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The Institute for Solid State Physics (ISSP) was established in

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

!

Tokyo. Since then ISSP has been acting as a central organization of
condensed matter physics and materials science in Japan for more
than a half century. In 2000, ISSP was relocated from the Roppongi
campus in the center of Tokyo to the new Kashiwa campus which

was designated as the third major branch of the University of Tokyo

after the ones in Hongo and Komaba. In 2004, the University of

Tokyo became a national university corporation and in 2010, ISSP FEE Director
was approved to be a joint-use/joint-research institute in accordance y "
with the new scheme set by the government. The joint-use/joint- Yﬁ% , I' f_A
research activities of ISSP have been evaluated in 2013. TAKIGAWA Masashi

Condensed matter physics had started as a discipline, which
enables us to understand a wide variety of properties of materials on the basis of fundamental laws of motion of the
constituent microscopic particles, i.e. atoms or electrons. Based on such knowledge, the major current efforts are being
devoted to synthesize new materials that may show unprecedented novel properties on one hand, and to fabricate
structures with nanometer scale by combining various materials to produce new functions on the other hand. Thus
the modern materials science bridges boundaries between physics, chemistry, and materials science. In future, new
materials, new theoretical ideas, and innovative experimental technique are expected to further widen the scope of
materials science. At the same time, equally important are the advanced technologies that provide extreme environment
such as high magnetic field, high pressure, and low temperature to extract novel properties of materials, and large facili-
ties for advanced measurements such as neutron scattering, synchrotron and laser light sources, and supercomputers.

As a joint-use/joint-research institute, we have been working hard to develop state-of-art technologies and facilities.
The International Megagauss Science Laboratory is pursuing to generate 1000 tesla destructive short-pulse fields by
electromagnetic compression method and 100 tesla non-destructive long-pulse fields using a flywheel dc-generator. The
Neutron Science Laboratory installed the High Resolution Chopper (HRC) spectrometer in J-PARC in collaboration
with KEK and started joint-user experiments. However, the JRR-3 reactor has still been shut down after the earthquake
in March 2011. Early re-operation is seriously desired. Concerning the Next Generation Supercomputer (K-computer)
Project, ISSP has been selected as the representative institute to lead the research in the Strategic Field 2, “New Materials
and Energy Creation” and established “Center of Computational Materials Science”. ISSP will also participate in the
Element Strategy Project from 2013. Regarding the synchrotron light source, ISSP has played a major role to complete
the Materials Science Beam-line in SPring-8, providing a platform to perform state-of-art soft X-ray experiments.
Furthermore, the “Laser and Synchrotron Research Center” (LASOR) was newly established in 2012, aiming at close
collaboration and unified activity between the synchrotron and laser fields, which had been developed independently.

We at ISSP will continue to aim at conducting cutting-edge research at the forefront of the materials science, and
thereby, provide an excellent collaborative center for both domestic and international researchers. We appreciate your

continued support for our research activities.

October 2013
Masashi Takigawa, Director
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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 recommen-
dation of the Science Council of Japan and the concur-
rence 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 bring the research in Japan up to par 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. Synchrotron Radiation Laboratory
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. 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.

16 years after the reorganization, another major
reorganization of ISSP into the "third generation" took
place in 1996, 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

5

high magnetic field, low temperature and high pressure
had reached certain maturity during the "second
generation". Another example is the study of artifi-
cially designed materials such as thin films, materials
fabricated on surfaces and mesoscopic systems with
nanoscale structure. Focused efforts are also planned
on synthesis and characterization of new materials with
the aid of computational physics, which allows us to
design and predict properties of new materials. In order
to reflect these developments, former research divisions
were reorganized into five research divisions (New
Materials Science, Condensed Matter Theory, Frontier
Areas, Physics in Extreme Conditions, and Advanced
Spectroscopy) and three research facilities (Synchrotron
Radiation, Neutron Scattering, and Materials Design and
Characterization Laboratories). In addition, a visiting
staff division as well as two foreign visiting professor
positions were created.

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. In
2003, Neutron Scattering Laboratory was reorganized
to Neutron Science Laboratory. 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 the university corporation. In the
same year, Division of Frontier Areas Research changed
its name to Division of Nanoscale Science. In 2006,
the ISSP established International MegaGauss Science
Laboratory and started serving as an international center
of physics in high magnetic fields. In 2011, Center of
Computational Materials Science was established in the
ISSP, for promoting materials science with advanced
supercomputers. Regarding Synchrotron Radiation
Loboratory, after the closing of the SOR-RING in 1997,
Harima branch of Synchrotron Radiation Laboratory was
established at SPring-8 in 2009. Furthermore, Division
of Advanced Spectroscopy and Synchrotron Radiation
Laboratory were reorganized in 2012 into the newly
established Laser and Synchrotron Research Center, as a

new step forward in the unified field.
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SEFEMBRERT & L CTHER

Establishment of ISSP as a joint research laboratory

PTG - BEEWES 2 0P, BULHED S IR RS EE 1 ERFTETER

Opening of Radio and Microwave Spectroscopy, Theory II, and Crystallography I divisions
A - EMIRM, B S IR

Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions

R - RS 1 FRIIIEER

Opening of Low Temperature and Magnetism I divisions

HELE - T - TR - T - ORISR

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

EAHEE 2 - BEGERES 1 - WA - SEYIPE IR

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

YIEwHE AT BT

Inauguration of ISSP

g5 2+ I - e - BERES 3 TSP R, 20 EFT & 4 B

Opening of Magnetism II, Solid Materials, High Pressure, and Theory III divisions. Total 20 divisions
FEEL AR 2 HERRPIVE I I AR AS

Solid Materials division was renamed as Inorganic Materials division

Hh - A B P A s

Opening of Neutron Diffraction division

EEPIERM (FEEM) Wt Q2 &ML % 5)

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

W B PE DTS i A s i

Foundation of Synchrotron Radiation Laboratory

AT PR e 1

Ultra-Low-Temperature Laboratory building completed

KD 22 FFIHERRY AR (iR, fRY — — Rk, @Ry O EE) |
OB BETERT, bR, SRR & o IS BEEM O 5 KEFI R O%E B
R 1 ISR S 1L 5

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

RIS - HRFR L — o — FZiR T

Ultra-High Magnetic Field Laboratory and Laser Laboratory building completed
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1989

1993

1995

1996

1997

1999

2000

2001

2003

2004

2005

2006

2007

2010

201

2012

PRSI (KRR 10 42) 23Ek &, 6 K e 2%

Opening of Materials Development division

55 1 [ ISSP [HEXs > Koo o TEHGEIZEAROYEL & (bye) Bifi (DIRERSUE 2 & Ichifi)

The 1st ISSP International Symposium on "The Physics and Chemistry of Organic Superconductors"”
- AL e R D BTz

Foundation of Neutron Scattering Laboratory

BROMER R 23 F2HE S 41 %

Evaluation of scientific achievements of ISSP by an international external committee
FYERS, YEREER, SoiniEik, MRBREMIME, Seinr i b RUFZEARE & WOE s TSR
LIRS BT 7 (LR TR X 2 0 A 72 3 iR I P < 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

FEREM * ¥ > S A2 B T 2 YIS R RUE A T

Construction of the new ISSP buildings in Kashiwa campus started

sk BT E R C AR 2352 S 4 B

Evaluation of activities of Neutron Scattering Laboratory by the external committee

i v > S ZA~DBIHIA

Relocation to Kashiwa campus started

Bs5E 1

Relocation completed

HHEINE Ba

Opening of foreign visiting professorship

ik - RGELOFFE iR A3 T BhA DTS M R 1 Sl

Reorganization to Neutron Science Laboratory from Neutron Scattering Laboratory

YraE G Rl R T AMEREHM 23S S 4 %

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

R REDENIRAFENRAKR A L2 D

The University of Tokyo was transformed into a national university corporation
FelmBEIRAT SR S & 2 A 7 — VIR SE R P AR T

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

SHBEHII 2SN S 1 5

Evaluation of scientific achievements of ISSP by the external committee

[ 53t SR B P BIE S % D T

Foundation of International MegaGauss Science Laboratory

A7 50 ARl

Celebration of 50th anniversary

SEEAMA - HREPEMLE & L CERR

Authorization as a joint usage/research center

RHRMEBIENI 2 v — DFTER

Foundation of Center of Computational Materials Science

Fa i 73 JEWF IR P B OV WIE SO VI PE T ZE MR S L A - PR S . MR 2 & — L v B OERIAIESE
vy =T

Foundation of Laser and Synchrotron Research Center, as a reorganization of Division of
Advanced Spectroscopy and Synchrotron Radiation Laboratory
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ERBIEE
Cryogenic Service Laboratory

THE=
Machine Shop

L SREERE
Radiation Safety Laboratory

ME=E
Library

ANy TIL—L
Stock Room

ERRE
International Liaison Office
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Director

E=PaN

S
ISSP Advisory Committee

HEFIBBREFIZEESR

Advisory Committee for Joint Research

Research Facilities

Research Divisions

|
W2 ERPT

=

% B
Visiting Staff

o L= il
Materials Design and Characterization Laboratory
[IE=T=E=P
Advisory Committee
AT RS TR
Neutron Science Laboratory
[ EEzss
Advisory Committee
o E PR B RIS R A ST %
International MegaGauss Science Laboratory
| m=zss
Advisory Committee
|| SIEYBEREMREY Y —
Center of Computational Materials Science
| mzzss
Advisory Committee
BRIE—LY MERIEHE LY —
Laser and Synchrotron Research Center

NEAEE

B R S 2o ER Y Foreign Visiting Staff

Division of New Materials Science

YRR ZTER T

7/ AT — VR ST ERFT

Division of Nanoscale Science

T RIS Y AT ST AR

~ Division of Physics in Extreme Conditions

Division of Condensed Matter Theory I

BRI R I

Synchrotron Radiation Laboratory

| m=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 four Research Divisions,
five Research Facilities, Visiting Staff Division and
Foreign Visiting Staff Division. Among these, Synchro-
tron Radiation Laboratory has branches in the High
Energy Accelerator Research Organization (KEK),

L suzas
Advisory Committee

9

Tsukuba, Ibaraki and in the SPring-8, Sayo, Hyogo, and
the Neutron Science Laboratory maintains apparatus
installed at the research reactor in the Japan Atomic
Energy Agency, Tokai, Ibaraki. In addition, the Center
of Computational Materials Science has a branch in
the RIKEN Advanced Institute for Computational
Science, Kobe, Hyogo, and most of the research activi-
ties are performed in the Kobe branch. Apart from the
Research Divisions and Facilities, supporting facilities,
which include Cryogenic Laboratory, Machine Shop,
Radiation Safety Laboratory, Library and International
Liaison Office, provide services to both in-house and
outside users.

Open faculty positions of professors, associate
professors and research associates at 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.
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Joint Research and International Collaboration

St 7e HlEE  Domestic Joint Research
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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.

BTGR%\%Z
researchers 1400

1300
1200
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FRARMA

subjects

2008 2009 2010 2011 2012
PRI K O BRIR A BT O — - B A e v 1~
Z—8—avEa—F BLOHEPIE A LEIEIIE RO &G

Number of subjects and researchers adopted to domestic joint research

Kashiwa Guest House

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

72 Workshop

YIRS BRI O R E T —<IcD»wT2~3 H i
oWt azilE. SR E2T I O DHIET
b5, EREOYENIFEE OHEEICIED &, EFEF]
REMERE ST > TR ERILE S L5,
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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.

DL o H[FF) L o FEf i o wv» T

L PSRRI S b 7 X o,
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IR 32 it s ISSP IR BR o/ /K7 A International Activities and ISSP International Symposium )

YIER ZE BT I E BRSO & v 7 — & LCH ER B 55
ZH->TW3, 1989 4E0 545 % > 72 ISSP [FH R v R
CILDT = BIOBMELED LI IINT L ED3,
SH LI 2EICTHDOBIfES FEIN TV S, Y
TSR DR B % i fii % 76 FH L 7 B AL R 7 6 56
IiTbnTs ), SR AA DN E A EHIESH
ARCERHR I 12 K 2 VTR B 7 & & F i BE 3 ]
HETws, 512 1981 EBE, Pl HilicBI 3
ZHK T EROE RO HEZ R LT,
DS D UHB DN S WEE Y — 7> 2y 7 %2f7->T
W5,

ISSP plays an important role as an international
center of materials 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 collabora-
tions. 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 B P
1st The Physics and Chemistry of Organic Superconductors JtERg st 205 (34)
E8E | BEEETRARORIE no
8th Correlated Electrons AUz 200 (25)
F£9E | EFEERAROFER ST
9th Quantum Condensed System 2ourellTE-Le 2oz
F£10[E | BARAICKSITZF /1T VR AL
10th Nanoscience at Surfaces A0 N0 Y 247 (34)
£ 11 [\ | KEEKOYMHERIZE .10-12-
11th Hydrogen and Water in Condensed Matter Physics 2001016 107 (21)
ISSP [EEE> >R 74 ISSP International Symposium
o7 —< O =R OSMEH(NEN)
Title Date Participants(overseas)
ISSP-CMSI BT —2>3v> - YVRY 7 MASP2012
MAterial Simulation in Petaflops era (MASP2012) 2Oz e 98 (21)
FE5EO—LYh XUV LV X ROBEEEDRICETZFYFTI—03v7
5th Asian Workshop on Generation and Application of Coherent XUV and X-ray
Radiation (5th AWCXR) 2012-6-27-29 116 (25)
ISSPERET—¥av” TOe—LY MRXIRERIE,
ISSP International Workshop on Coherent Soft X-ray Sciences
F/RT—)VEEEBD 3D RFAA—I VT
International Workshop on 3D Atomic Imaging at Nano-scale Active Sites in Materials AUl e 68 (10)
ISSP ET—0>avy - YVRI UL NEERICAIFR T ZEF1E) E.
Emergent Quantum Phases in Condensed Matter (EQPCM201 3) A0lzea 2l 160 (35)

FOEDEEY —27 av 7 Recent International Workshops
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J\{?fjﬁ/ Education

YIERRZEATClE, Fetad Bl z fH L TRl A
B L 2 RAEBEBE I 2TV S, WA O
B, MFESBICGU T WK R AR TS
By sg (LA sS, HMERRER P, T4%
PRI T2 80, & 2\ 13 35T RE s Al R B 22 B

BAHK, BHBETYEIUIBL TV, Ihs6D
HEK D2 B 2 T A BB IS 2D W ERLE 28
BEOBBIIBNL T 5, MENIZERTTIR, I, KRE
B A H AEDIDDIAY Vv AR EMLT0D, Fi,
BELTOAEZ RN RIYEREAMIE LT 2% HH

W€ - —n "R A DIRATIR) ZBIREL TV 5,

ISSP contributes to the graduate education in
materials science using its unique facilities. The facul-
ties 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

at Komaba campus.

journals, 7 proceedings, 12 reviews, 8 books.

1

2

{ELEEE Master Course #1588 Doctor Course
20104 | 20114 | 20124 | 20134 | 20104 | 2011 % | 20124 | 2013 4
YIEFER  Physics 27 32 36 41 32 26 26 21
{LEHEHK Chemistry 3 2 1 4 3 3 3 2
HIERRERIFHER  Earth & Planet. Sci. 0 0 0 0 0 0
MIBTFEEK Appl. Phys. 7 11 15 11 4 4 7
YIEREIW Advanced Materials 38 38 42 38 13 12 14 16
M8 T S5 Complexity Sci. and Eng. 2 0 0 0 0 0 0
& &t 78 83 94 94 50 45 47 46
W5 AFOFBRZBEE%L  Number of graduate students
503t/ Publicati
s il /Publication
600
PIPERFZET <%, 4 300 226 500 fFits D F 500
MiCHRZ FEE LT3, 2012 EED 2T SR 326 D Acd
WERI, “ATERSC 299, ks 7, MFELHE 12, K (£
FIEED ) 8 LEoTL, i
200
About 300 to 500 scientific issues are published 100
through annual activity in ISSP. The 326 articles
published in 2012 consist of 299 papers in refereed 2007 2008 2009 2010 2011 2012

SEMIFE RS (T s — T 7 - fRFEL R atr)

Number of Scientific Papers (including proceedings and reviews)
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/Budget

N

1A
£1()
£1(0)
L1
£1(e)

13)52 24 FEF (2012 fiscal year)

AHE  XEBZEELD
MHE | XERIPE LD
Fits : REFLD
RECHZT - LR RE - thETELD
RPRERE : XEBRZEE - BAPWIRES KD

(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) (@) (D) (E) il
UNGE— & =l SRR AREME | BEMRE Total
¥ 24 FFE (2012)| 1,326,798 2,843,602 15,344 296,078 361,530 4,843,352
TRk 23 £ (2011)| 1,466,060 3,502,123 21,312 222,097 666,184 5,877,776
TRk 22 £ (2010)| 1,348,475 2,659,755 48,472 298,615 691,061 5,046,378
TRk 21 £ (2009) | 1,363,182 2,748,055 7,575 405,342 754,798 5,278,952
Rk 20 £ (2008)| 1,517,658 2,559,789 8,592 322,093 493,000 4,901,132
¥ 19 FE (2007) | 1,470,205 2,415,721 14,178 239,450 478,600 4,618,154
Y 18 F£E (2006) | 1,447,491 2,422,618 15,430 105,191 521,300 4.521,030
FHREDOHET Budget in recent years (67 : 1) (Unit: Thousand Yen)
PR E B/ Staff Memb
TR 25% 7 B1H RE
£ 6 FHEZIR | EBIR  (FHMEERR| B H | BEDH | KITBE | EBEBE =E
Professors Project Associate Project Research Project Technical [Administrative Total
Professors | Professors Associate Associates Research Associates Staff
Professors Associates
® B
Number of 23 2 17 1 44 2 32 12 133
staffs
13
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Division of New Materials Science

ALY SRR, 79— Lo Rh =R
JFa—7, BREERLEOHICE SN S K
. T OF RN E TICMEE L R {E
BHEOH LRI ZBIWTE 72, HiarkPiEig
DFEVLFZFEIFERDHT L WEM L T34 2D BT
IZODO%DI5, HIEBHERIBIT T, #ilw
WEE AL, MEREME AT OWE 2N
ETBHIEICKD, FiLOWEBLIZ OB 2P
WG RAUBNT2 L2 HEELTWS,

WERFNIBAE 5 D DR S, F %
FIFABRFEEOL LICENEOREHER LS %
P IE, B L E Bl o B % 7 £ &2 AT
WO PIERIE N —7 EIREHER SV =Tk
DI R B Z 7B S LT T0d, FICWE
A a A A RS ka1 B R A R B 2 23S 1SR
ZHHEL TV S, LM B, BReEE
Y., ECETRYE, AREEARLERCE
MEZRITWHEICE T2 AE Y, ol ok
JERFE S EDOMED S 75T S E LB RO %
T T—<D12LLTED, KRBT 2
EBLGRME, REEERAY - RBGE . BRER AL,
FEFARIELE 7 £ 3\ C i FE 7 S B B i 2 R L

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 5 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 compounds heavy electron
systems, f-electron compounds and organic conduc-
tors. Here, various advanced experimental techniques

are employed, such as transport, magnetic and calori-

F WD 5T\ B, ) ,
metric measurements, nuclear magnetlc resonance
and optical measurements.

% & RN AZ B # —HN = BEIWRE AN ¥R

Professor Masashi TAKIGAWA Research Associate Hiroyuki MITAMURA Project Researcher Kouji ARAKI

% B TR &R B HH BiImEEe A K

Professor Toshiro SAKAKIBARA Research Associate Makoto YOSHIDA Project Researcher Kentaro KUGA

B B H R B # WA FEN BImxe FH BE

Professor Hatsumi MORI Research Associate Yousuke MATSUMOTO Project Researcher Yasuyuki HIRATA

I it A B % e & BiERRE  JIEYF 2L

Associate Professor Satoru NAKATSUJI Research Associate Shunichiro KITTAKA Project Researcher Mihael GRBIC

RHEAERIR K #iHe B # +tH s BH R

Project Associate Professor Kenya OHGUSHI Research Associate Akira UEDA Project Researcher Takahiro TOMITA

¥ (g8 F B HEWE il FEF BiImre SN 368

Visiting Professor  Hiroshi SAWA

Technical Associate Chizuko MURAYAMA
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Division of New Materials Science

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/takigawa_group.html

i )Nk 7E =5

Takigawa Group

M5 (NMR) 2 BEaERFELELT, BEiEN
OVET B EERICER T3 REME LTS, &
MBI RTid, HISE, 8 (R ) e, Bk, W
BT Lo e S BRI IRER L TE D, W - £
N EDNNELEEZL Z LTINS DM O ETHIEE
BRIDG2, FETPZIEEAEORSE —X v P ELANE
ME—RAV P 2R>TED, ZNGIZEHDET23E 5
PEGALEZEC TV, ZOLONMRIZ, EENET
@XEV‘%ﬁ\ﬁﬁ&8®ﬁﬁﬁﬁ%ﬁmofﬁﬂ6%

BERPIRECHESEOWE %2, 2/t a 1729
%&&&50ﬁ&u@&&%@%%oﬂwXNMRMi%E
ZEEMHL . AR - B - S S DS BREE S L A
Hb¥ T EBRESEAMAY. & LELAYH Kk Z
WNRELZMAEZITT>T 0,

UYARECHEINLFATZ Y E
JLEINMRABEAEILL, HE
BEFA2#HI-_AX—Fictzy
ckahfcezz, HA7ZVEL%E
BAWweayio hMat)LTH b iR
A5, # 7mm3 ORRMETEIC 10
BSREUEOEEZRET D&
NTED, RIEZILITVZEHAL
TEABEE UV THWS Z Eick
D, BKEEDORWEAREHIE
5N, BEEYT Ry NRTH
%uEE:ﬁ*»l%ﬂ:‘ EDAHEICHEIT S

IC&kh,. BETCHRERARE
/\%¢NMR7\/\’7 NLESh
%5

The opposed-anvil-type high pressure cell designed for NMR experiments
developed in our laboratory is installed on a double axis goniometer. In
spite of the compact size, the cell is capable of generating more than one
hundred thousand atm. Good hydrostaticity is obtained by using sealed
liquid argon as the pressure transmitting medium. Single crystal samples
in the cell can be directed along arbitrary directions in a superconducting
magnet, allowing us to obtain precise angle-resolved NMR spectra.

52—~ Research Subjects

(a)

Intensity x f 2 (arb. units)

(Vo
EI = =H
Masashi TAKIGAWA Makoto YOSHIDA
Bi% B
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.

T T
Hile, 11T

57 AKEOEETIC&ET3
e RRILEY SrFecAsz D
BAs BFEDONMRZARYT
o & 158 E M 98351 (28K)
TIE—ADOFOHBIR S ME
RAEU e 2 ROEISRHER
HEhd, ERGE.2K) T
NS0 3ERDHERNKE
| sc HERFICE>TENZN 2
REDICHBULIEART ML
(AF) & R&BEME O NS
DEETTICHELBEVNRR
I MIL(SC) B EFT B, K
S[UBIEOREL SHBE B

I
1
0.8
06
0.4
0.2
o

A

s 7 EEREICH D ENDD B,

80 100 110

75As-NMR spectrum in the iron-pnictide compound SrFe;As, under high pres-
sure on 57000 atm. In the paramagnetic and normal-conducting state (28K), one
central and two quadrupole-split resonance lines are observed. At the low tem-
perature (4.2K), the whole spectrum consists of two parts. In one of them (AF),
each of the three lines splits into two lines by antiferromagnetic order. In the
other part (SC), they do not split by antiferromagnetic internal field. The latter is
shown to belong to a superconducting state from the measurements of nuclear
relaxation rate.

1. BRI, 72AKL—hK - REVRDY A F XU XA EEFHER
Dynamics and quantum phase transitions in low dimensional or frustrated spin systems

2. BRBEER
Exotic superconductors

3. BEEETRICE T ZER - PuE - ZWMFORFEESE

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

4. BHEBBREERICE T2 AEY EERDY A FIVR

Spin and charge dynamics in magnetic organic conductors
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Division of New Materials Science

http://www.issp.u-tokyo.ac.jp/maincontents/organization/
labs/sakakibara_group.html

b Dt Wk 7€ =

Sakakibara Group

WEDRTHEERBRIZIE I EHBIHIC DI >Tw 5, 2
DR THEHVEFRAEHZEOYEARTII I 7LEXEDYD
&I AR LR TR IR H 2R T 5801355, 2
D &) 7o FERE I B O SANNE TFRZEM 52 L
DI - D ARBATTI DED % < HT L LB R 23 IR
SN D, YHHFETIEID L) KRR E 2 R Ok 4
BWERDOHESIMEDOFEZ2ITo TV 5, B T8
TAEYPLHVET R, BTACYRBELN 77X —F
AE VR EPHFRRT, BALPHBE 2 105 T
BELTHIZEL T3, COHMDZIZ, H41330 2977
IVE v DRMEIR £ TRELIHIE A3 ] BE 72 = TR PE D 75,
TR EAR D X v v 7RG DRI A RN 7 T R D
s BAAE R E 2 L E OB 1T > T 5,

z, H
@ N
°T Yb,Pt,Pb 1
at HI[110] 4
= 80 mK
T 3f 1 (@
=
2 = -
1 = —
0

%2 —~ Research Subjects

1. EVWEF LAY O & B8

Magnetism and superconductivity in heavy electron systems

2. fEFLEYDOLBFEHEICHRY 2HRFEESE

ﬁﬁ [110]
© f
25

Multipole orderings and fluctuations in f electron systems

3. 77 AL — MEMEFEORLIERE

Magnetization of geometrically frustrated magnets
4, EFRAEVROEEIRRE

Ground state properties of quantum spin systems

16
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B—EB

IR RER &= ZHN =
Toshiro SAKAKIBARA  Shunichiro KITTAKA Hiroyuki MITAMURA
% B B3

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. We also perform angle-
resolved specific heat measurements in a rotating magnetic field,
which is a powerful tool for investigating the nodal structures of

anisotropic superconductors.

EXYAN—BEEZHFDA Y YV REBE MM YboPtoPb D
(@) 80 MK ICH T 2HAWALES £ O (b) BKER. #HAMIE
[110] A M, (c) BHHTFREInNIWIMEE (), HIHEER
T2V —ORIKFIESOZEZZIT (I1E. FAR).
BISICEELRWEBREZRY, —7A. I BTRESICFTE
TA X —IEGRICHAEAIENYT 5. CDRZEVZAI VTR
EYETITRERHBETET, BREBMFZIETARDICHOER
Ero70y 7OHEENSWV. (d) & IMMBIEEIT2HRE—X
v N OBEET, 2ERMNI’BROBREBFE—AY M ERT,

(a) Differential susceptibility at 80 mK and (b) the phase
diagram of the Ising antiferromagnet Yb,Pt;Pb having an
orthogonal dimer structure. The magnetic field direction
is [110]. (c) The expected collinear magnetic structure at
low fields (phase I). The magnetic structure for the dimers
perpendicular to the magnetic field is immune to H and
the transition temperature is independent of H (phase III,
inset). In phase II, magnetization of the dimers parallel to H
increases continuously. This behavior cannot be explained
by an Ising spin model, and strongly suggests the occurrence
of a “pseudospin flop” due to a hidden high-rank multipole
moment. (d) Schematic diagram of the magnetic moment
(thick arrows) and the high-rank multipole moments (double
arrows) in phase I
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Division of New Materials Science

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/mori_group.html

IEIL R

Mori Group

S () ER, BB XOEEE R EOREM: S
THWEDHTE L2 ORfE, PEOWEZ{T>Tw 5,
STHEEOMINE, 1) HEETTELIOS FRIHEA
TEH DS - Bl RETh 22 L, 2) D FIRIERICES
POIONGIRERRKEL, FTEENELCET KT
AR RENZE, 3) ETH7—urHAEM (B
HHES) 2IREL, BT OWENE (REME) LhH: Wk)

PERAETLIeEBEToNs, Tadb, o TFETHA4Y
T3 LISk FRM AR E KB TR R St~
A=%D LT O T, B, . AEVITNA,
ST OHMHENBN S, W LS TIEOR R R
ﬁ%ﬂ%bfw%o%ﬁ\ﬁ?®ﬁﬁkﬁﬁ®ﬁﬁﬁk%
THBD OB NEF 2 v h—R— N EERFHE, T
TTEM%W#%GT%ﬁLwﬁ%th%%(l%%)
R 7%,

ERMBHE TIER U e BB EME [-ET2CUu(NCS)2] D BiESR

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

A R LA
Hatsumi MORI Akira UEDA

% B3

Professor Research Associate

The syntheses and structural and physical proper-
ties for molecular functional materials such as molecular
(super)conductors, magnets, and dielectrics have been studied.
The attractive points of molecular materials are 1) that a variety
of molecules and intermolecular interactions are designable
and controllable, 2) that large response of external pressure
and electron-phonon coupling are observed due to softness of
molecules, and 3) that large Coulomb interactions (electron
correlation) reflect the magnetism as well as conductivity 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)

@ Cji}é]ij:

meso-DMBEDT-TTF

FRBHRFRE RBEE 5
B-(meso-DMBEDT-TTF)2PFs
DBEIEN O EN KT, BE
T 90K TFx v h—K— R

(a) 1bar BRKFEERICHEVWEBE &K

© \ (b) 2.1 kbar FEBERIITH IMEEHIC

) (c) 3.1 kbar EBIREHET U, 4.0 kbar .
10 (d)-4.0 kbar 43K TREEEBERIT

Electrical resistivities under
pressures for new organic
superconductor, f-(meso-

Resistivity (ohm cm)
)

10° f+ 6’;‘105 | (d) DMBEDT-TTF),PF¢. The
e L \ metal-insulator transition

104 s aL occurs at 90 K at ambient
z,L 4.3K pressure with accompanying

si 2 L checkerboard-type charge
10 5, L1 ordering. By a'p‘plymg pres-
02 4 6 8 10 sure, the transition was sup-

10° ! L pressed, and the supercon-

0 100 200 300 ductivity was found at 4.3 K
Temperature (K) under 4.0 kbar.

. ATOEHEZEN UHREH (B) SAORR CHEENR

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

. BEFERTEFHATON VEB EHE L LBEREER. FEARDORR S ERRIERRT
Development and studies of structural and physmal properties for electron-proton coupled molecular functional materials

B EEEDBRAT SR EEA DR TR

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

. AFHEMEDINNE O Bin. %, RE. EN) ISEOHR

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://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/nakatsuji_group.html
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Nakatsuji Group
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A% 7T —~ Research Subjects

1. EFHEEBREETOHLVWBLE E RESBIRE

it A A FN
Satoru NAKATSUJI Yousuke MATSUMOTO
IR B3

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 anomalous metallic states close to a quantum
phase transition, macroscopic topological effects in magnetic

metals, and quantum spin liquids in magnetic semiconductors.

FAENFR U B FHRSFBIRESE B -YbAIB4o

(EL) #ERHEiE, I Yb D 4f BEFIHIEEBLREEES, (BL) 75 vIX&
TBRUHMRERR. (T) BEXEBRORZEVOEINSRE UICREN, £8
TREAHTF 12— IR LIC. EOHSTEFRFURENRET 5, (BAR) B
EMEORERTOH I DOEFHRIREL SBEENRN S,

Quantum Critical Superconductor B-YbAIB4 found in our group

(Top left) Crystal structure. 4f-electrons mainly contribute to magnetism and
superconductivity. (Top right) High quality single crystal grown by Al-flux
method (Bottom) Phase diagram constructed by the contour plot of the expo-
nent a of the power law behavior of the resistivity. Quantum critical region
appears under zero field without tuning for the first time in a metal. (Inset)
Superconductivity emerges from the quantum critical state only in the case of
ultrapure single crystals.

Exotic superconductivity and anomalous metallic states near quantum phase transitions

2. BHEBICHE T IERNNROI AR
Macroscopic topological effects in magnetic metals

3. 2 RTHMEFEHTDEF AL VIRE

Quantum spin liquids in two-dimensional magnetic semiconductors
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Ohgushi Group
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A 2 38 UL RO MBI 2 RIH 2 DT 5, £,
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HREMICHEELT0 D, ROEOBRBELT, 1. AL Vifil
WA HAEFHDSHELE T2 4 ) 27 LRI BT 5 R B e
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D W 7 WG AR Hg,ReOs D FE R, 3. SR xF Fik: o
e 728 ERICH 1T 25 ERB TR OB, 4. PR
R AR Bay.o K FeaAse DR —LRIE DRI, 5. B 11§k
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BAEEBERBLEMOERESR. AXRWARER CalrOs. KRS RBELK
Ba1-«KxFezAsz. REIHREDIEN /2B PboRu207. #EHEIERE MNn2SiS4.
Single crystals of correlated transition-metal compounds. Strongly
spin-orbit coupled Mott insulator CalrO3, Fe-based high-temperature
superconductor Baj_xK Fe;Asy, non-centrosymmetric metal PbyRu,O7, and
anomalous antiferromagnet Mn;SiSs.

%2 —~ Research Subjects

1. EB2RB(LEYICE T 2Rt s BEE

P
KEE

Kenya OHGUSHI
RHERERIR

Project Associate Professor

Our group’s research is focused on the exploratory synthesis
and characterization of strongly correlated transition-metal
compounds, which exhibit novel quantum phenomena such as
superconductivity, magnetic order, and a metal-insulator transition.

We synthesize high-quality transition-metal compounds
using a variety of techniques such as the flux, chemical vapor
transport, and high-pressure methods. The electrical, magnetic,
thermal, and optical properties of these compounds are then
characterized on a microscopic scale. To investigate their crystal
and magnetic structure, x-ray and neutron diffraction measure-
ments are also carried out at external facilities such as SPring 8.
Our recent achievements includes (1) identification of the novel
magnetic order and a metal-insulator transition in strongly
spin-orbit coupled iridates, (2) discovery of a new supercon-
ductor, HgxReO3, which exhibits strong rattling motion of the
Hg atoms, (3) observation of second harmonic generation in
non-centrosymmetric metals, (4) elucidation of the Hall effect in
the Fe-based high-temperature superconductor Baj.,KiFe;As,
and (5) clarification of the electronic properties of Fe-based
ladder compounds.

Ca, Na,lrO,
Jeff=1/2

150

Paramagnetic
insulator

100

T (K)

50f

Paramagnetic metal
\ o

0.1

0.2 0.3 0.4

g

Ca1xNaxrOz OEFHEM, FARIE. A > EHEIREE LA
B F DERR,

0.5

Electronic phase diagram for Ca;_xNayIrOs. Inset is a sche-
matic view of a spin-orbit coupled electron.

Magnetism and superconductivity in transition-metal compounds

2. BRERILEMICE T 2ERBEREAYE

Transport and optical properties of transition-metal compounds

3. BEGREZBWCHYERF

Search for novel materials using high-pressure synthesis

4. EFE—LZRWBEYIEMRE

Investigation of structural properties using quantum beams
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science) ifAZ1T> TV 5, B WERHZBLY 7 & DM
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BAEL BRAHBIE 7Rk E O BRE S PIEoBLEE Hi
LTWw3, IETIE, SR LI BT 28 TR AR B O fig
B, # LR RS SRS, Frittfrt LED o
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RHEEMIILTED TV S,

20

=

Hiroshi SAWA

EEHIR

Visiting Professor

The focus of our research is the structural material science
to investigate the novel quantum phenomena using synchro-
tron X-ray diffraction experiments. The present targets include
transition metal oxides and molecular crystals, where a variety
of exotic phenomena appears. Our current research topics are as
follows: clarification of the mechanism of spin-orbital entangled
quantum state in cuprate, development of novel iron based
superconductors, fabrication of the new emitting phosphor for
white light-emitting diodes and so on.
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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 pieces of research, individual
members employ calculation techniques in accordance with
their expertise and taste, but as a whole, the theory group
covers virtually all modern theoretical methods, ranging
from sophisticated analytical techniques in mathematical
physics and formal many-body theory to large computa-
tional approaches, such as quantum Monte Carlo simula-
tions and state-of-the-art ab-initio calculation of electronic
structures based on the density functional theory.

[

B B H Mmx B % B =t
Professor Kazuo UEDA Research Associate Tatsuya FUJII

% B BH RER B % RE —E
Professor Yasutami TAKADA Research Associate Kazumasa HATTORI
. B’ IEsR B % FO RE
Professor Masaki OSHIKAWA Research Associate Yoshifumi NOGUCHI
% B BR BR— B % ZH B
Professor Hirokazu TSUNETSUGU Research Associate Yasuhiro TADA
BB Bt BA B % e 2
Associate Professor Mahito KOHMOTO Research Associate Rui SAKANO
HBIE 2H (€

Associate Professor Osamu SUGINO

B g =&

Associate Professor Takeo KATO

EHE (R8) =% &

Visiting Associate Professor Takashi MIYAKE
R (58) B 15

Visiting Associate Professor Hiroaki KUSUNOSE

gEHOEARE) VY A)LO
Visiting Professor  Karlo PENC

21

BEHRE BB XA
Project Researcher Hideaki MAEBASHI
BiEmrs BH HEXK
Project Researcher Masahiro SAKURAI

BEIWRE  BEA  ER
Project Researcher Yoshinari TAKIMOTO
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Ueda Group
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Two regimes in the low temperature behaviors of Kondo effect of a
vibrating magnetic ion. On the boundary the two-channel Kondo

behavior is identified.

AT —~ Research Subjects

+H X BH =t
Kazuo UEDA Tatsuya FUJII
% EUE
Professor Research Associate

In strongly correlated electron systems, a rich variety of the
ground states are realized, including magnetic and supercon-
ducting states. Boundaries between different phases define
quantum phase transitions. One of the simplest examples of the
quantum phase transitions is the order-disorder transition in
localized spin systems. Typical examples we have studied include
the spin systems in the two-dimensional orthogonal dimer
lattice and the three-dimensional pyrochlore lattice. We are now
interested in quantum phase transitions in itinerant electron
systems.

Materials which have a network of cages are under intensive
studies in these days. A unique feature of such systems is the
strongly anharmonic vibration of ions contained in the cages.
We have shown that it is the origin of unusual temperature
dependences of resistivity and NMR relaxation rates in this
class of materials. Recently effect of vibrations of a magnetic
ion coupled with conduction electrons is studied. It is shown
that opening of a new hybridization channel accompanied with
phonons leads to a line of critical points of the two channel
Kondo effects.

Concerning the transport phenomena through quantum
dots, it is shown that generalization of the Kubo formula into
non-equilibrium 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.
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1. BEAEYRB L CBEBFRICK T 2EFHES

Quantum phase transitions in localized spin systems and itinerant electron systems

2. IRENT BHEA A VI BT B RERNR
Kondo effects of a vibrating magnetic ion
3. BF Ry MNMCHIT 2 EHEEXAR
Kondo transport phenomena through quantum dots

THE INSTITUTE FOR SOLID STATE PHYSICS 2013



2L bl i

Division of Condensed Matter Theory

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/takada_group.html

i HHF 7E =2

Takada Group
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Yasutami TAKADA
%

Professor

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 astonish-
ingly 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 recog-
nition, 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.

- (P O-F VR ILBITZD 1 BTFAXRY MNILE

BICEN2BBEFE-VDEBOERR, BRIZT LI REFEDIANRYT ML
B D 2ER,

Structural change of the pseudoelectron peak in the one-electron spec-
tral function for the Luttinger liquid (Yang-Gaudin model). Inset: The
entire structure of the spectral function near the Fermi point.

1. GWI % 7— R EZEXZEICH LI BFESIRILF—DHEFEORE L EBREET 1R OYIEER
GWT method: Development of the calculation method for the electron self-energy always satisfying the Ward identity
and investigation of the properties in the low-density electron gas

2. BInEERBREDE—REFHE :

ZENEEBGIER T ONEEFRNBERDORR LS NFOEFNR TOSEBEEEBIRK

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 and investigation of high-temperature
superconductivity in an attraction-repulsion competitive system

3. BF - DFBABTFHRR | F—REH S DIEEEHEE

HER TR —

BRI DR F

Atom/molecule embedded electron gas: Kondo problem from first principles and developments of the exchange and

correlation energy functional
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THE INSTITUTE FOR SOLID STATE PHYSICS 2013



Lz RE bl

Division of Condensed Matter Theory

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/oshikawa_group.html

I WE7E =

Oshikawa Group
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1. BRTAEVRICBIFTZEFACVHEDHDOERIC L D EDRL

B IE ZH B

Masaki OSHIKAWA Yasuhiro TADA
% EUE
Professor Research Associate

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, recent experimental observation of superfluid-
like behavior in liquid Helium 4 confined in one dimension is
described as a dynamical phenomenon related to anomalously
slow relaxation characteristic in one dimension. Moreover,
frequency dependence of the “superfluid transition” temperature
is predicted.

On the other hand, recent developments in quantum
many-body problems motivate us to reexamine the fundamental
issue of classification of quantum phases, at conceptual level. For
example, we study characterization of topological phases, which
has no local order parameters, in terms of quantum entangle-
ment. With these studies, we also aim to develop an interdisci-
plinary field with quantum information theory and quantum
computation.

Much of our research is carried out in international collabora-
tions.

1 RTICHACADIERIENI T L4 D, SEIFREAFRBICKEITZ
BRENINE. BEREN 200kHz (F) M5 20Hz(E) I THBIC
2NT, BREHEDILSE ENDEREMETLTWS, BARIE.
ZRBEBTEBREBNEDISE EHD EIFEF—HTDREICE T DE
BOE—D & ZOREDVPEAREBE EEHICNENICELLTEI %
R~LTW3,

Superfluid response of liquid Helium 4 confined in one
dimension. As the frequency is lowered from 200kHz(right)
to 20Hz(left), the onset temperature of superfluid response
approaches to zero. The inset shows a dissipation peak at
about the same temperature as the onset of the superfluid
response at each frequency, and a power-law dependence of
this temperature on the frequency.

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

2. HI5IER & Z DY IEYIEN DN

Conformal Field Theory and its applications to condensed matter physics

3. MRAVAIEEEFIVIVTILAY K
Topological phases and quantum entanglement

4 F/ZABHROBRENY UL 4 DEFERFIRR

Liquid Helium 4 in nanoporous media and quantum critical phenomena

5 BVWEFRICHTBBEHGR & BIGE

Phase transitions and superconductivity in heavy fermion systems
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Temperature-magnetic field phase diagram of PrlroAlyg determined by
mean field theory. Three antiferro orbital ordered phases (I-IIT) appear with
magnetic field sweep.

A2 7T —~ Research Subjects

BR B— RER —E
Hirokazu TSUNETSUGU Kazumasa HATTORI
26 B

Professor Research Associate

Strongly correlated electron systems, particularly compounds
including d- or f-orbital electrons, are the main subjects of our
research. In these systems where electron-electron interactions
are very strong, a variety of interesting phenomena emerge at
low temperatures, and various magnetic orders, unconventional
superconductivity and density waves are typical cases.

Targets of our recent study include novel types of quantum
order and quantum fluctuations in frustrated spin and strongly
correlated electronic systems with multiple degrees of freedom.
In these systems, many soft modes of fluctuations are coupled,
and this affects the nature of quantum phase transitions, as well
as electronic states and transport properties. We have recently
studied electric transport singularity at Mott transition on a trian-
gular lattice. We have also discovered a new type of divergence in
quadrupole response associated with an orbital order in Pr-based
compounds.
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Tl 2 EROBERENHER,

Orbital states on two sublattices in each phase in the left figure. Repre-
sented by vectors in quadrupole space and related states are shown. Two
types of orbital orders are degenerate in phase I.

1. dBF. FEFLEYBERBEEEFROBEFRE

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

2. 77ANL—Y 3 Y ROFEHZFE
Statistical physics of frustrated systems
3. EFHIEAFOHTEFHDOER
Theory of novel phases in quantum magnets

4. BHEEBFRICE T BEANBLE

Unconventional superconductivity in strongly correlated electron systems
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Kohmoto Group
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single layer graphene (nearest -neighbor hoppings)
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BBHRDTZ T TV DIRIVF—ART T LY KT LEEFR—ILHE

Energy spectrum and quantum Hall effect of graphen in a magnetic field

1. 7274 YDEFR—ILHER
Quantum Hall effect of graphene
2. BHIRBONZIRTF L DEESR
Quasicrystal of cold atom optical lattice
3. 7Y —=F)UEFIAID A N JLZE{L
Spectrum shift of the Friedel sum rule

26

Rz BEA

Mahito KOHMOTO
IR

Associate Professor

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. Our purpose is to develop the non-perturbative method
including field theories and the solution of the basic problems in

physics mentioned above.
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WHPD2ER T 77V DIRINF AR TLY N TLEBFIR—ILFHR

Energy spectrum and quantum Hall effect of souble layer graphen in a
magnetic field
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Sugino Group
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Absorption spectra of Cgo and alkali-ion encapsulated Cgo. This demon-
strates that the first-principles excited-state calculation is facilitated.

1. 7 —VBEE=B W hiRREBOE—FIEE

285 (& ¥ RBR®

Osamu SUGINO Yoshifumi NOGUCHI
HEHIR Bh#

Associate Professor Research Associate

The purpose of our study is to explore novel property of
matters through a first-principles computer simulation, which
allows us to realistically investigate structural stabilities and the
electronic properties without any input from experiments. This
is a particularly powerful method based on the basic electronic
structure theory and the applied materials science.

The present targets of our study include (1) electronically
excited state and its dynamics, (2) dynamics of the ground
state at finite temperatures, and (3) representation of electron
correlation of a given nuclear configuration. These works are
done to extend possibility of the first-principles calculation.
The extension is particularly important in the surface/interface
phenomena associated with chemical reactions, e.g., micro-
scopic processes of fuel cells. Such study is a central topic of
the energy conversion but has been hampered by the need for
large computer resources. The development of K-computer has
opened possibility to advance microscopic theory and effective

predictions.

Effective
screening
medium

EBRAEOE N FENEFE, 5
RIVIVIEERWEFE
(potentiostat MD) Z %9 %
CEIEDBR—EDTTDE
—RIBEENHREIC IR o Te,

1B1S011U310d

Electrode dynamics at con-
stant potential. With the
extended Lagrange method,
called potentiostat MD, the
electrode potential can be
kept constant throughout.

First-principles Green’s function calculation of excited-state of a matter

2. TV EE AW EEREDOSEENE

First-principles tensor decomposition approach to accurate electronic structures

3. MAEMEMAREDO AL I 2L -3
Large-scale simulation of the fuel-cell electrocatalysis

4. FEWRED Y T VT DE—RIBETE

First-principles calculation of the nonadiabatic couplings

THE INSTITUTE FOR SOLID STATE PHYSICS 2013



Lz RE bl

Division of Condensed Matter Theory

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kato_group.html

e k7€ =2

Kato Group

AWHEE T, BFHHAERHORENEELREXY
Ay 7 R2NRELT, FEREOHEHIEZT>Tw»
3, AV 2ayrRElF, F/ AT —VTHMN TSN
BIREFELNREL, BFORBFIANLRINEIBEEL
BHERDIETHS, OB TIEMMIIN TS gk
PHAEERZEGICLT BETEREIE - Ay be=2 2.
BHTHERE, RIERAOIGAP PRI 2 I S 40
BHHERLDDOH %, RFEETIEIING DROEREM
DREEPFETEOMAEZIT O, COTEICEITHBIR
DR A2 HIF LT 5,

AFRETIEAY Ry 73BNy, B A
RIS E D AR R P03 B G2 1 SUE 95 B 2 RS
FHETHOE-T WD, FOETIE, 7 FHEEFRICEIT2E
iR P iaEEE, ER QBRI OERFEEY) 774 —
& DM REIT>T0 5,

Cross correlation

%\15 ' I el e
> | SU©2) ) h=evi2 |
— c 2
NQ) :
~ 1F : .
5 ;-
A | : uantum dot
< H
m :
=05 [ 3 S
£ LS SU(4
£ [ “)
~ 0 L | ! | L

0 3

1 2
U/nT
EFRybDI/—AYFAUR. BEOEFRY K~ (SUQ) & —EiERHEZHD
EFRv b (SUA) OXREMRBE=IZEY 5. HRNMEZ 2 CEBREBIEIIIA SN S,

The dot-site Coulomb repulsion U enhances a cross correlation of currents
through a normal dot (SU(2)) and an orbital-degenerate dot (SU(4)), while
the orbital degeneracy suppresses the cross correlation.

1. XY RO Y I RICH T 2HERFIE
Transport properties in mesoscopic systems

2. BFEHEEERDBMERTTEAR DI

InEE =L ¥ =
Takeo KATO Rui SAKANO
IR BhZK

Associate Professor Research Associate

The main research subject is theoretical study on transport
properties in mesoscopic systems, in which quantum interfer-
ence of electrons emerges through transport properties. One of
our purposes is to understand novel features emerging in inter-
acting electrons in solid-state mesoscopic devices by utilizing
various theoretical methods. Recently, novel technology on
quantum information, spintronics, and quantum optics has
been intensively studied in small semiconductors/superconduc-
tors. We are engaging in construction of fundamental theory
and development 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 and dielectric responses in organic conductors and

giant relaxor-type dielectric response in transition oxides.

Fermi surface
T

Q

ky 0

—TT
—T 0 T

Kz
ERRFEGESEEICH2EHERD T T )LIH, BEKFE/NY—VOEHQICL>
TI7)IEMNSELL I UblEndLSIC. 7I)LIEIERT 5,
A Fermi surface of organic conductors near charge-ordering transition.
The Fermi surface is modified so that the wavenumber of charge-ordering
pattern Q spans it well.

Theory of electron correlation in low-dimensional conductors

3. FETERET N - SFEUEROETEER

Fundamental theory of non-equilibrium statistical mechanics and quantum measurement

4. ZHRBETROBEHEF AR

Development of numerical algorithms for interacting electron systems
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BEHEHRIZ

Visiting Professor

My research subject is first-principles calculation of electrical,
magnetic, optical and structural properties of condensed matter.
Our main target is physical phenomena induced by electron
correlation and/or spin-orbit interaction such as electron-
excitation spectra of iron-based superconductors, noncollinear
magnetism of pyrochlore oxides and surface Rashba effect.
Since standard first-principles approaches are insufficient to
treat these phenomena, development of computational methods
is also an important subject. This activity includes develop-
ment of an ab-initio scheme to derive a low-energy effective
model (downfolding), combining first-principles approach with
many-body techniques and application of Berry-phase theory to
electronic structure calculations. Permanent magnet is another
target. In order to improve magnetic properties and search for
new magnetic materials, we are studying temperature depen-
dence, effects of substitution and surface/interface on magneti-

zation and magnetic anisotropy of rare-earth magnets.

p g

o 155

Hiroyuki KUSUNOSE
BEEHIR
Visiting Professor

Our main focus is theoretical development on entangled
orbital and spin degrees of freedom in rare-earth, actinide, and
transition-metal compounds, based on which we aim to create
novel material sciences. At the same time, we develop a practical
numerical algorithm applicable to degenerate electron systems
with emphasis on efficient inclusion of strong correlations
among electrons. Our goals are to find universal concept and
predictions of new phenomena for a wide range of materials,
focusing on complex degrees of electrons in solids.

The recent main topics of study are (1) cooperative dynamics
through vortices in superconductors coexisting with ferromagne-
tism, (2) fundamental theory on odd-frequency superconductivity
or density wave, which is characterized by a node of an order param-
eter in time domain, (3) theoretical investigation on (spontaneous)
symmetry breaking of spatial inversion, spin-splitting or distortion
of electronic bands owing to parity mixing and spin-orbit coupling,
and related novel phenomena in transport and optics. We are also
developing (4) an efficient numerical algorithm based on integration
of two complementary methods valid at opposite fixed points of
strongly correlated electron systems, such as a hybrid scheme of the
representative non-perturbative method, e.g., the dynamical mean
field theory, with a diagrammatic perturbation theory.
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Visiting Professor

We are interested in the low temperature properties of Mott
insulating systems, like transition metal and rare earth magnetic
compounds and alkaline earth atoms in optical lattices. The
large variety of the geometrical structures, degrees of freedom
(like orbitals next to spins), and various exchange interactions
make the physics of magnetic compounds very rich. We study
systems where the frustration can lead to formation of gapped
or gapless spin liquids, and ordering of quadrupolar moments.
We attempt to characterize the nature of the ground state and
excitations starting from a microscopic model, using analytical
and numerical methods. Our aim is to provide qualitative and
quantitative explanation of experimental results - like magne-
tization measurements and ESR, far-infrared and neutron
spectroscopy - on various magnetic compounds.

In collaboration with the group of Prof. Shojiro Takeyama
in ISSP, we study the relevance of the magnetoelastic coupling
on the properties of the highly frustrated Cr spinels in large
magnetic fields. Recently, we also become interested in the
rapidly evolving field of topological insulators: collaborating
with the group of Prof. Masaki Oshikawa, we have studied
topological properties of ladder systems. New areas include
collaborations with the groups of Prof. Satoru Nakatsuji on rare
earth spinel, and the group of Prof. Masashi Tokunaga on multi-

feroic materials.
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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 and spin
transport in mesoscopic structures of semiconduc-
tors, 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.

[

% E EXgE 35/ B % EEE wErIBE @mH E=
Professor Yasuhiro IYE Research Associate Akira ENDO Technical Associate Kozo MUKAI

% B EE B % =& B kimsrms  fRE W
Professor Shingo KATSUMOTO Research Associate Shinya YOSHIMOTO Technical Associate Takushi IIMORI

B & K& &R B # =% BX T 1= I o N
Professor Yoshichika OTANI Research Associate Ryota TAKAHASHI Technical Associate  Yoshiaki HASHIMOTO
H B IR XK B % R OBRF wirErmgE RE M
Professor Fumio KOMORI Research Associate Yasuhiro NIIMI Technical Associate Masayuki HAMADA
P =fE = B % =H B RIS FR EH
Associate Professor Jun YOSHINOBU Research Associate Yasuo YOSHIDA Project Researcher Tatsuya AOKI
I Ralll =i B % PR R BEARE & HET
Associate Professor Yukio HASEGAWA Research Associate Taketomo NAKAMURA Project Researcher Howon KIM
IR UyTIX— w7 B #% =0 R4E BIFRE BK OB
Associate Professor Mikk LIPPMAA Research Associate Toshio MIYAMACHI Project Researcher Sumera SHIMIZU
g (x8) PN OERE B % MR & BIFEE MRS B

Visiting Professor  Junji NAKAMURA

Research Associate Motoi KIMATA
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Upper panel: Corbino-type electrode geometry with microwave heating

Lower panel: Magnetic field dependence of the radial conductivity o, and
thermovoltage Vir.
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Yasuhiro IYE Akira ENDO
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Professor Research Associate

Thermpower of two-dimensional electron system (2DES) at
a GaAs/AlGaAs heterointerface generally consists of a carrier
diffusion term and a phonon-drag term, and the latter contribu-
tion is dominant in an ordinary experimental condition in which
temperature gradient is generated by a heater. We investigate
the thermoelectric effects in quantum Hall regime by adopting
a technique to raise only the electron temperature and thereby
to extract the diffusion term. In the present study, a Corbino-
type electrode geometry, and a microwave heating technique are
employed. The radial diffusion thermopower Sy, in the Corbino
geometry is given as SiC = & / O, (with gy, thermoelectric
conductivity, and oy, conductivity). The measured SiC takes
large values and changes its sign at the midpoint of the Hall
plateau. This behavior is well reproduced by a theoretical calcu-

lation based on the self-consistent Born approximation.

(a) BE2EA Sir DRET—F o 3D2DTFT—FFY A7 DREME/T—DEWNIC K
%, (b) HABOREDOV DO DEICKT Z2MEEHNDFHEE, R—ILTF~—
DD FEVWHIBERINTWS,

(a) Experimental data of thermopower S;. The three curves correspond to
different levels of microwave heating. (b) Calculated thermopower for dif-
ferent values of the temperature at the heated part. The behavior in the Hall
plateau region is well reproduced.

Quantum transport in 2DEG systems under artificial potential modulation

2. EFR—IRICHBIT IR EBERTE

Thermoelectric effects and a.c. transport in quantum Hall systems

3. UZT774 . U357 VDEFHE
Quantum transport in graphite and graphene
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Detector QPC

Plunger gate
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Shingo KATSUMOTO  Taketomo NAKAMURA
% UE
Professor Research Associate

With the techniques of epitaxial growth of high quality
semiconductor films, vacuum depositions of metallic films,
and lithography from micron to a few tens of nanometers, we
prepare low dimensional systems such as quantum wells, wires
and dots and quantum circuits composed of them to study the
quantum many body effects. Our research interests also go to
some applications of the physics of electron and nuclear spins to
so called spintronics, and quantum information manipulation,
classical logic devices with the use of superconductivity.

One of our present primary subjects is the creation of spin
currents in non-magnetic semiconductor quantum structures
with electric currents and the spin-orbit interaction and the
detection of the resultant spin polarization with a side-coupled
quantum dots. Another is the spin injection from ferromagnets
into semiconductors via almost localized states in quantum dots.
We are also studying the physics of the Andreev bound states
appear at boundaries between semiconductor naonwires with
strong spin-orbit interaction and superconductors.

Gate square wave amplitude (x0.1V)
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(a) Electron beam micrograph of a device to detect spin polarization in a quantum
point contact (QPC). (b) Green-white-red image plot of the QPC conductance
variation as a function of the plunger gate voltage of the detector quantum dot (QD)
and the amplitude of the square wave superposed. The numbers indicate the num-
ber of electrons in the QD and the vertical arrows indicate excited states.

CFEERDORE YRR SR

Creation and detection of spin current in semiconductors

. BFESEER WS HRROME

Study of many-body effects in quantum structures
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Conductance of an InAs quantum wire through Andreev bound
states (ABSs) as a function of source-drain voltage. The inset shows
the device structure. The oscillation due to the resonance between the
ABSs and the AC Josephson effect is largely diminished with the spin
Hall effect caused by the current through the InAs quantum wire.

Study of peculiar phenomena in superconductor-semiconductor hybrid structures

. RSSOy

Transport and magnetism in diluted magnetic semiconductors
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Yoshichika OTANI Yasuhiro NIIMI Motoi KIMATA
% B B
Professor Research Associate 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,
superconductors and organic materials, we are able to observe
various interesting phenomena such as spin Hall effects, the spin
injection induced magnetization reversal, and the spin accumu-
lation. We aim to study and develop new types of spintronic
devices using the spin injection techniques.

(b) Py1 Culr Py2

Pur - Pcy (MQem)

(a) Schematic drawing for measurements of spin dynamics in magnetic ~ Spin Hall effect (SHE) in Culr alloys: (a), (b) SEM image and schematic of a spin Hall
vortices fabricated with Py (NigiFej9) and an SEM image of two Py  (SH) device. When an electric charge current is applied non-locally to a Py/Cu junc-
disks. (b) MEM image of the two Py disks with the same polarity and tion, only a pure spin current is induced along the Cu bridge. Most of the pure spin
the corresponding schematic drawing. (c) AMR signals as a function current is then absorbed into a Culr wire because of its strong spin-orbit interaction.
of frequency with and without the right Py disk. By adding the right Py ~ As a result, one can detect the SHE as a voltage. (c) SH resistivity of Culr as a func-

disk, one peak splits into two peaks.

tion of Ir concentration. When Ir impurities are added to Cu showing no SHE, the SH

resistivity increases with increasing the Ir concentration. The slope yields the conver-
sion efficiency from the charge to spin current, i.e. the SH angle of 2.1 %.

1. 7/ AT —VHESBIRFERWAEY YA 37 DR
Spin dynamics in nano-scale magnetic vortex lattice

2. AEVIR—ILHRERWC A E Y RAERMBEEDOIHRE

Study for the mechanism of spin current generation via spin Hall effect

3. AEVRERWHBSHEER
Magnetic phase transition using spin current

4. BN / BEEHESRTICEITEAEVIEA

Spin injection into superconductor/ferromagnet hybrid devices

5. BHEEERD R VEAGEYE
Spin injection induced properties in organic materials
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Topographic image (a) and the Fermi-surface band mapping (b) of
Au-adsorbed Ge(001) surface. Atomic-size protrusions align one-dimen-
sionally on the surface. The one-dimensional structure consists of zigzag (A)
and chevron (B) segments. The band at the Fermi surface very weakly dis-
perses in the direction parallel to the line of the surface protrusions whereas
the band disperses two-dimensionally in the occupied states below 80 meV
from Fermi energy.

1. REF/BEVEDOEFRE. GEE I URIE

=H B4
Fumio KOMORI Toshio MIYAMACHI
% UE
Professor Research Associate

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(MOKE)/second harmonic generation(SHG)
measurements in an ultra high vacuum. Band structures of
the filled surface states and the chemical bonds are studied by
photoelectron spectroscopy using VUV light and soft-X-ray.
Local atomic and electronic structures, formation processes
of surface nano-structured materials and dynamical processes
induced by electron tunneling or photo-excited carriers are
examined by STM/STS. Local atomic structure can be manipu-
lated through electron-lattice interaction by electronic excitation

of tunneling electrons and photons.
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(a) STM image of single layer graphene grown on 8°-off SiC(0001) substrate
by thermal decomposition. Graphene covers both the step edges and ter-
races continuously. (b-e) Constant-energy angle-resolved photoemission
spectroscopy intensity maps at Er for the graphene samples formed on the
4°- (b,c) and 8°-off (d,e) substrates around Kge (b,d), K.¢p° (c), and K.g0° (€).
Here 0 degree indicates the tilting direction of the substrate. Dotted curves
represent the constant-energy ideal 7* band shape including the trigonal
warping for flat graphene. The observed shape of the Dirac band for the
4°-off substrate is consistent with the ideal graphene while that for the 8°-off
substrate is elongated in the tilting direction.

Electronic states, conduction and magnetism of nano-structured materials

2. hYRIVBFPL—T NI & 2RESHIRR

Surface dynamical phenomena induced by electron tunneling and photo-excitation

3. REF / BEME O AEE

Formation processes of nano-structured materials at surfaces
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The potential energy surface of
adsorbed NO species on Pt(997)

= =
Jun YOSHINOBU Shinya YOSHIMOTO
% B

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.
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Rh(111) ?

CsH1z CsD12
Ead 70.2kd/mol > 62.1 kd/imol
[A] 0.375eV > 0.338eV

lad rad(CeHi2) < rad(CsD12)
(Arad = 0.02-0.03 A)

dm 6.83 A > 6.73 A

Rh(111) RAICRE LY 7 ONF Y U FTERA
SNICRERN, BISHRAEDR

Kinetic and geometric isotope effects observed
in the case of cyclohexane on Rh(111)

Activation and surface reaction of small molecules by model catalysts

2. EBRHEICKITBRT - 2 FOHHBEDHE

Dynamical processes of atoms and molecules on metal surfaces

3. RIEMFREOEBFRE CAZRIGDOME

Electronic states and chemical reaction at oxide surfaces

4. 757y U EYBERRTYERADEFRE S RIGEDHE
Electronic states and reactivity of low-dimensional materials on surfaces including graphene and silicene

5 BEEYF /BEYOBELBEMERGE

Electronic states and conductivity of thin films and nano-scale structures on surfaces
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An STM image of Cu(111) surface. Electron standing waves, which are
formed as a result of scattering and interference of surface electronic states
by steps and surface defects, are observed. The wave length of the oscillatory
structure is 1.4 nm.

RANIl Fif =H Bk
Yukio HASEGAWA Yasuo YOSHIDA
IR UE

Associate Professor Research Associate

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

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

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

We are also engaged in developments of probe microscopes
under various extreme conditions, such as, ultralow 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.

FT/HAXPo 74 7Y REEDER STM&RE, BHIETTO MY RILDKICELD
BLEX vy IDHOUENSBENLEFHER CBR)

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. ERSTMIC KB BFEERK - 7Y —TILIRE R EREBFREDHZT
Low temperature STM on surface electronic properties by observation of electron standing waves and the Friedel oscillation

2. STM L& 2 F /T« TRF DBEERIEICE I 2%

Dynamical processes of atoms and molecules on metal surfaces

3. AFM ZRWeRERT > 2 v JLAE - EXUERDHAE

Measurements of surface potential and electrical conductance by AFM

4. TSR STM IC & 27/ T —ILTTRDHT « (LEDHT

Elemental / chemical analysis in nanometer scale using synchrotron-radiation assisted STM
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Fig. 1. (a) Temperature dependence of magnetite resistivity, showing the
Verwey transition at 120 K. (b) Measured pyroelectric current in a thin film
sample (blue), together with the integrated polarization curve (red). Inset
shows switchable polarization at 9K.

1. LA L =Y —HEEIC L BN T OEEDFR

Uy IX— Iy B BKR
Mikk LIPPMAA Ryota TAKAHASHI
TR Bh#k

Associate Professor Research Associate

The main topic of our research is the characterization of
transition-metal oxides in confined geometries, such as very
thin films, nanostructures, and heterostructures. Many oxide
materials show very complicated phase diagrams as a function
of doping, temperature or external fields. We study the mecha-
nisms of those phase transitions in thin film structures.

We have recently looked into the appearance of a ferroelec-
tric state in magnetite Fe3O4 thin films below the 120K Verwey
charge ordering transitions. By measuring the pyroelectric
current response of high-quality magnetite thin films under
periodic laser heating, we have shown that the polar state of
magnetite appears at the Verwey transition temperature, as
shown in Fig. 1. Ferroelectric polarity switching is possible at
low temperatures. A temperature scan of Raman spectra shows
that the magnetite thin films have no further structural transi-
tions below the charge ordering temperature, and the polar state
is thus a result of the charge order, not a displacement of ions in

the crystal.
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Fig. 2. Temperature dependence of Raman spectra of magnetite, showing
the structural change at the Verwey temperature but no further structural
changes at lower temperatures, proving that the appearance of the ferroelec-
tric state is not related to cation displacements.

Growth of thin oxide films and heterostructures by pulsed laser deposition

2. BACY DIREBIRR D NS

Phase transition mechanisms in oxides under external excitations

3. (LY DOERFREICE 1T B AERIE
Photocatalytic activity at oxide - liquid interfaces

4. BT INA RDEFHEE

Electronic behavior of oxides in various device structures
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Junji NAKAMURA
EEHER

Visiting Professor

In order to clarify the mechanism of methanol synthesis
from CO> on Cu catalyst surfaces, catalytically active sites and
surface elementary steps have been studied using surface science
techniques such as synchrotron radiation spectroscopies.

Chemical conversion of CO; is generally expected to reduce
CO7 emission formed by combustion of fossil fuels which will
be continuously used in the near future. A promising method
is the synthesis of methanol, which is a useful raw material.
However, one needs energy to carry out the methanol synthesis
to overcome the activation energy of the reaction. The devel-
opment of new catalysts means the reduction of the energy
cost. We have started a project to develop methanol synthesis
catalysts based on surface science, density functional theory
(DFT) calculation, and catalyst preparation instead of traditional
trial and error typed method of catalyst development. We study
the active site of methanol synthesis catalysts and its elementary
steps at the atomic and electronic levels using surface science
techniques. We have recently found that the defects called kink

or step play a role in the activation of CO; on Cu surfaces.
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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 and high pressures up to 10 GPa. 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 systems and liquid
under ultra-low temperatures and high magnetic
fields.

2) Low dimensional systems and/or Dirac electron
systems such as organic conductors and graphene.

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

B B ER EtB B % MH = BiIfre  EE tE
Professor Yoshiya UWATOKO Research Associate Taku OKADA Project Researcher Mitsuyuki SATO

#w " TR RER B % B BT BEWRE  FrY IVIrY
Professor Toshiro SAKAKIBARA Research Associate Takako KONOIKE Project Researcher Jinguang CHENG
I KA #&A B % Ly IE= BiImre LTE B

Associate Professor Toshihito OSADA Research Associate Kazuyuki MATSUBAYASHI Project Researcher Satoshi TSUCHIYA
HEHIR LT & wirErImEe AE A

Associate Professor Minoru YAMASHITA Technical Associate Kazuhito UCHIDA

BERONEAEE) Y AV wiftEEs RIE #F

Visiting Professor  Woun KANG Technical Staff

Syoko NAGASAKI

* S ERISAITIRERFS & 4 /concurrent with Division of New Materials Science
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Phase diagram of Pressure-Induced Heavy Fermion Superconductivity in
the Nonmagnetic Quadrupolar System PrTi,Alyy

The cubic compound PrTi;Alyo has demonstrated the interplay of a ferro-
quadrupole order at Tq = 2 K, Kondo effect through the strong hybridiza-
tion between the I's ground doublet and conduction electrons, and super-
conductivity (SC) at Tsc = 0.2 K. In particular, we found that the transition
temperature and the effective mass associated with the superconductivity
are dramatically enhanced up to 1.1 K and over 100mg at 8.7 GPa as the
system approaches the putative quantum critical point of the orbital order.
The results suggest a generic phase diagram hosting unconventional super-
conductivity on the border of orbital order, paving a new path for further
research on novel quantum criticality and superconductivity due to orbital
fluctuations.

A7 —~ Research Subjects
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Yoshiya UWATOKO Kazuyuki MATSUBAYASHTaku OKADA

% B B

Professor Research Associate Research Associate

The high-pressure group has been studying various materials
under high-pressure conditions in combination with low temper-
ature and/or strong magnetic field. Nowadays, the techniques
combining these multi-extreme conditions have become popular
and indispensable for researches in solid state physics. However,
the developments of these techniques that can realize in-situ
measurements under multiple extreme conditions are often
challenging and require sophisticated considerations. This group
has devoted numerous efforts in developing such advanced
high-pressure techniques and in studying the strongly correlated
electronic systems, which is one of the most important themes
in modern solid state physics. Considering the fact that many
mysterious phenomena in strongly correlated electronic systems
result from the electron-phonon and electron-electron interac-
tions, we foresee the discovery of many unknown phenomena
under multi-extreme conditions because high pressure offers
an effective knob in tuning the inter-atomic distances and the
density of electronic state that controls the degree of complex

interactions.
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Search for new physical phenomena under multi extreme conditions

. BAERERYEICE T B ENFERGBIRKR DMK

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

. ZERR T IcB T 2aERERF & BEEYIERE T ADHEL

Development of high pressure apparatus and confirmation
multi extreme conditions
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Monolayer/bilayer graphene junction device. When both of the mono-
layer graphene side and the bilayer graphene side show quantum Hall
effect with different topological numbers, there appear boundary chan-
nels, which result from hybridization of edge states of both sides, at the
junction boundary so as to satisfy the "bulk-edge correspondence".

72—~ Research Subjects

RHEH #A Bt &F
Toshihito OSADA Takako KONOIKE
HEHIR B

Associate Professor Research Associate

Transport study of low-dimensional electron system and/or
Dirac fermion systems in solids. To search for new phenomena
in electron systems with small spatial structures or internal
degrees of freedom, to clarify their mechanisms, and to control
them for application. We have a great interest in quantum
effects, topological effects, and many-body effects, which relate
to singularity of band structure, pseudo-spin internal degrees of
freedom, 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,
and artificial semiconductor/superconductor micro-structures
fabricated by advanced processing techniques like MBE or EB.
We flexibly explore new transport phenomena and electronic
states by electric, magnetic, and thermal measurements using
precise field rotation, miniature pulse magnet, MEMS probes,
etc. under magnetic fields and low temperatures. Recently, we
have concentrated our studies on quantum transport of relativ-
istic Dirac electrons in graphene and organic conductors.

su rface@

spin current

ZET 4 SV VBFROBFR-ILBHRIERE, BRABECEIIACYORGZEED
n=0 S Y& IEMOT Y IRENETAICAET 2\ DILRERESERS 1. KX
AEVREER. BREET « 7 v 7 BFR o-(BEDT-TTF)2l3 ICBWTAY AJLREIR
RBOFEZ RN ICHER LT,

Quantum Hall ferromagnetic state in the multilayer Dirac fermion system. There
exists the helical surface state, which consists of the edge states with opposite spin
and chirality of the n=0 Landau level on each layer, on the side surface, and it car-
ries persistent spin current. We have experimentally confirmed the existence of
the helical surface state in the organic Dirac fermion system o-(BEDT-TTF),1s.

1. 727z 08L0EOF vy TERBRICE T 2T« 7 vV BFROEFRE
Quantum transport of Dirac electron system in graphene and zerogap organic conductors

2. BB oAERFRIMCEEERIE—L >R

Interlayer coherence and angle-dependent magnetotransport in layered conductors

3. ZEEFR—IRICETZ N1 FILEREAREDEFTE

Quantum transport of chiral surface state in multilayer quantum Hall systems

4. BERTEERBHOESTERE L R E Y RERIRE

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

5. BBESEH T OVNBFRICEITBNAR EBRIEE

Chaos and electron transport in Bloch electron systems under magnetic and electronic fields
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Division of Physics in Extreme Conditions
http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yamashita_group.html

1 WE7E=

Yamashita Group

T &

Minoru YAMASHITA

HEBIR

Associate Professor

0 35 JET TR I B LA D3 ED 2 B 2 2l ) 55 i
HoWBHLDIFHY DL DIF DS, il k%z%&ﬂ%ﬁlﬁ
WIEIFRISHRWEIITHE), ETAD 19114, ATV
FDACV VAV FAE, ~N)VTLOWAGICERIT5ZE T

What happens when materials are cooled down close to
absolute zero temperature? It sounds a boring question because
everything freezes at T = 0. It is NOT, however, in some
materials because quantum fluctuations persist even at absolute
zero temperature. It was first discovered by Heike Kamerlingh

TIE Y EOHEIRGEEIC N THIOTEEL, 22 TR
DBELRIEIIDER0ICH L) HIGEBERE R AL, %
D, RN LORRENETE ., ATV A) REDR—
AR 72 &R & 70 i R DRI TR RS s, EilR
TREGESEICRNTLESTRA R, SR TARELEY
MR PMIRFEIS I N T ZebiFTh D,

AR TIIIOL) At FRHHBIRICHR 2 R 6 Bl
AT BE 2 BR D IR E CREBHIE 5 F T2 oYtk 2 H o0
IZT 2T >Tw S, BT, “RICEAKTERA TR
T BRI 79 AN — a v 2O EARICE LT
VAR LT L SN - A VWA IR BB 35T L\ - B
HEZS>TOLAREEDSH Y, Z ORKIRIC I 1T 5 R D
FRIAIC )% AT Z DT\ 5,
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BRMENC DEFAEVRKICHFET 52FZ2RLTW5,

Onnes at 1911, who was the first to liquify Helium and reach
~ 1 K, that the resistance of mercury suddenly vanished at low
temperature. Followed by the discovery of the superconducting
transition, many amazing quantum phenomena - superfluid
transition of Helium, Bose-Einstein condensation of Alkari Bose
gases — were found at low temperatures.

We are interested in these quantum condensed states at
low temperatures where the thermal fluctuation is negligible.
Especially, we are now focusing on studies to characterize the
elementary excitations of a new quantum condensed state of
spins which may emerge in frustrated magnetic materials, such
as antiferromagnets at two-dimensional triangular or kagome
lattices, by precise themo-dynamic measurements at ultra-low

temperatures.

k,T~J

Temperature

dg-dmit
h,-dmit

Magnetic Gapless
long-range (algebraic)
order spin liquid

Frustration

Quantum
critical phase

EBWTHAS N OBIBKEE. OS5 OBERNAEEDEMEF+v 7LD
(b) kkén’cmé?ﬁﬁo WRKFRICHEEL TEFRABEOFENTREIN TS,

(a) The field dependence of magnetization of an organic Mott insulator EtMe3Sb[Pd(dmit);]>, which is a candidate material of a quantum spin liquid. The linear
increase from almost the zero field shows the presence of a gapless magnetic excitation in this QSL. (b) Proposed phase diagram of the QSL where a quantum

critical phase emerges next to the magnetic ordered phase.

AT —~ Research Subjects

1. #AZMTSANL—Y 3 0% DBMERKICE

Quantum spin liquid state in geometrlcally—frustrated magnets

 ERICE T B A BIEEREE

Unconventional superconducting states at ultra-low temperatures

. BIERDEE S BERICH T B EERIE RN DR

Developments of ultra-low temperature cryostats and the precision measurement systems
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J Materials Design and Characterization Laboratory (MDCL)

R A [ - G E N K NN s
(Design) 1, BKI W E D T4 % (Synthesis) 1.
BRI EZRANICHTH R ST FE
(Characterization) ; ®3-DDW%E% A7) (D
SCHAIN) ELTHBBMICHEEIESZLICK
h. FLOPE - BREZ RO E OB HIEL
T 5, AV B G & VB AR - STl
HBromh, WHEBGHEICIZE T EEE
WA - SR 3 E AR E, LEITE,
XHrE s, ErEmis, ERKES. b
EHEEED 6 RRESD D, YEHBGTEE T,
IR OYEEHDA— S —a v Ea— 8 ZEfiL
TRFEOMAERIc k> THEABIN DML %
IR Z R Lo OFWEOEG %2110, WE
AR B TR EDO G, AR E IR E X O
Z DML D 53 BT A RS G T 2179 & &b,
LSBT SN YERE OB LN - WA - e
WHEEDORATMiZ{T> T, INSWEOR
BIFE O RS FIL R G B KRG RIS 74 —F Ny
233, DSCHAZNVZBELTH LWWED ¥
Pilhbiis, Ao EILFEMAZ. WE
R AR ZEAICKDEA I TV A,

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 materials with
new nanoscale structures are developed. In MSC-D,
various types of new materials are synthesized, single
crystals are grown, and the structural, electromag-
netic and optic properties of the materials are charac-
terized in various ways. The characterization results
are immediately fed back to the synthesis and to the
design of materials. Through this DSC cycle we aim
to develop new materials with new functions. Almost
all the facilities of the MDCL are open to domestic
scientists through the User Programs conducted by
the Steering Committees of the MDCL.

# B (ERR) BH E- B % MA fEtbh wirErgE KA BT
Professor (Director) Zenji HIROI Research Associate Yoshihiko OKAMOTO Technical Associate Hiroyuki YATA
B B ng B B # Z EA wiisrme  EBHE R
Professor Naoki KAWASHIMA Research Associate Hayato SHIBA Technical Associate Takaki FUKUDA
IR BO B8 B % B EE KivErmE RE GLE
Associate Professor Hiroshi NOGUCHI Research Associate Hiroshi WATANABE Technical Associate Hirotada GOTO
N o * - 3
B 2 & B # T FE RIS EAR K
Associate Professor Osamu SUGINO Research Associate Shusuke KASAMATSU Technical Associate Daisuke HAMANE
HRHOEARE) DIty I—Z> VY o % H*HE 1B BIgrEE d0E ES
Visiting Professor  Geran Jan NILSEN Research Associate Satoshi MORITA Technical Associate Tsuneo KITAZAWA
B # x5 # iR Eerms TRk %8BT
Research Associate Takeshi YAJIMA Technical Associate Shigeyuki ARAKI
mivErEE vt E& BIERRE BBR &
Technical Associate Masayoshi KOIKE Project Researcher ~ Kazuhiro NAWA
kirErmE B EE IR E ER &F
Technical Associate Masahiko ISOBE Project Researcher  Akiko MASAKI
gofrErsa LR W BIERRE RKAR &
Technical Associate Touru YAMAUCHI Project Researcher ~ Tsuyoshi OKUBO
BEMEES # ER
Project Researcher ~ ZHAO Hui-Hai

* W ERTFFTERFI & HHE /concurrent with Division of Condenced Matter Theory
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UMRETERRE SN B/ AT OTVBRILYBIZER AOs206 DEXIET. BIE
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Superconducting transitions observed in resistivity for the p-pyrochlore
oxide superconductors AOs;Og found in the Hiroi laboratory. The Tcs are 3.3,
6.3 and 9.6 K for A = Cs, Rb and K, respectively.

AT —~ Research Subjects

The remarkable discovery of high-T. superconductivity and
the following enthusiastic research in the last decade have clearly
exemplified how the finding of new materials would give a great
impact on the progress of solid state physics. Now related topics
are spreading over not only superconductivity but also unusual
metallic behavior, which are often observed 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.

A family of transition-metal oxides is one of the most typical
systems where Coulomb interactions play a critical role on
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 electrons. We anticipate there unknown, dramatic
phenomena governed by many-body effects and quantum
fluctuations.

S W A& FEREL
, NIRRT Ab

quantum spin on Cu?* ion

ZEY 1/2 A TAERFREWEERDOETIVYE &2 2L RILRY 1 h DR
i & BiER

Copper mineral volborthite representing a spin-1/2 kagome-lattice antifer-
romagnet

1. HUWEFREYRROBRIARETFRYE DR

Search for new materials realizing quantum spin systems or strongly correlated electron systems

2. REY 1/2 AT AEFREHKIEEOEEIRRE

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

High-T¢ superconductors
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The "conventional" cartoon of the super solid. The deviation from a com-
mensurate filling is responsible for the super current.

AT —~ Research Subjects

Our group investigates fundamental problems in condensed
matter physics, such as critical phenomena in quantum magnets
and superfluid, based on massively parallel computation on ISSP
supercomputers and "K-computer" at Kobe. For example, we are
trying to find a "deconfined" critical phenimena, a new category
of quantum phase transition, as a transition between Neel state
and VBS state in the SU(N) Heisenberg model. Our recent
computational results are in favor of the continuous transition
predicted by the 1/N expansion theory, and we are planning a
larger computation on K-computer for more conclusive results.
In addition, the list of our research subjects includes novel
quantum states and supersolids in ultra-cold atoms trapped in
optical lattices, the incommensurate super solid phase in partic-
ular, computation of entanglement spectrum of a VBS state, and
developement of new methods for quantum frustrated systems

based on tensor network.

L] . 1 " L]
V/U=1/z (z=6) 1
3D cubic lattice

0.06

0.04 0.08

t/U

RIEERBRRDSH 2L AKRFR—ZX/NIN—REFILOBR, t (FRyEVTED
¥ U BFHREEBORETH S, Fryh—R—K (CB). @B#K# (SF).
EvhE (M), BEGFE (SS) BRENRZ S, NFHEENELSET /2
THBERME (S S)AEEL TW3, (Ohgoe, et al: PRL 108, 185302 (2012).)

Phase diagram of the Bose-Hubbard model on the cubic lattice with the
hopping constant t and the on-site repulsion U. There are checker board
phase (CB), the superfluid phase (SF), Mott insurator phase (MI), and super
solid phase (SS). The super-solid phase exists even at the commensurate fill-
ing.

0 0.02

1. L WEFHE EFREBORE

Search for novel quantum phases and quantum transitions

2. ZUHBEOBEREDOHE. & ICEFEY THILDEOMFEDRFE
Numerical methods for many-body physics, such as quantum Monte Carlo techniques and tensor network method

3. AEVI SR
Spin glasses
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Snapshot of red blood cell in capillary flow. Red blood cells deform to the
parachute shape in microvessels of our body.

AT —~ Research Subjects

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

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

FARTRT TOREEEFREDOO—)LREEDF M.

Snapshot of the rolled structure of surfactant membranes induced by shear
flow.

1. Rl & 2IRIMERDEF
Flow-induced deformation of red blood cells

2. EFEORME. D
Fusion and fission of biomembranes

3. FEEROBCES. WEER

Self-assembly and morphological transition of lipid membranes

4. AZRCH T DEWVETIRR
Slow dynamics in glass
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Magnetic frustration arises when competing terms in the
Hamiltonian and/or geometric constraints disfavour simple
collinear spin order. Coupling frustration with low dimen-
sionality, low connectivity, and quantum spins (s = 1/2), a vast
range of possible ground states may be realized, including
several exotic flavors of spin liquid. The alums are an extensive
and structurally diverse group of compounds described by the
general formula AB(XO4);°xH,0, where A is a monovalent or

divalent cation (e.g. Na*, Ba®*), B is a tri- or tetravalent cation
(e.g. F&**, Mo*"), X = P or O, and x = 0, 1, 4, 6, 12. Recently,
we have been studying the synthesis and magnetic properties
of the Ti** (3d") alums KTi(SO4)2-H»0 and KTi(SO4),. Both

compounds are found to remain magnetically disordered down
to T < 1 K, despite moderately strong antiferromagnetic inter-
actions of ] ~ 10 K. My project will make extensive use both
of instrumentation and expertise at ISSP; synthesis and basic
characterization facilities are all present within the host labora-
tory. It will build on a longstanding collaboration which has lead
to a series of publications, as well as several ongoing neutron
scattering studies of novel magnetic materials at the ILL.
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Materials Design and Characterization Laboratory

YR RGHE (Materials Design Division)

(SR

Supercomputer Center

# Y B 8 B[] {FHFE Chairperson: H. NOGUCHI

B Y% 8 JI|E [EFE Contact Person : N. KAWASHIMA

B Y R E {& Contact Person : O. SUGINO

B #% B3 THE  Research Associate : H. WATANABE
Bh % 55K\ FEEH  Research Associate : S. KASAMATSU
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A—=N—=3v¥Ea1—% YRA7LB (SGI Altix ICE 8400EX/3840 cpu)
The supercomputer system B (SGI Altix ICE 8400EX/3840 cpu)
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KiTEMERE S #1T Technical Associate : H. YATA
BiTEPBE BH %&Ek Technical Associate : T. FUKUDA
S XESPIBME AR Z{T  Technical Associate : S. ARAKI
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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 supercomputer system
consists of three systems: SGI ICE 8400EX (3840 CPU x Intel
Xeon 5570), NEC SX-9 (64CPU), and FUJITSU PRIMEHPC
FX 10 (384CPU). The first two systems and the last system were
renewed in July 2010 and April 2013, respectively. In addition
to maintaining high performance of the system in cooperation
with the venders (Fujitsu, SGI, and NEC), 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 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 software
to in-house users.

3. MEXT, HPCI Project

We support Center of Computational Materials Science, ISSP,
which is responsible to the project "Novel materials and energy

resources’, by providing and managing computer resources.

YERRAHRAFMBR—/N— Y1 —9 Y27 LERE
The Supercomputer System at the SCC-ISSP.

THE INSTITUTE FOR SOLID STATE PHYSICS 2013



P E s a il 2

ian

PVE G

Materials Synthesis Section

# Y B 8 FEHF Z=ET Contact Person: Z HIROI
BEEPBE JEE [BEE  Technical Associate : T. KITAZAWA
BMTEPIBE RE8 1E/Z  Technical Associate : M. ISOBE

ARETIE, FIVHD G, MERYHO LB, ki
T EM RO AR 2T>T05, £, Sl
PRSP H T RUA, SRR T %2 & 2 TN+ 0
SEEF AR & LT LTw 5,

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

of furnaces are provided for crystal growth experiments.

FEXE

TA—Ta YUV - VBERBERIA. BRI P SEESFE (EHM
AXTVYITVIA, TIVIRA F—UBARFE. U=y MNA).
BHZEREEE (100 Torr). FEEUIMTHE

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.

HiERS| LR
Czochralski pulling apparatus with an induction heating system
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J YIE AR« BEEE (Materials Synthesis and Characterization Division)

(RS i

Chemical Analysis Section

B Y 8 EH ET  Contact Person: Z HIROI
BTEPIBE IRE8 I1E/Z  Technical Associate : M. ISOBE
RTEPIBE /Ut IEF  Technical Associate : M. KOIKE

ARETIE, PRI EICO VLTI
B LWED ST O & LOMEAN TEIC X 2 MK
DREHE XL LI, FR&E - 87 - (G220 ER I
BH 2 A iikds 2 it A o JEFEA IS LT 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.

TERE
FUBABRRT I ANEADADITRE. SEEME. BEFRA. B
ERERE. MKEERE

Main Facilities

ICP-AES, microscopes, Automatic balances, Potentiometric titration
apparatus, and the system for preparation of ultra-high purity
water.

ICP-AES
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Materials Design and Characterization Laboratory

Y A« BFAiEE (Materials Synthesis and Characterization Division)

X CRU

X-Ray Diffraction Section Electron Microscope Section

B Y 8 EH ZET ContactPerson:Z HIROI B Y FF 8 EFH =T Contact Person: Z HIROI
By % KB # Research Associate : T. YAJIMA B it B 8 JEMR  KEH  Technical Associate : D. HAMANE

B HEMR I EO ARG MO I TB’TH 5,
KBTI, BTBEL L TOBEBBR2EZET -0, 855
XE B RRE TR & FE S 0 T B - WA B 2 i A RO T

A gu x5 N
VR EEA R G0 s, Aok, gy VPRI E 0T 2,

Z T, FBE ORGP I X2 E 2 LR L The Electron Microscope Section supports electron diffrac-

YE RS DR 21T L, FrNA DR S 126 LTl tion measurements, lattice image observations and microscopic

RO, RIEFFZ AT > T\ 2, analyses of various solid materials in both crystalline and

non-crystalline forms with the atomic-scale resolution by using

The main purposes of the X-Ray Diffraction Section are a high-resolution electron microscope equipped with an x-ray
structural analysis and identification of powder and single micro-analyzer.

crystal specimens for solid state physics. By using the 4-circle
diffractometer equipped with a warped imaging plate and a

FELME
refrigerator, the structural analysis is performed in the tempera- 200kV ER WO E FEMIE. 88 - SRS —. BERpES
ture range of 7-300 K. DfHOER DEE

Main Facilities
EERE 200 kV electron microscope with an x-ray micro-analyzer, High-
AR XIREHTERE, BESEERITAE CCD ¥ 27 A, HEHE XHREHE and low-temperature holders, and various apparatuses for sample
Bl X—Y V7 TL— NEXBEE. SYINAT, AX—YYUT  prevaration,

L—hSRAHIRDEE

Main Facilities

Powder X-ray diffractometer, CCD system for the single-crystal
structure analysis, Automatic 4-circle X-ray diffractometer, Warped
imaging plate type diffractometer, Monochromated Laue camera,
and Imaging plate reader.

BERAA X —Y Y7 7L — N XIRETE 200 kV B BE 18 F B
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 B K FIA Contact Person : Y. IYE

B Y m e gl = Contact Person : M. TAKIGAWA

B Y E E E T Contact Person : Z. HIROI
mirErfBe LN #® Technical Associate : T. YAMAUCHI

ARETIE, WHOEANNE TH 2 E MBI TEE
2 M B KOS IR HEIIC O > THIE T 5 £ &I,
PSRRI E 22, BRI e, B RS ARl
D2 BTN O IEFFTICAE LT W 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, a.c. susceptibility, magnetic
torque, and NMR.

TERE

15/ 177RAZBLEYTRY M 16/ 18T A5 —BLREYYS
Zv b (NMR). SQU | DEMLEIEERE (MPMS)., REYMERES
& (PPMS). 7OXACIIBEBIREYT XY b

Main Facilities

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

RRUFIEAERE
SQUID magnetometer (MPMS)
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J YIE AR« BEEE (Materials Synthesis and Characterization Division)

e M E =

Spectroscopy Section

B YR E KX & Contact Person : T. SUEMOTO
B Y B 8 FNL ZEST  Contact Person : H. AKIYAMA

WD & 262 E R R L —F — 2 A, TN
NOILFEFFIE LTS, TR - B - IRAEIEDWLIY -
KBS ART Mv, SE T < 3 e EDMIE I HETH 5,

The Spectroscopy Section offers joint-use facilities for stan-
dard optical measurements. The facilities can be used for mea-
surements of conventional absorption/reflection spectrum in

the UV, visible and IR regions and Raman scattering.

B
AIRENDAAERT. FADPKKER TV DHRER. RRATZ/UL
AL —F—HR

Main Facilities

UV/VIS absorption spectrometer, IR spectrometer, Micro-Raman
spectrometer with Ar and He-Ne lasers, Pulsed YAG laser equipped
with tunable OPPO and a laser-machining unit, Ar ion laser,
Cryostat.

e
A

FAB LTIV DIHEE
IR and Raman Spectrometers (Room A468)
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Neutron Science Laboratory

Since 1961, the ISSP has been playing a central
role in neutron scattering activities in Japan not
only by performing its own research programs
but also by providing a general user program for
the university owned various neutron scattering
spectrometers installed at the research reactor of
JAEA (Tokai). In the JRR-3 reactor (20MW), the
university group owns 14 spectrometers, and the
Neutron Science Laboratory (NSL) is conducting the
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.

[

¥ 8§ (ERR) %LU FIA B #

Professor (Director)  Mitsuhiro SHIBAYAMA Research Associate

8 B B2 B %

Professor Hideki YOSHIZAWA Research Associate

# B = & B #

Professor Osamu YAMAMURO Research Associate

I A R Bt ErImE

Associate Professor  Takatsugu MASUDA Technical Associate

R (BB Wk RR ZMBE

Visiting Professor Yasuhiro UMEBAYASHI  Technical Associate
Es =1
Technical Associate
g M 8

Administrative Secretary Yuji ONITAKE

BARRF O FRRARERE JAEA) DIFRARTFIF JRR-3 ICRE S hichIEFEELRR

EEH., BADEBREBENKTFE-LIICREZNTNS,

DRAMFEE L 3ADSFETFEENROEAMICSIEHI N, BT 201 RiKk—
WICH B2 4B50FHEFE—-LARBEBERHICHPETFZAIGEL TV S,

The reactor hall of JRR-3. The eight neutron 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.

HN HRRF BIEHRS ME &
Maiko KOFU Project Researcher Hiroshi AKIBA
EEH @ BIEHRE BA Xt
Minoru SODA Project Researcher Fumiya NEMOTO
BH #X BIIMRE FE &k
Kenta FUJII Project Researcher Toshio NAKAO
xR &KX RBEIMEE HE B
Toshio ASAMI Project Researcher Yohichi IKEDA
ZH BN BIIMRE IR B
Ryosuke SUGIURA Project Researcher Riki KOBAYASHI
NIE: N

Daichi KAWANA

BE thZ

e, TORFFEHNS 2K
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7T —~ Research Subjects

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.

Nano-order structure investigations and studies on dynamics
of soft matter are carried out with state-of-the-art equip-
ments, SANS-U, a small-angle neutron scattering instrument
(upgraded in 2010). Other techniques, such as dynamic/static
light scattering, microscopy, mechanical/thermal analyses, and
rheological studies, are also employed if necessary. Current
interests cover (1) inhomogeneities in polymer gels, (2) struc-
tural characterization and studies on deformation mechanisms
of high-performance polymer gels, (3) rheo-SANS of nanoemul-
sion and micelles, and (4) development of ion-gel and structural
analyses.

BB NEHEEZ S D Tetra-PEG 7' )L, WHid 2 &< AR
[EBIRE (TR) Mok (L), ERRE (AL, BEE
RE (TR) NEAFENICELT %,

Tetra-PEG gels having tough mechanical properties. Revers-
ible transformation from as-prepared/swollen state (bottom)
to dried state (upper left), stretched state (upper right), and
re-swollen state (bottom).

1. BEEESATIILOEBEEY (I v I X REEER. VIL—7ILEE
Structure and dynamics, phase separation, and sol-gel transition of functional polymer gels

2. BEANBATFTIDERAN=Z
Deformation mechanisms of super-tough polymer gels
3. MEPBTOS/IXILYa VB LVICILOBEEL

Structural evolution of nanoemulsion and micelles in flow field

4, 1A VT )L DFAFE & EERT
Development of ion-gel and structural analyses
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Neutron Science Laboratory

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yoshizawa_group.html
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Yoshizawa Group
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Hideki YOSHIZAWA
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Professor

Metal-insulator transition in transition-metal oxides has
drawn much attention because such a phenomenon reflects
interplay among spin, charge, lattice, and orbital degrees of
freedom. Our group has been studying their behavior by
neutron scattering technique with use of pulse and steady-
source neutron beams, and the triple axis neutron spectrom-
eter owned by the ISSP is shown in the left figure below. The
hole-doping dependences of the incommensurability and the
transition temperature of the stripe ordering for hole concen-
tration x up to x = 0.5 have been observed in the highly-doped
LasxSryNiO4 which is one of the isomorphic compounds of the
High Tc cuprate superconductors. The ordering temperatures of
the stripe charge as well as spin orderings have the maxima at
x = 1/3, and they decrease beyond x = 1/3. Beyond x=1/2, the
Ni system gradually becomes metallic and show the insulator to
metal transition at x~0.9. Recent pulse neutron studies on Ni
and Co systems revealed that the unusual hour-glass type spin
excitations exist in these 2 dimensional transition metal oxides,
and our group is studying such unusual spin dynamics and their
relation to the transport properties with using pulse and as well
as reactor-source inelastic neutron spectrometers.

DrOVAHFYET-Z W AE V4 F 3 7 20851 L,

o Ro.xSrNiO4
Ni % Co @ 2 RICHRIRILIC B THRIE A E v 3B T
L | .
RO DD REBISIHIOA L VAR, 7 °0 .
s N . i o - =RBLEERTMREYDO—oT 000 R-Lla | c ¢
FUDBBHISNTED, ZOLIBREELRACYIAF IR 55 LarSrCu0s & AR DS o400 ST R N | Tco ]
N Np N > - & S xSrxNi RlcksW = . !
HEBR, AKIEE O B R AL s DTN g b oo s 7
IR LTw S, TREREE. 251 TRFEOE | i
BRECHBEUCHMSKFORBR § c Tco
Kl x=1/3 TEXERU 18 ERDIET B, £ 2517 & 200 °/ & .
B ORI x=1/2 £ T K~ 7RE CEMOICRRGIREL - /8" W
DI, FMICR T3 L x=1/3 ORI THENAETNERL  100f 0o ® | 3 Tn
x=1/3 DREQBHIEEBRLIE TS, OBRERFEVE, o 1 St
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> i B .
Doping dependence of the stripe ordering in highly- % 04F i % i 1
doped LayxSryNiOy, which is an isomorphic compounds & [ “i,.,,,,j ,,,,,,,,,,,
of one of High Tc cuprate superconductors Las xSryCuOs. 2 031 oc® 1 1 1
Unlike the expectation from the previous studies, the tran- @ . 1
. . : : IS L / I ! ]
sition temperatures of the stripe charge and spin orderings g 0.2 : .
BARETFHHEERLEE (JAEA) OFFZRIF JRR-3 I exhibit the maximums at x = 1/3, and decreases above x 8 g ! : gz;z
BB N WEFIRFO 3 HETETHHE, = 1/3. The periodicity of the stripe order is approximately & 011 | o Tranquadaetal,
linear in x, but levels off beyond x=1/2. The system gradu- i |

0 L Lot L ‘
0 0.1 02 03 04 05 06 0.7
Hole concentration ny, = x + 23

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

ally becomes metallic and shows the insulator to metal
transition near x~0.9.

1. BEREBRAYMIRT RE - 6REGEEY. ZOKRICHIRT 2HMAKEF - BREHKE - SLUERFE A E ORMEFEELIC & 2%
Neutron scattering study of metal-insulator transition, magnetic ordering, charge/orbital orderings in transition-metal oxides
2. FOHIED KRB U LBEERICE T 2BIHEFEEAEY T (X7 DR
Neutron scattering study of spin sturucture and dynamics in noncentrosymmetric magnetic superconductors
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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.

AT —~ Research Subjects

We are studying chemical physics of complex condensed
matters, especially glasses and supercooled liquids, water and
related materials, ionic liquids, hydrogen storage solids and
single molecule magnets (SMMs). Glass transition is a myste-
rious phenomenon in which liquids solidify without structural
change. This is one of big and long-standing issues in physics.
Water, which is the most familiar material for us, exhibits various
unique phenomena caused by hydrogen bonds. Ionic liquids
have many interesting properties originating from competing
electrostatic and van der Waals interactions. Hydrogen in solids
exhibits classical and/or quantum (tunneling) diffusion depend-
ently on potential energy surfaces. SMMs are significant not
only for applications 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 dielectric measurements. Our aim is to find simple
(?) rules involved in complex systems from the three different
points of view, i.e., structure, dynamics, and thermodynamic.
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Ao/ meV
FTEESFHAOPEFIFRMERELRRY Mo 1.7 meV & 12.3 meV DES
mER. Th2h To-Cu 1A VHORBBEFRE To M AV O—#EFEICE
ESEp
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. A5 2B, RV E—ohEDFBUBEROT A F 35 X

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

2. KBLUBEEME (BXZIAMBRLBE) OBEETA(FIIR

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

3. BRAAVREDANZRMEE S A F IR

Thermal and dynamical properties of room-temperature ionic liquids

4. KREBEGOHRNZNMEEES A F TR

Thermal and dynamical properties of hydrogen storage solids

5 BAFHADAEYYAFIIR
Spin dynamics of single molecule magnets
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Neutron Science Laboratory

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/masuda_group.html
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Masuda Group
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a. NILFT7OA Y AMERY 2 RITRBHIEA BazCoGe207 DiE S
#i8. b, BaxCoGez207 DAL YIUBRF, XX T 1 v IANL—=F Oxr
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a, Crystal structure of Ba;CoGe;07. b, Structures of spin
dipoles, spin nematic operator Oxy , and electric polarizations in
BayCoGe,07. Red arrows are spin dipoles and open circles with
crosses and small filled circles indicate the directions of electric
polarization calculated by using the relation between spin nematic
operator and electric polarization. Two-tone clovers are nematic
operators. ¢, Inelastic neutron scattering spectrum. Anisotropy gap
of 0.1 meV is explained by antiferro-nematic interaction. d, Angu-
lar dependence of magnetic susceptibility dM/dH. Calculation
including antiferro-nematic interaction and experimental data are
consistent.

1. EFHMEGRTT ZZ ML — MEEAROKSEE & SRR

EGH 1@
Takatsugu MASUDA Minoru SODA
AR B

Associate Professor Research Associate

Quantum novel phenomena enhanced in low dimensional
spin systems, frustration systems, spin clusters, etc are studied by
combination of material synthesis, bulk property measurements,
and neutron scattering in our group. While in classical systems
spins culminate in long range order upon cooling, low dimen-
sionality and quantum effect disturb the ordered state. Geomet-
rical frustration induces multidegenerated ground state that
leads to quite sensitive to external perturbation. Consequently
various types of spin liquid including RVB and Tomonaga-
Luttinger liquid, exotic ordered states accompanying spin liquid-
like behavior, spin disordered state exhibiting hidden order, etc.
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.

electric
polarization

nematic
operator O,y

Magnetic structure and excitations in frustrated magnets and quantum magnets

2. XIF7xO470 R
multiferroics

3. RRBRERDHEKRE

Magnetic excitation in supercrystal of oxygen molecule in nanoporous metal complex
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During the last decade, room-temperature ionic liquids have
attracted much attention. Ionic liquids, which are defined as
salts consisted solely of ions showing a melting point below
100 °C, have favorable properties for the environmental and
biological systems due to their negligible vapor pressure. Ionic
liquids have bulky organic cation, thus it can be said that ionic
liquids are new molten salts in which the hydrophobic property
is introduced. Introduction of the hydrophobic property leads
to novel applications of molten salts as enzyme and/or chemical
reaction field and separation/extraction media.

From the viewpoint of the ubiquitous power source develop-
ment, ionic liquids are strongly expected as electrolytes for the
electrochemical devices. On the other hands, ionic conduction
in solution is an evergreen subject; the relationship between
ion solvation structure and ionic conductivity is still unclear
at the present stage. Exploring new ionic liquids and novel ion
gels with ionic liquids, we are studying to reveal the structure-
ionics relationship with our newly developed structure analysis
technique by combining neutron/X-ray scattering experiments
and molecular simulations. Recently, we found new compounds,
pseudo-ionic liquids, showing super-protonic conduction
specific to ionic liquids. Currently, we are performing structure
analyses with strategically exploring analogues.
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International MegaGauss Science Laboratory
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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 M]J), 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.
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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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Takeyama Group
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Optical absorption spectra of single-wall car-
bon nanotubes of the (6,5) chirality specifically
selected by means of “single-surfactant multicol-
umn gel chromatography method”. The inset is a
photo of the SWNT/PVA film with high degree of
SWNT alignment.
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Sketch of the horizontal type sin-
gle-turn coil ultra-high magnetic
field generation system, capable of
generating 300 T with a pulse form
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Professor Research Associate

We are engaged in development 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 type
of coil for the EMFC, and currently the maximum magnetic field
is 730 T. This value is the highest achieved thus far in an indoor
setting in the world. Further development is underway for
achieving much higher fields, more precise and reliable measure-
ments for the solid-state physics. The horizontal and vertical
(H- and V-) STCs are used for more precise measurements up to
300 T, respectively, in accordance with their magnetic field axes.
The H-STC is mainly used for magneto-optical measurements
by use of laser optics, whilst the V-STC is more suitable 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-structures as well
as on the critical magnetic fields in superconducting materials
and on the high-field magnetization processes of the magnetic

materials with highly frustrated quantum spin systems.
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The effect of a peculiar excitonic structure was found to manifest itself in distinctive Aha-

ronov-Bohm splitting in ultrahigh magnetic fields up to190 T. The zero-momentum dark
singlet exciton lies below the bright exciton for the first subband transitions Ej1, while for

A% 7T —~ Research Subjects

1. MR MES A & IR RIRT R

the second subband transitions Ej», the relative ordering was found to be opposite.

Technical developments for destructive ultra-high magnetic field magnets and for solid-state physics measurements

2. BRESHIICENR
Magneto-optics in ultra-high magnetic fields

3. BREISH(LAE. BIREAOMERTES

Magnetization processes of magnetic materials and the critical magnetic field in superconducting materials in ultra-high magnetic fields
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Kindo Group
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Koichi KINDO Akihiro KONDO Yoshimitsu KOHAMA
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Professor Research Associate Project 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 5 ms,

maximum field 75 T

2. Mid pulse magnet: Pulse duration 30 ms,

maximum field 65 T
Short pulse magnet is used mainly for magnetization measure-
ments on insulating materials and Mid pulse magnet is used for
various measurements on metallic materials. Our magnet has
been breaking the world record of non-destructive mono-coil
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 enables us to generate
longer pulsed field with the duration of 1-10 seconds. The Long
pulsed fields can provide much better conditions for precise
measurements that had been thought to be difficult before.
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1. EFRAEY ZME ORI
Study on magnetism of quantum spin systems

2. BERGCEYEOHN B DR

0 5 10 15 20 25 30 35 40

Time dependence of magnetic field for Short pulse magnet. The
maximum field of 85T is the highest record for mono-coil field.
This magnet is used for the 75T-measurements as a user’s coil.

Study on magnetism and conductivity of strongly correlated electron systems

3. EWIE 100 TRV R Y ~DRFE
Development of non-destructive 100 T-magnet

4. BOYT VAR T Ry ~ DRAF
Development of ultra-long pulse magnet
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Tokunaga Group
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The high-speed imaging system that can take polarizing microscope images

in pulsed fields up to 35 T. The magnet and the sample are cooled down
using the closed-cycle cryocooler.

1. ¥ILF 7 zO4 v & DGISFHRREGE
Field-induced transitions in multiferroic materials

2. BRBLEFOBRESYIE

High-field studies on high temperature superconductors

3. JNLRRBES T IC & 1T 2 =R R E R RS

oK g5 =% E&
Masashi TOKUNAGA  Atsushi MIYAKE
IR B

Associate Professor Research Associate

The crossed-coupling among spin, charge, orbital, and lattice
degrees of freedom causes changes in various physical properties
in magnetic fields. We study novel physical phenomena in these
cross-correlated materials with utilizing the world highest class
of pulsed magnetic fields. To capture the essential aspects of
the composite phase transitions, we have been developed many
experimental probes that can detect the instantaneous changes
of various physical properties. In particular, our high-speed
polarizing microscope system provides us with unique oppor-
tunity to visualize the changes in crystallographic symmetry in
pulsed high magnetic fields. With utilizing these special instru-
ments, we are studying on magnetoelectric effects in ferro-
electric magnets, field-induced melting of spin/orbital order
in a parent compound of the iron-based superconductors, and

martensitic transformation in magnetic shape-recovery alloys.
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BRRBIREHRDEYETH S FeryTe1xSx DAL VIERR, FEARIHBEHKE
/ EREIRE DRI BEHIER.
Spin and orbital phase diagram of Fey.yTe; xSy, which is a parent compound

of the iron-based superconductors. The insets show polarizing microscope
images in the orbital-ordered/disordered phases.

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

4. BIERRREREE OHMISHERER

Field-induced transitions in magnetic shape-memory alloys
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Y. Matsuda Group
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Magneto-optical absorption spectra in solid oxygen o phase.
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Associate Professor Research Associate

We have been studying the electronic and magnetic proper-
ties of the matter in ultra-high magnetic fields exceeding 100 T
in collaboration with Takeyama Group. Magnetic-field-induced
phase transitions and cross over phenomena in strongly corre-
lated systems are the main subjects.

Magnetic field can precisely control the electronic states
through the Zeeman effect and Landau quantization. In ISSP, a
700-Tesla magnetic field is generated by the electro-magnetic
flux compression method. Since the Zeeman energy in such a
high field is larger than the energy corresponding to a room
temperature, a significant field effect is expected. Specifically,
the following subjects are studied: (1) Quest of magnetic field-
induced phase transitions of solid oxygen, (2) Magnetic field-
induced insulator-metal transition, (3) Magnetization process
of quantum spin systems, and (4) Electronic states of heavy
fermions in high magnetic fields. We also carry out the X-ray
magneto-spectroscopy in pulsed high magnetic fields using
synchrotron X-rays at the SPring-8 and KEK-PE. Element-
and shell-selective X-ray magneto-spectroscopy is expected to
uncover microscopic mechanisms of the magnetic-field-induced

phenomena.
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Ultra-high magnetic field magnetization process in a
2D orthogonal spin dimer system SrCuz(BO3),.

Quest of magnetic field-induced phase transitions of solid oxygen

2. WIHFHEIERA - EBER
Magnetic field-induced insulator-metal transition

3. (ERTEF ALY RO@ELIGHLEE
Magnetization process of quantum spin systems

4. BEVBTROHSHETFRE

Electronic states of heavy fermions in high magnetic fields
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As symbolized by the K-computer, massively
parallel computation is actively used for solving
problems in materials science in recent years. In
fact, computer-aided science has been providing
answers to many problems ranging from the most
fundamental ones, such as critical phenomena in
quantum magnets, supercondicutors, and superfluids,
to the ones with direct industrial applications, such
as semiconductor devices and electrode chemical
reactions in batteries. Due to the recent hardware
trends, it is now crucial to develop a method for
breaking up our computational task and distribute
it to many computing units. In order to solve this
problem in an organized way, we coordinate the
use of the computational resources available to our
community, including "K-computer" and ISSP super-
computers. We also support the activities of CMSI,
an organization of the materials science community.
In particular, we operate the web site, MateriApps,
which offers easy access to various existing codes in
materials science as well as cooperative code-devel-
opment environments. In addition, we have started
to find ways to lead activities in fundamental science
study to solutions to problems with more direct social
impacts such as substitutions of rear elements.
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Todo Group
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The results of quantum Monte Carlo simulation of impurity-induced phase
transition. Spatial distribution of magnetic moments induced by site dilu-
tion is shown.

1. ERTEFRAEVRICH T 2EFRIKIRE
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Project Professor

We study novel order states and quantum-phase-transitions,
which are looked at the quantum spin system etc., by using the
technique of computational physics, such as the quantum Monte
Carlo method. The effect of quantum fluctuations is pronounced
especially in line-shaped or thin-film magnets, nano particles,
etc. There, the geometric effect of substance can be quite strong,
and thus spins resonate by quantum fluctuations, and cannot
align with each other. When nonmagnetic impurities are
introduced into this “spin liquid” state, it shows the extremely
different behavior; magnetic long-range order is often induced
contrary to the usual magnets. By using the large-scale computer
simulation, we study such phenomena elicited by competi-
tion and coexistence of quantum fluctuations and disorder.
We also study the simulation algorithms, which fully demon-
strate the capability of the latest supercomputers including the

K-computer, and develop open source software.
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Metropolis heat bath BC

RIVATEHEYTHIVDERICE T 2 EAFHH —FIERE. HAROFHLWIE
(BC) TIFEHE (77 ) HERICF LR > TV,
The geometric construction of transition kernel in Markov-chain Monte

Carlo. In our new algorithm (BC), the rejection rate (red boxes) is elimi-
nated completely.

Quantum liquid state in low-dimensional quantum spin systems

2. R, BEFW5E. AMSDHRBICLDHTLEFH

Novel quantum phases created by competition of dimensionality, quantum fluctuations, and disorder

3. BT aL—YaVFEORE
Development of new simulation algorithms
4, Y22 L—yavVyI kv 7o E T41 T 5 U

Parallelization of simulation software and development of libraries
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Akai Group
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ZnS doped with Cr and Fe

1. E—REEFREE
First-principles electronic structure calculation
2. FIERSYTYZILTY 1Y
Computational materials design (CMD)
3. KKR 7'V — v B#uE & Z DI A
KKR Green's function method and its applications

4. Bl & KA WA DFIFE

Magnetism and development of new permanent magnets

I~ A

Hisazumi AKAI
RHERUR

Project Professor

Our main objective is to theoretically produce new function-
ality materials by means of computational materials design
(CMD). In particular, the development of new high-perfor-
mance permanent magnets is one of our main targets. CMD
aims at to design materials and/or structures on the basis of
quantum mechanics. This corresponds to the inverse problem of
quantum simulation. In general, solving such a problem is very
difficult, but in the case of CMD we can solve this by making
use of the knowledge, which is obtained through quantum
simulations, about underlying mechanisms that realize a specific
feature of materials. In this regards, the developments of new
methods of quantum simulation are also our very important
subjects. Among them are developments of methods of accurate
first-principles electronic structure calculations in general, first-
principles non-equilibrium Green’s function method, screened
KKR-method that realizes exact order-N calculation for huge
systems, and the methods beyond LDA.
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The relation between CPU time (single processor) and the layer number of
a Cu thin layer calculated by the screened-KKR method. Order-N perfor-
mance is realized.
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Laser and Synchrotron Research (LASOR) Center
develops new lasers with extreme performance of
ultra-precise, high intensity and ultra-short pulse
lasers. The cutting edge soft X-ray beamline is also
developed using synchrotron radiation. LASOR
center is responsible for the advanced spectros-
copy, such as ultra-high resolution photoemission,
time-resolved, spin-resolved spectroscopy, diffrac-
tion, light scattering, imaging, microscopy and
fluorescence spectroscopy, by new coherent light
sources based on laser and synchrotron technology
over a wide spectrum range from X-ray to terahertz.
In LASOR center, a variety of materials sciences
for semiconductors, strongly-correlated materials,
molecular materials, surface and interfaces, and
bio-materials are studied using advanced light sources
and advanced spectroscopy. The aim of LASOR center
is synthetic science for photon sciences and collabo-
rations with materials science. Most of the research
activities on the development of new lasers with an
extreme performance and the application to material
science are studied in specially designed buildings D
and E with large clean rooms and the isolated floor in
Kashiwa Campus. On the other hand, the experiments
utilizing the synchrotron radiation are performed at
beamline BLO7 in SPring-8 (Hyogo).

[

]
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Professor (Director) Shik SHIN Research Associate Hiroyuki TAKAKI Technical Associate Teruto KANAI Project Researcher Toshiyuki TANIUCHI
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Associate Professor ~ Yohei KOBAYASHI  Research Associate Akira OZAWA Technical Associate Mitsuhiro HASHIMOTO  Project Researcher Walid MALAEB
I wa BE B % Al TE wifErIgE T FHE O sEmra €7 3RV
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Project Researcher Kenji KOIZUMI

* 2 — VR ERF & BHE /concurrent with Division of Nanoscale Science
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Suemoto Group
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(a) Time-resolved luminescence

Energy (eV)

(b)

Configuration coordinate

1. BEERENDHIC L B RIESH DRKHE R & 7 b

Up-eomunlon measurement setup .

KT ,E;% )]

Tohru SUEMOTO Hiroshi WATANABE

265 FHEBN K

Professor Project Research Associate

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 developed transient absorption/reflec-
tion spectroscopy in visible and infrared regions, femtosecond
luminescence spectroscopy, terahertz time-domain spectros-
copy, and soft-X-ray time-resolved interferometery.

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) 8 1 RTHEHEE (PH-BrR) [C&T 5 EESREMEFHLOKREIGE
NE/ENIRRDLA—E—, fitdh (TRILF¥—) BEFOEMICHYEL
THEDH, BRMIEREH ZT5 ERKIC 300fs ELTHRL TWBHEKRT
Nond (FRKED), (b) Mi#RT > Y v )LE L TORKES, HEISH
FULLKRRDIRT Y Y v LEEQELET2 ARICHRT %, () 7z b
OB ) AR B TE 24 IE O FRUDER

(a) Movie of the wavepacket takul 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 oscil-
lation 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 lumi-
nescence measurement optics.

SEYY e h=lEg=
Atomic movie based on ultrafast luminescence spectroscopy

2. BERRRN - TINIVYRDHEIC L DAFTERGBE EAEVKREOY A FIIR
Dynamics of photoinduced phase transitions and spin ordering by time-resolved infrared and terahertz spectroscopy

3. R X IRTHETIC & 2 EFEREMR DR E 2 #RER

Time-resolved observation of surface morphology by a soft X-ray interferometer
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Shin Group
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Anisotropic superconducting gap structure of the iron-pnictide supercon-
ductor KFe;As; revealed by ultra-high-resolution laser photoemission spec-
troscopy. The critical temperature is 3.4 K.

* 18 Al 7&E

Shik SHIN Yukiaki ISHIDA
% B3

Professor Research Associate

We are investigating the properties of materials through
photoemission spectroscopy implemented by lasers in the
vacuum-ultraviolet to soft-x-ray region. Photoelectrons carry
the complete information of the electrons in solids, namely, their
energy, momentum, time, space, and spin.

The photoemission spectrometer utilizing the monochro-
matic laser achieves the energy resolution of 70 peV, which is
the highest in the world. This enables us to directly observe
the superconducting gaps and pseudo-gaps of novel super-
conductors and strongly-correlated materials, as well as the
momentum-resolved electronic structures that are closely
related to the transport properties of solids. We can also reveal
the electron-phonon or -magnon interactions in solids. We are
also performing time-resolved photoemission spectroscopy
in order to know the photo-induced phenomena in supercon-
ductors, transition metal compounds, organic materials, and
semiconductors. Furthermore, we are now developing photo-
electron microscope in order to know the nano electronic struc-
ture in solids. Our aim is to have the nanometer size microscopy

of electronic states.

Jo, 50,7, ...

BREFRFAE AWK X EL — S —REDBRLEFONLEE.
Soft-x-ray time-resolved photoemission spectrometer using high-harmonic
generation.

1. MX L — VBB DRELEFONICL 2BLEE. BERTYE. FVEZOEFREDOME
Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

2. MXBL —Y—KEPBAEFINRIC L BHAFERROMAE

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

3. MXRL —F—ABEFEMRICL 2T /BEDEFREDHR

Laser photoelectron microscopy on the electronic states of nanomaterials
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Takahashi Group

X #t7: EDRIPT - HELO FEBEFZE & 2 DI, LI
BHRRZMALT, MitoRECHREOME, F/ ik
EREIHT 2B 0BT EIT o T 5,

FHTHELO FEER T, B I 5 DIFHELIE O IRIF Tl
BBETH D, DD, BELEI AR D > T M
HHBEATLE O, —RICIZBIZ L BGLRE 7 — & 2
SEGICREIOMIE 2R T2 LIENETHL, 2D
[T LI 30 F 2 D AR R o fig el BV ¢ FEBR T —
8 HIEBENICHAR FEE A 2= 07T 215k OR¥
. LRI SR AT 2550808 X fiha 7 774
BEERTOTED, InoZ2EE—RueE. &EVyAF
B, AR CIEIELTHT LD ATRZ BTV S,

F o, K- FLifiD & O X R S A A I
TE S BHT LB E 2 TSR R & LR TRIZE L TR D,
INZHOERET - RHDSFAF 7 2A0BE2HIFL T
%,

Wi QQ‘ i.i.'

T T T T T T T T T
0.0 0.2 04 0.6 0.8 1.0
x (fraction of unit cell)

—
—_
|

z (fraction of unit cell)
= —
o o
' K

ABEIE 7 LT XLzBAWT, BIE U X fREHTEESHH 5 BB L o Si(553)
RELD AU —RTHOBFEEY Y 7,

Electron density map of the one-dimensional structure of the Au-Si(553) sur-
face, reconstructed from measured X-ray diffraction data by using a phase and
amplitude retrieval algorism.
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Toshio TAKAHASHI Tetsuroh SHIRASAWA
% B
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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Bi thinfilm/Si(111) interface structure directly reconstructed from
measured x-ray diffraction data.

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

2. REFRHE E DEEHEEDFF

Development of new methods to study the surfaces and interfaces

3. X#RHERIC & T IR R EH UL VWAZER B DR

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

4. X#REHFE. XiR - PEFRR. THE

X-ray diffraction physics, X-ray and neutron optics, and X-ray interferometry
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Akiyama Group

AR/ RGO NINES, ~T akiE - -/ ik
D CREARL = — 2 KIGEMD 754 AP, K5
WEVIHRNO LYY E %, L — =5 - B
Jerf R HIEE AT 2 O THFZEL T 5.

GaAs BT HFREZ TRIC O » 72 R B TR S IR,
TR DY 1 ROt s L 2%, Foxld, TOHEICK
D < 2> ¥y TP O o A R TR 2 1
BLEBRZT-oT 5, T APHBIURELTELT 28T
T2 22 Y2 PEDIE D> AR T, B TR LR % AR R,
IR — =B, KRR, VBB e &R & 2Bk
DPoEEITo TS, iz, PEAL —F—Z2HHAA Y
F TS TR A OVAFERR 2D -V
BARKPrE MO Z MR IRA 2k 2 BEHZ 72D 2
TNA ZYBOMFRBIT> T 5,

JerpEBR AT E LT, Bl 7 -/ RS 0 Fot & MR I
B9 2 Beffi, Aok B Bl 2 5. -/ M 0@
RN 72 IS 2 B, sy e G E R o Bl ) v
FA =2 a VBIREMT 2 EZFIFE L0 5, wmiltld, 2
SOEMZIGHLT, RILRTI7RT IR LD EY)F
JRN 2 ) —ALEFE e EDIFSE R, YO EME R
Rtk L THED TS,

AR ML

RYI(BEERR. BX) &
VIS (BEEE. BE).
Firefly (Arima, Japan) and
sea firefly (Yokosuka, Japan).

B—THEFHROERRIX

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

1. MIRRAA Yy FYITHERL —F—B L OKEEHEDT /N1 XE
Device physics of gain-switched semiconductor lasers and solar cells
2. BmEFEREFHRE L OHFICRITBERTEFELF v U7 DLAHEMAER & IEFEit
Many-body interactions and non-equilibrium properties of low-dimensional electron-hole systems in clean semiconductor quantum wires and wells
3. ¥EHETFEER L VT /A XD, SmBE L. BWEFHE. BEHO A EHREDA
Material physics and development of high-quality semiconductor nano-structures via microscopy
4, IRZI - 73T « T IIRY )ik E DEMFN & YL FEFICETRIELE
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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Hidefumi AKIYAMA  Toshimitsu MOCHIZUKI
IR B3

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 mechani-
cally, 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, solar
cells, crystal growth, material science, and semiconductor device
physics and engineering.

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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MRS i G (SPring-8 72 L) s OLAL — ¥ — %
WIS R EL 2SR AR (VUV) ~HK X #t (SX) 208

FKIROBMFAFE 21TV, s ZFWTERIA
ICPE DFAF 27 AR Z T >0 5,

ABEBOBPREFE I FE 70l &Il - SHIRICKIT 5% v
7 RO DB ZACZ IS § 5 2 L3 I S DB S

ICESTHEETHS, F/-EMH - FiHREY

2RIGTHDT-DBERIXILE T ROWZELELTHEETHD,
ERRTCRE OBIR O BEICHFET 2, AFRE T, WHE
DEFIRFE, (LR, AV REZEHEHFHND LN TE
% VUV ~ SX GE 1350 X ARSI S e IRE [ 43 Al
#1719, 7LV E T, KA —LTOEIY
ARV T NIA L TEIFLTZ Ol ZH S Ic T 2 L3z,
R RANERE DR TGO THEINHRO LIRS

A o

Nz A =
Iwao MATSUDA Susumu YAMAMOTO
HEHIR B

Associate Professor Research Associate

Dynamics in materials, mainly the surface/interface systems,
are studied with developing experimental techniques for
N eI time-resolved vacuum ultraviolet (VUV) ~soft X-ray (SX)
spectroscopy with high brilliance synchrotron radiation (e.g.
SPring-8) and ultrashort pulsed- lasers.

Roles of carrier and molecule dynamics at the surface/inter-
face systems are significant in voltaic effects and catalytic
HAZDbLDN reactions, for examples, that are necessary for our social
technology. Moreover, the surface/interface system is intrinsi-
cally two-dimensional and it has been a valuable playground
for low-dimensional physics. In our laboratory, we carry out
time-resolved measurements of photoemission and X-ray
absorption spectroscopy to directly probe temporal evolutions
of electronic, chemical, and spin states of materials during such
dynamical phenomena. We reveal their detailed mechanisms at

each time scale, ranging from femtoseconds to milliseconds, and

ez HEEL T2, promote understanding of the whole picture by combining the
sequential information.
0.6
SPring-8 BLO7LSU 1
zeroth order 0.4
beam monitor
Monochromator
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Ti:S Amplifier

Ti:S Oscillator

Lasers

EEER X —LF 4 > SPring-8 BLO7LSU IC& 1T 31K
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Overview of the time-resolved photoemission system at
high-brilliant soft X-ray beamline, SPring-8 BLO7LSU.
Synchrotron radiation pulses, generated at an undulator,
pass through a monochromator that is composed of mir-
rors (M) and a plane-grating (PG). A Ti:Sapphire laser
system (BLO7LASER) is installed at the beamline.

PG
M2

(BLOTLASER)
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RENLEBENMROENBEICH
17% Si 2p RRAEBFANRYT ML
DREZE. Ry 7L —F—%D
BEEZENZN (a) 3.1, (b) 560
and (c) 2700 pJ/cm?/pulse T
H Do HtEIIEREEFID Si 2p3/2
ARABFE—IDITRILF—AL
BEELEICLTWS, (c) TR
KRR K DIREMER S, R
REBRREETILICL DT 1 v
TAVITTH B,
Time-evolution of the Si 2p spectra during the relaxation of the surface photo-
voltage effect, taken at different laser power density per pulse: (a) 3.1, (b) 560 and
(c) 2700 pJ/cm?/pulse, respectively. The vertical axis represents relative binding
energy with respective to the Si 2p3/; peak position before the photo-excitation.
The solid line in (c) is the result of fitting with the damped oscillation model.
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1. BEDBRXBONRBROFAEERESY (F IV ADMHE

Developments of time-resolved soft X-ray spectroscopy and researches on surface dynamics

2. KBFOHRAERRICL Z2EBE L OHEHRE - FHOBEFREDCHE

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

3. BE/NLAR X REAWCRKBEIBRERORMFEEBSRACEY YA F 37 ADHE

Development of time-resolved experiments using ultra-short soft X-ray pulses and researches on ultrafast spin dynamics
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Kobayashi Group
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Yohei KOBAYASHI Akira OZAWA
IR BhEK

Associate Professor Research Associate

We are studying advanced laser technologies and their appli-
cations. Both ultimate technologies of ultrashort pulse genera-
tions and ultra narrow-band laser generations were mixed, the
optical frequency comb then was born ten years ago. It opened
up a new research area such as carrier-envelope-phase depen-
dent phenomena, attosecond physics, and precision spectros-
copy by using a femtosecond light source. It also realized the
high-repetition and high-intensity physics. It could create wide
field of applications 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 >4GHz laser oscillator is also studied.

Yb 77 A4 N=L—HF—%R—R& UIcHERKILDEE
Optical frequency comb based on an Yb-fiber laser

1. BR/ULAL —F =Y 2T LOMERFEFERO L —F —DBIER I

BIEDIRLL—Y—ICLLB2HEARTTAY

Xe plasma generated by multi-MHz laser system.

Development and precise control of ultrashort pulse laser system

2. B#RDRU —EREYE
High-rep rate, high-field physics
Precision spectroscopy
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Itatani Group
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BRERNL —F—TREVCBRERAKD KOB RO X EANXT ML,
Soft x-ray spectra in the water window produced by an intense IR laser
system.

A% 7T —~ Research Subjects

1. BREBE/VULA L —5—DRH
Development of intense ultrashort-pulse lasers

2. BREHEE LT ST X R/ UL R DFE EDFITH

1

wk#& JAER aH IER

Jiro ITATANI Nobuhisa ISHII
HEHIR Bh#

Associate Professor Research Associate

In attosecond optical sciences, we can measure the dynamics
of matter on unprecedented time scales with phase-stabilized
intense ultrashort laser pulses and attosecond soft-x-ray pulses.
One of the main objectives in attosecond sciences is to measure
and control the multielectron dynamics of matter in highly
excited states. Intense ultrashort-pulse lasers are also useful to
produce optical pulses at different wavelength covering from soft
x rays to IR and THz. It means that we can probe and control
the ultrafast dynamics of matters through various freedoms.

We work on the development of intense ultrashort-pulse
lasers, and their applications to attosecond optical sciences.
Especially we work on high harmonic generation, aiming to
produce attosecond soft x-ray pulses for time-resolved soft-x-ray
spectroscopy. We also work on the generation of intense IR and
THz pulses and their applications to coherent control of atoms
and molecules.

4.0E7
300 1.6E7
6.3E6
> 2.5E6
= 250 1.0E6
& 4.0E5
@
S
= 200
> |
o
150

CEP shift (= rad)

KD RO BR @R O RAR I,
High harmonic spectra in the water window and their dependence to
carrier-envelope phase (CEP).

Generation of attosecond soft x-ray pulses, high harmonic generation, and their applications to ultrafast spectroscopy
3. BEEL—Y—ZRWAFOIE—L Y MNIEELOAXA—I VT
Coherent control and imaging of molecules using intense laser sources
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Harada Group
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RE REX =i =
Yoshihisa HARADA ~ Jun MIYAWAKI
HEHIR B3

Associate Professor Research Associate

We explore the origin of the electronic structure of materials
responsible for their electronic, magnetic and optical property
using intense and energy tunable X-ray source: SPring-8, one of
the most brilliant synchrotron facilities in the world. We have
developed noble spectroscopies for material science in 'soft’
X-ray region. We are leading the world’s soft X-ray emission
spectroscopy, a kind of light scattering promising for electronic
structure analyses of liquids and operand spectroscopy of a
variety of catalysts. Our topics includes study on elementary
excitations (crystal field excitation, spinon, magnon, charge
density wave, orbiton etc.) in strongly correlated materials like
Mott insulators and noble high temperature superconductors,
electronic structure analysis of aqueous solutions, interaction
at solid-liquid interfaces, surface reaction of fuel cell catalysts,
electronic structure analysis of reaction center in metallopro-
teins, electrochemical and photocatalytic reactions. We also
explore basic study on ultrahigh energy resolution optics for soft
X-ray emission and time-resolved spectroscopy.

Intensity (arb. units)

Energy loss (eV)

Ultrahigh energy resolution soft X-ray emission spectrometer
constructed for University of Tokyo outstation beamline
BLO7LSU in SPring-8.

TRIEDKDHFICS 7 AORG—UNFET B EHBA T SNl

Multiple vibrational excitation of H,O observed by the ultrahigh energy resolution
soft X-ray emission spectrometer. The energy separation reflects the profile of the
Morse function modulated by hydrogen bonding. Using soft X-ray emission we
confirmed the presence of a microheterogeneity in pure liquid water.

1. v Mgk, FTREEEEREORBRYEICHK I 2RME (BREME. AEVME. Y7/ Ve, EREERME. JuE

R L) DEEER & Z DA D

Study on the origin and observation of elementary excitations (crystal field excitation, spinon, magnon, charge density
wave, orbiton etc.) in strongly correlated materials like Mott insulators and noble high temperature superconductors

2. KAERAOEFRELE S/ O —. BERAEOEEIERICEY 5%
Electronic structure analysis of aqueous solutions to study microheterogeneity and interaction at solid-liquid interfaces

3. MEEAEOREARIGENT. BRICFERIN. KHAERINET. £BY > /0B ORI DI DZ DGATFEDFRFK
Development of in situ soft X-ray spectroscopy for surface reaction of fuel cell catalysts, electrochemical reaction,
photocatalytic reaction and functionality of metalloproteins

4. MXBHRADHDOBHIRILF —DEEEL & KD BN DT DERIEFAHR

Basic study on ultrahigh energy resolution optics for soft X-ray emission and time-resolved spectroscopy
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Kiss Group

M TGz A7 TSR (Rriciit 2 OtR) D
TIRREDHFFE L HT L o3 Mk KO RLLEAi B 2T >0 %,

93 YRR S OB IR BB IE R BN, R ff By g
BNV PR 7 2V STHTEIRBIINC X 2Bk o
HRIRKARETHI LN ZORBESICIDIZEA LT
bBNTIhhot, FHCHE 2 RILRICBLTIEETHD,
7 T UEEAR DBEEEVE T A ZA~DIEHZ B L 724 1%t
(BAHEEEED KB TE MG LB ML OB I
BT 2 MO REIIKE %M ETH -7,

L—HF =B LT, XI9RLZD
BURZHTCE B/ N2 L2500, IEFICREE
DENEE 2 Zousy RSB LT ERTHOTE RS
NY RN 7 2 )V STHO BN Uz, BIfEIX, #
RSP EOE 73R 2 SR 2R 4 Bk o /A R4y iR
T30 X2BETFYIETIRICI A TY 3,

MifRa e —L v bERESE R v & —

Laser and Synchrotron Research Center

YA WE7E

Asakura Group
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Takayuki KISS
EEEHR

Visiting Associate Professor

We perform the researches on molecular conductors (especially
on quasi-2D system) and developments of new spectroscopy and
peripheral technologies.

Direct observation of electronic structures, especially band
dispersions and Fermi surface by ARPES, have been carried out
very few and not at all for quasi 2D system owing to its difficulty
even its importance to understand the electronic properties. The
lack of the information about the relations between electronic
structures and properties is critical problem for designing
functional molecular (electronic) structures for applicable devices.

Eventually, we have been constructing knowhow for breaking
out the situation by Laser photoemission spectroscopy. Recently,
we succeed to observe the band dispersions and Fermi surface
and perfect experiment for the first time in the world on molec-
ular conductor that have high metallicity. At present, we are
performing laser angle resolved photoemission spectroscopy on
quasi-2D molecular conductors that show superconductivity and
heavy Fermion like behaviour.

-
o

$E K#

Daisuke ASAKURA
REEHRR

Visiting Associate Professor

In order to realize an innovative improvement of lithium
ion battery electrode materials, in particular, in terms of high
capacity and/or high power, my group is aimed at the develop-
ment of novel electrode materials based on the knowledge of
their electronic structure. Soft X-ray absorption/emission (XAS/
XES) of these materials is one of the best and comprehensive
approaches to know the electronic structural change of transi-
tion metals upon charge/discharge reaction, i.e. insertion/deser-
tion of lithium ions in the existing electrode materials.

We are developing a novel cell that enables never-accessed in
situ XAS/XES measurements of lithium ion battery electrode
materials at University of Tokyo outstation beamline BLO7LSU
in SPring-8. By applying thus developed elemental technologies
we can contribute to the development and diversifying use of
XAS/XES.
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Santander-Syro Group
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Hyyvs—o0 FURL T4UyR
Andres Felipe SANTANDER-SYRO
REEHIR

Visiting Associate Professor

In solids with strongly interacting electrons, the competition
between the different degrees of freedom leads to competing
quantum ground states, from which a rich variety of exotic
phase transitions and novel states of matter emerge. To under-
stand the remarkable properties of such materials, a direct
experimental approach is to study their electronic structure
through angle-resolved photoemission spectroscopy (ARPES).
In this project, in collaboration with the group of Prof. S. Shin,
we will investigate several challenging classical and quantum
phase transitions in heavy-fermion materials. Many of these
transitions have been scarcely addressed by ARPES, due to
the temperature scales (of a few Kelvin) of the ordered phases
and the energy scales (of a few meV) of the relevant heavy-
electron. Thus, we will use the various laser-ARPES setups at
ISSP endowed with ultra-high energy and time resolutions and
low-temperatures. These studies should provide precise signa-
tures of the interplay between many-body interactions, phase
transitions, and associated microscopic broken symmetries in

heavy-fermion systems.
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Synchrotron Radiation Laboratory / Harima Branch « Tsukuba Branch
http://www.issp.u-tokyo.ac.jp/labs/sor/index.html

Bi% (MR Z & Professor (Director) : S. SHIN

24 % INFR 3K Professor : F. KOMORI

®E OB B WH B Associate Professor : I. MATSUDA
®E OB B JFRH %R Associate Professor : Y. HARADA
Bh 2 B2 1F3E  Research Associate : M. FUJISAWA
B 4 BARK 722 Research Associate : H. TAKAKI

Bh 2 A = Research Associate : S. YAMAMOTO
Bh 2 938 J—ER Research Associate : K. YAJl

Bh 24 = = Research Associate : J. MIYAWAKI
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—o REANIREL DEf

Figure-8 undulators installed in SPring-8, which provide high-brilliance
synchrotron radiation into the beamline BLO7LSU.

EMiEmM8 BE MBBF Technical Associate : A. FUKUSHIMA
RITEFPIEE A Technical Associate : T. SHIBUYA
BRSPS BT FEJ8  Technical Associate : K. SHINOE
BEMEMBE JFOR b Technical Associate : A. HARASAWA
RiTErIBE T#% 1&3C Technical Associate : H. KUDO
RiiErI#E T4 15 F5BL Technical Associate : H. SAGEHASHI
HEWRE F FS  Project Researcher : H. NIWA

BN BhE KB B BRE B

The synchrotron radiation laboratory is promoting advanced
solid state spectroscopy using synchrotron radiation in soft
X-ray and vacuum ultraviolet region. They operate a branch
laboratory at SPring-8 to maintain the high-brilliance soft
X-ray beamline BLO7LSU of the University of Tokyo, where
time-resolved soft X-ray spectroscopy and high-resolution soft
X-ray emission spectroscopy are utilized to study electronic
states and dynamics in new materials. The synchrotron radia-
tion laboratory also operates the Tsukuba branch and maintains
two bending-magnet and undulator beamlines, connected with
two experimental stations at the Photon Factory (KEK-PF); an
angle-resolved photoelectron spectrometer (BL-18A) and a spin-
and angle resolved photoelectron spectrometer (BL-19A). 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.

73 tﬁj\Tﬁ%Ea KEK-PF BL-19A
FORERZITS.

BMEIAE Y VLEED RSB Z [ 1 cm D i#EE
DEEERIEFAL TESIREAE Y DHELE

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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Supporting Facilities

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

DEEEDEBfTHhbNS,
[
ERESR R {RER BMErmE TE X
Chairperson Toshiro SAKAKIBARA Technical Associate  Hikaru TSUCHIYA
Cryogenics service , e
gmErmE Bl BT
Technical Associate  Reiko SAGIYAMA
IFEBR B A KT EME EES SB1E
Chairperson Koichi KINDO Technical Associate  Kiyonobu OKABE
Machine shop , - =
pmErmmE L %
Technical Associate  Jun YAMAZAKI
WrzEHEs S B
Technical Staff Tadao IMAI
WrEmEs  NE #-
Technical Staff Seiji MURANUKI
HRIEHES H #Hn
Technical Staff Yusuke TANAKA
MR EREER =fs #B5 grwEME  BFE BN
Chairperson Toshio TAKAHASHI Technical Associate  Kiyokazu NOZAWA
Radiation lab.
REZSR IR XK f* £ BN T tRRERHEERETE)
Chairperson Fumio KOMORI Administrative Staff ~ Kyoko NAKAMURA
Library N - _
x £ RH #BF (BeRREFRHREREHE)
Administrative Staff ~ Yuko HARADA
13 8 HO BF (MeXEERmEERmmE)
Administrative Staff ~ Satoko TAGUCHI
EBEHES hE EF
Administrative Staff ~ Yoshiko OGURA
EEEER Rhvol—b) F AR % ® KN® BEZ
Chairperson Hatsumi MORI Administrative Staff ~ Shinji KANO
Stock room — N
EBEHESR Mag AR
Administrative Staff =~ Kazuyo AKIBA
ERSREER &8 E— =xmurse BH WUTF
Chairperson Koichi KINDO Administrative Staff ~ Akiko KAMEDA
International liaison office = N
EBHEER B ¥
Administrative Staff ~ Chihiro SEKI
[RHREREESR RH  ER3A BiMimiESR AR H#D2R

Chairperson
Public relations

Yasuhiro MATSUDA

Technical Staff

Mizue ISHIZUKA
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Cryogenics Service Laboratory

TAE=
Machine Shop

EREER HHE {£EB Chairperson: T. SAKAKIBARA
EiTEMBE TEFE X Technical Associate: H. TSUCHIYA
EiErBE B ¥F  Technical Associate: R. SAGIYAMA
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The aim of this laboratory is to supply liquid helium and liquid

ITHZEER £ E— Chairperson: K. KINDO
BiiEME 8 &S Technical Associate: K. OKABE
wiMiErBE |LIEF = Technical Associate: J. YAMAZAKI
MEXiEEE 5 Bt Technical Staff: T. IMAI
MELEES NEB g% Technical Staff: S. MURANUKI
RExEeEe HE $h4) Technical Staff: Y. TANAKA

TAE=R, WH7E BBz 2 TEYOINL, pEMo
Frtud 2 B LG OBER I Z O, 2 UCEE R
DHHEPE Z2fToTw 5, 7, WHEHEHS BT
AR TN 21T ) 70 O FHE LAEEOREINT 15,

The machine shop consists of a metal shop, a glass shop and

a researcher’s machine shop, which are equipped with various
facilities for designing, metal and ceramic machining, and glass

. . . . . blowing. They supply researchers required various original
nitrogen, and to give general services concerning cryogenic . .

’ ) devices and instruments.
techniques. The laboratory also takes care of high-pressure gas

cylinders used in Kashiwa Campus. Liquid helium is produced

TERAE

BRMIEE  SERlEvy =y~ NCHE#.
BT S 2B, WEBMITH

ATZATHEE  AZAEE, ¥y 7)VBRESIF. BERINTHE.

FATEY RNV RY —

TEENERE. RBRIENEE, 75 RB. R—LE

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

2012 fiscal year, 294,000 L of liquid helium was produced as a

total and 202,267 L was supplied to the users. Liquid helium FFE TR

is transferred from the 10,000 L storage vessel to various small Main Facilities

Metal shop: Five-Axis Universal Machining Center,
Numerically Controlled Lathe,
Numerically Controlled Milling Machine,

Electric Discharge Machining Tool,

storages with the centrifugal immersion pump system. Liquid
nitrogen is purchased from outside manufacturers. The supplied
liquid nitrogen was 644,900 L in the same year.

FEXE Main Facilities Glass shop: Lathe for Glass Work, Polishing Tool,
ANUDLRIEEE] (V>7)  Helium liquefier system | (Linde) 200 L/hr Ultrasonic Machining Tool
ANITLRECEEN (V>7)  Helium liquefier system Il (Linde) 233 L/hr  Researcher’s Machine Shop: Universal Lathes, Precision Lathes,
AN D L\BpiE Liquid helium storage vessel 10,000 L Milling Machines
RABRETE Liquid nitrogen storage tanks 20,000 L
EUEAAUTLSARERE  Helium gas recovery compressor 190 m3/hr
BEEANUDLAH AR Liquid helium transport containers
500 L, 250 L, 100 L etc.
BEORXAUTLRERY T Centrifugal liquid helium pump system 20 L/min

ANUDLTRILHE, BB & OEDERM LR T
Helium liquefier, storage and transfer system

NC Hefiic & B1F%
Numerically controlled lathe
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Supporting Facilities
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Radiation Safety Laboratory

HE
Library

HEHSEBEER 35 BEE  Chairperson : T. TATAHASHI

BT EME BHE M Technical Associate: K. NOZAWA
(EHRBUR EEE) (Radiation Protection Supervisor)
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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 2*Na source.
Various types of survey-meters are provided.

FERE

EFRRE GFEHRRYE 2 BRIk Z 2 WIERRA—DRRE).
RYMAYERE (PNaBHEREAVWLERRY MOV E—LICLS
RERNMTZ D). BENIREE. Ge FHMREEE, iR RiFY >
FlL—yavhovy— EEY-—RAA—y—% BRREE (\VR
7Y hVOREZY —IC &K BBFROMER

Main Facilities

The rooms for radiation experiments and radiochemical operations

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

EZEBE /\FF XK Chairperson:F. KOMORI

% £ AN FXF  Administrative Staff: K. NAKAMURA
* £ [REHEH #F Administrative Staff: Y. HARADA
% 8 HO %EF Administrative Staff: S. TAGUCHI

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

Service hours: Monday-Friday 9:30-17:00
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EE 1 783m?
BEH 165,561 8 (FAL 24 FERRE)

(¥%F 59,281 fit. #1&F 6,280 fit. WAMHTEEZED)
MESIESRE 1 731 18 (FRES 637 1&. MHMES 94 18)
H=ERME FH 9:30-17:00 (BENFIE 6:00-24:00)
BERE# 1241 (N8R LAN 7 —7J)L, BRIAVEY hERE)
BREAWHR 3 A
BEH 28
EE HEEER
BEH 3N (EBHEESD)
http://www.issp.u-tokyo.ac.jp/labs/tosyo/
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Stock Room
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International Liaison Office

EEBZER F R
% R JFEB} BT  Administrative Staff: S. KANO

E=BHMmESE FNHE AL Administrative Staff: K. AKIBA

Chairperson: H. MORI
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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.
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Chairperson: K. KINDO
Administrative Staff: A, KAMEDA
Administrative Staff: C. SEKI

PIVERRFE AT IC 3B 1T 2 B ASRIC o 0 2 3 B 2179, 1
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fToTws, Zzoftl, HEDIEARAEE O ATE LR,
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The International Liaison Office handles various international
matters at ISSP under the supervision of the Committee for
international affairs. The major functions are the coordination
of a visiting professorship program, the assistance in ISSP 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.

International Liaison Office
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The Institute for Solid State Physics, - .
The University of Tokyo
T 277-8581 FEEMHMHEDE 5-1-5
5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581 s siame : #L.C.
TEL :(04) 7136-3207 Tobu Noda-Line
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T 305-0801 ZHEDIEHARE 1-1
1-1 Oho, Tsukuba, Ibaraki 305-0801 - D
TEL :(029) 864-1171
O B ERNER R RIBE D=
(SPring-8 A)
Harima Branch of Synchrotron Radiation Laboratory, . \
T 679-5198 SR FEMEFIRTAR 1-1- . ! J R
1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5198 E ) AR 7 O iz
TEL : (0791) 58-0802 2 L . SRR IR R
\ 7 Neutron
) AN /' - Ibaraki Science Lab.
W TR AT e — S
Neutron Science Laboratory N omfﬁi?ﬂm‘ Gy
T319-1106  RHRIFHBIBIES 106-] . | R
106-1 Shirakata, Tokai, Ibaraki 319-1106 AER \ L .
TEL :(029) 287-8900 - ‘\ O\‘\r/'/ﬁ ‘\7\
= < £y el O W e S PN e :
BRI EN SRRy — A E I 2
(B AT R T ) o)
Center of Computational Materials Science (Kobe branch) " \K/E% o]
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