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I:II:“ Preface

Institute for Solid State Physics (ISSP) was established in 1957

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

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

research environment in Kashiwa by far exceeds that in Roppongi.

Transportation, one of the major problems at the time of relocation,

has been greatly improved after the opening of Tsukuba Express FrE Director
railway in 2005.

Over the last couple of years, MEXT took the initiative in % ﬁgl\
renovating the joint-use research institute scheme in Japan. ISSP IYE  Yasuhiro

was duly granted the authorization as a joint-use/joint-research

institute in the new scheme. Since it is precisely what ISSP pursued since its establishment, it does not imply any
change in our mode of operation except that the Joint-Use Facility Committee is explicitly authorized as the decision-
making committee on the issues of joint-use/joint-research activities.

In recent years, the relative weight of researches using large facilities has increased immensely even in the field of
materials science which is traditionally thought to belong to the so-called small science category. ISSP is in charge
of operating some of those large facilities which are difficult to maintain by ordinary university faculties. As for the
Synchrotron Radiation Laboratory, the Materials Science Beamline (BLO7LSU) has been put into operation since
October 2009 at the SPring-8 Facility under the University of Tokyo Outstation Project. As for the Neutron Science
Laboratory, the construction of the High-Resolution Chopper Spectrometer (HRC) at the BL12 of J-PARC/MLF was
finished in collaboration with KEK in March 2010. However, the facility was hit by the March 11 Earthquake. The
restoration of the facility together with those at JRR-3 is currently underway. At the International Megagauss Science
Laboratory, the non-destructive long-pulse magnet project aiming at 100 tesla is vigorously pursued with the dc
generator with flywheel. As for the destructive ultrahigh magnetic field project aiming at 1000 tesla by the electromag-
netic compression method, renewal and reinforcement of the main bank is granted recently by the MEXT. As for the
Next-Generation Supercomputer Project, ISSP has been selected as the representative institute to lead the research in
the Strategic Field 2, “New Materials and Energy Creation” by running the Computational Materials Science Initia-
tive (CMSI) in collaboration with the Institute of Molecular Science and the Institute of Materials Research, Tohoku
University to encompass the fields of computational condensed matter science, molecular science and materials
science. To this end, the Computational Materials Science Research Center is established within ISSP in April 2011.

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

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

September 2011
Yasuhiro Iye, Director
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THE INSTITUTE FOR SOLID STATE PHYSICS 2011



4
ol
History ‘

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

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

exploring new materials and their novel properties.

5

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

ISSP was relocated to the new campus in Kashiwa
of the University of Tokyo in March 2000 after the 43
years of activities at the Roppongi campus in downtown
Tokyo. Here ISSP is aiming at creating new areas of
science in collaboration with other institutions in
Kashiwa. Meanwhile the University of Tokyo was
transformed into a national university corporation in
2004 and thus ISSP is expected to play new roles as a
joint research Laboratory in a university corporation.
In 2006, the ISSP established International MegaGauss
Sciene Laboratory and started serving as an interna-
tional center of physics in high magnetic fields. In 2011,
Center of Computational Materials Science was estab-
lished in the ISSP, for promoting materials science with

advanced supercomputers.
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SEFEM BT & L CHRE
Establishment of ISSP as a joint research laboratory
BB - BREWAS 2 00T, BRI S IR ¢ RSARAE 1 SRR
Opening of Radio and Microwave Spectroscopy, Theory II, and Crystallography I divisions
A« SEPMERRF, BT &
Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions
AR, - RS 1 FRFIHEER
Opening of Low Temperature and Magnetism I divisions
IR - oy - AR - S - BRI PR R
Opening of Semiconductor, Molecular Physics, Lattice Imperfections, Plasticity, and Nuclear
Radiation divisions
e 2 - BGwEE 1 - WA - S s
Opening of Crystallography II, Theory I, Solid State Nucleus, Surface Properties, and Molecular
Science divisions
YrttwtZErt AT
Inauguration of ISSP
AR 2+ JERLA - I - BEERES 3 MRMIHER. 20 FRfT & 4 %
Opening of Magnetism II, Solid Materials, High Pressure, and Theory III divisions. Total 20 divisions
FEEL AR 2 SRR 1 SRS S
Solid Materials division was renamed as Inorganic Materials division
S R CIL et b Fi'a
Opening of Neutron Diffraction division
WA (FEAE) e 228 E % 5)
Opening of Solid State division (visiting staff), resulting in 22 divisions in total
LRV EALY/NER T TG din
Foundation of Synchrotron Radiation Laboratory
AR PR FE i T
Ultra-Low-Temperature Laboratory building completed
e D 22 FMHHRRYPEAR (RIS, MRV — — Rk, BRI O EE)
OB BETERFT, bR EERT, BRI & & NS BE G 0 5 KREFI R 0% B
HRFT 1 IS FRBL S 115
Reorganization of ISSP from 22 small divisions to five large divisions, Physics in Extreme Condi-
tions (including ultra-high magnetic field, laser physics, surface science, ultra-low temperatures
and very high pressure laboratory), Synchrotron Radiation, Neutron Diffraction, Condensed Mat-
ter and Theory divisions and one Visiting Staff division
BRIy - MRBR L — o — SRR T
Ultra-ngh Magnetic Field Laboratory and Laser Laboratory building completed
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P EBHFEERM (KR 10 42) s, 6 R L% 5

Opening of Materials Development division

55 1 [ ISSP [HXs > Koo o TEBGHIZGAROYIEE & bys) Bfi (DARERSUE LI hifi)

The 1st ISSP International Symposium on "The Physics and Chemistry of Organic Superconductors'
ik - RIGELOFFE iR D ez

Foundation of Neutron Scattering Laboratory

IR AR RHT 2350 S 4 5

Evaluation of scientific achievements of ISSP by an international external committee

FER:, YEEER, JohniEbk, MRBREMIME, Jedinr i b KRR & WOE i DT SRR
LIRS BT 7 (LR TR R 2 I A 7 3 i I P S 41 5

Reorganization into five divisions; New Materials Science, Condensed Matter Theory, Frontier

Areas Research, Physics in Extreme Conditions and Advanced Spectroscopy divisions, and three
facilities; Synchrotron Radiation, Neutron Scattering and Materials Design and Characterization
Laboratories

FHURM F v v 8 2T BT 2 VWL AT SRR s 1.

Construction of the new ISSP buildings in Kashiwa campus started

Hk BTSSR C AR 2352 Ml S 4 5

Evaluation of activities of Neutron Scattering Laboratory by the external committee
% x v R 2 ~DEHRRA

Relocation to Kashiwa campus started

BHs5E 1

Relocation completed

HHEINE BT

Opening of foreign visiting professorship
kBT FE MR S rh - B AR e R 1 G

Reorganization to Neutron Science Laboratory from Neutron Scattering Laboratory
Py G Rl iR TOMER R 239 S 1

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

FREDERLRFEANR R E L 25

The University of Tokyo was transformed into a national university corporation
JelmAEISAT SR % 2 A 7 — VIMERIRSE S P A AL B

Division of Frontier Areas Research was renamed as Division of Nanoscale Science
HFEREHT ASFENE S 115

Evaluation of scientific achievements of ISSP by the external committee

]St R B PRI S M % D BT

Foundation of International MegaGauss Science Laboratory

A7 50 ARl

Celebration of 50th anniversary

SEEFA - SRR & L CERR

Start as a joint usage/research center

FHRWERIEVI TS v 7 — DFTER

Foundation of Center of Computational Materials Scinence
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FIEx (BUE=)
Faculty

AEREHER
Selection Committee

EvEa
Administrative Office

HBEfER
Supporting Facilities

ERBIEE
Cryogenic Service Laboratory

THE=
Machine Shop

- HREEE
Radiation Safety Laboratory

ME=E
Library

ANy TIL—L
Stock Room

ERRE
International Liaison Office

JE%EE Administration:
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Director
ISSP Advisory Committee
HEFAEREMEER
Advisory Committee for Joint Research
I I
MEmER ZEERrg = 2
Research Facilities Research Divisions Visiting Staff
NEABS
| GBS SR i BRI PP Relstelr VNI i
Synchrotron Radiation Laboratory Division of New Materials Science
I_sﬁré?é%%c _
Advisory Committee - W TR 2T R
e e i ) Division of Condensed Matter Theory
| Materials Design and Characterization Laboratory
[ mzzas ) R — AR
Advisory Committee Division of Nanoscale Science
o it FRIAITSRIERR
Neutron Science Laboratory i Ny D e N
| Ezzss Division of Physics in Extreme Conditions
Advisory Committee
|| ERBEREIEEI AR i A A |
International MegaGauss Science Laboratory Division of Advanced Spectroscopy
| E=zas
Advisory Committee
L] HEYEREMELY Y —
Center of Computational Materials Science
| 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 five 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),

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.

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

terms of appointment.
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Joint Research and International Collaboration

ZFEREZE EHE  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.

FAR A3
researchers 1400
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1200
1100
1000
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2006 ~ 2007 2008 2009 2010
PRI S LOERIRABCE R O — - W B R vh 1~
Z—8—avEa—F BLOHEAPIE A LRI E RO A6

Number of subjects and researchers adopted to domestic joint research

BRI
subjects

Guest House

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

R 2  Workshop
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508 .. ..
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0
2001

FLHIWI%i2: Workshops

2002 2003 2004 2005 2006 2007 2008 2009 2010
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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.
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YIERZE AT IR EBR D v ¥ — & LT B A%
Hx2Ho> T3, 1989 £ 5 I ¥ o 72 ISSP [H
VR LDT =B LUOSMERNRITRINT
WBEH, AL 241 1 M OBENTEI T
b, F-YMEWTZEAT DR D B B &2 G L 7z B R
FEfFZE B IEF TN TE D, SCHREEE O SHE AT
75 B B0 H AR B 231 & 2 SVE A FESHIEE 7 &
BREHESFIHINTWDE, I 512 1981 LK, |
PETBELICBE T 5 HRI IR 0 F B o el 2 3
72LTw3, Zoficbd LEBEO/NS CEEY — 2
Yay TET>Tw3,

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

smaller scale international meetings.

o7 —< OFEHAH OSMEH(NEN)
Title Date Participants(overseas)
£1E | BRBLEHROYEEE B P
1st The Physics and Chemistry of Organic Superconductors IEERgas ot 205 (34)
£8[E | EBERBEFRIARDRAR 1002
8th Correlated Electrons AU0I= 10z 200 (25)
F£9[E | EFEERAROFER T
9th Quantum Condensed System 2ourel I TELe 2oz
F£10[E | BARAICKITZF /1T VR AL
10th Nanoscience at Surfaces 200 10 Y 247 (34)
£ 11 [\ | KELKOYMERIZE .10-12-
11th Hydrogen and Water in Condensed Matter Physics 200210 216 107 (21)
ISSP [FEE> v R 74 ISSP International Symposium
o7 —< O OSMEH(NEAN)
Title Date Participants(overseas)
Yt ERALT DXEE .2.8-
Condensed Matter Physics Meets High Energy Physics 2Oz 192 (78)
BT BEGHOBIE, EHRBRDEETBREOERTR . 57 15
Quantum Solid properties, the Supersolid state, and the Vortex State
EHMEICHBIIZRAEVICEELLRR i
Spin-related Phenomena in Organic Materials Agerells o)
ISSP V7 R4y —¥EBERT—7 3y Py
ISSP International Workshop on Soft Matter Physics (ISSP/SOFT2010) SONERE T 107 (45)
A7 - 21 ARRT— 0> 3v7 THEENEOBROIHA 2010-9-8-10 0 D)
Japan-Swiss Joint Workshop "New Trends in Theory of Correlated Materials"

B DY —2> 3av 7 Recent International Workshops
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L) Bfi /Education

W FERTCld, Rrthd 5 ek z FIH L Ttk
B L 2 REBEF ICh 2T 5, YR
DHEEIZ, PFRTEICIELC T, HAERFAREBHS R
AR LA, (L, MR R R A, T
PRI E T AEE, & 2\ I3 aIsR Al R B At
RRERER, EHM T AR L Tw 5,
NS DHER DM 2 B Z 7o i A RN 12 SO R
SERZEE DEBICE I LT B, YIPERZERT I BI4E,
KEBOE LR BE DI DDA A ¥V AR EEL T 5,
F, BEREMOFEZNRICHUEREAM E LT,
FHMEY - THERE ORI % B
LTw3,

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

in Komaba campus.

B&1:8% Master Course E1:8% Doctor Course
2008 £ | 20094 | 20104 | 20114 | 2008 £ | 20094 | 20104 | 2011 4

YIEEHEK  Physics 40 33 27 32 26 25 32 26
{LEHEK  Chemistry 2 3 3 2 4 4 3 3
HERXERIFEK  Earth & Planet. Sci. 2 1 0 0 0 0 0
MIEBETHEK  Appl. Phys. 10 7 11 4 3 2
YEREK  Advanced Materials 38 37 38 38 13 14 13 12
48 T B Complexity Sci. and Eng. 4 4 2 0 0 0 0

& &t 95 88 78 83 47 46 50 45

W5 AFEOFBR EBe k% Number of graduate students

AN 2L /Publication

YIERRZERT TR, 4B 350 22 5 500 fRE i D 2414
Xk E R LT 5, 2010 48 0 2440 SRk 403 # D
WA, AL 357, ekt 32, MHEIH 9. K (£
TEARD—F) 5 LkoTw5,

About 350 to 500 scientific issues are published
through annual activity in ISSP. The 403 articles
published in 2010 consist of 357 papers in refereed

journals, 32 proceedings, 9 reviews, 5 books.
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/ Budget
JiﬁJZ 224EEE (2010 fiscal year)

L1(A) AHE  XERFELD

[3(B) & XERFELD

LI1(C) =& : REZE&LD

L 1(D) X&EHis - LR - RE - ATEHELD
Li1(E) ﬂ—?ﬁﬁ%% I XERIZE - BAPMIRES LD

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

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

(C) Grant-in-Aid from Private Corporations

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

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

(A) (B) (C) (D (E) st
ANEE Y& e SETT HERAR | BIRHRE Total
Ty 22 &£ (2010) | 1,348,475 2,659,755 48,472 298,615 691,061 5,046,378
FrL 21 £ (2009) | 1,363,182 2,748,055 7,575 405,342 754,798 5,278,952
FEL 20 £ (2008) | 1,517,658 2,559,789 8,592 322,093 493,000 4,901,132
TR 19 £ (2007) | 1,470,205 2,415,721 14,178 239,450 478,600 4,618,154
EL 18 € (20068) | 1,447,491 2,422,618 15,430 105,191 521,300 4,521,030
R 17 FE (2005) | 1,374,411 1,982,397 18,090 80,620 542,900 3,998.418
FHL 16 £ (2004) | 1,341,540 2,162,225 13,180 69,574 466,200 4,052,719
FHREDOHER  Budget in recent years (Hif7 : TH)  (Unit: Thousand Yen)

A

2iii%k 1% /Staff Members

TR 23E 7 B1H RE

B & IR Bh # BATHE EXHE =
Professors Associate Research Technical Administrative Total
Professors Associates Associates Staff
" B
Number of staffs 24 20 43 33 12 132
13
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Division of New Materials Science

LRI SR, 77 —L A —R Y
F/Fa—7, AEEEGK LR EOBIcH S NS
L9z, THWE, ORI I TICME L &
CYPERFEDOH L WRE 2BV T E %, #iEk
PIPEBIR DOFE L F 7RO FT L wEM P TN
A4 ZADRAFEIC S D5, FERFEDFAEM
Tk, FLOWEEZ SR L., @B 2 v
TZOWEHZMET 22 LIk D, HLOYE
BUcO L 2YUEHE 2 A A LBHT 2 L %
HELE LTWw3,

WEBFNUSBAE 7 D DR E» SR D . &%
FIFEM RO b L ICENE O RBHER K
FEOMRE, B L EEE B o e £ &
fivoo, MERE 7N — 7 L REHER 7 L —
7L O A B2 7EEED LT T B, K
N N e e 1 R E S RN A K o AR
DOMEEHEEL T3, S TIRBE, &
BaEmity. BEuErRYE. ARIEEHE
ERVETHEEZ R TWEICE T2 AE Y, WL
., BHOKTRMES TOMEB L TEHE
BHROMN%E FHEE T —<D1DLLTED,
B NICB T 2 WWE ARSI
B 2R BGME, KmUAL - HEWIE, %
BERIE, M PREE 2 EIC B W R R R
Hefiti &2 A L 72 FE05ED ShTw 5,

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

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

optical measurements.

[

B B KR #E B % —HAf =
Professor Takehiko YAGI Research Associate  Hiroyuki MITAMURA
% B I B % HH H
Professor Masashi TAKIGAWA Research Associate ~ Makoto YOSHIDA

B B R RER B % MH =
Professor Toshiro SAKAKIBARA Research Associate ~ Taku OKADA

B B F OR B % WA FN
Professor Hatsumi MORI Research Associate  Yousuke MATSUMOTO
T HE #®Z B % KR H
Associate Professor Hiroyuki TAJIMA Research Associate ~ Motoi KIMATA
IR ik A B # WBm B—m
Associate Professor Satoru NAKATSUJI Research Associate  Shunichiro KITTAKA
RHIFEEN KRB Wi BB BB N FEF
Project Assistant Professor Kenya OHGUSHI Technical Associate ~ Chizuko MURAYAMA
#ig (B8) i —R B ErIsE ®EE SAE
Visiting Professor Kazuyoshi YOSHIMURA Technical Associate ~ Hirotada GOTO
EHR (BB) WA BR

Visiting Associate Professor

Yoshitomo KARAKI

L1 MILRTY

Torsten R. CLAY

#E GEAEE)

Visiting Professor
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BB AIEETR

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

INAWEFE =R

Yagi Group

100 55, 0T B 72 bk 4k i 1 s i TR BB 2 S =
THRAESE, SEIFYWHOMRES T ICE T 2555
Motz s L L bic, RIENZAMLZHY
HoBRP, bk - BEEBVEOMA 217> Tw 2%,

IR L S ic o REBEZ 2SI 2 H - & bk
KN TA=F DO EDTH D, FHICITBEED S
HUST (BEEY2) £ CAVENOMAE LN >TED .,
WHIZZ DEPNIZEIG L TZ DR ERESEZ D,
IAETTONONDBRTVE TWE, k. ZaBA%K
FioZ 2 Mim o O & DIBE T, WHEOHEOMRIC X
IR CFENFIRTOWEI AR TH 5, ARUFFEETIE,
R R YIS B 2 XER AT SR 928, [BIGA
B @ FHMEEEL 2@ L T, WHEHOSHKRLEEZH
EDICT B M, BENEZFMAL T, WETTIEES
ENTERVHLOUYEZAR LD, HIIRPERED
HRICHET 2 EE A 5N T 3 WHE OEREE %2 W
ST MR HEEL T35,

L= —IRATA VY EY R VELKBEZRVWCBEESRRROETF. 2EDST
AVEYRICHATIO0 AREZBTENZMATHRIC, YAG L—Y—X%%ZR
SUBTCETMRT 2,

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

AR 2 MH =
Takehiko YAGI Taku OKADA

% B3

Professor Research Associate

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

interior are also carried out.

Heating Spot

=,

“Em Xenon —h»‘ b

BEFE/VIFH 120 BREULETEDIC hep BEDRE LD, KIFDOFE
JYRBERPYT B, HWIRPOKDORG T THENGERZEZHENIARS
Nnice K155 [IEICIMES . Ft/ VR T 2000K ICHEAS Mok DHRF,

Iron heated at 155 GPa and 2000K in xenon. Both of these materials become
hcp metal above about 120 GPa and in order to explain the “missing xenon
problem’”, reactions of these materials were studied under the condition of
the Earth’s core.

1. Bt PR, #HIX - RERTYESOBRERE TICE T 2BEBBCYEDOHRE
Studies on phase transformation of oxides, metals and Earth’s deep materials under high pressure and temperature

2. BEREZBWCHYEOREMR

Synthesis of new materials using high-pressure conditions

3. BeESERBEEIM DR

Development of high pressure and temperature experimental techniques

15
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BRI 7R

Division of New Materials Science
http://masashi.issp.u-tokyo.ac.jp/

e )1 k78 =2

Takigawa Group

MR (NMR) % BAEBRFR L LT, Eif
WO WE RN T 2BHREZME L T» 5,
WHBE R TR, BIEE, R (SR ) Wk, AR,
WOERRIT & o S B LRRIFIRESEFIL TR D | WY -
N7 EONNELEEEZL LTINS DOETH
BB D E2, FAEEEORAE—X v P8
[RUUEMBE— AV P 2FF->TED, s ZRMOE
ME LGP EBS AR Z KL TWw5, TDRHONMR I,
EANETFOAE v, S, JuEk Lo HBEIHEA S
THN L RRGRPIRERR S EOWEEZ, 7 It
D2ENBEBRFRLE RS, A3 L RREZRD L
ANM R HIE2E 18 2 5 0i L, KR - 50 - mER £
HIBRES: LA b T, BREELLAY. &L
LA AR EZ R E L2k Z2iT>oTw 3,

RN 2 =H
Masashi TAKIGAWA Makoto YOSHIDA
% 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.

LHEMRE WMERFTMER) TERS NIcEHRERE

Vb Vib V28 Via I | BASBEnk 190K LBH ZEASEED STV NMR 2
90degl ~u KL, 105725 OBIEE ac AN TEELEEED
ZiERT, —D0Y A hORBRISEBILERIEEER

2 60 L&D 7T HRIERRT %,
§ 5TV NMR spectra at T=190 K (high temperature
15 metallic phase) obtained from a needle-shape single
30| crystal synthesized in the Y. Ueda’s laboratory (Mate-
| rials Design and Characterization Laboratory).
_ c O Magnetic field of 10.5 T was rotated in the ac-plane.
%0 MMWJM 0 A single site yields seven resonance lines split by the

T — 1‘16‘ - 1‘18‘ “**120 electric quadrupole interaction.
®b
90 Frequency (MHz)
00— T e o1 190K I8 BF 1 by T h DAEKE
SEEREES £ 7T | RITES ERSEIACH e W Bk s gk om mE
SBIGRAEBE R 1 RITEE M B-Sro33V205 DEESEBMICH L= 9l ]

175 iE@EE. bBAMIC2HERPATSrAKRFELLIT B ElcED. 6
BEONFTIITLYA IDEL S,

The crystal structure of the high temperature metallic phase of
the quasi one-dimensional conductor B-Srg33V20s5, which exhib-
its a metal-insulator transition. Ordering of Sr atoms doubling the
periodicity along the b-axis results in six inequivalent vanadium
sites.

S'IK(%)

BT hDEBVWAHD, EEBETHBIC
HEDSY. BEHAHBORERBEAIE
BHARICFET 2 EERLTN S,

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

]:Z»

1. 8RT. 75 AKL—h - AEVYRDY A F I/ R EEFHER

the conducting direction even in the

60 30 0 30 60 90 Lcillic phase.

Angle (degree)

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

2. BRZBEER
Exotic superconductors

3. BEEETFRICKE T BER - PuE - SWMFORFEESE

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

4. BHEBREERICET2AEY EEBRDYAFIIR

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

b It Wk 7€ =

Sakakibara Group

YWE DR THEARBIRIGIE VIR E#HIF IC D 72> T 5,
ZOPTHVETRZEH2HOWERTIEL rvE Y
&0 HE IR IR LR CER R W E 2R T A0
HD, DX RIREFERTIEE ORSNE FB % H
922 EPNEEZLR7-DRFABOFED L <, FiL v
MEERBHF S N5, UITRETIZ IO X ) RIRVRE:
% Kok 4 BYER OO 21T > T 5,
HEWicz tEHeapeEVETR BTFTAEVYRE
FO7 72 L—FRAEV R EDXWERNRT, WP
HEIE %2 B BRFERE L UFEL T3, ZOHW
DIz, FL1Z 30 2 7V E v OEIR £ TR HEIE
DIRRE 2 L DT RHP . B4 BRI R oI
A5 75 £ L 3 AR D WAV TE 2E 1 + k35 v B BRI 2 28 1 70
E. MEOREERFE LIT>T 15,

BERZ 7 27 —HAKICAVWSF v (VY Y 2AFmESH. RIER
30mK T 17 T XRTORALAENAIRETH 0
The force-sensing capacitor used for the low temperature Faraday

magnetometer. Magnetization measurements can be done at low
temperatures down to 30 mK and in magnetic fields up to 17 T.

1. EVWEFHLEYORE & BnE

Magnetism and superconductivity in heavy electron systems

2. fEFLEYDLBFEHEICHRY 2RFEESE

Multipole orderings and fluctuations in f electron systems

3. 73 A L— MEHEEOBAL BT

Magnetization of geometrically frustrated magnets
4, EFRAEVROEEIRRE

Ground state properties of quantum spin systems

TR 2R e R—HB =HN A=
Toshiro SAKAKIBARA  Shunichiro KITTAKA Hiroyuki MITAMURA
% EUE EUE

Professor Research Associate Research Associate

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

properties.

307mK. 1T .
0.157} . _

3 LN [

£ e h '

LY

x 01565 19 mKk 2 ( "‘

=2 . .
- iy

E 0.111F \/ \/

0.110
[100] [110] [010]

Field direction

EVWEFiBzE4 CeColns DESIREICH T 2 LLBADHEISHAKREFES L VD
KRN SEIMND T v v T,

Field-angle dependence of the specific heat in the superconducting mixed
state of the heavy-fermion superconductor CeColns, and the gap symmetry
deduced from the experiment.
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H R A ETER

Division of New Materials Science
http://hmori.issp.u-tokyo.ac.jp/

3

Mori Group

SRS, W E X OFEEAR L & oRETE S T
WEDFF & 2 ORE, MO EIT> T3,
FFEWEDMIIIZ, 1) #5000 HfEH %57 F 3
fiTh s, WENEHEICEKTHZL L, 2) 20
S8 X O PR G - HIETTRETH 2 2 &
3) DTRBIEHICES PO ONBIGENREL, DT
A E L TETETHEMEHPIRENI L, 4) &
THZ7 —a Yy MHAEEH (BETHEE) BPREL, 708
Btk (8E) R (M) e a2 Liren
ZFonsd, rxdb, #TETIFA T2 LICLD D
THMAERE X OEFHBE R YA 2= %2 L
TOZIET, il BT, AEVITMA, 7F0H
HIEDBN S, 0T HEWE % & TR ORE R 2 Bast: % if
ZEL T3, ok, T Omilh & o 3 L &7
Mool gF 2y h—F— FREHRBEFHE, EH
TeBEEMBERE T 28 L WHKBREERE (KN2R)
ML 72,

EBRMBRE TR U I BRBMLEER [K-ET2Cu(NCS)2] DHEES

Organic superconductor [k-ET>Cu(NCS);] prepared by the electro-
crystallization method

& AR

Hatsumi MORI
E6d

Professor

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

Our group has investigated the curious molecular functional
materials based upon charge, lattice, spin, and molecular degree
of freedom by changing physical parameters with designed
molecules. Recently, we found new organic superconductors,
in which the superconducting state is competitive to the charge
ordered state owing to the electron correlation and the bending

and stretching of designed molecules. (See the figures)
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R BHIBIEEE f-(meso-DMBEDT-TTF)2PFs D ESUEH O ENKFIE, BET.
90 K TEE—tFAERBZRI I MELHICEBRRENET U, 4.0 kbar T,
43 K TBIEBEBRZERI T,

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

. DFOBHEZENUIHAEE (8) CEARORR SYIERRE
Development and studies of structural and physical properties for novel organic (super)conductors based upon molecular degree of freedom

. B ToBENG T 0N VEEE R U e BB DRE S IR

Development and studies of structural and physical properties for organic dielectrics in use of proton dynamics

. B ECEEDHE T 2EBEAORE & YT

Development and studies of structural and physical properties for novel metal complexes whose magnetism and conductivity are competitive
. AFEREONG CE. Bi%. B35 RE. BH) IGEOME

Studies of responses by external stimuli (light, magnetic and electric fields, temperature, pressure) for molecular materials

18
THE INSTITUTE FOR SOLID STATE PHYSICS 2011



BB AIEETR

Division of New Materials Science
http://tajima.issp.u-tokyo.ac.jp/

I W78 %2

Tajima Group

aTEAGE (FRoABEINE X VEREEARR ) 2
WRE LB TYEOWEEZT> T2,

A B I o WF %2 < 13, o MIM (Metal-Insulator-
Metal) SEEICHIEZR > T3, O, b Hifl
T ) TNAATHD EEDIC, BRKE, HEENE
FUOETEHRMBRVPAENT WS, FRESICHO
pekE, AREEOMBEEZNZA2 LItk D), EBRON
Vax—vavHaReTh s, EEBEYE, Ry
0 R — =gk KL 740 AR W, Gl
BHPLERAFNOEREZIT> T 5,

AREEAREROVZE TR, EESR 7 vy 7=
e k02 oBEYE % i, BEREARSIKYI O RIF
EWRDEREIToT0D,
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ITO/chlorophyll a:[Fe(dpp)2](BF4)2/Al DEET/\A ADERFEHXZARY MLD

REMFE (FIINEE 3.5V). AERIE. 689 nm OERFKNRE DREMREFE,

Electroluminescence spectra of the ITO/chlorophyll a:[Fe(dpp)2](BF4)2/Al

device at different temperatures under the applied voltage of 3.5 V. The inset
shows the temperature dependence of the EL intensity at 689 nm.

1. BRNEBN T /N1 RDERE L CYIERE

i A

.
HE #®z MR H
Hiroyuki TAJIMA Motoi KIMATA
IR Bh#L

Associate Professor Research Associate

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

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

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

to clarify the origin of this phenomenon.

© (107 J/rad)

0 90 180
0(deg)

TPP[FePc(CN)z]z DHER N ILY DIREMKEFE. 12K E25 KOMLIH—T DR
RIS EBEBICL 5,

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

The fabrication and characterization of organic photovoltaic devices

2. BB A A — ROERE K CYIEEE

The fabrication and characterization of organic light-emitting diode

3. BEU T YO 7 Z VDR E L CYIERIE

The synthesis and characterization of conducting charge-transfer crystals of phthalocyanine
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Satoru NAKATSUJI  Yousuke MATSUMOTO

B Bh#

Associate Professor Research Associate

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

phenomena in magnetic semiconductors.

FEDBIR U T2 2 RIT= AR FHMEF B NiGazSa

(EL) 2RTHEDBRWEREE, (HL) BRBEE RIRUCNAF OB ‘S,
() BELBRORERFE, 71 ZRE Ow = 80 KICNIGT 2RO E—7ICINX.
EBET =10KTENZH53—DDE—JE, HLWAEVREDOERERT,

Two-dimensional magnetic semiconductor NiGa,S4 developed in our group.

(Top left) Strongly two-dimensional crystal structure. (Top right) Hexagonal
shaped single crystal. (Bottom) Temperature dependence of the magnetic
specific heat. In addition to the conventional peak at the Weiss temperature of
80 K, the unusual peak at 10 K indicates the formation of the novel spin state
at low temperatures.

Exotic superconductivity and spin liquid states near quantum phase transitions

2. BHERBICHEF BN —(EOHR
Berry phase effects in magnetic metals

3. 2 RTHMEFEHTDOEF AL VIRE

Quantum spin states in two-dimensional magnetic semiconductors
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Project Assistant Professor

YE AR EPVENE 2@ LT, B HBERNRICRR Our group focus on an exploratory synthesis and charac-
LYBLHSR R RITYWELER L. 20RO MH terization of strongly correlated materials, which exhibit novel
RS 2 R L T\ 3, quantum phenomena.

When electrons interact strongly with each other in a solid,

BAAICR CHILIEH D@ < B, F2DEFIEZ0
P 2 SN 4
itz Je, e oBftEe BELL 222 HRER T behaves as an individual electron. This many-body state often
%o O &) LHEMBRIKIE, BIRERICE T 5% shows intriguing phenomena such as zero resistance in super-
BEHCET A — VIR IS BT 2 00 8@E i 7% £ ORI & conductors and the fractionalized charge in quantum Hall
WEZ2nRT, 41t B HBEETREDA S 2 B liquids. In order to search for a new quantum state in a matter,
LT, B, AL ar . LB O MR we synthesize oxides, chalcogenides, and intermetallics, and
SR A TR L. 26 OB&IN. A, JEEIE % investigate their electric, magnetic, and optical properties. Our
AV N XU, U JIEE
AT, [FRFIC, HBRBATHE & & 2 HEY D8R

they form a many-body state, where each electron no longer

interests extend from search for a new mineral into develop-
ment of new functional materials. Our recent achievement is the

B LG &2 GBI AN 7P BHSE U179 & & finding of a new metal-insulator transition system Ca;.xNaxIrOs.
FRE DI 2 HEEL T 5, FIEDOBEE LT, £ A
a7 2Ah A F B CaraNaxlrOs 1281 % & @i
ﬁﬁgﬁfifgo)%ﬁﬂbs%”’%h%o Ca_l_x Na,':'ros

=T

Paramagnetic
. Metal
Mn:zSiSs i. | PbzRuzO7 g .
: 0.0 0.1 0.2 0.3 0.4 0.5

BERBETYEORER, BRIAKLLDEEREFEBZRINIMROTZ ¥
714 NEIER{EY) CalrOs, BRBEEADEYE SrFezAse, BE —HISTE TH
FREZERARRZRI AU EVERREY Mn2SiSs. RENHMEDRNIcEE TRIEBRAEEZRY CarxNadrOos DIRE -Na g (T-x) FHICHIF2EFHN,
Pb2Ru207. EBAR: Ir @ tog UBICH T 2BFEE. GHEAR: R MROTZIANA MMEE,
Single crystals of correlated electron materials. CalrO3 post-perovskite, The electronic phase diagram for Ca;_Na,IrO; (0 < x < 0.5) within a tem-
Whi'Ch gxhibits the metal-insulator transiFion upon carrier doping, SrFe;As, perature-Na content (T-x) plane. Left inset: Schematic view of the electron
which is a parent compound of the high-temperature superconductor, configuration among the 2, orbitals. Right inset: The post-perovskite struc-
Mn;SiSy, which exhibits a novel multicritical phenomena, and PbaRu,O7, ture.

which is a polar metal.

1. BEABEZBWHYERR
Synthesis of new materials by using high-pressure apparatus

2. BERETYE YRR

Studies on electronic properties of correlated electron materials
3. A W s RIS S RBE DR

Structural analysis by using synchrotron radiation
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Karaki Group
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Kazuyoshi YOSHIMURA
EEHR

Visiting Professor

We research on searching for and synthesizing novel
inorganic compounds including transition metals from view
points of physical chemistry and chemical physics, which
exhibit novel quantum phenomena such as itinerant-electron
magnetism, high-Tc superconductivity and magnetic frustra-
tion effect, etc. Especially, our main targets are the systems with
strongly correlated electrons, which are expected to play impor-
tant roles in the 21st century, with pursuing intensive develop-
ments of new synthetic methods. Furthermore, the nuclear
magnetic resonances (NMR) as well as some other microscopic
techniques are utilized in order to elucidate and to understand
their intrinsic physical properties. To give actual examples, the
target research systems are as follows: a) novel (high-Tc) and
anisotropic superconductors and itinerant-electron magnets,
b) low dimensional magnets with frustrations and quantum
spin systems (e.g., compounds with magnetic plateaus, spin gap
behaviors and/or magnon Bose-Einstein condensations), c) rare
earth intermetallic compounds which show valence fluctuations,
dense Kondo effects and/or heavy Fermion behaviors, d) novel
compounds synthesized by new synthetic methods.

e

AR RR

Yoshitomo KARAKI
REERIR

Visiting Associate Professor

We study a variety of interesting phenomena at very low
temperatures. We are interested in interplay between nuclear
ferromagnetism and superconductivity, electric conductivity of
metals with a large electric quadrupolar interaction, magnetic
ordering of frustrated spin system under the influence of nuclear
spin, and novel superconductivity emerging around a quantum
phase transition.

We have developed magnetization and electric conductivity
measurement systems with very low exciting current using
SQUID and employ this system to study the above phenomena,
which become pronounced at very low temperatures.
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Torsten R. CLAY
NEAEZEHKIR

Visiting Professor

My research focuses on the theory of strongly correlated
electron systems, more specifically models for magnetic order,
charge order, and unconventional superconductivity. In many
of the systems I study, effects of both electron-electron and
electron-phonon interactions are important. Much of my prior
work has been to understand the unusual electronic proper-
ties of organic charge-transfer solid superconductors, but has
also recently included work on the effect of electron-electron
correlations in layered cobaltates and spinels. At the ISSP I will
be collaborating with the experimental group of Prof. H. Mori. I
hope to assist in understanding the properties of new molecular
materials synthesized in her group and to expand my previous
work on charge ordering to include description of nonlinear
transport. Most of my work is computational in nature and I
also pursue the development of computational methods for
strongly correlated systems. Methods I currently use for lattice
model Hamiltonians include quantum Monte Carlo, exact
diagonalization, and variational methods including the use of
matrix-product state bases.

THE INSTITUTE FOR SOLID STATE PHYSICS 2011



TR

AR

_

Division of Condensed Matter Theory

WM Clk, B OBHE R, il
B PVERLE: O B S o T 2 BRI 75 1L
Hud» & FEFEICBERATZE L T 523, Z O HI
TEIAIE, EprsL oo MAMERT
2% RO % B 2 2 Bl Obih, Sk
HLPHRDOFE., 2 LT, WHOARH %
ZTERABETVORETH S,

BOEDOWERRIE, BERGERLYEE
BEARICBIIZAEVYEM7 4+ / ¥ (HH)
WO, (EIITRT A ¥ v R0 %
DETFHR (VbW 2 EMEER) BT 5RT
MR PR FHABISR, @Eitaikirs, &=
WETR, BRSSP HANSSG0 6 Bk
s 2B RCcoOBRE, SECEEKTO
BPIE~ O ZZHRHBIRI R, IR OB
FEPMEAEH, 2L T, XV RAaEy 7RI
B 2 A CHAENOMER L, ik
TH 5,

o QMR IS NSRS EE v
TRETINT0 2 Mk LTH2 &
SEYRECEORITF . SO Rk
BEPER, 2L T, BFEYTALIERE
JEPLBIEP G IR 2 i < Il 5 — S B
AL & ORBIBEEGI R FIES, MEaT
DERWEERTFEB A N—Z T35,

In this division, we are conducting vigorous theoretical
research from a microscopic point of view on topics at
the forefront of contemporary condensed matter physics,
statistical physics, and materials science, in pursuit of
the development of new concepts to describe collective
behavior of interacting systems, prediction of novel inter-
esting phenomena, and useful theoretical modeling of
materials, in close contact with experimental groups.

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

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

electronic structures based on the density functional theory.

[

8 B EH Mx B % EBE &7
Professor Kazuo UEDA Research Associate  Masatoshi SATO
O BH RER B % B ED
Professor Yasutami TAKADA Research Associate  Tatsuya FUJII
2 I IE3R B # HItG EEA
Professor Masaki OSHIKAWA Research Associate ~ Hideaki MAEBASHI
B ® BR B— B # REE —E
Professor Hirokazu TSUNETSUGU Research Associate ~ Kazumasa HATTORI
AR Bix BEA B # FO R¥E
Associate Professor Mahito KOHMOTO Research Associate  Yoshifumi NOGUCHI
I 25 (& B % ZH B
Associate Professor Osamu SUGINO Research Associate ~ Yasuhiro TADA
AR I &4

Associate Professor Takeo KATO

EHE (BB) A =

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

1. 79 AL —Y3vDWREYRICH T2 BFRED

A

al =2 IES BH Eh
Kazuo UEDA Tatsuya FUJII

% B

Professor Research Associate

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

New superconductive materials were discovered in
B-pyrochlore compounds. A unique feature of this system is the
strongly anharmonic vibration of ions and we have shown that
it is the origin of unusual temperature dependences of resistivity
and NMR relaxation rates.

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

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

1-2 T T T T T
s-chK / p-chK
1F A 1
//
08} ¥ -
v
D 06} ‘ i
0.4t \\ .
02} S i
RF chain | YAK e
0
0.16 0.162 0.164 0.166 0.168 0.17 0.172 0.174
Vl

Quantum phase transitions in spin systems with strong frustration

2. IRENT BHMEA A 2 IC & I BIRBEZR
Kondo effects of a vibrating magnetic ion
3. EF Ry MIH T 2 EBERER
Kondo transport phenomena through quantum dots
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Yasutami TAKADA Hideaki MAEBASHI
% B

Professor Research Associate

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

BERFTRAERE RD L& T 21 A BB g(R) O A >~ BFI9ERE ro K
7o rs DR EHICTRIEEA A > EIERM Ryy 135> TRAT 2 VWS R
BREBHERIE. BEEEFAIRTORVWVBBRERZEYICERU
ERTLBRINS,

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

1. GWI & 1 7— REERZEICHCIBEFEHS IR T —DHEFEORE L ZOEEYENDIGH
GWT method: Development of the calculation method for the electron self-energy always satisfying the Ward identity

and its application to actual materials
2. BEKERERBEER | NI —BF A RAROBGE

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

3. BIoEHBEEDE—RIEFHE | BENBLBCEER TONEEFERNBRORFE
First-principles calculation of the superconducting transition temperature: Proposal of a good functional form for the
pairing interaction in the density functional theory for superconductors

4. R=Z0Y - R"AR=F0Y : V=T 5—ROFEEPLIFRNBEOHNR
Polarons and bipolarons: Characteristic features of a Jahn-Teller system and effects of anharmonicity
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Temperature dependence of magnetization in § =1 Haldane
chain under magnetic fields. Quantum Monte Carlo simulation
demonstrates a magnetization minimum, which is absent in the
classical theory (solid curve). We elucidated theoretically that
the minimum is a universal feature in one-dimensional spin gap
systems.

1. BRIERAEYRICE T Z2EFRAEVHIBOZOERIC &L 2 ERL
Field-theory formulation of Electron Spin Resonance in low-dimensional quantum spin systems

2. SR E 2 OYEDEANDITA

B

I ERR ZH

Masaki OSHIKAWA Yasuhiro TADA
% B

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, we study perturbation to the free boson field
theory in 1+1 dimensions systematically, in order to understand
wide range of phenomena including field-induced gap, Electron
Spin Resonance and quantum wires, in a unified manner.

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

Much of our research is carried out in international collabora-

tions.
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Conformal Field Theory and its applications to condensed matter physics

3. MRAVAIBEEFIVIVTILAY b
Topological phases and quantum entanglement

4. 7/ ZIBEROBRAEANY U L 4 DETFIRFRR

Liquid Helium 4 in nanoporous media and quantum critical phenomena
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Optical conductivity 6(w) of the triangular-lattice Hubbard model
near the critical point of metal-insulator transition. Variation
with decreasing Coulomb repulsion U from insulating region
(blue) to metallic region (red). Units of frequency ® and U are
electron hopping parameter .
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Hirokazu TSUNETSUGU Kazumasa HATTORI
Bi% EUE
Professor Research Associate

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

The present targets of our study include novel types of
quantum order and quantum fluctuations in frustrated spin and
strongly correlated electronic systems. In these systems, many
soft modes of fluctuations are coupled, which is characteristic to
frustrated systems, and this affects the nature of quantum phase
transitions, as well as electronic states and transport properties.
One of our recent works is about electric transport in strongly
correlated electron systems with geometrical frustration, partic-
ularly characteristics of optical conductivity near the critical end
point of Mott metal-insulator transition in the triangular-lattice
Hubbard model.

_ﬁ[m}

0.4

{ Temperatre)=0.1¢

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

2. 73 ANL—Y 3 Y ROKENE

Statistical physics of frustrated systems
3. EFHEEOHTEFHOER

Theory of novel phases in quantum magnets
4. FERTIEFIRED & BInE

Anharmonic lattice dynamics and superconductivity
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1. N\NZALBRFICETBHRO & TRILF—DERK,
AP Hall cEBEZXRT .

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

1. 727z VICEFREFR—ILHR
Quantum Hall effects on graphene

2. bARO Y A)UEREE
Topological insulator

3. YMEICH T B UBERER
Topological invariants in condensed matters

4. (IR

Topological order

BT BA &8 B

Mahito KOHMOTO Masatoshi SATO
HEHIR EUE

Associate Professor Research Associate

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

physics mentioned above.

0 0.02 0.04

2.8 EALHD, ONEOMAEIEAL TS,
Fig. 2. The same as Fig.1 for ®~0.
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BERBEORFEE ZNZAVWTIT>/cAR - KEARFRE TOBBMERIT.

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

A% 7T —~ Research Subjects

2 & FO RE
Osamu SUGINO Yoshifumi NOGUCHI
AR B

Associate Professor Research Associate

The first-principles calculation is recognized as a powerful
tool to derive parameters of materials starting from basic princi-
ples of physics, such as Schrédinger equation and electromag-
netic interaction. The frontier of the research is now shifting to
phenomena concerned with electron correlation, excited states,
and non-equilibrium. Breakthrough will be brought from utili-
zation of supercomputer power and quest for developing novel
computational method. Our group is doing such study based on
the density functional theory (DFT) and the many-body pertur-
bation scheme. We are targeting fuel cells and solar cells to
study conditions for the ultimate energy transfer efficiency; this
is done by simulating non-equilibrium interfacial dynamics on
“K computer”. We are also developing practical methods to
simulate excited state dynamics as well as high-precision
electronic structure calculation code on the basis of two-body

Green’s function method.
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Development of the nonadiabatic couplings, which has enabled photo-
isomerization dynamics of a folmaldimine molecule.

1. BRKARSEOEIE & BMARER GO BHEE

Structure of the electrode/solution interface and electrocatalytic reaction dynamics

2. BREREEDORF & EFBEMBES L UIFFRPAZDEDFHE

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

3. ZHBHERICED K E—REHEFEOMAE L EFRMEREHE

First-principles calculation of electronic excited state on the basis of many-body perturbation method
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Dynamic resistance in quantum dot obtained by quantum Monte
Carlo method. The horizontal axis indicates potential barrier
between a dot and a lead. It takes a universal value h/Ke? for small
V (K is the Luttinger parameter), while it diverges for large V. This
observation can be interpreted by zero-temperature quantum
phase transition.

1. AV ZOAEY 7 RICH T DEERE
Transport properties in mesoscopic systems

2. BFEHEEEROBRWMERTTEFDER

R(iw,~0) / (h/(Ke?))

S = N W B U N
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g &£

Takeo KATO
HEHIR

Associate Professor

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

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

tric response in transition oxides.

Theory of electron-electron interaction in low-dimensional conductors

3. A FHBAEOHEBRR & WXFE

Phase transition and transport properties in organic conductors

4. HEEREFROBBEEHEFERHE

Development of numerical algorithms for interacting electron systems
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NS

Minoru OTANI
REERER

Visiting Associate Professor

Solid-liquid interface, particularly the interface between metal
electrode and water is the main subject of our research. Using
molecular dynamics simulations, we elucidate microscopic
detail of an electrochemical reaction.

Recently, to realize a sustainable energy society, a renewable
energy such as a fuel cell, a solar cell and hydrogen generation
from sunlight and water has been extensively studied. Although
these are expected as an alternative to a fossil fuel, it is hard to
say that renewable energy technologies have become a substi-
tution of conventional energy resources. One of the origins of
this problem is that it is difficult to find an effective, durable,
economical and abundant electrode catalyst. In our laboratory,
using the first principles molecular dynamics simulations, we
try to elucidate a microscopic detail of corrosion mechanisms
and a rate determining step of the reactions and contribute to a

development of a new efficient catalyst.
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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 transport in
mesoscopic structures of semiconductors, metals,
superconductors, magnetic materials and their hybrid
structures.

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

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

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

- Study of epitaxial growth of oxide thin films and
their functional properties.
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Professor Yasuhiro IYE Research Associate ~ Akira ENDO

% B Bx E5 B % hir B

Professor Shingo KATSUMOTO Research Associate  Kan NAKATSUJI
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Professor Yoshichika OTANI Research Associate ~ Shinya YOSHIMOTO
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Professor Fumio KOMORI Research Associate  Ryota TAKAHASHI

S =E = B # R ORE

Professor Jun YOSHINOBU Research Associate  Yasuhiro NIIMI
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Associate Professor Yukio HASEGAWA Research Associate  Yasuo YOSHIDA

IS Yy 7Iv— vy B ErImE | Ez=

Associate Professor Mikk LIPPMAA Technical Associate ~ Kozo MUKAI

Bk (F8) I BBE RITEFIBE BREX YRR

Visiting Professor Akihiko KUDO Technical Associate  Takushi IMORI

EHB (FB) IO 28 B ErImE BEx &R

Visiting Associate Professor  Toyoaki EGUCHI Technical Associate ~ Yoshiaki HASHIMOTO
RITEFIBE EH e

Technical Associate

Masayuki HAMADA
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Yasuhiro IYE Akira ENDO
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Professor Research Associate

The principal research subject of our group is the quantum
transport in mesoscopic structures based on two-dimensional
electron system (2DES) at GaAs/AlGaAs heterointerface.
The v=5/3 fractional quantum Hall (FQH) state is found to
be strongly suppressed in 2DES subjected to unidirectional
periodic potential modulation. As the modulation amplitude is
increased, the FQH state is overtaken by a stripe phase. Detailed
measurements of thermal-activation-type temperature depen-
dence of the diagonal conductivity in the interger quantum Hall
regime have shown that the effective energy gap is reduced by
the broadening of the Landau subbands due to the modula-
tion, and the effect disappears at the so-called flat-band condi-
tion. The a.c. conductivity measurements have revealed a novel
resonance phenomenon in the vicinity of interger fillings that is
attributed to the stripe phase. The Seebeck effect in the quantum
Hall regime is studied by a new technique to establish a gradient
in the electron temperature while keeping the lattice tempera-

ture uniform.
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Resonant features in the a.c. conductivity of a quantum Hall system subjected to a
unidirectional potential modulation. (a)oyx measured at different values of Landau level

fillings v. (b)Magnetic-field dependence of at gy 0.5 and 0.2 GHz.

1. ZEAERBET D 2 RTEBFRDEFEERR

) BEO pu & poy NEROLFHEIE (B - BE).

The measured (red) and calculated (blue) Nernst coefficients
(transverse thermopower) of 2DES at 40mK.

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. UST7F7AN U7 VDEFEE
Quantum transport in graphite and graphene
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Response to amplitude modulation of microwave irradiation to a supercon-
ducting ultra-small Josephson junction as a function of the gate voltage and
the source-drain voltage. Analysis of photon assisted Josephson-quasiparti-
cle tunneling sheds light on quantum decoherence.

1. BFRy b BFEROIC—L Y MEE

Coherent transport in quantum dot - quantum wire systems

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

3. AEBHBEFERERVWCEBFER. AEVEA

BAR EE

Shingo KATSUMOTO
%

Professor

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

studied. The studies are in close collaboration with Iye group.

5F 1 T T T U
Bias o
4 ]
2T
o GNDl:|
<

—4

B (T)

BREEHNEFRNY N THELVC2RTEFROBAEBFRE (K. EOT—F .
BARODOZNZNHEATNOME TR cRN—ZRENSDEL), VL—HRED
EHADEFIR—ILEER T, \EOREBICHVEENTH > TS I Eh b D,

Local electron temperature of a two-dimensional electron measured by side-
coupled quantum dots, placed at red and blue circles indicated in the inset.
The colors correspond to these two positions. Gray backgrounds indicate
quantum Hall regions, in which electron temperature goes down due to dis-
sipationless currents.

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

4. FEHAEBEEAVWCOEERR

Photovoltaic devices with semiconductor superstructures
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Yoshichika OTANI Yasuhiro NIIMI

% UE

Professor Research Associate
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(a)

Various domain structures such as magnetic vortices and
single domains are formed in nano-scale magnets, depending
on their shape and size. The magnetic vortices, for example, have
two degrees of freedom, i.e., polarity and chirality, and allow us
to design an artificial magnetic lattice called “magnonic crystal”
consisting of several magnetic vortices. These are expected to
be next-generation magnetic memory and logic devices. We
fabricate nano-scale magnets to experimentally study their
fundamental static and dynamic magnetic properties. We also
use nano-scale magnets to produce “pure spin current” which
transfers no electric charges but only spin angular momentums.
By injecting the pure spin current into non-magnetic metals
and superconductors, we are able to observe various interesting
phenomena such as the spin Hall effect, the spin injection
induced magnetization reversal, and the spin accumulation. We
aim to study and develop new types of spintronic devices using
the spin injection techniques.
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(a) Schematic drawing for measurements of spin dynamics in
magnetic vortices fabricated with Py (Nig;Fej9) and an SEM
image of two Py disks. (b) MFM image of the two Py disks with
the same polarity and the corresponding schematic drawing. (c)
AMR signals as a function of frequency with and without the
right Py disk. By adding the right Py disk, one peak splits into
two peaks.

VIR—)LRRERSIEWV Cu [ Ir ZRINg % &,
%o COMEENS Culr DAEVREBRME, $IRDOEAEVR—ILAN 2.1% THBIEM NS,

Spin Hall effect (SHE) in Culr alloys: (a), (b) SEM image and schematic of a spin Hall
(SH) device. When an electric charge current is applied non-locally to a Py/Cu junc-
tion, only a pure spin current is induced along the Cu bridge. Most of the pure spin
current is then absorbed into a Culr wire because of its strong spin-orbit interaction.
As a result, one can detect the SHE as a voltage. (c) SH resistivity of Culr as a func-
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-

I TR SIS U TRAE Y IR—) B ERANEINY

sion efficiency from the charge to spin current, i.e. the SH angle of 2.1 %.

1. 7/ AT —IIVBSKIBIBRFZRAWCAEY YA F 20 DMK
Spin dynamics in nano-scale magnetic vortex lattice

2. RAEVIR—ILHRZERA WA E Y RAEREE DR

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

3. AEVRZEBWIHSBES
Magnetic phase transition using spin current

4. B/ BEBHESRTICEITEZAEVIEA

Spin injection into superconductor/ferromagnet hybrid devices
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Komori Group
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BAEAC X 2 FREENS AR R 7 > > v VHGEL

Cu(001) RE_EICIER U etk 4 % SnCu REIGED STM B R XD FGEEIFRE
WRFEE (ML) TRIBIELfco RXBENNZWSEIE AXRFRIBEFEIT VY
LICEBERL. 1/5MLICE 2 & RWERTHABNICERIY %, T5Ic. AXBEAK
ELBBICONT, FTERBZBHEE (1/3ML) d'Rn. Z0% , REAHFHRFHARIEL
WL DhDEBIEIE (3/8ML,1/2ML, 5/8ML) NMEREE %, AXEEH 2MLIZEIC
BBE, RERAX2EFICEDN. BHREHENTE S,

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

1. RE7F /BEPBEDETFRE. TEL KL UHE

ik

Pt B

IR XK

Fumio KOMORI Kan NAKATSUJI
% 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/second harmonic generation measurement in an
ultra high vacuum. Band structures of the surface states and
the chemical bonds are studied by photoelectron spectroscopy
using ultraviolet light and soft-X-ray. Local atomic structures,
formation processes of surface nano-structured materials and
dynamical processes induced by electron tunneling or photo-
excited carriers are examined by STM. The local structure
can be manipulated through electron-lattice interaction using
electronic excitation induced by tunneling electrons. The
surface electron scattering at an impurity atom is investigated by

observing the standing wave in an atomic scale.

Filled-state
(-0.5V, 1.0 nA

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

[ Ge Si
4
- - d

—EBE UL oxuay S)-TILYZT L (Ge) ¥AY—%ZED
Ge(001) REDM (A-D) o HEU\A F7XABEI £ 0.5 Vo IE/XNAFRT
FHRIEEAZINZD, ANAFRTE, UFIY—RiTe<BlEhr.
ERHAERREOERICED, GRIETILRICRUESIC. SIRFIF UL)
44—t (F) AicHzd bbb ol

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

)

Si U-dimer

Si L-dimer

Electronic states, conduction and magnetism of nano-structured materials

2. FYRIVBFPL—T KR & 2RESHIRK

Surface dynamical phenomena induced by electron tunneling and photo-excitation

3. REF / BEYE O IERE

Formation processes of nano-structured materials at surfaces
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REoE kL, RERESG, LEFIR DR
Mo ik & FEAA b v )L BEMEE S MO BRE) 4 SREHE S
fREHIEE 2B L TR L Cwb, v 7rbryik
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fToTw 3,

K2 BRARFRIND K (TR-
IRAS) I & DRES iz Pt(997)
KEICHITZ2RENO DFORT
VY )LIRILF—E

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

1. S F=EHKRE/\1 7)Y RROBELRASFYM

Organic molecules on solid surface as novel hybrid systems

2. EBRHEICKITBRT - D FOHHBEDHE

I =i}
afiE % a4 B
Jun YOSHINOBU Shinya YOSHIMOTO
% UE
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 important
role as a “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-PF, SPring8 etc.) is also
used to study electronic structure of surface and interface.

Si(100)c(4x2) REAICMBREIRIC|RE L2 XA FILTARY D
STM

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

Dynamical processes of atoms and molecules on metal surfaces

3. KAFEREDEENER | XKOKARAICH T BLERIG
Surface and interface chemistry of water ice

4. BRADKIC L ZRES L CREDEFIRE

Investigation of electronic states at surface and interface

5. kE7} /EEYOBRELBAERIEE

Electronic states and conductivity of nano-scale structures on surfaces
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Hasegawa Group
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nc, BFEEK (A8 1.4nm) ZFHLTWS,

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.

RA =i SH s

Yukio HASEGAWA Yasuo YOSHIDA
HEHIR Bh#

Associate Professor Research Associate

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

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

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

We are also engaged in developments of probe microscopes
under various extreme conditions, such as, ultralow 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
BEEX vy IDHOUENSBENLEFRHER 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 BFEEER - 7 —TILIRE R EREBFREDHZ
Low temperature STM on surface electronic properties by observation of electron standing waves and the Friedel oscillation

2. STM L& 27 /1 TR F OBEERIEICE T 2%

Dynamical processes of atoms and molecules on metal surfaces

3. AFRM ZRWRERT > 2 v JLAE - ERIERDHAE

Measurements of surface potential and electrical conductance by AFM

4. TIEIRME STM IC & 2 F / AT —ILTTRDHT « (LEDT

Elemental / chemical analysis in nanometer scale using synchrotron-radiation assisted STM
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Uy IX— Iy B BK
Mikk LIPPMAA Ryota TAKAHASHI
R Bh#k

Associate Professor Research Associate

Thin films, nanostructures, and thin interface layers in
epitaxial heterostructures offer interesting ways of control-
ling the electronic phases that appear in oxide materials. The
presence of multiple different phases that can be stabilized in
oxides by small changes in carrier density, slight lattice distor-
tions or by various external applied fields has brought about
the possibility of developing useful new functional electronic
devices for sensing and data storage.

The purpose of our work is to study the phase transition
mechanisms in various oxide materials in restricted geometries.
In most cases, we use transport measurements to probe for the
presence of metal-insulator transitions under various forms of
external excitations, such as electrostatic carrier accumulation
in field-effect and ferroelectric devices or by applying controlled
levels of strain on thin film materials. Some of the examples
that we are currently working on are the strain-driven metal-
insulator transition in vanadates, generation of two-dimensional
high-mobility quantum wells in titanates, and the stabilization

of ferromagnetic order in ultrathin manganites.
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Dynamic harmonic or stepwise strain can be applied on thin film samples by bending a
crystal. As demonstrated for the case of a thin VO film, a compressive strain of about
0.02 % is sufficient to generate an easily detectable resistance response. By analyzing
the frequency dependence of the strain response, we can study the dynamics of domain
nucleation and growth at the boundary between the metallic and insulating phases.

1. BILUNTORETOERBIRY A FIv IR
Thin film growth dynamics at oxide heterointerfaces

2. B /s /ER
Growth of oxide nanostructures

3. RILMBRHMRTI/INA R

Oxide field-effect devices

4. BAcHCRIE DT

Development of oxide photocatalysts

DN THEEDIBRAE
LT 2RFERET S
EMTE S, BNBEHCHDOEBBEFEZHNS I & T VO EEOEER & iFE R

SITOz IETIY R=TUIcF v RIVBEHOBRBREL VI X
YEFR U BRICEBWTENL R v FUURIEEBVWBEBE (1§
AR) BRBE Lo 3R bDT—NEEZHMI B LT, £F
- iR ERE N FRS NS,

A SrTiO3-based field-effect transistor with a strongly delta-
doped channel shows excellent low-temperature switching
characteristics and very high mobility (inset). A transition
between an insulating and metallic channels occurs at a gate
bias of about 3V.
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T MBEEZ
Akihiko KUDO

EEHIR

Visiting Professor

Science and technology to develop solar hydrogen production
from water and carbon dioxide fixation are very important from
viewpoints of energy and environmental issues. Photocatalytic
water splitting is a candidate for the solution. This reaction
is regarded as artificial photosynthesis because light energy
is converted to chemical energy by this reaction. In general,
semiconducting metal oxides, nitrides, and sulfides are used
as photocatalyst materials. Photocatalysts function only when
photoabsorption, carrier migration, and surface reaction simul-
taneously proceed. Thus, suitable bulk and surface properties
are required for the photocatalyst materials. We have studied to
develop new photocatalyst materials aiming at solar water split-
ting applying strategies of original band engineering and crystal
engineering by doping and substitution with foreign elements,
and making a solid solution. Photocatalytic fixation of carbon
dioxide has also been explored employing newly developed
materials. The clarification of the elementary steps of these
reactions is also challenging topic. This research contributes to
ultimate green sustainable chemistry.

2
Toyoaki EGUCHI
BEEHER

Visiting Associate Professor

PN |

Nanoclusters, the size range of 1 - 10 nm, can be regarded as
the smallest and tunable function units, and has been attracting
a vast range of interest because of their unique electronic,
magnetic and catalytic properties. Detailed investigations into
the evolution of the electronic structure from individual atoms
to structures of selected sizes and shapes can be accomplished
by combining imaging and spectroscopy of the scanning probe
microscope (SPM), photoemission spectroscopy (PES) and
photoemission electron microscopy (PEEM). We will explore
to newly design the cluster-based, nano-assembled functional
systems and focus to establish new nano-material science
consisting of nanoclusters through fine controlled synthesis,
designer assembly, characterization of advanced functional

nanoclusters.
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This division is organized to pursue the study
of physical properties of condensed matters under
extreme conditions such as ultra-low temperatures,
ultra-high pressures combined with steady high
magnetic fields up to 20 T. In addition to these
individual extreme conditions, physics under multiple
extreme conditions is also emphasized. Under these
conditions, novel phenomena, which cannot be
understood in terms of existing theories and thus
stimulate the creation of new concepts, are expected.
Discoveries of such phenomena have often opened up
new horizons in material science. Many outstanding
instruments developed in this division, for example,
are those which produce low temperatures down to a
few tens of pK, high pressures up to 10 GPa and high
speed rotation of cryostats at over 6 rad /sec. These
machines are frequently used in collaboration with
many scientists from all over Japan and abroad. Some
of the main subjects are as follows,

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

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

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

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

multiple extreme conditions.

Fa—EvIT7YEIRENRERE,
SEMRRE (B - Q% 5E)
TOYERENTETH %,

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

Visiting Professor

Guang-Han CAO

* s,
B B AR B B % Bt &F
Professor Takehiko YAGI Research Associate  Takako KONOIKE

* -
B B R R B #% AR =
Professor Toshiro SAKAKIBARA Research Associate ~ Kazuyuki MATSUBAYASHI
BB ARE % Bt ErIME WHE A
Associate Professor ~ Minoru KUBOTA Technical Associate  Kazuhito UCHIDA
BB RHE #&A
Associate Professor  Toshihito OSADA
HBIE LR =t
Associate Professor  Yoshiya UWATOKO
B B’ (88 BE i
Visiting Professor Yuichi OKUDA

2 ‘ g GNEAEER) KE F

* RIS TTIRERF & 4HE /concurrent with Division of New Materials Science
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AGRE =
Minoru KUBOTA
HEHIR

Associate Professor

Supersolid state of matter with both solid and superfluid
properties, and this state as well as spin-polarized superfluid
3He-A; phase caused by spin supercurrent are examples of the
systems studied by the Kubota group sometimes in cooperation
with other groups. These states are unique under extreme condi-
tions in our laboratory which may not be realized in any other
place in the universe.

Discovery of the Landau State Like State in hcp solid *He:
The phenomena which occur in solid “He are in active discus-
sions from various different view points. Among them Kubota
group is unique in discovering the vortex fluid (VF) state below
an onset temperature T, and also the transition into the super-
solid state from the VF state which was indicated in different
physical quantities studied by precision torsional oscillator
(TO) techniques : 1). The drive velocity V,c dependent hyster-
etic behavior was found below a characteristic temperature T
2). “logVyc linear” dependence appearing in the “equilibrium”
branch of the hysteretic behavior, where V. is the drive velocity
of TO at the outer edge of the cylindrical sample and its unique
T dependence and the jump at Tc. 3). Finding of vortex lines
penetration in the “equilibrium” branch of the hysteresis and its
absence in the “excited” branch. The “excited” state was found to
expel external vortex lines penetration either under AC or DC
rotation just as in the Landau state. Landau state is just a corre-

sponding state of Meissner state in superconductors.
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The extra energy dissipation under DC rotation divided by rotational speed € would give a normalized energy dissipation per unit of vortex line density(left),
which should be proportional to the supersolid density pss. It gives a unique T dependence and is compared with the hysteretic component of the TO response
(right). It supports the idea that the hysteretic component of NLRSpys as the order parameter of the SS state, and probably is proportional to or is just the super-
solid density pss. This is confirmed by the observation of the excited state under DC rotation, where no sign of vortex lines penetration nor extra dissipation
below T under DC rotation, suggesting the existence of a Landau state like state.

1. EfEAU D L4 OBREIE G & EFRIREDOERAR | BRARED S BRBEMIREN DR
Quantized vortex state in solid 4He and transition from vortex fluid to 3D supersolid state
2. BRENYDIL3, BrEOEFRRUBEBERNZOERME. NUULA3-A HOXEVEREZE
Fundamental study of Fermion superfluidity, superconductivity, quantized vortices and textures, spin super current and spin polarized state in 3He-A; phase

3. FLWEBRE & EFRROTE & : PdH, ROFKRERI DOEEE

Search for new superfluids and quantum phenomena: PdH, system
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Dependence of interlayer
magnetoresistance on
magnetic field orientations
in semiconductor superlat-
tices. (a)Case of coherent
interlayer coupling (inter-
layer tunneling occurs
much frequently than scat-
tering). (b)Case of inco-
herent interlayer coupling.
13T This experiment relates the
600 11T angle-dependence of inter-
g& Y layer magnetoresistance to
400H1T T 1 the coherence of interlayer
135 -0 45 0 45 90 135 coupling in layered con-
Polar Angle 6 (deg.) ductors.

(a) multilayer: 4r,/(7i/D=2.2 | T=68K

peak effect

peak effect

10]

(b) multilayer: 41, /(7/9=0.12 | T=58K|
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Interlayer Resistance R _ (Q)
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RE &A B BF
Toshihito OSADA Takako KONOIKE
IR BhZK

Associate Professor Research Associate

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

and organic conductors.

7571y (BRFEVS 774
K) O¥EHEFR—ILHR, K—
LBz —NEE (BFEE)
RSB ELTERLULLEET.
R—ILIEH A h/(4n+2)e D &
DFELERZE D LN DL B, B
BRAELEYS TV FETHF.
FROBVNVBADNEESZT7 Y
T, EREEN T - NEBBELT
&<,

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

1. 727z o8I0 EOF vy TERBRICE T 2T« 7 vV BFROEFIRE
Quantum transport of Dirac electron system in graphene and zerogap organic conductors

2. BRYEoAEKRFRIMCEEERIE—L VX

Interlayer coherence and angle-dependent magnetotransport in layered conductors

3. ZREFR—IRICE I BN I REREDEFEE

Quantum transport of chiral surface state in multilayer quantum Hall systems

4. BERTEERBHOESTERE L AL Y BERIRE

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

5. BT 7OV REFRICE T B NA X EBRIRE

Chaos and electron transport in Bloch electron systems under magnetic and electric fields
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HEEz7Ed 2 2 L 2HE L, MK & OE RS
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R DEE D—>THh 2 LFEMA HIEFIIT> T 2,
U< B S nfcPam
Cubic Anvil EH%E, &
ENERD 102D 1T
[CIx>Teht. BEED R
K & AR IC 8GPa RE R4
L. 05K £ TORETHE
TBIEHNTRTH S,
The New Palm Cubic
Anvil high pressure appa-
ratus. Weight became a
10 times smaller than Old
Cubic Anvil apparatus,

but, can make up to 8GPa
same as before one.

1. 2EBRRE T COFRYERROER

Wk =

LR =t
Yoshiya UWATOKO Kazuyuki MATSUBAYASHI
IR BhZ

Associate Professor Research Associate

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

ZOOJ>
3 lzz Tn25GPa] EuFe,As,
5T F gl E
1500 5" 4 2
=Vl HES
T i z ¢
R : J/\/ sc { & u
2 1000 B % 1020 30 40 50 R i‘f,’,’ﬁ,?
&~ T(K) )
Q ® Xac
AR Teve
SOTﬁécoe Cone
AH
oJL_LAF M
0o | 5 10 15 20 25
SC P (GPa)

ENFRIRBIREM EuFeAsy DIRE - EAER. $RORREIEKFIIEIESND
EBEENHIRT 25 Eu ORBEEKF EDOBEEICEID VIV NIV b RBEE
BBERY. £loeo LDBERTREIBEEIZHEKRL. Eu DRIEREIERENEE
k92 Z2RWELT.

Pressure-temperature phase diagram of EuFe;As,. Applying pressure leads to a
continuous suppression of the antiferromagnetism associated with Fe moments
and the antiferromagnetic transition temperature becomes zero at Pc ~ 2.5-2.7
GPa. Pressure-induced re-entrant superconductivity only appears in the nar-
row pressure region in the vicinity of Pc due to the competition between
P . . . - 2+
superconductivity and the antiferromagnetic ordering of Eu”" moments. The
antiferromagnetism of Eu?* moments changes to ferromagnetism above 8 GPa.

Search for new physical phenomena under multi-extreme conditions

2. BERRYE I HIT 2 ENFEBEEOYIEMRE

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

3. ZEBRTICE T 2 BEEPIEANEFRDOFRFE

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

4. BEEADFERN S REREEYIEE

The high pressure generating technology and the physical property measurements in the dilution refrigerator temperature range
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Cao Group
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Yuichi OKUDA
EEHR

Visiting Professor

Superfluid He-B is a well known topological superfluid.
The surface Andreev bound state of *He-B is an edge state
corresponding to the topology of the bulk wave function. The
interesting point is that the surface bound state has properties
of Majorana fermion. The linear dispersion of the bound state
is already confirmed, but the further experiments, such as the
shear mode acoustic impedance under magnetic field, and the
susceptibility anisotropy, should be performed to clarify the
Majorana properties.

Solid “He is grown from the superfluid phase by applying the
pressure above 25 bar in the low temperatures. Since the growth
coeflicient goes up divergently towards T=0, the crystal changes
its shape very quickly in the low enough temperatures. Such an
enormous growth rate can open a new physics, in which the
crystal shape could couple with the quantized vortices in the
surperfluid during its rapid growth or melting. Such an experi-

ment could be done by the rotating dilution refrigerator at ISSP.
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Guang-Han CAO

NEAEEHR

Visiting Professor
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55

There are different kinds of competing phases (orders) which
show antiferromagnetic, ferromagnetic, spin-density wave,
spin-glass, charge ordered, charge-density wave and supercon-
ducting ground states in complex transition-metal compounds.
It is widely believed that electron correlation and band structure
play important roles in governing the electronic states. As is
known, pressure is an ideal “clean” tuning parameter to control
electron itinerancy and band width. Therefore, it is our aim to
tune the ground states in transition-metal compound systems by
applying pressures.

Iron-based pnictide system has attracted great much attention
because of the discovery of the second high-temperature super-
conductivity. It was demonstrated that electron correlation and
multi-band were mostly related to the superconductivity. We will
choose some related system, including non-ferrous compounds,
to explore novel electronic phases and phenomena by means of
the physical property measurements under high pressures, low
temperatures and even high magnetic fields.
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Light is a versatile tool for investigation of the
materials such as semiconductors, metals, organic
and biological materials as well as strongly-correlated
electron systems. Recent developments in lasers and
electron accelerators along with the novel measure-
ment techniques have been providing us innovative
experimental tools.

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

The main current subjects are as follows:

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

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

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

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

e Laser development and precise control for
next-generation spectroscopy

f N \ﬁ 3 . . .
S EERHEEL T 5. « Attosecond spectroscopy and imaging using strong
laser fields and coherent soft x-ray pulses
[
BB Rt ™ B # 55 &5
Professor Tohru SUEMOTO Research Associate  Motoyoshi BABA
B R x B Bl # IS
Professor Shik SHIN Research Associate  Makoto NAKAJIMA
BB =iE B3 B # BHE B
Professor Toshio TAKAHASHI Research Associate  Tetsuroh SHIRASAWA
B il &Y B % 2/ 8¢
Associate Professor Hidefumi AKIYAMA Research Associate  Toshimitsu MOCHIZUKI
boed IR T B % NE B
Associate Professor Yohei KOBAYASHI Research Associate ~ Akira OZAWA
B RE AR B % aH 7E
Associate Professor Jiro ITATANI Research Associate  Yukiaki ISHIDA
B (58) TR BER B # af EX
Visiting Professor Shiro TSUKAMOTO Research Associate  Nobuhisa ISHII
HEHR (BB Wi BA KITEFIHE TH EA
Visiting Associate Professor Masato KOTSUGI Technical Associate  Teruto KANAI
EiErImEa Bx KiE
Technical Associate ~ Mitsuhiro HASHIMOTO
RIS REE I
Technical Associate  Isao ITO
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(a) Time-resolved luminesoence
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Professor Research Associate Research Associate
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Optical methods based on pulsed lasers are indispensable for
investigation of ultrafast phenomena in solids.

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

For this purpose, we 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) 81 RTEEHEE (PH-BrR) LT 5B SREMEFHLDOKREIGE
NE/ENIRRDLA—E—, fitdh (TRILF¥—) BEFOEMICHYEL
THEDH, FRIEREH ZT5 ERAKIC 300fs ELTHRL TWBHEKRT
Nonsd (FRKED). (b) Mi#RT > Y v )LE L TORKES, HEMSH
FULLKRRDIRT Y Y v ILEEQEET2 ARICHRT %, () 7z b
OB ) AR FE R TE 22IE D FDER

(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.

Configuration coordinmte I ement setup
1. BEEEADKICEDKRFESHORFRERUE T RV - hA—E—

Atomic movie based on ultrafast luminescence spectroscopy

2. BESRERN - TINIVYRHEIC L DAFEBEGEL DT I IR
Dynamics of photoinduced phase transitions by time-resolved infrared and terahertz spectroscopy

3. R X RTHETC & 2 EFEREMR DR E 2 BRERR

Time-resolved observation of surface morphology by a soft X-ray interferometer
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DEREEE R DWMBE D REXLBFONEKE
The experimental system for the laser-photoemission spectroscopy that
has the highest resolution of the world
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Shik SHIN Yukiaki ISHIDA
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Professor Research Associate

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

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

nanometer size microscopy of electronic states.

(a) 200 K
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(B) 100 K
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Temperature dependence
of the Fermi surface of the
one-dimensional organic
conductor TTF-TCNQ
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Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

2. MXBL—YV—RKEAPBABFANIC L BAFERROMR

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

3. MXRL —F—ABFEMRICL 2T/ BEOEFREDHR

Laser photoelectron microscopy on electronic states of nanomaterials
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Interfacial Si atoms in an iron silicide ultra-thin film, that is directly
reconstructed from experimental x-ray diffraction data.
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Toshio TAKAHASHI Tetsuroh SHIRASAWA
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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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Electron density map of the one-dimensional structure of the Au-Si(553)
surface, reconstructed from measured X-ray diffraction data by using a
phase and amplitude retrieval algorism.

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

2. REFRHE E DBEHIE DR

Development of new methods to study the surfaces and interfaces

3. X#RHERIC K T BIHREAZ B EH L VWAZR B ORA

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

4. XREHFE. XiR - PiEFRR. THE

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

B—TRHEFHROEBRI

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

L &EX 27 8o
Hidefumi AKIYAMA  Toshimitsu MOCHIZUKI
IR Bh#K

Associate Professor Research Associate

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

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

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

industry researchers.
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1. BREARUYERIRE OBHHMEL S WMEEFHRL — 9 — OES & B
Ultra-thin low-threshold high-quality semiconductor quantum-wire lasers and their micro-spectroscopy and imaging
2. 1 RIBEEBFEARS LUOEFRONERE & SAEEERADR
Optical physics and many-body physics of dense electron-hole or electron systems in 1D
3. ¥EHRETFEER L VT /N ADEE, SmE L. BEFHE. MDA, BHREHA
Material physics and development of high-quality semiconductor nano-structures via microscopy
4. IRZI - 735 « TIIRY )ik EDEMFN & YL FRICETRIELE
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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Kobayashi Group
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Yo 77 A4 N—L—HF—EN—R& UIHBREILDEE

Optical frequency comb based on an Yb-fiber laser

1. BE/NLAL =T =Y 2T LOMERREFERO L —F —DBIER I

IR T
Yohei KOBAYASHI Akira OZAWA
IR BhZK

Associate Professor Research Associate

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

We are developing an Yb-fiber laser-base optical frequency
comb, XUV frequency comb, and high-power fiber chirped
pulse amplifier system for these applications. The higher repeti-
tion rate of >2GHz laser oscillator is also studied.

Development and precise control of ultrashort pulse laser system

2. BRDRL —=EBEYE
High-rep rate, high-field physics
3. BEDK

Precision spectroscopy
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Itatani Group
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1. BEREBE/VLA L —Y—HREDRF
Development of intense ultrafast lasers

2. BREFRICELZT7 MO —L v MIERXDOFE & HlH

V=¥, +¥,
d(r) =¥ |er|'¥')

AP

R BER af IBR
Jiro ITATANI Nobuhisa ISHII
HERIR B

Associate Professor Research Associate

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

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

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

BL—Y—BPORFHSDEREFRAKEDRSR, FiiE
I DEFRR ERFREDOEF OREBEMDTHICL > TR
I BWBFNFESI N, 7 SR OXNBHEI NS,

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

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

3. BRERBRERBWCBEEA A —J > TR DR
Novel molecular dynamic imaging using high harmonics
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Tsukamoto Group
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Division of Advanced Spectroscopy
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Kotsugi Group
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Shiro TSUKAMOTO

BB

Visiting Professor

High-density arrays of Quantum dots (QDs) can easily be

grown by 'self-assembled’ methods. These QDs are strong candi-
dates for advanced semiconductor quantum devices. However,
the precise mechanism of 'self-assembled' is not understood,
which hampers control over QD size, density and distribution for
particular applications. Therefore, in situ evaluation technique
for observing the growth process is necessary and indispensable.
The techniques, RHEED and RDS, which use the electron beam
or light, respectively, has already been put to practical use, and
these are used widely now. However, even though the atomic level
control for layer by layer growth is enabled, the three dimensions
growth cannot be evaluated at atomic-level and real-space by these
techniques. Here, STM is good technique to observe the surface in
atomic level but it dislikes vibrations and material depositions. So,
usually its observation is after transporting the sample from MBE
growth chamber to the STM though a gate valve, resulting that the
temperature of the sample is returned to room temperature. Since
the real in situ observation cannot be done with this ordinary
method, we develop "STMBE" system in which the STM is placed
completely inside MBE growth chamber, and with this system,
the surface structure is analyzed centering on the in situ STM
observation of the InAs QD self-assemble process on GaAs(001).
Moreover, using these analyzed data, we are doing the research of
a site-controlled single QD by this STMBE system.

Il BA
Masato KOTSUGI

EEHIIR
Visiting Associate Professor

Photoemission electron microscopy (PEEM) has been of
powerful visualization tool of solids. For example, it can provide
us sample shape, electronic state, magnetic domain structure,
lattice structure and chronological structure, with the resolution
of several tens nanometers.

In the currently conducting project, construction and utili-
zation of new aberration correction PEEM is in progress as
collaboration with Prof. Shin group. The use of aberration
correction mirror is enables us to compensate the chromatic and
spherical aberration of photoelectons simultaneously, and ultra-
high resolution of 2nm is expected. We are currently developing
improvement of lateral resolution by introducing the knowledge
accumulated in SPring-8 and Max Planck Institute of Micro-
structure Physics. The utilization of ultramicroscopy is expected
to reveal the fine structure of magnetic domain wall motion in
the field of nanospintronics, or the chemical bonding state of
organic materials in natural rocks or meteorites.
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Synchrotron Radiation Laboratory K
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Synchrotron radiation, especially from insertion
devices, has provided researchers with a powerful
probe, easily tunable over an extreme wide range of
energy and wavelength to understand the complex
world of atoms, molecules and solid states. The
members of Synchrotron Radiation Laboratory
(SRL) have been playing an essential role to promote
advanced synchrotron radiation sciences using
brilliant light sources in vacuum ultraviolet and soft
X-ray regimes. The SRL opened a branch laboratory
at the SPirng-8 to operate the new high-brilliance
soft X-ray beamline BLO7LSU of the University of
Tokyo. At the Photon Factory, SRL maintains an
undulator, two beamlines and three experimental
stations, which are fully opened to outside users.
The in-house staffs of SRL not only serve the outside
users with technical support and advices, but also
carry out their own research works on advanced
solid state spectroscopy as well as instrumentation.
The accelerator group is studying accelerator physics
and developing the accelerator related technology

for advanced and future synchrotron light sources.

[

¥ B RR Ml BAA B %

Professor (Director)  Akito KAKIZAKI Research Associate

I MWHE & B %

Associate Professor  Ilwao MATSUDA Research Associate

¥ # (58) A8 B #

Visiting Professor Tetsuya ARUGA Research Associate

g GEAZE) YV Ya-Tav B %

Visiting Professor Shu-Jung TANG Research Associate
RITEFIHE
Technical Associate
KifrEPIBE
Technical Associate
ITEFIHE
Technical Associate
KifTEFIE
Technical Associate
RKITEFIHE

Technical Associate

BR Bz
Hiroyuki TAKAKI
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Susumu YAMAMOTO
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Kohichiro YAJI

BE IEX

Masami FUJISAWA
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Akiko FUKUSHIMA
WA =
Takashi SHIBUYA
BR Hos
Ayumi HARASAWA
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Kenji SHINOE

I8 18X

Hirofumi KUDO
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Synchrotron Radiation Laboratory
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Solid State Spectroscopy Group
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A new spin-resolved photoemission spectrometer with
VLEED spin detector, which enables us to measure spectra
with very high energy- and momentum resolutions.
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BT
http://kakizaki.issp.u-tokyo.ac.jp/

H (B) =
http://imatsuda.issp.u-tokyo.ac.jp/

The solid state spectroscopy group consists of two labora-
tories, the members of which are promoting advanced solid
state spectroscopy using synchrotron radiation in soft X-ray
and vacuum ultraviolet region. They operate a branch labora-
tory at the SPring-8 to maintain the new high-brilliance soft
X-ray beamline BLO7LSU of the University of Tokyo, where
time-resolved soft X-ray spectroscopy is utilized to study the
dynamics in surface chemistry and in various photo-induced
surface phase transitions. The solid state spectroscopy group
also operate Tsukuba branch and maintain two bending-magnet
and undulator beamlines, connected with three experimental
stations at the Photon Factory (KEK-PF); an angle-resolved
photoelectron spectrometer (BL-18A), a spin- and angle-
resolved photoelectron spectrometer (BL-19A) and a soft
x-ray emission spectrometer (BL-19B). The current interests at
KEK-PF are in the spin dependent surface electronic structures
of quantum films, topological insulators and transition metal
magnetic thin films. A new chemical imaging technique for
nanometer-scale materials has been developed by combining
scanning tunneling microscopy and synchrotron radiation

X-ray.
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feT v REDINY ROBHHERTE %,

High-resolution spin- and momentum-resolved photoemis-
sion spectra of edge states of a topological insulator Bij.x Sby.
Energy dispersions of the spin-split edge states are observed
in (a) up-spin and (b) down-spin spectra. (c) is the spin
polarization of the edge states.
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Figure-8 undulators installed in SPring-8, which provide
high-brilliance synchrotron radiation into the beamline
BLO7LSU.

Time-resolved soft X-ray spectroscopy apparatus at
SPring-8 BLO7LSU utilizing simultaneous radiation of
high-brilliance synchrotron radiation and ultra-short
pulse laser. Time-resolved photoemission spectra are
measured at an analyzer chamber equipped with a two

dimensional time of flight electron energy analyzer.

A2 7T —~ Research Subjects

1. REDBRX RO ARBROFHKEREY I ADHR
Developments of time-resolved soft X-ray spectroscopy and researches on surface dynamics

2. AV DBAEEF O/ S OHSH_EBMEEERIC L Z2RE AL Y EFREDTRZE
Spin-dependent surface electronic states studied by spin- and angle-resolved photoemission spectroscopy and
magnetic linear- and circular-dichroism

3. ABEFRLEXBEFALERICLD2EBE L OFEBAHEKA - RADETFREDIHR
Electronic structures of metal and semiconductor surfaces studied by means of photoelectron and inverse
photoelectron spectroscopy

4. XEFHHLE in situ RABRUCTERIE IC & EAHERE HERTEEROBEFRXRROMA

Electron transports in low-dimensional structures on solid surfaces studied by a combination of photoemission
spectroscopy and in situ surface conductivity measurements
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Accelerator Physics Group
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A fabricated prototype for a nine-cell superconducting RF cavity (left)
and a developed Yb fiber laser system for a photocathode electron
gun (right) towards a next-generation synchrotron light source.

%2 —~ Research Subjects

1. BEEXIR
High-brilliance synchrotron light source
2. RIEAELR
Next-generation synchrotron light sources

3. SEIRAYR IR E R BN D WTFTRS

BAR Bz
Hiroyuki TAKAKI
BhZK

Research Associate

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

SPring-8 ICREENCRRAZYERZE—LZA YORAGHI V2L —% (K)
EEBRARAE DD DBEERTO b T 1 T ORSZAE ().

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

Research and development of advanced accelerator components, subsystems and technologies

4. NERFJICH T D E—LYE
Beam physics in accelerators
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Aruga Group

VIR, AR E Y bu =7 ZDOEBICHIT %D
EFRICHED o0, PEERICAE VR L 2B FZ2ED
9" Rashba IR OFH D E 2 6T %, ERRETO
Yitr. Rashba R kX 2 ZHEIRED R E v 3 4dn
FEEAATREARMICB T2 ZRITAHBF AR E
EHRTEZDICKREVRD, IFIFHPEFRDO
Rashba ZI R DOFTEDME D TE A ¥ U RGREE & O
ZEDHT I EICENZ LI N TV S,

ARWFEE TIE, WOBBER Y LR & L H T, mhE
VLEED 2 Y U8R % i 2 72 A ¥ v 3 fRGHE 1-5r Y6928k
WEZAMA L, FEAERAICHE L DuR 2 s L 7RI
2T, Rashba #3iz & b A © Rl L 7= RimE-IRE
DFEZEIT> TS, TTICKEEFREDAE VA
DFEBIERECRME G OB A €V ITKRET 2 B8R
ZOWTH R AEBEL (o TE ), SHROUE
DFEEZHIFL TS,

W BRI TERFER

Synchrotron Radiation Laboratory

2 V5

Tang Group

PO [ A 1 AR K TG R DY BB R D AT FE R 5
&L CHIREE Y, FADHFYE 7L — 7 Tl BB U i
National Synchrotron Radiation Research Center 235
VT DGR F G 7 A RO o kT2 O
MEENIE Z2fT> T& %, TNE T, PEMARIENR LIEE
S oI o & PR R P AR A R o F 1
R EDBTFYEIC OV TRRTEL, ZOLTDOH
HRPEMFTEBTA & L COREICH D, ThlZ
WHEBEFTBD 7 Vv—7 iz, KREZETFIA 37
A EJERAY %, SPring-8 [l ki BLOTLSU IZ &> T,
R R X M2 o 2 R O ootk X D &
HDGERE NN 2 £ Ok % 2GR RBIRZ TR 5, £,
% v ¥ S A TR AT ZE E AR L 7o R fn
HELEEZ AT, ERTHlfl s et/ A — P VED
e IR O (R s 2 BEE T %
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B8 #t
Tetsuta ARUGA
EEHE

Visiting Professor

One of the steps in developing semiconductor spintronics is
to generate spin-polarized electrons in a semiconductor. For this
aim, the Rashba-type spin-orbit interaction has the great poten-
tial. The Rashba effect has been firstly studied on two-dimensional
electron gas formed in semiconductor heterojunctions. On the
other hand, the Rashba spin splitting energies on solid surfaces is
much larger than those in semiconductor heterojunctions. Spin-
and angle-resolved photoelectron spectroscopy (SARPES) is one
of the most powerful techniques to investigate the spin-dependent
electronic structure of such surfaces. In collaboration with Solid
State Spectroscopy Group of SRL-ISSP, we will carry out SARPES
experiments with a new SARPES spectrometer. The spectrometer
adopts the very-low-energy-electron-diffraction (VLEED) type
spin detector, the efficiency of which is approximately 200 times
higher than that of conventional Mott-type spin polarimeter. We
study the Rashba spin splitting of semiconductor surfaces covered
with various elements by using high-efficiency and -resolution
SARPES equipped with VLEED-type spin polarimeter. We obtain
several remarkable results concerning the physical origin of the
Rashba spin splitting of the surface state bands as well as the
spin-dependent conductivity on the semiconductor surfaces.

Yy Ya-Yav
Shu-Jung TANG
NEATEHIFE

Visiting Professor

Thin films and solid surfaces have been interesting
playgrounds to investigate physical properties of a low-dimen-
sional electronic system. My group have made the electronic
structure studies by angle-resolved photoemission spectroscopy
measurements using synchrotron radiation at National Synchro-
tron Radiation Research Center (Taiwan). We have investi-
gated electronic properties of quantum-well states in ultrathin
metal films on semiconductor substrates and surface-states of
semiconductor surfaces. During my stay in ISSP, I extend our
research to their electron dynamics through collaborations
with the group of Prof. I. Matsuda. Various photo-induced
phenomena at surfaces, such as the surface photo-voltage
effect, are studied by time-resolved photoemission experiments
using high-brilliant soft X-ray at SPring-8. Superconductivity
of nanometer-thick metal films, regulated by the substrate, is
examined by the homemade magneto transport measurement

system at the Kashiwa campus.
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J Materials Design and Characterization Laboratory (MDCL)

Py R R R AR AN M Tk, HE O TG
(Design) 1. BEI 2B O T4 E (Synthesis) J.
BRINTEYEZRAEWICT N 2 T HF
(Characterization) ;| ® 3 2 DfE%2 ¥4 7 L
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R, WEAH - Sl 3R AEE. L
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¥ 2= 2l L CEFREOMAEERII X -
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WHE OB 24T, WEEH - SHEE T I3 E
DER. BEEERE & 2 OHIK D o h ok
RS 21T £ Ebic, £, HL L BR
INT-WEHOBERMN - BRI - B2 EE D
WARHT 217> T 5, 206 WEDREHIEE
i DRERIFHEFIB L OARIC7 4 —F ANy 7 X
1, DSCHA 7 )L %3 L TH L WITE DBFEH
fThbin s, KiiFFoeELEAMA L, WEHK
FHEHiifEROEE ZE I X D EA SN T VLS,

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

[

% B EERR) BH EC EiEME
Professor (Director)  Zenji HIROI Technical Associate
B ® A B RiTEFMBE
Professor Yutaka UEDA Technical Associate
B B Ng BiE B EPImE
Professor Naoki KAWASHIMA Technical Associate
AR B0 Fa RiTEFMBE
Associate Professor  Hiroshi NOGUCHI Technical Associate
N * p =
IR 285 & KT EFIEE
Associate Professor ~ Osamu SUGINO Technical Associate
B % s F— BRIErIME
Research Associate  Jun-Ichi YAMAURA Technical Associate
B % EH #N BESMBE
Research Associate ~ Yusuke TOMITA Technical Associate
B # A fEd P EEFIHE
Research Associate  Yoshihiko OKAMOTO Technical Associate
B % z BA PEEPIE
Research Associate  Hayato SHIBA Technical Associate
B # B &

Research Associate  Hiroshi WATANABE

B #® /N e

Research Associate

Yoshiki MATSUDA

ZE ES
Tsuneo KITAZAWA
N EE
Masayoshi KOIKE

BE EE

Masahiko ISOBE

i

Touru YAMAUCHI

KH #B1T
Hiroyuki YATA
BH R
Takaki FUKUDA
R K
Daisuke HAMANE
AR EAT
Shigeyuki ARAKI

it &F

Reiko YAMAJI

* YRR IR ERPT & fH1E /concurrent with Division of Condenced Matter Theory
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The remarkable discovery of high-T. superconductivity
and the following enthusiastic research in the last decade have
clearly exemplified how the finding of new materials would give
a great impact on the progress of solid state physics. Now the
related topics are spreading over not only superconductivity but
also unusual metallic behavior which is generally seen near the
metal-insulator transition in the strongly correlated electron
systems. We believe that for the next few decades it will become
more important to explore novel physics through searching for
new materials.

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

) Cd2Re207 5 AOs206 (A = K, Rb, Cs) I EBWTH I frustrated lattice. ACS,0,
SR ]
HIREER 2 60 L 72,
5
F)
§ 3r
E
=Y
B /%1 09 OF BALWBIEEE AOs206 DESIEN. BIEEEBR 2r
ElF3.3K (Cs). 6.3K (Rb). 9.6 K (K) TH 5.
Superconducting transitions observed in resistivity for the il
B-pyrochlore oxide superconductors AOs;Og. The T¢ is 3.3 K, &
6.3 Kand 9.6 K for A = Cs, Rb and K, respectively. = Sk
0 5 10 15 311
ol . TiK}
200

AT —~ Research Subjects

0 s 100 150
T{K)

1. HULWEFRAEYRRRIEARETF RYE DR

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

2. REY 1/2 AT ARFREHEIEEDOEEIRRE

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

High-Tc superconductors
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X7 —~ Research Subjects

Our primary research effort has been focused upon the devel-
opment of inorganic materials possessing novel electromagnetic
properties such as superconductivity, metal-insulator transition,
charge/orbital order and various quantum spin phenomena. The
transition metal oxides, chalcogenides and fluorides have been
synthesized under various atmospheres and single crystals of
them have been grown by FZ and flux methods. The nonstoichi-
ometry, structure, phase transition and physical properties have
been studied by TG-DTA (DSC), X-ray and neutron diffraction,
electron microscopy, electrical resistivity and magnetic suscep-
tibility measurements etc. Our recent outcomes are the findings
of (1) quantized magnetization plateaus caused by Wigner
crystallization of triplets (magnons) in 2D frustrated system
SrCuy(BO3); with Shastry-Sutherland lattice, (2) novel charge
order transition and devil’s flower type phase diagram in NaV,0s
with a trellis lattice, (3) charge order transitions and pressure-
induced superconductivity in quasi 1D conductors B-A933V205
(A = Li, Na, Ag, Ca, Sr, Pb), (4) new charge/orbital order transi-
tions and room temperature CMR in A-site ordered perovskite
manganites RBaMn;Og, (5) novel phase transitions caused by
the interplay among charge, orbital, spin and lattice degrees of
freedom in 3D frustrated spinel oxides, (6) novel metal-insulator
transitions in hollandites, K;MgO16 (M =V and Cr).

K2CrgO16 DESIEM () ML (x)o KoCrgOie ldF 2V —RE
180 K OHitRE T, 95 K THREAM ZH#F L o £ FIRFICER
T3, TNIFIFLHTORBIESEBREEBEOHRATH 2.

Temperature dependences of resistivity (p) and magnetic sus-
ceptibility (y) of KoCrgO16. K2CrgOie is a ferromagnetic metal
with Tc = 180 K and undergoes a transition to an insulator at
T = 95 K, retaining ferromagnetism. This is the first observa-
tion of ferromagnetic metal-insulator transition.

1. BREZEOBY. HILIT VY. 7 vbPEOER ERELER & CHFEEOHE
Synthesis of transition metal compounds by controlling stoichiometry and phase equilibrium

2. X#REHr, PEFET. BFEREHE (BFRET OZ0BHREICSSBERTE DT
Study on structure and phase transition by in situ observation of X-ray and neutron diffractions and electron microscopy

3. BXH - MRKMEEOFHE & (LFAREESH L OEFHER DN

Study on novel electromagnetic properties related to correlated electrons

4. FSEKHEP RISFBRAEDREES & ClinsR4 T TOaMIC & 2HYEDFHF
Synthesis of new materials under various conditions including high-pressure
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The VBS state that appears in the two-dimensional SU(N) Heisenberg
model. A darker line corresponds to a spin pairs with stronger correlation.
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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" in Kobe. For example, there
is a contraversy concering the nature of the quantum phase
transition between Neel state and VBS state. The 1/N expansion
theory predicts a continuous transition with novel emergent
U(1) symmetry whereas numerical calculation of a field theoret-
ical model suggests a very weak first order transition. Our recent
computational results are in favor of the continuous transition
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, computation of
entanglement spectrum of a VBS state, and developement of
new methods for quantum frustrated systems based on tensor
network.

Tor peralare
5

=
fa

R—ZN\N—=REFIOER, tIIRY EVTEORE. U FFRDBLERORE
THD, FRIFBRE, FRET v TORESERT,

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

1. #LWEFHEEFRERORER

Search for novel quantum phases and quantum transitions

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

3. AEVI SR
Spin glasses

63

THE INSTITUTE FOR SOLID STATE PHYSICS 2011



PR R i

Materials Design and Characterization Laboratory
http://noguchi.issp.u-tokyo.ac.jp/
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Noguchi Group
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Snapshot of red blood cell in capillary flow. Red blood cells deform to the
parachute shape in microvessels of our body.

AT —~ Research Subjects
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Associate Professor Research Associate

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.

BMEREOEBEDORXF Yy T3y b, IR (R) KANDZMZ T, BeHEHAH
BMAZFEIL, BEDFREKES () SHABD F) 1o5H5,

Snapshot of fusing bilayer membrane. The fusion is induced by external

force on the particles (purple). Lipid membrane consists of hydrophobic
(yellow) and hydrophilic (red) parts.

1. Rl & 2RIMERDEF

Flow-induced deformation of red blood cells
2. EFEOME. DH

Fusion and fission of biomembrane
3. [REEDOBESE. MGl

Self-assembly and morphological transition of lipid membrane

4. 2 RITHFHR T DORIFRETE
Melting transition in two dimensions
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Materials Design and Characterization Laboratory

YR RGHE (Materials Design Division)

(R

Supercomputer Center

# Y% B 8 B[ {FF Chairperson: H. NOGUCHI

B Y% 8 JI|E [EFE Contact Person: N. KAWASHIMA
B Y mE EF {& Contact Person : O. SUGINO

B #% BEH %I Research Associate : Y. TOMITA

B #% B TE  Research Associate : H. WATANABE
Bh % = £ A Research Associate : H. SHIBA

Bh % MM {EF Research Associate : Y. Matsuda

1. £EIFEMIRA— S —avE2—%

BFETREE G A EHORA— S —a
Ea— ¥ AT L%, A—"—avEa— Y FEFHEES
DEBICE D ZL2E OV EFOLFF I LT
Bo ANV AT 2010 57 HICEHFIN R, B
AP EE B (SGI ICE 8400EX, 3840 CPU x Intel Xeon
5570) 127 MLV ERE (NEC SX-9, 64CPU) A 7-48
B ATLTHD, YATLDRYY =L DERHIKIZ LT
RER S AT AR E MR T2 L b, REZ—FDP5D
MHRRICE DD CIBU B35, PATLOEHEH%ZT>T
W3, A=8—arta—YDFHHBFFICOWTIE, F—24
~— ¥ (http://www.issp.u-tokyo.ac.jp/supercom/) % £ &
Nz,

2. Ny bv— 7 Bl

RE T PEDFZEHT LAN B X BT AN =N 77
AN =N WWW =8 (PERFAR—2_X—2 http://www.
issp.u-tokyo.acjp) fhDEFEY — NOE MM Z TV, K
Bk % Gt BTNt LTw 2, Bty b7 —2 Tk
FIKYF v )8 A %y b7 =7 (UTnet) Z L 72 A v 5 —
FYRANDLD, 77AT I =N DRE, BFA—NICH
TEIANADELERE, TANVANEY 7 027 DN
NDIAFHREDLF 2 T4 WK EZT>T0 D, Fhe, TN
TOAVE2—FIBIO Ry M7 —7HFD Q&A, 7L ER
HMUAT LR EOEIROE LN AREREDT>oTWV 5,

3. HPCILikmg7 a7 74 (IH TR A 2y 7uyx
7 Mg 7075 5,) OXE

RHREIROE M M L 2@ Y% 7 m s 7 05782

HE - A XAl OHEEE Y A—FL TS,
|

A—=/N—3aAv¥Ea1—-% YRXTLB
(SGI Altix ICE 8400EX/3840 cpu)

The supercomputer system B
(SGI Altix ICE 8400EX/3840 cpu)

RiTEPIEE H #1T Technical Associate : H. YATA
KT EPBE BH %&kELk Technical Associate : T. FUKUDA
S RESPBE AR (T  Technical Associate : S. ARAKI
HiZESPBE Uit © Technical Associate : R. YAMAJI

=M B

1. Joint-Use Supercomputer System

The Supercomputer Center (SCC) operates a supercomputer
system available to all researchers of condensed matter physics
in Japan. One can submit a proposal for a User Program to
the Supercomputer Steering Committee, and once granted
he/she can use the facility with no charge. The main system
was renewed in July 2010. It consists of two systems: SGI ICE
8400EX (3840 CPU x Intel Xeon 5570) and NEC SX-9, 64CPU.
In addition to maintaining high performance of the system in
cooperation with the venders (Hitachi and SGI), the SCC also
responds to questions and inquiries from users on daily basis.

2. In-House Networks and related missions

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

3. MEXT, HPCI Project

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

resources’, by providing and managing computer resources.

® SGI Altix ICE B40DEX/ 3840 cpu [N
180TFlops 46TE memory

<>

eemmees g =t
B "

MNEC 5X-9/64 cpu
6.6TFlops 4TH memory

YHERRARRRNBI—/N—O Y1 —9 Y X7 LEHRE
The Supercomputer System at the SCC-ISSP.
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Materials Synthesis Section

B Y 8 EH ET  ContactPerson: Z HIROI

HiMEME JEE [EE  Technical Associate : T. KITAZAWA
BMTEPIBE IBE8 1E/Z  Technical Associate : M. ISOBE
BMTEPBE /ot 1IEZE  Technical Associate : M. KOIKE

ARETIE, FVEOAKR, BAYEO REL, HR5 &
R EMEHRABO G ZIToTw s, £/, KRS
i P S 0 BRSO, SURL RN TS 7 & 2 BT At
DILFEMAPITERAR & LTI LTWw 5,

The main purpose of the Materials Synthesis Section is to
synthesize new compounds, well-characterized samples and
single crystals of various materials. Various kinds of furnaces are
provided for crystal growth experiments.

FERME

TJO-F4 YUYV —-VEESZERF. BER5I LA SEESFE (GEHM
BRXTVYIYVIA TIVIRA P—UBBEA. )=y MMA).
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.

J YIE AR » BEEE (Materials Synthesis and Characterization Division)

({ASSA g T

Chemical Analysis Section

B Y me FH B Contact Person : Y. UEDA

BESEMBE (AR KE  Technical Associate : D. HAMANE
BiTEPIBE [RS8 1E/Z  Technical Associate : M. ISOBE
BiTEPBE /Ut 1EZ  Technical Associate : M. KOIKE

RETIE, PEDRICH R ZWE IO W TOLEa T
PHLCWEHD T OB & & ML FIEIC L 2
MEIO KT E X O 2179 Lk, FHE - oo - A
BB D 2 SRR 2 TN A O LRI L Tw 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.

TR

EEBFEBRE—XBIAIA7F 49— FEFRESART IR
HDRDITERE. SEBEME. EFRT. BEREERE. &SR, B=E
HERE., MKEERE. RIEHEH

Main Facilities

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

HiERS| LR
Czochralski pulling apparatus with an induction heating system
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Materials Design and Characterization Laboratory

Y A K« BFAfiEE (Materials Synthesis and Characterization Division)

X B

X-Ray Diffraction Section Electron Microscope Section

# Y B 8 FEH =ZET Contact Person: Z HIROI B# Y mEe FH B Contact Person : Y. UEDA
B #% |5l JE— Research Associate : J. YAMAURA BAESEMBE AR KE  Technical Associate : D. HAMANE

B MR I E OSSO G R FBTH 2,
LIS BhE ARETIE, BTERLALTOEBGZBET 220, &
STRRERL & BB Ly T T MR & A . MR O
R WP R T E OBIF LG I BV T, MREERTTE 2479 & e, Bz st o fI A gE L,
REGEANT (3M800 CHIE LM EZ HO 5, AETIE, X# LA AL RETA ZT>Tw 5,
[FHT 2 F D CL A E o5 SRR X 2 A

The Electron Microscope Section supports electron diffrac-

e EWERIGOWITR 21T ) LI, MIAS OB I tion measurements, lattice image observation and microscopic
X L CHae M o fefit, e 27> Tw 5, analysis of various solid materials, with the atomic-scale resolu-

. . . . tion by using a high-resolution electron microscope and an
The main purposes of the X-ray Diffraction Section are struc- . . .
. . e . electron microscope with an X-ray micro-analyzer.
tural analysis and identification of powder and single crystal
specimens for solid state physics. By using a 4-circle diffractom-
E:

200 kV BRBEF 2T EFBEMIE. 200 kV BFBEME (LaB6 5 1 7).
B8 - BRRILY — ERA AV E— LB, SERHERDOHDEL

eter equipped with a warped imaging plate and a refrigerator
structural analysis is performed in the temperature range of

2-300 K. DEE

Main Facilities
EERR 200 kV electron microscope with an X-ray micro-analyzer, 200 kV
mER X#RETEH CCD YR T Ly A A=Y YT T L — hEXIREHTE electron microscope with a LaB6 gun, High- and low-temperature
MRXRETERE, ZTTAXS, VARINILTAAS holders, Focused ion-beam milling, and Various apparatuses for

Main Facilities sample preparation.

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

SRR X =077 L — MR XIRETE 200 kV BERETZTE F IR G

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 B8 K ZFKIA Contact Person : Y. IYE

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

# Y B 8 FEH ZET Contact Person: Z HIROI
mirEmABe LN ® Technical Associate : T. YAMAUCHI

AETIE, WEHOEANIEE TH 5 BAMNBAITEE
Z, EE X OGN CHEPHICO > THET 5 & &
T, BEERF I RE, PRR R S, R R Ak
17 & oidii 2 TN o L FRFICAE L Tw 5,

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

tory phenomena, a.c. susceptibility, magnetic torque, and NMR.

2

15/ 1 7T7ATBEEYTRY M ATV Y NS FITBEEY TR Y
E(NUDLTU=)16/18TRZIEH—BIREYI XY ~ (NMR).
SQU | DEMLAIEEE (MPMS), REYKERNEEE (PPMS)

Main Facilities

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

RRUFIERAIERE
SQUID magnetometer (MPMS)
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Spectroscopy Section

#H Y 8 HE #<Z ContactPerson: H. TAJIMA
B YR E XK & Contact Person : T. SUEMOTO

PAED & 2 e F BB 2 i AL AT S+ e[
IZfEL T3,

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

and Raman scattering.

Bt d
FREANDARES, RADKKER SV ER. RRAZE/UL
AL—HF=HR NXUL>YI—F—

Main Facilities

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

FRIERER
Spectrometers (Room A468)
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PR IEE I ISR, UG A DT % R
O2DT, JRTOHLICH BFETHPZD D IC
HLBTDOOL WHENERIELA). 2D
WEZAHLTWEICL 20Ol S h
FHEMEL, WENORFPHAE—XA Y O
BLFN B DR 7% A1 % FEBR k% Trp k7
By & \vd, WEPFZERT O kT REA bR
T3P BOLIERR I X 2P D - D D4
LA 2 #fE LT & 72, B, HARE T
WL B FE RS O W8 F 797 JRR-3 12 K203
B9 2 b AL E 13 14 B2 A, et
Il LA o0 BB 1 4R RS 300 3R, 6,000 A - H
WL T\ B, MfERE O FEE T 2 4 E L E A
XD, EiREEEEOME, 77 AL —F
U 7 M0 H O FE 5% AR5 DRk 4
BEEEROIZER IZ L ® & LT, HEERR D
e, ST anA FoffibeHins,
ARV O EREE L B0, Rl N—F
2FUTALEY 7 T P LETELIRIL
WYIE M B SRR 3 T L2 b T
BAIfTbRTwD, o, Yl Tid HXi
TS T T HGLT Y ) O FEMEEBI L LT
TEE) L. TeosHE o k- EELITE o R I Bk
LTw3,

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

BARRT O JAEA) O ERR
FIFJRR-3 ICRE S o hiE FRELRRE
B, 8ADKRBREEBEMNKFLE—LILICKE
ENTWS, Fleo TORFFEHS 2EDHR
PUHEFEE L 3RO ST HFEENRDOLT
micslEHEn, BEI 301 PR—ILic$H
52 4B80HEFE-LARRRER ICHET
EHIEL TV S,

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

# &’ (BRR)

Professor (Director)

£

Professor

HEER

Associate Professor

IR

Associate Professor

HER

Associate Professor

R (B8

Visiting Professor

Sl Fesh B # mF BRRF
Mitsuhiro SHIBAYAMA Research Associate Maiko KOFU
=E B # MR HE
Hideki YOSHIZAWA Research Associate Yusuke NAMBU
= & B % EAHE &
Osamu YAMAMURO Research Associate Minoru SODA
T = B # BH EX
Taku J SATO Research Associate Kenta FUJII
A R KiErIE ‘R OE&X
Takatsugu MASUDA Technical Associate Toshio ASAMI
BR & & B A JIENIE-278
Takashi KAJIWARA Technical Associate Yoshihisa KAWAMURA
i E 2 BN
Technical Associate Ryosuke SUGIURA
£ 8 KE B
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Shibayama Group

V7 by —tii, BrxoHONHY oY ERYE %
WS 2 TRov v, WH - Mo L Th 5, Wk
PBIEBEYE Z EDN— =¥ — Tl EECmER &
V) BRERBR BT IC B W TR BN AR R T oI L, v
7 b=y —TIEEIR - EHEAE THKRECYEEZ R L
Sk E BT, RADWRETIRY 7 b= —D
RETH 52— FHiaHBER—D MR Lz HIE L
TWw3, BOETIE, 7 VoMTEE - HER, 18— to
W7 EDIEh, BRNZNFIEEZ L OIS 4
SR7 N DBESE & REGERENT - MTEDTZE. WEISICE T 5
SOtk EREEMB. A A v 7L DBEFE L RGERRT -
YIS 22 & 217> T %,

U B R ITALE I E /N G H 7L SANS-U %
HDMC | B G RGELEEE (SLS/DLD ALV-5000), /)%
BPEEE, VAX == E2HWT, V7 b
Y —DF ) — ¥ — DGR, 7/ B o BTHET
DA F I 7 A%EHN—=LEZBIAESHEZERL T» 5,

&l 75 B @K

Mitsuhiro SHIBAYAMA  Kenta FUJII

6y Bh#

Professor Research Associate

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

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.

—BERATICHZ T/ AVRI Y ML ONEREFEE. (a) T
HEIROEHE (MIEME). (b) AV M FANEFEICLD, VL
A BOFRD. WEDOREMRD Z M U RO BEL R K
Scc. Spp, Scpo

Small-angle neutron scattering (SANS) of uniaxially deformed
nanocomposite gels. (a) Photographs of undeformed and
deformed gels (7x). (b) Partial scattering functions, Scc, Spp,
and Scp extracted by contrast-variation SANS.

1. WEEESATIILOBEE Y1 I v IR, KERERE. VIL—7 L&
Structure and dynamics, phase separation, and sol-gel transition of functional polymer gels

2. BRNERFTINDOERAN =X
Deformation mechanisms of super-tough polymer gels
3. MENGTOSF /INIILYavELCIILOBESEEL

Structural evolution of nanoemulsion and micelles in flow field

4. A 72T DT & BERIT
Development of ion-gel and structural analyses
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Yoshizawa Group

BB EBRAYORTRE - fkidEEgiz, Ay -
A - T - WOBIREER EEREICEE L T 2B
ELTRELTHZEDBAICHIESIN TV 5, MiF%E
ETRERSEBRLY ORTEM - PLUERT LT R X
ORGSR & BXiEE L Oz & 2 hiE - 3EL 2z b
HEWLTRKMICHZEL Tw3, £EToRIZ, HARETH
WFZEBH MRS (JAEA) ORFZE 1 3%iE & L - Pt ge i
DT NEROI LD 1 ATH B, PiEFEELIEET
. 2O X)) RokE AR L CWE O FERMEEGELA <
7 bPVEERMET 2, A FORNIE, i fsE %2 R 3 8
BRI D—>TdH 3 Laz,SrxCuOq & LD &l bk %
2 Laz4SraNiOg D RICBWTHHI N E 2 F 54 7k
D R — 7BERENE %2 x=1/2 £ TOE F— 7#RE T
o LR S oA r 94 7THRFEOWIEE L 2 b
4 THEDZ 4 7DD R — VEEEREEZ TR
LcbDThs, ALT74 7THRIF &ML ZHEERT D
RBIREIZ & DI 2=1/3 THKZ R L =dH LD ICiEd
2, $7A N4 THRIFORIFEIEH — VI ICHE L <
INDS2 03, FEHIC RT3 & 2=1/3 DR TR#EN 2§
nzRL, 2=1/3 DREORKEZRIZ LTS, T
DEHIBRANTA THFIFEIREBEEREYIE» ) TR
SV IRKERITLER BB THEL Tw 5 Lok
EDWETHS I EN>0H 5,

T Ry
Hideki YOSHIZAWA

6

Professor

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

metal oxides.

BARRFHMERAERE (JAEA) DFRIF JRR-3

ICERBES NI D 3 MBI PIEFOIEeR.

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

Ibaraki.

1. EBERRYDRT ER - BRAGREY. ZORICHRY 2HIKF -

R, SrNiO,4
T T T T
500} i + ]
BRBEEE R HRIEYO—DT ! Py Y
%% Lar,SriCuOs L AROFESRME  400] ®®®R=Le 6o 1
EEHD LagaSrNiOs DR lc s\ € ¢¢¢R=Nd ;
TENSNER RS TRFORK— o ©© Tranuadactal.
TREKSE, 2 b5 TRFORE 2 SO0 3 ; ]
BRI LB L RS OB REE x=1/3 TAERLES 3 ¢ Téo |
ERDICERT B, KEANTATHFEORRIE x=1/2 & TR=T 2'200* o + E
BREOELNICIRFEBERE Lo TH. FElICRTr2Ex=1/3 2 o .‘ & ‘
DR THENBINERL x=1/3 OREORKIEZRIEIET 1000 20 02 ; ; TN
W2, CORERIREWNE. ANTATROF v UT—BEDE o i F 33— 2
L BRNH 5 T EAR—LHROAEERN SRS N TS, O bbbt g e
Doping dependence of the stripe ordering in highly-doped (1)) R 1‘ 7777777 111 777777777 -
Lay_xSrxNiOy, which is an isomorphic compounds of one °>'), i //6 s
of High T¢ cuprate superconductors Lay.xSryCuOj4. Unlike E 0.4F w ,/.‘ w ]
the expectation from the previous studies, the transition © [ “f,ﬁﬂﬂ‘ 77777777777
temperatures of the stripe charge and spin orderings exhibit @ 0.3 o } 1
the maximums at x = 1/3, and decreases above x = 1/3. The & o7 1
periodicity of the stripe order is approximately linear in x, E o2t e ‘ ! 1
ati ) inearitv c — E ! ®R=la
but the systematic deviation from the linearity around x = g e : -
1/3 strongly indicates that it is related to the change of the £ 0.1p 7 poe ::_{_ Ndd ]
carrier concentration within the stripes, being consistent ’ P anua‘ae a"

with recent Hall-coefficient measurement.

o0 0.1 02 0.3 04 0.5 0.6 0.7

Hole concentration ny, = x + 23

BEKRF - PUERFR EQOHIETFRELIC & 2%

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

2. BILERICBIT AV EHOD

2,988
ZE

DHAREIITTE

Microscopic study of influence of spin fluctuations in magnetic superconductors

3. VS AL— NBEEAEERICHT B RFIRE DR
Lattice dynamics of thermoelectro-clathrates
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Yamamuro Group
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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.

1. ASREB, RYYE—IRBREDTRAUEEROT 1 I IR

= & HF FRIRF
Osamu YAMAMURO Maiko KOFU
IR B

Associate Professor Research Associate

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

5 T T
TbCuC,D,,N,0,5- C;D,0
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Ao/ meV

FLEBEDFHAOPEFIERERELANRT Mlo 1.7 meV & 12.3 meV OBS
il £nehn To-Cu 1 A VEOKIEEEER E To 14> O—#WMETEICE
ESIERR

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.

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

2. KBLUBEEVE (BKZIAMBRLE) OBEETA(FIIR

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

3. BRAAVBREDHNZHMEE T A F I

Thermal and dynamical properties of room-temperature ionic liquids

4, BRFHADAEY YA FII R
Spin dynamics of single molecule magnets
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Sato Group

HE L2 D TRER T O 2 E v RN E X OVHEY 2 iF
LT3, L OYWETIHERTAE EEET 225, &
IIFBATA 7 5 A P L — a v ORIRPRETAIS, Hic
D FHEE L DOFREETIC L DR S & &1L FERR
BERNTHAPES, 20X BWEBOR S DK
ZIh6dHobNRREBIRZMRIT 2 HPHNTS 5,

BOEOMFEH & LT, $RBEERICE T 2 A V)
OB Z N 2, SREEERRIE 2008 FICH RS
NFHLVBEEYERTH D, WY R8s E
FIZ R CE OB ERBRE %2 R 35 o KTt
RED SN TVWE, WA IR BLEERD 1 OTH 2
Ba(Fe1-xCox)2Asg RICBIF B2 A VAT F LD
Co IRE (BT F—7) KEEEZHANT, MICHYE
(x = 0; ol FFE S 58 1k M 44 ; T - 140K), @ F — 7
(x = 0.06; T = 26 K), ~E — F— 7 (x = 0.24;
JEHEEE ) @ 3N B 2EMIE A X7 P L ERT,
T>Tnor Te l2BWT, x=0 LW x = 0.06 ks
HWOBWFREZ R THE MM, BFF—7%ED
HEEZEAICEL 7 x = 0.24 OB TIEDZ 2L
F—RAEVREES BN adro, 2o DR
FEEE L 2 VR OBE, HICIZE G & o
ZECRBL T2,

Bz i3 Al b A 3 A& B SORBEER, 7RG,
HERE GRS ORE SR ZE, SRR, RS S E R
B X UH L i EL GEORFE D fTo T 5,

T IEEMEREL T/ Ba(Fe1xCox)2As2 DEIFERIE, (a) x = 0
(B9E) HABcxdd3 Q=(1,0,1) TORERER, (b)x=006 (&
BR—7H#ER) SARHCHT S Q=(1,0,1) TORAERER. (c) x =0.24
(NE=R—=T7#m) FHEHCH T2 Q = (1,0,1) TORIERER,
Dynamic susceptibility obtained by neutron inelastic spectros-
copy on Ba(Fei.xCox)2Asz. (a) Dynamic susceptibility of x = 0
(parent) sample at Q = (1,0,1). (b) Dynamic susceptibility of
x = 0.06 (optimal doping) sample at Q = (1,0,1). (c) Dynamic
susceptibility of x = 0.24 (heavily doped) sample at Q = (1,0,1).

1. EEEZFOFAPRYEDRF. AEVITAFIIR
Atom and spin dynamics of quasiperiodic systems

2. HEEAN 7 TR KL —K LTWEZAEYROBSIEED
Spin fluctuations in geometrically frustrated magnets

3. MERYMERIYMERRE K OHIEFEELIC & 251

2"(Qu) [arb. units]

x"(Qu) [arb. units]

Intensity [counts/20min]

w
S
3

200(b) x=o.oai‘§ t H

=
3
I

200+

==
‘ ? /
EE = FIER HEse
Taku J SATO Yusuke NAMBU
HEHIR B

Associate Professor Research Associate

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

Here, as an example of recent studies, we describe spin excita-
tion measurements on the Fe-based superconductor. Fe-based
superconductor was discovered in 2008, and because of its
second high transition temperature next to the cuprates, it has
been studied intensively worldwide. Shown in Figure are the spin
excitation spectra in Ba(Fe;-xCox)2As: single crystals, where x = 0
(parent itinerant antiferromagnet; T ~ 140 K), 0.06 (optimal

onset _

doping; T¢ = 26 K), and 0.24 (heavily doped; non-super-

conducting). At higher temperature T > T\ or T, the dynamic

i

susceptibility shows quite

normal behavior in x = 0 and

® T=140K
m T=250K

*|(a) x=0.0 0.06, in the heavily overdoped

x = 0.24 sample, where super-

N
8
7
—e—

conductivity is completely

~
S
I

suppressed, the low-energy spin

o

excitations are also completely

— suppressed. This result strongly

suggests the close relation
between the spin excitation to
the superconductivity, and to the

ot i%
5§@ :

Fermi surface topology.

We also work on quantum

o
~
ad
o
®
3
N
=

E [meV]

Kagome systems, molecular

magnets, and quasicrystalline

® Q=(101)
A Q=(1501)
magnets. In addition, we also
work on related sample prepa-

ration and crystal growth, and

HB3

development of the new neutron

scattering technique.

E [meV]

Neutron scattering study on new materials with novel physical properties

4. HEFZERWH L WREBRFADRRE

Development of neutron scattering techniques
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Takatsugu MASUDA Minoru SODA
Masuda Group e B3

Associate Professor Research Associate

AMRETIZ, BRIGAE VYR, 79A L —> 3 v Quantum novel phenomena enhanced in low dimensional
F. AV PSRV —1 Y. BTHROmMOBEEEIC spin systems, frustration systems, spin clusters, etc are studied
B 2H L WIREER . MIEAIR - L 2 W - by combination of material synthesis, bulk property measure-
FEEHD 35D TR T L T, w2 ments, and neutron scattering in our group. While in classical
EYATE, 1Y P aE—2MAEE 570 IR TRk dimensionality and quantum effect disturb the ordered state.
FAALd 223, &XouEe R FIHEE I z2HE T2, £ Geometrical frustration induces multidegenerated ground state
77A ML —vavi3SimREORKRELZ 6T that leads to quite sensitive to external perturbation. Conse-
O, BB EO/N BEERICIERICEE R 6T, quently various types of spin liquid including RVB, VBS, and
CIS OFE. RVB. VBS. BTk & O&FER E Vil Tomonaga-Luttinger liquid, and exotic ordered states accom-
k. FFIEGET 2 b OO A C v kI PE A3 i < panying spin liquid-like behavior are achieved. We synthesize
Poo FORIEATHBLT 2. Hls, SN s Frapil PIRE the magnetic susceptibility and heat capacity. Furthermore
FET 2WHZGRL ., WL - e EOREZE 4T > T taking advantage of our own beam lines in high flux neutron
W3, o, KEEPETRICE-—L74 v 2HLT source, we identify the magnetic structure by neutron diffraction
WAREZED L., ARG REICARR 2 p i+ mlHr and we directly probe the microscopic dynamics in magnetic
L. ueV~meVOWENED YA F 2 7 A% EERIC materials by inelastic neutron scattering technique. Our goal is
P10 — 75 2 b TIEME L % T B R R O to reveal nature of novel quantum state by measuring static and
S5k TS 2 5 5ic 3 B I A HEE L T\ 5, dynamical structure of magnets.

systems spins culminate in long range order upon cooling, low

magnetic materials that realize these novel states and measure
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s W ® 0 REBRD T OWSME. RHIES=1 ZBEHETL,
| cf Gl - — . (a) Crystal structure of nanoporous Cu complex CPL1.
F i B e i T ® N (b) Structure of adsorbed oxygen molecule in porous.
e .. I 2 La @ Adsorved O, (c) Magnetic 4excitat.i0n of the adsorl)e?d oxygen molegulgs
T V0 e a observed by inelastic neutron scattering technique. Solid

curve is S=1 dimer model.

1. 72 A~ L — MEEAROBSEE S HRURRE
Magnetic structure and excitations in frustrated magnets
2. R EFHIEARDERER

Search of new quantum magnets

3. BERBRERADEIRE

Magnetic excitation in supercrystal of oxygen molecule in nanoporous metal complex
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Takashi KAJIWARA
BEHIR

Visiting Professor

Single-molecule magnets (SMMs) are a class of metalorganic
compounds, which were discovered in the early 1990s. SMMs
exhibit hysteresis of magnetization upon external magnetic
field even though they have no long-range cooperative inter-
actions. This behavior originates in a large magnetic moment
and uniaxial magnetic anisotropy, which gives rise to a double-
well potential of the spin-up and the spin-down states and
relaxation phenomenon between them. To achieve better SMM
features, introduction of the heavy lanthanide ions (Ln) such as
Tb and Dy is becoming popular because of their large angular
momentum in the ground state as well as a large uni-axial
magnetic anisotropy. We are developing the method to achieve
the large magnetic anisotropy by designing the ligand field (LF)
anisotropy, which leads to a large barrier for spin flipping, A/kg,
as large as 400 K even though the complex involves only one
Dy(III) ion as a spin carrier. We are also measuring the neutron
scattering of SMMs to investigate the energy scheme of spin
states and magnetic relaxations including tunneling effects.
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The aim of this laboratory is to study the physical
properties of matter (such as semiconductors,
magnetic materials, metals, insulators) under ultra-
high magnetic field conditions. Such a high magnetic
field is also used for realizing the new material phase
and functions. Our pulse magnets can generate up to
80 Tesla by non-destructive way, and up to 730 Tesla
by destructive (the single turn coil and the electro-
magnetic flux compression) methods. The former
serves for the physical precision measurements (the
electro-conductance, the optics, and the magneti-
zation). The multiple extreme physical conditions
combining the strong magnetic field with ultra-low
temperature and ultra-high pressure are also available,
and are open for domestic as well as for international
scientists. The magnet technologies are intensively
devoted to developments for the quasi-steady long
pulse magnet (an order of 1-10 sec) energized by the
world largest DC generator (210 MJ), and also to
a 100 Tesla class nondestructive magnet. Whereas,
the explosive pulse magnets capable of generating
over 100 T are oriented for new horizons in material
science under such extreme quantum limit condi-
tions. Development for 1000 T-generation by means
of the electro-magnetic flux compression method is

also our mission.
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Professor (Director) Koichi KINDO Research Associate
B B Rl IEZEB B #
Professor Shojiro TAKEYAMA Research Associate
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Associate Professor Masashi TOKUNAGA Technical Associate
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Associate Professor Yasuhiro MATSUDA Technical Associate
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AR RHE #®A KITEPIEE
Associate Professor Toshihito OSADA Technical Associate
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Visiting Professor Weihua JIANG
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BE #a

Visiting Associate Professor Tetsuji OKUDA

2R GEAES)

Visiting Professor

L JAVIY
Yongmin KIM

* ERIR S IEFZORRE & HE

concurrent with Division of Physics in Extreme ConditionsTheory
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Akihiro KONDO
R K
Daisuke NAKAMURA
mno #&

Koushi KAWAGUCHI
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Hironobu SAWABE
WE &

Akira MATSUO

HRERDT FARA — IS EERKEBRONAEE, OEHDESHELTT
FIF—EEET DI EHNHER. BA460rpm TERIES BRI HE S
IXILF—N2I0MI TH 2. RAENIE51.3MW ICHEL. ZORRIER
KEBEM 27KV RAEFH 19KA 2> TWB, TOFRBEER NS Z & T,

JCULRIEDH 1 W & 725 60T DS ZHRET B2 FETH S,

A picture of the largest flywheel DC generator. This generator can sup-
ply 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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Time dependence of magnetic
| field by using flywheel-DC
1 Il 1.2z 113 114 115 generator for long pulsed field

Lim [k

1. EFRAEY RME ORI
Study on magnetism of quantum spin systems

2. BERCEYEORN B DR

T8 E— EEE RaA
Koichi KINDO Akihiro KONDO
% EUE

Professor Research Associate

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

1. Short pulse magnet: Pulse duration 6 ms,

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

Short pulse magnet is used mainly for magnetization
measurements on insulating materials and Long pulse magnet is
used for magnetization and magneto-resistance measurements
on metallic materials. Our magnet has been breaking the world
record of non-destructive magnetic field and we continue to
develop a new magnet aiming at the new world record of 100
T. We have installed the flywheel DC generator on May, 2008.
The generator enable us to generate long pulsed field with the
duration of 1-10 seconds. The longer pulsed fields can provide
much better conditions for precise measurements that had been
thought to be difficult before.
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= a2 i
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T0TX TRy ke
LaCoO3 D#i{LiBTE.
Magnetization process
in LaCoO3 by use of 70
T magnets

Study on magnetism and conductivity of strongly correlated electron systems

3. FEWIE 100 TRV Ry ~hDRFE
Development of non-destructive 100 T-magnet

4. BOYTINNVAR TRy ~DRFEF
Development of ultra-long pulse magnet

THE INSTITUTE FOR SOLID STATE PHYSICS 2011



[l Bk it s Pk - I e
International MegaGauss Science Laboratory
http://takeyama.issp.u-tokyo.ac.jp/

5k 1 f 7E =2

Takeyama Group

100 7 2 7 DL b o>t i 5 5 A BT R 7 & b ik ik
IREREE T TR 2 ML DORRIIIE 27> T %,
BoFATEE LT, BT R VX — 2 A L TR
fifiz 4T ) TEBRNELE) & B a A L ICEEAER
WAL MM, 23T 2 T &I a4k 2

HLTw3, MEEREE T3, T TIcENARER
B4 730 7 AT ZEBLL Tw AR, HICEWIGSFA

L X DK LSS 2 S o YR 2 H S L - WF2eE
FaMDTws, T—&EF a4 Vik Tk, BERGOT
A X D, BB X O %Z 22 L, Ml EIcL —
Y — % o 2 EROEAIIE I, MEEL T IR A A A
AEbE ARRBAE, X7 7 4 N—Z2FH L 2B
FAHECH TS, T—&Ea A )Lk TIEHEBME
%wMihEﬁﬁén\B;%mm%x?if%ﬁ%%
ZiToTWw3, MFRETIE, 20X ) RlEmES R

MRBEE T T, A—RvF/Fa—7, V7937209
AR 7 WG T O RIS KOG IS B IREE O g
77 A b L—FETAY VR & oIS RGALE
FROMIAL EZiED T2,

il].l_‘_

ﬁm IE_ER

R K
Shojiro TAKEYAMA Daisuke NAKAMURA
% B
Professor Research Associate

We are engaged in developments for generating ultra-high
magnetic fields above 100 T, and pursue the solid state science
realized under such an extreme condition. We employ two
methods for the ultra-high magnetic field generation, one is the
electro-magnetic flux compression (EMFC) and the other is the
single-turn coil (STC) method. We have established a new 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. Further developments are underway for achieving
much higher fields, more precise and reliable measurements
for the solid state physics. The horizontal and vertical (H- and
V-) STCs are used for more precise measurements up to 200 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 high-field magnetization processes of the magnetic
materials with highly frustrated quantum spin systems.

BHEMEEICELD 600 THL ETHAESINL TS A ML — N REXR LR
ZnCr204 OBREISHALBIZ. (a) 7 7 57 —EEH 5185 n{L:BE. (b) 635
nm O L —F—XORIGEEDZE(L & Cr DR d-d BB (*Ax->*T2) RUREF -
RO/ -/ LT IAIHET BRPARY NLOBIGZIC K BElL (AT
Ao ThlE. 42 K EWSERYHEAE TITb N RRERIS O LHNGT—
T THD. MIARIAEICEL > T, 410 T THEMABICASHEIIC 350 T LLETH
UWESIEN S 2 2 e RENfce THIBRCAIERZ T TlERATERD > e,

Magnetization of frustrate spinel ZnCr,O4 measured by the Faraday rota-
tion method in ultra-high magnetic fields of up to 600 T generated by the
electro-magnetic flux compression method. (a) Magnetization curve (b)
change of absorption intensity at wavelength 635 nm in magnetic fields, and
the inset shows the absorption spectra of the intra d-d (*A;->%T,) transition
of Cr and an exciton-magnon-phonon replica (EMP). Magneto-absorption
was used as a tool for identifying a novel magnetic phase transition at 350 T
prior to the ferromagnetic phase above 410 T, which cannot be detected by a
conventional magnetization curve.
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1. BUREEMEIS A & YRR R R

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

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

3. BRI ISH(LEE

Magnetization processes of magnetic materials in ultra-high magnetic fields
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1. ¥ILF 7 04 v IV EOHIGHEEERE
Field-induced transitions in multiferroic materials

2. BRBLEAOBESYIE

High-field studies on high temperature superconductors

3. JNLRRBEIS T IC & 1T 5 =R R IR

oK g8
Masashi TOKUNAGA
HEHIR

Associate Professor

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

As one of the cross-correlated phenomena, we study field-
induced complex transitions in multiferroic materials, in which
ferroelectricity coexists with magnetic ordering. Our researches
in pulsed high magnetic fields revealed the presence of a novel
multiferroic phase in manganites with perovskite-type struc-
tures and clarified the presence of significant magnetoelectric
coupling in BiFeO3 up to 500 K.

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

in magnetic shape-recovery alloys.

INBYLAR TRy b EHEDEEBERALBEBHRERI AT L XTRY
EFBHINY D LBEETREIL TERTY %,

The high-speed polarizing microscopic imaging system combined with a
small pulse magnet. The magnet and the sample are cooled down using
the closed-cycle cryocooler.

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

4. BIERRREREE ORISFHERER

Field-induced transitions in magnetic shape-memory alloys
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X-ray absorption spectra (XAS) and X-ray magnetic circular dichroism
(XMCD) spectra near Yb L3-edge in YbInCuy at pulsed-magnetic fields up
to36T.

1. BREISTRIEIC & T SR ORSFEREBIRSR

TRH  BR3A
Yasuhiro MATSUDA
HEHIR

Associate Professor

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

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

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

Magnetic-field-induced phase transitions in magnetic materials at megagauss fields

2. BES X B KIC £ 2/ L BRIEARDOCEEF-BHEE FHB DA
High-magnetic-field X-ray spectroscopy study on correlation between conduction and localized electrons in rare-earth

compounds

3. EAEER DRISFEFTRE DRER

Quest of novel high magnetic field phases of solid oxygen
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Weihua JIANG

EEHIR

Visiting Professor

High energy-density states generated by using pulsed
high-voltage and high-current are used to create extreme condi-
tions with high temperature, high density, high pressure, or high
field, which may have special applications in fields of solid-state
physics, astronomy, radiation, and accelerators.

By using pulsed power technology, which compresses certain
amount of energy into a very short time period, very high power
level can be achieved. If its time scale is shorter than typical
time required by processes of energy dissipation such as expan-
sion, conduction, and radiation, instantaneous high energy-
density state can be obtained.

We concentrate on the process of electrical energy storage and
release from M]J class capacitor banks. It is part of the efforts
toward super-intense magnetic field being carried out at ISSP.
In addition, the behavior of the magnetic coil is studied numeri-
cally in order to understand the energy coupling between the

pulsed power source and the load.

BEH #A

Tetsuji OKUDA
BEMEHR

Visiting Associate Professor

I study an effect of interplay of charge, spin, and orbital degrees
of freedom on thermoelectric properties for various oxides
such as oxide semiconductors and strongly correlated electron
compounds, and search for a novel good thermoelectric oxide.

A very high magnetic field is a good perturbation directly
affecting the spin degree of freedom. Since high degeneracy and
fluctuations of spin and orbital degrees of freedom are thought
to be one of origins of thermoelectric properties, we can clarify
the mechanism of thermoelectric response of oxides by breaking
the degeneracy and suppressing the fluctuations by applying
a high magnetic field. I will make a system for measurements
of thermopower and thermal conductivity in a pulsed high
magnetic field and measure thermoelectric properties in the
high filed, by which I will investigate in detail the role of spin
and orbital degrees of freedom in the thermoelectric proper-
ties for oxides and search for a novel guideline to create a good
thermoelectric oxide.
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AR & T BHEEOGY: - WARR R EDWIZE 2179 o
777 232 OREEEFINEICER L 2R E D
PP & T84 RSO B D 6T O HIR % o
TWw3, 797 xR RBEEEFEOAMYIEILZ Z
FRT LI EBHSNTE D, REW L BTN
ZWiT 5, ZOREOERD -0, D SiO2 % bk
RLI ARV Ty N 77720 ” 2E8T 2%, 8
2Ry bEFTANILCT BT ET, DR L RIMNTH
DAMYNC X 2 ELAIRZ RO A 781 b a v
BIHITTEEIC 2 %, 10 mm x 10 mm DK ZI AV A4 XD
CHARVTY R 7972 2L, ¥4 7u 0w
> LG & WE SRR R O WIE 217 9 6

CVD & ALD 312 X >T ZnO-ZnMgO + / 74 A7 L
ary VB i EERL, F 2 avy s bl
ZBRAE LTV AR TR T OMSRIRE R 2 R B, W
L c i3 B IE MR AN TS AMEIT 5, 59
BT T I 7 - R—LRH, MG TR E
FHREGATE T TORFF—LIRIZ O THIEZIT I,
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L JAVIY
Yongmin KIM
NAEABEHKR

Visiting Professor

Magneto-optical and magneto-transport studies on graphenes
and ZnO based nano-structures will be conducted in pulsed
high magnetic fields.

Graphene has attracted a great deal of interests in condensed
matter physics due to its novel physical properties and possible
electronic applications. It is well known that the carriers in a
graphene undergo unnecessary charged impurity scatterings
located on the surface of the substrate. To avoid this problem
we use a suspended graphene in which some part of SiO; was
etched. It is expected that by focusing the irradiation light at the
center of the suspended part of the graphene, the interaction
between edge part of the graphene and the charged impurities
on SiO; cannot affects the cyclotron motion of the carriers at the
center of the suspended part. We are able to prepare a suspended
graphene as large as 10mm x 10 mm or even larger and aim to
measure the cyclotron resonance and magneto-resistance.

We are fabricating ZnO-ZnMgO nano-disk and core-shell
type nano-wires by using a CVD and a ALD technique. The
magneto-transport experiments can be done with nano-contacts
on the nano-wires. By applying magnetic fields along the wire
axis, charges undergo spiral motion around the cylindrical
quantum well. We study the Aharonov-Bohm effect at low fields
and the quantum Hall physics at the extreme quantum limit.
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Center of Computational Materials Science

YERIED HIVIE, ARIICIEFE IS B O
JREFED S R 2R OWEE 2 REH»T 2 &
Chb, 20 L) RMEICNT 282 RME%
AN DO 72 TS 2 L IEATRETH b, T
FDaAavEL—IN—FI72T7TDHEIZED
7o C, RBUBEUEGRI R X 2 7 7’0 —F D35k
Ao DITBRDO I E VWA B, avE 2 —
8 2RI L 7R PN & > T, Ak
R - RN B 2 ' TERABR e EYE
YyBEE O FERE N 7 R & . EER T NA A%
R RRRLE R I B 1T 2 EAR SO0 7% &Rk E
FEIGHICHE RO 2 LIRS N 2 ISR IC
B2 FTNCHIPHICE O TERERBRIZEED -
Tw3, LHL, AT, BEON=FY =7
BFED b L v Fidisifb (= E 2 D % #dl)
ThHhoT, ZEZWR BER7 /ey ELT
FAZE O KMBGSIGHRRE Tht, 13 64 T @
a7 oINS, L DaTicwuhic
BRI R % 2 S 2 0055 Y E A
FEICB I BIBRFEE HoT0d, Ay —
TiE, TR . YIEDIETLEFH A S a v &
R L § aMkA REtEERZIGH L T Zo#
IS LA TV S, E 2071,
AIREMERE 2 S 2 =T« O TH 2EHEY
BREA =774 7 (CMSI) Oif#h% 34 L
TWwa,

The goal of the materials science is to understand
and predict properties of complicated physical
systems with a vast number of degrees of freedom.
Since such problems cannot be solved with bare
hands, it is quite natural to use computers in materials
science. 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, supercondicu-
tors, and superfluids, to the ones with direct indus-
trial applications, such as semiconductor devices
and electrode chemical reactions in batteries. In
the recent trends of the hardware developments,
however, the clock rate of each computing unit is
not improving any more. The growth of computer
power is mainly due to the growth in the number of
the units. For example, "K-computer"”, the massively
parallel computer being build in Kobe as a national
project, consists of 640,000 cores. This fact thrusts a
very challenging problem before researchers --- How
can we break up and assign our computational task 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 supercomputers.
We also support the activities of CMSI, an organiza-

tion of the materials science community.

[

* — = sokok
BB (Evy—§) BT BEA B %
Professor(Director) Shinji TSUNEYUKI Research Associate
#E@evy-0" )IE BRE B o™
Professor(Deputy Director) Naoki KAWASHIMA Research Associate
sokok = ok
BB =H RR B #
Professor Yasutami TAKADA Research Associate
= sk
RHEHR BE B B #
Project Professor Synge TODO Research Associate
\ *okok sk
b ed 2H & B %
Associate Professor Osamu SUGINO Research Associate
y sk — %
B FO &E& B %

Associate Professor

Hiroshi NOGUCHI

Research Associate

LG hixEErmE HTHE X
Hideaki MAEBASHI Technical Associate  Hikaru KOUTA
EH #®n FizEErme )] {2
Yusuke TOMITA Technical Associate ~ Nobuyuki KAWAGASHIRA
2 A PXESPHE =F EF
Hayato SHIBA Technical Associate  Atsuko MIURA
FO RE sixEperma 2 #A

Yoshifumi NOGUCHI
B EE
Hiroshi WATANABE
Nz e

Yoshiki MATSUDA

Technical Associate

* B RMEREBLER & FIE / concurrent with Physics Department, Graduate School of Science

ok B RS EHIMEER & HHE /concurrent with Materials Design and Characterization Laboratory

wkx YIEIBERIAZTERPT & H1E /concurrent with Division of Condenced Matter Theory
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Center of Computational Materials Science

e S WEFE 52

Todo Group

BTy T ANVadkg EOFHRYHYED FiEZ v T,
HYPAEY R LICH S N2 HE 2P IREE & &R
BHRRZMIAL T2, BF06 T0HRIE, MR
PHEHOER OB, 7 A7 ST B W RIS B
ThHb, 2ITlE, MWEOBREIFrICEL, BT
LEWIDACVHLEPHBL, AWICHi) ZLDTE
BOIRIENFEBIT 2, 2o T2Y Uik, 13, JEREMER
MY zEE 2 &, BICRBRERSETESHBIT 2% £
W OBGNER &3t TR > Rt 2 R d, 4 ld,
KB a2 —vavickh, BFO6E LELNDE
G FEIC I D EL 2YBBROWVIEZIT> T 5, Ee,
WaAVvEa—2Z2B L0 ETIREHODIVE2L—FD
BN Z T oIc R 2R TR, A -7V —
AV 7 b7 2T ORFEICH HEHELT WY B,

REYFREEBOEFEYTAILAYI 2L —Ya VER, Y1 MERICEDFE
BENCHIE—AY NOEEDHZETRT,

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. BERTEFAEYRICRIT BEFRIEIRE

¥

'j%-
\'

BE BER
Synge TODO
RHERUR

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.

w| | [ L1 ]

L — | 1 I

w2 [ = — LT
T e o i gy R = ]
w3 e ] [ —

I N e S N i I N
[ fws| — | 1| N A | [

Metropolis heat bath BC

RILATEHEYTHIVDERICE T B EAFN —FILERE. AL OHL WA
(BC) TIFZEANE (77 ) HTERICFEHE>TW2,

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, BFH5E. AMSDOBRAICLBHTLEFH

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

3. BT aL—Ya VFEORE
Development of new simulation algorithms
4, Y22 L—yavVYIhvT7OBRMIHLE Z41 T35 U

Parallelization of simulation software and development of libraries
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IR FEBR AR AT R IR~ 7 LR E R %
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SRR O AL - B 24T 9 =, %
IS L 7 5 R O RES S R &
SHMO Wi AT A by 70— 0 YITERRZERTIC
EFE T 2 NEAIEF BT 2Rk 4 5% B
B EBERHE, AL XR=—URHE- 7 7T ¢
T4 LAR— MY 3 ¥EB%21T ) IARINRE
BakEThs, InspBEDMEIZ, 2
NZNHNIET 2 RELEORERDPETE LD,
Y O MR R F 7 13 IERBIRE I X D HEED

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.

BT D,

[

EREER
Chairperson
Cryogenics service

THEER

Chairperson
Machine shop

BEHREBEER
Chairperson
Radiation lab.
NEZER
Chairperson

Library

BEEER (RbyIIL—L)
Chairperson

Stock room

ERREER

Chairperson

International liaison office

LHREREER
Chairperson
Public relations

R RER

Toshiro SAKAKIBARA

2B E—
Koichi KINDO

s 85

Toshio TAKAHASHI

B A
Koichi KINDO

HE #xz

Hiroyuki TAJIMA

B8 E—
Koichi KINDO

mEE =&

Takeo KATO

RMEPIHE
Technical Associate
® T B B
Technical Associate
HEEMEE
Technical Associate
EiMTEME
Technical Associate
RMEPIHE
Technical Associate
MRZEHES
Technical Staff
ARZEHES
Technical Staff
MRZEHES
Technical Staff
RMEFIBE

Technical Associate

& o3

Administrative Staff
* £
Administrative Staff
EBMEER

Administrative Staff

EMHE B

Administrative Staff

=EBHESR

Administrative Staff

EBHMER
Administrative Staff
KA ES
Technical Staff

TE X

Hikaru TSUCHIYA

Bl mF

Reiko SAGIYAMA

R EH

Naohisa KITAHARA

ME EE
Kiyonobu OKABE
g 5=

Jun YAMAZAKI

SH B

Tadao IMAI

BER FHRE
Yasumichi ENOMOTO
NE &=
Seiji MURANUKI
¥FZE BN

Kiyokazu NOZAWA

A BEEF (Mt XRERFRIERAFRE)
Machiko KONDOH

FH #B7F (MtXEERWRERETE)
Yuko HARADA

aE kT
Yukiko ISHIKURO
=R EE
Hideyoshi KOURO
BH MF
Akiko KAMEDA
AR ERBF
Mihoko KUBO
ax #O2

Mizue ISHIZUKA
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Cryogenics Service Laboratory

LA
Machine Shop

ERZEBER HE {£EB Chairperson: T. SAKAKIBARA

EifErMBE TEFE X Technical Associate: H. TSUCHIYA
B B 8 EL ¥TF Technical Associate: R. SAGIYAMA
BAEEPKE JEE E  Technical Associate: N. KITAHARA

IRAL R 3R~ 7 A LR SEEZ MG L. b
HTEIRERMICBE T 29— E 2R F v VR AL EDE
EAAR Y ROEHELfT> T35, WE~NY 75130
MR I T, FRFESL AR ICBIN S, KFKEL
e AR AFEIN L, L CHRIRILICRFIT T %,
2010 FEEDWIA~Y 7 a0 LR LB REIZZNEF N
287,500 L, 202,430 L T&» 5, WAREHEIZINE X DI
AL, L T3, 2010 fEFE DA% % O M2 13
574,500 L £ 72> T\» 3,

The aim of this laboratory is to supply liquid helium and liquid
nitrogen, and to give general services concerning cryogenic
techniques. The laboratory also takes care of high-pressure gas
cylinders used in Kashiwa Campus. Liquid helium is produced
by the laboratory’s own liquefier and supplied to the researchers
and students. The evaporated helium gas is recovered and
purified in this laboratory for recycling liquefactions. In the
2010 fiscal year, 287,500 L of liquid helium was produced as a
total and 202,430 L was supplied to the users. Liquid helium
is transferred from the 10,000 L storage vessel to various small
storages with the centrifugal immersion pump system. Liquid
nitrogen is purchased from outside manufacturers. The supplied
liquid nitrogen was 574,500 L in the same year.

FERMRE Main Facilities
AU LRILEE | () >F) Helium liquefier system | (Linde) 200 L/hr
ANYDLBIEEE I (V) >F) Helium liquefier system Il (Linde) 233 L/hr
BN D LB 1E Liquid helium storage vessel 10,000 L
RAEEREE Liquid nitrogen storage tanks 20,000 L
EUEAY I AAREMEE  Helium gas recovery compressor 190 m3/hr
BBANUDLAHRRR Liquid helium transport containers

500 L, 250 L, 100 L etc.
BORAY I LRERY T

Centrifugal liquid helium pump system 20 L/min

Al i

_

ANUDLRIH. IS LOELRS ETRYT
Helium liquefier, storage and transfer system
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ITHEER £8 E— Chairperson: K. KINDO
BiMEME R &S Technical Associate: K. OKABE
wWEmABE LIF E Technical Associate: J. YAMAZAKI
MExiEwEs S Bt Technical Staff: T. IMAI
TRExEEE B ZEE  Technical Staff: Y. ENOMOTO
WELEES NEB g% Technical Staff: S. MURANUKI

TR, R ER22 T 2 LMoL, v
DRt d 22 HE L FMOBER N Z DR, 2 L TEH
BATOMR LB 2fTo T3, 7, WIRHHA S W
TS IE MR TAE 24T 9 720 OWIZEE TR O RE S
nTws,

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
devices and instruments.

FELHE
WIS @ sy iery—
BIE7 51 28, MBI
A5 e, vy 7 BEERIF. BERINIE.
TAVEY RNV RY —

FhEhERE. BRBER. 7540 AB. R—)LE

N C e,

A ZATHEE:

ARELMEE :

Main Facilities

Metal shop: Five-Axis Universal Machining Center,

Numerically Controlled Lathe,

Numerically Controlled Milling Machine,

Electric Discharge Machining Tool,

Lathe for Glass Work, Polishing Tool,

Ultrasonic Machining Tool

Rearcher’s Machine Shop: Universal Lathes, Precision Lathes,
Milling Machines

Glass shop:

NC HEf i & 152
Numerically controlled lathe
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JECS kA B

Radiation Safety Laboratory

HE
Library

HEREBEESR 35 BEE  Chairperson : T. TATAHASHI

EMEMBE BHE HFM]  Technical Associate: K. NOZAWA
(EHREUR EEE) (Radiation Protection Supervisor)

TR RS B IS, MEERRFERT IS B U 2 IR EYE (U
SR HE 2 &0) PRORFEEERE (XHEE2 &
&) DI 31> TR RRIURE D BUR R IEE 2 Bk L
LRzWRT 22 L2HNE L TREIN TS, 20
7o R B 2 2T 7 AU A PESERS & L
T BUREWE PR AL E OB, Z2H LT
BEILICHE ) T & BEFE IR 2 U R E B
W DR, BN RE B IR O EHIE, X AR
55 O 58 WAL D FE M S OV BRI S D713 < FE R
RS WT D ek, BUR BRI D BHEIIME 217> T
W3, Fro, BEITE, U, Th i & OIS ERINEIE
® 22Na FEHRIEZ O 72582 £ 53T & 2 KBRS LA
B (X#2 &) BibdzfiTns,

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.

FERIE

EPERE FERNRRRYEZBR TRA DYEMRAE—DERE).,
RYPOVRRE PNaBHRREAVERRY MOV E—LAILLD
RBRIMTAZ). RIKREFT. Ge LEMHERIEB, ofREHR. RV
FL—ravhorvsy— EET-—NAAXA—5—F BFRREE (\VF
7y b VOREZY —IC K BIEROMER

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.

NYRZYyRNIJOXRYVOREZY —
The 7ch hand-foot-clothing monitor

Z2XB8R 8 — Chairperson: K KINDO

% £ A EEF Administrative Staff: M. KONDOH
* £ [REHE #MF Administrative Staff: Y. HARADA

=B EE AR BICF Administrative Staff: Y. ISHIKURO

PP Ze i B 2 PSR R O H IS, AT
RHEDOMALKEREDOHE & & bic, 2EOHFEFH
B D oI, PEREZ L E L BERE LB
L. FHIgEL Tw 3,

FERHEA v 7 — %y P THRETE 2, FIRERLL
HIZH R RFENTRHIN TV EEFY v —F L%
F—=F R=ZADBFTE 3,

F 7R E RN D W X RIEAR A R IS X 2 Sk
HE., BIMEHY —EXAZTOENORHIEH T 5,

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

Service hours: Monday-Friday 9:30-17:00

BE
EL=] : 783m?
BEH 163,769 fit (FRL 22 EEKRRE)
(¥2 57532 . 1= 6,237 fl. BAMEEZSD)
MESEIEAES © 73978 (FMEE 634 1. TMEEE 105 1)

FIZERE  : FH 9:30-17:00 (BEAFIAE 6:00-24:00)

EEFEE 1241 (RN8FEIELAN T —7)L, BRIVEY MKBE)
RERAER 34

e 134

BE HEEES

BEH 13N (EBEEBED)
http://www.issp.u-tokyo.ac.jp/labs/tosyo/

HME=E
Library
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Stock Room

B A2 it &2
International Liaison Office

EBMEBER MHE M2 Chairperson: H. TAJIMA
5 M B 8 FEKR TE Administrative Staff: H. KOURO

A by 7V —LiF, IR AL, B2, i £5E
BrcHb@ L T E SNk, ZOMERRED
@Yz 2 52T s, MREOHHZN2 720 HE)
BOHLE AT LEZHWT 244 =7 LTEY, &4
Y2 Bl DL AT T2 2 ENTE S, I
B IEE WD, —RITGTATERES ThuBRPe, —
FAICEID AR v TELMMLTEIEDONRTH
%,

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.

ERXREEE D8 55—
EBH @ s BH FF  Administrative Staff: A KAMEDA
E B B E B XIR EFEF Administrative Staff: M. KUBO

Chairperson: K. KINDO

PITEREZEATIC 81T 2 EERRIC 00 2 KB 2179,
EEERMERZDS & SHEAZBATE DS, I,
HEOEH, WHERTEEY — 2> a2y 7ORE,
ISSP B> v RY D LOMEEICBT 2B/ 7T D
BEAEZToTw 5, Z20ftl, HEDHEAMES D
AR, S EIF Rt L Tw s,

- SHENEFBRTE - SHE GG O SR

(fEhs - 2ANO - BERBTREE . HEAIGS)

-WFE7 ey 2 7 b OHIEE - EHEICB Y 5 5

c L7 Y I— a3 O - FEf

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

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

ARy IL—L4
Stock Room

International Liaison Office
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YIRS A
The Institute for Solid State Physics
A A
Main Building
I - % BEbR PR T2 BRI
Cryogenic/Multiple Extreme Conditions Laboratory
>3 — b oL ARG IR
Short Pulse Magnet Laboratory
Sl oy Y
Advanced Spectroscopy Laboratory
BB FEEH (SOR SEEAH)
Synchrotron Radiation Laboratory
® vy 2oL ARG

Long Pulse Magnet Laboratory

FHRMER G
Institute for Cosmic Ray Research

FrREAI R TR

Graduate School of Frontier Sciences
B SR

Transdisciplinary Sciences Building

AR IR

Transdisciplinary Sciences Laboratory

Az fin

Biosciences Building

BRI

Environmental Building

TR A TR

Computational Biology Laboratory
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Kashiwa Campus Map

EFR =S R AT E T IS
Institute for the Physics and Mathematics of the Univers
™ HFEFA®EA-B-C
Joint Research Building A - B - C
N &g
Main Building

WEMER Q

Kashiwa Research Complex

52 MEMER®

Kashiwa Research Complex2

HAAMmx

Supporting Facilities

B 2 v 7 — WISt
Environmental Science Center, Kashiwa Branch
GRS

Kashiwa Library

e A A

Cafeteria and Shop
SLRF HIARSE 218 I

Guest House

FAMEASCHRER

Todai Kashiwa Donguri Day Nursery

® © © 9

A ZAO
Entrance

mpa\

OXE
T T
Tokatsu
Techno Plaza

E¥E515 Parking @

o [o]fo|e

E¥e535 Parking

B&15 Parking

o ML
Gate House

AR
Todai Nishi OHDEAE
Kashiwanoha Park

920
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Todai Mae
Kashiwanoha Kouen Kita

* *

EuNARREYS— g
National Cancer Center

OE UL AT LT —

HDOEAREI ES
National Cancer Center Hospital East
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The Institute for Solid State Physics, YRR ZR T 2 o = 7;; A
The University of Tokyo = B O

T 277-8581 FEERMTHDE 5-1-5

5-1-5 Kashiwanoha, Kashiwa, Chiba 277-858]1 /-

TEL :(04) 7136-3207 SERTER
http : //www.issp.u-tokyo.ac.jp/

Tobu Noda-Line

REER )

OOETVATILR HOEF v/ SAERAEDNS %
BESDBE #9259

myo —FIEDES #1549
B\ZFEDEE. FH/ R HOSAREE, Fiid
STR)IAREDTE) <10 4 TEAR TE £56015

® R EEFHEREDNS

BARFIFT. SRR (EUAARR LY 975 TH 254
OMOEABEROEA THAR, TE 54149
OBBEFEFREEDSA EIrARE LY Y— TE 54445

@ EEFEEH 1C. HASETH 54

MR ESERS IR D <Id0 =
(BIRILF—INEFATEEN)
Tsukuba Branch of Synchrotron Radiation Laboratory
T 305-0801 ZIFEOEAR 1-1

1-1 Oho, Tsukuba, Ibaraki 305-0801
TEL :(029) 864-1171

B E#E N AR ERIEE D=
(SPring-8 W)
Harima Branch of Synchrotron Radiation Laboratory
T 679-5198 RS/ FEME RIS 1-1-1

1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5198
TEL : (0791) 58-0802

BB TR 2R
Neutron Science Laboratory
T 319-1106 FKIBEMMEH BREF 106-1
106-1 Shirakata, Tokai, Ibaraki 319-1106
TEL :(029) 287-8900

B EtEMERZMRA VY —BFERE
(B ZRR AT ER 2R ERN)
Center of Computational Materials Science (Kobe branch)
T 650-0047 EEE#HFHPRXSERE 7-1-26 R501

7-1-26-R501 Minatojima-minami-machi, Chuo-ku, Kobe, Hyogo 650-0047
TEL :(078) 304-0170
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E/9a)
J

BR Kashiwa
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Toky FEEEM ISSP
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Uniy. of Tokyo
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