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|| [ Preface

This is the 2007 edition of the annual report of the In;
stitute for Solid State Physics, the University of Tokyo.
This year is the semi-centennial anniversary of the
ISSP, since it was established on March 31, 1957. Th¢
process of planning and construction of the ISSP arg
summarized in the part of History of this report. In ad-
dition to the history and organization of the lnstltutei FAE Director
the report also conveys the present status of the Insti

I
i IES

tute by collecting activities of laboratories and support
ing sections UEDA Kazuo

Condensed matter research, dealing with interdisci-
plinary areas of physics, chemistry and materials sci-
ence, constitutes the fundamentals of modern materials science. Since it enables us to under-
stand diversity of materials and their surprising phenomena that manifest themselves in a
variety of circumstances, it is one of the frontiers of intellectual horizons of human being. Be-
sides such an aspect of basic science, it also plays an important role in fostering modern technol-
ogies such as information technology by applications of magnetic materials, semiconductors and
superconductors all of which were born in this research area. Specifically it may be mentioned
that the so-called nanoscience and nanotechnology representatively illustrate how the basic sci-
ence develops into the modern technological application

The main field of material science in which properties of materials are investigated from mi-
croscopic points of view has been solid state physics. Recently, however, not only hard materials
but also soft ones including complex systems and polymer ones are getting important and form-
ing lager research subfields. In future, we envisage that materials science will include biological
materials like proteins as one of its main streams. In fact there have already been seminal works
in the direction

After the relocation to the Kashiwa new campus was completed, we have already started sev-
eral efforts for the future of the ISSP, which includes constructions of a new long pulse high
magnetic field facility and a new beam line at SPring-8 and planning for a new research center
for sciences using coherent laser light sources. It is hard to imagine how activities of ISSP look
like at the time of centennial anniversary after 50 years from now. We will be very happy to re-
ceive any comments about the present status of the ISSP and also any suggestions for its future
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= FHistory. ‘

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
years, 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 to explore new materials and their
novel properties

5

In 1996, another major reorganization of ISSP into
the "third generation" took place. It aimed to pursue
new frontiers beyond the traditional disciplines and
to become an international center of materials sci-
ence. One example is to explore new phenomena in
combined environments of various extreme condi-
tions, since individual technologies for high magnetic
field, low temperature and high pressure had
reached certain maturity during the "second genera-
tion". Another example is the study of artificially de-
signed materials such as thin films, materials fabrica-
ted on surfaces and mesoscopic systems with
nanoscale structure. Focused efforts are also plan-
ned on synthesis and characterization of new materi-
als with the aid of computational physics, which al-
lows us to design and predict properties of new
materials. Currently in ISSP, there are five research
divisions (New Materials Science, Condensed Matter
Theory, Nanoscale Science (its hame changed from
Frontier Areas Research in 2004), Physics in Ex-
treme Conditions, and Advanced Spectroscopy) and
three research facilities (Synchrotron Radiation Lab.,
Neutron Science Lab., and Materials Design and
Characterization Lab.). In addition, there is a visiting
staff 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 to create
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. As a step, in 2007, International
MegaGauss Science Laboratory has been established
and started serving as an international center of
physics in high magnetic fields
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RRT0324F 1957

FRMI33%E 1958

FRFI344F 1959

RRM35%F 1960

FRFI364F 1961

FRFI404F 1965

FEM444F 1969

RRM47E 1972

FRFI504F 1975

FRFI544F 1979

FRFI554F 1980

RRFI574 1982

~>>»> F3%/ Chronology<,<<~

HEFMBFEAE U THRE

Establishment of ISSP as a joint research laboratory

BRI - RS 2 80P, BIMH SIRE | B&RE 1 PR

Opening of Radio and Microwave Spectroscopy, Theory I, and Crystallography | divisions
FHEMA - YRR BILMfD SIRE

Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions

IR - HXEE 1 MFIER

Opening of Low Temperature and Magnetism | divisions

FBK - DF - IBTFRIE - B - EHRYIEEPIIEER

Opening of Semiconductor, Molecular Physics, Lattice Imperfections, Plasticity, and Nuclear Radiation divisions
fhemse 2 - HimsE 1 - B - REYIEHRFIER

Opening of Crystallography II, Theory |, Solid State Nucleus, Surface Properties, and Molecular Science divisions
YIER PR

Inauguration of ISSP

MR 2 - R - BRE - B 3MAIER. 208FIE B2

Opening of Magnetism I, Solid Materials, High Pressure, and Theory Il divisions. Total 20 divisions
FERBIARERPT & B ERRFIIC B INEE

Solid Materials division was renamed as Inorganic Materials division

FREF O ERFIIE R

Opening of Neutron Diffraction division

EAEPIEERRFT (FEHRFT) BR (22881 &2%)

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

B ST I MR AR E

Foundation of Synchrotron Radiation Laboratory

BIERYMEMRRELT

Ultra-Low-Temperature Laboratory building completed

TR D22ERFIDEEAPIEERFT (Boafilsm. BRL —Y'—. REYE. BEEYERERE)
FOERSIEERFT. PEFREITERRFT. ERYIEERFI G S O ICERERFID b REFIRUERE

BP9 1 ICHBiRELE NS

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

BRI - MR L — ' —RERL T

Ultra-High Magnetic Field Laboratory and Laser Laboratory building completed
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FHTTE

5%

TR &

8%

FH 9%

FRI1E

FRL12%F

TH13%

P15

TR 165

THI17%

185

196

1989

1993

1995

1996

1997

1999

2000

2001

2003

2004

2005

2006

2007

BRI (FR105F) dERS N, 6 KHPFAIELS

Opening of Materials Development division

F£10 | SSPEERYYIRYY L "TERETEGRDOYIB LT M (UBERET & ICHE)

The Tst ISSP International Symposium on "The Physics and Chemistry of Organic Supercon8iuctors
Pt FRELIT R DFTR

Foundation of Neutron Scattering Laboratory

ERAEREHEN RS 1D

Evaluation of scientific achievements of ISSP by an international external committee
FERE, YMER, SintEE. MEREYME. KiRDEO 5 KFRERF & SLERSNITEREER.
FRIETFRELIT TR [T e I M EREHEHIEEER Z I X fc SR ICHBRS NS

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

RRAFHEF v VAR ICH T 2 ERAMERRESRET

Construction of the new ISSP buildings in Kashiwa campus started

P FEGELI T IERR TASSEHE NN RS NS

Evaluation of activities of Neutron Scattering Laboratory by the external committee

¥ v Y IRZANDOBIERRA

Relocation to Kashiwa campus started

BERE T

Relocation completed

AEAEZERR

Opening of foreign visiting professorship

R FRELIT R EER DY R M F R A SR e R (< o

Reorganization to Neutron Science Laboratory from Neutron Scattering Laboratory
YERETEHEER THARRFHEL RS 1 S

Evaluation of scientific achievement of Materials Design and Characterization Laboratory by external committee
HRAREZDNEUREFEARRRFEERS

The University of Tokyo was transformed into a national university corporation
SRR Z +/ R T — VMR RSFICEINEE

Division of Frontier Areas Reserch was renamed as Division of Nanoscale Science

AEFHED RS 1 B

Evaluation of scientific achievement of ISSP by external committee

E BB RIS B A M ER DFTER

Foundation of International MegaGauss Science Laboratory

BISZ50BFRREE

Celebration of 50th anniversary
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HE ek Organizatidn

E% (BRR)
Faculty
| I
HABEXEMAEES AERZRES
Advisory Committee for Joint Reseafich Selection Committee

TH X B HEEk
Administrative Office Supporting Facilities

ERRILE
Cryogenic Service Laboratory

IfE=E
Model Shop

AR EEE
Radiation Safety Laboratory

NEZE
Library

AT J—LI
Stock Room

.W)Q/)IL:I: .
International Liaison Office

YERZRETIE. RRAFDOMEBEMFRATTH S & RIFF
Ic. 2EYHERIZMERE OO DHERFBHEFTH
HB. MAMDEE F. BIEKRUHBEISEREIN
SFEROFRZETCARM/TON. FERFICHRFA
MBERDEEICDOWTIE, ERAZOANADLS FIFREK

-~

Y
]
q" -t.'

 Administration

DEBIC K DB S NI RGESNATROE
BICIGC TREZRBRXR, ASHAREDELZEET S
BaeERcLTW3, BICHES @T%ﬁ%tbf%
HEHRADEZE L DR 2HREFABEZENZESN
[F5h., HEFMA. ERFA. HREEEDETFE
ZEHZL TV,

YRR ZERT DA ZS IS 1L 5 AFZSERPT. 4 HT3RhEER.
HEIM. AEAREBFIL DG, 2O EHEK
FYIMERFRMERICE L TERBED IEHOBEI R/
F—INERBAFEEBAICHEZDELNBEINTE D, &
MHEFRIZ IR O EEREE (3 TR REN O H AR
FHRRFARNICH ZARARFIFICRES N TWS,
FICFMRNARE PHEFIAENLEICFFETE 21
EUTUERRIEE. TEE. REREEE. NEE.
EEXRERENEINTWNS,

KIRRFTDHIE. HEBIR. BIBDODASZIEITRNTAE
. PERRAZIERBROZE LD B2 AEEER
BREOBREZRCABRTREIND, BH. —ZD
BRI IZEEEA D WLT WD,
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iR
Director

i }
ISSP Advisory Committee

WEmE I W -
Research Facilities Research Divisions Visiting Staff
AEAES
i HE RS S i HYE R PR Foreign Visiting Staff
Synchrotron Radiation Laboratary Division of New Materials Scien
L%Eéﬁ% _
dvisory Committee  eERmES
TR ST R Division of Condensed Matter Theofy
Neutron Science Laboratory
[ BERER PRI LRI
Advisory Committee Division of Nanoscale Science
e EEER l
Materials Design and Characterization Laborary  ERBEMEERE -
| EEzss Division of Physics in Extreme Conditigns
Advisory Committee
L] [ PR SR 5 B A S0 R SNSRI B Ry
International MegaGauss Science Laborat@ry "~ Division of Advanced Spectroscdpy
| EEmss _
Advisory Committee
ISSP belongs to the University of Tokyo. At the search reactor in the Japan Atomic Energy Re-
same time, its facilities are open to all domestic re- search Institute, Tokai, Ibaraki. In addition, support-
searchers participating in joint research. The admin- ing facilities, which include Cryogenic Laboratory,
istrative decisions are made at the faculty meeting Model Shop, Radiation Safety Laboratory Library
chaired by the director and attended by professors and International Liaison Office provide services to
and associate professors. The ISSP Advisory Com- both in-house and outside users
mittee, consisting of nearly equal numbers of mem-
bers from and outside of the University of Tokyo to New research positions as professors, associate
represent the interest of the outside users, gives ad-  professors and research associates of ISSP are adver-
vice on various aspects of administration upon inqui- tised publicly. Candidates are selected by the Selec-
ry of the director. The Advisory Committee for tion Committee consisting of nearly equal numbers

Joint Research, consisting of both the in-house and  of in-house and outside members and then approved
outside members, evaluates proposals for joint re- by the Faculty Meeting. Some of the positions have
search, workshops, and allocation of fund for user ac- finite terms of appointment

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, lbaraki and the Neutron Science
Laboratory maintains apparatus installed at the re-

9
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HH

T [A I & EBR 1

Joint Research and-lnternational Collaboration

ZEMzxeH|E Domestic Joint Research

SEYERIEMEEICT UHEEFA - £RAMAEZ R The facilities of ISSP are open to domestic re-
ET B0, ROLSHBHENRITESNTWS, searchers, who are encouraged to submit joint re-
1. HRAFA——FFAARREDRFADOIERZFE> T search proposals. In addition, ISSP provides oppor-
AREZITWEWESRIC. ZOEEEZRZZODFIET tunities for young scientists including graduate
H3. RIFTANICDOWTIE THEAZR & THEEEFIA, students across the country to do research for exten-
D2 DDFENH %, ded periods. ISSP supports travel and research ex-
2. BEMAE——KZE. EFBEDOHFHEICE penses for visitors
FIDHEWAREZEICH L. REBICDIZZ2EKANDEZE The supercomputer system of ISSP is used via in-
DHSERET ZHETH D, AFTDFAEDIEEDS ternet by domestic researchers
ETHELFRARZITOS KREREZNRE URIAS N RA%

., ¥ . 000 FRIRIEK researchers [g0Q
FMRE L. FRMOBR/LBREZENE L THET S ¥ Giid ¥ |
EFMREDHDEHEZMREDOHENH %, 700 700
3. BFEMFRE———FrMARE IC AT O RETE S 600 600
5 VICHRAMEROR(T ERELHREZBTL. Hbt * | * |
TAFEZROFIADEREZR S cHDFHIET. HHEE 300 300
67 BUAE LTV, £y 200

IR —/— O 2—F YR T LA 5 — '3 'Y
Xy hz@E U TeEOYEmEREOFAICHEn T\, PL RS iz YOS g Vg SR VG

FRIEE L TR S 2H15RE DIERA Efﬁﬁﬁiggiﬁ %@?ﬁ%@ﬁ%ﬁ%@% ;J:)'IE%
BIHLE14300A - B (2002FEH#E) THD Number of subjects and researchers adoupted to domeusticjoint research

HEH B EE B Guest House

HEFIADI-HARMAREIF. HFE vV /INARDTE Visitors for joint research can stay in the guest
RERZAET 32 AR D, (V7 IL28E, VY house in the Kashiwa campus (28 single and 2 twin
1Y 2E) rooms)

FEHATR= Workshop

PIEME LERRWVGET —YIc2WT2~3 2 ISSP holds domestic workshops on specific sub-
EOoMEsZzRE. EFNLBHRETSLODOFET jects of condensed matter science typically with a
H3. EEOYHEFEEDRSE ICEDE, LA ARE two to three-day schedule and one hundred partici-
LEFESDIC L > TIHIRNEERESIND, pants. Proposals for workshops are submitted by re-

searchers over the country and selected by the Ad-
(A DI ZiEE RIcH o ! '
éﬁgg&%i”iﬂﬁ@ﬂm i T visory Committee for Joint Research

728, 37ABIC (PR BEEN) RATSNTNS MR & 1800 . inzem
D, icldt, HEHRFAOABCRMARR OB ELEN BT 1600 participants
STVET, 1.400

1,200
R

1,000 e
EIE'
800 number of
600 workshops

10
400
200 5

= 0
’HEATPE S workshops 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
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ERRA TR - ISSPREIRE M L International Activities and ISSP International Symposium)

MEREREERSROE Y Y —E U THEERER
ZEB>TWB, 1989FEMNSHAE - ZISSPEMKY >~
MRITLDT—IYHBLVPSMEBHENRICRINTWVWS
M. SBREW2FIC 1 HOREENFESNTWS, X
TR AT D5 2 R E 25 U It B RAR
HEHEICITONTE D, XHREEDOABEAREKES
EPrHAEMRERIC K 2N EABESESR E RES
ENFIASh TW\S, I5IC198 1 F LISt FaxELIC RS
TEHKRGNEEXEORBHREDRENZRLTWS,
20035 (F P UBIED/NSWISSPEBR 7 —V >3 v
WASY - F- oY o

ISSP plays an important role as an international
The table
shows the title and the number of participants of

center of condensed matter science.

the ISSP International Symposium, which started in
1989 and is scheduled once in about every two
years. The unique facilities of ISSP have been used
in many international collaborations. Many foreign
researchers have been spending their early careers
at ISSP supported by various fellowship programs
sponsored by the Japan Society for Promotion of 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. A
smaller scale international meeting, the ISSP interna-
tional workshop, started in 2003

®7—< OFEHAR OSMEH (NEN)
Title Date Participant§overseag
=3 =
%1]3%[ ﬁ\%ggii?g?é@éﬁgtry of Organic Supercondu,’cgr%89 e 205(34)
[ o | o =8
== go B3
o ==y oo
%9%’]1@ %éﬁiﬁrf gi?g)eﬁffﬁ System 2004-11-16-19 12023
ISSPERR> »RI U L ISSP International Symposium
o —< @GR O MEH (SEAN)
Title Date Participant{overseas
= S T 5
%115? ééﬁﬁ%ﬁé{?&ﬁfﬁeﬁ)sﬁﬁ%&ale and Low Dimensioné;2 DR E L2l 13020
=2 gz#z;ﬂﬁzgﬁﬂ 2003-11-18-21  150(19
=l CEBDEFE 7 70—
%?(I:IE E)Jgiﬁi’tg;ec(;ijfiﬁrugiﬁ%g (ngjazcE]m 5Ct)ri'cical Phenomze%g&?. fo=el] 10019
%4151 Foﬁiﬁiﬁs%ndﬁﬁiﬁtﬁi of the Density Functional Th2e 8/7'7' 1940 12020

ISSP ET—o>av

11

ISSP International Workshop

THE INSTITUTE FOR SOLID STATE PHYSICS 2007



Q{%_fg\?%/Education

YIMERRATClE. SFEHDHEREFA L THERIZE ISSP contributes to the graduate education in con-
ICEE U RERBE ICHEETNT WD, YRR densed matter science using its unique facilities.
DHEIE. MRDEFICIHL T, RRAFAFEREFSR The faculties participate in the following depart-
MERYPEEL, (CFEW, HWIKXNENFER, ITF ments of the graduate school of the University of To-
RARRMEBTEER, $H 5 WEHFEZEIRTEI 2R kyo: Physics, Chemistry, Earth and Planetary Sci-
RMERERICEL TWLWSH., IS DREDOHZ ence, Applied Physics and Advanced Materials.
A IR ENREFICI DEWIERIZIARE DERICS However, students are encouraged to develop their
HLTWB, YRR TIE. FIFE. WERIZEAPHE careers across the established disciplines. Every
FEE REBDERHFLEEDIHD ATV AEEREL T year introductory lectures on condensed matter sci-
Wd, ence and a guided tour are given to those who are

interested in graduate courses in ISSP

&8 Master Course #1582 Doctor Course
20044 200545 20064 | 20074 | 20044 20054 20065 | 20074
YIRFHEK  Physics 27 39 54 51 24 20 29 31
{EZEHEK  Chemistry 5 9 8 3 6 6 3 4
HIBREERFEHER  Earth & Planet. Sci. 1 1 2 2 1 1 1 1
MEBTHEEK Appl. Phys. 12 12 12 11 9 10 7 6
MEREK Advanced Materials 30 38 39 36 9 10 8 11
& &t 74 99 115 103 49 47 48 53]

BE 4 EDOFERHIAFEFRES Number of graduate students

Eﬁ?ﬁ(ﬁ%%ﬂPublication

600
YRR ClE. FRI350H 5 500#F 54 D Al STk 500
ZHEKLTWD, 2006FEDZM @44 1w DKW RIE 400
T 385, SEIK36. ML EI. L IEERD
ey 300
—E)11ERm>TWS
200

About 350 to 500 scientific issues are published 100
through annual activity in ISSP. The 441 articles

published in 2006 consist of 385 papers in refereed 2002 2003 2004 2005 2006
journals, 36 proceedings, 9 reviews, 11 books ERRERTM (TOY—F 17 - BEDESD)

Number of Scientifc Papers (including proceedings and reviews)
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%\E/Budget

Bk 18EE(2006 fiscal year

L3 (A)ABE  EBZEELD

[3 (B)¥#HE : XEBRZEELD

[1 (C)BFENE  RAFLD

[ 1 (D) =5 - HEWE K - th&FELD

[ (BE) BEREE | XERZE - BAFMIREZ LD

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

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

(C) Grant-in-Aid from Private Corporations

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

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

(A) (B) (C) (D) (E) &t
A& WHE TEEMNE | ZARE-LRRZE MR E Total
185 E(2006) 1,447,491 2,422,618 15,430 105,191 476,350 4,467,079
TR 178 E(2005) 1,374,411 1,982,397 18,090 80,620 528,100 3,983,618
165 E(2004) 1,341,540 2,162,225 13,180 69,574 448,100 4,034,619
TR 154 E(2003) 1,602,097 2,130,210 21,950 149,079 348,500 4,151,836
TR 145E(2002) 1,527,173 2,237,894 6,584 61,352 344,700 4,177,703
TR 135 E(2001) 1,671,857 2,095,185 14,376 112,369 258,000 4,051,787
TR 124 E(2000) 1,543,996 2,230,226 8,501 112,237 216,873 4,111,833

FELEOHH Budget in recent years (8fiz : FF3)  (Unit: Thousand Yen)

%ﬁﬂﬁ%é%&/ Staff Members

TR OFEHAARERIE. UTOEED THB, Bk, () RRFES
FY2007 Number of staffs () : visiting staff

R EHR B B BMBE | SHRE (MHREH) &%
Professors | Associate ProfessorsResearch Associates Technical Associates Administrative Officials Total
E =
Number of staffls 24 (3) 28 (3) 40 36 68 196 (6)
13
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Division of New Materials Science

BV EIRESER, 77— v eh—R v
F/Fa—7, AEEELZ OIS
L9, THWEL ORI InE TICMEL %
CYERMEDOHT L R Z W T & 7, Fidk
PPEBIR DFE R F 7 ROHT L LHEM LT
A ZADFFIC S D505, FERETFZERM
Tl FLOPWEZ G L, mE R 2 v
TZ2OWEZMET B LIk, HFrLPE
BUCO B2 PMBREZF W LRHT 2 2 L %
HEEE LT3, HEFIEBIE 6 D DiFEE D
Y. BMARTABARAMED b IR ME
DFRBHER PR YERIE, F L WY rEEE £
MiDFFE R E2fTVo2 YHENE 7 V-7
FREHERL 7V — 7" & D TR P % Bk 2 723485 b D
DT B, RISV B RRG TR & 12 1
TBRZR S B SR E HEE L Tw 5, 4
FIcizBifE, EReERY. BVETRWE.
ARk CEWETHEZ R ITWEICE T
LAYV, E, BEORT RS EOREN
Yo T EHERHROMNZ T T —~D 1
DELTED, BETICET 2WHAR S
FERT. MRS 3 1 B WX BIGME . R
HeBGE, BRI, AR B R Sk »
T 7 R B 2 BRAE L 72 e 03 & ¢
Vw3,

Discoveries of new materials have often
opened new horizons in materials science. High
temperature oxide superconductors, carbon clusters
and nanotubes, and organic conductors are good
examples. New materials also lead to the future
development of new devices and technologies. The
goal of the Division of New Materials Science is to
uncover novel phenomena that lead to new concepts
of matter, through combined efforts of search,
synthesis and characterization of new materials.
Currently, our division consists of six groups.
Although each group has its own research style
and projects, we try to maintain close collaboration
between those groups working on production of high
quality materials and those working on advanced
technology for measuring physical properties. In
particular, we keep strong collaboration with the
Materials Design and Characterization Laboratory.
One of the subjects of our current intensive research
is the effects of strong electronic correlation, in
particular, various ordered phases and fluctuations
involving spin, charge and orbital degrees of freedom,
in transition metal oxides, heavy electron systems,
f-electron compounds and organic conductors.
Here, various advanced experimental techniques are
employed, such as high-pressure synthesis, structural
characterization, transport, magnetic and calorimetric
measurements, nuclear magnetic resonance and

optical measurements.

[

B B VAV NI =55 B %
Professor Takehiko YAGI Research Associate
B B RN A= B %
Professor Masashi TAKIGAWA Research Associate
B B MR B B %
Professor Toshiro SAKAKIBARA Research Associate
B
Research Associate
I HE #2 B %
Associate Professor  Hiroyuki TAJIMA Research Associate
IR F IR B
Associate Professor  Hatsumi MORI Research Associate
HEHER it A B %
Associate Professor ~ Satoru NAKATSUJI Research Associate
EHR (BB) e &5 BB BWE
Visiting Associate Professor Noriaki HANASAKI Technical Associate
ITEFIBE

Technical Associate
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ME =
Taku OKADA

=E 5

Makoto YOSHIDA
T

Takashi TAYAMA
=M@ e
Hiroyuki MITAMURA
I HE
Masaki MATSUDA
HiE —
Kazuyuki TAKAHASHI
AR N

Yousuke MATSUMOTO

Nl FEF
Chizuko MURAYAMA
®BE GAE

Hirotada GOTO
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Yagi Group

100 J75T, BT FE % 83 R e R R e 2 SRR N
THRAESE, SEIFHWHOMBRSEE FIZE T 2555
Moy sz L L bic, BENZFAL Y
BHoOBRP, Bk - REESYWEOME 27> T 5%,

FEINRIREE L e BEOREEZ 22 b - L bk
KIRRNFTA=F DO EDTH B, FHITIZHETED S
ST (BEES) £ CRVENOMAIER>TE D,
WHEIZZ DEPNIETIE L TZ DR ERESEZD,
1RETFTThhbBRTw2 TWE, 1k, ZhdAk
FioZ 2l o O & DIGBE T, WHEOEOIERIC X
RO ENFIR TOMADBRARTH 2, AWFFRETIE,
7 R T2 B 1 B X AT B M 2B, [RIIG
BoETHEBSRHE R 2B L T, WHOSKRELZH
SIcT % e, MENEMML T, WETTIEES
CEVTEROHLOYEZAEML 72D, HIEFRCERED
BEICHFIET 2 £ £ 25N Tw 2 WEORERIE % W
ST M EHEEL T35,

L—H—IRa5A VY EY R7VELRBZRVW BB ERREROKF, 2@DY
AVEYRICHRATIO0 FREZBIENEMALHR S, YAG L—Y—XZR
SUBTFCITmMRY %,

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.

32—~ Research Subjects

INRWESE %2

P REAFZEEY  Division of New Materials Science

% B AR BE
Professor Takehiko YAGI
B & HHE =

Research Associate Taku OKADA

High-pressure and high-temperature conditions, more
than 100 GPa and up to several thousand degrees, are created
in the laboratory and properties of materials under these
extreme conditions are studied. Pressure is one of the most
basic parameters that controls property of materials. In the
universe, very wide range of pressure conditions exist and
materials change their properties dramatically depending
on the pressure. What we know about materials at ambient
condition are only a very small portion of the entire property.
For better understanding of materials, we are carrying out high
P-T in-situ X-ray diffraction, as well as other physical property
measurements, and electron microscopy of recovered samples.
Synthesis of new materials using high-pressure conditions, and

the study of the Earth’s deep interior are also carried out.

: NaAISiO,
148GPa, 2150K]
o
=
o
—
2
(%]
c
Q
=
e o
PR U RPN TR MU NP S SR S
9 10 11 12 13 14 15 16 17 18

2 theta (deg.)

#1150 AXETERA S 7o NaAISIO4 DR X#REIHT/VH —> T I - MEkIC
L SRS FBECIBRES N, YV /OMNAVBEIEBVWS I EICkD,
BEET THRBICEREBEPRTZRET HI LN TES,

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

1. B OE£E. #IR - RERFVESOBSESERETICE T 2 HEE PYIEOHRE
Studies on phase transformation of oxides, metals and Earth’s deep materials under high pressure and temperature

2. BEREZRAWCHYEORRME

Synthesis of new materials using high-pressure conditions

3. BEERERBRENOR

Development of high pressure and temperature experimental techniques
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P REAFZEEEY  Division of New Materials Science

e )1 E 78 %2

Takigawa Group

MG E (NMR) % E2EBRFRLE LT, EiE
NoBEOEFRIMHAFERICER T 2 HRZMEL TWw 5,
MMHBE R TIR, BISE, R (5OE ) Bk, Bk,
FLERRT & o SR BRITIREESEYLL TR D | Y -
FEN DN E2EZL 22 L TIns DlloR T
BRI DES, FRPREEEOMAE— XY P8
KRVUEME— XY F2F->TE D, o IZFAMOE
PED S PEL AN EZ KL T0d, ZORONMRI,
BERNETOAE > B, Ptk & o HHENEA G-
THN2FRLBTFRECE S TOMEE, 27 m it
D2HENGEBFREL 2, fx 3t RFfaE 00
ANM R HIE 2L 8 2 8 fi L, AR - 50 - iR &0
HIBRESE L AL b T, BRERALEY. &1
LAY ERE R Z R E LR 2iToT0 5,

B & i1
Professor Masashi TAKIGAWA
B % =H A

Research Associate Makoto YOSHIDA

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

and organic solids.

EREMEBAERBE R IR | RITEER P-SrossV20s DEEEEMICE
173 E@EE, bBAMIC2ERAT SRR TSHIEicED. 6
BEONFIILTA SHEL S,

The crystal structure of the high temperature metallic phase of the
quasi one-dimensional conductor B-Sro33V20s5, which exhibits
a metal-insulator transition. Ordering of Sr atoms doubling the
periodicity along the b-axis results in six inequivalent vanadium
sites.
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FHABAERE (WERSTMMER) TERS NIicEHRERE
EHBE5N 190K [C& 1T 2EE2BHED °'V NMR X
NI KMo 105 7R ZDHZ% ac INTEERL & & D
ZERT, —DDOY A hDOHIERIIBSIUEGEEER
[Tk D 7 RICHHT B,

5TV NMR spectra at T=190 K (high temperature
metallic phase) obtained from a needle-shape single
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.
A single site yields seven resonance lines split by the

‘ 120 electric quadrupole interaction.

0.0

‘ c-a;(is‘ ‘

b E
e

V2a, V2b] A

P

190K 82T Y7 ~DBEKE
Mo bARICEEDES YA b DREICHEE
BYT7RDEVDHD, EBETHBIC
BEDS5Y. BASHOKRE RRADG
HHAMICTFET B EERLTVS,

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

‘ ‘a-axis‘

-60  -30

Angle (degree)

1. BRTT. 72AKL—bK - AEVRDY A F IV REEFHER
Dynamics and quantum phase transitions in low dimensional or frustrated spin systems

2. RERBBEEE

Exotic superconductors

3. BIEEETFRICKITHER - P - ZWMFOKRFLIESE

the conducting direction even in the
metallic phase.

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

4. BHEBBCERICEFE2AEY EBRODY A FTIIR

Spin and charge dynamics in magnetic organic conductors
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Sakakibara Group

YWE DR REABER A CIREHEPIC 72> Tw 3,
ZOHRTHRVETFRZEHLEOWERTIE1I 7 LE Y
X0 HEP IR IR R C BRI E 2R TG 08
BB, DX iR TR ORERINE T B &
422 LML 7-DRFBOFEDL L (. FiL v
HHKBEFI NS, BIFAETIEZ D L ) BEOFHE
ML % Fi OBk % R YE R OBEIE DR 2 T> T 5,
BRI FEHULAYPECETR, BETAE VRSB
FO7 AL —FRAE VR EDWENR T, WP
B E %2 B EBRTFRE LTIEL T3, ZOHMW
DIz, Fx 1230 2V 7 E v ORI £ TRAMLIE
DIRJRE 75 SR E DWETIEH P, BeA RS T RO IS
RN 70 4 PO R D WAL IE RE I - W8 h LB 7 2% 1 72
E. MEOREERFELIT>T W5,

BER T 7 7 7 —HAGHCAWSF v /X5 Y AHEH. BIER30MKTI5T
LTOHALRIENFIRETH %o

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. EWEFLEY OB & BEE

Magnetism and superconductivity in heavy electron systems

2. HIEEVICE T 2L EMKRE
Multipole orderings in f electron systems

3. 72 AKL—MREYZROEEIRE

P REEFZEEY  Division of New Materials Science i

b Jt Wk 7€ =

MR RBR
Professor Toshiro SAKAKIBARA
By # Al
Research Associate Takashi TAYAMA
B % =HN #HE

Research Associate Hiroyuki MITAMURA

Magnetic phenomena in condensed matter extend over a
wide temperature range. In some systems like heavy fermions,
interesting magnetic behavior is quite often observed at low
temperatures much below 1 K, where ordinary magnetic
measurements are difficult and not much work has been done
yet. Our research interest lies in those magnetic materials having
low characteristic temperatures, such as f electron compounds,
heavy fermions, quantum spin systems and geometrically
frustrated spin systems. In order to study these systems, we
have developed high sensitivity magnetometers which can be
operated at very low temperatures down to ~30 mK, and angle-
resolved magnetization and specific heat measuring systems in
rotating magnetic fields which are powerful tools for detecting

various anisotropic properties.

=)
2 g1
= 20T
15T
i1
3.5 g ey, 10T
o 0.97T
0.95T
08T

3.0 1 1 1 1 1 1 1

-15 -10 -5 0 5! 10 15
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BESBRBHIERE TUELICAEY 71 R1EEHY Dy2Ti207 @ 0.3K IC&H 2
WAL DHSSAREEFE, 111] ARZHRDIC. 7 RN—IZKZAEYT Uy T
BBIERAEN TV,

Field angle dependence of the magnetization of the spin-ice compound
Dy,Ti,07 obtained at 0.3 K by an angle-resolved magnetization
measurement system. Ice-rule breaking spin flip transitions can be seen
around the [111] direction.

Ground state properties of geometrically frustrated spin systems

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

FTEOE (FricAEEE L X VEREEHES) %
RNRE LB FUEDOTEEZIT> T 5,

A FE IR o BF %% <13, K i MIM (Metal-Insulator-
Metal) #EAICHEZ > T2, ZOEAIE, &b Hil
T ) TNAATHD E LB, BRFE HEELE
L ETLHMBIRVBASNT RS, EBEGICH:
2&)E, AREEOBEEA2ZZ 2 LIk ), MERON
VI—Ya v Th s, birbiud, EEBEEYHE
ZF7-, EL#%7T (BIODE) ofE#LIc 2003 128 T
BRI L7, BREHOERTIE, ZOREEZZIT T, K
V7 4 ) AEY & & LSRR RBLEYE % v 72 F %
ZHED T2,

AR EREROME TR, B8k 7y 7=
Br LX0zofHyEz o, B82H) nET L
Pzl dEFOBAICHET 2 KMEOBRZHRL T
W3,

Absorbance or EL intensity

400

600 800
Wavelength / nm

EFFEALT A A — RAPD hemin (NAZEDENT) OEEFRES
Voltage induced transition of hemin (a small molecule containing heme) in
BIODE

1. EFRFELT A — ROERE L OYIERIE

I G WE7E %8

P REAZEEEY  Division of New Materials Science

HEBIE HE #x
Associate Professor Hiroyuki TAJIMA
B % WH B4

Research Associate Masaki MATSUDA

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

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

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

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

Torque + offset (a.u.)

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

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

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

2. BENEENT/INA ADEESE L CYILEIE

The fabrication and characterization of organic photovoltaic devices

3. BT 4O 7 = VIR DERE S OYIEEE

The synthesis and characterization of conducting charge-transfer crystals of phthalocyanine
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AWETE R

Mori Group

A p i R N U R S SOG4 R AP i e A B e

WEDBSE & 2 OfEE, Mo ZiT>o w5, T
TEWE DRET TS,

1) BEIMDH 2 L EbNT L5551
DAL TH 270, WEHBERICEHETHEL I L, 2)
Z D3 1E L O FHMAEM ARG - Bl ETH 2
Z&. 3) FTRIEWICRS DLV IDIENIEENRE L
DN E L TELSI ML RE N L, 4)
RSk cETHMLER (BB 29k& <, B

Bz, ACYPEEZHE L BErRICE NS 2 &

nEPEFONDE, WAL, ATETHA VT HI L
XD FHEMEEERE X OETHEZ EYtE 7 2 =%
2H L do2hs T, Ei, . AEVITA, o
TOHME BN S, 5T HEWE L S TIEOH A VWG
PR L T2, Rk, LBt L 220 FoiR &

THEDOZ-OBIN ST = v A —F— FEREMEFHE .
[EZ N C{m AT 28 L AKES S (M

M) %R 7,

EERERE TR U ICERBIEEA [k-ET2Cu(NCS)2] D Hi5s
Organic superconductor [k-ET2Cu(NCS);] prepared by the
electrocrystallization method

1. FREREERS L CBEEARDRFE S - YL

P REEFZEEY  Division of New Materials Science

S ER TS
Associate Professor Hatsumi MORI
B % =2E —8

Research Associate Kazuyuki TAKAHASHI

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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MR BERBIREMR f-(meso-DMBEDT-TTF)2PFe D BXIEHI D EA KT BET.
90 K TERB— A EBEBZR I I MELHICEBRENET L. 4.0 kbar T,
43 K TRBIEHBERLIT,

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

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

2. BR—EE/\1 Ty FEEEEEORE CBE - YIETE

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

3. BYE L LEEAEDFEINE DI

Study of dielectric response of organic materials and metal complexes
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Nakatsuji Group
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%27 —~ Research Subjects

1. HLLWEBEZRIEVDEREYIE

P REAZEEEY  Division of New Materials Science

HEHIR Fxt A
Associate Professor Satoru Nakatsuji
B #% WA FN

Research Associate Yousuke MATSUMOTO

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

in magnetic semiconductors.

FENFR U fz 2 RIT=A B TR R NiGazSs

(L) 2RTHEOBWERESE, (L) BRBSZRIRLICABREOERSR,

(T) HKLEDRBEKRFE, 741 ZRE 0w = 80 KICNIGT RO E—TITINZ,
EET =10KTENEHS—DDE—7E HILLWAEVIREDOERZRY .

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.

Low temperature study of new transition metal based compounds

2. 2RITTHEHXEERTOETFRAE VIRRE

Quantum spin states in two-dimensional magnetic semiconductors

3. EVWBFRTCOETHRRER. EBALEVRIKKEE

Quantum critical phenomena and metallic spin liquid state in heavy fermion systems
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Hanasaki Group
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BEEHE e Bz
Visiting Associate Professor Noriaki HANASAKI

The molecular conductors provide various interesting
phenomena originating from the low-dimensionality of the
conduction and the strong correlation. The phthalocyanine
possesses the molecular orbitals contributing to both of
the electron conduction and the magnetic properties. One
can expect the gigantic response by the magnetic-field-
induced change of the electronic state. The giant negative
magnetoresistance was observed in the one-dimensional
phthalocyanine molecular conductors at the low temperatures.
The degenerate molecular orbitals due to the molecular
fourfold symmetry are interesting, as well. In order to clarify
the mechanism of the giant negative magnetoresistance and
the ground state, we study the transport properties, the X-ray
diffraction, the magnetic properties and the nuclear magnetic
resonance under the low temperatures and the high magnetic

fields in the phthalocyanine compounds.
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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.
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Visiting Associate Professor Yukio TANAKA
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Research Associate Tatsuya FUJII
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Research Associate Hideaki MAEBASHI
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Research Associate Jun OHKUBO
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Research Associate Masahiro SHIROISHI
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K. Ueda Group
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Kazuo UEDA
B ED

Research Associate Tatsuya FUJII

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

The simplest and most typical example of the quantum
phase transitions is the order-disorder transition in quantum
spin systems. Recently a new spin gap system, SrCuz(BO3)a,
was discovered. The orthogonal dimer Heisenberg model for
SrCuz(BO3); has been studied and various unusual properties
are found: the exact dimer ground state, almost localized triplet
excitations and magnetization plateaus. The S=1 Heisenberg
model on the pyrochlore lattice was also studied and importance
of spin-lattice coupling to lift the degeneracy is pointed out.

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

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

Fig.1 Fig.2

BERVEBENICANTWBEF N Y NRTOREEE, Fig.1,2 o8
BEhzh U=4, 6 05, BEFHERIRG>TIBE, N
AWM EEIOERE -V BEEDERT Vv ILEFET 06
D2O2DE—INEGET B,

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

0.4

0.8

po(@) (1/nl)

voltage is increased.

1. EWEFRD IV OBRER
Microscopic Theory of heavy fermion systems
2. R Y= RBLEROER
Theory of high T¢ superconductivity
3. 73 AN =Y 3 Y ORVWREYRICR T 2EFHER

Quantum phase transitions in spin systems with strong frustration

4. AEY EHEDES Ut RDEFERFIRR

Quantum critical behaviors in spin-orbit coupled systems

5. EF R Y MR 2EEBEHEEIRR
Kondo transport phenomena through quantum dots
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B ® BH RE
Professor Yasutami TAKADA
B % BItG ZRER

Research Associate  Hideaki MAEBASHI

In the hierarchic structure of nature, condensed matter
theory is mainly concerned with the complex system of many
nuclei and electrons, interacting to each other through electro-
magnetic fields. This system is so complex that no rigorous
solution is allowed. It is, however, regarded as an astonishingly
simple one if we compare it with the systems in the upper
hierarchy (the domain of biology) as well as those in the lower
one (the domain of high-energy physics). Thus we consider
it as one of the most fundamental problems in the whole
theory of physics to make its thorough investigation. With this
recognition, we are constructing a theoretical framework for
solving this system faithfully from first principles, culminating
in the self-energy revision operator theory (SEROT) that may
supersede the density functional theory in the future. Some
practical approximations to SEROT are invented to investigate
the properties of the nucleus-electron complex system from
various aspects. Specifically, we surmise that a final resolution
will be obtained for the microscopic mechanism of high-T;
superconductivity only by the investigation along this line.
Currently we do some basic works for the completion of such
a theory for superconductivity with paying special attention to
the competition between the attraction due to electron-phonon
interactions and the repulsion due to electron-electron Coulomb
interactions.

R—ZOYOBEWEE M BF 74/ VESERa DEMITHL, RILRY
A VERTIERMIC m* FEATEMN ERe P TRtOV—yF5—ERT
FZNREBH TRV, BICHBEBREICET 2REFNNHZFIETIE M @
BREBIHENZDT, a DREWV3dBFRTIE t2g BF LD B eg BF DA
N> EBMEPTNC &ICHRD,

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

| HEBIRNR AR 1 R T > 2 v ILITIG U e 2 DFEIRRR

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

2. BEEERENRLER | NI —BF N AROEBHLE

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

3. N—=7 v I AMIEN E BIESBEEER

CBRAEY T A/ VEAERIER T BBIEE

Strong-coupling theory for superconductivity with vertex corrections: Superconductivity in charge-spin-phonon complex systems
4. R—=50OY - NAR—=FOY : V=V F 5 —ROFEKEPIERMEOHR
Polarons and bipolarons: Characteristic features of a Jahn-Teller system and effects of anharmonicity

5. 2FER  BETERKZTCOBFOEFHRSELZDEFRANDEE
Quantum solids: Quantum fluctuation of protons and its effects on electrons in solid hydrogen in high pressures
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Professor Masaki OSHIKAWA
B % AAR H
Research Associate Jun OHKUBO
B % WA 1EA

Research Associate Masahiro SHIROISHI

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.

W

i

ZARTLOBFI SV VERHERT YA 7V T L. 3EDETFHIR
DERRYENICIIEERIMETH 2N AL T7IILTR

\:#

FTZENTEHEMICEMBEEL 05, CONIGEKEAWT, 8
FHBROBESICETZ2HUWVMEIRILF—BEERZRH U,

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

vvm@%%

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. BRITTAEVRICHE T ZEFAEVHIBOBOERIC LD ERL

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

2. £GER. BF 7 7V VEREEFHROES

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

3. AIEDROHIE L Z DS

Mathematical structures in integrable systems and their applications

4. BERBRECHENF

Stochastic processes and statistical mechanics
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Tsunetsugu Group
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1. BEREFROETFIRE

Electronic states of strongly correlated electron systems

2. EFHIEROER
Theory of quantum magnets

3. BRER(EY. L8 I F /1 RRIEEHDOHR

X TE =
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% BR B—
Professor Hirokazu TSUNETSUGU
B % REE —E

Research Associate Kazumasa HATTORI

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

The present targets of our study include complex order in the
systems where spin and orbital degrees of freedom are coupled,
and new type of quantum order in frustrated spin systems. In
particular, we study the order and critical phenomena in the
systems where many soft modes of fluctuations are coupled,
which is characteristic to frustrated systems, and also the
effects of these anomalous fluctuations on electronic states and
transport phenomena.

We recently studied the metal-insulator transition in
the Kagomé lattice and also magnetic properties near the
transition point. We showed that the metal-insulator transition
is considerably suppressed due to geometrical frustration
compared with the cases in unfrustrated lattices. It is a surprise
that spin-spin correlations show unusual one-dimensional
character in space. This may be a consequence of multiple-spin

processes due to electron virtual hopping processes.

N TIXIEFBFROBREEDRMNA Y NI
14 i uyweEFHREHIO®BRS, U/W-1.450E
13.5 cugkicnz. comEk. SHEDL—2 1
13 muzmomy Ui Acia< gL icBnTE

KEEHS. 1 RTOEEERLTNS,

u/w=1.4 Wave-vector dependence of spin

dx susceptibility of an electronic system on

the Kagomé lattice. U/W represents the
electron-electron repulsion strength, and
the metal-to-insulator transition occurs
near U/W~1.4. After the transition, the
susceptibility shows peaks not at isolated
points but along lines in the wave-vector
space, which implies one-dimensional
correlations.

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

4. EEHEHERDOKRE L HEE

Order and phase transitions of systems with multiple degrees of freedom

5. 73 AN —2 3 Y ROKEFHYES
Statistical physics of frustrated systems

THE INSTITUTE FOR SOLID STATE PHYSICS 2007



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

L=
L 5

o
;:"41*'.0“ w

Kohmoto Group

LR RICE TR, HAMERIIC X > THEEA D BRI
WE»EbN S, 1A (Fih) BEE, @hho2X
TEFORTFA—VRERENLFTHLE, DX
75 PR R F8 W S 2 BIR T, H B e JE A 2 SLi
E L7, Wb B EEYBLORRN 2 TS X 2 PR
BIRIIELT L ORI L R uFlhn% v, fl 2 1EsT+F—
VIR B TIRIEEEIIN 25 O BER YK & 2R 2 26
FTw3, BoMEZ GO IHEEIN L FEZHTE L 4
236, LRl YIEREERIC B T 2 HAN 2 FEO R
ZHINET 2,

Honeycomb t,=1, =1, t.=1

02 04 06 08 1
&/ 9,

1. N\ZHLBFICE T DHEOETRILF—DER.
M OHF (& IE Hal mBEERY

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

1. BRBnE
High-temperature superconductivity
2. EANBIIEE
Anisotropic superconductivity
3. MEIC R T BAEREE
Topological invariants in condensed matters

4. [IENKF
Topological order

w e+
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B Rt BA
Associate Professor Mahito KOHMOTO
B % Lk &l

Research Associate Masatoshi SATO

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

2K ERLBHD, OMNEOMEEILEALTWS,
Fig.2. The same as Fig.1 for ® ~0.
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Sugino Group
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Research Associate Minoru OTANI
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Research Associate Yoshihide YOSHIMOTO

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

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

for scientific activities.

T —~ Research Subjects

B - KFEICE T B KOBIDEBER, BOEHDO T, KhROEROZ I LA
¥ H3O* AREBHICS EFEOSNKEICRSE. TFREKREFEET 2BE%E
BoFE—RENTHANEHEL S, KOFEWRESEREDNRIERREE %
RizLTW3,

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

1. BRERE - KARFREICE T 2HBE. (LERIT

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

2. AF - REFROEL. FERTEASRNERE

Excitation and nonadiabatic dynamics of clusters and surface adsorbates

3. YEO—RIBEGE

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

1. AV ROAE Y I RICE T B EEEE
Transport properties in mesoscopic systems

2. BFRY N - —RITERICE T B EFEELERDER
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Associate Professor Takeo KATO
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Research Associate Yasuhiro UTSUMI

The main research subject is the theoretical study of
transport properties in mesoscopic systems, in which the most
characteristic feature is the quantum interference of electrons
revealed in microstructures. Recently, many new materials
and phenomena including quantum bits made in small
dots/superconductors, carbon nanotube, and spintronics have
been studied. The application to electronic devices has been
considered extensively. It is appealing that a novel experiment
can provide a new insight on understanding of fundamental
physics.

We are trying to study electron-electron interaction and
decoherence of electrons in these systems by combining
analytical approaches (Bosonization methods, nonequilibrium
Green’s function methods, etc.) with numerical approaches
such as the Monte Carlo method. We are also challenging to
develop new numerical algorithms for nonequilibrium transport
properties.

We are also studying electron-electron and electron-lattice
interactions in organic conductors. The spin-Peierls and charge-
order transition and related phenomena are analyzed by the
mean-field approximation and quantum Monte Carlo method.
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Theory of electron-electron interaction in quantum dots and wires

3. DFMHEEOFRREYMEDFHE
Finite-temperature properties in organic conductors
4. FEFEHEEBREICN T DHEAEF EDORF

Development of numerical algorithms for nonequilibrium steady states
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Tanaka Group

HEEE A ICRES N A~ LB EERONE 2

fTo T3, 2DX ) REAR TR SHEDOTIUICL D,
N7 DRICIBHFEL R WETHRBESL S FET 5,

Bl 21X, Bl DORFZE TR — = HRE R
BAY-RICBVLTEHSAFAET L2 E2MHL 72, X7
HRIE DA I D BRI > T B T 5 &, Halk
IR LTAE Y 1 HEA N 74, A Y 3EHEMAY
TAREDBBTRPHEBEINS Z Ltk s, ZNEH
W — R —=WThH %, BEERDNEBICA R IEE T
DL TH, AR XD HFHERATrHLI N
SR YBIBIR 2

PR C i, WA E e LT BRTros ¥
DV 1 RTGR - it 1 Kotk % & OBISEEARICID
ATV, ZEZIE, BoMmIcHEI 1 RILRDM
Frick b, ETlR7Z &) ZBEEEAICET 2 Bk
YIRS ED X 912 1 RIGRICENZ 0 EFHART 0 5

E

30
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Visiting Associate Professor Ryo MAEZONO

The electronic correlation as fluctuation processes of the
electronic interaction provides rich functionalities of materials.
It plays important roles, for instance, in magnetism, high-T
superconductivity, and as inter-molecular forces which form
biological systems activating in low energy scale such as body
temperature. Being a complicated higher order problem it has
provided challenging open questions of condensed matter
theory, which matter the foundation of contemporary nano
technology. We are studying such problems that the correlation
forms the central interest, using Quantum diffusion Monte Carlo
method as a most reliable tool of many-body theory, which
excludes uncontrolled approximations as much as possible.

YVIERERIEZEERE  Division of Condensed Matter Theory

LA k7 52

EEEHT At BEX
Visiting Associate Professor Yukio TANAKA

We study superconducting systems with inhomogeneities,
such as superconductor-normal metal junctions. At the
junction, numerous anomalous quantum phenomena, which are
absent in the bulk, appear owing to the breaking of symmetries.
For example, we found that odd-frequency Cooper pairs exist
ubiquitously in inhomogeneous superconductors. If the pair
amplitude is an odd function of the Matsubara frequency,
anomalous parings such as spin-singlet odd-parity, spin-triplet
even-parity can be realized. This is the odd-frequency pairing.
Even if the odd-frequency pairing is absent in the bulk, it is
induced at junctions and leads to anomalous phenomena.

At ISSP, we collaborate with Oshikawa group to study
superconductor junctions involving one-dimensional and quasi-
one-dimensional systems, where quantum fluctuations are
strong. Based on field-theory analysis of the one-dimensional
system, we examine the counterpart of the anomalous physics

found in superconductor junctions in higher dimensions.
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Dahm Group
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O Cs0s206 DIEFR 7 + 7 v DBELEIZ O W THIZE L 72,
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% Z k7, [arXiv: 0706.4345, Physical Review
Letters #&ff |
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Carlos WEXLER

AEABEHKIR

Visiting Professor

For the past decade, there has been significant interest in
the manipulation of the spin degrees of freedom of electrons
(spintronics) by purely electrical means. This is most readily
achieved by considering systems where spin-orbit coupling
produces a significant change in the electron transport.

In our studies we consider electrons in periodic, quasi-
periodic and incommensurate systems, such as those resulting
from competing effects of a lattice and a magnetic field, which
have a rich behavior exemplified by the beautiful Hofstadter
butterfly, a self-similar spectrum which is a multifractal Cantor
set. We model the spin-orbit coupling by means of a Rashba
coupling in a two-dimensional electron gas, which can be
described by a generalization of Harper's equation. The spin-
orbit coupling leads to significant modifications of the scaling
laws and appears to induce delocalization of the insulating
phases for sufficiently large ratio of the spin-orbit coupling

parameter.

YIERERIEZEERE  Division of Condensed Matter Theory
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Visiting Professor

Y=L ~—YZX
Thomas DAHM

During my six month stay at ISSP I was collaborating with
Professor Kazuo Ueda on the theoretical description of strongly
anharmonic phonons in the B-pyrochlore superconductors
KOs,06, RbOs;06 and CsOs20¢. In these compounds the alkali
ion is moving inside an oversized cage of Os-O ions creating a
so-called “rattling” motion of the alkali ion. This rattling is made
responsible for many unusual properties of these compounds,
most prominent in KOs;Os. I had many interesting discussions
with the experimental groups of Prof. Hiroi and Prof. Takigawa
about their recent striking experimental results in these
compounds, which helped us to set up a theory for the rattling
motion. Our model consists of a local, strongly anharmonic
phonon mode interacting strongly with the conduction
electrons. Within this model we could reproduce the anomalous
temperature dependence of the NMR relaxation rate and the
electrical resistivity [arXiv: 0706.4345, submitted to Physical
Review Letters].
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— » oS NEAZEHE TUY-N—U F=I)
} 7 9—} \—7 mw'|§ Visiting Professor ~ Daniel AGTERBERG

Agterberg Group

HRWIZEEE &1 L CRAHBIE RIS & 1 2 8 i Prof. Agterberg is collaborating with Tsunetsugu Group
AB X EBERFOMEZIT> T3, 1 DOGHH X in investigating novel magnetic and superconducting order
752 FL—F LR CIRIE S N e T 4 v 2k in strongly correlated electronic systems. The first project
FE AL L 7 B R St s ik C 92 B4 2 TR 12 > s ¢ addresses the possibility that analogues of spin nematic order
TH 2. #WHOHMELEGT unconventional =B context of superconductivity. In particular, including Gaussian
DHRGMIZE W THES FOMREH, HLwIATD fluctuations in phenomenological theories of unconventional
WRIPIRES G S SN2 2 L Tw %, 200D superconductors with more than one complex degree of freedom
St EERRIREICB T3 L Er Y AR indicate possible new types of order that merit more study. The
WOR7 T RE % RHT 2 - L Th b, DL LIEF second project examines the role of new topological defects in
BB A LTI OAE TS S 5 o0 U(l) 65 superconducting density wave order parameters. A property
PEE 72597485 20 2 L2 & o TR BRI A D E that translational invariance implies an additional global U(1)
fbanz. COFHHEIXRERFRER b 72 2w BIREHe symmetry that leads to stable fractional flux vortices. This

k% @ CeColns THr L < & S 78R EAICBIfR L project applies to non-centrosymmetric superconducting
7bDTH B, materials as well as to a new high field superconducting phase

found in frustrated magnetic systems also appear in the

of free energy functionals with such an order parameter is

found in CeColns.

YVIERERIEZEERE  Division of Condensed Matter Theory

N NEAEZEH Fay ARV Iy
? l m j_wu % Visiting Professor ~ Sung G. CHUNG

Chung Group

B4 DL OB ONRIZ, RiEEEWE, 7 Our research interest in recent years is the theoretical study
FAMLA T avERORTAEYR, 1/ F2—TK of strongly correlated condensed matter systems such as realized
B 7574 —v. ZLTHERTIZ 5y 7SN in high-temperature superconductors, frustrated quantum
I T 72 & G X T\ 2 ARG R b 5. spins, nano-tubes and graphene, and ultracold atoms trapped in
2 S BRI 2 RE T 2 W < D h DRI many-body method for calculating the ground states as well as
B B ZENA R NV 7B oS — FERL SR thermodynamic properties of some fundamental models for
TR Z & OIEEIRAE L OB A E 2 GRS 28T these strongly correlated condensed matter systems, such as the
LWES B ZBIR L T3, ZHETOREL LT, Heisenberg model, the Hubbard model and the Kondo-lattice
2. 3RIEA ¥ v RO EH AL OB 1 K TE S — model. The success so far is the calculation of spontaneous
FROH O IECIRE. 2 U CIEAT 2 KOE KM 1 magnetization and the specific heat of the 2D and 3D Ising

. n e R i models, the gorund state of the 1D Hubbard model, and the
Ty RO RINIRE 2 EMRISGHRL L 7 $ix O ground state of the 2D antiferromagnetic Heisenberg model
LWhikz—8TE) %56, ZHEHHT, —RIyT, on a square lattice. To put our method in a word, it is simple,
EERWICHE TH D, # L TEFILUT, BEN AL, £ general and practically exact, and essentially different from the
VIEAadk, Bl ) T AREZF L THEL IR existing methods such as exact diagonalization method, Monte

DLFNE AR 2 HETH S, Carlo, numerical renormalization group and various mean field
theories.

optical lattices. In particular, we have been developing a novel
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Division of Nanoscale Science
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One of the outstanding trends in modern
condensed matter physics is the rapid development
in studies of atomically controlled surfaces and
interfaces, artificial superlattices and micro-
and nano-structures. The background of such
developments is the advancement of key technologies
for epitaxial crystal growth, microfabrication, surface
characterization, and local sensing by use of scanning
probe microscopes.

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

The on-going research activities include

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

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

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

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

- Study of epitaxial growth of oxide thin films and

1} nﬂz
REPATERH their functional properties.
S M 4 y
5 EONETTHRTH B,

[
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Professor Yasuhiro IYE Research Associate ~ Akira ENDO

Y B Bx EE& B # FIER  ZEA

Professor Shingo KATSUMOTO Research Associate  Eisuke ABE

B E K& &b B % A £

Professor Yoshichika OTANI Research Associate  Takashi KIMURA

I IR XK B % it B

Professor Fumio KOMORI Research Associate ~ Kan NAKATSUJI

. HE

Professor Jun YOSHINOBU

HHER RAIl =i B # IO 288

Associate Professor  Yukio HASEGAWA Research Associate ~ Toyoaki EGUCHI

iR Uy TIIX— vy B % XE Al

Associate Professor ~ Mikk LIPPMAA Research Associate  Tsuyoshi OHNISHI

HHIE (FB) IR RE it ErPI®E mH =

Visiting Associate Professor Nobuhiko KOBAYASHI Technical Associate  Kozo MUKAI

®ig WMEAZR) Ovts 7z7U1 B ErIgE EREE AR

Visiting Professor Federico ROSEI Technical Associate  Takushi [IMORI

#E GMEAER) JUvo ON—h it ErPImE Bx &B

Visiting Professor Robert BLICK Technical Associate  Yoshiaki HASHIMOTO
® e EH M2

Technical Associate

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

1. ZHERFBET D2 RTEFRICE T ZETFEERR

F 7 2 — )V Division of Nanoscale Science

B B R FRIA
Professor Yasuhiro IYE
B %% f‘:% E/

Research Associate Akira ENDO

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

from 2D electron system in the quantum Hall regime. The two series of
oscillation reflect the spin-resolved edge states around the antidots.

BIFZF7N\O/ 7 - R—LiRE, 27&
TFYFRYNOEADICERINZ Iy JREOIE Y DEiZRIRU o

Quantum transport in 2DEG systems under artificial potential modulation

2. AEVEHEY 2 EEHEZROETFR—ILR

Quantum Hall systems with the degrees of freedom of spin and two layer
3 BE—FYFRYMBLOTYFRY MEFICRBITZIE—L ¥ N EFHX

Coherent transport in single antidots and antidot arrays

4. HBK BEEERNA Ty REE
Semiconductor/ferromagnet hybrid systems

5. BIREA/BHEMEE/NA T )y RigE
Superconductor/ferromagnet hybrid systems
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Katsumoto Group
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F 7 2 — )V Division of Nanoscale Science

H B BA E5
Professor Shingo KATSUMOTO
B # FAIER =

Research Associate Eisuke ABE

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

We are in collaboration with Iye-group. We provide high-

quality semiconductor superstructure samples to other divisions

in ISSP, and to other universities.

£F R v k% Aharonov-Bohm (AB)
Uy TIBHAAIERICE N Fano
AR, FRICHEY 7 D /2

e

EREFERBEEERRT 2ODNFRIEYF Y —KE,
Molecular beam epitaxy machine to grow high quality
ultra-thin films of semicondutors.
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Fano-Kondo lineshape observed
in the conductance of an
Aharonov-Bohm (AB) ring which
has a quantum dot on one arm.
The flat region at the center is
due to the phase shift locking to
/2. The lineshape varies with the
magnetic flux piercing the ring.
The inset is a micrograph of the
sample.

1. BFRy hDIE—L Y MEE - AEVRERE

Coherent transport and spin-dependent transport through quantum dot systems

2. EFRYRDAEVREBETI VSV TILAY N 8FFIE—L VR
Quantum coherence/decoherence and spin states in quantum dots

3. BERMEFERZRAVWCEBFEE. AEVEA

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

4. 2RTEARZRVCEFELS (EFMR EFRy )

Quantum structures based on two-dimensional hole systems
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Scanning electron microscope image of a non-local spin valve device to
determine the spin chirality of a magnetic vortex confined in a magnetic
disk. The inset shows a spin valve signal where the numbers on the curve
correspond to magnetic configuration.

1. T/ RT—IVHEERDRAEY A F 30 XY 2R

F 7 2 — )V Division of Nanoscale Science

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

!

B ® B &b
Professor Yoshichika OTANI
B % N £

Research Associate Takashi KIMURA

Nano-scale magnets can have, according to their shape and
size, ordered domain structures such as magnetic vortices
and single domains. We experimentally study static and
dynamic properties of nano-scale magnets, to obtain a better
understanding of the quantum behavior associated with domain
wall displacement and magnetization reversal.

Moreover we employ non-locally produced spin-currents
to study spintronic properties such as the spin injection
magnetization reversal, the spin accumulation, and the Spin Hall
Effect. Furthermore we try to manipulate the motion of nano-
scale magnetic domain wall and conduction electron spins using
the principle of the potential ratchet characteristic of biological

systems.

Py particle

IS
Cu

-

Py spin source

1 source
500nm

5.0k 7. 7mm x100k SE(U)

AEVROHEAWCHRBCRERTOERK RS NIRRT D SEM K.

Schematic diagram and scanning electron microscope image of a fabricated
magnetic switching device operated by using only spin currents.

Static and dynamic magnetic properties of nano-scale magnets
2. RAEVEARVRAEY RS YRT7—IC &> THREINDHMEICET T B
Magnetism induced by spin injection and spin transfer

3. FERMART Y Vv ILERWF / AEY NOZ I ARFOME - BIK
Development of spintronic devices using asymmetric potential
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Komori Group
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Band structures around M on clean (a) and partially N-covered (b)
Cu(001) surfaces studied by ARUPS. The lattice of the clean Cu area on
the latter surface is compressed and the electronic structure changes. On
the N-covered surface, the Cu surface band shown as the upper yellow-
red curve in (a) shifts upward, and the wave number at the boundary of the
surface Brillouin zone increases as in (b).

Fig.1
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F 7 2 — )V Division of Nanoscale Science

B ® IR XK
Professor Fumio KOMORI
B % Pt B

Research Associate Kan NAKATSUJI

Electronic and magnetic properties of alloys, compounds and
materials with nanometer-scale structure at solid surfaces are
studied by using scanning tunneling microscopy/spectroscopy
(STM/STS), photoelectron spectroscopy and magneto-optical
Kerr-rotation measurement in an ultra high vacuum. Band
structures of the surface states and the chemical bonds are
studied by photoelectron spectroscopy using VUV light (Fig.1)
and soft-X-ray. The structures and the formation processes
of surface nano-structured materials, and the atom processes
induced by electron tunneling (Fig. 2) or photo-excited carriers
are examined by STM.

Topological defect on Ge(001) surface
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STM®R#MN 57 )LY =7 L (001) EREREEZREICEFZRANIC b > RILE
AU EARDSENUBEDRFEZBRBSEEHKTFZRID STM R, HREE
80K T, H(a) DAVWRMEICEFZEAT B E. ¥ 10 nm Bin/ciBEDRUER
fah—RITHICBE Y %, (b-e) D&LSlc. BFZIATBH LI, ZOBE
HECZ, i, REREMHEEFIRAZEEL. ZOEFROIRILF—H
BFRFHEEERICEDBFRICBZZEICEL>TEL TV S,

Successive STM images of the same area of a Ge(001) surface including
a topological defect at 80 K. The defect moves after injecting tunneling
electron at the point of white circle in each image as in its right image. The

injected hot carrier propagates in the surface states and induces an atom
motion at the defect.

Local electronic states at the surfaces of nano-structured materials

2. hYRILBFPL—F—KREICK ZRERR

Surface dynamical phenomena induced by electron tunneling and photo-excitation

3. RE / EEMHEDOETINE L HiE

Electronic states and magnetism of nano-structured materials

4. REF / EEVHEDEER

Formation processes of nano-structured materials at surfaces
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Transient diffusion and cluster formation of water molecules
on Rh(111) at 20 K

1. BEDT=FEEKREA/\1 TV Yy RROBELREDTOETYE
Organic molecules on Si surface as novel hybrid systems

2. TEBREICK T BRF - B FOBRIBEDINF

vi 1o WEFE =

F 7 2 — )V Division of Nanoscale Science

B ® =HfE =
Professor Jun YOSHINOBU

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, KEK-
PF, SPring8) is also used to study electronic structure of surface
and interface.

Si(100)c(4x2) REICAIBERNVICRE L 2 XA FILTARY D STM &

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

Dynamical processes of atoms and molecules on metal surfaces

3. KRFERADOHEEER ; KOKEREICK T BLZERIE
Surface and interface chemistry of ice

4. BEADHKIC K BREL LTREDEFIRE

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

B N WE7E =

F 7 2 — )V Division of Nanoscale Science

BT Rl =i
Associate Professor Yukio HASEGAWA
B & IO 28

Research Associate Toyoaki EGUCHI

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

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

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

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

STMICKZREFVY=EaL—yay, #(111) RKALTHRFE=—Do 3 DBEE
T MOXFZENTWS, BEFEHDKEZE 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. R STM LK ZEFEREEK - 7 —TILIREG ERAEFIREBOIMARK
Low temperature STM on surface electronic properties by observation of electron standing waves and the Friedel oscillation

2. STMIC & 27/ Y+ ZRF DRBEERFEICET D%
Superconductivity of nano-size particles by STM

3. AFM ZAWRERT > 2 v IJVAIE - BRUERSHERIE

Measurements of surface potential and electrical conductance by AFM

4. FLWTO—TFEORFKE ZTNIC L 2HFTOYIERE

Developments of new probe microscopes and its applications for exploring novel properties of materials
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Sheet resistance of a SrTiOs3 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 2x 10'2 cm~7 at the SrTiOs3 / insulator interface.

1. BIEYUNTORECOBERRY A IV IR
Thin film growth dynamics at oxide heterointerfaces

2. Bt /iEEDER

Growth of oxide nanostructures

3. BB RT/INA X
Oxide field-effect devices

Vw7 —ifr s
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Associate Professor Mikk LIPPMAA
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Research Associate Tsuyoshi OHNISHI

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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Modulation of the superconducting transition temperature in a Nb-doped
SrTiOs3 film. The necessary electric field was generated by changing the
poling direction of a ferroelectric Pb(Zr,Ti)O3 film that was grown on top of
the SrTiO3 film.
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Rosei Group
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Visiting Associate Professor

Transport phenomena in nanometer scale systems are main
subjects of our theoretical research. The analyses of the transport
in nanoscale systems, where quantum effects are dominant,
are important not only from viewpoints of basic science but
also technological applications towards nanoelectronics. The
progress in the theoretical approach for the analyses is also
necessary. Therefore, we study theoretically quantum transport
in nanoscale systems such as atomic wires, single molecules
and carbon nanotubes to discuss nanoscale devices, molecular
devices, and nanoscale transistors. Furthermore, we study the
density functional theory in non-equilibrium systems, the
first-principle approach to quantum transport, and the O(N)

algorithm.

F 7 2 — VI Division of Nanoscale Science

v A WS

NAEAZEHR

Visiting Professor

Ovyes 7z7Y3
Federico ROSEI

My research program focuses on the growth, processing and
characterization of nanostructured materials. Such materials
have dimensions in the range 1-100 nm, and exhibit new
properties because of their reduced dimensionality. We study
inorganic as well as organic nanostructures. The systems
we investigate include Ge nanostructures grown on Silicon
substrates, Germanium and Silicon nanoclusters embedded in
a Silicon oxide matrix, supramolecular assemblies, molecular
switches, metal nanostructures, metal carbides, carbon
nanotubes, ferroelectric nanostructures and nanostructured
biocompatible materials. We have developed a nanostencil
lithography technique to control the positioning of complex
oxide nanostructures on a substrate. Finally, we have developed
a technique based on photoemission electron microscopy which

yields chemical mapping with nanoscale resolution.
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Visiting Professor

During my visit at the ISSP I collaborated with the
Katsumoto group on developing a new class of doped nano-
electromechanical systems — or D-NEMS [1]. In contrast to
earlier approaches which focus on rather simple mechanical
resonators, we began a comprehensive study of the growth,
structuring, and application of ultra-thin doped membranes.
In this context the term doped refers to the inclusion of a low-
dimensional electron gas or several layers of high mobility
carriers (electrons and/or holes) into the membrane by using
molecular beam epitaxy. With the first grown substrates we
optimized the layer sequence to achieve the highest possible
electron mobility. In order to minimize the membrane thinness
at the same time, only a single doping layer is integrated. This
approach we are exploiting to study ballistic electron transport
in plane and curved geometries. Especially, non-conventional
geometries such as tubes and ribbons are of great interest for
studying the influence of topology on two-dimensional electron
systems [2].

[1] D.V. Scheible et al.,
Systems, submitted to Rapid Research Letters, August (2007).
[2] N. Shaji et al., Applied Physics Letters 90, 042101 (2007).

‘Doped Nano-Electromechanical
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Division of Physics in Extreme Conditions
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This division is organized to pursue the study
of physical properties of condensed matters under
extreme conditions such as ultra-low temperatures,
ultra-high pressures combined with steady high
magnetic fields up to 20 T. In addition to these
individual extreme conditions, physics under multiple
extreme conditions is also emphasized. Under these
conditions, novel phenomena, which cannot be
understood in terms of existing theories and thus
stimulate the creation of new concepts, are expected.
Discoveries of such phenomena have often opened up
new horizons in material science. Many outstanding
instruments developed in this division, for example,
are those which produce low temperatures down to a
few tens of pK, high pressures up to 200 GPa and high
speed rotation of cryostats at over 6 rad /sec. These
machines are frequently used in collaboration with
many scientists from all over Japan and abroad. Some
of the main subjects are as follows,

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

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

3) Low dimensional or mesoscopic systems such
as organic or semi conductors under ultra-high
magnetic fields.

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

extreme conditions.

B ® ar xKE B % U] |
Professor Hidehiko ISHIMOTO Research Associate  Akira YAMAGUCHI
BT ARE = B % WK RK
Associate Professor ~ Minoru KUBOTA Research Associate  Yoshitomo KARAKI
PR RA #&A B % Bl BT
Associate Professor  Toshihito OSADA Research Associate ~ Takako KOUNOIKE
B ER =t B % VN T
y Associate Professor  Yoshiya UWATOKO Research Associate ~ Kazuyuki MATSUBAYASHI
= \ EHER (BB) s =R RMEME At+E ®H
| B - £ Visiting Associate Professor Miho NAKASHIMA Technical Associate  Takeshi IGARASHI
DI st B8 GEAER) Y3V YIVY— giierima WH A
ZEBRRE (5E - BES - BE) Visiting Professor Janishi ZHOU Technical Associate  Kazuhito UCHIDA
TOYMERENTTRETH B0 N N
Cubic anvil high pressure apparatus. ?TfngF?E ) ::Fl’% Ni[?(A%ZAWA
Cryostat for experiment in multiple echnical Associate  Kazuko
extreme condition of at low
temperature, high magnetic filed
and high pressure.
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AT —~ Research Subjects

1. ABRTTAY D L\ 3 ORI & BRED

Magnetism and superfluidity in low dimensional 3He
2. BESHOREBRENY VA3

Highly polarized superfluid 3He

3. BER - BRI D7 )L IREROFER T
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B B arx ®KEZ
Professor Hidehiko ISHIMOTO
B % e A

Research Associate Akira YAMAGUCHI

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

80 T T T T
21 bar
D & f1tesla )
LS i 2 oz 3 _
60F . % =3 1 #&RE "He A1 48 (P= 21 bars)
" M HBF 3RV EMEE

. .
. 7 Spin lattice relaxation in
= a0l TV, e ',.. ® 8 | superfluid *He A, phase
g Qo v, . o as a function of reduced
! oany, N ,v' o }3 temperature at 21 bars for
| Fig1 ) . e, . v'v.. S vario'uvs magnetic fields'. 4TL-1
WS - MMECEROS R o = S LA 1 and T2 are the transition
- o A S temperatures from the normal
A large nuclear demagnetization . e, ':r. ;-?o\ to A; phase and from A to As.

refrigerator in high magnetic fields. S e e SeRTe = phase.
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(Tc1 - T)/(Tc1 h TCZ)

Heavy charged particles in neutral Fermi liquid under high magnetic fields

4. DFHEGBF2EFRIEN >RV T

Quantum tunneling of magnetization in molecular magnet

5. EEBEY OB & BEE

Enhanced nuclear magnetism and superconductivity in intermetallic compounds
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Kubota Group

WD RS 72 5 2

AT DT A 70X LE ¥ OBIKIRY %
fiole—ANTh 5 ARHIE, RFAECRBEMEREE T
DIEGHREERIPH &, 2 E ISP L 2Bt o R
IR O [5G 0 N Cl i sl & R o JEE T &
fTo T3,

HREN IS E 5. Al 54k (BEC), & FIRIK I
DTl EEANY Y LFEORTFEIRICEVTHEED
BHRELTBMSNIMRICE 572, ZHRSRE O
HIE & R B BB B EMTOMF LB ET 2 L w)
BT NFOMFREOBRTH 5, . KL 72k
PikbINTw3, WiEEh e X, A2 HTR2HD
HWRZEHNZREIORTHEIALTL2EBTHHRTH
%, IR HpEESAEE R, 2RO L F 9, I
0 R JH PO CEFVE O Y 2 ER T 2 0 L FEE
I WHET 2FOkVERTALL iz, HICHZ 29
A R THHBET 2HZERL Tw 3, ARHPFCIIIRT
W1 THEEEREES O MR BN 21T 52> T 5,

ARHARFTIE, He( X — K1) KO 3He( 7 =L 2 HkE
1) FoMEE # EERO b & [BEET 2 £ RR 2 BB
TICEOTHEHRBIOARE ZRHT 2 & & bic, BEiE~Y
T Lg EDOF LR TOMMNE), BRTHRL EORTE
ROFER, AAZHEL L w3, ORI,
A 2 R R BN A I L 22 Rk AR S
3 O EHEOREZ MR X 72 & AR RS 4 b 2
FAWTToTw s, FREEZ W Zis 0FEERN 72,
¥ 7 2 DFHD 7- O BRI R BN D 7 v — 7 & DA
HEDNEA TV B,
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AR WETE %

EREGHAREE, 5506 MRESOEEZED.

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.

i 7T—~ Research Subjects

1. BhE & EFREIZE DR

Fundamental study of superfluidity and quantized vortices

2. ;ILWEBRE & EFRROTE L&A
Search for new superfluids and quantum phenomena

3. BIERYMENTE

Condensed matter study down to ultra low temperatures
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T AREH =
Associate Professor Minoru KUBOTA
B % WK RK

Research Associate Yoshitomo KARAKI

Superfluidity in a Crystal?

Kubota was one of the few people who initiated condensed
matter experiments at micro-Kelvin ultra low temperatures.
Kubota group at ISSP conducts fundamental study on
Superfluidity and Quantized vortices under rotation down to
Ultra Low temperatures at the world highest speed bewlow
1K. Superfluidity is now seen in dilute gases (Bose Einstein
Condensation, BEC), in Quantum liquids, and very recently also
in Quantum solids. Superfluidity really is a Quantum phenomena
of macroscopic scales. The phenomena of Non Classical
Rotational Inertia (NCRI), where some mass of the matter does
not rotate with its rotating container, has long been thought to
be peculiar to Bose Einstein condensates of certain liquids and
gases, but recently it is observed also in bulk solid *He. Solid
crystals have regular lattice ordering. In addition superfluidity
has an order in the momentum space simultaneously. This is a
quantum phenomena at macroscopic scales.

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

for such activities.
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Osada Group
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AT —~ Research Subjects

1. BEEI 774 NOEFYHE
Transport properties of ultra-thin film graphite

2. BERYEDAEREFERRSGEERNIC—L YR

E I wE7E=

BELBEE L DEWESR).
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T RAE ®A
Associate Professor Toshihito OSADA
B % Bt BT

Research Associate Takako KONOIKE

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 and superconductor microstructures 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.

100 + /75 L OB/ EREEERZ
LY NUIEAYFLN-DEEETF
BEMESR. MROAFMABAYFL
N—ZFIRAL THEBE#RS ML RIE
WABEE 7R > T

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

FEABIRTF OBERSIERORIS A MIREE. () Je—L Y NRBREEEF2HA (BRI MY RIVEEN
(b) 1¥Ib—L Y "N BE#EEEROHE. BRYEOBERSIENOAEKREED
Ny o750y ROFEWVHEBEIE—L Y ZADBWCERRT 2 EERURETH S,

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

Interlayer coherence and angle-dependent magnetotransport in layered conductors

3. ERTEHEADOHIZTER « A LV BERINE

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

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

5. BEHET 7OV IREFRICEIT B NAR EBREE

Chaos and electron transport in Bloch electron systems under magnetic and electric fields
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BEDTERNE X, cnETRuEIRTw Yk
I B 2 AR ORI, I 513l v
FROFEFRND 75035 W[HEMEZ NAE L TV 2 711 7 6
ZD—=DTh s, Fric, WMHMHEFRWEHZIIEL T
i & P & L 2 ERZR IS VTR, BRI s &
BRI SR ) 2 G b ¥ 7o S B RERENE . P
MW %2 42 ETo% ofilz b7 s TRROBRET
b2 EEbNS, L2 L PERICRkD s “RES”
e L7 SRR Z R D 9 2 L ik, o CHEECH D |
e, EEENFAEEMOENDZDRINE 25> Tw 5,

WWFEE T, BEE M OB Z D b D1 PRk
CHLD ML, AR S & MG PR S T, SEEO
WLz FAd 5 2 L2 HIE L, MEiREs X OVE i
B% BRAE U 22 MRS T coMEZE 2D T\w 3,
malE A 3G OIRBI O HHEE & O/, ALY,
I & v ) RN AHELSS D, smHBEEFRYWE T
& 2N DIEMEITIE AL D o F A DA DS
LCw3, MK, #@EEI T, WEIEEORREE
ZHXEZD0? £, ZOHBERKIIE) L>TWw50
D73, T BRI, Wi, XEREHT. HhET-
[H77% EDWPEZMEL T NOMAET —~v 2D TV 3,
o, YRR O&E O —>Th 2 HFAFAH S IHFIC
fToTw3,

# U< B% SN fc Palm Cubic B
Anvil ENERE, EENERD
1020 1 ICEofehs FEED
[FER & ERRIC 8 GPa I2EFAE
TBHIENTETH B,

The weight became 10 times
smaller than the Old Cubic
Anvil apparatus, but can
generate up to 8 GPa, as same
as the previous one.

A7 —~ Research Subjects

1. ZEBPBIRE T T OFRYERROER

EIRWETE =
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B ERR =B
Associate Professor Yoshiya UWATOKO
B % Ly IE=

Research Associate Kazuyuki MATSUBAYASHI

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 electron 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.

0.5

04

CIT (JK¥mol)

0.2

0.1 =

CeRhSi,

0.0 1 I | |
! 20

25

TIK)
EAFEBRER CeRhSiz3 DENTHHAEDHER, 1.1 GPa U LDE
ATIREVWTBEEGEBICHSHLVWE—IDPHR U, MELEBICB
EEEBREIE LR LTV, FHRICED. CeRhSiz DENFLDOEIR
BEMNILIBHDTH B ENPELNELR ST,
A result of specific heat measurements under high pressure on
the pressure induced superconductor CeRhSi3. A new peak
due to superconducting transition appears at P = 1.1 GPa. The
superconducting transition temperature rises with increasing
pressure. In this study, it became clear that pressure-induced
superconductivity of CeRhSi3 is a bulk property.

Search for new physical phenomena under multi-extreme conditions

2. BIEERYEICH (T 2 ENFEBEE OYIEHR

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

3. ZEMRTICH T 2EEYIEHEFR DR

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

4. 10 GPa ffiB= EDFAERN & EREE W IERE

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

refrigerator temperature range
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9"'3 REERIS e EiR
'| Visiting Associate Professor ~ Miho NAKASHIMA

Nakashima Group

BERVEFOERED 100 ~ 1000 fFi2d & L RH4E Strongly correlated electron system not only interest us
B TIREZ IR T 2EVWETS (BHER) WEIZZ+n by verious phenomena but also compel us to change the
PUCHEECHS TH 2. X6ic. ROETZICE conventional model of superconductivity after the discovery
B HENOT L. 2 E COBENMSE kX (T of superconductivity in the systems. Because the origin of
ANTHOTHoT, HOBFROERIE, 7 -1 K electrons, electron pairs mediated by lattice vibration (phonon)
TN & D EFF LD ISET & 5 R (7B is unlikely in this system, it is required new mechanism for
ThhH, COBAMHBED LA TR, BFIREZHSE L pairing the electrons. Moreover, superconductivity appears
TBINBERINS Z L IEEZo0T. HILOETN with application of high pressure in some cerium and
DGBSR3 00 CTh b, 6. HoLY uranium compounds, which is called “pressure-induced
Y MEAR Y 5 ALY OTIc . IS % 5 I superconductivity”. It means that we can control the strongly
U THIRGAIBLT W (ETHEREEE) 235 lattice constants of the compounds with applying high pressure.
HInTws, THEBENCX > TEFRIEHRZ D 2 The goals of our laboratory are the discovery of new pressure-
CETAIMICHCETFRZ22 DL, S5ICHIEE induced superconductor and coming out the truth of the
PHEREIE TR LICE D, ZOMEETIIHL WHE superconductivity in strongly correlated system.
HFREERE O R EH - B L, RE TR
HOHEDZITES ) L LTw»5,

strong electron correlation is the Coulomb repulsion among

correlated electron systems and superconductivity by changing

TRFREEEEPEDIZEEE™  Division of Physics in Extreme Conditions

-~V ‘7 ABABERE YIvy— Y39
> / a m jw_u % Visiting Professor Jianshi ZHOU

Zhou Group

INFEFT, LAOMEETIEIRT T AAA MG E R For years, we have focused on the transition-metal oxides
TEBRSEMRY RMO3R= & 1 H4E) % Do ifse RMO3 ( R= rare earth) with the perovskite structure which
WD TET. CORERT T AHA PRSI TEET exhibit many interesting transport and magnetic properties.
2\ 4 ORERIEORIE I X b EHEE. 2 The tilting systems of the octahedral-site rotations in the
BV BRfE 2 LT & S o R BRI C 5, charge orderings, spin orderings, and orbital orderings.
o, INSOBRI I ONHHERT A FDOFHRALIC Moreover, the intrinsic octahedral-site distortion biases
bEIND, COREMELE LV TADKRE I, strongly the physical properties. The octahedral-site tilting and
T HSEOEPEKENIcE>THlflicx 3, &1 distortions can be adjusted continuously either by the rare-earth
K4 B % B L 7~ B O FFZE 3. RVOs 12 5\ C 7 X 41, substitution or hydrostatic pressure. The chemical substitution
BRI % D 7. X ST R ED B 7. IS & makes it possible for a specific interplay between spin, orbital,
W3 Uk P C oWt 2 rve, LEdBR o

WS HICT %, interplay more precisely. This approach is exemplified in the

orthorhombic perovskite structure can accommodate complex

and charge orderings to occur whereas hydrostatic pressure

allows to reveal the physical properties associated with the

study of orbital/spin orderings for the RVO3. In order to reach
the research goals, we have setup facilities including crystal
growth, high-pressure synthesis, material characterization, and
measurements of physical properties under pressure.

48
THE INSTITUTE FOR SOLID STATE PHYSICS 2007



ye i oy Yewk FE ik M

Division of Advanced Spectroscopy

Feli sy G T, X 77~ vice
7o BMRIE G T2V X —HiPHIC BT, BT LWy
TR TF RSN 2R L. 2hoe %
Hor=UEmE 27> T3, Hx v 820
BuTid, KBBIZ 7 ) =y — L LRIRIKE
RIE L 7 e GRS 2 A L, MR R 2
oL —¥—oflFe. L—¥ -zt
MEhEEZfT>Tw5, £/, v 7u o Vit
HxHOLERIE, 74 by 777 Y — (R
#). SPring-8 (JLJlR) 7 EICIHKEHNICEEZ
RELTUT> TV 5,

B, Er—<E LT,

B SV AEH IV = — I X B EEEY
TowE ., 7 O 2R 4EDOMIE

cEH L=y —
W72 HR XL —

W — DR

WXk ZEEET I A~%H

CEEES I K BRI A F 2 7R ENTE

AR DBFSE

- EBAIR L & iR AR SR L — Y —
DTS L WM, B Y VAEYFIEOIZE

- ERREGE T, B X TR, R
KB oNhZE I EROE RO

- XMt X AR - 8oLz FIE L 72200 -
R -/ oW

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.

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

eUltra-thin low-threshold quantum-wire lasers,

and firefly bioluminescence.

N N
LEERHEL T3, «Study on ultra-high resolution photoemission and
soft X-ray emission spectroscopies.
«Study of X-ray optics, surfaces, interfaces and
nano-materials by X-ray scattering/diffraction.
B B TR RAER B % B R
Professor Shuntaro WATANABE Research Associate ~ Shunsuke ADACHI
B E Rt B % RIS
Professor Tohru SUEMOTO Research Associate ~ Makoto NAKAJIMA
B B ¥ 8 B % alR &F
Professor Shik SHIN Research Associate  Kyoko ISHIZAKA
% B =iE #85 B % BE B
Professor Toshio TAKAHASHI Research Associate ~ Tetsuroh SHIRASAWA
HBIE £2H BA B % 55 B35
Associate Professor  Hiroto KURODA Research Associate  Motoyoshi BABA
BB /NI "8 B % =H E#®
Associate Professor  Hidefumi AKIYAMA Research Associate ~ Masahiro YOSHITA
HEHR () i Bt ErImE EH BA
Visiting Associate Professor Takashi NAKAJIMA Technical Associate  Teruto KANAI
B ErIE Bk i

Technical Associate

Mitsuhiro HASHIMOTO
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Sedior YEWEFEiRI"l  Division of Advanced Spectroscopy

B # R EKER
Professor Shuntaro WATANABE
B % BRI {RE

Research Associate Shunsuke ADACHI

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

The wavelength of harmonics reaches down to the
water window (4.4 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.

15
— 6
N 1.0
2 c -
o =1
2 14 2 2=
= [72]
.y 805 0o
5 2" 3
c 13 @ -28
o S =
> -—
o c -4
o £
L 12 0.0 6
.0
Time [fs]
Delay [fs] ERBSEKST— N (FROG) 3kic & 27 M/ ULZDHIE
Attosecond pulse measurement by frequency-resolved optical gating.
2 2BIL AR (28 eV) DEEZZEATHELND 2 X TFiBRA Fig. 1 MoBELLT M/NLRADRR (F) 648 (F). BiRE7—V T —

AVEDBEFRANRY ML, 10 BERDESRTRL 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. BE/NILAGEEAL —Y— DR
Development of ultrashort, high-power lasers

2. ZRTFEE (BREHAK. ZHFAAE) OWRE

FRFR/CL R,

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

Research on high-order harmonics and multiphoton ionization

3. XUV, X RO 7 = &5 MWK - KD EEDIE

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

4. XUV, B X7 bV A DFEE

Attosecond pulse generation in the XUV and Soft X-ray regions
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Trajectory of the wave-packet obtained from the time-
resolved luminescence data of self-trapped excitons in
platinum complex (Pt-Br). Photon energy of 0.6 eV
corresponds to about 0.2 A in real space amplitude. The
vertical cross-section shows the wavepacket shape |¥|?.
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% B Rt |
Professor Tohru SUEMOTO
B % IS R

Research Associate Makoto NAKAJIMA

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

study the dynamics of photoinduced phase transitions.

Shape of the
Wavepacket

300
Time (fs)

1. BEEREADHKICKLDKRESDORFEHRANEF NI VY - A—E—DHHE

Atomic movie based on ultrafast luminescence spectroscopy

2. H—RITEBHEEICH T BEFHEM

Exciton relaxation process in quasi-one-dimensional metal complexes

3. XFEEEBDT A FIT X
Dynamics of photoinduced phase transitions

4. TINIVY BHIKIC & BRI D DL
Time-resolved spectroscopy using terahertz radiation
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HREZDOTRILF—DREEF OMBENRELETFONEE
The experimental system for the laser-photoemission spectroscopy
that has the highest resolution of the world

Sedior YEWEZER"l  Division of Advanced Spectroscopy

# B ¥ IE
Professor Shik SHIN
B % alk &F

Research Associate Kyoko ISHIZAKA

The electronic structure of the materials is studied by using
vacuum-ultra-violet light and soft X-ray. Especially, we are
developing laser-photoemission spectroscopy. Ultra-high
resolution laser-photoemission spectroscopy has been developed
and we obtained about AE=0.36 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 phenomina.

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

spectroscopy is very powerful for the study of these materials.

(b)100 K

(d)30 K (High-contrast)
T )
[ L AEBEFAXLTHEALEL T X
TR TTF-TCNQ @
7T IEOREZL

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

1. WRBEOMEEED L — —HKBFANKIC L 2BEER. BRTYE. MYEZOEFREDCHR
Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

2. L—Y—ZRAVKEDBIEEFNNLIC L BHFRRROMA

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

3. MXBHEIDKICEL D EEYEZDEFREDOHE

Soft X-ray emission study on the biomaterials
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Sedior YEWEFER"l  Division of Advanced Spectroscopy

B & =te B3
Professor Toshio TAKAHASHI
B #% HiZE R

Research Associate Tetsuroh SHIRASAWA

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

to solve surface and interface structures.

10° : : . ; .

—
o
R
T
(|

—
o
@
T

—
Q
(-]

Si(111)-6x1-Ag RE CEAIS /e CTR #8EL. SHFERETICHEYET S 00 Oy RITHA - 7D
BT8R, E#EOyY R EORZEET BIEHT. =3, 1=9 iF. Zhzh, SiERD 111,
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CTR(Crystal Truncation Rod) scattering obtained for the Si(111)-6x1-Ag surface.
The result indicates that Ag atoms locate at 3.1 A measured from the top of the Si
double layer of the substrate.
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Patterson map calculated from integrated intensities observed for the Si(111)-6x1-Ag surface. The arrow in red, indicating
an interatomic vector, corresponds to the vector between two Ag atoms on the surface.

1. XigElrzfA L ciERRE - AEEE. 7/ BE0mE

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

2. L WATIYE OBETHEE DR

Development of new methods to study the surfaces and interfaces

3. XIRFBRRICE 1T BIFRALR EF L WAFDEF ORI

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

4. XHgEHTE, X - REFRRE. ThEt

X-ray diffraction physics, X-ray and neutron optics, and X-ray interferometry
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. Kuroda Group
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BREBFRANRT Mle 17 REFROBESED OBHKDOBE L LLRT 2 &1
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EOEARH T pl B>

HHG spectra from tin laser ablation irradiated by femetosecond laser pulse.
The intensity of the 17th harmonics was 20 times higher than those of its
neighbors. The conversion efficiency of the 17th harmonic was measured
to be about 1.1x10™, and this output energy of 1.1 uJ was obtained from the
pump laser energy of 10 m].

A% 7T —~ Research Subjects

1. BR 189 nm C&BFZ NiKREY 7T X#RL ——D&EEl

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

AL WEFE =

Sedior e ZER " Division of Advanced Spectroscopy

HEBR 2H BA

Associate Professor Hiroto KURODA

Research Associate Motoyoshi BABA

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 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=F7TL—2avicLdF/ T4V —DSEM &K, L—H—DIFAX—45—
& (a) BLU (b) FIRK 800 nm, /ULRIE 120 fs, wEAMIGE, H 1 mW,
500 ¥ 3 v MMEE. (c) & (d) [&E&K 400 nm, /CLRIE 120 fs, {RE7A M IEHE,

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—=7T7L—y3>y5—"yv hERWHEHERROFKEYIRERE
New scheme of ablation controlled plasma and anomalous enhancement of single harmonic due to strong resonance

3. FRET. FLIM ©&EXZRWS > /0 B DO (FFRERF
Study on FRET and FLIM of luminous proteins

4. L=Y—=FTL—r 3 viEERWcF /NFEREZDYE

Formation of nano- structures on crystal surface with femtosecond laser pulse irradiation
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Akiyama Group
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R NDEYFENERIN I ) — LT EDOWFE %,
AYEORME S RE&H L LFRTHED TV 5,

ARY ML

REIL(BERER. BER) ETIR
7L (B8, BX)

Firefly (Arima, Japan) and sea
firefly (Yokosuka, Japan)

1. BHHEL = W MEETHIRL — T — DR BEMDHK

BX il f 7 =

B—TREFHRDOBEBRIR

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

Fehinsr e FEiE"  Division of Advanced Spectroscopy

R il &EX
Associate Professor Hidefumi AKIYAMA
B % HH IE#

Research Associate Masahiro YOSHITA

Advanced laser spectroscopy on the basis of lasers and
microscopy is developed and applied to semiconductor quantum
wires and other nano-structures, in order to understand and
control their optical properties quantum mechanically which
vary with their size and shape.

The structures of current interest are T-shaped GaAs quantum
wires. We are currently aiming at making the world thinnest and
cleanest quantum-wire semiconductor lasers that have superior
laser performances such as low threshold currents. Experimental
findings and problems there provide us fruitful physics subjects
related to 1D physics, many-body physics, lasers, crystal
growth, material science, and semiconductor device physics and
engineering. FET-type doped quantum wire devices are realized
and studied for optical physics of 1D many electrons.

For the above studies on small nano-structures, we
are developing experimental techniques such as sensitive
luminescence detection, absolute luminescence-yield
measurements, transmission/absorption measurements of
single nano-structures, micro-spectroscopy, imaging, and solid-
immersion microscopy. Recently, some of these techniques
have been applied to study of bioluminescence of fireflies, jelly
fish, and sea fireflies as well as luminol chemiluminescence in
collaboration with biologists and industry researchers.
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Ultra-thin low-threshold high-quality semiconductor quantum-wire lasers and their micro-spectroscopy and imaging
2. 1 RIREEBFEARBLOEFROLZINE & SAEEIERR
Optical physics and many-body physics of dense electron-hole or electron systems in 1D
3. ¥EBAEFBEDEmMEL. S, BHO O, BRI
Material physics and development of high-quality semiconductor nano-structures via microscopy
4. IRZIL - 7 FT - DIRY )IR E DEYFEN & AL F RN EHRIESE
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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Nakajima Group
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i

Takashi NAKAJIMA

EEERR

Visiting Associate Professor

Theoretical study of ultrafast (sub-fs to attosecond time scale)
dynamics in a target induced by ultrafast light pulses is the main
subject of our group.

Since the ultrafast light pulse directly obtained from a laser
system is in the near-infrared region, the pulse duration cannot
be shorter than a few fs. Therefore even shorter light pulses are
necessarily obtained in the extreme-ultraviolet (XUV) region
through, for example, high-harmonic generation (HHG). This
implies that the attosecond dynamics can be induced and also
probed only if one utilizes attosecond XUV pulses. Under such
conditions, novel phenomena originated from the enormous
photon energy and spectral bandwidth, and the nonlinearity
of intense attosecond XUV pulses are expected, and we are

working to clarify and also to predict such those phenomena.
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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 has been playing an essential role in
the new beamline project of the University of Tokyo
to promote advanced synchrotron radiation sciences
using brilliant light sources in vacuum ultraviolet and
soft X-ray regimes.

[

¥ ® (ERR)  MlE BAA B #
Professor (Director)  Akito KAKIZAKI Research Associate
HEHIER FRA BAfE B
Associate Professor  Norio NAKAMURA Research Associate
B #
Research Associate
IS [VN=EI B %
Associate Professor  lwao MATSUDA Research Associate
# 8B (58 KEg BX BtErImE
Visiting Professor Haruo OHKUMA Technical Associate
HEHER (BB) A& BE KirErIEE
Visiting Associate Professor Haruhiko OHASHI Technical Associate
T ErIBE
Technical Associate
EirErIBE
Technical Associate
T ErIBE
Technical Associate
® B B8

Technical Associate

B B2

Hiroyuki TAKAKI
RH =EE
Hiroshi SAKAI
BE K—
Taichi OKUDA
BE B
Masami FUJISAWA
®mE BT
Akiko FUKUSHIMA
WA #
Takashi SHIBUYA
FR HdH
Ayumi HARASAWA
L &Fa
Kenji SHINOE

THE 18X

Hirofumi KUDO

FEE

Isao ITO
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WO ITEWTZEHiRX  Synchrotron Radiation Laboratory

We R 7 IV—T

Solid State Spectroscopy Group

The solid state spectroscopy group consists of two
laboratories, the members of which are promoting advanced
solid state spectroscopy using synchrotron radiation in soft
X-ray and vacuum ultraviolet region. They operate, maintain
and improve two undulator beamlines and three experimental
stations at the Photon Factory (KEK-PF); an angle-resolved
photoelectron spectrometer (BL-18A), a spin- and angle-
resolved photoelectron spectrometer (BL-19A) and a soft X-ray
emission spectrometer (BL-19B). Their current interests are the
surface magnetism of transition metal thin films, the imaging of
nano-structure materials by means of photoelectron emission
microscopy (PEEM), unoccupied electronic states of surfaces by
a k-resolved inverse photoelectron spectroscopy; etc.

Bi(001)

0.2 0.4
k, (A™h

Bi(001) £ED 7 TV IHEMTOXRBEFREN Y 7, NAFOKR—ILRT Y ks
BAREOBEFRT Y MO 2BEDO 7 TI)LIEIEVWThERERE/NY RHSHZ D
DTHB. BIRFOLSBEENKE VTR TlE. TOKRERRAEY - UEHEE
BOf®, 2RTZTEHT Y Y 2 /NHRICK > TNY ROZAEVIEENR T %, T
BhEINS2BEO 7 TI)ILIHEIFRAEYDHUEDINY RTHD., ZhEhE
BBAECVEINEET %,

Photoemission intensity map of a Bi(001) surface at the Fermi level. The
Fermi surface consists of a hexagonal hole-pocket and oval electron-pockets
which originate from the surface topmost layer. For a heavy element such
as Bi, there is large spin-orbit interaction and spin-degeneracy of a band
breaks down in two-dimensions due to the Rashba effect. Two-types of the
Fermi surfaces in the figure are spin-split band and they have different spin
orientations.

0.6

CEEEY SREBFREN T o)L I EMEFE (A)

NILY D Labd B L V4T BEFREDIXILF—NBEL S OXRE4TREOTRILF—2T
NOXRESHMBIFUIER, R La BOBRABEL/ULY LalcBRNTRELR>TWB T &, DT &H LaBs(001)
KHEDEWEEERORR B> TWSZ e b o T,

k-resolved inverse photoemission spectra of LaBs(001). The surface states originated from La 5d and 4f states
are observed near the Fermi level (A) and 6.8 eV above it, respectively. Analyzing the energies of the features
in the spectra, it was deduced that the low work function of LaBs(001) surface is caused by the higher charge
density of La atoms in the topmost surface than those in bulk due to the electron transfer from subsurface to
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B B il BAA
Professor Akito KAKIZAKI
B % BOE IEX

Research Associate Masami FUJISAWA
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BEET LIV EYY, NYRIyEVT KEBEBOMNIRERE R & DRR%E
T52ENTES,

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

32—~ Research Subjects

EfFRE
http://imatsuda.issp.u-tokyo.ac.jp
IR NI

Iwao MATSUDA

B % HE K—
Research Associate Taichi OKUDA

Associate Professor

We have also been working on studies of electron dynamics in
surface/film systems. We develop the UHV chamber for in situ
surface magnetic resistivity measurement to perform systematic
experiments with spectroscopic researches using synchrotron
radiation. Furthermore, we construct an experimental system
of various ultrafast spectroscopies by combining synchrotron
source and laser beam. We focus on topological phase
transitions and ultrafast spin dynamics of nanometers-thick
films and nanodots of transition metals controlled by surfaces/
interfaces.
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u-four 33M tip
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Sample measurement / observation stage of in situ surface magnetic

resistivity measurement system of ours. An STM tip and a pu-four-point
probe are mounted on two independently-driven x,y,z-stages.

1. REVDBABFAIE L OBSKHAZEHRIRIC X 2 REBEIEDHZT
Surface magnetism studied by spin-resolved photoemission and magnetic linear- and circular- dichroism

2. KBFRSLVEHABFOAERICL DEBE L OFEAKE - RHOE

REEDHE

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

photoelectron spectroscopy
3. BEMBANERICEDZRARAE YY1 F I I ADHA

Electron spin dynamics by means of time-resolved spectroscopy
4. KBFEMIEIC L 2HNERL BUIRROA X - > T EBFRECHE

Imaging of nano-structure materials by means of photoelectron emission microscope (PEEM)
5. XBFHIELE in situ REBXURERE IC & 2 EAKRE HERTESHANZ RN 5 BEF DEERRDMRE

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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Photograph of multipole-magnet girder with 4 dummy magnets for low-
emittance lattices (left) and a result of 3D structural analysis of this girder

(right).

7T —~ Research Subjects

WOEHBEHPITEDTZENERE  Synchrotron Radiation Laboratory o

A B

Norio NAKAMURA

B Bz

Associate Professor

Hiroyuki TAKAKI

» Y . o
h [I ’E %g 5 ) L J Research Associate
Ly e e 7

Research Associate Hiroshi SAKAI

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

HNEZIAXY FSNcRTY LABMERF  VN\-DOBRERHBRAEY T YT,

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

1. SEERER
High-brilliance synchrotron light sources
2. RERBELR

Next-generation synchrotron light sources

3. SEIREINEARE R E SR DRF

Developments of advanced accelerator components and subsystems

4. IERBICH T2 E— LY
Beam physics in accelerators
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In the 3rd generation synchrotron radiation facilities, the
progress of the undulator and related technology provide us
new scientific opportunities using high brilliance synchrotron
radiation. In the SPring-8, there are four long straight section
on 30 m, two of which are installed by undulators. On the use
of other two long straight sections, there are several possibilities
other than to install undulators. One is the installation of crab
cavities to produce short pulse synchrotron radiation and
another is to use for the irradiation of electron bunches fs short
pulse laser. The latter enables to produce an ultra short pulse
synchrotron radiation in 100 fs region from electron bunches
sliced by laser pulses. Time resolved experiments using short
pulsed synchrotron radiation will provide us new time domain
in the solid state physics and new scientific fields to understand
the dynamic processes of chemical reactions, magnetizations,
collisions of atoms and molecules, etc. We are going to discuss
the feasibility study of the new techniques and their R&D.

BB E IR T3, AR ET 7 P AT —> 2
vt o % % s SPring-8 IC#R X fi5EHIK 25 m £
R7vyal -2l ziEl, Z20zMALT
RAMOMEMEEZ T2 L2HIELTED, Z207kd
2. F /AT =L DENE - LR FEETE B L WLIEE
YROBE - FRIEZ B ko T 5, EBHELRE
Wt v ¥ —CTREICH > TRXBEHROE— 4 54
Vo ER R Y L % K DR 0BG - Bl
Wb > TORABEEZEPL, 26 mER7YY 2L -4
DX #rZE AT 28 L Wittt R o - W% 17
Jo FRIT, MEHRTITHT 2 BT O, FEER=E O
BEFEIC X 20 ek O HbE 22 D R & £ % BRI HGET
L. B L WIrss R ORGHIRL Tz v,
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The synchrotron radiation laboratory of the ISSP will play an
essential role in the construction of the new soft X-ray undulator
beamlime in the SPring-8. The beamline consists of the 25 m
long undulator, the monochromator which covers photon
energy range from 250 eV to 2 keV and the focusing mirror
system. Based on many experiences of the construction and
commissioning of soft X-ray beamlines in the SPring-8, we will
promote the research and developments of the new optics and
optical elements to be installed into the new beamline. The heat
load by the undulator radiation and the stability of the beam
optics of the monochromator system will be considered as the
major part of the research and developments.
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Neutron Science Laboratory

Science 1961, the ISSP has been playing a central
role in neutron scattering activities in Japan not only
by performing its own research programs but also by
providing a general user program for the university-
owned various neutron scattering spectrometers
installed at the research reactor of JAEA (Tokai). In
the JRR-3 reactor (20MW), the university group owns
13 spectrometers, and the Neutron Science Laboratory
(NSL) provided a general user program. Under
this program, close to 300 proposals are submitted
each year, and the number of visiting users under
this program reaches over 6000 (person-day/year).
Major research areas are solid state physics (strongly
correlated electron systems, high T, superconductors,
heavy Fermion systems, low dimensional magnetism,
high-pressure physics etc.), fundamental physics and
neutron beam optics, polymer, chemistry, biology, and
materials sciences. The NSL also operates the U.S.-
Japan cooperative program on neutron scattering, and
supports the development of the neutron-beam based

material sciences in Japan.

® B ERR) TF = B # KR %5
Professor (Director)  Hideki YOSHIZAWA Research Associate  Yasuaki OOHARA
B # 7 1EF
Research Associate ~ Masakazu NISHI
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The reactor hall of JRR-3. The eight  Associate Professor  Taku J. SATO
neutron scattering instruments are = .
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in the reactor experimental hall. Two Visiting Professor Michihiro FURUSAKA
thermal and three cold guides are

extracted from the reactor core towards

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

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

EDOWETHS I ND>0H 5,

BARRFOMAFHEEE (JAEA) OMRIF JRR-3
ICRBES NI D 3 BB HEFOIEER.
Triple-axis spectrometer installed at the JRR-3

in the Japan Atomic Energy Agency, Tokai,
Ibaraki.
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1. EBEERILYNTY B - BEREEE Y. TORICHIRY 2BMRHKF - BEKS - BUBKFER E DFRMEFRELIC L SR
Neutron scattering study of metal-insulator transition, magnetic ordering, charge/orbital orderings in transition-metal oxides

2. BEBAHICE T2 AV EFHOZE

DHAREINTZT

Microscopic study of influence of spin fluctuations in magnetic superconductors

3. 73 AL— hNUBERRICHE T DI FIRBOWR
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.

%57 —< Research Subjects

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

T

hase separation
transition (MST)

microp

SHS-region PE) WHS-region

1. WEEMSATIILOBEE YA F I v IR, KERERE, VIL—7 LGS
Structure and dynamics, phase separation, and sol-gel transition of functional polymer gels

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

3. BUKMEMREIER SHHERICET 20 F it

Molecular studies on the relationship between hydrophobic interaction and phase transition

4. BETIPF/AVRIY NTILOBEET A FIIR

Structure and dynamics of slide-ring gels and nanocomposite gels

5. AFVvROVOBEETAFIVR
Structure and dynamics of molecular chaperone
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Induction Coupled Plasma Spectrometer: ICPS can quantitatively analyze
the elements in a very small sample with an extremely high accuracy.

%87 —~ Research Subjects

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

laboratory.
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Spin excitations for Zn or Ni impurity-doped high T; superconductor
Lay.g5Sr0.15CuO4 at low temperatures: Zn induces a novel in-gap state, while
Ni renormalizes the spin excitations to lower energies.

1. BEEBEFROER - ALY - NEBHEOEMEEET 1 FITR
Spatial structures and dynamic properties of strongly correlated systems

2. USOY—FEERDF/ XT—)LiEE
Nanoscale structures in relaxors

3. i E R—7 U cBEBLEHDRAEY T 1 FII R

Spin dynamics of impurity-doped high-Tc superconductors

4, FEFHEEEDEE. ERFESLVOT—INEY AT LB E DK
Development of neutron-scattering instrument, experimental techniques and analyses
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Heat capacities of several ionic liquids (bmim: 1-butyl-3-
methylimidazolium). We have found a glass transition in every
substance.

%57 —< Research Subjects

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

also developing new neutron spectrometers and calorimeters.
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Neutron scattering spectra of amorphous clathrate hydrates prepared by

low-temperature vapor-deposition. The intensity of low-energy excitations
is reduced with increasing size and concentration of guest molecules.

1. AZREB, RV Y E—IBERRUBRBROY A FI VR

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

2. KELUBEEME (V7XL—hKMYRE) OBEETAFITR
Structure and dynamics of water and related materials such as clathrate hydrates

3. BEREAAVBREORNZHMEEE S A FIIR

Thermal and dynamical properties of room temperature ionic liquids

4. GEEVFRDOTARNDFOTAFII R
Dynamics of guest molecules in clathrate compounds

5. #LWHMEFIILEs E ERTORR

Development of new neutron spectrometers and calorimeters
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2 -1 0 1 2 Q-dependence of the integrated
Qx (A intensity of the broad inelastic peak,
measured using a single grain of the

0.00000 0.00002 f-Zn-Mg-Tb quasicrystal.

Integrated intensity (arb. units)

%87 —~ Research Subjects

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

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

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

neutron scattering techniques.
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B -‘"'%,_1 T=#  Magnetic excitation spectrum
’ . in the f-Zn-Mg-Tb magnetic
quasicrystal. Polycrystalline
sample was used.

1. EEREDFBRRYEDRF. REVYAFIIR
Atom and spin dynamics of quasiperiodic systems

2. HEEANT7 ZZA KL —bkULTWEZE Y ROBSIEE
Spin fluctuations in geometrically frustrated magnets

3. MRBYEZ RIMERRSE L UHPIETFEIELIC & 27

Neutron scattering study on new materials with novel physical properties

4. BEFERWCH U WERFEDRR
Development of neutron scattering techniques

THE INSTITUTE FOR SOLID STATE PHYSICS 2007



KR OBPAEM O IEBIC D% 2 %278 ) & L
7WE, ZODHERH L, DI HE#RICE S bt
L7 A 7 7o 2 eThh, b9 o ileE
BEEMBICRS T EICED, TNETRALRDLS L
HRNAZ2EIT22ETHB, RFFRETIIAREL
THREDBEZEN, HLORETT N 20T %
v, & D EERE O h kTS BRSO IIFJE B 76 1 D
BIFEHELT WS, oI, EMEE L HEL,
TAINA = N=F ) VFRREICHEIEb LY~
R B OBIEELZ T, FEHZES 9 £ LTw 5,

ZD k9 Ik, BUEHARE T HWHE bl SR O =
B, BEREME S 7 — % o 22 /NEFR o 7
NABEEEO 7a s A4 TERERL WS, 2D X9
BEEEAFERT 7001, FRR T 7 — SiHiEEE -
HHROE®RET , 70 X =5 EoREEEHEERD
MRS L R4 T L TN A2 Th 5, Tk
I IE—ADE — L5 4 VICFEEDOMEZ B  RiBH
K2EIICTBIEEZDI LTS,

68

There are two ways of advancing science and technology; one
is based on a new idea far from common sense; the other is to
improve instrument; we would be able to see something that had
not been able to see. We are thoroughly taking the latter way; we
are developing new neutron devices which are key to develop
new neutron scattering instruments. We are also collaborating
with medical doctors and physiologist to study Alzheimer's
and Parkinson's diseases by measuring protein solutions by the
small-angle scattering method.

Based on such technology, a very compact, ellipsoidal mirror
based small-angle neutron scattering instrument (mfSANS) is
under development at the JRR-3 reactor in JAEA. In order to
realize such instrument, we are developing a focusing mirror, a
new wide wavelength band monochromator using bent perfect
silicon crystals, high performance detector systems with high
positional resolution and high counting rate. We can make such
SANS instrument very compact and low cost, therefore it will
be possible to install many such instruments at a beamline in
future.
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Materials Design and Characterization Laboratory (MDCL)

YR R GE RN M R Tk, HE o TG
(Design) j, B4R PE D T& K (Synthesis) |,
ERENT-YWHEZRAWICHRNZ Tl
(Characterization) ; @ 3 DD % ¥ A 7 L
(DSC ¥4 7v) D& ) ICHERICHEE S ¥ 3
TEICED, HLuYM - BEE R OWE DM
R HIEL Twa, A3 WERHS & wH
AR FEMES & D e D WEERGHBIC X E 5
R MR AR - Sl 3B A E L
EOHTE. XHRHDES, BT EMEE, R
HEE, JeFMERED 6 ERENH 5, WEHK
R CIx, RAEMOYERMO A — $—a v
Ea—8 %2 L R FROMAEE-RIC L > T
EHRMINLERZ Rl IBR % fRIH L D> O8Y
HOBGZIT O, WWEAR - SHIES TEWE D
B B ERE X 02 ORLR O 53578
REERET 2 fTv, 72, #L SIS nwE
HOBLMN « WA - JE AV E D& R %
12T %, T 6WHE DA IR ORI
BErB X AEKIZ7 4 — PNy 73, DSCH
A7 NVZBLTH L WWEDORAE T b5,
PN i a ke o E EE RS DA E N = S 7 K E W & e B [
HRBRICKVHEHAIN TS,

The aim of MDCL is to promote materials science
with the emphasis on the “DSC cycle” where DSC
represents three functions in developing new
materials, Design, Synthesis and Characterization.
The MDCL consists of two divisions; Materials
Design Division (MD-D) and Materials Synthesis
and Characterization Division (MSC-D). The
Supercomputer Center of ISSP (SCC-ISSP) belongs
to MD-D, while in MSC-D there are six sections
for joint-use; Materials Synthesis Section, Chemical
Analysis Section, X-ray Diffraction Section, Electron
Microscope Section, Electromagnetic Measurements
Section, and Spectroscopy Section. In MD-D, by
making use of its supercomputer system, novel
mechanisms behind various cooperative phenomena
in condensed matter are explored, and theoretical
designs of new materials as well as those of materials
with new nanoscale structure are developed. In
MSC-D, various new materials are synthesized,
single crystals are grown and the structural,
electromagnetic and optic properties of the materials
are characterized. The characterization results are
immediately fed back to the synthesis and to the
design of materials. Through this DSC cycle we aim
to develop new materials with new functions. Almost
all the facilities of the MDCL are open to domestic
scientists through the User Programs conducted by
the Steering Committees of the MDCL.

[

¥ #& (wwr) LH B B # TEH &R
Professor (Director)  Yutaka UEDA Research Associate  Hiroaki UEDA
O BH - B % MA EE
Professor Zenji HIROI Research Associate  Yoshihiko OKAMOTO
HEBIE Ng BEiE B # AR EER
Associate Professor  Naoki KAWASHIMA Research Associate  Takafumi SUZUKI
%% GEABE) NLANFrYRI BF0¥a B % B
Visiting Professor Satish C. BHARGAVA Research Associate  Yoshihide YOSHIMOTO
#ig GEAER) YV RJTrv s B % E@ BN
Visiting Professor Anders SANDVIK Research Associate ~ Yusuke TOMITA
B # Wos =— B # Al 288
Research Associate  Jun-Ichi YAMAURA Research Associate  Yasuho ISHIDA
RiMEME MR 1R RirEME IE EF
Technical Associate ~ Masaki ICHIHARA Technical Associate  Tsuneo KITAZAWA
riErmE vt ER RErmE BE EE
Technical Associate  Masayoshi KOIKE Technical Associate ~ Masahiko ISOBE
RiTEMBE TSI wiErme KH ®{T s Y2 A
Technical Associate  Touru YAMAUCHI Technical Associate  Hiroyuki YATA - 7
_ Supercomputer
e y = = P b = [
BWmBmE AR BT oM oB o8  fEE B Hitachi SR11000/48 model J1
Technical Associate  Yoko KIUCHI Technical Associate  Takaki FUKUDA
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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-A033V20s5 (A = Li, Na, Ag, Ca, Sr, Pb), (4) new
charge/orbital order transitions and room temperature CMR
in A-site ordered perovskite manganites RBaMn,Og, (5) novel
phase transitions caused by the interplay among charge, orbital,
spin and lattice degrees of freedom in 3D frustrated spinel
oxides, (6) metal-insulator transitions in hollandite vanadates,
AngO]s (A =K and Rb).

<
=
10
BEEMEAERE TEARRR &HREOERR,
Physical property measurement system under ultra-high
pressure, “Oshitaro’, and the enlarged sample part. 0 2

AT —~ Research Subjects

I T T T H

B-Lig 36205
B-Lio33V20s @ [ 1 — 38 F (P-T) 18 H,
AFLR.O : Ri&HE#KRE. C.O.: BT
JE£EMH. SC.: BIREE, EHICLDE
HEIBIFMZ S5h, BLEEIREN 2,
2 EEOBEEBNEET .

Pressure-temperature (P-T) phase
diagram of B-Lig.33V20s. AF.L.R.O:
antiferromagnetic order, C.O.: charge
ordered phase, S.C.: superconducting
phase. The charge ordered phase is
suppressed under high pressure and the
superconducting phase appears. There
exist two kinds of superconducting
phase in B-Lio,33V205.

P(GPa)

1. BReRBZza0RY. LT EPEDER ERNELMS & CETFEOHE
Synthesis of transition metal oxides and chalcogenides by controlling stoichiometry and phase equilibrium

2. BiEH & O XHROIFT D2 DHHE I L 2 BSHEB O

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

3. BRI - BKHMEE O &b FEEH L CETFHEMNROMR
Study on novel electromagnetic properties related to correlated electrons

4., FESKHIE RIGBIRAEDRHFES & BIHRE T TOERKIC L 2FE DR
Synthesis of new materials under various conditions including high-pressure
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B RERY SRHBE RO EMTH 5, FFIT/H
SHBAEVETFHEZROBEXIGR (BRTFAEVYR) I8
W, W=y KEC Lo TRELTWwS dETD
v U THP AV FIROHIENIC L > CE RO 518, &
TR X 2 BN BRI S N 5, KIFFEE T,
4 i BB EIBBAY OIS & Yt RIS 2 M
WWEHLADRS, FiEEREZT ., MHBEE TR0y
BRYOHAI Z2MELTw 5, BIEAHLTW 201
S ERARL LA VBT T, 2 2 TSN 7
FAM L=y avicko TERERTFINZ N, =T
O EDRN O LR LR ES IR I N 5, ik, 3
RIL7 FALL—vavigfz267 25341070 7Bt
¥ Cd2Re207 % AOs20¢6 (A = K, Rb, Cs) iIZEWTH I
IR 2 L L 7,

B /X100 A7 B{MBIRE R AOs206 DEXIEN, BREGBE
ElE 33K (Cs). 6.3K (Rb). 9.6 K (K) TH5,
Superconducting transitions observed in resistivity for the

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

X7 —<~ 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,Re2O7 and AOs;0¢
(A =K, Rb, Cs) which crystallize in such a three-dimensionally
frustrated lattice.

AOs,0,

p (mQem)

0 50 100 150 200

1. ILWEFRAE YRR GREEEFRYEDRE

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

2. XF v U 7EANIC & B RBREETF ROV LR

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

3. BIRBEER
High-Tc superconductors
4. REIBHRBEROBERBEOFER

Growth of large single crystals and thin films of transition-metal oxides
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.

the simple Neel state.

X7 —<~ Research Subjects

2R5T SUIN) NAEVYRILTETIL
IKEWTRERSIhBV B SKRE #7
DRKFAEY W & DBED®RS
ERY. BARBETIICEWTE
D& SBIRED N=5 U ETHIRY
%, INICHLT N=4 LT TREE
REEFELZDR—ILIRETH S,
The VBS state that appears in
the two-dimensional SU(N)
Heisenberg model. A darker Ton
line corresponds to a spin pairs
with stronger correlation. In the
model with the fundamental
I representation, the VBS state
becomes the ground state for N=5
or larger. For N=4 or smaller, on
the other hand, the ground state is

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, computational physics. This new category
is playing a complementary role to the other two traditional
ones, experimental and theoretical physics. The computational
physics is particularly powerful in dealing with many body
problems. We have been developing new Monte Carlo methods
for quantum spin, boson and fermion models defined on a
lattice, and solved several problems. For example, we extended
the cluster algorithm to novel models that cannot be expressed
as a simple Heisenberg model, such as the bilinear-biquadratic
model and the SU(N) models. The bilinear-biquadratic model,
in particular, is a recent focus of attention since it may be the
model of the super-cooled atom system trapped in an optically
generated lattice. Besides the quantum models, we are also
working on the classical frustrated systems, such as spin glasses.

2500
2000
1500
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500

-500

-0.05 0 0.05 0.1

V B SREICE T 2 UFEROHRERNH, B x FADY 1Y -
PR, HEd y ARAOY A X —HRFERICHIE U, REMNRVWEEHE
BENBVN EERT,

The probability distribution of the dimerization order parameter.
The horizontal or vertical direction in the figure corresponds to the
dimerization in the x or y direction, respectively. The brighter red
indicates high probability.

1. HILLWEFHORREBFRARR

Search for novel states in quantum systems and quantum critical phenomena

2. ZEBEOREREDHR. FHICEFEY T HILDEDFHF EDREH
Numerical methods for many-body physics, in particular, new quantum Monte Carlo techniques

3. REVI SR
Spin glasses
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During this visit for 5 months, I worked on the project “CMR
at the ambient temperature” with Y. Ueda’ Group. The perovskite
manganese oxides have attracted in colossal magnetoresistance
(CMR) effect. The CMR has been observed far below room
temperature in ordinal perovskite manganese oxides, which
is disadvantage for application. Very recently, Y. Ueda’ group
developed the A-site ordered manganites RBaMn,Os (R =
rare earth elements) and realized room temperature CMR
over 1000% by introducing some disorder into the A-site
ordered manganites. For this project, I employed my finding
of the methodology to optimize CMR and the excellent phase
diagram of the A-site ordered manganites RBaMn;Og obtained
by Y. Ueda’ group recently. We synthesized various kinds of
A-site ordered manganites with both structural and charge
randomness, and evaluated CMR effect. Finally we succeeded in
realizing CMR beyond 2000% at room temperature.

BB FAEC YRR Z2 NI L 7244 F L0
VIR R 2 T W EEZTw D, ZDBRICHW
2D ETEY T AN BEICRESI N D EHFOFHEFIE
ESBITLAHRT AP EOUR I N ETH B, B
iz A v HEEHOH 2 S=1/ 28 TFAEY
EFNICET S deconfined EHFHABRK 2L L 720
EFEZT0D, RLAEBEABHEERO® 5 2 Rt
ARV ETFTIIZEB LT, 2—VIREDLS VB Sk
BADIBEEMNE L, ZNEILICHEIVLT, 20D
557 deconfined & THRABKOHNIC 2> T WD 2k
ZALGET B DEIEZT VW, i, FROERRB
RKERJTIEPOET IV, ELICHBNIFS SO
BAERIETH Z DFEIRE I T3 UL) ik % &
AT L) BEAICOWTORE LTV, 2O0D%
7% %5V BSREMOELEZRT LI BETLVEMELT 2
ZEHHRD ZFETH B, T TY) RLFFEDHITIL,
V BEJEZ W7 BB AR TV vy BT —
7L 2D FE D HiEe BB I 0,

73

I plan to carry out computational studies of quantum spin
systems and related lattice many-body models, using existing
methods (primarily various quantum Monte Carlo approaches)
as well as new and improved methods under development.
Problems to be addressed include deconfined quantum-
criticality in S=1/2 models with multi-spin interactions. I
have recently identified a transition between the Neel state
and a valence-bond-solid (VBS) state in a 2D Heisenberg
model with 4-spin interactions and intend to work on further
characterizations of its critical point, which appears to be
an example of a deconfined quantum-critical point. I will
also investigate other related models that can be expected to
exhibit similar transitions, with the particular aim of further
investigating the emergent U(1) symmetry which has been
predicted theoretically and observed in my initial studies. I
also plan to construct and study models exhibiting transitions
between two different VBS states. In algorithm development, I
plan to work on variational schemes in the valance bond basis
as well as with methods utilizing tensor-network states and their
generalizations.
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YRGS (Materials Design Division)
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Supercomputer Center
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Chairperson : O. SUGINO
Contact Person : N. KAWASHIMA
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TWwa, BIEEDOY AT LIF PR 1743 AlIcEHI N
HDT, BREAICK D E S, — PR 2 H o3
(Hitachi SR11000 model J1/48) & &\ > ¥ANLERAE 1) % F5
OB A AI R (SGI Altix3700Bx2/1280) %1% &
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ac.jp/center/) #ZMHI N7\,

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

I155P Supercomputer System

System A
Hitachi SR11000 mod

System B ‘

MR RFAZ —/{—2
YE1—9 Y RT LB
The Supercomputer System
Institute for Solid State Physics. University of Tokve 9t the SCC-ISSP.

B % FH F T Research Associate : Y. YOSHIMOTO
B #% S=H #J> Research Associate : Y. TOMITA

B % $5K PERSE  Research Associate : T. SUZUKI

Bh #% AH 2FE Research Associate : Y. ISHIDA

wErI®ME KHE BT
i B 8 B ZRELK  Technical Associate : T. FUKUDA

2. iy b7 — 2 B

RETIE, YT LAN, B X O, A =Ly —
N, 77 ANT =N WWW 3 —8 (BRI R — & = —
¥ http://www.issp.u-tokyo.ac.jp) o &Y — N0 E
HOER 217w, REEAEZEO AT L Tw 5,
PEER Yy b7 — 7 TIIHERFEF v VA Ry P 7 —
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Technical Associate : H. YATA

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.

A==y ¥Ea21—% YRX7LB (SGIAltix3700Bx2/1280)
The supercomputer system B (SGI Altix3700Bx2/1280)
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YV AR« SFliE (Materials Synthesis and Characterization Division)

PIH G LI B

Materials Synthesis Section Chemical Analysis Section

B Y% B8 EH =T ContactPerson: Z HIROI B Y mEe FH B Contact Person : Y. UEDA
EMEE JuE [EE  Technical Associate : T. KITAZAWA B Offf B 8 KN PBEF  Technical Associate : Y. KIUCHI
RTEMIBE IRES 1E/Z  Technical Associate : M. ISOBE

KETE, HWHO AR, BAYE D BB, B RETE, PETIRICHR AWENIC> » T OS5
B CERRBOARZGoT 05, $1. & OB LWBEOSITAEOR S X B TFEC X 5
AT B R, AU TR B 2B APRIORIME X OB R AT 5 e, BRRE - T - (L

DIFEF AT & LT L Tw 2, B D 2 SRRk 2 TN A O SEFAIATICHE L Tw 2,

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.

FEXRE

TO0-F4 VUV - VEESERA. BER51 LA REERF (BN FEDE
bﬂ?&iﬁj YW IS VIR, 73y IR, T=URBFF. U=y MNRE). iﬁ%%iﬁ%ﬁﬁfxﬁv,r SOFFSAHY—, BEEASE ;&-,751*7
BHEEKEEE (100 Torr). BEYIMHE HEIEDAAITEE. SEEME. EFRT. BERXERE. AEHR. B
Main Facilities EREERE. MKEERE, RIGERRE

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.

BisR5| LR EEBTEMSE—XBY/07F 71—
Czochralski pulling apparatus with an induction heating system SEM-EDX/WDX
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Y AR« SFliE (Materials Synthesis and Characterization Division)
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X-ray Diffraction Section

B Y e EBHE Contact Person : Z. HIROI

Bh #% | JE— Research Associate : J. YAMAURA

BURR P2 $ W H O BFEP I BV T, K
RGERNT (3> THELMEZ 50 2, AT, Xk
[T 2 VT BT O Rl G PR IS & B RE A
b7 EWEREGE DI 217 ) Lz, BTNt OpFE# I
Xt U ChEs A o4k, i 211> Tw 5,

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

performed in the temperature range of 7-300 K.

FERR
ER X REIHTEN. A X—I > 7T L — MRUXHRETET. HR XIRERT
KB, DUIAXZ, TARYNILTAXS

Main Facilities

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

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

B Y mFE FH B Contact Person : Y. UEDA
EMEME ThE 1FE#  Technical Associate : M. ICHIHARA
BRITEFIBE /ot 1IEZX  Technical Associate : M. KOIKE

BB Y E O ARG R O 1% FBTH %,
ARETIE, BTRLALTOBBREBET 2720, &
ITPRRETE & SR YU b A - B 2 i A . MR O
MG 7S 2 179 & Hc, @i 2 At st o FILATICBE L,
SEFEF TSP 217> T %,

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.

SN
200 kV BFRBRHAFAMTEFRHE. EE -
E—LKE, BRERHERDcH DIELZ DEKE

ey — 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 BFRHFLATEFBRHE
200 kV electron microscope with an X-ray micro-analyzer
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Materials Design and Characterization Laboratory

YV AR« SFliE (Materials Synthesis and Characterization Division)

PR S p, i | TR

Electromagnetic Measurements Section Spectroscopy Section

B Y BB K ZFIA Contact Person : Y. IYE B % FF B HE 2 ContactPerson:H. TAJIMA
B Y% mE B Contact Person : M. TAKIGAWA B Y mE KRt ® Contact Person : T. SUEMOTO

B Y% 8 EH ET Contact Person: Z HIROI
EifEmMBE UAN & Technical Associate : T. YAMAUCHI

ARETIE, WHOIHAWIEE T H 5 EAMNE KA MEE PHTED & 2 Se#PERES: 2 i 2. TNt o I RAIH]
Z, IR X OGS OINCHiEICO > THIET 5 L & WAEL T 5,
iz, MOSCRFIENIE S, PIRRHENNE R, Rin SR The Spectroscopy Section offers joint-use facilities for
fi7e £ Dz TN O L FEF I L Twe 5, standard optical measurements. The facilities can be used for

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

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

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

supported in this Section: electrical resistivity, magnetoresistance

and Hall effect, magnetization, magneto-quantum oscillatory Ig;;@ DASEAES . FAANNES . 5T NN HETE/C
N I als 71N Ixal~ =.al~ =
phenomena, a.c. susceptibility, magnetic torque, and NMR. LR L —H— SR

Main Facilities
UV and VIS absorption spectrometer, IR spectrometer, Raman
FERF
15/ 1 7T7AZBEEYITRY M A7V Y N5 FITBEEYY
2y b NUDLATY-), REBESECAIERE (VSM), 16/18
FATEE—BEEY %y b (NMR). SQU | DELEIEREE (MP
MS). AEYIEAELE (PPMS). 7ORIA(IIEBREYI XY b

spectrometer with Ar ion laser, Tunable dye laser equipped
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.

RS RERE FFRERER
SQUID magnetometer (MPMS) Spectrometers (Room A468)
77
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International MegaGauss Science Laboratory
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RIREENICRE U "BRIBEME) <L 2BBISRERE. ¥
RESRERE & U TEERERR 600 7 X ZMOMREHFZMRE L T
W3, FHDcEIAN. WY A RICEBRIBREYTRY My b
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RGOV ABISREKETH B, BRAPAEPHIBIEER
BB EDYHEMRICHBEINTNS,

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

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

extreme quantum limit conditions.

B ® (ERR) BIL ETER B %

Professor (Director)  Shojiro TAKEYAMA Research Associate

O £EB E— B

Professor Koichi KINDO Research Associate

N dSe I e o =

HEHER oK g iTEFIE

Associate Professor ~ Masashi TOKUNAGA Technical Associate
% it B 8
Technical Associate
® B8

Technical Associate
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Takeyama Group

W R R R F8 ATk T b 2 LIRS B & a A
WIER TN T A A 2280 ZRESFE BT % 415 T
%, BNTRMRREREEEZFEI L TwD, 7,
D& nETEIREE T coPtEllE FEoRME L &
HIZ, I FIERYEOYIEGHI & T2 HEHE L Tv 5,
SR TR 2 FH\L T A A AGE TR T 28T L
WYIEMHO®R % EVMEYBLORT 2 ES Tv 5, il
5 4 711 BRI C O 5 85 BEOG i L IR  5 k SRO 2
H—RyF ) Fa—T2HOBRESE T NS ) 7 R—
LR DA BIN . B WA E S T id 2 T
BN R E LTRSS P CHEBLT 26 T - AE
v hMKE T A YV B B SRR R T %
BiR7% SR L T 5, MBS P cLEbsHifEsn
TVLBIRTFR—R - 74 v 284 VD% %
ER LRSS, 792 L — FRTAE Y ROMIER
%7 7 77 —BRIC X 2 EAMEE DR E DR L T
W3,

800

=]
(=1
=]

e
[=1
=

Magnetic Field [T]

(%]

(=1

=1
T

F —— Experiment |, 3.8 MJ

F — Experiment Il, 3.8 MJ
0 o
30 35 40 45

Time [us]
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ERLIEY 7y TaAAIDESZTRYT, 2RIEDEBETHHRELTWS,

The pick-up coil signals, which have renewed the world indoor record,
showing the magnetic fields up to 630 T with 3.8 MJ energy injection into
the newly designed coil achieved by the electro-magnetic flux-compression
method. A backdrop is a picture of a newly designed primary coil with an
inner wall of a cupper sheet recently devised.

A% 7T —~ Research Subjects

1. BIREEREISRAE & WIS RIBITRR

5k 1L 7€ =2

[E RIS P A FEHiEX  International MegaGauss Science Laboratory

B & Bl IEZER
Professor Shojiro TAKEYAMA
B % N

Research Associate Eiji KOJIMA

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

field.
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50 100 150
Magnetic Field (T)

T7ZAMNL—RREYRDRAERILEEALYD 1 D ZnCro04 TD, —&E 1A
THREUCRBERSE 190 TETOTOHRILERRLETY 7 57 —MEEES. 120
TEFETHERAEY 1/2 75 F = OBK—RIBEBEIRAS i, AERFT
DRDER—IVRE 12K LD{EWI K TITFo 1o

The Faraday rotation signal of a spinel oxside, ZnCr;Oy4, a prototype of a
frustrated spin system, measured up to a ultra-high magnetic field 190 T
generated by the single-turn coil method. The first order transition into the
spinl/2 plateau was clearly observed at 120 T at 9 K, which was below the
Néel temperature Tx (=12 K).

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

2. BEREXMERETORIIEENR

Magneto-optics of high-density optically excited states
3. A—IRYF/Fa—TOHBIAFE

Magneto-optics of carbon nano-tubes

4. BRI R T 1HE

Exction correlation under extremely high magnetic fields
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Kindo Group
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DEE,

A picture of the
experimental set-up
for X-ray diffraction
measurements under [
pulsed high magnetic §
field installed in the
beamline BL19LXU at
SPring-8.

ff%7T—~ Research Subjects
1. EFAEYRYE OHIERR

Study on magnetism of quantum spin systems
2. BIEREEYE OB & (B DR

358 W 7E =

[E BRI S P2 FENiiEX  International MegaGauss Science Laboratory

B & B E—
Professor Koichi KINDO
B % 1SRRI

Research Associate Yasuo NARUMI

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

1. Short pulse magnet: Pulse duration 6 ms, maximum field 70 T
2. Long pulse magnet: Pulse duration 30 ms, maximum field 65 T

Short pulse magnet is used mainly for magnetization
measurements on insulating materials and Long pulse magnet is
used for magnetization and magneto-resistance measurements
on metallic materials. Our magnet has been breaking the world
record of non-destructive magnetic field and we continue to
develop a new magnet aiming at the new world record of 100
T. A four-year project has been started from 2006 to generate
long pulsed field with the duration of 1-10 seconds by use of the
largest DC generator equipped with flywheels.

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

LSCO on LaSrAlO4 substrate LSCO on SrTiO, substratc
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An example of magneto-resistance by use of a 70 T magnet.

Study on magnetism and conductivity of strongly correlated electron systems

3. FEMIE 100 T RSN T Ry N DR
Development of non-destructive 100 T-magnet
4. BOYTZINVAR T Xy N DFEFE
Development of ultra-long pulse magnet
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Tokunaga Group
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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. IEETHERICH TR TILF 7 O v I RO
Study of multiferroic effects in non-collinear magnets

2. EARN 2 ZE0BBERRLYICE 1T 2 XEHEYE

Bl i ik 7E =

[E SRS B AT FENERE  International MegaGauss Science Laboratory

S fBx g®
Associate Professor Masashi TOKUNAGA

Magnetic-fields have been utilized as a useful external
perturbation to accurately control the electronic states in
materials. We develop various kinds of experimental systems
for precise investigations of physical properties in pulsed-high
magnetic fields generated by non-destructive magnets.

We mainly study field-induced phase transitions in strongly
correlated electron systems in which multiple degrees of freedom
couple to each other. We are going to clarify the nature of such
system through detailed measurements on magnetization,
magnetoresistance, magnetostriction, electric polarization, and
spectroscopy in pulsed high magnetic fields. In addition, we
are going to develop novel experimental technique, e.g. high-
speed imaging in pulsed magnetic fields and various kinds of
thermodynamic measurements with high accuracy. Experiments
in high magnetic fields are carried out in collaboration with

Prof. Kindo’s group in ISSP.
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Magnetic field-induced transitions in bismuth-based manganites.
Concomitantly with the demonstrated magnetic transitions,
magnetoresistance and magnetostriction show drastic changes.

(=]

Cross-correlation effects in bismuth-based transition-metal oxides

3. NLAREIS T IC & 1T 2 =R RICIRHERER S

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

4. NV RERES T ICH T 2HSRHAEWNTRAE

Measurements of magneto-caloric effects in pulsed-high magnetic fields
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Supporting Facilities

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

EHPMTbN S,
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EREER
Chairperson
Cryogenics service

IHEEER

Chairperson
Model shop
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Chairperson
Radiation lab.
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Chairperson
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Chairperson
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Chairperson
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Publication and advetisement
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Supporting Facilities

BREER WERE £HS
gifEmEe B
O B E|ll ¥5F Technical Associate: R. SAGIYAMA
%1 B FRIER X
(EBtEvy—)

Chairperson: T. SAKAKIBARA
Technical Associate: H. TSUCHIYA

m

Technical Associate: M. ABE
(Cryogenic Research Center)

m
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The aim of this laboratory is to supply liquid helium and
liquid nitrogen, and to give general services concerning
cryogenic techniques. The laboratory also takes care of high-
pressure gas cylinders used in Kashiwa Campus. Liquid helium
is produced by the laboratory’s own liquefier and supplied to the
researchers and students. The evaporated helium gas is recovered
and purified in this laboratory for recycling liquefactions. In
the 2006 fiscal year, 260,000 L of liquid helium was produced as
a total and 197,000 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 565,000 L in the same year.

I®EER Kt B
RITEMBE [E8 3{E  Technical Associate: K. OKABE
EMEMRBE LIEF 2

mExEEs S B
mExEEs B FE
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Chairperson: T. SUEMOTO

Technical Associate: J. YAMAZAKI
Technical Staff: T. IMAI

Technical Staff: Y. ENOMOTO
Technical Staff: S. MURANUKI
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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.

FEXE
KM TIEE @ S@Elfvy =ty v —. NCHeE,
BET T R, EIMIHE
AZRAIHE : HS 2B, v 7)REKF. BERMIHE.
FAVPEYRNYRY —
ARETEE - Fheheil. BRI Bl 7510 28, R—)L#E

Main Facilities

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

TELE Main Facilities Glass shop: Lathe for Glass Work, Polishing Tool,
AU LBIEE | (U YF) Helium liquefier system | (Linde) 200 L/hr Ultrasonic Machining Tool
A LRIEEE I (U YF) Helium liquefier system Il (Linde) 150 L/hr  Supporting Machine Shop: Universal Lathes, Precision Lathes,
RENY D LETTE Liquid helium storage vessel 6,000 L Milling Machines
BRAEREE Liquid nitrogen storage tanks 20,000 L
EUNEAAY 9 LA ZEEE  Helium gas recovery compressor 190 m3/hr
BBANY D LAHRAR Liquid helium transport containers
500 L, 250 L, 100 L etc.
BEORAY D LRERY T

Centrifugal liquid helium pump system 20 L/min

==

e N L1
AU LRI, BEE L OERDRS LRV T
Helium liquefier, storage and transfer system

NC S (c & 21k
Numerically controlled lathe
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WEHREEEER SFE BIZE  Chairperson: T. TATAHASHI
RMEMEBE BHE M Technical Associate: K. NOZAWA
(RUETIREUIR EE) (Radiation Protection Supervisor)
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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.

BRI

bt EREE GEEHZREYEZ BN TR 2V MERFRATHE— DR
=), RYMOVERE (PNaBHigRzBWERRY OV E—LAl
L BRBNTZZ). HELIREE. Ge FEHERHE., offiRHE. &RiE
IVFL=vayvhorId— EY—RAAX—F—5F FEREZE (\
YRI7YRNIAOREZY —IC L BBEDOMHER

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.

NYRZyhIOREZY—
The 7ch hand-foot-clothing monitor

E2FXZER £E &— Chairperson: K KINDO
% £ JE¥%E BH3E Administrative Staff: R. WATANABE
— % B 8 HBI, HF  Administrative Staff: N. SOGA

YW ZE AT X = WP ATERAZ O H IS e AT i
HEDMALKEGEDOHE & &bz, 2EOHFEFH
WEE DIz, MEREZ L & L 7B % %5008
L. FIHIcfL T3,

FiERHIA v ¥ —F v b TR TE %, FIRER
HCHHERFANTRAHIN T I2E Y *—FLP
F=F R=2ADBFHTE S,

F 7o RPN D TR IXIFEAR R BRI 1< & %5
BMEG, BERY — 22T 0EB RS T
5,

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

Service hours: Monday-Friday 9:30-17:00
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http://www.issp.u-tokyo.ac.jp/labs/tosyo/
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Supporting Facilities
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E¥AELEE PHU+{E /F Administrative Staff: H. AIZUMI

Chairperson: Y. TAKADA
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{EHE EAitg 127 = 7 R—YTEMTE 5, (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)
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The International Liaison Office handles various international
matters at ISSP under the supervision of the Committee for
international affairs. The major functions are the coordination
of a visiting professorship program, the assistance in ISSP
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.
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International Liaison Office
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Graduate School of Frontier Science
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Transdisciplinary Sciences Bldg
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Transd[smpllnary Sciences Laboratory
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Short Pulse Magnet Laboratory
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Advanced Spectroscopy Laboratory
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Synchrotoron Radiation Laboratory
® O>7 )L X585 R ERAE
Long Pulse Magnet Laboratory
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Institute for Cosmic Ray Research
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Computational Biology Laboratory
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General Research Building
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Environmental Science Center, Kashiwa Branch
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