3,
7o, WY E TR T coyEilE FEoAE L.
4 e E QPR & AT 2 HEE L T 5, eI
HFEZHOLH L OWEHORR R Loty ok
hzEHEDTH S, PEERY A 711 ' THEETORREDG
RIS, A—R v F ) Fa—T 20l
WS 7 N7 2 7 - R — LB, R R RE S T
W% ERFENR E UGBS T CHRET 56 -
T - A VMO E AR E B 2R RS
DI BG4 EER L T b, WIS cBEEl
TR TEEONE, 79 AL —FETRAEVRD
RS 7 7 7 7 —RIC X 2 ARSI &b
BHLTWw3,

INE BRT
Shojiro TAKEYAMA Eiji KOJIMA
% EUE
Professor Research Associate

Bl

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. 850 T is
the maximum magnetic field which we have recently achieved
by means of the electro-magnetic flux compression method.
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 oxide (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.
BiREERHSRERE CIESNICEE
H—RYF/F1—T OREFRIXANYT b
VDS IC L 2D HDERTF. S EILEDEL

B/AlignyE| T ' ' !
R [FiPeg{ ©9. 7

BHREFBRHSRERBR TENRSHRIBBEZER L LR EARTO
FEIAMNODEE, HEIAZREW4 MIIZRILF—HZRATDE50 T
DEISREZTRULEY I 7Yy TAMILDESERY (5. BBEOEE
AILZRAWVWTH 800 THARFSNT: (). BARIZHEARD EI L&
A F—IEDRFZ R o

The pick-up coil signals showing the magnetic fields up to 850 T
with 4 MJ energy injection into the newly designed coil achieved by

Absorption (arb.units)

1z (D20) BREEL (HiPco) ZA Wz, (9,4).
Vi EFh—RYF/Fa—TDhA
SUTAT ENENETHEEHNTH D,
| ConHEEA-—RYF/Fa-—TREEH
370 T FICKBDTINT /T - R—LHREMEFK
WMAHDFEETRED, TOBRIFROAZF

M 300 T WKEZRESSZERLEREL 2.
240T | Exciton absorption spectra of the
M 180 7| single-walled carbon nanotubes (CNT)

in ultra-magnetic fields measured by

150 T the electromagnetic flux compression

120 T | method, exhibiting discernible exciton

100 T peak splittings. The CNTs are synthesized

by the CoMoCAT technique that are

M 80T _| dispersed in D20 with sodium dodecyl

surfactant (SDS). The chirality (9,4), (9,5)
and (7,5) show semiconductive CNTs.
60 T The peak splittings are determined by
09T | competition between the Aharanov-
. - Bohm effect by the magnetic flux

70T

I
79)
o4 8

the electro-magnetic flux-compression method (blue line). 800 T
was generated by a thin and light primary coil (green). The inset is a
picture of a newly designed copper lining primary coil, and pictures
of the liner implosive motion.

1. BRREEMES A S YRR

o o penetrating through the CNTs and the
exciton exchange splitting. The results
contain important informations related
to the optical properties of the carbon
nanotubes.

17 18 19 20 21
Photon Energy (eV)

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

2. BEEXREIRE TORILENR

Magneto-optics of high-density optically excited states
3. h—IRVF /F 21 —TOHINFE

Magneto-optics of carbon nano-tubes
4. Bk RRFEE

Exciton correlation under extremely high magnetic fields
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Kindo Group

WHiRICHREI N ary Ty —EREX V7 74 %
4 =V AEEFRAEERE AT, IR OV ARG & FE
L. Z DY N CR%RYMEIE LT, He RARIC
MU TR VAR 72y FORFZIToTE D BIE,
L —H = ATRE R A S-S LT O BT H 5,

Dya—t VAT 2y b 2OLAIRGE 2V,

KRGS 70 7 25
@u v IRV AR T2y b
KRGS 65 7 A7

Ya— b2V AR S 2y MEEICIESE D RELENE I
Hwsi, rmy 700 A< 7 %y Mi&Ealkl o il
EEB L OREIERPUE 2 I »T w5, MYpfEE ol
fEI N~ 7 %y MIIEWEE OV RS O R EE iR %
HHLTED, BAED 100 72 7 0FE% HIE L A%
2o Tw3, FR204E5 HX DR KD 7 74 &
A — A EERAEROMEIHED, ThixdBlE L
THWS Z ETALRIED 1 ~ 10 F DREIS TS 4 23 7] B
L%, TNETHRBEOMK TR EEZL N TV
MBI MG 2R T 2 2 L8 TE, L EELRYE
HIE IS CORFE bETHTH %,

TNDIA I b b ZERERE & o ISR I X D Rk 4 7
NNVA= T 2y FORFE - G E2fT-oTw 3, K,
SPring-8 & H:[FEPAFE # 17 > 72 WA T X R0l 4T 2 45 18
BRFDIEY 7 ZADVDEDTH D,
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PEEN
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Bl BEEEN

1. EFRAEYRYE DB
Study on magnetism of quantum spin systems

2. EHEECEME ORI L EEDOME

Magnetization process in
BaVS3 by use of 70 T magnets

Nurd_

BE E— 158 R
Koichi KINDO Yasuo NARUMI
% EUE

Professor Research Associate

We carry out precise measurements under non-destructive
pulsed high magnetic fields that are generated by capacitor
banks and flywheel DC generator installed at the facility. Various
magnets have been developed at user’s requests. Up to now,
available field conditions for users are as follows.

1. Short pulse magnet: Pulse duration 6 ms, maximum field 70 T

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

Short pulse magnet is used mainly for magnetization
measurements on insulating materials and Long pulse magnet is
used for magnetization and magneto-resistance measurements
on metallic materials. Our magnet has been breaking the world
record of non-destructive magnetic field and we continue to
develop a new magnet aiming at the new world record of 100
T. We have installed the flywheel DC generator on May, 2008.
The generator enable us to generate long pulsed field with the
duration of 1-10 seconds. The longer pulsed fields can provide
much better conditions for precise measurements that had been
thought to be difficult before.

We are in collaboration with many researchers in other
universities or institution by developing or supplying magnets.
Recent topic is the development of X-ray diffractometer under
pulsed field that is collaborated with SPring-8 in Harima.

25 T T :

WEMEITOREA R

—

70T Y7 % v hiT &% BaVSz D

=
i% g =
"B
1 =l
-
5 L -4
-5 1] 05 I 1.5 2
T |5ac]
7IARA I EERKERZRBW OV 7/ULAE—RD
BRI,

Time dependence of output-current from flywheel-DC
generator for long pulsed field

Study on magnetism and conductivity of strongly correlated electron systems

3. FBIE 100 TR TRy NDFEHE
Development of non-destructive 100 T-magnet

4. BAYTINLAR TRy kDR
Development of ultra-long pulse magnet
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Tokunaga Group

WHEWEOBTIREZ EEICHEcE 245 L LT
A IERRFEIC L T o N T E 1, Fa IZERFH LA
BRSPS B W OB S EIE 2 BB L, B4 2t
& - BIZEAROLEYEZFEL T3, AEYABE
DT, A, WuE, BROWAR EORME LA L &
RSB TE, IR AN X - TS SRS, 3 ST,
BRI k2 P ELT 5, 2D &) B EM
B o—Fl & L, R E AR EuMnOs (2 5k
B N 2 A U 2 a6 BB a% B AH o £ 16 % B
LCTWw3, BAPTF LMFEEEDOIGFEL L vbw s 2L
F7xzuA vy 7REE, b 2R RRESTREZ RO 8
HIZORFEBT 25, BEHTERIDEEEZ, 77 AL —
> avDh LA TEL 2SR RS FHEHICE T S
WA BET 2 FRE L COEATH S,
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RERBERICH T 2HSFLEEEBOEXR, /L RESEHNY 55T, AL
VRENUTHESEE, BEXIEN. BERNWEERLBYEEZELSES,

Schematic drawing of magnetic field-induced transitions in cross-correlated
system. Application of pulsed high magnetic fields changes various physical
properties via transitions in the spin system.

1. YILF7 041 v I PEORSFEREERE

Field-induced transitions in multiferroic materials
2. BRBIEEAROREISYE

High-field studies on high temperature superconductors
3. NIV RIS TICE T 2 SRR EMRER

K s
Masashi TOKUNAGA
AR

Associate Professor

Magnetic fields have been utilized as a useful external
perturbation to accurately control the electronic states
in materials. We are developing various kinds of precise
experiments in pulsed-high magnetic fields generated by non-
destructive magnets, and studying basic physical properties of
many kinds of magnets and superconductors.

We mainly study field-induced phase transitions in strongly
correlated electron systems in which multiple degrees of freedom
couple to each other. In these cross-correlated materials,
application of magnetic fields can cause gigantic changes
in a variety of physical properties, such as crystal structure,
resistivity, electric polarization. As an example, a paraelectric
antiferromagnet EuMnO3 changes into a ferroelectric phase
in high magnetic fields. The coexistence of ferroelectricity and
magnetic ordering is possible only in the limited magnetic
point group. Measurements of the electric polarization in high
magnetic fields are useful to determine the magnetic symmetry

in non-trivial magnetic phases in frustrated magnets.

T (K)

Mowvel
. MultiFerroic
Phase

20 ]
uoH (T)
EuMNOs3 Ic & 17 2 BRABOIRE - HiHKREN, EAMSTEFEGRTH S
EuMNOs [C58BI5Z T 5 £ YILF 7 2 O1 v VRENOHEBEBZELI T,
Temperature and magnetic field dependence of the electric polarization
in EuMnOj. Application of high magnetic fields to paraelectric EuMnO3
causes phase transitions to the multiferroic state.

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

4. 2y - Bfi - BRFEERORXERBEYE

Cross correlation effects in materials with coupled spin, charge, and lattice degrees of freedom
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Y. Matsuda Group

AT E TR R LlEE L, WSR-S
70 AKX —N—BREPLIZ, 100 727 2B 5ER
WEE IR T ORI DE T - WAYMEOMEZIT> T 5,

W I3EF DO A v PLWEEB) ICEEEN T 5729,
K& ERE» R Th 5, Lo L—RIC, BEO%)
FULIRESLE TR TNE L HER 42 £ o BIN 228
fLEE T, MG 0nE L % %, YITERATO
HERGIRAEER X 800 7 A 7 MO HRRE A ENTRETH D |
ZOBOX —< v T 3L X —RRERECERZED»IC
A, ORISR CIERIER S & 8% C OWE THE &
BRI DRECE B,

7o, AWEE T, WShEIREBEHICER ) % 7
9 2, XKL EZ#EEL TEB D, SPring-8 £
KEK-PF 12 8\ CIEREER 50 7 & F#f )V 2 55lEs % H
W 7z X RN ST ER XIS a0 b AT -
T3, XBEBOEZ IV —7 4 b v 2 Hval
Z. WEZHBK T 2 0EONBERZ A 570, LI
FNFXF—2ESRI LT, JLE - WEERIWRETDH 2,
WS X B Meic kb, i E TRIGIH O EREIR
DIFENRKE CGERT 2 LIRSS, fiTid, BES
TCTORELBIREICE T 2 BRSSO ERIF I
DWTHIEZIT> T GHHTH %,

HEEUEEYE EuNi2(Si1xGex)z x=0.82 M 40 7 X 5 & TD/ UL AERIFIC &
7% Eu Lo IRINIHD X SRR AR T KL (XAS) & X REKHEZ &% (XMCD)
TR U IR AR NLIPR DI E T W%,

X-ray absorption spectrum (XAS) and X-ray magnetic circular
dichroism (XMCD) spectra near Eu L2-edge in EuNiz2(Si1xGex)2 x=0.82
at pulsed-magnetic fields up to 40 T. Peculiar features attributed to the
hybridization between different valence states are found in the spectra.

ANYT ML, REEE

1. BRESICE T BEFDOET - BXIRE

M FR5A

Yasuhiro MATSUDA
B

Associate Professor

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

Magnetic field can precisely control the properties of matter
through the Zeeman effect and Landau quantization. However,
in general, magnetic-field effect is smaller than pressure or
temperature effect. Hence, a high magnetic field is required to
induce the dramatic phenomena such as a phase transition.
In ISSP, 800-Tesla magnetic field is generated by the electro-
magnetic flux compression method. Since the Zeeman energy
in such a high field much exceeds an energy corresponding to a
room temperature, significant field effect is expected in variety
of materials including antiferromagnetic or non-magnetic
materials.

We also carry out X-ray magneto-spectroscopy using
synchrotron X-rays at the SPring-8 and KEK-PF that is a useful
means to study the electronic states in high magnetic fields.
Element- and shell-selective X-ray magneto-spectroscopy using
a non-destructive 50-Tesla pulsed magnet is expected to develop
understanding of microscopic mechanisms of the magnetic-
field-induced phenomena. In addition to above-mentioned
researches, we plan to study the magneto-optical effects of light-
dressed states in solids under intense radiation at ultra-high

magnetic fields.

XMCD (Apt)

>
o
(%2}
=4
o
Q
>
40 T XAS 3+ Q
[ 2+ 2
10.2 =
PRI B PITER E S S B S
7.60 7.61 7.62 7.63

Energy (keV)

Electronic and magnetic properties in solids under ultra-high magnetic fields

2. BEE X % BWIcBHISNRE S 2

High-field inner-shell magneto-spectroscopy using synchrotron X-rays

3. ENIB T TORBEISHICFEMR

Magneto-optical effects on light-dressed states in solids under ultra-high magnetic fields

84

THE INSTITUTE FOR SOLID STATE PHYSICS 2008



5500 i %

PIPEWEZEAT I ISP S 2 PO i e T <
72 DIZ, WL D DIGEE T 5N TS,
IR FEERIC A AT R W R~ 7 AR AERER 2
WG - R 2RI E. M4 BB LR 2
119 LAE=, X BREE LB R OB B2 17
) ORI RPMEEE 2 LB Wi A, B
XL IE RO - EH 2179 MFE, Wi
A L 75 3 B O R S CHE 2
SR Wi Z 72 A by 70— 0 YVERRZETIC
FEFET 2 A EAZEE ST 2Rk 4 B2 B
B EBRHE, AL XR—=URHWE- 7 7 T ¢
BT 4 LR — BT 2 G217 ) IARITIRE
BakhEThs, InopBREOMEIL, 2
NZNNIET 2 RAXOFZHARIETE LD,
Y D EARE £ 72 1 ZIEREIRE 1< X D FEED

Supporting Facilities

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

EHBMTbN S,

[

BREER
Chairperson
Cryogenics service

I%EER
Chairperson
Model shop

BEHREBEER
Chairperson
Radiation lab.

MEZEER

Chairperson
Library

BEEZEER (RhyIIL—L)
Chairperson

Stock room

ERRREER

Chairperson

International liaison office

LHREREER
Chairperson
Public relations

R RER

Toshiro SAKAKIBARA

RT B

Tohru SUEMOTO

=fs B35

Toshio TAKAHASHI

B8 E—
Koichi KINDO

gl FE5A

Mitsuhiro SHIBAYAMA

Bl Ex

Masaki OSHIKAWA

Ng B

Naoki KAWASHIMA

KiTEMBE TE X
Technical Associate  Hikaru TSUCHIYA
it B B B2l ;T
Technical Associate ~ Reiko SAGIYAMA
%o B8 FIER =¥ (EREY5—)
Technical Associate  Mirei ABE
KiTEFMBE mE EE
Technical Associate  Kiyonobu OKABE
KRiTEFIBE g =
Technical Associate  Jun YAMAZAKI
mExiEmes  SH B
Technical Staff Tadao IMAI
WExEmEs BE ZE
Technical Staff Yasumichi ENOMOTO
mrExEses  NE §H-
Technical Staff Seiji MURANUKI
RMEFIBE ¥E BN
Technical Associate  Kiyokazu NOZAWA
#*® = P IES
Administrative Staff =~ Rumi WATANABE
— % B B8 Bk HF
Administrative Staff ~ Noriko SOGA
EBHMEER m+E =¥
Administrative Staff ~ Hideko AIZUMI
sxHmure BH T
Administrative Staff =~ Akiko KAMEDA
EBMEER AR EREF
Administrative Staff ~ Mihoko KUBO
KifimiE g ax #7322

Technical Staff
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ERZEBER HE {£EB Chairperson: T. SAKAKIBARA
EiTEMBE TEFE X Technical Associate: H. TSUCHIYA
B B 8 EIL T Technical Associate: R. SAGIYAMA
ROl B 8 PAUE8 Z3EXS  Technical Associate: M. ABE
(ERtEvy—) (Cryogenic Research Center)

IR IR~ 7 L LR EREZ ML, Hb
IR T 2 9 — EARMF v v S ALEOH
JEAARY XOEHGIT> T b, WHENY 7 LY
PEpFZEIc BT, Wi E PRI S NS, AKFEL
fenNY Y LA AR L, R L THERLICAI T 5,
2007 SEEDWME~Y 7 LA OEER LRI ZEN TN
305,000 L, 229,000 L Td %, MWAEF I/ L DI

L. fitha L Tw 2, 2007 4RO RS 3R o fi H iix
677,900 L £ >TWw 3,

The aim of this laboratory is to supply liquid helium and
liquid nitrogen, and to give general services concerning
cryogenic techniques. The laboratory also takes care of high-
pressure gas cylinders used in Kashiwa Campus. Liquid helium
is produced by the laboratory’s own liquefier and supplied to the
researchers and students. The evaporated helium gas is recovered
and purified in this laboratory for recycling liquefactions. In
the 2007 fiscal year, 305,000 L of liquid helium was produced as
a total and 229,000 L was supplied to the users. Liquid helium
is transferred from the 6,000 L storage vessel to various small
storages with the centrifugal immersion pump system. Liquid
nitrogen is purchased from outside manufacturers. The supplied
liquid nitrogen was 677,900 L in the same year.

ANUD LRI, BFES L OEDRS EIFIRY T
Helium liquefier, storage and transfer system

FTERRE Main Facilities
AU LBEILEE | (V) YF) Helium liquefier system | (Linde) 200 L/hr
AU LRIEEE | ()2 7) Helium liquefier system |l (Linde) 150 L/hr
BIEANY D LB E Liquid helium storage vessel 6,000 L
RAEREE Liquid nitrogen storage tanks 20,000 L
EREAAY 9 AH R EfEH  Helium gas recovery compressor 190 m3/hr
BEHANU D LHARSR Liquid helium transport containers

500 L, 250 L, 100 L etc.
BEORANYTLRERY T

86
THE INSTITUTE FOR SOLID STATE PHYSICS 2008

IHEEER KXo & Chairperson: T. SUEMOTO
HREPIBE [Z8 JB{S  Technical Associate: K. OKABE
RiTEMBE UIF 2 Technical Associate: J. YAMAZAKI
mrEiEEs S B Technical Staff: T. IMAI
WMEsEEE 1B B Technical Staff: Y. ENOMOTO
WiEEEs NE BT Technical Staff: S. MURANUKI

TAEEIR, Wi ER22ES 2 TEMoMT, v
DRt d 2 WHE L TMOBER N Z DR, £ L THE
HEIOMER EME R TTo T2, £, W%EEH S 20
TN BT B TAE 2147 9 72 0 DWFZEE TFEE S RE I
nTwns,

The model shop consists of a machine shop, a glass shop and
a supporting machine shop, which are equipped with various
facilities for designing, metal and ceramic machining, and glass
blowing. They supply researchers required various original

devices and instruments.

FELMHE
HMIEE  smElfvy=>v oty v —. NChHetk,
BT S R, MBI
A ATHEE : A7 A, vy 7 BERIF. BEBMIE.
FAVEY RNV RY —

MRETE | DS, BRNREER, 7518, R—)L#

Main Facilities

Machine shop: Five-Axis Universal Machining Center,
Numerically Controlled Lathe,
Numerically Controlled Milling Machine,
Electric Discharge Machining Tool,
Lathe for Glass Work, Polishing Tool,
Ultrasonic Machining Tool

Glass shop:

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

NC e lc & 2 1F%
Numerically controlled lathe



Supporting Facilities

HEREBEESR 35 BEE  Chairperson : T. TATAHASHI
EMEMBE BHE HF]  Technical Associate: K. NOZAWA
(MEHREUR EIEE) (Radiation Protection Supervisor)

JCHRE B X, MTERRE AT IC B U 2 U 1EYE (U
ERREE 2 &) RO ERE (XHEELE
) DI > T BRI O IR IRE 2 B Ik L .
BERERTL2IEZHNE L THREINTVS, ZD
7o, R I B b 2 2PN 22 B R BERS & L
T, B E BRI A E O FHEE, 2RO
BEIRICHE S T & BB E T ISR T 2 A B
WMEHEOMER, BEHRE X MEIE, XiEE
B I D FEHE K ORI OB < B RE
B EEEZWT D Gk, TORFRIUE# O BB IS 217> T
VW3, F7o, BEITE, U, Th % & OIREEHRZIREYH
% 22Na FEHEZ A\ 7 BF9E 7% £ 93T ¥ 2 HBRE 05
R (Xfzat) milidz2iiTws,

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.

FEXE

EERBRE GFBHRRRNEZBERTRZ 2 YRR — DR
%), RYPOVERRE (P2Na BHRRZ AW EEHRY hAY E—Al
LBEBRMMTAS). BENRIREE, Ge FEMFRHR. aRIRHE. RIE
VYFL=yavhvrs— BEY—ANAX—FY—F FBRREE (\
YR7Yy hIOREZY —IL& 2 EROMER)
Main Facilities

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

[T
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REZER 8 E—
% o BAZE  Administrative Staff: R. WATANABE
— % B B

Chairperson : K. KINDO
et
B BT  Administrative Staff: N. SOGA

PIPERRZE P IS S SRR AL 0 H IS v BT bk
HHEDMAPREGEDET & &b, REOHFEHM
WtriE Do, PlEREZ L L L 7Bk Z S EPTE
L. FicfiL T3,

FrEERHEA & —F v P THRERTE 2, ATRER
HCHHE RPN TARHIN TR R2EFY v —F 1P
T—F XR=ZAPBHHATZ 3,

7o RFTEE RN D W TR IKFEA A A A I X %X
MRS, BIMEHY —E 22T ER ORI D T
%,

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

T
[ : 783m?
BEK 162,033 (PR 19 FERIRE)
(%% 56,225 fit. f1F 5,808 . BAMIFZED)
MESEES  7331E (ML 629 fE. MIMEE 10478)
RZERME FH 9:30-17:00 (KEAFIA 6:00-24:00)
BEFE#L (24 (W8EEFLAN T —TI)b, BRIV EY MRE)
BRERAHKR 386
BHEH 13A
BE HEZRER
BEH 13 A GFEBHWEST)

http://www.issp.u-tokyo.ac.jp/labs/tosyo/
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e H EAfifgld Y = 7= T2 TE %, (http://
www.issp.u-tokyo.ac.jp/contents/sections/stockroom/
list.html)

The stock room supplies stationery and parts that are
commonly used in reseach and experiments at low cost. By the
automated system control, it is open 24 hours.

The available items and prices can be checked on the webpage
of ISSP. (http://www.issp.u-tokyo.ac.jp/contents/sections/
stockroom/list.html)

ERXREER
=B ®MEER
=EHEWEE

Bl ER

BH #F  Administrative Staff: A. KAMEDA
RAR  FEFEF Administrative Staff: M. KUBO

Chairperson: M. OSHIKAWA

PIPERTZERTIC B 1 2 B AR IS 22 2o % B 24T ) o
EEERMEREZDS & SHEAZBATEDZE, M,
HEOEH, WHERTEEY — 2> a2y 7O5EE,
ISSP B> v RY T LA DEEICT 2B/ 7T D
A EZTToTw 5, Z20ftl, HEDHEAMEH D
AR, S EIE Rt E LT s,
ML

SHE NG D S 4%

(B - 22O - BERE TR E . HEAES)

W7oy =7 b OGS - EMICBE T % H5
M N 28

HEHATB O (FHFHE - A8 0 HE)

L7 ) L — a v O - FEfi

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

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

ARy IL—L1
Stock Room

International Liaison Office
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Kashlwa CampusﬁMap
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The Institute for Solid State Physics,
The University of Tokyo

T277-8581 FTERMTHEOIES-1-5

5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581
TEL: (04) 7136-3207
http:/f'www.issp.u-tokyo.ac.jp/
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