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| “;fPreface

Institute for Solid State Physics (ISSP) was established in

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

of Tokyo and has acted as a central organization in the field of
materials science in Japan. After 40 years of activity in Roppongi
campus, ISSP moved to Kashiwa campus and started afresh in
2000. Thanks to new research buildings and renewal of research

facilities, the research environment in Kashiwa by far exceeds that

in Roppongi. Transportation, one of the major problems at the
time of relocation, has been greatly improved after the opening of FrE Director
Tsukuba Express railway in 2005.

Over the last couple of years, MEXT took the initiative in % ﬁgl\
renovating the joint-use research institute scheme in Japan. ISSP IYE  Yasuhiro
was duly granted the authorization as a joint usage/research
center in the new scheme. Since it is precisely what ISSP pursued
since its establishment, it does not imply any change in our mode of operation except that the Advisory Committee
for Joint Research is explicitly authorized as the decision-making committee on the issues of joint-use/joint-research
activities.

In recent years, the relative weight of researches using large facilities has increased immensely even in the field of
materials science which is traditionally thought to belong to the so-called small science category. ISSP is in charge
of operating some of those large facilities which are difficult to maintain by ordinary university faculties. Here we
briefly report the state of affairs and problems about those undertakings. As for the Synchrotron Radiation Labora-
tory, we celebrated the completion of Materials Science Beamline at the SPring-8 Facility under the University of
Tokyo Outstation Project in October 2009. As for the Neutron Science Laboratory, we hold a ceremony to celebrate
the completion of the High-Resolution Chopper Spectrometer at the BL12 of J-PARC/MLF in collaboration with KEK
in March 2010. At the International Megagauss Science Laboratory, the non-destructive long-pulse magnet project is
vigorously pursued with a dc generator with flywheel now in operation. As for the destructive ultrahigh magnetic field
project by the electromagnetic compression method, replacement of the superannuated sub bank and reinforcement
of the main bank are granted recently by the MEXT. As for the Next-Generation Supercomputer Project, ISSP has
been selected as the representative institute to lead the research in the Strategic Field 2, “New Materials and Energy
Creation”. The kick-off Symposium of the Computational Materials Science Initiative (CMSI) newly established in
collaboration with the Institute of Molecular Science and the Institute of Materials Research, Tohoku University to
encompass the fields of computational condensed matter science, molecular science and materials science was held in
September 2010.

These large-scale facilities and projects tend to be conducted by cooperation of multiple research organizations. In
some cases it is necessary to device a new scheme for operation, which by itself is a challenge. We shall seek the ways

for ISSP to function better by keeping close contact with the research communities in the respective subfields.

October 2010

Yasuhiro Iye, Director
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ISSP Main Building at Roppongi Campus (1963)
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The Institute for Solid State Physics (ISSP) of
the University of Tokyo was established on April 1
in 1957 as a joint research laboratory based upon the
recommendation of the Science Council of Japan and
the concurrence between the Ministry of Education,
Science and Culture and the Science and Technology
Agency in order to carry on basic research in condensed
matter physics. Within the first 15 to 20 years, ISSP
had achieved its original mission, that is to serve as
the central laboratory of materials science in Japan
equipped with state-of-art facilities that were open
for all domestic researches in order to catch up on the

research in Japan with the international level.

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

exploring new materials and their novel properties.

5

In 1996, another major reorganization of ISSP into
the "third generation" took place, in order to pursue
new frontiers beyond the traditional disciplines and
become an international center of materials science.
One example is to explore new phenomena in combined
environments of various extreme conditions, since
individual technologies for high magnetic field, low
temperature and high pressure had reached certain
maturity during the "second generation". Another
example is the study of artificially designed materials
such as thin films, materials fabricated on surfaces and
mesoscopic systems with nanoscale structure. Focused
efforts are also planned on synthesis and characteriza-
tion of new materials with the aid of computational
physics, which allows us to design and predict proper-
ties of new materials. Currently in ISSP, there are five
research divisions (New Materials Science, Condensed
Matter Theory, Nanoscale Science (its name changed
from Frontier Areas Research in 2004), Physics in
Extreme Conditions, and Advanced Spectroscopy)
and three research facilities (Synchrotron Radiation,
Neutron Science, and Materials Design and Charac-
terization Laboratories). In addition, there is a visiting
staff division as well as two foreign visiting professor

positions.

ISSP was relocated to the new campus in Kashiwa
of the University of Tokyo in March 2000 after the
43 years of activities at the Roppongi campus in
downtown Tokyo. Here ISSP is aiming at creating new
areas of science in collaboration with other institutions
in Kashiwa. Meanwhile the University of Tokyo was
transformed into a national university corporation in
2004 and thus ISSP is expected to play new roles as a
joint research Laboratory in a university corporation.
In 2006, the ISSP established International MegaGauss
Sciene Laboratory and started serving as an interna-

tional center of physics in high magnetic fields.
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SEFEMHBERT & L CHR
Establishment of ISSP as a joint research laboratory
BB - BREWAS 2 00T, BRI S IR ¢ RSARAE 1 SRR
Opening of Radio and Microwave Spectroscopy, Theory II, and Crystallography I divisions
7 A2 S/ d s R LR ] R s
Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions
RS, - RS 1 FRFIaEER
Opening of Low Temperature and Magnetism I divisions
A - oy - AR EA - T - BRI P THE ER
Opening of Semiconductor, Molecular Physics, Lattice Imperfections, Plasticity, and Nuclear
Radiation divisions
fEAES 2 - BEERES 1 - WA - SRR
Opening of Crystallography II, Theory I, Solid State Nucleus, Surface Properties, and Molecular
Science divisions
YrttwrZErT R
Inauguration of ISSP
G5 2+ JEGhiA - AT - BEEES 3 BRFIH R, 20 HfT & 4 B
Opening of Magnetism II, Solid Materials, High Pressure, and Theory III divisions. Total 20 divisions
FEEL AR 2 SRR I SR
Solid Materials division was renamed as Inorganic Materials division
kT mI R s
Opening of Neutron Diffraction division
EAEMERET (F BEF) et (22 ML % 2)
Opening of Solid State division (visiting staff), resulting in 22 divisions in total
LIRENELY/NER T TG din
Foundation of Synchrotron Radiation Laboratory
AR PR SE i T
Ultra-Low-Temperature Laboratory building completed
fERD 22 FMHHRRYEAR (BRI, MRV — — Rk, BRI B EE)
BB TERRT, iR EERET, BRI & & B G 0 6 KREFIR 0% B
HRFT 1 IS FHRBL S 115
Reorganization of ISSP from 22 small divisions to five large divisions, Physics in Extreme Condi-
tions (including ultra-high magnetic field, laser physics, surface science, ultra-low temperatures
and very high pressure laboratory), Synchrotron Radiation, Neutron Diffraction, Condensed Mat-
terand T heory divisions and one Visiting Staff division
BRIy - HRBR L — o — BRI T
Ultra-ngh Magnetic Field Laboratory and Laser Laboratory building completed

6
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1989

1993

1995

1996

1997

1999

2000

2001

2003

2004

2005

2006

2007

2010

FEBHFEERM (KR 10 42) s s ., 6 K& 7% 5

Opening of Materials Development division

55 1 [ ISSP [HX s > Koo & TEBGHIZSAROYEE & (bye) Bafi (DARESUE 2 LI hifik)

The 1st ISSP International Symposium on "The Physics and Chemistry of Organic Superconductors"
bk - RCGELBFFE R D BTz

Foundation of Neutron Scattering Laboratory

IR RRFAT 235 S 4 5

Evaluation of scientific achievements of ISSP by an international external committee
FERs, YEEER, ok, MRBREMIME, Jedior ot b KRR & WOE R T SRR
T AL TR RS BT 7 (BRI R 2 N 2 7 3 i I P < 41 5

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

RN F ¥ /8 2T BT 2 VWL T SRR a1

Construction of the new ISSP buildings in Kashiwa campus started

H T RCELATF R 3 C AR 23 FEfE S 4 %

Evaluation of activities of Neutron Scattering Laboratory by the external committee

Hi¥ v v R 2 ~DOBIEHIG

Relocation to Kashiwa campus started

B 1

Relocation completed

HHEINE BTa

Opening of foreign visiting professorship

kB FE i A oS rh - B AR R 1 St

Reorganization to Neutron Science Laboratory from Neutron Scattering Laboratory

Py G Rl iR TOMEREHTT 235 S 1

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

FBHRREDERIRAEANREREE 2 D

The University of Tokyo was transformed into a national university corporation
Sttt E I 2 F 2 A — VTR E RIS A PR AR T

Division of Frontier Areas Research was renamed as Division of Nanoscale Science
SHEREHi 23 FE N S 1 %

Evaluation of scientific achievements of ISSP by the external committee

[ R B P A RIE S R D BT

Foundation of International MegaGauss Science Laboratory

AISZ 50 ARl

Celebration of 50th anniversary

SEFEFIA - EFFZEILN & LTEEn

Start as a joint usage/research center
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Admlmstratlo

B (BRR)
Faculty

I
AEREGHS

Selection Committee

)-"Q‘;

l

- BB i HiEhEER
Administrative Office Supporting Facilities
ERRE

“d
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Cryogenic Service Laboratory

IHE=E
Model Shop

BEHREERE
Radiation Safety Laboratory

L HME=
Library

ANy TIL—L
Stock Room

ERARE ]
International Liaison Office
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Director

ey
ISSP Advisory Committee

HEFIREREMEER

Advisory Committee for Joint Research

HimHE e | . g
Research Facilities Research Divisions Visiting Staff
NEAER
i eV ENL e i o i B R RS Foreign Visiting Staff
Synchrotron Radiation Laboratory Division of New Materials Science
tt T
P s U i TR SR T ERr]
) LSS Division of Condensed Matter Theory
| Materials Design and Characterization Laboratory|
L Ezzgs  FRT—ERER
Advisory Committee Division of Nanoscale Science
| N EP'IES?rTSlff—EH;Lﬁé@Eﬁ
eutron Science Laborator: -
z i RS BT
LE%“%E% Division of Physics in Extreme Conditions
Advisory Committee
L EFRBRES R A IR Lo AN S E o B Be
International MegaGauss Science Laboratory ~ Division of Advanced Spectroscopy

| @=zss _
Advisory Committee

ISSP belongs to the University of Tokyo. At the same
time, its facilities are open to all domestic researchers
participating in joint research. In April 2010, ISSP
was duly granted the authorization as a joint usage/
research center. The administrative decisions are made
at the faculty meeting chaired by the director and
attended by professors and associate professors. The
ISSP Advisory Committee, consisting of nearly equal
numbers of members from and outside of the Univer-
sity of Tokyo to represent the interest of the outside
users, gives advice on various aspects of administration
upon inquiry of the director. The Advisory Committee
for Joint Research, consisting of both the in-house and
outside members, evaluates proposals for joint research,

workshops, and allocation of fund for user activities.

Currently ISSP consists of five Research Divisions,
four Research Facilities, Visiting Staff Division
and Foreign Visiting Staff Division. Among these,
Synchrotron Radiation Laboratory has branches in
the High Energy Accelerator Research Organization
(KEK), Tsukuba, Ibaraki and in the SPring-8, Sayo,

9

Hyogo, and the Neutron Science Laboratory maintains
apparatus installed at the research reactor in the Japan
Atomic Energy Agency, Tokai, Ibaraki. In addition,
supporting facilities, which include Cryogenic Labora-
tory, Model Shop, Radiation Safety Laboratory, Library
and International Liaison Office provide services to

both in-house and outside users.

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

terms of appointment.

THE INSTITUTE FOR SOLID STATE PHYSICS 2010
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Joint Research and International Collaboration

S HENEZE BHE  Domestic Joint Research

LEPERIE SRS (oo LR ERTA - SRR 2 02
T 270, XD L) RHENIRITSNTHS,

1. HEFH FT IS D3AT D sk % i > T
MEZTVIWIGEIC, ZOHEHA%ZR 2 720 DflET
Hb, ZIFARUTOWTIF THEFEIIZE, & THERFH
D2ODGHEND 5.,

2. HEUARER K, BIT 7% & ORI E
FET2HEVIMEFICN L, RINCD 7 2 KA ~DHYE
DS %ML T 2HIETH 5, ATOFTEOIEED D
& THEL B 21T ) RFbiE 2 R & L RITY
SRR & FiEdfioEB R EZHNE LTHTET %
R E O 7 b DI AR B ORED S 5,
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TAPf DR OMEEZ X 5 72 DD EC, BB
6 7 HINE L TWw3,
FEUMA—R—a v Ea—F T AT LIEA v
¥ —% v bz U CEEOYIEIEE ORI I i
Tw3,

The facilities of ISSP are open to domestic
researchers, who are encouraged to submit joint
research proposals. In addition, ISSP provides oppor-
tunities for young scientists including graduate students
across the country to do research for extended periods.
ISSP supports travel and research expenses for visitors.

The supercomputer system of ISSP is used via

internet by domestic researchers.

FIRAB
1400 researchers 1400
1300 1300
1200 1200
1100 . 1100
1000 gﬁ&% 1000
900 900
800 800
700 700
600 600
500 500
400 400
300 300
200 200
100 100
2005 2006 2007 2008 2009

BRI X BB SRR O — R DB AR P T
A—R—aY Ea— ¥ B LOHETI E LRI A & F)

Number of subjects and researchers adopted to domestic joint research

LA HEZE B miffeik  Guest House

HEFHD 72 DA KT EIFZ. ¥ vV S ZAHND
i zEZ RT3 2 EBHES, (7 28 F,
VAV 25E)

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

72 Workshop

YIS EBRIECRE T — < IcDWwT 2~ 3 HiE
FEowtfiazhlE, BhNaE#ZIT) 720 DHIET
b5, REOYENIEE ORI E, HFEAE
REMZEE I L > THRINDHEHRIRE S NS,

1,800
1,600
1,400
1,200
1,000
800
600.
400
200

SMEY
participants

0
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

FEIMZiss Workshops

10

ISSP holds domestic workshops on specific subjects
of condensed matter science typically with a two to
three-day schedule and one hundred participants.
Proposals for workshops are submitted by researchers
over the country and selected by the Advisory

Committee for Joint Research.

3 DL _E o H [F A EE 0GRl D v TR

FtE . '

it ARFEFRARIC BEOADE S0,
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1 B, 3, AR CPMR 15 4E~) %
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Tavy 7T r{ToTn5,

ISSP plays an important role as an international
center of condensed matter science. The table shows
the title and the number of participants of the ISSP
International Symposium, which started in 1989 and is
scheduled once in about every two years. The unique
facilities of ISSP have been used in many international
collaborations. Many foreign researchers have been
spending their early careers at ISSP supported by
various fellowship programs sponsored by the Japan
Society for Promotion of Science, the Ministry of
Education, Culture, Sports, Science and Technology,
and other agencies. ISSP has also been coordinating
the US-Japan cooperative research program on neutron
scattering since 1981. In addition, ISSP organizes
smaller scale international meetings.

@7 —~ O EHAH OSEH(NEN)
Title Date Participants(overseas)
£1E | BHRBLEEOYEEE .8.28-
1st The Physics and Chemistry of Organic Superconductors JetERgeas ot 205 (34)
£8[O | EBERETFRIARDRAR AP
8th Correlated Electrons BU0I= 0z 200 (25)
£ 906 | EFRIERMROHMER e
9th Quantum Condensed System 20prellTesLe JZuz)
Z£10E | BHRECHFZF /HIIVR ho.
10th Nanoscience at Surfaces 200 10 Y 247 (34)
118 | KREADYIERZ 0.1
11th Hydrogen and Water in Condensed Matter Physics 20021016 107 (21)
ISSP [FEEE> >R 74 ISSP International Symposium
o7 —< O EHH OSEH(NEN)
Title Date Participants(overseas)
Y ERALTF DXEE .2.8-
Condensed Matter Physics Meets High Energy Physics ZUtrLeelz 192 (78)
BT BEHOBIE, BHRBRDEETBREOERTR O 27 15
Quantum Solid properties, the Supersolid state, and the Vortex State
EHEYEICBIIZRAEVICEELLRR i
Spin-related Phenomena in Organic Materials 2O 94 (15)
ISSP V7 R4 —¥EBERT—7Y 3y A
ISSP International Workshop on Soft Matter Physics (ISSP/SOFT2010) AUy 107 (45)
BA - A AERT—02a3v7 T@iEEYEOEROFM. EEL
Japan-Swiss Joint Workshop "New Trends in Theory of Correlated Materials" SO0 S0 a4

BOEDEEE7 — 273 av 7 Recent International Workshops
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J\{?fjﬁ/ Education

YIERRZERT <l Rrfad 5 sk 2 A L TRl
ISR L e REBERE IS 2T 5, WIEFSERT
DEENZ, HFRTIITE L T, B RERABEH AR
WP B, (L2 EHE, HREREREEL, T
FERFAFH I LAHI, & 5 0 IXHT AR EE T
ZERMIE R B, BB T HIUCE LT 528,
NS DRERDP % 8 2 T AR IS 2 TR
EWFZEHE DEBICE S LT %, WTEITRRT I B4R,
KEFEBEEAFTLAED DDA ¥ v A% Efi L T3,
7o, BELFOZEZWNRIYEREAME LT,
EEHBVIZEY S - — v "R ORI, 2 B
LTWw3,

-
&

ISSP contributes to the graduate education in
condensed matter science using its unique facilities.
The faculties participate in the following departments of
the graduate school of the University of Tokyo: Physics,
Chemistry, Earth and Planetary Science, Applied
Physics, Advanced Materials, and Complexity Science
and Engineering. However, students are encouraged to
develop their careers across the established disciplines.
Every year a guidance and guided tour are given to
those who are interested in graduate courses in ISSP.
For undergraduate students, introductory lectures on
condensed matter science are given as one of Seminars

in Komaba campus.

{E15E#E Master Course {4388 Doctor Course
2007 & | 2008 & | 2009 % | 20104 | 2007 &£ | 2008 % | 2009 & | 2010 &
YEBHBEY  Physics 51 40 33 27 31 26 25 32
{EEEHK Chemistry 3 3 3 4 4 4 3
HEREXERIFEL  Earth & Planet. Sci. 2 1 1 0 0 0
YIEETHEL  Appl. Phys. 11 10 7 6 4 3 2
MEREIK Advanced Materials 36 38 37 38 11 13 14 13
IR T F I Complexity Sci. and Eng. 0 4 4 2 0 0 0 0
& &t 103 95 88 78 53 47 46 50
W5 AFEOFBHREBe k% Number of graduate students
SCE T/ Publicati
s Dt nl /Publication
600
PIERRZERTCIE. 4R/ 350 22 5 500 i D 244l 500
Xk E FEFER L T 5, 2009 4E D 24T SRk 402 B 0 .
WAUZ, SATEC 354, akdk 33, M3EEH 9. & (%
1 BED ) 6 LhoTV3, ¥
200
About 350 to 500 scientific issues are published 100
through annual activity in ISSP. The 402 articles
published in 2009 consist of 354 papers in refereed 2005 2006 2007 2008 2009

journals, 33 proceedings, 9 reviews, 6 books.
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/ Budget
?ﬁJZ 215EEE (2009 fiscal year)

(D)
©

&<

£ (A) A& XERIZEALD

L1 (B) #fF&E « XERIZEELD

L1 (C) FH# : REZ&LD

L1 (D) 2% - £FMAR : RE - &TELD
i) ﬂ—?ﬁﬁ%% I XERIFE - BAPIRES 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) il
ANEE /L= e ZETT HERAR | BIFHRE Total
Tk 21 £E (2009) | 1,363,182 2,748,055 7,575 405,342 754,798 5,278,952
AL 20 £ (2008) | 1,517,658 2,559,789 8,592 322,093 493,000 4,901,132
FHL 19 45 (2007) | 1,470,205 2,415,721 14,178 239,450 478,600 4,618,154
FHL 18 £ (2006) | 1,447,491 2,422,618 15,430 105,191 521,300 4,521,030
B 17 £ (2005) | 1,374,411 1,982,397 18,090 80,620 542,900 3998418
TR 16 FE (2004) | 1,341,540 2,162,225 13,180 69,574 466,200 4,052,719
gL 15 £ (2003) | 1,502,097 2,130,210 21,950 149,079 348,500 4,151,836
FHEEDHER Budget in recent years (¥4 : 7F)  (Unit: Thousand Yen)

\

2uii%k 1% /Staff Members

TR 22 £8FA1H RE

B #® HEBIR B # £ (]:= EBHE a&t
Professors Associate Research Technical Administrative Total
Professors Associates Associates Staff
® B
Number of staffs 24 21 40 34 12 131
13
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¥

Division of New Materials Science

By EREinEgs, 77— v h—Rv
F/Fa—7, AREEELEDOHICR NS
Koo, BHWE) oFFEIE I ETITMEE &
CPERMEDOH L R Z W T &/, #Hiark
PIPEBIR DOFE R F 7 FROFT L wEM P TN
A ADBHFIC S D h D, B ERETZEEM
T, FILOWEZ AL, S22 v
TZOWHEZMET A EICLY, HL WY
BUCORDB 2 YRR EZHR A LMEHT2 L%
HELE LT3,

PEBPNEBIE 7 D DFRE» S LD . &5
FIFHM AR D L ICENE O REHER
FEYHERE, B L OPHEIE RO R &%
oo, PElE 7 N — 7 L REHER 7L —
7 & DIERMI R R Z 2EEE D LS T B, R
B BRI MR & 2R BIR R R 7
DOMEZHEEL T3, MM clRBiE, &
BeERY, EOETRYE, AREE kKL
EWETFHEZ R IWEICE T2 AE Y, #L
., BRI OKFEDRRES TOMEB L5 TEHE
BERROMHE LT —<D1 2L LTED,
HHETICB U 2 WE AR RERT, MR
B 2R BSOME, KEEBAL - BGE, %
BERIEIE, PR 2 EIC B\ CE A FEER
Befhi 2 BRAE L 720 d 5 T 3,

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

In particular, we keep strong collaboration with
the Materials Design and Characterization Labora-
tory. One of the subjects of our current intensive
research is the effects of strong electronic correlation,
in particular, various ordered phases and fluctuations
involving spin, charge and orbital degrees of freedom,
in transition metal oxides, heavy electron systems,
f-electron compounds and organic conductors.
Here, various advanced experimental techniques are
employed, such as high-pressure synthesis, structural
characterization, transport, magnetic and calorimetric
measurements, nuclear magnetic resonance and

optical measurements.

[

# &

Professor

B’

Professor

# &

Professor

B’

Professor

R

Associate Professor

HEHIR

Associate Professor

FHEEED

Project Assistant Professor

EHE (BR)

Visiting Associate Professor

EHE (RB)

Visiting Associate Professor

2R GEAEE)

Visiting Professor

AR B2
Takehiko YAGI
BN =

Masashi TAKIGAWA

TR {RER

Toshiro SAKAKIBARA

& R

Hatsumi MORI

HE #z

Hiroyuki TAJIMA

it A

Satoru NAKATSUJI

Reéx s

Kenya OHGUSHI

INEFH s
Shigeki ONODA

WH B4
Masaki MATSUDA
RyG— AY¥

llya VEKHTER

B #

Research Associate

B #

Research Associate

B #

Research Associate

B #

Research Associate

B %

Research Associate

B #

Research Associate

B #

Research Associate
]
Technical Associate
KirErIHE

Technical Associate

= #E
Hiroyuki MITAMURA
=HH

Makoto YOSHIDA
HHE =

Taku OKADA

=iE —&
Kazuyuki TAKAHASHI
WA FN
Yousuke MATSUMOTO
AR H

Motoi KIMATA

e R
Shunichiro KITTAKA

Ml FEF

Chizuko MURAYAMA

& SAE

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

INAWEFE =R

Yagi Group

100 5T, BT FE % Bod i HE iR 8 & F2 B
THRAEIE, IEIELYHEOMBEAETICE T 2558
Motz s L L bic, RIENZAML 25D
BOWES, Ik - REETVEOMAZIT> T 5,

NI L S ic O REBEZ 2SI 2 H - & bk
R NRFT R =T DO EDTH 2, FHICIZBEILL S
HUST (HEEZ) £ CAVENOMREDENR>TED .,
WHEIZZ DEDPNIENIEC T2 DR ERESELD,
IRETThitbN RT3 W, 13, 2Rk
RO Eo 0 L2 IR E T, WHEOEOBRIZIX
IS GFENFIRTOWEI AR TH 5, AUFFEETIE,
RS NS B 2 XERET SR 928, [nIIGA
BoETHMERHE R 28 L T, WEHOSHKLLEEZ N
ST B M, BENEZFAL T, WETTIEES
CEVTERVHLVWYEZER LD, HIERCPRED
FRICHET 2 £ B Lo N T 3 WH OGP %2 W
LT M EHEEL T3,

B —

L—H—#5 1 VEY RZVELEBZAV CBRESREROKF. 2@DY
AVEYRICEATIO0 AREZBIEAZMALEARHC, YAG L—H—K%ER
HUHTCETMET 2,

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

38—~ Research Subjects

._‘-
AR RE MHE =
Takehiko YAGI Taku OKADA
% B
Professor Research Associate

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

interior are also carried out.

" NaAISiO,

148GPa, 2150K]

Intensity (a.u.)

9 10 11 12 13 14 15 16 17 18
2 theta (deg.)
#9150 BRE TEAIE 1ufc NaAlSiO4 DR X #REHT /NS —> T, DI - MNERIC
O, SEIFREIBEES N, YVI/ONOVHERERBVNDZ EILED,
BEET CHREICHRBEPRTERET S ENTE D,
High pressure in situ X-ray diffraction pattern of NaAlSiO4 obtained at
about 150 GPa. Various changes of the diffraction are found up to this pres-

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

1. BibYvEE. K - RERBYEZOBEESE T ICH T DGR PO
Studies on phase transformation of oxides, metals and Earth’s deep materials under high pressure and temperature

2. BEREZBWIYE OREME

Synthesis of new materials using high-pressure conditions

3. BEESERREKIM DR

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

e )Nk 7E =5

Takigawa Group

MR (NMR) % BAEBRFR L LT, Eif
W5 WE RN T 2R EZME L T» 5,
WHBIE R TR, BIRE, R (SR ) k. AR,
WRERRT & o e S B LRRIFIRES L TR D | WY -
HEN7 EONNEEEEZL ZETIns DOETH
BRI DS 2, HIEEEORAE— A~ FE
LPUERE— X~ P 2Ff>TE D, o IZFAMOE
DPEL RGP EBL AR ZIE L Twd, ZDONMRIL,
BEHANETOAE v, S, PUE% LD HHEIEA S
THN L RRERPIRERR S EoWEEZ, 370t
D2ENBHEBFRLE %5, TAxl3x Rz
ANM R HIELEE 2 50 L. KR - 50 - mER &0
AR A A be T, BRERLAY. &1
{LEweERE R EZ R E L ik Z2iT>Tw 3,

R =H

=
Masashi TAKIGAWA Makoto YOSHIDA
% EUE

Professor Research Associate

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

THERRE (WERGTHEER) TERS niciHRERS
SM5ESN 190K & T 2EREEED 2V NMR X

. 90deg| xR, 105725 DRSS ac R TEEL & =0

ZlLZERT —2DY A ~DHIGIRISESUERBEIERA

Intensity

IC&D 7T HRICHRT %,

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

60

EREIBRAEREZRYE 1 RITREHE B-SrossVe0s DEBEERICE
¥ B R EIE. b#ARIC2EAMTSrAKFLLITBIEICED. 6
BEONFTIILTAIDEL S,

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

%27 —~ Research Subjects

1. {&RT. 73AKL—hk - AEVRDY 1 F 37 X EEFIHEGR

116 ‘ 1‘13‘ ‘ 120 electric quadrupole interaction.

Frequency (MHz)

190K IE& T2+ b7 N DAEKRE
Mo b AAICBEDES YA b ORICEE
BT RDENYHD. ERETHZIC
HEL5T. EMDHOKRERRAIME
BMARICEES 22 ERLTVS,

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

v b

the conducting direction even in the
metallic phase.

Angle (degree)

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

2. BERBEER
Exotic superconductors

3. BEEETFRICE T HER - P& - ZMFORFLESE

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

4. BHEBBRCEBRICEFE2AEY EEFDY (IR

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

b Jt f 7€ =

Sakakibara Group

WE DR THERIRITIE IR IC D 72> Tw %,
ZORTEOETRLEH2MOYEARTIEI 7 LE Y
£ D B 3ED IR IR R THR R LI 2R T 5408
BB, DX TR T OREKINNE T B %
M2 2 LR 7D RMIOED L, HLVLY
MEBIRPHFSI NS, SIFEETIE IO K I BIERVRHE
L % FF OBk % R YE R DML DA 2T T 5,
B TEHLAaYPECE TSR, BETAEVYEE
U7 7A L= AE VR EDPMAENR T, ML
Bl E % B ARBFRE LTHfEL Cwd, ZOHM
DDz, FAclx 30 2V 7L v ORI F CRELEIE
DIA[RE 22 HEE DO EHR. Bk A RS oI
RN 7 8 BE 7 R D R AL I E RE T - 435 vh LB % 1 7
&, MEORERFE IT>T 15,

BERT 7 27 —BAGFICAWS £y NI Y AFERF. RIER
30mK T 17 T RTOBLAIENTETH %0

The force-sensing capacitor 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 17 T.

1. EVWEF LAY DRt & B

Magnetism and superconductivity in heavy electron systems

2. fEFEYOLBFEHEICHRT BHRFLIESE

Multipole orderings and fluctuations in f electron systems

3. 73X L — MEMAEDHE/LIEE

Magnetization of geometrically frustrated magnets
4. EF AL VROERIKRE

Ground state properties of quantum spin systems

A

TR RER fEm  R—EB

Toshiro SAKAKIBARA  Shunichiro KITTAKA

—HN

Hiroyuki MITAMURA
Bz BhE# Bh#R

Professor Research Associate Research Associate

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

properties.

0.157

mol)

2
=]
o
9)]
()]
=

CIT (JIK
=

0.110-* & k
[100] [110] [010]
Field direction

EVWEFBEEHR CeColns DRGREICH T 2 LRADHSTAKEHERE L VOO
EBRHSEINDF v v THRE,

Field-angle dependence of the specific heat in the superconducting mixed
state of the heavy-fermion superconductor CeColns, and the gap symmetry
deduced from the experiment.
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Division of New Materials Science
http://hmori.issp.u-tokyo.ac.jp/

RIETE =

Mori Group

SR, MR B X ORI & ORI T
WE DR & 2 DG, MO EIT> T3,
SFEWEOMIIE, 1) £5000 HfEd 2573 H
firCdh 270, WHBERICEHHETHZ L, 2) 20
STE O TR G - FIETTETH 5 2 &
3) FTRIEEICERS PO NBIEENREL, T
A E L CEF B THEMEAPRENE, 4) &
TH7 —v AR (BHE) BREL. BT
Bk (REdE) LRk (k) HEaT2 ke
FiFons, fixdb, 1274y $52 LIk
TR B X CEFHBE R ST 2 =5 24 L
TOLLSE T, B, BT, AEVIKMA, 2T0H
HEPEN S, 5 HEWE % S TIROR R BN % i
ZeL T3, B, ool & o 3 HE L B
ool F =y h—F— REMNKRFPHE, EH
ToHBZEMIERE T 28 L WHKRBLEERE (K2H)
ZHH L7,

EBREBME TR U e BRBREMR [K-ET2Cu(NCS)2] DS
Organic superconductor [k-ET2Cu(NCS);] prepared by the electro-
crystallization method

1. P FOEHEZEN UHRAERE (B) SHAORRKCYIENR

& AR =i —&

Hatsumi MORI Kazuyuki TAKAHASHI
% EUE
Professor Research Associate

The syntheses and structural and physical properties for
molecular functional materials such as molecular conductors,
magnets, and dielectrics have been studied. The attractive points
of molecular materials are 1) that there is a variety of materials
since around 50 million kinds of molecules have been synthe-
sized so far, 2) that molecules and intermolecular interactions
are designable and controllable, 3) that large response of external
pressure and electron-phonon coupling are observed due to
softness of molecules, and 4) that large Coulomb interactions
(electron correlation) reflect the magnetism as well as conduc-
tivity in molecular conductors.

Our group has investigated 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 the electron correlation and the bending
and stretching of designed molecules. (See the figures)

10° 1

1(b) (a) 1bar
10 (b) 2.1 kbar
(c) 3.1 kbar
o (d) 4.0 kbar

E
S
£ 10
=
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2 10?
2
z 6x10° @
8 10° |- 2 s
-2 55 ,‘\
€ 4 \
10 |- <
= 43K
g,
5 Z 1k
10° [~ ‘7
g0 L1
s | 0 2 4 6 8 10
107 L
0 100 200 300

Temperature (K)
R BEBIEER f-(meso-DMBEDT-TTF)2PFs D EBSUEH D ENKF M, BET.
90 K TE—tRAEEZR I 9N MEEHICEBRENET L. 4.0 kbar T.
43 K TRBIEHEBZERIT.

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

Development and studies of structural and physical properties for novel organic (super)conductors based upon molecular degree of freedom

2. EERTOENBZTON YV EESZFIALUCEEFERORRK YRR
Development and studies of structural and physical properties for organic dielectrics in use of proton dynamics

3. ML RBENHRET 2RI DR WM

Development and studies of structural and physical properties for novel metal complexes whose magnetism and conductivity are competitive

4. PFHEMEDNS O Bi5. B85 RE. £4) IBEOME

Studies of responses by external stimuli (light, magnetic and electric fields, temperature, pressure) for molecular materials
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Division of New Materials Science
http://tajima.issp.u-tokyo.ac.jp/

1 L5 WF 78 =2

Tajima Group

FTEEGE (FricAEE L X EREEHRS) 2
WNRE LB FYEOMEZIT> T3,
BRI o fF 42 Tk, B2 MIM (Metal-Insulator-
Metal) #AICHEZ > Tws, ZOESIF, &b Hil
") TNAATH D EEBIC, BRRE, EENE
U ETEIHKMBIRVBFSNT VS, FhESITHY
r&m,. BEREROBBZRZA 22 Lick D, MEDON
YaxL—vavduligTh b, EEEEYE, Avv 7
0 24— N—=8k BN 7 40 kB E -G, G
HIPERFNOFEREEZIT> TV D,

GRS RO T, BBk 7 sy 7=
BE XOZOBEYEZ i, BRAKKIKILO R
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ITO/chlorophyll a:[Fe(dpp)2] (BF4)2/Al DA T /N ADBREH ARG K ILOD
BERENE (EVNBE 35V). WERE. 689 nm OEFRHEHNIBE DBEKFIE,

Electroluminescence spectra of the ITO/chlorophyll a:[Fe(dpp).](BE4)2/Al
device at different temperatures under the applied voltage of 3.5 V. The inset
shows the temperature dependence of the EL intensity at 689 nm.

1. BEAEENT/I\A XDIERE & CYIERIE

HE #< N &
Hiroyuki TAJIMA Motoi KIMATA
AR EUE

Associate Professor Research Associate

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

Organic thin films: In this subject, we are especially inter-
ested in MIM (Metal-Insulator-Metal) junction. In spite of its
simple structure, MIM junction exhibits various interesting
phenomena, such as electroluminescence, photovoltaic effect. By
changing insulating material and metal electrodes, tremendous
variations are possible in this device. Now, we are intensively
studying MIM junctions with insulating layers of biomolecules,
spin-crossover complexes, and porphyrin complexes using
various experimental techniques.

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

T (107 J/rad)

0 90 180
0(deg)

TPP[FePc(CN)z2l2 DB M ILY OREMKRTFE. 12K E25 KO ML A—TOR
RIIRKERICL 2,

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

The fabrication and characterization of organic photovoltaic devices

2. BRFENY A A — R DIERE & OIEEIE

The fabrication and characterization of organic light-emitting diode

3. BEMT YO 7 = VIEEDIERE L OCYIEEIE

The synthesis and characterization of conducting charge-transfer crystals of phthalocyanine
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Nakatsuji Group
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AT —~ Research Subjects

1. EFHEEZIAE TOHL WEBLE & 2B VIRIFRKE

Rt Al WA FN
Satoru NAKATSUJI Yousuke MATSUMOTO

HEHIR Bh#R

Associate Professor Research Associate

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

phenomena in magnetic semiconductors.

FREA R U fc 2 RITZ A FHMEFEH NiGazS4

(EL) 2RTHEDBRWERES, (L) ESEEZRRL LA OEES.

(T) BELBRDBEKFE. 71 RE 0w = 80 KICHGT B HEOE—7 KX,
BRET =10KTENZH5—DDE—IiF HULWIAEVREDOEMZ R,
Two-dimensional magnetic semiconductor NiGa,S4 developed in our group.
(Top left) Strongly two-dimensional crystal structure. (Top right) Hexagonal
shaped single crystal. (Bottom) Temperature dependence of the magnetic
specific heat. In addition to the conventional peak at the Weiss temperature of
80 K, the unusual peak at 10 K indicates the formation of the novel spin state
at low temperatures.

Exotic superconductivity and spin liquid states near quantum phase transitions

2. BHESREICHIT BN —HDOHR
Berry phase effects in magnetic metals

3. 2 RIUHEHFEFRTOEF AL VIRE

Quantum spin states in two-dimensional magnetic semiconductors
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Ohgushi Group

WEAK EPYERIE 2@ L <, B HBERRICRR
A LRBR e N IVEHZRE L. Z OWEFREBLOMS
BERE 2 fRIH L T %,

HPHICROMHAEERE GG, §40ETIEZD
% Jev, Ao oBIfRMEZE B L 2 % IREE KT
%, 0k B E A, BIEEERICE T 5%E
EIIRRT A — VIR B 2 5@ L oREER
WEZRT, Tl FiczmfBEEREHREORIH % H
LT, B, Arar Ay, EELEY o
AEZER L., 206 0ELAM, BRI, JErEEE %
FRTV 2, [FRHC, HBRFFATHRE L & 2 HHY D8R
o, LAMNICHZ HEIC AN ERAE LT 2 &
IR HEE L T 0D, BOEDOREE LT, KR
F a7 2 A A bR Ca)xNalrOs 12 81T 2 &)Ei

Mn2SiSs

BEREBETYEORER, BREACLDEEBEEEGBZRINIMROTZ
H+ NEUER{EY) CalrOs, BRBIZEADRYE SrFezAse. BE —HiISFE TH
ARLZEMARRZERT AU EVEREY Mn2SiSs. RENMTEDWNCEE
Pb2Ru207.

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

A% 7T —~ Research Subjects

1. BEREEZRWCHYERR

Reg Wit

Kenya OHGUSHI
RHEBAD

Project Assistant Professor

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

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

finding of a new metal-insulator transition system Cai.xNa,IrOs.

CajxNayIrO;

Paramagnetic
Metal

0.0 0.1 0.2 0.3 0.4 0.5
X

TEEBRFEEZRY Car«NadrOs DIRE -Na g2 (T-x) FTHICHIF2EFHEN,
EBAR: Ir @ t2g BICH T 2BEFEB, ABEAR: R MROTZIAA MM,

The electronic phase diagram for Caj-xNa,IrO3 (0 < x < 0.5) within a tem-
perature-Na content (T-x) plane. Left inset: Schematic view of the electron
configuration among the #y; orbitals. Right inset: The post-perovskite struc-
ture.

Synthesis of new materials by using high-pressure apparatus

2. BEREEFYEOYILRNA

Studies on electronic properties of correlated electron materials

3. WA ZE AWCRERBIE & X EE DA
Structural analysis by using synchrotron radiation
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Onoda Group
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TWIEMRBETERIC B 2 BE S — LRIk, WEhOE
TAEYDZEMICZ A5 T\023 2 R MFEIKBT 3
X FEE LTaonTwad, —f, AE U ZEHnIC
2% ThH, EREREZMEI WA INVRFDLDIC
RE B o R M S ELARIG A 27 — L T H SIS i,
R— VIR E2 S 72569 2 L3 EWRETH B, R -
BRI BRI Z BRI L T, S a2 a7 FRICEB L
T, A 7N, WEBKT., #hS 7 3 R0k
WHR—ILRE, PR u PNk R L, WEOB L W»
IREEDS IS 5 AIHEME 2 BRERIVICRZE L T B,

B E R AIEETR

Division of New Materials Science

B HELE WESE =2

M. Matsuda Group

S EALAEY 2 IO TRiEBIR 2 56817 2 et E
LR F oM E BIE L 22T T0»d, R, &
JESEAIE TN n-d AR . TorFINERS ., THHEETS
BR) Lo S AGIEEREOREZE&ATE
h HIERRE S 5 720 DN RIS TH %,

STHEEROMEICEVTIR, 7Ry 7=V
(phthalocyanine: Pc) %A1 & § 2 @A TH %
Fe(Pc)(CN)2 2> & Hi—4r F & Ll & 9 2 K & & Al Kkt
MR EFRBLT 2 ROMEIRI L T2, RETE, 4
BIck 2 2 VIREBOZM, bW 3 AE VIEBEHEL %
T2y 7uAAd ==k, 205 LT, AEVEE
Bz X 2EHRIOE (electroluminescence: EL) #F D%
TR E V) FTAaBR2Z R EIcb R LT3,

NS DIEBIBEREMRIA D 7250 WITEREN DB =
LoFpEZ R L TWw 5,

22

/NEFHH s
Shigeki ONODA
EEHEHIR

Visiting Associate Professor

Theoretical investigations are made for explaining the anoma-
lous Hall effect due to the chiral order recently observed in a
pyrochlore-lattice magnet, and predicting a possible multipole
order and novel electron transport properties in pyrochlore
systems.

The anomalous Hall effect in itinerant ferromagnets is well
known as a characteristic electron transport phenomenon that
is caused by the uniform magnetization due to the spatially
aligned electronic spins in the materials. On the other hand, it
is theoretically possible that even in the absence of such spatial
alignment of the spins, the time-reversal symmetry is spontane-
ously broken on a macroscopic scale by yet another order such
as a chiral order accompanied by circulating electric current,
which should also produce the anomalous Hall effect. Using
analytic and numerical approaches, we theoretically explore
possibilities of realizing novel states of matter in pyrochlore
systems, such as a chiral order, a quadrupolar order, the three-
dimensional quantized anomalous Hall effect, and a topological
insulator.

MWH BE4E
Masaki MATSUDA
BEEEHR

Visiting Associate Professor

Our research subject is development of molecular functional
materials and thin film devices exhibiting novel phenomena.
Especially, transition-metal complexes are fascinating
compounds because they have the intramolecular n-d interac-
tion, intramolecular charge transfer transition and/or phase
transition phenomena that should lead to variable external fields
response.

In a study of molecular conductors, using Fe(Pc)(CN)a,
transition-metal complex compound with iron phthalocyanine
(Pc), we have succeeded in constructing a system that exhibits
a matchless giant negative magnetoresistance, which originates
from Fe(Pc)(CN)2
spin crossover complexes that are transition-metal complexes

itself. In a study of thin film devices, using

show a change in the spin state by external perturbations, we
have also succeeded in finding a novel phenomenon of an
electroluminescence quenching caused by the spin crossover
transition.

To clarify the mechanism of these phenomena, we are collab-
orating with several groups in ISSP.
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Vekhter Group

PR DRBIRE, BIRE L b EIRF & DM
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2, ZOfticd . WP CHEERTY - EERIIIFE SR A 7
A oBFLHEBR 2 R TR, B LXORTEABSIC
DT HHEFIZAN TS,

23

ROF— AU¥
llya VEKHTER

NAEABEHR

Visiting Professor

My research focuses on the theoretical studies of strongly
correlated electron systems with emphasis on unconventional
superconductivity and its interplay with other electronic orders,
as well as on quantum critical phenomena. At ISSP I intend
to work in close contact with the experimental group of Prof.
Sakakibara to analyze the anisotropy of the specific heat under
rotated magnetic field in the superconducting state. Measure-
ment of this anisotropy is among few reliable bulk tests for the
directions where the superconducting gap is small or zero, and
therefore provides valuable information on the pairing interac-
tion. Previously we developed a microscopic theory for this
anisotropy. I intend to extend our work to the analysis of multi-
band superconductors, systems with orders competing with
superconductivity, and to triplet superconductors, all of which
are relevant to heavy fermion systems. I am also interested in
other systems that show unconventional orders, exotic transport
phenomena, and quantum critical behavior which are investi-

gated both experimentally and theoretically at ISSP.
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In this division, we are conducting vigorous theoretical
research from a microscopic point of view on topics at the
forefront of contemporary condensed matter physics, statis-
tical physics, and materials science, in pursuit of the devel-
opment of new concepts to describe collective behavior
of interacting systems, prediction of novel interesting
phenomena, and useful theoretical modeling of materials, in
close contact with experimental groups.

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

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

structures based on the density functional theory.

E tH %
Professor Kazuo UEDA

% B BH KRR
Professor Yasutami TAKADA

E I EZR
Professor Masaki OSHIKAWA

8 B BR Bm—
Professor Hirokazu TSUNETSUGU
R Rt BEA
Associate Professor Mahito KOHMOTO
R 2% &
Associate Professor Osamu SUGINO
R g &4
Associate Professor Takeo KATO

g GEARE) HYUZ ITII

Visiting Professor

#E GNEAERER)

Visiting Professor

Miguel CAZALILLA

F-zv—L YgN\rv=

Giovanni VIGNALE

B # EB &Fl
Research Associate Masatoshi SATO

B % BH ED
Research Associate Tatsuya FUJII

B # HItS ZKEA
Research Associate Hideaki MAEBASHI
B % RE —E
Research Associate Kazumasa HATTORI
B # O B

Research Associate
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K. Ueda Group
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B TOERIBRTOIRDE V. D ZFENf7 = )LI#H (RF-chain). s EEEMHE
(s-chK). p EEEESE (p-chK) & Yu-Anderson SEBERIR (YAK) DIRZEWVWHE
5hd, BRBLETE2F v Y RIVEBEHRENRE SN2,

Four regimes in the low temperature behaviors of Kondo effect of a
vibrating magnetic ion. On the boundary two-channel Kondo behaviors are
identified.

1. 79ARL—Y3YDBVWREYRICH T B3EFRERE

B Ik

BH ED
Kazuo UEDA Tatsuya FUJII
% EUE
Professor Research Associate

The simplest and most typical example of the quantum
phase transitions is the order-disorder transition in quantum
spin systems. The orthogonal dimer Heisenberg model for
SrCux(BO3); has been studied and various unusual properties
are found. The S=1 Heisenberg model on the pyrochlore lattice
is also studied and importance of spin-lattice coupling to lift the
degeneracy is pointed out.

New superconductive materials were discovered in
B-pyrochlore compounds. A unique feature of this system is the

strongly anharmonic vibration of ions and we have shown that
it is the origin of unusual temperature dependences of resistivity
and NMR relaxation rates.

Recently effect of vibratins of a magnetic ion coupled with
conduction electrons is studied. It is shown that opening of
a new channel accompanied with phonons leads to a line of
critical points of two channel Kondo effects.

Concerning the transport phenomena through quantum
dots, it is shown that generalization of the Kubo formula into
nonequilibrium situations is possible, which leads to a new
theoretical definition of the shot-noise. Concerning numerical
study of Kondo transport, a direct method to calculate current
with the time-dependant DMRG has been developed.

1.2 T T T T T
s-chK / p-chK
1L 4
0.8} / .
D 06 .
0.4} .
T~
02+ ~—_ 4
RF qhain .| YAK \\.‘..
0
0.16 0.162 0.164 0.166 0.168 0.17 0.172 0.174
Vi

Quantum phase transitions in spin systems with strong frustration

2. IRENT BDRLEA A VTR T 2EFEME
Kondo effects of a vibrating magnetic ion
3. EF RNy MNCHITZIAFERXEER
Kondo transport phenomena through quantum dots
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Takada Group
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LoL, 2o%0 LEEE (EY2ofiig) Tizb4Ro

BH RE [EIL |
Yasutami TAKADA Hideaki MAEBASHI
% EUE

Professor Research Associate

In the hierarchic structure of nature, condensed matter
theory is mainly concerned with the complex system of many
nuclei and electrons, interacting to each other through electro-

magnetic fields. This system is so complex that no rigorous

solution is allowed. It is, however, regarded as an astonishingly

s, PRIHCL ZOREEANL T Tk
JEg GERFYRROHIEE) Tb 3 > LML REWRICL
T3 Z EICHRIUEE YL > Tl AR TH S, 21w
Z, COREHRD LI LR TOYMAERIC L > THEA
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%, Ko, @GR BIREOE I E RO E Z
Nz Bl L o s S ORB2Z HEEL LTw 2

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 study this system faithfully from first principles
with mainly using the density functional theory and the
Green's-function method. More specifically, we are constructing
a framework for calculating the superconducting transition
temperature from first principles with the aim of proposing a

high-T. mechanism.

BERFRAEEE Rb ICH 1T 2 A4 Y 1HBIRE g(R) O A > FFHIEERE s R
e ry DIBR & HICRIEEA A VEER Ryy BH > TRHATBHEVWSE
BRERBERE. BEBREBFHRARTORVWIEENRZETICER L
HRTL<BEZNS,

Dependence of the ion correlation function g(R) on the mean inter-
ionic distance s in the supercritical liquid metallic Rb. Theoretical
calculations taking proper account of the strong exchange-correlation
effect in the low-density electron gas reproduce the experiment very
well, including the anomalous behavior that the nearest-neighbor
interionic distance Ryn decreases as rs increases.

1. GWIE - 7— REERZEICHCIBEFECIRILFT—DHAEFEORK L ZOEEMEANDGHA
GWT method: Development of the calculation method for the electron self-energy always satisfying the Ward identity and its
application to actual materials

2. KEKGFEENBLER | NMI—BFHAROBHIGE
Time-dependent density functional theory: Dynamic properties of the inhomogeneous electron gas

3. BIREGRBREDE—RIEHE | HENBEREEER CONEEERREROR

First-principles calculation of the superconducting transition temperature: Proposal of a good functional form for the pairing
interaction in the density functional theory for superconductors

4. R—=Z0Y - NAR=F0Y : V=T 7 —ROFEMHCIFRANEDOHE
Polarons and bipolarons: Characteristic features of a Jahn-Teller system and effects of anharmonicity

26
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Temperature dependence of magnetization in S =1 Haldane
chain under magnetic fields. Quantum Monte Carlo simulation
demonstrates a magnetization minimum, which is absent in the
classical theory (solid curve). We elucidated theoretically that
the minimum is a universal feature in one-dimensional spin gap
systems.

1. BRIEAEVRICE T ZEFALE Y HIEDOHBOERIC L 2 ERL

I ER

Masaki OSHIKAWA
Bz

Professor

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

Recent development in understanding complex systems
motivates us to reexamine the fundamental concept of “order”
in statistical physics. For example, we study characterization
of topological phases, which has no local order parameters, in
terms of quantum entanglement. With these studies, we also aim
to develop an interdisciplinary field with quantum information
theory and quantum computation.

Much of our research is carried out in international collabo-

rations.
0.2
— 015
~ . S=1 gapless phase
e = +
= X classical ——
h/iJ= 0.45 —+——
01| 0.5 .
3 0.6
‘ 0.7
i 1.0 —8—
1.5 +—o—
0‘05#- 1 1 1
0 0.5 1 1.5 2

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

2. H5ER & £ DYIEYIEADISHA

Conformal Field Theory and its applications to condensed matter physics

3. MRAVAHIBEEBFI VIV TILAY K
Topological phases and quantum entanglement

4. 5/ ZARROREANY D L 4 DEFERFER

Liquid Helium 4 in nanoporous media and quantum critical phenomena
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Tsunetsugu Group
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TRICHE S BN RRICTFE.

Spatial profile of Cooper-pair density in the PDW
state. Yellow parts represent high density regions.
Dislocation exists at origin, associated with
1/3-fractional vortex.

1. dBF. FEF LAY EEEREFROETFRE

BR B RER —E

Hirokazu TSUNETSUGU Kazumasa HATTORI
26 Bh#
Professor Research Associate

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

The present targets of our study include novel types of
quantum order and quantum fluctuations in frustrated spin and
strongly correlated electronic systems. In these systems, many
soft modes of fluctuations are coupled, which is characteristic to
frustrated systems, and this affects the nature of quantum phase
transitions, as well as electronic states and transport properties.
We also study the pair density wave (PDW) state, in which
the Cooper-pair amplitude modulates in space, and fractional

vortices in this order.

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

2. 72 AN —Y 3 Y ROMBEHFE

Statistical physics of frustrated systems
3. BEFHMEADHETEFIHDER

Theory of novel phases in quantum magnets
4. eI FIRE) & BInE

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

0/,

1. N\ZALBFIEEFDHERO & TRILF — DK,
HMFAOHFE Hall (EEZXRY .

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

1. 727z VIcRF2EFR—ILHRE
Quantum Hall effects on graphene
2. MROY A
Topological insulator
3. PEICR T BAEREE
Topological invariants in condensed matters
4. (IR

Topological order

29

i BEA kg EFl
Mahito KOHMOTO Masatoshi SATO
R EUE

Associate Professor Research Associate

In many body systems, there appear many interesting
properties due to interaction. A recent example is the quantum
Hall effects on graphene. Also topological long-range correla-
tions give rise to novel properties like gapless surface states in
topological insulators. Traditional theoretical approaches based
on the perturbation theory often fail to analyze these recently
found phenomena. For example, the non-perturbative field
theoretical approach succeeded in the study of the quantum
Hall effects.
method including field theories and the solution of the basic

Our purpose is to develop the non-perturbative

problems in physics mentioned above.

Tea,

0 0.02
070,

0.04

281 ERLDBD, OHEOMAZIERLTWS,
Fig. 2. The same as Fig.1 for ®~0.
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Sugino Group
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B DR D %1k % 2R 2 D12 R & BUERL & fH A4
HORHEDBILLITbIS L I 1o 7h3, HAKRE
ROMEDL A, FERIEMEWW 2GR R HE 2 x5
SEAET 5, Lo L, PEBRROWNHE € 7 VLedt
BFEEOREMAZEL URAMZIIRSE L 2 ENTE
%, Fric, HTECE T RENICBHE L 22 R s
DEMDIL >, ZOWTEIE, PHLEALAE 0 5 S H I % B
e 2 ETHETH D, - BRULS L v o BRI
Y & VR BRI 5 DI,

BEMEBEEORFEE TNEBWTT > A - KARFRE T DO BMARGERIT.

Development of the effective screening medium method, which has enabled
electrocatalytic reaction dynamics simulation at Pt/solution interface.

%% —~ Research Subjects

2E &
Osamu SUGINO
TR

Associate Professor

Yoshifumi NOGUCHI
BhE#R

Research Associate

Main subject of our research is to elucidate physical and
chemical phenomena occurring in condensed matters by
numerically solving the basic equations for electrons and nuclei.
Recent target is the dynamical process of materials electronically
excited and the non-equilibrium process of electrically biased
materials, as well as development of computational methods
appropriate for these studies. The development of the method
is particularly important in proceeding joint experimental and
computational studies because computational approach is quite
limited at present owing to very large degrees of freedom and
nonlinearity of the basic equations. The frontier of the compu-
tational study, however, can be extended by improving the
modeling and computational algorithms. It is especially the case
for electronically excited states and charge transfer dynamics,
and progress in that direction is important in deepen our under-
standing photo- and electro- chemical processes important for

environmental materials study.

Energy [hartree]

6 [degree]

¢ [degree]

BRI DA EF EORFK E ZNEAVWTIT o aRILATILY S Y OREEIR
ISR,

Development of the nonadiabatic couplings, which has enabled photo-
isomerization dynamics of a folmaldimine molecule.

1. BERARRSRE DS & BRARE RIS DERIETE

Structure of the electrode/solution interface and electrocatalytic reaction dynamics

| EIEREEORS L BRI & VIRV ZHEOHE

Effective screening method and simulation of electron transfer and nonlinear optical processes

. ZHREERICED K E—REBEFEFEDORR & EFREIREE

First-principles calculation of electronic excited state on the basis of many-body perturbation method
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Kato Group
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EFEVTHIOERCEI>TRONLET R Y b OBRIEAOME, H
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F2EFHREBRRE LV TERTES,

Dynamic resistance in quantum dot obtained by quantum Monte
Carlo method. The horizontal axis indicates potential barrier
between a dot and a lead. It takes a universal value h/Kye* for small
V (K, is the Luttinger parameter), while it diverges for large V.
This observation can be interpreted by zero-temperature quantum
phase transition.

1. XY RAEY I RICH T DEERFFIE
Transport properties in mesoscopic systems

2. BFEHEEER DR VMERTEADER

R(iw,~0) / (hl(Ke>))

S = D W kR U A

E

Takeo KATO
R

Associate Professor

The main research subject is theoretical study of transport
properties in mesoscopic systems, in which the most charac-
teristic feature is quantum interference of electrons revealed in
nanostructures. Recently, novel technology on quantum infor-
mation, spintronics, and quantum optics has been intensively
studied in small semiconductors/superconductors. We are
engaging in construction of fundamental theory and develop-
ment of new numerical method for understanding of various
phenomena in this research field. We are especially focusing on
strong electron correlation in mesoscopic objects.

We are also trying to understand transport and dielec-
tric properties in the presence of strong electron-electron
interaction in bulk materials by utilizing various theoretical
methods. Recent activities in this direction are charge-ordering
phenomena in organic conductors and giant relaxor-type dielec-

tric response in transition oxides.

Theory of electron-electron interaction in quantum dots and wires

3. D FMEBHDRGBRR & Xkt

Phase transition and transport properties in organic conductors

4. ZHBFROBUBHETERFA

Development of numerical algorithms for interacting electron systems
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PIPEREHEZETRE

Division of Condensed Matter Theory

vy —L W=

Vignale Group

L4 3P O BT EREO BG5BT R T
RAEY bR ZAETICE S T To)LHPEORME% i
ZELTWw3, EEEEZ TR, (1) 7/ ¥4 X008
RICEB T 2EMP AL ¥ ORENEZ MR LT 2 Rk
FEME BB R, (2) ®T2HRICE T 5k
T2, (3) BWHFET T AR T 7 2 I 5 EFIBHR,
(4) ACVF=—NAFIEDRAE Yy 72—y F oy IR L
ZNEDAEY b= ANDIGHZE&ED - A ¥ VijE
HHEH OB CIEICE T 5 %6205, (5) A, B,
BRLEERERCETICB I 2ERAE VB IE R E
ThHDH, PHEFCIEEBEAFRE AL T #E (4)
O—BE L CETNEM 2 RGBT 2E8E—-FL 2
DIEIIREDVEE % PR A E VIIREDOGFIEEIET =
VIR E 22X Yy 7D H 2 HA L VT —
FoOFEEZTFS L,
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NS

Miguel Cazalilla
NEANFEHR

Visiting Professor

STV

The physics of strongly correlated many-body systems is the main
focus of our research. We are especially interested in investigating
and predicting novel phases of matter in ultracold atom systems as
well as other kinds of systems such as electron and helium liquids.

In recent years, ultracold atoms have attracted much of our
attention because of the large tunability of their properties.
However, they also present new opportunities and challenges
for hard-condensed matter physics, such like their mesoscopic
character and the fact they are largely isolated systems (which
allows them to remain quantum coherent for much longer
times). These properties have led us to consider finite-size effects
and non-equilibrium phenomena related to the lack of proper
thermalization in low-dimensional versions of these systems.

Some of the insights gained by studying cold atomic systems
can be also useful to understand more conventional electron
and liquid helium systems, and vice versa. For example, the
physics of quantum dissipation that is relevant for mesoscopic
systems of electrons, which are unavoidably strongly coupled to
their environment, is also relevant to understand the properties
of mixtures of ultracold atoms in optical lattices.

E-v—L YaNvz
Giovanni VIGNALE
NEAZEHIR

Visiting Professor

Our research covers a broad range of topics in condensed
matter theory, ranging from formal many-body theory to
electronic and spintronic devices. Research projects include: (1)
Time-dependent current-density functional theory of charge
and spin transport in nanoscale conductors, (2) Continuum
mechanics of quantum many-body systems, (3) Collective
effects in cold atomic gases and graphene, (4) Many-body effects
in spin-orbit coupled materials - including spin Hall effect,
spin Coulomb drag, and their application to spintronics, and
(5) Current and spin dynamics in hybrid magnetic, organic,
and oxide structures and devices. At ISSP, collaborated with
the group of Prof. Yasutami Takada, we have studied the collec-
tive modes and the nature of the ground state of an electronic
double-layer as a part of the project (4), predicting the occur-
rence of a pseudo-spin density wave, which might indeed give
rise to a gapped pseudo-spin mode as an indication of the

existence of a non-Fermi liquid phase.

THE INSTITUTE FOR SOLID STATE PHYSICS 2010



F 7 A — )Vt s i M

Division of Nanoscale Science

EEDYEELDFRRETRHET RS DD
—20Z, L OV TRl S K - Sl
NLHE . MG 2 E R L 50%80
FLOLEREBH L, ZOFRICIF. IEY Xy
VIR BT, MR N B, %R o> 2 i STl
Tk, ER 70— 7HEIC X 2 R THE B
BREDREND B, 7/ AT —VYEIZEEM
TlX, 20k iz LT, RAHEE
IOANTYEANTHEEZNRET 2T ) A7 —
VoA IV AICHD HATY S,

WF7aiEEh & LT,

CREA - SR -SSR - B S o
MG E & 2o ARG B VTR
Fl & 4L 2 fE i ik DO WA

- EE 7 m — 7ML E R E TR
PAREBIR DOV,

- FEERANICE W THRBT 2 T HAMHES
F ) A — VREE DY,

- [ERRIANC BT 5622 BOGSE O By E R o
AL _LTomsE, BLoznzfH LS
S AT —VHTE ORIEL

BIEHERO ZE Y X o v VR L Z DR
REA LB

One of the outstanding trends in modern
condensed matter physics is the rapid develop-
ment in studies of atomically controlled surfaces
and interfaces, artificial superlattices and micro and
nano-structures. The background of such develop-
ments is the advancement of key technologies for
epitaxial crystal growth, microfabrication, surface
characterization, and local sensing by use of scanning
probe microscopes. In the Division of Nanoscale
Science, the research efforts of seven groups are
directed to various aspects of nanoscale science at
surfaces, interfaces, and artificial materials/structures.

The on-going research activities include

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

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

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

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

- Study of epitaxial growth of oxide thin films and
their functional properties.

Technical Associate

S 2 SMf 4 5
7% EDSETHhTH 5,
[
. E ) B #% =E ¥
Professor Yasuhiro IYE Research Associate  Akira ENDO
A B EE B % it B
Professor Shingo KATSUMOTO Research Associate  Kan NAKATSUJI
S RE & B #% =)
Professor Yoshichika OTANI Research Associate ~ Shinya YOSHIMOTO
B B IR R B # =5 EAX
Professor Fumio KOMORI Research Associate  Ryota TAKAHASHI
S =HE E B #% R ORE
Professor Jun YOSHINOBU Research Associate  Yasuhiro NIIMI
Pizcid Ralll =i i ErIME | =
Associate Professor Yukio HASEGAWA Technical Associate  Kozo MUKAI
HEHER Uy IN— Zvo KiTEPIBE BRRE  thm
Associate Professor Mikk LIPPMAA Technical Associate  Takushi IMORI
HEHE (FB) R A BitErPIME BA &R
Visiting Associate Professor Kazuto AKAGI Technical Associate  Yoshiaki HASHIMOTO
KirEPIBE EH M

Masayuki HAMADA
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The Aharonov-Bohm oscillations in an antidot in the quantum
Hall regime. Three panels show data at different temperatures.

1. ZEEREET D 2 RTEFROEFEXIRR
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R Fwih = ¥
Yasuhiro IYE Akira ENDO

% Bh#

Professor Research Associate

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

Superconductor {b)

<>

= T

GaAs/AlGaAs 2DEG

(a) ¥ 7 OR—)LRFEHNBLEFRHOBER. (b) AROEEEFERFESE,

(a) Schematic drawing of the multi-probe micro-Hall device. The mesoscopic supercon-
ducting sample to be studied is placed on top. (b) SEM image of the sample.

Quantum transport in 2DEG systems under artificial potential modulation

2. 7YFRy MRICEIFZI—L v hEFEZE
Coherent transport in antidot systems

3. BFM—ILRICH 512 £ BEyE

Nuclear spin-related phenomena in quantum Hall systems

4. AV ZAEY VBEEERCE T 2RARDIZEN
Vortices in mesoscopic superconductors
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Response to amplitude modulation of microwave irradiation to a supercon-
ducting ultra-small Josephson junction as a function of the gate voltage and
the source-drain voltage. Analysis of photon assisted Josephson-quasiparti-
cle tunneling sheds light on quantum decoherence.

1. 8BFRy b~ EFfROIE—L Y MEE

Coherent transport in quantum dot - quantum wire systems

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

3. WBHRMEFEARZRAWCEEFEE. AEVEA
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RS

Shingo KATSUMOTO
Bz

Professor

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

studied. The studies are in close collaboration with Iye group.
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BRHEEUEFRY hTHAELC2RTBEFROBABTEE. 7L —EROHIH
EFR—ILEET, BERCEICHVEENTA>TVSZ MDD D,
Local electron temperature of a two-dimensional electron measured by side-

coupled quantum dots. Gray backgrounds indicate quantum Hall regions, in
which electron temperature goes down due to dissipationless currents.

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

4. FBINBEEER W EEBER

Photovoltaic devices with semiconductor superstructures

35

THE INSTITUTE FOR SOLID STATE PHYSICS 2010



F 7 A% — VIEDTZEERIM

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

N E5e =

Otani Group

F 7 A — LV OBUNEEAR IR, 2 DIk A X%
SR L 7= BE X RERE DSBS 11 % ) Z IS T v A R
T 2REEI IR Z Dbt & elEl s 2 oo HEER
bt FS%E 2RI SE T THEANTHET (=7
=y 2k ) REGHERIT 2 2 L & ) RIURE R G -
HEFE L L CRESHIMGINS, RAlZIns )/ R
I — VIV 2 RRL L | 2 OB S OVBhI 7 FERE G S
ZEBINICHAR TV, £/, T/ A7 — ViR % f A
L <, E&ffofinzitbky ALV, s A
EYAEBIEOADHNEZEY T I E3TE S, Z ol
waﬁ%#@ﬁ%%F%ﬁ%ﬁ%ﬂ&ﬂ?%:&T\Z

VER=VEIR, A VIEARMLREE, A Y BRI
Eéi?i&m%wwﬁ%%ﬁﬂﬁézkﬁﬂ%&&%
BN A VAL L > TEL 3F Ay bz
7 AZRTOWERFKEZHEL T»3

(@ (b)

Bias Tes |

T

i \

-E.
vl P|P2-1

250nm

_—--;'}"

o

o

without right disk

wwth right disk

Ve lae (MQ)
j

51

250 300 350 400 450
Frequency (MHz)
(a) REVHAF IV AERMET B DICEEE iz Py(NigiFero) BBSBABDE
HEFIEWME (SEM) REAEERR, (b) BUBEZED 2 DD Py BEOBIA
BEHERE (MFM) R Z DR, (c) BRIO Py AEMNH 2SRV EETHES
NICEFEBKIET (AMR) OFREKTFE. ARl Py BEZMx52 T E—
IH2DICRHELTWS,

(a) Schematic drawing for measurements of spin dynamics in magnetic vorti-
ces fabricated with Py (NigiFe19) and an SEM image of two Py disks. (b) MFM
image of the two Py disks with the same polarity and the corresponding sche-
matic drawing. (c) AMR signals as a function of frequency with and without
the right Py disk. By adding the right Py disk, one peak splits into two peaks.

1. T/ RT—IVBKBERFERWCREY YA F 320 ADWHE
Spin dynamics in nano-scale magnetic vortex lattice

2. AEVIR—=ILRZE AW R E Y TRERREE DR

RA &b

MR ORF
Yoshichika OTANI Yasuhiro NIIMI
% Bh#
Professor Research Associate

Various domain structures such as magnetic vortices and
single domains are formed in nano-scale magnets, depending
on their shape and size. The magnetic vortices, for example, have
two degrees of freedom, i.e., polarity and chirality, and allow us
to design an artificial magnetic lattice called “magnonic crystal”
consisting of several magnetic vortices. These are expected to
be next-generation magnetic memory and logic devices. We
fabricate nano-scale magnets to experimentally study their
fundamental static and dynamic magnetic properties. We also
use nano-scale magnets to produce “pure spin current” which
transfers no electric charges but only spin angular momentums.
By injecting the pure spin current into non-magnetic metals
and superconductors, we are able to observe various interesting
phenomena such as the spin Hall effect, the spin injection
induced magnetization reversal, and the spin accumulation.We
aim to study and develop new types of spintronic devices using
the spin injection techniques.

(a) Pt#EIRD R E Y R—JLEHR
ZRAET 2D DRFDSEM
%o (b) AEYR—ILEER%
EY BcHDEIKK, Py flfRIC

BICKRIZEEIM L. Py iR
MNoEBAICERZRT & M
ZEVTROHH Cu iR % T,
AEVHBEHEEERDKRE % Pt
KRS . REYR—ILE
FEEUTBSMICKREHTE S, () ERICEE 10 K TAE SN E Y R—ILIE
flo MPFRiRE FiRld. WiBERSITIAETERLTWS,

(a) SEM image of Spin Hall device prepared for measuring spin Hall effect
(SHE) in Pt nano-wire. (b) Schematic drawing of Spin Hall device. When
the electric current is injected non-locally from the Py to Cu wires as in (b),
only pure spin current is induced in the Cu wire and absorbed into the Pt
wire because of its large spin-orbit interaction. As a result, one can detect the
SHE as a voltage. (c) Inverse SHE measured at 10 K. The red and blue arrows
show the directions of the sweeping magnetic field.
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Study for the mechanism of spin current generation via spin Hall effect

3. REVRZERAWBRIEEGE
Magnetic phase transition using spin current

4. B ) BEERERRTICEIT ALV IEA

Spin injection into superconductor/ferromagnet hybrid devices
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BEARANCER S5+ /7 A7 — VPE O E SR
WHEEZH o229 2 2 Lz HEEIC, @EEZRPTE
b2 OVEREL (STM), JedE 706, #sa s — 2R
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TOEFIRE, MOKE/SHG MI%E T3 2 i~ Tw 5,

f7. F A= ALAY ORI B T EE 2R
FRBEREICBIL T, B AT — L OBEIERE 2 R T 5,
KT, Py RLVEFRPL—TF—Hick>TEE N
CETRDIRINX — DT RNEMT 2% v,
HEaeWE2ERTBIELTES, 22T, YR
BHEAC X 2 FBEHERNC AP R 7 v > v VHGEL

Cu(001) RE LICFER U o84 % SnCu REEED STM R, R XDFHEE (G RER
FTFEE (ML) TRIBILUTce AXBEMNNTVWSEIF, RXRFIRIBRFET VT A
[CBIL, 1/5MLICARD &, BWEBTRABANIICEIIT 2, S5IC. AXBENKE
KRBICO2NT, FTELRZBHEE (1/3ML) B ERNn. 0%, REMRERFNRELLL
<O DOIBIEE (3/8ML,1/2ML, 5/8ML) MR I %, AXEEN 2MLEEICRD &\
FHIFIRAZX2EEICEDLDN. ARBHELNTE 2,

Topographic images of ultrathin Sn-Cu alloys on the Cu(001) substrate. The
average tin density, which is normalized by the surface Cu density (= 1IML), is
given in each image. The tin atoms are incorporated in the surface, and nar-
row ordered areas are formed around 1/5 ML. With increasing the tin density,
another superstructure appears at 1/3 ML, and superstructures with Cu defects
at the surface layer are observed. (3/8ML, 1/2ML, 5/8ML) Further increase of tin
density results in a new surface superstructure with tin bilayer at the surface.

1. REF /#EEVNEOETFRE. CER L UHKE

INR XK B

Fumio KOMORI Kan NAKATSUJI
% Bh#
Professor Research Associate

o |

Electronic and magnetic properties of alloys, compounds and
other materials with nanometer-scale structure at solid surfaces
are studied using scanning tunneling microscopy/spectroscopy
(STM/STS), photoelectron spectroscopy and magneto-optical
Kerr-rotation/second harmonic generation measurement in an
ultra high vacuum. Band structures of the surface states and
the chemical bonds are studied by photoelectron spectroscopy
using ultraviolet light and soft-X-ray. Local atomic structures,
formation processes of surface nano-structured materials and
dynamical processes induced by electron tunneling or photo-
excited carriers are examined by STM. The local structure
can be manipulated through electron-lattice interaction using
electronic excitation induced by tunneling electrons. The
surface electron scattering at an impurity atom is investigated by
observing the standing wave in an atomic scale.

Filled-state Empty-state
(-0.5V,1.0nA) (+0.5V, 1.0 nA) Model

i Ge Si
. .

ZEE UL oyUIay (S)-TINYZUh (Ge) F¥A4N—%ED
Ge(001) ZRED M (A-D) o EE/NA P XEEIF + 05 Vo IE/NNAF X
TIRHEICECERAINDID, BNAT7IATR. UFrY—FLiFa<8iAzh
foo BMERREOERICED. BMEFIRICRLUESIC. SIRFIE
UL #1~v—nt (T) MIicHhz erbmn ol

Topographic (A-D) STM images of Si U- and L-dimers on the Ge(001)
surface at 80 K for two sample-bias voltages + 0.5 V. At + 0.5 V, the
both dimers are imaged lower than the pure Ge dimer while at - 0.5
V, Si U(L)-dimer is higher than (has the same apparent height as) the
pure Ge dimer. We identified the both dimers by comparing these
STM images with the local electronic states obtained by theoretical
calculations for their optimized atomic structures. The corresponding
schematic models for the dimers are given in the right column.

Si U-dimer

Si L-dimer

Electronic states, conduction and magnetism of nano-structured materials

2. hYRILBFPL—T—KREIC L ZREBHIRR

Surface dynamical phenomena induced by electron tunneling and photo-excitation

3. RET / BEME D HIBRE

Formation processes of nano-structured materials at surfaces
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RnOEFWEZ. RINRETE, HEF R EDRE
53 GEE LB AR b v 2OV BEEE AT BRE) 4 PREHE K
fREHIEEZBRHE L TR L Cwb, v 7rbryig
4% (KEK-PF, SPring8 7 &) % JH\» 7 925k & Ry 12
fToCTw3,

\W A i
HiE % =A Bt
Jun YOSHINOBU Shinya YOSHIMOTO
% Bh#
Professor Research Associate

Solid surfaces are intriguing objects, because novel struc-
tures and electronic properties emerge as a result of symmetry
breaking of bulk. In addition, a solid surface plays an impor-
tant role as “low dimensional reaction field”, on which we can
provide atoms and molecules and manipulate them deliberately.
In order to fabricate atomically-controlled surface materials,
we have to understand the dynamical behavior of atoms and
molecules on surfaces. The research of these subjects is closely
related to the basics of catalysis, semiconductor processes and
molecular electronics. In addition, we can simulate chemical
reactions on cosmic dust with laboratory experiments in ultra-
high vacuum at low temperature. We have utilized surface vibra-
tional spectroscopy, photoelectron spectroscopy and scanning
tunneling microscopy in order to investigate structures,
reactions and electronic properties of atoms and molecules on
surfaces. Synchrotron radiation (KEK-PE, SPring8 etc.) is also

used to study electronic structure of surface and interface.

AN . Iy ~ » »
) o) PSS YV N Si(100)c(4x2) HECHERRICEELE2 X FILTORY O
FECHHSRENO AT 20meV] A\ rower rowes [N STV
VY L TR E—E oT__ . e STM image of the regioselective cycloaddition reaction of
The potential energy surface 290 me\l]. 120 mev 2-methylpropene with the asymmetric dimer on Si(100)c(4x2)

: y surfac
of adsorbed NO species on HT HS 29N
Pt(997)
B3 249V

1. BRSF=EHKRE/\1 7y RROBERABFYHE

Organic molecules on solid surface as novel hybrid systems

2. ERRAICBTBRT - 7 FOERTBERDHF

Dynamical processes of atoms and molecules on metal surfaces

3. KAFEREOHEEER ; KOKREFRAICH T DILZERE
Surface and interface chemistry of ice

4. BEADNIC K B2REL L CREDOEFIRE

Investigation of electronic states at surface and interface

5. RET / BEYOBEEBFERGE

Electronic states and conductivity of nano-scale structures on surfaces
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Hasegawa Group

AR v FOVEEMEE (STM) R FRNE#E (A
FM) % &S (7u—7) ZHOEMEZ £ 2F
HE LT, RETORFHEECHR - BTk F 2 A
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HiE L Tz iEd T\ %,

S TMTIE, Wk~ 7 LR o BEFL 2 1 2 72
T COWMBHRIEIC XD, HTFE2 23 28» LI
BRI S 8 2 2 &1 & % K1 1RGO HlfEH A
LEBETORPTEREBHESM 22 & 2L, &
EEWRPBER AT V> v - 70 —FVIRE), BUNEE
BAROX v v 7HIER E, o Tk TR EHAR THE 2 Bl
ROBUGHE 217> T2, £7AFMTIE, JBRHE
ERRBICETHED S 2 LIk ) iR RE S REETH R
R GElgzRg e L, FErmbihisRmaEn, (R
TV )) FAORBEIEIGHL Tw 5,

FAAEIE - GG h - BURET & v o RRBREE T 7
u— 7SRO, Tu— WM EE-oF 2 )Y
757 4 —IEOME, Hitcle 70— 7o FEOBERIC
b BRI ICHL D FHLA TV 5,

|1 REDS TMR, REBFRENKELDRAT Y 7 ORMEEEICHE S
ne, BFEEKR (B8 1.4 nm) L TWS,

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.

ROl =i
Yukio HASEGAWA
HEHER

Associate Professor

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

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

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

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

e

450 nmT

F/HAZXPo 74 7Y REBEDER STMKRE, BIBTTO MY RILDHKICLS
BLEX vy TDHOUENSBENCEFHER (BR)

Low temperature STM image of nano-size Pb island structure, and an real-
space image of quantized magnetic flux (vortex) obtained from tunneling
spectra showing a superconducting gap under magnetic field

1. R STM ICL2BFEEK - 7 U —TILIREG EREEFIREDHR
Low temperature STM on surface electronic properties by observation of electron standing waves and the Friedel oscillation

2. STM L& 27/ Y+ ZHFOBEERFIEICET 2K
Superconductivity of nano-size particles by STM

3. ARM ZBWeRERT > ¥ v LAIE - ERIERSHAE

Measurements of surface potential and electrical conductance by AFM

4. TS STM (I & %7/ AT —ILTTR DT - {LZE DT

Elemental / chemical analysis in nanometer scale using synchrotron-radiation assisted STM
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SITIO3 BRMEN T VIRV ICKIFZY— MNMERDBE., ' — NEEKTFE. 1.3
V OBRRT— NEEZERICEEELN SEBENERE T 5, DR SrTiOs /#Eik
HRETOY— v UTPEER2 X 10'2cm? TH 3,

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

1. BtUNTORECTOBERRY 1 FI VIR
Thin film growth dynamics at oxide heterointerfaces

2. BBt 7+ /& DIER
Growth of oxide nanostructures

3. BtMEILHET/INA R
Oxide field-effect devices

40
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VyIN¥— Ivy BiF ZEX
Mikk LIPPMAA Ryota TAKAHASHI
TERUIS BhE

Associate Professor Research Associate

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

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

local electric field.
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Nb R—7 SrTiOs R DB EHEREZH. No K—7 SrTiOs FED Eicliik
U 73855 B IE Po(ZrTi) O3 SEIR D BRAMMEH Iz ANEZ 5 & THRBREEHIC

DEBBERERE U,

Modulation of the superconducting transition temperature in a Nb-doped
SrTiOs3 film. The necessary electric field was generated by changing the pol-
ing direction of a ferroelectric Pb(Zr,T1)O3 film that was grown on top of
the SrTiOs3 film.
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AR FA

Kazuto AKAGI
REERR

Visiting Associate Professor

Hydrogen bond is binding water molecules each other and
makes three-dimensional network in a condensed phase of
water. Such a network shows various kinds of structures and
dynamics depending on its environment at solid-liquid interfa-
cial regions and around solute molecules/ions. I consider eluci-
dation of its microscopic picture is leading to understanding of
many physical or chemical phenomena such as lubrication and
electro-chemical reaction.

I am investigating the behaviors of liquid water (or aqueous
solutions) on semiconductor or metal oxide surfaces based on
combination of first-principles molecular dynamics calcula-
tions and classical molecular mechanics. Evaluation of tip effect
of in situ scanning probe microscopes such as STM and AFM,
elucidation of spacial structure and typical time constant of
electric double-layers at various interfacial regions, and studies
on relations between proton transfer phenomena and structures
of hydrogen bond network at interacial regions or around solute
molecules/ions are examples of our targets.

THE INSTITUTE FOR SOLID STATE PHYSICS 2010



) B PR B B L WE FE R 1Y

Division of Physics in Extreme Conditions

Ve AR, E S, SR, e & MR
BREICEC L, @FOREBLEIEE> 7S HES
MWEZRTRRIC KR 2, HKRICE T 2 B8RHE
MR EESR, WS IS EB ) 2 REEMHIES M
- SEEE., M ICB ) AR L L
BRCAISNZFTH L, ZN6DFL WER
. LI LIETERDBERDOBFHADETH 2L L |
YIERZEOH L WRHZ Y D D TH %,
LEBMClE, THETEEITD 7 D) &R O B Al
B 21T\, 10 HREZBZ 285 E, 10
<A 7R VEVICE L SHKIR, B 2 [l
DIZIHIR S A T b 75 & FUR K HE O fR PR B
DEBICEIL, ZNEDTFTEHL OF L WE
RERBMLTE %, BlE, IhFEFTEEINEL
iz S o Ic RS, MRN8 T oYtk
ZRIHT 2 L EHIC, 205 OMRERE & Hi5
BRI X 2 EFREY 2 At b -4 Hil
B CTOH L WM 217> T, Tk
WFERTgR & LT,

1) A - 58I T ORI TR ik - Wk

2) [RlR g 2 EEE ~ Y 7 A s E R

3) AEEEPFEEOERXIG . XV A2
Evy 7%
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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 10 GPa and high
speed rotation of cryostats at over 6 rad /sec. These
machines are frequently used in collaboration with
many scientists from all over Japan and abroad. Some
of the main subjects are as follows,

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

2) Liquid He in confined geometries under rotation,
the vortex state and the supersolid state in hcp solid *He.

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

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

multiple extreme conditions.

% g MR B % AR BR
Professor Takehiko YAGI Research Associate ~ Yoshitomo KARAKI
% g MR RER B % B BT
Professor Toshiro SAKAKIBARA Research Associate  Takako KONOIKE
P ARE = B % LV N T
Associate Professor ~ Minoru KUBOTA Research Associate ~ Kazuyuki MATSUBAYASHI
I REH #&A Bt ErImE WHE A
Associate Professor  Toshihito OSADA Technical Associate  Kazuhito UCHIDA
HEHIR LR =t KirErIBE FiE F
Associate Professor  Yoshiya UWATOKO Technical Associate ~ Kazuko NAKAZAWA
# & (¥8) £2& @ Es I g #EH

Visiting Professor Takashi NAKA Technical Associate  Kouji MUNAKATA

L % : < g EAEE) OHvF— JURKNT
*a—EvIFUEBENFKEEFE, Visiting Professor Krzysztof ROGACKI

SRERUE (G5 BEE-BE) gm GEHARR) FTR-TIUXT1Y E—t>
TOYEAELARETE S, Visiting Professor  Mohsen ABD-ELMEGUID

Cubic anvil high pressure apparatus.
Cryostat for experiment in multiple
extreme condition of at low tem-
perature, high magnetic field and
high pressure.

* I ERIFIZRERPT & HHE /concurrent with Division of New Materials Science
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1. BfEANY D L 4 OBREE R & EFRREOERTF

Fig.1. JFRPEERRAZE NLRS RUOBREEARTE pss DIRE : £ He EED% TRLUIcHD%Z
BEOBEKELTZAOY b Ul pss i NLRS DEEIL—7 TORRE{EE UTRE L.
BEOHEIHEL SMUBIES EDKE S TH S Josephson DRE E(T) #RHlce TNEDET
B He SEIEHD 5 Hi5k % 3D BREOMRAN S T=0 K D § DIREHL SBREBEAFD T=0 K TD
BEay ZRES o fco INDSEDNDRFRE h/(mymay) ~ 10 mm/s HMITBERBEN S

Fig.1. Proposed NLRS and Supersolid Density pss in % of the total He mass as a function
of temperature T. pss is derived from the maximum of ANLRSpys. From this assumption
i T we evaluated the vortex core diameter ag at 7=0 K. We could estimate a critical velocity
%8 h/(mymag) ~ 10 mm/s, which coincides with an independent measurement.

.;,ﬂ{ Y il :

AfRE E WA RBREK
Minoru KUBOTA Yoshitomo KARAKI
BT B

Associate Professor Research Associate

Kubota group at ISSP conducts fundamental studies on
Physics at Ultra low temperatures(ULT). Study of superflu-
idity (SF) and Quantized vortex science under rotation up to
the world highest speed below 1K is one of the major topics
studied. Superfluidity and vortex state of matter are now found
in dilute gases (Bose Einstein Condensation, BEC), in Quantum
gases, liquids, and also in a Quantum solid, solid *He, one of the
most strongly correlated systems. Superfluidity is a Quantum
phenomenon of macroscopic scales. The phenomenon of Non
Classical Rotational Inertia (NCRI), where some mass portion
of the matter does not rotate with its rotating container, has
long been thought to be peculiar to superfluid states of certain
liquids and gases(BEC/BCS), but recently it is observed also in
bulk solid *He. Solid crystals have regular lattice ordering in real
space. In addition superfluidity has an order in the momentum
space simultaneously. Actually Kubota group has discovered
quantum vortex states in solid *He. We found a vortex fluid state
and discovered its transition to a real 3D supersolid state in solid
4He. We found evidence of vortex lines under rotation as well.
The group cooperates with many groups of national and inter-

national teams for these activities.
Fig.1 TIRES hicBREE K

[r—
— e

SopelO/CuTI) skEEit. DCEEO T TBAE

fumnWe find two o
b s temperatures, EEEHICHIL TRBAZESZE
i ~5TmK,~76mK NI ND, ThZzREERE
o QAT BERBOELE L
. TERBRWICHH T T<Tc~ 75
e | MK TRUTeo ZOBREILIE.
R L B ‘\ LREROBRYEGEE DR
Above graph looks just the b % EZ{tEmUELZT 2ENHE
same as ANCRIF, observation \{\\ o5,

in the hy vs A P . .

T T I O The supersolid state proposed

in Fig. 1 is expected to be
macroscopically coherent and
admit vortex lines through
the sample. We have observed
vortex lines penetration in
proportion to the DC velocity
Q) as energy dissipation just at
T< T ~ 75mK. The energy
dissipation is found to show
exactly the same temperature
dependence of the supersolid
density pgs as expected.

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

2. BhRE. BEEEETRKUBBEEERNT OERIRE

Fundamental study of superfluidity, superconductivity and quantized vortices and textures

3. LLWEBRE & EFIRRKROEE & ER
Search for new superfluids and quantum phenomena

4. BIERFFEDRROMA | RFREBFOESHIE. BEENERTRDERFR
Unique phenomena at ultra low temperatures: Nuclear - electron cooperative phenomena, Magnetism of dual features, low D systems study: *He, “He monolayers
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Osada Group
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Dependence of interlayer
magnetoresistance on
magnetic field orientations
in semiconductor superlat-
tices. (a)Case of coherent
interlayer coupling (inter-
layer tunneling occurs much
frequently than scattering).
(b)Case of incoherent inter-
layer coupling. This experi-
ment relates the angle-
dependence of interlayer
magnetoresistance to the
coherence of interlayer cou-
pling in layered conductors.
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Associate Professor Research Associate

Transport study of low-dimensional or nano-structure
electron systems under high magnetic fields. To search for new
phenomena in electron systems with small spatial structures, to
clarify their mechanisms, and to control them for application.
We have a great interest in quantum effects, topological effects,
and many-body effects relating to singularity of band structure
and commensurability among electron orbital motions, vortex
(magnetic flux) configuration, and spatial structures (topology).
Our targets are low-dimensional conducting crystals such as
graphene (monolayer graphite) and organic conductors (TMTSF
or BEDT-TTF families), and artificial semiconductor/super-
conductor micro-structures fabricated by advanced processing
techniques like MBE or EB. We flexibly explore new transport
phenomena and electronic states by electric, magnetic, and
thermal measurements using precise field rotation, miniature
pulse magnet, MEMS probes, etc. under magnetic fields and
low temperatures. Recently, we have concentrated our studies
on quantum transport of relativistic Dirac electrons in graphene

and organic conductors.

7571y (BRFESS 774
K) O¥BHEEFR—ILIHR, R—
LViERZzT—NEE (BFEE)
EHISOEHELTRLULEET,
R— LA h/(4n+2)e? DE &
DOFEPEFE DO ENb B, B
HRAELEIS T Y FETHFH
FRROEVHEHNEES 7V
T, EREENT - RNEBRELT
&<,

The half-integer quantum Hall
effect in graphene (monolayer
graphite). Hall resistance is plot-
ted as a function of gate voltage
(electron density) and magnetic
field. Hall resistance shows
plateaus with the height of
15 h/(4n+2)e?. Inset is the micro-
scope image of the measured
graphene FET device. The dark
part in the center is monolayer
graphene, and the substrate
works as a gate electrode.

LIS 7zVELVEOXT Yy TERERICRIT BT 1 TV I BFROBFEE

Quantum transport of Dirac electron system in graphene and zerogap organic conductors

. BB osEKRFRAMCEEERIE—L YR

Interlayer coherence and angle-dependent magnetotransport in layered conductors

. BREFR—IRICBITZH 1 T ILEREREOEFTE

Quantum transport of chiral surface state in multilayer quantum Hall systems

ERTEREAOHIZHERS & O E Y EERINE

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

. BBHST T OYRBFRICETZHARE

BXcE

Chaos and electron transport in Bloch electron systems under magnetic and electric fields
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B
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U. 0.5K £ TORETAE
TBEDTRETH 2,
d The New Palm Cubic
Anvil high pressure appa-
ratus. Weight became a
10 times smaller than Old
% Cubic Anvil apparatus,
but, can make up to 8GPa
same as before one.
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Yoshiya UWATOKO ~ Kazuyuki MATSUBAYASHI
HEHIR BhZK

Associate Professor Research Associate

The group of the high pressure has been studying various
materials at low temperature, under high pressure and in the
presence of high magnetic fields. Nowadays, low temperature and
ultra-high pressure techniques have become popular as an indis-
pensable 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 experi-
mental environment is not always easy and the development of
the techniques itself is often a challenging attempt. Considering
that many mysterious phenomena observed in the strongly
correlated electrons systems result from the electron-phonon and
electron-electron interactions in a solid, we foresee the discovery
of various unknown phenomena under multi-extreme condition,
since the degree of these interactions strongly depends on the
inter-atomic distances and the density of electronic states.
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ENFEIKRBIZEM EuFerAsy DIRE - ENHER. #KOBEMEREI IR SN2
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Pressure-temperature phase diagram of EuFe;As,. Applying pressure leads to a
continuous suppression of the antiferromagnetism associated with Fe moments
and the antiferromagnetic transition temperature becomes zero at Pc ~ 2.5-2.7
GPa. Pressure-induced re-entrant superconductivity only appears in the nar-
row pressure region in the vicinity of Pc due to the competition between
superconductivity and the antiferromagnetic ordering of Eu** moments. The
antiferromagnetism of Eu>" moments changes to ferromagnetism above 8 GPa.

Search for new physical phenomena under multi-extreme conditions

. BERERYEICE T 2 ENFEEEE DY AR

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

. ZEBRTICH T 2 BEMEUEFROMFA

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

. BBEDFEERKM &SRS E Y IERE

The high pressure generating technology and the physical property measurements in the dilution refrigerator temperature range
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Visiting Professor

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

In this respect, we have developed a magnetometer avail-
able under extreme conditions, down to 0.5 Kelvin, over 10
Tesla and 2 GPa as a cooperative work with ISSP. Previously, we
have developed successfully a magnetometer using the Faraday
method available up to 6 Tesla, 1.5 Kelvin and 1.8 GPa in NIMS.

FIR-TIWATAY ET—EY
Mohsen ABD-ELMEGUID
NEANBEHE

Visiting Professor

We use high pressure as a parameter for the investigation
of a variety of solid-state phenomena by applying different
experimental techniques such as x-ray diffraction, nuclear
resonant scattering, Mdssbauer, x-ray emission spectros-
copy and electrical resisitivity. The experimental facilities for
electrical resisitivity allow us to achieve pressures up to 50 GPa,
temperatures down to 0.3 K and external magnetic fields up to
10 T. Our main interest is the study of pressure-induced phase
transitions in strongly correlated f and d-electron systems (e.g.
EuCo2(81,Ge)2, SmS, YbRh,Si> and YbAgGe) and Mott-insula-
tors (e.g. TiOCl, LaSrCoO3 and RNiO3, R= La,...., Lu) and
related compounds. In recent years, a special focus is devoted to
pressure-induced quantum phase transitions, unconventional
superconductivity and metal-insulator transition and anoma-
lous metallic state. Of particular interest is the investigation of
interplay between structure, transport and magnetism in the
different classes of systems as well the comparison with relevant

theoretical models.
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Visiting Professor

Experimental Study of Vortex State Under Rotation.Quantized
vortex states and the transition from the vortex fluid (VF) state
into the supersolid state in hcp solid He has been studied and
discussed solely by the group of Prof. Kubota. The VF state
has been also examined in the new kinds of superconductors,
starting from cuprate high temperature superconductors. The
occurrence and properties of the VF state in most of the new
superconductors are related to the low dimensional subsystems,
which would provide enhanced thermal excitations involving
quantized vortices. Actually, experimental results obtained by
Prof. Kubota’s group seem to show the presence of vortex rings
excitations in the VF state, which does not reveal any distinct
macroscopic coherence. Macroscopic coherence appears only
below Tc, below which quantized vortex lines are produced under
DC rotation. I have been working in the field of superconductors
for many years, studying among other things the vortex state in
new quasi-2D superconductors, and have various experimental
experiences. Being well experienced in the vortex dynamics
I hope that I will be helpful in providing a final argument to
confirm the transition from the VF state to the real 3D super-
solid state. Instead of the last two sentences starting from “Prof.
Kubota proposes ...” we may put in the following text: Prof.
Kubota proposes very interesting and promising experiment: the
torsional oscillator studies of the critical angular velocity, Q.1, to
clarify the existence of something like “Landau state” below Q.j,
which would demonstrate the existence of the real supersolid
state in He-4. From the cell size dependence we should also learn
some important supersolid properties, such as vortex core size
and the intrinsic critical linear velocity, which we discuss now.
I am not sure if we can arrive at the final conclusion within my
time-limited stay, but certainly we can prepare the experiment
and begin the low-temperature studies of the hcp solid He under
the special experimental conditions. We believe to provide the
evidence for the existence of the 3D supersolid state.
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Light is a versatile tool for investigation of the
materials such as semiconductors, metals, organic
and biological materials as well as strongly-correlated
electron systems. Recent developments in lasers and
electron accelerators along with the novel measure-
ment techniques have been providing us innovative
experimental tools.

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

The main current subjects are as follows:

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

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

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

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

e Laser development and precise control for

N S next-generation spectrosco
L ERHMEEL TV S, 8 P y
o Attosecond spectroscopy and imaging using strong
laser fields and coherent soft x-ray pulses

®n B Kt ® B # B E5
Professor Tohru SUEMOTO Research Associate ~ Motoyoshi BABA
% = i B % P 5
Professor Shik SHIN Research Associate ~ Makoto NAKAJIMA
E =iE B3 B % BE R
Professor Toshio TAKAHASHI Research Associate  Tetsuroh SHIRASAWA
B /TIN5y B # 2/ #¢
Associate Professor Hidefumi AKIYAMA Research Associate  Toshimitsu MOCHIZUKI
BT IR E B % INE B
Associate Professor Yohei KOBAYASHI Research Associate ~ Akira OZAWA
IR RE B B % aH T8
Associate Professor Jiro ITATANI Research Associate  Yukiaki ISHIDA
EHER (B8) A EE KITEFIME TH EA
Visiting Associate Professor Tsunehiro TAKEUCHI Technical Associate  Teruto KANAI
HEHE (BB) PaEF 1EE HKITEPIEE ¥ NI

Visiting Associate Professor

Masamichi NISHINO

Technical Associate
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Time-resolved luminescence

Energy (eV)

Configuration coordinate
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Optical methods based on pulsed lasers are indispensable for
investigation of ultrafast phenomena in solids.

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

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

Our main interest is the dynamics of electron-lattice relax-
ation, magnetic ordering, and photoinduced phase transitions.

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

study their dynamical behavior.

(a) ## 1 RTTHEHEE (Pt-Br R ) ICR 1T 2 HCREMEF RN OREIGE
NoSBSNICEERDL—E—, fit#h (TRILF—) FRFOEMICHELEL
THD. Ji%ﬁﬂﬁ?’ﬁﬁ%ﬁ?&ﬂﬁ% 300fs LA THHL TWBIERFH
bhd (FRERE). (b) WiEART > Y vILE ETOREES, HEHNSHR
bh&?b\ﬂLT//V)bﬁ%’%@]ﬁj:’C27‘1‘(‘]&.“’”?’50 () 7z L NPBE
D ERFIERE B O OIS

(a) Movie of the wavepacket taken for the self-trapped excitons
in quasi-one-dimensional Pt complex (Pt-Br) by means of time-
resolved luminescence. Ordinate (energy) corresponds to the devia-
tion of the atoms from the equilibrium position. The damped oscilla-
tion and a splitting of the wave-packet at 300 fs are clearly seen.

(b) Wave-packet motion on an adiabatic potential energy surface.
The wave-packet proceeds to the left and splits on top of the poten-
tial energy barrier. (c) The central part of the femotosecond lumines-
cence measurement optics.

B2YY - bh=l=
Atomic movie based on ultrafast luminescence spectroscopy
2. BREDMRRN - TINIVY DHEIC K DAFERGEBDOT A FII R
Dynamics of photoinduced phase transitions by time-resolved infrared and terahertz spectroscopy
3. R X RTHEHC & 2 EARREFIR O R D
Time-resolved observation of surface morphology by a soft X-ray interferometer
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1. MXRL — Y — B
Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

2. WXL —T—KEDBIEBF DI & BHFRRROHIF

B HREBOTRLE R
TmBm
#l The experimental system for the
laser-photoemission spectroscopy
¥ that has the highest resolution of
the world

> 8 Al 7E
Shik SHIN Yukiaki ISHIDA
% EUE

Professor Research Associate

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

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

nanometer size microscopy of electronic states.

(a) 20([1 ]\']

HEBFAXTEAL 1 RTERIE
BETIF-TCNQ O 7 T )LZEODR
EZEL

Temperature dependence of the
Fermi surface of the one-dimen-
sional organic conductor TTEF-
TCNQ

(b)100 K
e I O S i S R ey Y 2

(c)30K
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(d)30 K (H:gh contrast)
T
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Time-resolved laser-photoemission study on the photo-induced phenomena

3. XL =Y —HBFIEMERIC K 5T/ BEDBFREDHRE

Laser photoelectron microscopy on electronic states of nanomaterials
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Interfacial Si atoms in an iron silicide ultra-thin film, that is directly
reconstructed from experimental x-ray diffraction data.
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Toshio TAKAHASHI Tetsuroh SHIRASAWA
% EUE

Professor Research Associate

Fundamental studies on X-ray, neutron, and electron diffrac-
tion, in particular intended for the development of new methods
to solve the structure of surfaces, interfaces, and nano struc-
tures by using interference phenomena. Aiming to solve the
phase problem in surface X-ray diffraction, we have developed
new methods, such as a direct imaging of interface atoms from
measured X-ray diffraction intensities, a characterization of
meso-scopic range strain field utilizing multiple X-ray diffrac-
tion phenomenon, and X-ray fluorescence holography. These
methods are applied for such as surface quasi-one dimensional
metal, metal silicides, organic films.

A recent topic is the development of a new method for quick
measurement of surface X-ray diffraction profile aiming for
time-resolved measurements of dynamic phenomena at surface

and interface, that is collaborated with other researchers.
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AAEEZ LTV ZLZRWT, BIEL R XREITRES RN SBER U
Si(553) RE LD Au —RTTHDOBFEET Y 7,

Electron density map of the one-dimensional structure of the Au-Si(553)
surface, reconstructed from measured X-ray diffraction data by using a
phase and amplitude retrieval algorism.

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

2. RESRER & DEETHIEDFRF

Development of new methods to study the surfaces and interfaces

3. XIRFERIC B 1T IS F 2 EF L WHEE R EFDOFEHR

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

4. X fREHTIE. X - RIEFIER. TG

X-ray diffraction physics, X-ray and neutron optics, and X-ray interferometry
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Akiyama Group
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YL (BERR. BE) &
IR (EEE. BHAR),
Firefly (Arima, Japan) and
sea firefly (Yokosuka, Japan).

B—TRHEFHEROEER

Transmission/absorption
spectrum of a T-shaped
single quantum wire.
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ML EX
Hidefumi AKIYAMA  Toshimitsu MOCHIZUKI
AR Bh%K

Associate Professor Research Associate

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

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

For the above studies on small nano-structures, we are devel-
oping experimental techniques such as sensitive luminescence
detection, absolute luminescence-yield measurements, trans-
mission/absorption measurements of single nano-structures,
micro-spectroscopy, imaging, and solid-immersion microscopy.
Recently, some of these techniques have been applied to study of
bioluminescence of fireflies, jelly fish, and sea fireflies as well as
luminol chemiluminescence in collaboration with biologists and

industry researchers.
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1. BREAR KRR DBHIEEL = WMEETFHIRL — U — DIER B

Ultra-thin low-threshold high-quality semiconductor quantum-wire lasers and their micro-spectroscopy and imaging
2. 1 REBEEBFELRE L OBEFRONZNE & LAEEERMR

Optical physics and many-body physics of dense electron-hole or electron systems in 1D

3. FEREFBESLUT/\1 RDIEE,

mmEft. G, BEOEIA. EREHR

Material physics and development of high-quality semiconductor nano-structures via microscopy

4. IRZIL - 73T - TIINY)iG E DEYFEN & EYMLFE RN EHRIERE
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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Kobayashi Group
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Optical frequency comb based on an Yb-fiber laser
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Yohei KOBAYASHI Akira OZAWA
IR Bh#

Associate Professor Research Associate

We are studying about advanced laser technologies and their
applications. Both ultimate technologies of ultrashort pulse
generations and ultra narrow-band laser generations are mixed,
the optical frequency comb then was born ten year ago. It
opened up a new research area such as carrier-envelope-phase
dependent phenomena, attosecond physics, precision spectros-
copy by using a femtosecond light source, and high-repetition
and high-intensity physics. It could create wide field of applica-
tions in the physics, metrology, medical science, and astronomy.

We are developing an Yb-fiber laser-base optical frequency
comb, XUV frequency comb, and high-power fiber chirped
pulse amplifier system for these applications. The higher repeti-

tion rate of >2GHz laser oscillator is also studied.

Development and precise control of ultrashort pulse laser system

2. BEDIRL —=REYE
High-rep rate, high-field physics
3. BENN

Precision spectroscopy
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Itatani Group
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Jiro ITATANI
R

Associate Professor

R BB

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

Attosecond physics — high harmonic generation (HHG) is

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

Molecular Dynamic Imaging — high harmonics are tempo-

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

SR BRI =
¥,

BL—Y—BHORFHSDSREHEFKEOB SR, Eit
FENIR DB TR & RIGREOBTF DRBEIMOFHICL >

£ (0D N EEE (2 5R) TR I 2WBFNFES N, 7 SR OXIBRH TN B,
Y=Y+ ch Tllustration of the elementary process of high harmonic

4 y &

Re[l}{g +"H:] generation. Electron wavepackets in the continuum
d(r)= (T |er[‘P) interfere with the bound-state electrons to induce oscil-

1. ERERBE/NLRAL —HY—HRDORH
Development of intense ultrafast lasers

2. BRERAKRICEZ7 M OE—L Y MIRRIEDFAE & FifH

lating dipoles that emit high harmonic photons.

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

3. BRERKEZBWCBERA A —Y Y TR DR
Novel molecular dynamic imaging using high harmonics
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Tsunehiro TAKEUCHI
REEHER

Visiting Associate Professor

BfE

We are investigating the origin of the unusual electron
transport properties of strongly correlated systems, such as the
superconductivity observable above 40 K, large thermoelectric
power with metallic electrical conduction, coexistence of local
magnetic moment from itinerant electrons, etc, in terms of fine
electronic structure near the chemical potential. High-resolution
angle resolved photoemission spectroscopy is employed as one
of the main experimental techniques to investigate the detailed
electronic structure of the objective materials.

In the currently conducting project, the carrier concentra-
tion dependence and the momentum dependence both of the
superconducting gap and the pseudogap observable for the
high-Tc cuprate superconductors are carefully investigated by
using the laser induced angle resolved photoemission spectros-
copy technique, which is characterized by the ultra-high energy
resolution better than 1 meV. The superfluid density, which is
directly related to the superconducting transition temperature,
will be estimated from the momentum dependence of the super-
conducting gap and pseudogap. The conditions for the largest
superconducting gap will be clearly revealed to understand the
mechanism leading to the very high superconducting transition
temperature.

e

g 1EHE
Masamichi NISHINO

BEEHR
Visiting Associate Professor

Concerning transition metal complexes which exhibit phase
transitions induced by external stimuli such as light irradiation,
application of magnetic field, changes in temperature, pressure,
etc, we study theoretically the mechanisms and properties of the
transitions and the non-equilibrium dynamics of the metastable
states of the compounds with the use of modeling and computa-
tional simulations. In transition metal complexes, the structure
and size of the molecule change with the electronic state through
a vibronic coupling. In such systems, the elastic interaction is
caused by the lattice distortion due to local volume change or
local structural change. This kind of elastic interactions can play
a role of cooperative interactions which induce phase transi-
tions. The properties of the elastic interaction are non-trivial and
they are interesting from the viewpoint of general theories on
phase transitions. Focusing on the nature of the elastic interac-
tion, we are studying the characteristic features of the dynamics
of the system structures and electronic and spin states, which
react on each other under the external stimuli, and trying to
have a general theory in the relation between the structural and
functional properties of the complexes.
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Synchrotron radiation, especially from insertion
devices, has provided 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
members of Synchrotron Radiation Laboratory
(SRL) have been playing an essential role to promote
advanced synchrotron radiation sciences using
brilliant light sources in vacuum ultraviolet and soft
X-ray regimes. The SRL opened a branch laboratory
at the SPirng-8 to operate the new high-brilliance
soft X-ray beamline BLO7LSU of the University of
Tokyo. At the Photon Factory, SRL maintains an
undulator, two beamlines and three experimental
stations, which are 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.
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Professor (Director)  Akito KAKIZAKI Research Associate

I R B B %

Associate Professor  Norio NAKAMURA Research Associate
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Associate Professor  lwao MATSUDA Research Associate
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Visiting Professor Yoshihito TANAKA Research Associate
KITEPIEE
Technical Associate
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Technical Associate
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Technical Associate
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Technical Associate
KITEPIEE
Technical Associate
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Technical Associate
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Accelerator Physics Group

Tea DT N—TDERWNET — <1, BEHICDONGHRE &
mBRTMEEBTH B, i3 2o DWHIERR O HF
FaATH £ L BT, FERIIT 72 Sl i 22 e s 45 22
R NNEEREN OFFE 2D T 5, IREDIGE) D
128 LTid, HifE, at—L vy A, RRERETERY
VRO R EE T 2 b0 L iff SN s T
VX =[N Y =7 v 7 (ERL) 12 X % X AHARBE G IR
DI%EHH %, ERLIFHME T L —+¥ — (FEL) O/
BEIAN—ICb D)5, BIfE, ERLICKE T 5 E—
LI DG & ARG NE 2R ek -5 7 7 A
N— L = — 7 & D BEFERHFE 2 R & S L TED T
W5, FRRFKHC, KD SPring-8 ICHEER T 2 WHE
FHEE—L 74 v D7D DMREHIFIR X 7 v 2 2L —
Z OIS0 O mE PR A O
BIFE%#fT> T w3, 512, KEK-PF &R LT8R
ANERERA % I8 L w ARG ROME DT> T 5,

REARERICEA T TRIES W CBEEMEZR () CREFOKE
BEFHRA7 7 A N\—L—F =2 2T L (A).

A fabricated prototype for a nine-cell superconducting RF cavity (left)
and a developed Yb fiber laser system for a photocathode electron
gun (right) towards a next-generation synchrotron light source.

A7 —~ Research Subjects

AA,
AR B B B2
Norio NAKAMURA Hiroyuki TAKAKI
TR BhE

Associate Professor Research Associate

Our main research subjects are particle accelerators dedicated
as synchrotron radiation sources. We study these accelerators
and develop advanced accelerator components, subsystems
and technologies. One of our recent activities is research of a
next-generation light source based on an energy recovery linac
(ERL), which is expected to be superior in brilliance, coherence
and time resolution to the existing synchrotron light sources
based on electron storage rings and can be a powerful driver
for a free electron laser(FEL). We are studying beam dynamics
in ERLs and developing ERL components such as a supercon-
ducting RF cavity and a fiber laser for driving a photocathode
electron gun in collaboration with some other facilities. We also
participate in construct of a polarization-controlled undulator
for a material-science beam line of the University of Tokyo at
SPring-8 and developing a electromagnetic phase shifter for fast
helicity switching of the circularly-polarized undulator radia-
tion. Furthermore we are studying a new injection scheme based
on a pulsed sextupole magnet in collaboration with KEK-PE.

SPring-8 ICREENERAEYMERZE —LZA Y ORAEHE Y > V2L —% (k)
EBRARAIEDH DB TO b T 1 7T ORSZAE ().

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

1. SRR

High-brilliance synchrotron light source
2. KRB IR

Next-generation synchrotron light sources
3. ElRA AR INERER E R R DI R 7

Research and development of advanced accelerator components, subsystems and technologies

4. INERFRICH T2 E— LR
Beam physics in accelerators
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Solid State Spectroscopy Group
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A new spin-resolved photoemission spectrometer with
VLEED spin detector, which enables us to measure spectra
with very high energy- and momentum resolutions.
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The solid state spectroscopy group consists of two labora-
tories, the members of which are promoting advanced solid
state spectroscopy using synchrotron radiation in soft X-ray
and vacuum ultraviolet region. They operate a branch labora-
tory at the SPring-8 to maintain the new high-brilliance soft
X-ray beamline BLO7LSU of the University of Tokyo, where
time-resolved soft X-ray spectroscopy is utilized to study the
dynamics in surface chemistry and in various photo-induced
surface phase transitions. The solid state spectroscopy group
also operate Tsukuba branch and maintain two bending-magnet
and undulator beamlines, connected with 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). The current interests at
KEK-PF are in the spin dependent surface electronic structures
of quantum films, topological insulators and transition metal
magnetic thin films. A new chemical imaging technique for
nanometer-scale materials has been developed by combining
scanning tunneling microscopy and synchrotron radiation
X-ray.

d ‘uonezuejo uidg

Spin-resolved Photoemission Intensity (arb. units)
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N
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High-resolution spin- and momentum-resolved photoemis-
sion spectra of edge states of a topological insulator Bij_y Sby.
Energy dispersions of the spin-split edge states are observed
in (a) up-spin and (b) down-spin spectra. (c) is the spin polar-
ization of the edge states.
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Figure-8 undulators installed in SPring-8, which provide
high-brilliance synchrotron radiation into the beamline
BLO7LSU.

A2 7T —~ Research Subjects

1. KD BRXRDARBROMAEREY 1+ I 7 ADHFR

A o :

BE IEx A 2= A\ E—HR
Masami FUJISAWA Susumu YAMAMOTO  Kohichiro YAJI
Bh# B B

Research Associate Research Associate Research Associate

SPring-8 BLO7LSU KREDHER X BONRBRAT—> 3 >, RITH
B 2 RTAESBEFONEEZRATCUEEBROY >V 7ILICBE/ UL
AL —H— E@EER X R E R U THERESE D BB F IR
Bz1T5,

Time-resolved soft X-ray spectroscopy apparatus at SPring-8
BLO7LSU utilizing simultaneous radiation of high-brilliance syn-
chrotron radiation and ultra-short pulse laser. Time-resolved pho-
toemission spectra are measured at an analyzer chamber equipped
with a two dimensional time of flight electron energy analyzer.

Developments of time-resolved soft X-ray spectroscopy and researches on surface dynamics
2. AEVYDHBEHXEFAXS FOBIHZEHEERICL2RAA L YBEFREDIHR
Spin-dependent surface electronic states studied by spin- and angle-resolved photoemission spectroscopy and

magnetic linear- and circular-dichroism

3. ABFESLOEABFAAERICE Z2EEE L CHERKH - REDEFREDOHE
Electronic structures of metal and semiconductor surfaces studied by means of photoelectron and inverse

photoelectron spectroscopy

4. KEBEFHRE in situ RABXGEEAEIC £ BEGEREA LEXTESHDBEFEXRERDHR

Electron transports in low-dimensional structures on solid surfaces studied by a combination of photoemission
spectroscopy and in situ surface conductivity measurements
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The time-resolved (TR) X-ray spectroscopy and diffraction
measurements using synchrotron radiation (SR) enables us to
observe ultrafast electron energy structure change and atom
displacement of materials which is irradiated by a pulsed laser.
At BLO7LSU of SPring-8, which was constructed as a University-
of-Tokyo Materials Science outstation and is now in operation,
the TR photoelectron spectroscopy has been conducted as one
of the key research subjects of the beamline. The TR photoelec-
tron spectroscopy at BLO7LSU is characterized by the combina-
tion of laser-pump SR-probe technique and time-of-flight (TOF)
type angle-resolved electron analyzer, to measure efficiently
core-level photoelectron spectra with a time resolution of 50 ps.
This technique will open a new pathway to approach elucidation
of photo-induced dynamical processes such as photo-induced
surface phase transition, surface photovoltage (SPV) effects
and so on. In collaboration with the Solid State Spectroscopy
Group, we constructed the timing supply system to achieve the
synchronization of SR, a femtosecond pulsed laser and the data
acquisition system, and succeeded in observation of SPV effect
in semiconductor surface of silicon using the TR photoelectron

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

[

BB ERR) EBH &= BEWEME
Professor (Director) Zenji HIROI Technical Associate
£ tH = RiTEFIEE
Professor Yutaka UEDA Technical Associate
% B nNg B RiTEPIBE
Professor Naoki KAWASHIMA Technical Associate
EHIR O &8 RiTEFIEE
Associate Professor Hiroshi NOGUCHI Technical Associate
i 2% (& BRErImE
Associate Professor Osamu SUGINO Technical Associate
EHE (BB) a0 && ® i B B
Visiting Associate Professor Takashi TANIGUCHI Technical Associate
B % s E— B BB
Research Associate Jun-lchi YAMAURA Technical Associate
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Research Associate Yusuke TOMITA Technical Associate
B # TR &R P EEFIME
Research Associate Hiroaki UEDA Technical Associate
B % AR ER PEEFIE
Research Associate Takafumi SUZUKI Technical Associate
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Research Associate Yoshihiko OKAMOTO Technical Associate
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B % B HE

Research Associate

Hiroshi WATANABE

E ER
Tsuneo KITAZAWA
At IEER
Masayoshi KOIKE

B EZ

Masahiko ISOBE

P

Touru YAMAUCHI

KH @7

Hiroyuki YATA

fmHE 8E
Takaki FUKUDA
AN BF
Yoko KIUCHI

EIR OKE
Daisuke HAMANE
AN EAT
Shigeyuki ARAKI
s SF
Reiko YAMAJI

HFH X

Hikaru KOUTA

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

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

¥y Cd2Re207 % AOs206 (A = K, Rb, Cs) I2E W THi 7212 frustrated lattice. A
2-6
ﬁ{ﬁgﬁﬁfg%%ﬁbf:o A=C
=Ls
Rb
§ of
g K
B/t Oy A7 BALBEEA AOs206 DEXIES,. BILEGEEER a |
13 33K (Cs). 63K (Rb), 9.6 K (K) T5H 3. 2r B
Superconducting transitions observed in resistivity for the g a
B-pyrochlore oxide superconductors AOs;Og. The Tcis 3.3 K, 6.3 E a2l
Kand 9.6 K for A = Cs, Rb and K, respectively. T =
=iy
0 5 10 15 20
D ' L 1
0 50 100 150 200
T(K)

2T —<~ Research Subjects

1. HULLWEFRAEYRKUOEEARETRYEDORR

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

2. AEY 1/2 H T A EF REBEMEARDEERIRE

Ground state of the spin-1/2 kagome antiferromagnet
3. BRBEER

High-T¢ superconductors
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X7 —~ Research Subjects

Our primary research effort has been focused upon the devel-
opment of inorganic materials possessing novel electromagnetic
properties such as superconductivity, metal-insulator transition,
charge/orbital order and various quantum spin phenomena. The
transition metal oxides, chalcogenides and fluorides have been
synthesized under various atmospheres and single crystals of
them have been grown by FZ and flux methods. The nonstoichi-
ometry, structure, phase transition and physical properties have
been studied by TG-DTA (DSC), X-ray and neutron diffraction,
electron microscopy, electrical resistivity and magnetic suscep-
tibility measurements etc. Our recent outcomes are the findings
of (1) quantized magnetization plateaus caused by Wigner
crystallization of triplets (magnons) in 2D frustrated system
SrCuz(BO3); with Shastry-Sutherland lattice, (2) novel charge
order transition and devil’s flower type phase diagram in NaV,0s
with a trellis lattice, (3) charge order transitions and pressure-
induced superconductivity in quasi 1D conductors B-A¢33V205
(A = Li, Na, Ag, Ca, Sr, Pb), (4) new charge/orbital order transi-
tions and room temperature CMR in A-site ordered perovskite
manganites RBaMn»Os, (5) novel phase transitions caused by
the interplay among charge, orbital, spin and lattice degrees of
freedom in 3D frustrated spinel oxides, (6) novel metal-insulator
transitions in hollandites, K;MgO16 (M = V and Cr).

K2CrgO16 DESIENT (0) EHEILZE (x)o KoCrgOte IEF 2 U —RE
180 K Di#fgMERE T, 95 K THMRMZ MR L e X FREICER
T3, ThiFFUHTOBREEEE—IERAGBOERNTH S,

Temperature dependences of resistivity (p) and magnetic sus-
ceptibility (y) of K2CrgO16. K2CrgOjs is a ferromagnetic metal
with Tc = 180 K and undergoes a transition to an insulator at
Twmr = 95 K, retaining ferromagnetism. This is the first observa-
tion of ferromagnetic metal-insulator transition.

1. BBEEZza0RY. DLIT Y. 7 vIEYEDERERELES & CHEFEDHE
Synthesis of transition metal compounds by controlling stoichiometry and phase equilibrium

2. X#gEdr, pEFOT. BFRHE (BFREHT) OZDBHE(IC L 2EERGE DMK
Study on structure and phase transition by in situ observation of X-ray and neutron diffractions and electron microscopy

3. BXH - BRHEBEOFHA L (L2 REEH L CEFHERROWR

Study on novel electromagnetic properties related to correlated electrons

4. SFEKHIECRISFIRAEDRFES & OinsEM T TOAMIC L 3 YE DT
Synthesis of new materials under various conditions including high-pressure
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The VBS state that appears in
the two-dimensional SU(N)
Heisenberg model. A darker
line corresponds to a spin pairs

with stronger correlation.

7T —~ Research Subjects

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

VolEq
08 IdI.B ; 12I.3 : nl.n - 1(.':.0 : 93
o TN
05} -

0.5

Hu

R—=X/N\N—=REFILOER, tidRy EVVEORE. U SRADEEERDRS
THd. HMRTBRIERE, SREFrvyTORESEEXRT,

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

1. HULWEFHRFHEORER EEFRMARR

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

2. ZHEMBOBEREDHR. &< ICEFEY TAILDEOHFEDRFHH
Numerical methods for many-body physics, in particular, new quantum Monte Carlo techniques

3. REVI TR
Spin glasses
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V7 h e — Y R A B L TR L We study soft-matter physics and biophysics theoretically and
W2, BT RS HIID F 4 F 2 2 2 ORI % numerically. Our main target is the physics of biomembrane and
AT, ZOrDD S al—3 3y FEOR cells under various conditions. We develop membrane models
HRHIT>T 5, We found the shape transitions of red blood cells and lipid

P2, RIMERPAREL D © % 2/IAD S X EE &I vesicles in shear and capillary flows using mesoscale hydrody-
BT ToOBELLEZMXTw5, TNFE T, fittic X > namic simulations: discocyte-to-parachute, stomatocyte-to-
THRMIRDI NS & 22— PR A Y w SIRICEIE T 3 = L prolate, and prolate-to-discocyte, etc. We also clarify the several
. IEINEDISIEE I, BT — FolER % fusion and fission pathways of the membrane using coarse-
ST LR EES LTS, grained molecular simulations. In particular, the pathway via

F 7o BEREOE A, D EOBRICOWTHIIEL T2,
BN TIRIEDRLA, 3RSV EER O 7 o 1 BB
ZoTw3, zo@iz e rElNZHwTy S a
L—ravl, INEFTEbDN TP REHOHL
CHERL 72, Blve OYIBLRY 2 BERE D A MEITICHLD fLA
TWw5,

and hydrodynamics simulation methods.

pore opening on the edge of stalk-like connection was newly
found by us, and later supported by an experiment.

WEEZRNDRMIRORF Y T3y b RMRFZ DL SB/F 22— MRIZE MERLOEREDR >y 723y b, IR (R) KANEINA T, BRERMBAL
L TERMERNERNS, MEZHE. FEDFIIEKED (B) CHKEBD F) 5183,

Snapshot of red blood cell in capillary flow. Red blood cells deform to the Snapshot of fusing bilayer membrane. The fusion is induced by external
parachute shape in microvessels of our body. force on the particles (purple). Lipid membrane consists of hydrophobic

(yellow) and hydrophilic (red) parts.

AT —~ Research Subjects

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

2. EFRREORE. 7R
Fusion and fission of biomembrane

3. BEROBCES. MEER
Self-assembly and morphological transition of lipid membrane
4. 2 RITHIF R TORUFERTE

Melting transition in two dimensions
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Lipid membranes and their closed forms, vesicles, exhibit
a wide variety of shapes such as sphere, cup shape, biconcave
shape, prolate dumbbell like shape, pear shape and so forth
by changing their environment temperature, pH, and osmotic
pressure. These shape deformations induced by external stimuli
are considered to be related to various functions of biomem-
brane, and therefore it is quite important to investigate the
origin of the shape deformation of vesicles.

The present targets in our study are to construct a simpler
physical model to describe an intrinsically complex biomem-
brane composed of multi-component lipids and intra-
membrane proteins, and to make clear how the distribution of
the composition of membrane is coupled to its shape deforma-
tion. In addition, we study to reveal universalities underlying
phenomena that can be seen in biomembrane by comparing
experimental evidences and results obtained by computer
simulations using the model.
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1. Joint-Use Supercomputer System

The Supercomputer Center (SCC) operates a supercomputer
system available to all researchers of condensed matter physics
in Japan. One can submit a proposal for a User Program to
the Supercomputer Steering Committee, and once granted
he/she can use the facility with no charge. The main system
was renewed in July 2010. It consists of two systems: SGI ICE
8400EX (8340 CPU x Intel Xeon 5570) and NEC SX-9, 64CPU.
In addition to maintaining high performance of the system in
cooperation with the venders (Hitachi and SGI), the SCC also
responds to questions and inquiries from users on daily basis.

2. In-House Networks and related missions

The SCC 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). We, for
example, monitor electronic traffics for virus infection and by
distributing anti-virus softwares to in-house users.

3. Next-Generation Supercomputer Project ("Novel materials
and energy resources")

In order to make the best use of the next-generation super
computer, now being developed as a national project, five
research areas had been selected by the government. Recently,
ISSP was chosen as the representative institute of one of the five,
"Novel materials and energy resources". Staff members of SCC
support this activity.

SGI Altix ICE 8400EX/3840 cpu
180TFlops 46TB memory

f‘,;

A—/\—Av¥Ea1—% YRTLBY
(SGI ICE 8400EX/8340)

The supercomputer system B
(SGI ICE 8400EX/8340)

YR RPAERF A —/(— NEC Express 5800

~ o — N = t [ 2epu 2468
AvEa—yY2TLEAE ] pesmll NEC SX-9/64 cpu
The Supercomputer System o 6.6TFlops 4TB memory

at the SCC-ISSP.

67
THE INSTITUTE FOR SOLID STATE PHYSICS 2010



POEL e M

AN

) wm e -

N RE DA

Materials Synthesis Section

B Y 8 EH ET  Contact Person: Z HIROI

RifEME JEE [EE  Technical Associate : T. KITAZAWA
BIFEPIBE K28 1EZ  Technical Associate : M. ISOBE
BMTEFBE /gt 1IEZE  Technical Associate : M. KOIKE

AETIE, FIWHO AR, BUNYH O BB, Bk
R EMZEHABO G ZIT>Tw s, £, KRS
i P S 0 RS R, SURKR I T 7 & 2 BT At
DILFEFAPITERAR & LTI L TWw 5,

The main purpose of the Materials Synthesis Section is to
synthesize new compounds, well-characterized samples and

single crystals of various materials. Various kinds of furnaces

are provided for crystal growth experiments.

TO-F4 VTV —VEERBRF. BER5I A SEERFE (BT
MK TV IR, 77y OB P—UBBE. YV IOZy MNA).
BEEKEEE (100 Torr), BEYIMHE

Main Facilities

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

EAfiE (Materials Synthesis and Characterization Division)

A=A g i/

Chemical Analysis Section

B Y4 A Contact Person : Y. UEDA

"B B

A =
AN BT Technical Associate : Y. KIUCHI

AETIE, PEIRICER ZWEHIZ O T oit
PH L CWHD I TEOBGE S K MEANTIRIC L 2
MH oS X OFE 21T ) LI, & - o - L
BB D 2 G 2 BTN O JERFI AN L T 5,

The Chemical Analysis Section is engaged in determining the
chemical composition of specimens and in purifying chemical
reagents for preparation of high quality specimens. The analyt-
ical equipments, several types of automatic balance and a system
for preparation of ultra-high purity water are provided for

chemical analysis experiments.

FERE

EEBTFEMBE—XRYI /A7 5105~ FEEEBAKT AT
FADKDITERE. RBEEME. BEFREF. BEXEEE. WER. B
EREERE. MKEEEE. RELIRHE

Main Facilities

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

BESRS LR
Czochralski pulling apparatus with an induction heating system

68

EEBFBRBHE—XRIA7O07F 7149 —
SEM-EDX/WDX

THE INSTITUTE FOR SOLID STATE PHYSICS 2010



Materials Design and Characterization Laboratory

YIE AR« BEEE (Materials Synthesis and Characterization Division)

X B

X-Ray Diftraction Section Electron Microscope Section

# Y B 8 FEHF ZET Contact Person: Z HIROI B2 Y mEe FH B Contact Person : Y. UEDA
B #% |5l JE— Research Associate : J. YAMAURA BEEMBE JEAE  K#H  Technical Associate : D. HAMANE

B MR I E OSSO G R FBTH 5,
LIS BhE RETIE, BRIV TOBRMEZBIET 2720, &

T IRRETY & BB B o T fE A 2 i 2. M O
BRIV WYY 2 R T YE D BTSRRI B\ T, A HIRGEWTTE 2 47 9 & 3o, iz ArNst o FHICfE L
RT3 CHRERMEZ H0 5, KBTI, X LR AP RN T %2 T > T

[T 2 Hle T T E o fs SRS I & 2 ISR The Electron Microscope Section supports electron diffrac-
L7 EWERES O 2479 &z, TN oL IC tion measurements, lattice image observation and microscopic
St U a2 Rl fl o Feft . (I % 47> T 3 analysis of various solid materials, with the atomic-scale resolu-

tion by using a high-resolution electron microscope and an

The main purposes of the X-ray Diffraction Section are struc- electron microscope with an X-ray micro-analyzer.
tural analysis and identification of powder and single crystal
specimens for solid state physics. By using a 4-circle diffractom-
eter equipped with a warped imaging plate and a refrigerator

FEKR
structural analysis is performed in the temperature range of 200 kV BRBEGTF AT EFEMEE. 200 kV ETFEME (LaBs 5 1 7).
2-300 K. B8 - BRNILY — ERA AV E—LEE, ERARMERDIcHDEL
DEE

Main Facilities

FEERE 200 kV electron microscope with an X-ray micro-analyzer,
PUEHRY X REITET. CCD Y AT A A X—I V7 7L — MBI XIREITE 200 kV electron microscope with a LaBs gun, High- and low-
MARXBEITERE, ZVIAXS, TAEINILITAAS temperature holders, Focused ion-beam milling, and Various

Main Facilities apparatuses for sample preparation.

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

SRR X—Y 77 L — MXIRETE 200 kV BFRBE A1 E FEHE
Imaging plate type X-ray diffractometer for low temperature application 200 kV electron microscope with an X-ray micro-analyzer
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Electromagnetic Measurements Section

B Y 8 X ZFIA Contact Person : Y. IYE

B Y 8 Il = Contact Person : M. TAKIGAWA

B Y & FEH FET Contact Person: Z HIROI
RTEMBE U & Technical Associate : . YAMAUCHI

ARETIR, MWEHOEEARNWEE TH % EHLANERNIEE
Z, R X WSO CHIFICO > THET % L &
BT, BERURHENERE, YRR N 2EE, BE S
a7 E O Z TN O FEFAICHEL Tw 5,

The Electromagnetic Measurements Section offers various
facilities for measurements of electric and magnetic properties
of materials. The followings are types of experiments currently
supported in this Section: electrical resistivity, magnetoresis-
tance and Hall effect, magnetization, magneto-quantum oscilla-
tory phenomena, a.c. susceptibility, magnetic torque, and NMR.

FERE

15/17FASBEEI TRy b, AT7UY N5 FISBEET
TRYN NUDLTYU=) 16/ 187AT75H—BEREIYI/XY K
(NMR). SQU | DHELAIEEE (MPMS)., NAYIENELEE (PP
MS)

Main Facilities

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

BRAFIERERE
SQUID magnetometer (MPMS)
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J YIE AR« EAEE (Materials Synthesis and Characterization Division)

e E =

Spectroscopy Section

B Y 8 HE #Z ContactPerson: H. TAJIMA
B YR E KT ® Contact Person : T. SUEMOTO

NWHED & 2 e e bEes % fif 2. BTNt 3L FFI
L T3,

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

and Raman scattering.

EEERE
AIREANDHRER . RADKKER TV DHAER. RRAIE/N
JLAL—H—xR, KXUL>yO—5—

Main Facilities

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

FF R ER R
Spectrometers (Room A468)
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PR IEE ISR, UG DT % R
ODT, JRTOHLICH BETHPZD D IC
HLBEBTDOOL WG ENZRIFLED), D
WEZAHLTWEICL 200D S h
FHxEHEL, WENOFRTPHRE—X Y O
BLFN B DR 7% 1 % TR k% Trp k7
fily & \vd . VDR O kT REA I bR
TR T EGL IR IC X 2 PITESE D - D D4
EFE P 2 #fE U< & 72, BifE. HARFE T
WL B RS O W8 F 797 JRR-3 12 K203k
B9 2 b LS E 13 14 B2 B A, et
7l A o> BB 13 4 [ 300 #RAE, 6,000 A - H
WL T\ B, MfERE O FEE T 2 4 E L E A
XD, miEEEEONE, 77 AL —F
L 7 A B8 R AT A Ok 2
ZEHEAOWZEE XU o & LT, BRSO
L2Ep i, EarPanA FoffeHin,
ARYE O EGRIEE & BEREOWIZE, R EN—F
2TFUTAPSY 7 F2T U T NETEGIRL
WPVE M RO JEREWFFL 3 T T HGEL & b C
BAIfTbITwS, o, Yl Tld HK
JIRZE TGRS ) O FEMEREBI L LT
TEED L. TS o kT EELIEE o F IR I Bk
LTw3,

Neutron Science Laboratory

Since 1961, the ISSP has been playing a central role
in neutron scattering activities in Japan not only by
performing its own research programs but also by
providing a general user program for the university
owned various neutron scattering spectrometers
installed at the research reactor of JAEA (Tokai). In
the JRR-3 reactor (20MW), the university group owns
14 spectrometers, and the Neutron Science Labora-
tory (NSL) provided a general user program. Under
this program, about 300 proposals are submitted
every year, and the number of visiting users under
this program reaches over 6000 (person-day/year).
Major research areas are solid state physics (strongly
correlated electron systems, high-T. superconductors,
heavy Fermions systems, low dimensional magnetism,
high-pressure physics, etc.), fundamental physics and
neutron beam optics, structure and phase transitions
of polymers, gels, and colloidal systems, physical
chemistry of complex condensed matter, structure
and functions of biological systems, and material
sciences. The NSL also operates the U.S.-Japan
cooperative program on neutron scattering, and
supports the development of the neutron-beam-based

material sciences in Japan.

BARRT O EE JAEA) O ERR
FIRIJRR-3 ICRE S o hiEFRELRRE
B, SADKRBREEBEMNKFLE—LILICKRE
ENTWB, &lew TORFFENS 2HKDH
PUHEFEE L 3RO ST HEFEENROLT
micslEHEn, BT 3410 RMR—ILIc$H
%2 ARDHETFE—LARREBRH CPETF
EHIEL TV S,

The reactor hall of JRR-3. The eight neu-
tron scattering instruments are attached
to the horizontal beam tubes in the
reactor hall. Two thermal and three cold
neutron beams are extracted from the
reactor core toward the guide hall located
to the left and provide neutron beams to
24 instruments in the guide hall.

# & (EHRR)

Professor (Director)

B B

Professor

HEHER

Associate Professor
HEHER

Associate Professor
HEHER

Associate Professor

BRI (BB

Visiting Associate Professor

R GNEARS)

Visiting Professor

el FE3A B # KIR  Z=EA
Mitsuhiro SHIBAYAMA Research Associate  Yasuaki OOHARA
=E B % EE
Hideki YOSHIZAWA Research Associate  Hitoshi ENDO
= & B # aE FRRF
Osamu YAMAMURO Research Associate ~ Maiko KOFU
EBE = B % FAER  HfEST
Taku J SATO Research Associate  Yusuke NAMBU
7EH PR e =] xR BRX
Takatsugu MASUDA Technical Associate ~ Toshio ASAMI
My = BB A IES 278
Toshiyuki SHIKATA Technical Associate  Yoshihisa KAWAMURA
U— ZVI\» W8 ZH BN
Seunghun LEE Technical Associate ~ Ryosuke SUGIURA
5 M B KE e
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Neutron Science Laboratory
http://shibayama.issp.u-tokyo.ac.jp/

e Il 7 =2

Shibayama Group

V7 bed—tiz, RADOHDRE Y YL EYHE %
WIS 2 TRov v, WH - MO & Th 5, Wkl
DHSEYE 7 E DN — P2 ¥ — TR E RS &
W) RRRBE IS B W TR RN AR R T oL, Y
7 b~ —TIEHEILR - R THERE Y Z R L
LR ERE R 2T, RADIEETRY 7 =% —D
KETH 52— EMHBIR—DERINAERILZ HIF L
Tw3, BETiE, 7 VoMol - ik, ~8—ko
MR EDiEh, BRNZNFIEEZ L OIS £ AhE
W17V OBRTE & MG - PIYERYE. TREVSICE T S
S L OYE & RBEHBY, 2L ORSEREERT R & 21T o
Tw3,

TS B D ZRITALE R E /N oL SANS-U &
HiEF A Yy T a —llERE INSE Z b iz, EiEnm
JEHGELEE E (SLS/DLD ALV-5000)., 1727 « B I 2 25 1
LARA=F =R EZHOT, V7 b8 —DF ) 4 —4—
DWEERNT, F /B oBTHETDIAF I 7 A%D
N— L 7ZIRIA O Z B L T 5,

&

Sl FEIA =g
Mitsuhiro SHIBAYAMA  Hitoshi ENDO

2653 B

Professor Research Associate

Soft matter undergoes various transitions in response to a
slight change of an environmental variable. We investigate the
relationship of the structure and dynamics of soft matter, such
as polymer gels, nanoemulsion, and micelles. The aims of our
research are systematization of “molecular-bond correlated
systems”. Concurrently, we explore various applications of soft
matter on the basis of the physics of soft matter. Recently, we
are developing various types of super-tough gels on the basis
of findings on the structure-property relationship unveiled by
neutron scattering, flow behavior of micelles in solutions, and
precious structural characterization of rubbers.

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 2009) and the neutron spin-echo spectrometer
(iNSE; upgraded in 2009). Other scattering techniques, such as
dynamic/static light scattering, microscopy, mechanical/thermal
analyses, and rheological studies, are also employed if neces-
sary. Current interests cover (1) inhomogeneities in polymer
gels, (2) structural characterization and studies on deformation
mechanisms of high-performance polymer gels, (3) rheo-SANS

of nanoemulsion and micelles.

—BMERATICH ST/ AVRY Y NFILONEFEFEE. (a) T
FEROEE, (b) IV MZAMEREICED. LD BAF
BN, MIEDRERD M U e O ERDBELRIE Sce, Spp, Scro
Small-angle neutron scattering (SANS) of uniaxially deformed
nanocomposite gels. (a) Photographs of undeformed and
deformed gels (7x). (b) Partial scattering functions, Scc, Spp,
and Scp extracted by contrast-variation SANS.

1. BEEERD T OBEE YA F I v I R ERER. VIL—TILER
Structure and dynamics, phase separation, and sol-gel transition of functional polymer gels

2. BRABATTINDERA =X A
Deformation mechanisms of super-tough polymer gels
3. RAB L VERT LADEEEERT

Precision structural analyses of natural and synthetic rubbers

4. REPGTODF /IR a3 VELVIEILOEEEL

Structural evolution of nanoemulsion and micelles in flow field
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Neutron Science Laboratory
http://yoshizawa.issp.u-tokyo.ac.jp/
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Yoshizawa Group

EReEBAYORTRE - EkEEiz, AEy -
A - T - WOBIREER EEREICBEL T 2 BSR
ELTRELTHAZEDBAICHIESIN TV S, Mk
ECTRERREBRLY ORTEM - PLuERT TR X
OSSR & BLAEE L o2 &2 ikl 2 b
HEWLTRKMICHZEL Tw3, ETORIZ, HARETH
W FEHERE (JAEA) OWFFalH 13 S L2 M Ze e
OHFETINERDI LD 1 ATH S, PiEFEELFEET
. SO XD RokEE A L CWE O FERMEEGEL A <
7 PVERNET 5, A FORNIE, it isE 2 5§
BRILPI D —>TdH 3 Laz,SrxCuOq & AL D &l Sl %
Fio LagSreNiOs DRI B W THME NS 2 F 74 7k
D R — 7BERENE %2 x=1/2 £ TOE F— 7#kE T
o LR S oA r 794 7THRFEOWIEE & 2 b
FATHRFDA L 54 7 DORINED K — VIR % R
LcbDThs, ALT74 THRIF LML ZBEERT D
IRFIREEIE & B a=1/3 THKRZ R L 72 H LI ICiEd
2, $72A 54 7HF ORI A — VRIS A LT

B AR ZHHA
Hideki YOSHIZAWA Yasuaki OOHARA
E26d Bh#

Professor Research Associate

Metal-insulator transition in transition-metal oxides has
drawn much attention because it is a phenomenon which
reflects interplay among spin, charge, lattice, and orbital degrees
of freedom. Our group has been performing systematic inves-
tigations of such transition-metal oxides in view of influence
of charge/orbital ordering, spin ordering, and structural transi-
tions to transport property. The triple axis neutron spectrom-
eter owned by the ISSP is shown in the left figure below. With
use of these spectrometers, the hole-doping dependences of
the incommensurability and the transition temperature of the
stripe ordering for hole concentration x up to x = 0.5 have been
observed in the highly-doped La,.,SrxNiO4 which is one of the
isomorphic compounds of the High T cuprate superconductors.
The ordering temperatures of the stripe charge as well as spin
orderings have the maxima at x = 1/3, and they decrease beyond
x = 1/3. Although the incommensurability is approximately
linear to the hole concentration, close inspection of the data
indicates that the incommensurability exhibits a subtle deviation
form the linear relation for both sides of x = 1/3. Such an exotic
stripe ordering exists widely in the two-dimensional transition-

metal oxides.

BB D5, B TR % & 2=1/3 OB TR T A SN
. . 2-x2' X’ 4
nzRL, x=1/3 DREDRIKMEZERIZ LT3, C s ;
. -, ey S, . 500F i i
DEIH AL T4 TR IEEIREEERLYIE»D Tk = mEEE R T RBEYD—D : + +
o Y A [ T . - cEL T3 LapsSryCuOs & B O ®0OR-La | c ]
R SROCEB BRI THAEL T 5 2 L at BHEEE S > LapSoNiOs D% @ "0 #eeR=Nd | TCO
EDPRTHS I ShoOH 5, CBVWTBISRER NS TE g © 0 Teanquada ot .
FOR—7EEREE, A5 3 300¢ i i 1
THRFOEBEE MU ICHIKFOEBEEIIx=1/3T 8 b TIC
BAERLBERDICET 3. 51 TREORBIE & o0l e ]
x=1/2 £ T R—7BESENNCRBERE LOTH, #8 § * & +
RT3 E x=1/3 ORE CRENGTNERL x=1/3 ORE — i $
DORHILERE M TS, CORRBEEVE, 2577/ 100 SR S
OF v U7 —REDEI L BRNS S T L ATK— LHROME ¢ | e
EEHNSTREIN TN, 0 | | -+ } } }
Doping dependence of the stripe ordering in highly-doped ¢ 0-5f =" A e B
Lay-xSrxNiOy4, which is an isomorphic compounds of one of 2 ! //‘ ‘ hd
High T cuprate superconductors Lay,SryCuO4. Unlike the 5 0.4r¢ 1 . 1 3
expectation from the previous studies, the transition tem- g fffffffffffffff :‘ fffffff : fffffffffff
13 peratures of the stripe charge and spin orderings exhibit 2 0-3[ o | ; E
B AT 2 R oy the maximums at x = 1/3, and decreases above x = 1/3. The & o |
R REFEEE (JAEA) OWFEIF JRR-3 AT St e O inear in x 0.2 , ! ! 7
o St ot 5 52 periodicity of the stripe order is approximately linear in x, £ p | @R=la
ICRESNIYIERRAO 3 WRAIET 258, but the systematic deviation from the linearity around x = § b o/ | eR=Nd ]
Triple-axis spectrometer installed at the JRR-3 1/3 strongly indicates that it is related to the change of the = 01 e i 0 Tranquada et al.
in the Japan Atomic Energy Agency, Tokai, carrier concentration within the stripes, being consistent 0 . Lt I .
Ibaraki. with recent Hall-coefficient measurement. 0 0.1 02 03 0.4 05 0.6 0.

Hole concentration ny, = x + 28

1. EBR2ERAYDTT 2R - BREGRE Y. TORICHIRY 2BIHFE - EEKE - BLBHKFER E OFRMEFEELIC L 2R
Neutron scattering study of metal-insulator transition, magnetic ordering, charge/orbital orderings in transition-metal oxides
2. BEBERICE T2 RAEVEBDEE
Microscopic study of influence of spin fluctuations in magnetic superconductors
3. V3 AL — MERAERERICE T BB FIREN DR
Lattice dynamics of thermoelectro-clathrates

DHAZEIBTZE
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Heat capacity of glassy propene prepared by low-temperature vapor-depo-
sition. A glass transition with a giant heat capacity jump and a boson peak
with a pronounced annealing effect appeared..

X7 —~ Research Subjects

« 0 h'
N u\ l.r o4

!u

We are studying chemical physics of complex condensed
matters, especially glasses and supercooled liquids, water and
related materials, ionic liquids, and single molecule magnets
(SMMs). Glass transition is a mysterious phenomenon in which
supercooled liquids solidify without structural change. This
phenomenon cannot be explained by current physics. Water is
the most familiar and important material for humans and also
exhibits various unique phenomena derived by hydrogen bonds.
Tonic liquids, found recently, exhibit many interesting physical
properties originating from the competing electrostatic and
van der Waals interactions. SMMs are significant not only for
applications such as high-density magnetic-recording media
but also for basic physical properties such as quantum effects on
magnetization reversal. These substances are investigated from
neutron scattering, X-ray diffraction, heat capacity, and dielec-
tric measurements. Our aim is to find simple (?) rules involved
in complex systems from the three different points of view, i.e.,
structure, dynamics, and thermodynamic.

5 T T
TbCuC,,D,,N,0O,,- C,D,0
at ' :
=
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g 9 ]
©
'é: ol 100K
o
& 50K
1r 21K
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Ao/ meV
FHEBDFUADOPETIEBERILANRY Mo 1.7 meV & 12.3 meV OBS
Fhi2lE. Zn2n To-Cu A A4 VEORBRIBEARAE To 1 A4 v O—MEHHEICE
SERR

Inelastic neutron scattering spectra of a rare-earth based molecule magnet.
The magnetic excitations at 1.7 meV and 12.3 meV are originated in the
Tb-Cu exchange coupling and uniaxial anisotropy of Tb ions, respectively.

1. AZREH. RYVE—VBREDTRAUBEROY A FIIR

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

2. K& LUBENE (BXSILMERBRE) OBELSA(FIVR

Structure and dynamics of water and related materials such as hydrated porous crystals

3. BRAAVREDHRNZNEE YA FIIR

Thermal and dynamical properties of room-temperature ionic liquids

4, BRFHRADAEY YA FI VR
Spin dynamics of single molecule magnets
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BOEOMFAH & LT, $RBRERICE T2 A V)
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NEHLWBEEYERCcH D SRR Y S e ik
R CE W EEEBIRE 273750 6 8 I Iciiz
DiED LN TWD, L FHRBEEED 1 OTH 2
Ba(Fe1-xCoy)2Asg RICBIF B A VAT F LD
Co EE (B F—7) K2R, KICHYE (x
= 0; YW SOmBE e ; TN ~ 140K)., 50 K — 7 (v = 0.06;
Teomset = 26 K), ~"E—F—7 (x = 0.24; JE@EE) O
3MEHC BT AR A XY PV ERT, T> Tnor Te
IZBWVT, x =0 BXWx = 0.06 sk2SEH OB
HERTREWNBENIC, B F— 720 @EEL %8
WKL 72 x = 0.24 OB CIRMED 2 LV ¥ — 2 B Vit
el nhrot, NS DOREFIGBEEE A Y
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o2l M b A I AT R SOBRBEIE, 0 PGk,
HERE IR SE OGS ZE, SRR, LRSS E K
BLOH L W EELGEDRFE DT> T 5,

FREF IR ALEL TS 72 Ba(Fe1xCox)2Asy DBIRFEHE, (a) x = 0
(BYE) SBT3 Q=(1,0,1) TORAEHER. (b) x =0.06 (&
BR—7H#E) SIS Q= (1,0,1) TORERER. (c)x =0.24
(NE=R=T#) HAREHTS Q=(1,01) TORERER,

Dynamic susceptibility obtained by neutron inelastic spectros-
copy on Ba(Fe;yCoy)2As;. (a) Dynamic susceptibility of x = 0
(parent) sample at Q = (1,0,1). (b) Dynamic susceptibility of x =
0.06 (optimal doping) sample at Q = (1,0,1). (c) Dynamic sus-
ceptibility of x = 0.24 (heavily doped) sample at Q = (1,0,1).

AT —~ Research Subjects

+"(Qu) [arb. units]

Using neutron scattering technique, we study spin fluctua-
tions and correlations in condensed matters. In many materials
ordinary consequence of reducing temperature is spin ordering,
but there are intriguing exceptions where geometrical frustra-
tion, quantum effect and/or coupling to other degrees of
freedom prohibits to order, resulting in novel quantum fluctu-
ating ground state. We aim at revealing origin of such non-trivi-
ally fluctuating states.

Here, as an example of recent studies, we describe spin excita-
tion measurements on the Fe-based superconductor. Fe-based
superconductor was discovered in 2008, and because of its
second high transition temperature next to the cuprates, it has
been studied intensively worldwide. Shown in Figure are the
spin excitation spectra in Ba(Fe;-yCoyx)2As; single crystals,
where x = 0 (parent itinerant antiferromagnet; Tx ~ 140 K),
0.06 (optimal doping; T.°™¢" = 26 K), and 0.24 (heavily doped;
non-superconducting). At higher temperature T > Tx or T,
the dynamic susceptibility shows quite normal behavior in x
=0 and 0.06, in the heavily overdoped x = 0.24 sample, where
superconductivity is completely suppressed, the low-energy spin
excitations are also completely suppressed. This result strongly

suggests the close relation

(@)x=0
® 140K * %
W 250K

between the spin excitation to
the superconductivity, and to
the Fermi surface topology.

We also work on quantum

| tyx=006 _? Kagome systems, molecular

200 =$°'§ magnets, and quasicrystalline

100: - magnets. In addition, we also

. work on related sample prepa-

7 Oxmbrh ration and crystal growth,

“0'_ @ and development of the new
204 neutron scattering technique.

o
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1. EHEREDFBRRYPEDRF. AEVTAFIIR
Atom and spin dynamics of quasiperiodic systems

2. MEEANTSARL—KLUTWSZAE Y ROBSIEE
Spin fluctuations in geometrically frustrated magnets

3. IHLBYEZRIMERRE & P IEFEELIC £ 25

Neutron scattering study on new materials with novel physical properties

4. PEFERBWCH U WRBRFEDFHF
Development of neutron scattering techniques
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72T —~ Research Subjects

Quantum novel phenomena enhanced in low dimensional
spin systems, frustration systems, spin clusters, etc are studied
by combination of material synthesis, bulk property measure-
ments, and neutron scattering in our group. While in classical
systems spins culminate in long range order upon cooling, low
dimensionality and quantum effect disturb the ordered state.
Geometrical frustration induces multidegenerated ground state
that leads to quite sensitive to external perturbation. Conse-
quently various types of spin liquid including RVB, VBS, and
Tomonaga-Luttinger liquid, and exotic ordered states accom-
panying spin liquid-like behavior are achieved. We synthesize
magnetic materials that realize these novel states and measure
the magnetic susceptibility and heat capacity. Furthermore
taking advantage of our own beam lines in high flux neutron
source, we identify the magnetic structure by neutron diffraction
and we directly probe the microscopic dynamics in magnetic
materials by inelastic neutron scattering technique. Our goal is
to reveal nature of novel quantum state by measuring static and

dynamical structure of magnets.
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(a) LM EE A CPL OFERBIE. (b) MILNICRE L.
ZEGHHEEE L SBRDT.  (C) PHTIFREMEL TR h
IREBRRDF ORGSR, Rifid S=1 ZE4FET L.

(a) Crystal structure of nanoporous Cu complex CPLI.
(b) Structure of adsorbed oxygen molecule in porous.
(c) Magnetic excitation of the adsorbed oxygen molecules
observed by inelastic neutron scattering technique. Solid
curve is S=1 dimer model.

1. 72 AL L — MEEGFOHRSEIE & BKRE

Magnetic structure and excitations in frustrated magnets

2. FREFHMEAEDRR

Search of new quantum magnets
3. BRBEROBImRIRE

Magnetic excitation in supercrystal of oxygen molecule in nanoporous metal complex
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Quasi-polymeric materials formed not by covalent chemical
bonds but intermolecular forces are called supramolecular
polymers. We have been investigating the relationship between
structure and physical properties of such the supramolecular
polymers bearing highly time-dependent dynamic structures.

Surfactant molecules which contain hydrophilic and hydro-
phobic parts in their structures form intermolecular assemblies
called micelles in aqueous solution because of association of
hydrophobic parts. Usually, micelles have a spherical shape and
the viscosity of the micellar solution is not so high. However, a
cationic surfactant, cetyltrimethylammonium bromide, forms
long supramolecular polymers called threadlike micelles in
aqueous solution with sodium salicylate, and the solution shows
strong viscoelasticity. Because threadlike micelles are formed
by intermolecular association and the constituent molecules are
exchanged frequently, the structure of the threadlike micelle is
highly dynamic. In this study, we carry out small angle neutron
scattering experiments under shear flows (Rheo-SANS) to
determine structure changes of threadlike micelles under strong
shear flow conditions.
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Our group’s main interest is to study emergent quantum exotic
states in strongly correlated materials mainly based on transi-
tion metal ions. Complex materials provide great opportunities
to explore novel electronic and magnetic states, and properties
that emerge out of strong correlations of electrons. The collec-
tive phenomena of our particular interest include unconventional
superconductivities, spin liquid states in quantum and frustrated
magnets, and magnetoelectricity in multiferroics, some of which
have the potential to be used in technological devices. Electrons
have charge and spin, and when they are arranged in a regular
lattice in space, electronic orbital and lattice degrees of freedom
also need to be considered. Thus understanding the microscopic
origins of the collective phenomena of electrons requires under-
standing how the electronic, spin, orbital, and lattice degrees
of freedom are intertwined in the strongly correlated electron
systems. The systems that are being studied include weakly coupled
quantum spin singlets (dimers) that exhibit magnetic field-induced
quantum phase transitions and unconventional superconductivity-
related materials. The main experimental techniques that our
group uses are elastic and inelastic neutron scattering with which
one can directly probe the many body response function.
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The aim of this laboratory is to study the physical
properties of matter (such as semiconductors,
magnetic materials, metals, insulators) under ultra-
high magnetic field conditions. Such a high magnetic
field is also used for realizing the new material phase
and functions. Our pulse magnets can generate up to
80 Tesla by non-destructive way, and up to 730 Tesla
by destructive (the single turn coil and the electro-
magnetic flux compression) methods. The former
serves for the physical precision measurements (the
electro-conductance, the optics, and the magneti-
zation). The multiple extreme physical conditions
combining the strong magnetic field with ultra-low
temperature and ultra-high pressure are also available,
and are open for domestic as well as for international
scientists. The magnet technologies are intensively
devoted to developments for the quasi-steady long
pulse magnet (an order of 1-10 sec) energized by the
world largest DC generator (210 MJ), and also to
a 100 Tesla class nondestructive magnet. Whereas,
the explosive pulse magnets capable of generating
over 100 T are oriented for new horizons in material
science under such extreme quantum limit condi-
tions. Development for 1000 T-generation by means
of the electro-magnetic flux compression method is

also our mission.

[

B & (ERR) BE E— B % EBE 3A
Professor (Director) Koichi KINDO Research Associate  Akihiro KONDO

®n B L IEZER BiTErIBE na  #E&
Professor Shojiro TAKEYAMA Technical Associate ~ Koushi KAWAGUCHI
B Bk g% == EE E(E
Associate Professor Masashi TOKUNAGA Technical Associate ~ Hironobu SAWABE
I MHE  FR3A BANErIBE WE &
Associate Professor Yasuhiro MATSUDA Technical Associate ~ Akira MATSUO
™ RE #A

Associate Professor Toshihito OSADA

HEHE (BE) BH B2

Visiting Associate Professor Hiroyuki YOKOI

#E GNEARE)

Visiting Professor

ReomR7ZAF— v

Jerzy Jan DUBOWSKI

* BRI & BHE

concurrent with Division of Physics in Extreme Conditions

HRERKDT FAMA — I EERKERONAETH, QEDOEHE L TIRILF—%2EET S
T EMHR, RA460rpm TEITRS EFFICIDHE S ITRILF—H 210M) TH 2, H&AHD
[F51.3MW ICHZEL, ZORRIFERAEBED 2.7kV,. RRKERD 19KA &8> TWD, OHE
BWeRAWS I &T JULRIEASK 1 WE L85 60T DESZERET E2FETH S,

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

115 generator for long pulsed field
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1. EFRAEYRYE ORI
Study on magnetism of quantum spin systems

2. EHEEEEME O L EEDIE

u o~
28 E— g Rak
Koichi KINDO Akihiro KONDO
% EUE
Professor Research Associate

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

1. Short pulse magnet: Pulse duration 6 ms,

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

Short pulse magnet is used mainly for magnetization
measurements on insulating materials and Long pulse magnet is
used for magnetization and magneto-resistance measurements
on metallic materials. Our magnet has been breaking the world
record of non-destructive magnetic field and we continue to
develop a new magnet aiming at the new world record of 100
T. We have installed the flywheel DC generator on May, 2008.
The generator enable us to generate long pulsed field with the
duration of 1-10 seconds. The longer pulsed fields can provide
much better conditions for precise measurements that had been
thought to be difficult before.
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LaCoOs D#i{LiBI2,
Magnetization process
in LaCoOj3 by use of 70
T magnets
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Study on magnetism and conductivity of strongly correlated electron systems

3. FEMBIE 100 TRI YT XY N DFFE
Development of non-destructive 100 T-magnet

4. BOYTIILAR TRy N DRF
Development of ultra-long pulse magnet

THE INSTITUTE FOR SOLID STATE PHYSICS 2010



[l i b T S i

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

5k 1L F 7E =

Takeyama Group

100 7 A 7 PL Lot nmhgk %y s AL BAibiFe & 2 D X 9 7
MABRBREL T CHBLT 2 WM ORI FE 2T > T 5,
WG oFAETEE LT, BT 2L X —%2FH L TR
WRiEx AT TEBEME & B SMaA VIcEEKE
MERAL CHmBSG2RET2 T-5&af Lk %

PR L CTw3, TERENEE, Tk, 3 TICENR RS
W4 730 T A7 #EBHL T 3H, HITEHWKE

FAEE X DB L GEEEZED DM Z B L 720t
ZFEED T VD, TBEZa )Lk Tk, REWY
DHMIZ X D EEE L OfERlZ 22 L, BRI T
L —H =2 M e BEAOGERE IS, HEB T IS 2 45
LA O ARRALIE IV TWwS, T—%Z a4
wEJTmﬁﬁ%&%wM%hEﬁﬁem B &z 200
TATETYMNERETo> TV, BFEETIE, 2D
&9 RS R RS T, AR Fa—
7R WG T OBRIGIGIE KOG, 7 7 A L —
bR A Y VR & o RS AR O #H 2 £
ZHED TS,
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Magnetization of frustrate spinel ZnCr,O4 measured by the Faraday
rotation method under ultra-high magnetic fields up to 600 T gener-
ated by the electro-magnetic flux compression method. Arrows show
the new phase transitions above the plateau phase. A handmade
miniature optical cryostat made of “stycast” resin enable to achieve a
low temperature down to 4 K. The data is again the world record of
achieving the highest magnetic fields under such low temperatures.
The red line shows the experimental, and the blue one is predicted
by a finite temperature Monte Caro simulation.

1. BREEREISHA & YIEEHRRITR R

AL IEZER

Shojiro TAKEYAMA
%
Professor

We are engaged in developments for generating ultra-high
magnetic fields above 100 T, and pursue the solid state science
realized under such an extreme condition. We employ two
methods for the ultra-high magnetic field generation, one is
the electro-magnetic flux compression (EMFC) and the other is
the single-turn coil (STC) method. We have established a new
world record for the highest indoor magnetic field by the EMFC
technique; currently the maximum magnetic field is 730 T.
Further developments are underway for achieving much higher
fields, more precise and reliable measurements for the solid state
physics. The horizontal and vertical STCs are used for more
precise measurements up to 200 T, respectively, in accordance
with their magnetic field axes. The former is mainly used for
magneto-optical measurements by use of lasers, whilst the latter
is more suited for the study of low-temperature magnetization
in a cryogenic bath. We are conducting the studies on magneto-
optics of carbon nano-materials or of semiconductor nano-struc-
tures as well as on the high-field magnetization processes of
the magnetic materials with highly frustrated quantum spin
systems.
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Technical developments for destructive ultra-high magnetic field magnets and for solid-state physics measurements

2. BRHEISHIOCEIR

Magneto-optics in ultra-high magnetic fields

3. BIRHIHHILETE

Magnetization processes of magnetic materials in ultra-high magnetic fields
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1. YILF7 041 v I PEORSGFERERE
Field-induced transitions in multiferroic materials

2. BRBEEADREISYIE

High-field studies on high temperature superconductors

3. NNV TICE 1 5 SR RICIRMERRER

oK s
Masashi TOKUNAGA
BT

Associate Professor

Application of a magnetic field changes magnetization. In
some kinds of materials, magnetic fields play additional roles
except for such a trivial effect. These non-trivial phenomena
caused by the so-called cross-correlation effects open novel
possibility in the field of material science. We study various
magnetic materials and superconductors aiming to realize such
novel worlds in condensed matters with utilizing the 50 T super-
class pulse magnets.

As one of the cross-correlated phenomena, we study field-
induced complex transitions in multiferroic materials, in which
ferroelectricity coexists with magnetic ordering. Our researches
in pulsed high magnetic fields revealed the presence of a novel
multiferroic phase in manganites with perovskite-type struc-
tures and clarified the presence of significant magnetoelectric
coupling in BiFeOs up to 500 K.

Since the cross-correlated materials exhibit changes in various
physical properties in magnetic fields, a variety of experimental
probes are needed to study their nature. We are developing
various experimental probes by ourselves, e.g. probes for
magnetization, magnetoresistance, magnetostriction, electric
polarization, and magnetic torque. In addition to these standard
measurements, we are trying to directly see the samples in
pulsed fields. With combining a polarizing microscope equipped
with a high-speed camera and a miniature pulse magnet, we
succeeded in visualizing the field-induced melting of charge/
orbital ordering in manganites, and martensitic transformation

in magnetic shape-recovery alloys.

NIRRT R Y b EBAEDE BRFELERFHRES X7 Lo NTRY
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The high-speed polarizing microscopic imaging system combined with
a small pulse magnet. The magnet and the sample are cooled down
using the closed-cycle cryocooler.

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

4. BWHERREIRAE DS FHIERGS

Field-induced transitions in magnetic shape-memory alloys
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X-ray absorption spectra (XAS) and X-ray magnetic circular dichroism
(XMCD) spectra near Yb L3-edge in YbInCuy at pulsed-magnetic fields up
to 36 T.
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Yasuhiro MATSUDA
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Associate Professor

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

Magnetic field can precisely control the properties of
matters through the Zeeman effect and Landau quantization.
In ISSP, 700-Tesla magnetic field is generated by the electro-
magnetic flux compression method. Since the Zeeman energy
in such a high field much exceeds an energy corresponding
to a room temperature, significant field effect is expected in
several materials including antiferromagnetic or non-magnetic
materials.

We also carry out X-ray magneto-spectroscopy in pulsed high
magnetic fields using synchrotron X-rays at the SPring-8 and
KEK-PF. Element- and shell-selective X-ray magneto-spectros-
copy is expected to develop understanding of microscopic
mechanisms of the magnetic-field-induced phenomena.
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Ultra-high magnetic field magnetization process in a two-dimensional (2-D)
kagome spin-frustrated system Nis(TeO3)4Br>.

Magnetic-field-induced phase transitions in magnetic materials at megagauss fields
2. BEH X # MCD (C & 325 L ERMEAEOCEEF-FES FHEE DA

High-magnetic-field X-ray magnetic circular dichroism study on correlation between conduction and localized electrons

in rare-earth compounds

3. @IS X RIRIND Y lc &K 2 A EY I AR A —/\—IRRDfEH

Study on the spin-crossover phenomena by high-magnetic-field X-ray absorption spectroscopy
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Hiroyuki YOKOI
BEEHIR

Visiting Associate Professor

We investigate the electronic states of single-walled carbon
nanotube, which has a structure of mono-layer of graphene
sheet rolled up to a tube with the diameter of about 1 nm, by
applying ultra-high magnetic fields above 100 T.

Single-walled carbon nanotube is an ideal one-dimensional
material and its optical properties are governed by exciton that
is formed with a pair of electron and hole. This material is very
interesting not only for the applications but also as a suitable
object for precise investigation of the one-dimensional excitonic
states. In particular, the high magnetic field is a powerful tool to
approach non-radiative excitonic states as the optical absorption
by the exciton becomes observable due to the Aharonov-Bohm
effect, one of the quantum interference effects. We have devel-
oped a very fast near-infrared spectroscopy system with the
exposure time of 1 usec for the measurements under ultra-high
pulsed magnetic fields above 100 T, and apply the measurement
system to clarify this issue.

RoRI7ZZXF— Vv
Jan Jerzy DUBOWSKI
NEAEFEHIR

Visiting Professor

High magnetic field study of organic layers and viral particles
interfaced with surfaces of quantum semiconductors.

We have been investigating photonic detection of various
biomolecules immobilized on surfaces of III-V quantum
semiconductors. In this context, the knowledge of the mecha-
nism of the organic-inorganic interface formation and the
stability of such an interface in different biological environments
is of fundamental importance. For instance, viral nanoparticles
are known to have positive diamagnetic properties and their
orientation in liquid solutions can be controlled by DC magnetic
fields. However, little has been known about the ability to enforce
orientation of viruses immobilized on biofunctionalized surfaces.

In the frame of this research, we investigate optical spectros-
copy of GaAs/AlGaAs quantum well microstructures interfaced
either directly with inactivated viral nanoparticles, or via the link
involving a viral antibody. While strong DC fields are used to
control the orientation of viral nanoparticles, the semiconductor
carrier surface recombination rates (e.g. through the photolu-
minescence) are measured taking advantage of strong pulsed
magnetic fields. Our experiments, in addition to addressing the
fundamental knowledge of photonic detection, have the poten-
tial to provide important insight into the behaviour of selected
biomolecules subjected to the stress of a high magnetic field.
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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 Publi-
cation Section for advertisement and publication. In
each facility, several staff members are working under
supervision of the corresponding committee.

[

EREER R R BiErMmE  TE X
Chairperson Toshiro SAKAKIBARA Technical Associate  Hikaru TSUCHIYA
Cryogenics service , L =

OB B Bl BT

Technical Associate

IHEER £E E— BXMEME
Chairperson Koichi KINDO Technical Associate
Model shop , -
RiTEMBE
Technical Associate
RZEHES
Technical Staff
MERIEHES
Technical Staff
MRZEHES
Technical Staff
BEHREBEER = B85 B EPImE
Chairperson Toshio TAKAHASHI Technical Associate
Radiation lab.
NEZE8R B8 E— 3 R
Chairperson Koichi KINDO Administrative Staff
Library |
Administrative Staff
EEBEER Rhvol—L) LR FEH 5 MW B

Chairperson

Yoshiya UWATOKO

Administrative Staff

Stock room

ERREER £E E— EBHEER

Chairperson Koichi KINDO Administrative Staff

International liaison office -
EBHEER
Administrative Staff

RERERESR g &4 Rt EE

Chairperson Takeo KATO Technical Staff

Public relations
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Supporting Facilities

EREBER HHE {£EB Chairperson: T. SAKAKIBARA
EiTErMBE B X Technical Associate: H. TSUCHIYA
i B 8 EIL ¥F Technical Associate: R. SAGIYAMA

RIRAL S IR~ 2 L RS2 MG L. b
HCEIRBEM IS T 29— EZARMF ¥ v AR DE
HEAAR Y ROEHELIT> TS, WIE~NY 7 L5130
PERFZE I BT, IR HE PRI SN s, AL
Ten~Y 7 LR ZFEML, KL CHRLICHIE T 5,
2009 FEEDWAE~NY) T oD EFER MR ZNEF N
275,000 L, 194,800 LT %, WAEEHRIZIT X D
AL, L Tw 3, 2009 45 0 W4 % 35 o i &%
589,300 L & %> T\ 3,

The aim of this laboratory is to supply liquid helium and
liquid nitrogen, and to give general services concerning
cryogenic techniques. The laboratory also takes care of
high-pressure gas cylinders used in Kashiwa Campus. Liquid
helium is produced by the laboratory’s own liquefier and
supplied to the researchers and students. The evaporated helium
gas is recovered and purified in this laboratory for recycling
liquefactions. In the 2009 fiscal year, 275,000 L of liquid helium
was produced as a total and 194,800 L was supplied to the users.
Liquid helium is transferred from the 6,000 L storage vessel to
various small storages with the centrifugal immersion pump
system. Liquid nitrogen is purchased from outside manufac-
turers. The supplied liquid nitrogen was 589,300 L in the same
year.

EL: S Main Facilities

AU LBILEE | () >F) Helium liquefier system | (Linde) 200 L/hr
AT LRIEEE N ()Y 7F) Helium liquefier system |l (Linde) 150 L/hr
BN D LB E Liquid helium storage vessel 6,000 L
RAEERETE Liquid nitrogen storage tanks 20,000 L

EIREAAY 9 AH R EffEH  Helium gas recovery compressor 190 m3/hr

BEHANU D LAHRARSR Liquid helium transport containers
500 L, 250 L, 100 L etc.

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

—

il W

/A..\gx N
AU D LRI, RS & CENRAH TR T
Helium liquefier, storage and transfer system
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IHZEER £ %— Chairperson: K. KINDO
EMEE [ME8 J5{E Technical Associate: K. OKABE
wrmEmMBE LG 2 Technical Associate: J. YAMAZAKI
Wi S B Technical Staff: T. IMAI
WMEEHEEE 18R ZRW@E  Technical Staff: Y. ENOMOTO
WEXiEEES NE 38T Technical Staff: S. MURANUKI
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nTwz,

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.

FERME

HTIEE  S@EEmvy vy y—. NCHE.
BT S R, MBI

A ATHEE : A7 A, ¥y 7 BERIF. BERINIE.
FTAVYEYRNYRY —

HERETIEE - Aashefd. BRIEEE, 7508, R—)LE

Main Facilities

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

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

Supporting Machine Shop: Universal Lathes, Precision Lathes,

Milling Machines

NC fEf i & B 152
Numerically controlled lathe
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HESEBEER 35 BEE  Chairperson : T. TATAHASHI
EMMEMBE BHE EHF]  Technical Associate: K. NOZAWA
(MEHREUR E1EE) (Radiation Protection Supervisor)
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% 22Na HEHRIR %2 7987 E23T & 2 HERE LAl
R (Xfzat) milidz2iii T b,

The aims of this laboratory are to protect researchers from
irradiation due to radioactive source, X-rays, y-rays and the like
and to provide rooms for radiation experiments and radiochem-
ical operations by use of unsealed U, Th and sealed 2Na source.

Various types of survey-meters are provided.

FEHE

tZEERE CGEEHNZMEME Z BN TR 2 YIERFTATE—DEER
=), RYMOVERE (PNa BHgRZAVERRY hOYE—Al
FBEEITZZ). BEAFES. Ge FEFXREBIR., affRER. HiE
IVFL—=yavAIYE— BEY—RAA—F—F FBEHREE (\
YRT7YRNIOREZY —IC &K BBLROHER)

Main Facilities

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

BE E—
VTEE BEEF  Administrative Staff: M. KONDOH
EI HF  Administrative Staff: N. SOGA

Chairperson : K. KINDO

PIPERRZE T XS S ISR ROZ O H IS v BT bk
HHEDMAPCREGEDET & &b, REDHFEHM
WEE Do, PlEREZ L L L 7Bk 2 S BT
L. fIHICBEL T3,

I ERNEA 7 — %y P TREBTE 5, P& R
HCHHHERFN TR IN TR R2EFY v —F Lo
T—=F RXR=ADFHTE %,

F 7o RPTEE RN D W TR IKFEASFEAA A A I X %X
HEE, BIEHEY —E2A 2T WERORIHCE D Tw
%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

BE
HE : 783m?
BEHK 162,603 8 (PR 21 FERIRE)
(¥ 56,727 . #1&E 5,876 . BAMFEZSD)
SREARSL 0 7381E (FMEAL 633 fE. MIMEE 10578)
FZERRE  FH 9:30-17:00 (KEAFIA 6:00-24:00)
BEFE#L 1241 (N8B LAN 7 —T )L, BRIV EY MRE)
RFEMAWER 38
HEH 13A
pek= HEZRER
BEH 3N (EBHERED)

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

EWMEBER PR ZFEH Chairperson: Y. UWATOKO
5 M B 8 5E [EX  Administrative Staff: N. TAKAHASHI
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The stock room supplies stationery and parts that are

commonly used in reseach and experiments at low cost. By the

automated system control, it is open 24 hours.

ERXAREEE D8 55—
= x@mEas 8H WF
=¥ @HE 8 AR EFEF Administrative Staff: M. KUBO

Chairperson: K. KINDO
Administrative Staff: A, KAMEDA

PITEWEFERTIC 8 1 5 EERRIC 2D 5 KB 21T ) 6
EEmZER 2O & HEAEHTEOSE, B
& OB, YWEUIRERY — 7> a2y 7O5RE,
ISSP [H[Es> > Ry L DI T 28550/ 7T D
A EZTToTw%, 2o, HEDIEARAESE D
AR, SEIEaFEE e L Tws,

- EINFBATE - SMEIAGFE O3E

(fEf - £ - BEFBTREE . HEARGS)

SWFE7 ey = 7 b OGS - EHEICB Y 5 HE

S L7 ) L= a v o4 - FElf

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

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

ARy IL—LA
Stock Room

International Liaison Office
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The Institute for Solid State Physics
NIl
Main Building
i, + % BEhR PR SR
Cryogenic/Multiple Extreme Conditions Laboratory
> 3 — b oL ARG IR
Short Pulse Magnet Laboratory
ST IR
Advanced Spectroscopy Laboratory
BB FEE (SOR SEERAH)
Synchrotron Radiation Laboratory
® v ¥ 7L ARG

Long Pulse Magnet Laboratory

FHIRMAEET O
Institute for Cosmic Ray Research

FrREAI R R

Graduate School of Frontier Sciences
B HAm

Transdisciplinary Sciences Building

FERERI A TR

Transdisciplinary Sciences Laboratory

G

Biosciences Building

BREIM

Environmental Building

TR A A SRR

Computational Biology Laboratory
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Todai Nishi OHDIEAE
Kashiwanoha Park
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SPE
Gate House

FAH]
Todai Mae

B EEFEI IS
Institute for the Physics and Mathematics of the Univers
™ FLNTHER
Prefabricated Research Building

N A
Main Building

KRBT
Atmosphere and Ocean Research Institute

© B
Main Building

® RXUBFE AR

Observation warehouse

weEmFEE Q

General Research Building

MEMRAERE ® (R - BR+)

General Research Laboratory (under construction)
H AR

Supporting Facilities

BRER 2L v ¥ —

Environmental Science Center, Kashiwa Branch
T A

Kashiwa Library

A T AR

Cafeteria and Shop

SE[H] M PRI B A R

Guest House

HAMEAS Y IRER

Todai Kashiwa Donguri Day Nursery

®@ © © 9

A (ZAO
Entrance

o [olle[ok

Techno Plaza
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EMZNARTR S — ’
National Cancer Center

OE N AT —
o

Kashiwanoha Kouen Kita National Cancer Center Hospital East
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The Institute for Solid State Physics, R#@Eﬁﬁ%{;ﬁ/
The University of Tokyo = B
T 277-8581 FTEEMEMHEODE 5-1-5
5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581
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TEL :(04) 7136-3207 RIS @
. 3 Tobu Noda-Li NN A AR
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