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”DI’EPreface

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

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

Tokyo. Since then ISSP has been acting as a central organization of

condensed matter physics and materials science in Japan for more
than a half century. In 2000, ISSP was relocated from the Roppongi
campus in the center of Tokyo to the new Kashiwa campus which was
designated as the third major branch of the University of Tokyo after
the ones in Hongo and Komaba. In 2004, the University of Tokyo

became a national university corporation and in 2010, ISSP was

approved to be a joint-use/joint-research institute in accordance with FEE Director

the new scheme set by the government. The joint-use/joint-research L, N

activities of ISSP over the last six years have been evaluated in 2013. zﬁ% , I ' f_A
Condensed matter physics had started as a discipline, which TAKIGAWA, Masashi

enables us to understand a wide variety of properties of materials on

the basis of fundamental laws of motion of the constituent microscopic particles, i.e. electrons and nuclei. Based on such
knowledge, the major current efforts are being devoted to synthesize new materials that may show unprecedented novel
properties and to fabricate structures with nanometer scale by combining various materials to produce new functions.
Thus the modern materials science bridges boundaries between physics, chemistry, and materials science. In future,
new materials, new theoretical ideas, and innovative experimental techniques are expected to further widen the scope of
materials science. At the same time, equally important are the advanced technologies that provide extreme environment
such as high magnetic fields, high pressure, and low temperatures to extract novel properties of materials, and large facil-
ities for advanced measurements such as neutron scattering, synchrotron and laser light sources, and supercomputers.

As a joint-use/joint-research institute, we have been working hard to develop state-of-art technologies and facilities.
The International MegaGauss Science Laboratory is pursuing to generate 1000 tesla destructive short-pulse fields by
electromagnetic compression method and 100 tesla non-destructive long-pulse fields using a flywheel dc-generator. The
Neutron Science Laboratory constructed the High Resolution Chopper (HRC) spectrometer in J-PARC in collaboration
with KEK and has been operating joint-user programs. However, the JRR-3 reactor has still been shut down after the
earthquake in March 2011. While early re-operation is seriously desired, instrumental upgrades are being undertaken.
Concerning the Computational Materials Science, ISSP has established the “Computational Materials Science Initiative”
jointly with the Institute for Molecular Science and the Institute for Materials Research, Tohoku University, to advance
research using supercomputers such as K-Computer in “New Materials and Energy Creation” and “Elements Strategy
Project”. In 2014 ISSP was selected as the representative institute for the Flagship 2020 Project “Creation of New
function Devices and High performance Materials, for supporting industry of next generation®. Regarding the photon
science, ISSP has constructed state-of-art equipment using soft X-ray at the Beam-Line BL07 in SPring-8 located in
Harima, providing a platform for international user program. This is collaborated with the activity in Kashiwa to
develop high performance laser dedicated to advanced spectroscopy, opening a new era in photon-matter science.

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

October 2015
Masashi Takigawa
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The Institute for Solid State Physics (ISSP) of the
University of Tokyo was established on April 1 in 1957 as
a joint research laboratory based upon the recommen-
dation of the Science Council of Japan and the concur-
rence between the Ministry of Education, Science and
Culture and the Science and Technology Agency in order
to carry on basic research in condensed matter physics.
Within the first 15 to 20 years, ISSP had achieved its
original mission, that is to serve as the central laboratory
of materials science in Japan equipped with state-of-art
facilities that were open for all domestic researches in
order to bring the research in Japan up to par with the
international level.

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

16 years after the reorganization, another major
reorganization of ISSP into the "third generation" took
place in 1996, in order to pursue new frontiers beyond
the traditional disciplines and become an international
center of materials science. One example is to explore
new phenomena in combined environments of various
extreme conditions, since individual technologies for

5

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

ISSP was relocated to the new campus in Kashiwa of
the University of Tokyo in March 2000 after the 43 years
of activities at the Roppongi campus in downtown Tokyo.
Here ISSP is aiming at creating new areas of science
in collaboration with other institutions in Kashiwa. In
2003, Neutron Scattering Laboratory was reorganized
to Neutron Science Laboratory. The University of Tokyo
was transformed into a national university corporation in
2004 and thus ISSP is expected to play new roles as a joint
research Laboratory in the university corporation. In the
same year, Division of Frontier Areas Research changed
its name to Division of Nanoscale Science. In 2006,
the ISSP established International MegaGauss Science
Laboratory and started serving as an international center
of physics in high magnetic fields. In 2011, Center of
Computational Materials Science was established in the
ISSP, for promoting materials science with advanced
supercomputers. Regarding Synchrotron Radiation
Loboratory, after the closing of the SOR-RING in 1997,
Harima branch of Synchrotron Radiation Laboratory was
established at SPring-8 in 2009. Furthermore, Division
of Advanced Spectroscopy and Synchrotron Radiation
Laboratory were reorganized in 2012 into the newly
established Laser and Synchrotron Research Center, as a
new step forward in the unified field.
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SEFEM AR & L THER

Establishment of ISSP as a joint research laboratory

e - B 2 B, B S 4R ¢ RGEEE 1 ARFTRTR

Opening of Radio and Microwave Spectroscopy, Theory II, and Crystallography I divisions
A - LA, BT &

Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions

MR - RS 1 ERPIREER

Opening of Low Temperature and Magnetism I divisions

HEEAR - I3 - K& RKE - B - BORRRYIPE AR R

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

filidheh 2 - PSS 1 - BN - S asra s e

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

YrtEwtZErT AT

Inauguration of ISSP

fk5ER 2+ JESA - HEE - BlamsE 3 BRFTHEER. 20 Hf1E % %

Opening of Magnetism II, Solid Materials, High Pressure, and Theory III divisions. Total 20 divisions
FEER AR 2 BRI TR T I AR AS

Solid Materials division was renamed as Inorganic Materials division

S MR CIE /bt b Fi'd

Opening of Neutron Diffraction division

B AR (FEEM) Wt 22 &M E % 5)

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

W B TS i Ak iE

Foundation of Synchrotron Radiation Laboratory

TR PR e 1

Ultra-Low-Temperature Laboratory building completed

TERD 22 FMAMIR MR (g, MR L —o — R, BERYIER &L |
BB PR, ik T T, BERPTEET 42 & CICEEREM O 5 KPR O%E
HRFT 1 IS L S 115

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

RIS « HRFR L — 4 — SRR T

Ultra-High Magnetic Field Laboratory and Laser Laboratory building completed

Y ERIFER (RIR 10 ) 233k S, 6 KL %2

Opening of Materials Development division

55 1 [ ISSP [Flte v Ko & TEIGEEGHROWI & (L) Bt (DIRESUE O & IChifg)

The 1st ISSP International Symposium on "The Physics and Chemistry of Organic Superconductors'
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TR 5E 1993 kT HUELAT e R D TR
Foundation of Neutron Scattering Laboratory
TR7E 1995 [EESHERHIG K S B
Evaluation of scientific achievements of ISSP by an international external committee
TR 8E 1996 HWEAY. Wik, Jolnnis, MEREREINE, Sudnorit 5 RIS & WU B I TEERL.
kT BELITTE R BT 7 I BRI R 2 N 2 72 3 iRk IS P S 4 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
BRI F v v 8 228 T 2 VIR SERT SR aes L
Construction of the new ISSP buildings in Kashiwa campus started
FROE 1997 FKIFIEE (hikr#EL) OEEIEEHGEE S 5
Evaluation of activities of the U.S.-Japan cooperative program on neutron scattering by the
international review committee
TR 1TE 1999 ¥ v ¥ 8 2 ~DBEERG
Relocation to Kashiwa campus started
TRL124% 2000 FEHRSE T
Relocation completed
TR 134 2001  AMEIAK EBTE
Opening of foreign visiting professorship
F 154 2003 ik EGLIT eSS P REATE MR 1 Sl
Reorganization to Neutron Science Laboratory from Neutron Scattering Laboratory
Y Ect Rl fiaxk < ARl 235 S 1 5
Evaluation of scientific activities of the Material Design and Characterization Laboratory by the
external committee
TR 16E 2004 HEIRFDENIRAEARGRALE 2D
The University of Tokyo was transformed into a national university corporation
SeImAEIS I % - 2 R 7 — VYRR P I A s
Division of Frontier Areas Research was renamed as Division of Nanoscale Science
TR17% 2005 [EESHERHIG G S 1 %
Evaluation of scientific achievements of ISSP by an international external committee
TR 184 2006 [EESH MBS BH AR TR D HEx
Foundation of International MegaGauss Science Laboratory
FR194% 2007 AN 50 RIS
Celebration of 50th anniversary
TR 224 2010 JEFEFM - HFEPFELE & L TRln
Authorization as a joint usage/research center
TR23E 2011 GIEWEHBIENITIR v 8 — DFTEE
Foundation of Center of Computational Materials Science
E 245 2012 el JEWRSEIE T R CWOE B VI VEDT MBS HE & - P S . MR 2 & — L > FOEREATER
vy —FRE
Foundation of Laser and Synchrotron Research Center, as a reorganization of Division of
Advanced Spectroscopy and Synchrotron Radiation Laboratory
TR 26%F 2014 HXKBEE (PPEFEEL) OEFBRSMREHG 2 F 5 S 115
Evaluation of activities of the U.S.-Japan cooperative program on neutron scattering by the

international review committee
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Administrative Office Supporting Facilities
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Cryogenic Service Laboratory
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Machine Shop
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Radiation Safety Laboratory
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Library
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Advisory Committee

Division of Nanoscale Science

E BRI B 2 e

International MegaGauss Science Laboratory

BRI BT IR AR

Director
HEs
ISSP Advisory Committee
|
HEFMAEZREMEZES
Advisory Committee for Joint Research
[ |
WEhER WA E o = e tan
Research Facilities Research Divisions Visiting Staff
— = NEAEE
i WE R R i e I Foreign Visiting Staff
Materials Design and Characterization Laboratory, Division of New Materials Science
LEE%E% :
Advisory Committee i W TR A TR P I
hiE R S 2 e % Division of Condensed Matter Theory
Neutron Science Laboratory
[ @zza2 F IR — LR I

| ExEas

~ Division of Physics in Extreme Conditions

Advisory Committee
|| SHEYERER R —
Center of Computational Materials Science
| EEEES
Advisory Committee
L BRIOE—LUNERIZE R 2—
Laser and Synchrotron Research Center

BT T T R I

Synchrotron Radiation Laboratory

| EEEES
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 University 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. The Research
Strategy Office headed by the director promotes future
plans to reinforce research and management of ISSP.

Currently ISSP consists of four Research Divisions,
five Research Facilities, Visiting Staff Division and

Foreign Visiting Staff Division. Among these, Synchro-

LEsfes

Advisory Committee

9

tron Radiation Laboratory has a branch in the SPring-8,
Sayo, Hyogo, and the Neutron Science Laboratory
maintains spectrometers 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 activities are performed in the Kobe
branch. Apart from the Research Divisions and Facili-
ties, supporting facilities, which include Cryogenic
Laboratory, Machine Shop, Radiation Safety Labora-
tory, Library and International Liaison Office, provide
services to both in-house and outside users.

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

of appointment.
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Joint Research and International Collaboration
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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.
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A—8—ara—¥ B IOEEIEE LIEGEUIE R D45
Number of subjects and researchers adopted to domestic joint research

Kashiwa Guest House

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

72 Workshop
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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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YIHERFZERTIZ. PITERFZE D E BRI L S & LT H RS
mREEIZRHSTW S, WA DR BB 2 30 % 1%
L7 EB LR ADIER TR TED, SGHRY
B HARAMIR IS D S E T E 22 &2 R L7
HAEZEOLHIEFRL TS, £, 1981 FDKE, Hik
FHELICBE T 2 HK I S o E kB o £ E31H F 7z
LT3, Zofiucd, EEES v RO TLAROEE Y —
7 ay 7zl Tw5,

ISSP plays an important role as an international
center of materials science. The unique facilities of
ISSP have been used in many international collabora-
tions. Many foreign researchers have been spending
their early careers at ISSP supported by various
fellowship programs sponsored by the Japan Society
for Promotion of Science, the Ministry of Education,
Culture, Sports, Science and Technology, and other
agencies. ISSP has also been coordinating the US-Japan
cooperative research program on neutron scattering
since 1981. In addition, ISSP organizes international

symposiums and workshops.

7 —< OFFEHAR OSEH (SEN)
Title Date Participants (overseas)
Japan-Swiss Joint Workshop "New Trends in Theory of Correlated Materials" 2010-9-8-10 30 (14)
MAterial Simulation in Petaflops era (MASP2012) 2012-6-25-7-13 98 (21)
5th Asian Workshop on Generation and Application of Coherent XUV and
X-ray Radiation (5th AWCXR
y Radiation { ) 2012-6-27-29 116 (25)
ISSP International Workshop on Coherent Soft X-ray Sciences
lntern_atlona[ Workshop on 3D Atomic Imaging at Nano-scale Active Sites in 2012-8-6-8 68 (10)
Materials
Emergent Quantum Phases in Condensed Matter (EQPCM2013) 2013:6-3-21 160 (35)
;’Ee 2nd D"YCE-Asia and ISSP-International Workshop on “Life Science and 2013-12-17-18 58 (11)
otonics
New Horizon of Strongly Correlated Physics (NHSCP2014) 2014-6-16-7-4 161 (34)
ISSP International Workshop: Joint Symposium of Polymer Networks and 2014-11-10-14 282 (94)
Research Group on Polymer Gels
Topological Aspects in Correlated Electron Systems 2015-3-26 70 (8)
ISSP-MPIPKS Joint Workshop, "Dynamics of Strongly Correlated Systems" 2015-3-30-31 89 (11)
New Perspectives in Spintronic and Mesoscopic Physics (NPSMP2015) 2015-:6-1-19 229 (54)

BOEDEEE S v R LR OEEY—23 2y 7 Recent international symposiums and workshops
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Wt seircid, Kb siszfmaL., wikRs
B L 22 RFEBEBHE I ZET WV 5, YEDTZERTD
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SR RHA IR R BRI, SO T kS
JBLTWw2H, THSHERDPE B 7 G LR 1237
DFE YR RE DB Z ANTV 5, Yt
DHERATTld, BERLEFOEAREE DI DDAAY VR
ZHIMET 2 L EBIT, BEARDALEZNRICY RS
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ISSP contributes to the graduate education in materials
science using its unique facilities. The faculties partici-
pate in the following departments of the graduate school
of the University of Tokyo: Physics, Chemistry, Applied
Physics, Advanced Materials, and Complexity Science
and Engineering. However, students are encouraged to
develop their careers across the established disciplines.
Every year a guidance and guided tour are given to
those who are interested in graduate courses in ISSP.
For undergraduate students, introductory lectures on
condensed matter science are given as one of Seminars

at Komaba campus.

{&L58%2 Master Course #1538 Doctor Course
20124 | 20134 | 20144 | 20154 | 20124 | 20134 | 20144 | 2015 %
YIEFEIY Physics 36 41 32 28 26 21 27 34
{EZEI  Chemistry 1 4 3 1 3 2 3 0
MEBTHEEK  Appl. Phys. 15 11 8 7 4 7 7 8
YIERER  Advanced Materials 42 38 33 39 14 16 18 24
EHE THEI Complexity Sci. and Eng. 0 0 0 3 0 0 0 1
& &t 94 94 76 78 47 46 55 67
4 EOHBONR B4 % Number of graduate students
E?A»\ )Ja =2 o o
smbL et/ Publication
500
WPt ge it ik, 4ERM 300 225 500 f w0
MR Z FEFE LT3, 2014 HEEDEMTSCHR 307 Hi D 400
UL, RO 286, AFR 2, MBAT 10, K (g
T ARD—FR) 7 Eiro>T\n 35,
200
About 300 to 500 scientific issues are published 100
through annual activity in ISSP. The 307 articles
published in 2014 consist of 286 papers in refereed 2009 2010 2011 2012 2013 2014

journals, 2 proceedings, 10 reviews, 7 books.

12
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Number of scientific papers (including proceedings and reviews)
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/Budget

(A)

1A
£1(B)
£1(0)
L1(D)
L1(e)

(B)
(©)
(D)
(E)

for the Promotion of Science

13)52 26 fEE£ (2014 fiscal year)

AHE  XEBZEELD
MHE | XERRIFEE LD
Fits : REFELD

RECHZT - LR RE - thETELD
RPRRE : XEBRZEE - BAPNIRES KD

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

Regular Budget (Non-Personnel) from Ministry of Education, Culture, Sports, Science and Technology
Grant-in-Aid from Private Corporations
Grant-in-Aid from Governmental Agencies and Private Corporations
Grant-in-Aid from Ministry of Education, Culture, Sports, Science and Technology, and Japan Society

(A) (B) (C) (D) (E) il
A& meEE i SRR AREME | BEMRE Total
Yy 26 £ (2014)| 1,700,581 2,713,528 28,071 435,229 585,279 5,462,688
Rk 25 FE (2013) 1,545,996 2,307,864 30,847 545717 427,515 4,857,939
RE 24 ZE (2012)| 1,326,798 2,843,602 15,344 296,078 361,530 4,843,352
TR 23 € (2011)| 1,466,060 3,502,123 21,312 222,097 666,184 5,877,776
TRk 22 £ (2010) 1,348,475 2,659,755 48,472 298,615 691,061 5,046,378
Tk 21 £E (2009) | 1,363,182 2,748,055 7,575 405,342 754,798 5,278,952
¥k 20 FE (2008) 1,517,658 2,559,789 8,692 322,093 493,000 4,901,132
FHEEOHER Budget in recent years (¥i47 : TF1)  (Unit: Thousand Yen)
%(\Hﬁ 1%/ Staff Memb
TR 27 7 B1H RE
ELE BERR | £ |SEEsR| B H FHEBhE | RIS | SBBE =5
Professors Project Associate Project Research Project Technical |Administrative Total
Professors Professors Associate Associates Research Associates Staff
Professors Associates
R B2
Number of 21 4 18 1 43 2 30 12 131
staffs
13
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Division of New Materials Science

ALY SRR, 79 —L o Rh—FR v
JFa—7, BREERLEOHICE SN S KD
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WG RAUBNTZE2HEELTWS,

LESPNEBAE 4 D DR ED S, %
FIFABZFEEOL LICENEO R EHER L%
P E, B L E Bt o B S 7 £ &2 AT
WO PIERIE N =7 EIREHER =Tk
DI R B Z 7B S LT T0d, RICWE
A a A A RS & ka1 I BIR & R B 2 03 S SR
ZHEEL TV 2, WM TIIEE, ERSELE
Y., ECETRYE, AREEARLERCE
HEZRITWHEICE T2 AE v, E, ok
JERFES EDOMED S 75T S LB RO %
T T —<D12LLTED, MERICE T 2
EBLGRME, REERAY - RBGE . BRER AL,
FCFARIEE 7 £ 3\ C i FE 7 S B B i 2 R L

Discoveries of new materials have often opened
new horizons in materials science. High tempera-
ture oxide superconductors, carbon clusters and
nanotubes, and organic conductors are good
examples. New materials also lead to the future devel-
opment of new devices and technologies. The goal of
the Division of New Materials Science is to uncover
novel phenomena that lead to new concepts of matter,
through combined efforts of search, synthesis and
characterization of new materials. Currently, our
division consists of 4 groups. Although each group
has its own research style and projects, we try to
maintain close collaboration between those groups
working on production of high quality materials and
those working on advanced technology for measuring
physical properties.

In particular, we keep strong collaboration with
the Materials Design and Characterization Labora-
tory. One of the subjects of our current intensive
research is the effects of strong electronic correlation,
in particular, various ordered phases and fluctuations
involving spin, charge and orbital degrees of freedom,
in transition metal compounds heavy electron
systems, f-electron compounds and organic conduc-
tors. Here, various advanced experimental techniques

are employed, such as transport, magnetic and calori-

PR SED STV B, ) ,
metric measurements, nuclear magnetlc resonance
and optical measurements.
BB B A= B % =HN s HiErEe BH R
Professor TAKIGAWA, Masashi Research Associate MITAMURA, Hiroyuki Project Researcher TOMITA, Takahiro
% B TR &R B % HH BiIfmEs SN IS8
Professor SAKAKIBARA, Toshiro Research Associate YOSHIDA, Makoto Project Researcher SHIMURA, Yasuyuki
% B H R B #% WA FN BEmEE Bk KB
Professor MORI, Hatsumi Research Associate MATSUMOTO, Yousuke Project Researcher SHIMIZU, Yusei
I it A B % e B BiERRE TATY TAIY
Associate Professor NAKATSUJI, Satoru Research Associate KITTAKA, Shunichiro Project Researcher TIAN, Zhaoming
rHE (28) WF M B % +H HiEre  HE 2
Visiting Associate Professor MATSUHIRA, Kazuyuki Research Associate UEDA, Akira Project Researcher TAKEDA, Hikaru
HEHNEARR) RTRLARF— FPURY #uma N TEF BiEmxs B Rt
Visiting Professor NEVIDOMSKYY, Andriy Technical Associate MURAYAMA, Chizuko Project Researcher HIGO, Tomoya
BmEmEE RE HH
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Division of New Materials Science

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

M5 (NMR) 2 BEaEBRFELELT, BEiEN
DEROE TR AERICER T2 R 2R LT0 5, il
MBI RTid, HISE, 8 (R ) i, Bk, W
BT Lo e S BRI IRER L TE D, W - £
N EDNNEMEE2EZBZETINSDE OB THER
BRIDEG2, FHTPLIEEEORSE —X v P ELANE
WiE— A R 2HoTEN, INSIFHHOETDMELES
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DAE v, B, Ptk EDHREDI ARG > THN DR
RERTPRECTSEOWEZ, 27061745
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Hb¥ T EBRESEAAY. & LEMAYH Kk Z
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D &S ALY 2 EFENFEN TERES U 2 FHMERE SrCu2(BO3)2 @, 1R{E
B ERBICRITZIRTER (B) RFEONMRANRY ML, BIEICAWERIE.
BETTRTH B (Cu) OS5 0.5% EIEMMETRTHZHEH (Zn) TEEHERZ.
BENWNICA N ZEALTH D, MYHSEVWAEY 28K YVYITLY &
T 20, FTHMICE > TIZULARRAE Y ORAEICIE. BANR RS IR
NE—> (REY - R—F0OY) RN D, BIEEABESEOMEDRVIER
(RDKREN) & LT, BFEIFZENUND 15 BEOHIBRICK > TEiES N5,

The boron NMR spectrum at a very low temperature and a high magnetic
field obtained from SrCux(BO3),, a quantum magnet in which spin-dimers
have a planer orthogonal configuration. The sample used in the measure-
ment was intentionally doped with impurities by replacing 0.5 % of mag-
netic Cu by non-magnetic Zn. The spin-dimers far from impurities form
singlet, however, those in the neighborhood of Zn impurity generate local
staggered magnetization (spin polaron). While the former corresponds
to the intense resonance lines with nearly zero internal field (shown by
arrows), additional 15 resonance lines provide a fingerprint of the spin
polaron generated by a Zn impurity.

ff%2 T —~ Research Subjects

1. BRIT. 75AKL—h - REVRDT A IV A EETFHER

I =

=HE
TAKIGAWA, Masashi YOSHIDA, Makoto
% 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.

NMRZAT LD A

= e e 585nhf. WRRMEWO

o A D DIRR S DT D

/0 g-0/0 Fo x RERRHYE, H
e 0 L o —2 WHEHEFERT, £
B0 DRU RIS &

FALEEDREY, FikE
DIRAIGHEIS & RFEE D

@ B ZEVEERL, AOAES
09009 6 x00 BACYDAESERT.
e 2 g :p BRI ROMEER L.
@f oL ZOHDESFERD AN
® I RLBOESICHIET 5.

NMRZANRZ NLTIE, BB
A ERUCRFBERET
TR FOLETICED &
-~ o SEFEMNS DESHEN
® EhTW?,

Distribution of Cu-spin moments in the neighborhood of a Zn impurity
obtained from analysis of the NMR spectrum The location of the Zn impu-
rity is indicated by x and red circles show Cu atoms. The solid (open) red
circles indicate Cu spins directed along (opposite to) the external magnetic
field. The Black circles show boron sites, where the numbers show corre-
spondence to the resonance lines in the NMR spectrum. In the NMR spec-
trum, not only the boron sites on the same layer as the Zn impurity but also
the boron sites on the neighboring layers are observed.

— o / o

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

2. BREBEER
Exotic superconductors

3. BEREETRICKE T ZER - PuE - ZWMFORFEESE

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

4. BUEBREERICE T2 AEY EEBRDY A FIVR

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

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

b Dt f 7€ =

Sakakibara Group

WEORTHRERBLRIZIA VIR EHIPAIC D >TWS, Z
DR THEHOWETRAEHZFEOMERTIE I 7LVEVEDD
AR I CHIR IR IR E 2R T A0 H 5,
D &9 7 il B IS LR O BESRINE TR Z B T2 L
DI EE 2 7= DRI OBED % (. L OEBIR D HiRe
EN D, YARETIEID L) BRI E % ROk 4
BYWEZROUSINEDM A 2IT> T 5, BARMICIE 8
TEYPECET R, BRTAEYRELF77AL—b
AE VR EPIENR T, BAPHBMNE 2 T2 BT
BELTIIAEL TS, ZOHNDDIZ, FL1330 297
IVE Y ORGSR F CREIENE 23 TTHE 722 R D g TR,
SRS D X v v 7RG DR E ITH B 72 AL RO
e PRI E 2EE 2 &, A OEEEFE DT> TV 5,

6 o P Tl
(a)

°T Yb,Pt,Pb i

4 HI[10] .
E 80 mK
T 3 T
=

2 = -

1 = -

0

%2 —~ Research Subjects

1. EVWEF LAY O & B8

Magnetism and superconductivity in heavy electron systems

2. fEFLEYDOLBFEHEICHRT 2HRFEESE

Multipole orderings and fluctuations in f electron systems

3. 77 AL — MEMEFRORLIERE

Magnetization of geometrically frustrated magnets
4, EFAEVROEEIRRE

Ground state properties of quantum spin systems

\{ﬁmm
© f
25

i 4

IR RER e BB —HN #=E
SAKAKIBARA, Toshiro  KITTAKA, Shunichiro MITAMURA, Hiroyuki
% B B

Professor Research Associate Research Associate

Magnetic phenomena in condensed matter can be observed
at a wide range of temperatures. In heavy fermions and certain
other systems, interesting magnetic behavior often occurs at
low temperatures much below 1 K. Because of difficulty in
making magnetic measurements at such low temperatures, little
work has been done to date. Our interest is to research those
magnetic materials having low characteristic temperatures,
such as f-electron compounds, heavy fermions, quantum spin
systems, and geometrically frustrated spin systems. To study
these systems, we also develop necessary equipment. Equipment
we have successfully developed includes: high sensitivity magne-
tometers which are operable even at extremely low temperatures
down to the lowest of 30 mK, and equipment to perform angle-
resolved specific heat measurements in a rotating magnetic field.
The latter is an effective tool for investigating the nodal struc-

tures of anisotropic superconductors.

EXTAN—RBEEZHFDA Y YV REBEMEMAE YboPtoPb D
(@) 80 MK ICH T 2P WALEL L O (b) BRER. #HAM IS
[110] AM, (c) BHIHTFREINZIWIMEE (), HISEER
TN —DHIKFRESEOHEEZFY (I, BAR).
BIZICEEFELRWEBREZRY, —7A. I BTRESICFTR
G4 X —IERRICHAEAIENYT 5. CDRZEVZAI VIR
EVETITERHRBETET, BREBMFZIETARDICTFOER
Ero70y 7OHEEAEV. (d) EIMBICEF2HEIE—X
v N OBEET, 2ERNN’BROBREBFE—AY M ERT,

Phase diagram and magnetic structures of an Ising antifer-
romagnet YbaPtPb having an orthogonal dimer structure.
(a) differential susceptibility at 80 mK, (b) phase diagram
(magnetic field direction of [110]), and (c) the expected
collinear magnetic structure at low fields (phase I). The
magnetic structure for the dimers perpendicular to the mag-
netic field is immune to H and the transition temperature is
independent of H (phase III, inset). In phase II, magnetiza-
tion of the dimers parallel to H increases continuously. This
behavior, which does not comform to the Ising spin model,
strongly suggests the occurrence of a “pseudospin flop” due
to a hidden high-rank multipole moment. Figure (d) shows
schematic diagram of magnetic moments (thick arrows) and
high-rank multipole moments (double arrows) in phase II.
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Division of New Materials Science
http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/mori_group.html

ﬁﬂ%% L I ﬁ,é

i MORI, Hatsumi UEDA Akira
Mori Group B BhZR
Professor Research Associate
YrERAZ, TLOESZ 5 2 25 E O F H % kI Development of “materials science” is started from discoveries
KELFEBELZRITTVS of novel materials with new concepts.
AW ST, A ﬁ HEZ b0 TAEmE L. 2h The development of novel functionalities (electron and

proton conductivities, magnetism, dielectrics, and responses by

SO HMEE L e FHEVEICE T o HEOfEEE
o FIROMAERIC LB HIEA MBI L7, RS b based upon molecular materials with utilizing intra- and inter-
(7 - 7mb A8, Wik FEERE IO ON - ES molecular degrees of freedom.
IS X AIEEE) DItEZIToTw %, The attractive points of molecular materials are 1) that a
STHEWEOMAE. 1) % TFHNEIOS TR variety of intra- and inter-molecular degrees of freedoms are
B A E] - BT CH B o b, 2) By —nr M designable and controllable, 2) that large Coulomb interactions
M (ETHE) HAS. BToWEHE (EHf) & (electron correlation) reflect the magnetism (electron particle) as
I (REPE) DSAT2C L. 3) 4 FhEielc s s well as conductivity (electron wave) in molecular materials, and
T DBEE KOIEGIEE DR ek KO IC X 20 softness of molecules and strong electron-phonon coupling.
EIRFEZ R TR R AR 2 R BIT 5 2 LB ITo N, In Mori group, novel Mott-type organic superconductor
TN —7TlE. BiLLWEEEEERE LTy P k-ET,Cu(NCS); and charge-ordered-type one B-(meso-
«-ET2Cu(NCS)2 ,@%f&};{iﬁ meso-DMBEDT-TTF)2PFg DMBEDT-TTF),PFs have been developed and characterized
(R1) 2%AL. MRz f:o XoIcEETIE. K (Fig. 1). Moreover, novel electron-proton coupled purely organic
B e I ey conductors, where conductivity and magnetism switching due
DY EZBIRZ R HAKRIZESR (M2) ZBFEL 7.

(i)

external stimuli such as light and electric field) has been aimed

3) that large responses by external stimuli are observable due to

to coupled deuteron and electron transfers, have been developed
and characterized (Fig. 2).
(II) 102 1 S. S.

5 2x10°
(@ £
PP ooy] T osen
10 S IS N o oy -.f-..,m
\ meso-DMBEDT-TTF s '--.,_ L ST
1O (a) 1bar % o ¥
~ (b) 2.1 kbar 2 k&
g © \ (c) 3.1 kbar 53 1 KR S %
£ 10" (d) 4.0 kbar 8 3
ke 4 e EKHK
g 8 o
2 10° B l H
2 )
2 . 6x10° - < 0 !
1 SRARBEEE () v N CET2CUNGS)2 & 1 E s 0 100 200 300
O & & & (i) B % F 8 B -(meso-DMBEDT- Eaf \ T wre (K
SRy ' g
[T0PPe DR AR DG 10 o0 | esd 2 EEEF L AREA IO LD AT B AR
Fig.1. Novel organic superconductors: (i)single ke e - 2 P
crystals of Mott-type k-ET,Cu(NCS); and (ii) 10° g 1 b i?f;?;g&g?oéz&bdﬂ glxb&g\ﬁc\ ASRIEIGEARC S
electrical resistivities under pressures for charge- 2o L1l : -
ordered-type p-(meso-DMBEDT-TTF),PFq . | 0246810 Fig.2. Switching behavior of electrical resistivity and magne-
P ‘ 10 0 100 200 300 Lsm due to large deuteron isotope effect in proton-electron
Temperature (K) correlated purely organic conductors k-X3(Cat-EDT-TTF); (X
=H, D).

1. ?FOBEHREZEN UVICHRER (8) SFELUTH b EEFEDRF & HMEEETTRE

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

2. EARTEFATON VBB E R LBEEER. FEARDOBE & HARERR
Development and studies of structural and physical properties for electron-proton coupled molecular functional materials

3. B L REEDRE T 2 REBA DR & AR
Development and studies of structural and physical properties for novel metal complexes whose magnetism and
conductivity are competitive

4. 2FEMEONEG O #5. B, BE. £H) BEOHE

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

http://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/nakatsuji_group.html
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Nakatsuji Group
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i o EiE THRALYWIIEEZT>T0ET, BIfEOE
By —wid, (1) BFHEBLETOLXY T4 v 7
B RESEIRE, (2) BEETOBEHN RS LR
TEIE, (3) 77AFL—FLABEERTORTFAE VK
RIRREZREDHD E T,

TAENRR U e 8 FRFBIRER B-YDAIB4o

(EL) #ERHEE, I Yb D 4f EFIHIEEBLREEES, (BL) 75 v I X%
TBRUMRERR. (T) BEXBRORZEVOELNSRE UCKRER, £8
TRWHTFa—=vIRUIC. EORSTEFREFIRENRRT 5, (BAR) &
EMEORERTOH I OEFHRIREL SBEENRN D,

Quantum Critical Superconductor B-YbAIB, found in our group

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

Rt Al WA

NAKATSUJI, Satoru MATSUMOTO, Yousuke
AR B

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
transition metal compounds and heavy fermion intermetallic
compounds. Our interest lies in quantum phenomena such as
exotic superconductivity and anomalous metallic states close to a
quantum phase transition, novel topological phases in magnetic

metals, and quantum spin liquids in frustrated magnets.
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Exotic superconductivity and anomalous metallic states near quantum phase transitions

2. BHEERICE T 2ERNNROVAIILEFHR
Macroscopic topological effects in magnetic metals

3. 75 AL — b UBEHRTOHERIE. 8 FAEYRERE

Novel magnetism and quantum spin liquids in frustrated magnets
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Matsuhira Group
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Division of New Materials Science
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MATSUHIRA, Kazuyuki
BEMEHR

Visiting Associate Professor

We have studied the geometrically frustrated magnet that
is basically composed of triangular lattice. It is well known
that the geometrically frustration effect in magnet can lead to
novel phenomena such as a macroscopic degenerated ground
state with no long range magnetic ordering. Recently, the
geometrically frustration effect in the metallic strongly corre-
lated electrons system has attracted much interest because novel
phenomena emerge in the transport properties. In particular, 4d
and 5d transition metal pyrochlore oxides, whose structures are
composed of a network of corner-shared tetrahedra, have been
attracting much interest because of their novel transport proper-
ties such as unconventional anomalous Hall effect, supercon-
ducting transition, metal-insulator transition.

We have investigated the metallic pyrochlore rare-earth
iridates RyIr;07 (R: rare-earth), indicating unconventional
anomalous Hall effect, metal-insulator transition and giant
magnetoresistance effect. The pyrochlore rare-earth iridates are
unique frustrated Kondo lattice systems composed of localized
4f moments and Ir 5d conduction electrons. In this collabora-
tion, we have been exploring the quantum critical phenomena
near a disappearance of metal-insulator transition involving
antiferromagnetic ordering that is theoretically predicted.

2T RLAF—Wges 08

Nevidomskyy Group

T4 DU R IR E 7 R OB 2 To T 5,
2015 SO ZRITIE BITEE LT, ZANNAETH
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1. HOE TR o-YDAIBs 2385 T O R 5 1-IRAE

2. (K cHRE2EREL R T B-YDAIBs (X L TfTbiL
Foo WIPEDTE - B2V — 71T X B FE Sy RGOk
(ARPES) DS S o> P am A b

3. i cE R I BRLEY PrTrAly (Tr =V,
Ti) 3R R L T 2R T igEbdH 5, Ziuc
X UT TR 2Bl L Tw» 5,

4. PHEPFREEICB TR SN TS e ra 7
AV LAY Prolr207 8K Nde2lr207 1281757
FARL = a IR, FERICERIR O T — < Th
%, KOOGS BIESIEE SNTED, Fxld
Z ORI UTRIBE R B TR OB & Fala L 7z,
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NEVIDOMSKYY, Adriy
NAEAZESHKER

Visiting Professor

I am a theoretical physics working in the field of strongly
correlated electron systems. As a visiting professor at ISSP in
2015, my research program comprises several projects related to
the scientific activities of my host Professor Satoru Nakatsuji:

1. The unusual electronic properties of a heavy fermion metal
0-YbAIB, under the applied magnetic field.

2. Theoretical analysis of the angular-resolved photoemission
spectroscopy (ARPES) performed by Prof. Shin’s group on
B-YbAIB,, which exhibits a strange-metal behavior at low
temperature.

3. T have started preliminary analysis of PrTr,Alyy (Tr =V, Ti),
a compound synthesized in Prof. Nakatsuji’s group, which is
a candidate for the multipolar magnetic order.

4. The magnetic properties of the frustrated pyrochlore iridate
compounds Pr,Ir,0; and Nd,Ir,0; are very intriguing and
are a subject of active research by Prof. Nakatsuji’s group.
More in-depth theoretical studies are needed and I have
started developing a possible numerical approach to address
this problem.
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In this division, we are conducting vigorous theoretical
research from a microscopic point of view on topics at the
forefront of contemporary condensed matter physics, statis-
tical physics, and materials science, in pursuit of the devel-
opment of new concepts to describe collective behavior
of interacting systems, prediction of novel interesting
phenomena, and useful theoretical modeling of materials,
in close contact with experimental groups.

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

In performing those pieces of research, individual
members employ calculation techniques in accordance with
their expertise and taste. As a whole, however, the theory
group covers virtually all modern theoretical methods,
ranging from sophisticated analytical techniques in mathe-
matical physics and formal many-body theory to large
computational approaches, such as quantum Monte Carlo
simulations and state-of-the-art ab-initio calculation of
electronic structures based on the density functional theory.
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Takada Group
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TAKADA, Yasutami
%

Professor

In the hierarchic structure of nature, condensed matter
theory is mainly concerned with the complex system of many
nuclei and electrons, interacting to each other through electro-
magnetic fields. This system is so complex that no rigorous
solution is allowed. It is, however, regarded as an astonish-
ingly simple one if we compare it with the systems in the upper
hierarchy (the domain of biology) as well as those in the lower
one (the domain of high-energy physics). Thus we consider it
as one of the most fundamental problems in the whole theory
of physics to make its thorough investigation. With this recog-
nition, we study this system faithfully from first principles
with mainly using the density functional theory and the
Green's-function method. More specifically, we are constructing
a framework for calculating the superconducting transition
temperature from first principles with the aim of proposing a
high-T. mechanism.

BFEABFARRICE T 2EBHER. ALY —EEHRIE, Frﬁ
KBREA A VEHURADREBOHWEREE, CIT NEFE
FE rs B—RBEBFHARZEET 2BEFRRTH S,

Sharp sequential transitions among charge resonance,
singlet-spin resonance, and closed-shell H™ ion confinement
states in the proton-embedded electron gas. Here N is the
total number of electrons and r; is the density parameter to
describe the homogeneous electron gas.

1. GWL % | 7— R EEXZRICHCIBEFESIRILFT—OHEFEORK L EBRESF IR DYIEHER
GWT method: Development of the calculation method for the electron self-energy always satisfying the Ward identity
and investigation of the properties in the low-density electron gas

2. BInEEHRBREDH—FIEHE

NGB EER T ONEEERNBKORR & 5| ARNERR TOSRECEEBREK

First-principles calculation of the superconducting transition temperature: Proposal of a good functional form for
the pairing interaction in the density functional theory for superconductors and investigation of high-temperature
superconductivity in an attraction-repulsion competitive system

3. BF - DFBEABFARR | F—REHN 5 OB & AT RV —

BRI D FF

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

correlation energy functional
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Oshikawa Group
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OSHIKAWA, Masaki TADA, Yasuhiro FUJII, Tatsuya

% B B

Professor Research Associate 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.
As an example of our recent achievements, we have given a
certain theoretical result for the total orbital angular momentum
of chiral superfluids, which has remained paradoxical for 40
years.

Moreover, recent developments in quantum many-body
problems motivate us to reexamine the fundamental issue of
classification of quantum phases, at the conceptual level. For
example, recently we elucidated that there are more than one
distinct “trivial” phases, each of which is adiabatically connected
to a product of local spin states, in one-dimensional quantum
spin systems with a certain point-group symmetry. These
phases are inevitably separated by a quantum phase transi-
tion. Classification of quantum phases is also closely related to
quantum entanglement. Exploiting this connection, 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.

H41 ZIBREBEOEESHEDEB. H1 FILBREATIE. 7 )LIHT
NEAEHEZR DV —/\—WEZFRELTWE, COEE 2TDT T
IWEHFHT —/IK—ROERICSIMLTWE EEZ DD, 7 TILIEMDED
T ZHFOHRNBIMT 2 EEZZDICL> T BREEOLHERSES
BEUTHRINZERAEERD,

The angular momentum “paradox” of chiral superfluids. In chiral
superfluids, each Cooper pair carries an orbital angular momentum.
One may suppose all the fermions contribute to the orbital angu-
lar momentum by forming Cooper pairs, or only the low-energy
fermions near the Fermi surface do. Depending on the picture, the
expected value of the total orbital angular moment of the superfluid
differs significantly.

1. BRTAEVRICE T ZEFREVHIE

Electron Spin Resonance in low-dimensional quantum spin systems

2. EFHROESICR T 268 & HIHER

Conduction at a junction of quantum wires and conformal field theory

3. NROYAIBEEFIVIVTILAY
Topological phases and quantum entanglement

4. A1 ZIiBREDHEREEE
Orbital angular momentum of chiral superfluids

5. BEWBFRICH T B1BEGR & BIGE

Phase transitions and superconductivity in heavy fermion systems
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Tsunetsugu Group
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TSUNETSUGU, Hirokazu
B

Professor

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

Targets of our recent study include novel types of quantum
order and quantum fluctuations in frustrated spin and strongly
correlated electronic systems with multiple degrees of freedom.
In these systems, many soft modes of fluctuations are coupled,
and this affects the nature of quantum phase transitions, as well
as electronic states and transport properties. One of our recent
achievements is about orbital physics in Pr-based compounds
PrT>Znyo (T=Ir,Rh), and we have discovered new types of
quadrupole order in those systems. We have also studied singu-
larity in electric conductivity near phase transitions, particularly
Mott transition in a frustrated lattice and antiferromagnetic

transition in a unfrustrated lattice.

0(r) in B-sublattice

6(r) in A-sublattice
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FAVEYRBEFEPr41AYOUBRTFE—X>Y N QDHE
WEROEY FHIIOFERR, BKFHRICH T 2EMKE
ZH. Q(r) = (cos O(r), sin O(r)) D&EEEEY + FE DS
HERT. 6EDE—T EHFEHEDE DDEMLD KXY
CX o

Monte-Carlo simulation result for an effective model
of quadrupole moments Q of Pr ions on the diamond
lattice. This figure shows the pair distribution of
nearest-neighbor order parameters, Q(r) = (cos 6(r),
sin 0(r)) in the ordered phase. Index pair (1,1’) etc
represents the directions of the local order param-
eters in the two-sublattice shown in Fig. 2. Six peaks
correspond to the six domains in the ordered phase.

REEZHOERR, &RATYOA BERRFICEWT, WEBFE—XV K Qa Q& (n, n) AE. F
feld (0, n) AEzEEL , KERIFEBEFE—XAY NOBSH. TRFEBIIRKAMAS Qa- Qg TH D,
g?ﬁi/ij\ Q‘\ + Q]; b\EUﬁ%@E* o

Schematic picture of order parameters. In each domain, the two sublattices have a pair of quad-
rupole moments (Qa, Qp ) that point to the directions (1, #’) or (1} n). Bold black lines show
soft directions of quadrupole moments. The primary order parameter is the antiferro compo-
nent Qa- Qg, while the ferro component Qa + Qg is the secondary order parameter.

1. dBF. fEFHLEYRERBEEEFROEFRE

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

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

4. BEEBEFRICH T D EANBEE

Unconventional superconductivity in strongly correlated electron systems
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Sugino Group

A——avEa—¥DEEc k), aL Ty v A=)
BAD PO THRBBBCEEEIR A2 L) 12k >Tw 5,
ZDORER, WIFERN R E 2k 6K - Rz &R
B RERANEIAD) . WHEAKOEREZ G IC AN A
DoV Z)IACIRT L EDBFED D LR >TE R, *
DX A2 LA EEL T LRI E—FBEERTH,
il % DE T4 A DIREZ IEREICHD e d3n, 20
DEBEZ > TTELYHDMWE 2RI (B2
5) RDZIERAREIIL T2, AFFEETIE, 20L)
7R R R A W7 T & 2 D 70 O F ik %
1o\ 5%,

A - VRSB E AR I L L TG LE Do THMK
TH DD, AT =TV Pl a5 & L OB 2%
DIIFDONREZS>T VS, ZOZRDHEEZ, Harvta—
FRERHOTUT>Tw5, £/, FHHEROKEL
M EXE27200F LT AT R LD, HEfE
JHACIRRE & 2 D 54 F 2 7 AR S W 5720 D TS %
WATLTHT > T %, SELBREZRANCIFETES L)
At AX — LD M- R Z B L T» 2,

T

P, ™
lf:‘
o | M

oin |
R P

K*@Cqp

VR &

Ceo ROZIAVAAYA
& Ceo DIRINZANRY MLD
F—REFE. 100 RF#R

Na‘@Cg,

‘5:"
‘5
e
o a5 o T
<3 ROE—RIERMEREE
L |Li'@Cqp -Z(i':.','- A DD T AR 135 1o
g _.-3-"’,.',:\ Absorption spectra of
g - I._-’ { 1t Ceo and alkali-ion encap-
H'@Cqo "% 4 A _’,A\.m\ sulated Ceo. This dem-
) onstrates that the first-
1/ ':: principles excited-state
Ceo , '.1\; L \ | \ calculation is facilitated.

0 1 2 3 4 5 6
Photon energy (eV)

1. BiR - KABRREOE—RENFENLFHE

28 (&
SUGINO, Osamu
HHUF

Associate Professor

L R®

NOGUCHI, Yoshifumi
B

Research Associate

Advance in the supercomputer has facilitated access to a
large-scale Schrodinger equation, thereby extending the target
of study from the property of the homogeneous bulk to the
functionality of inhomogeneous materials having surfaces and
interfaces. Such study was accelerated by the advance in the first-
principles calculation that bridges states of individual electron/
ion to the properties of their agglomeration. This group utilizes
the first-principles calculation for the study of complex material.

The main target is the electrode/solution interface. This
system is well-known as the most important functional inter-
face, such as catalysis, but it is worth emphasizing that this inter-
face is atomically flat and is almost in equilibrium, providing
thus an ideal system for the academic interface study. This group
has advanced methods for the interface study and applied them
using the K-computer. This group has also been developing
novel algorithms for the accurate ground-state wave function
and programs for the excited-state Green’s function, aiming at
developing a general-purpose first-principles package for the
study of materials.

Effective
screening
medium

ERAEDEN NFNEE, LR
ZUIVIEERWEFE
(potentiostat MD) Z %9 %
ZEIREDBR—EDTTOE
—RIBEENTREIC R o oo

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

1B1S011U310d

First-principles molecular dynamic simulation of the electrode/solution interface

2. 7 —VEBEB W hEREBOE—FIEGE

First-principles Green’s function calculation of excited-states

3. TV VIV EE AW EEREOSEEE

First-principles tensor-decomposition approach to accurate ground-state wavefunctions

4. EWTED Y T VT DE—FREBHEEMEREDS 1+ X

First-principles calculation of the nonadiabatic coupling and the excite-state dynamics
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Kato Group
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1. XY ALY I RICH T 2HERFIE
Transport properties in mesoscopic systems

2. BFEHEEEROBVRDE FHEIXER

Theory of quantum transport in interacting electron systems

3. FFEHRENT - EFERAEROERIER

mE E R B

KATO, Takeo SAKANO, Rui
IR Bh#

Associate Professor Research Associate

The main research subject of our laboratory is theoretical
study of quantum transport in nano-scale devices fabricated by
fine processing technology. This research subject, which is also
called ‘mesoscopic physics, has been studied for long time by
focusing on quantum mechanical nature of electrons. Recently,
mesoscopic systems are studied from novel viewpoints such
as nonequilibrium many-body phenomena, spintronics, high-
speed drive phenomena, and so on. In order to explain these
phenomena, we are constructing theories by utilizing nonequi-
librium statistical mechanics, fundamental theory of quantum
mechanics, and many-body physics. Examples of our recent
activities are nonequilibruim transport properties of Kondo
dots, dephasing effect in two-electron collider experiments, and
Kondo-like effect in thermal transport of phonons.

We are also treating various research subjects related to many-
body effects and nonequilibrium phenomena. Examples of our
recent activities are transition phenomenon in evolutional game

theory and giant dielectric response in relaxors.

X Hong-Ou-Mandel 8 ZBFHREBROERXK, 2 DOEFRY A 5ZEN
ZNEASNAEBFR. BFR—IHROT Y VREZRAL T PROEFRA
YhIAVI U RTERT 2, TR BXER. 2 O20BFH/RLCT Y IRECHET
DHEE P 2 RR OB EREZE At DB E U THE U ER, MEENNERTE
PEERF. ARICHBELVC2 DOBFIRIHITRLZ Ty JREIC 1 AT DEE S
n3 (P=0) H'. IHEEMLNFET S & P RIRLICHERDEICRD HEE (P=1/2)
IZED <o

Upper panel: A schematic figure of the Hong-Ou-Mandel-type two-electron
collision experiment. Two electrons injected from two quantum dots propa-
gate along edge states in quantum Hall effect, and collides at a central quan-
tum point contact. Lower panel: The probability P, that two electrons scatter
into the same edge states, is plotted as a function of a wavepacket delay
time At. Two electrons always scatter into difference edge states (P=0) when
At=0 and dephasing is neglected. On the other hand, as dephasing effect
increases, the probability P increases, and approaches the classical value 1/2.

Fundamental theory of non-equilibrium statistical mechanics and quantum measurement

4. ZHEBETROBEHEF AR

Development of numerical algorithms for many-electron systems
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Division of Condensed Matter Theory
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NAKAMURA, Shin
EEHIR

Visiting Professor

Gauge/gravity correspondence (AdS/CFT correspondence) is
a map between a strongly interacting quantum gauge theory and
a general relativity on a curved spacetime. The gravity picture
has advantages such as we may analyze the statistical systems of
gauge particles beyond the linear response regime.

Currently, I am studying on effective temperature of
non-equilibrium steady states consisting of the gauge particles.
In the gravity-dual picture, the effective temperature can be
given as a Hawking temperature of an analog black hole that
appears when the system is driven to out of equilibrium. I
am surveying the dependence of the effective temperature on
various parameters of the system. I am also planning to study on
non-equilibrium phase transitions discovered in the framework
of gauge/gravity correspondence where non-linear conductivity
of the system jumps at a critical value of the parameter of the
system. A detailed analysis of the critical phenomena in the

phase transition will be a possible project.

aTyvTIl FUI
SHTENGEL, Kiril
NEANEEHRER

Visiting Professor

One of the specific goals of our research is studying the
possibility of different kinds of topological order and related
phenomena in lattice models. One theme that appears promi-
nently in the studies of topological phases is frustration, both
classical and quantum. Effects of frustration tend to inhibit
conventional ordering, paving the way to more unconventional
phases, of which topologically ordered phases are one particularly
interesting example. ISSP presents us with a unique opportunity of
interacting with Prof. Oshikawa, who is an expert on many aspects
of topological states of matter, as well as the members of his group.
On the other hand, ISSP is one of the leading institutions in this
field of frustrated magnetism, which also interests us for the afore-
mentioned reasons. Hence we are planning to focus on topological
phases of matter and their relation to quantum frustration. One
obvious route is to study lattice models with frustration and try to
understand the topological features of possible phases appearing
in such models. In doing so, we hope to both contribute to and
benefit from the exchange of ideas with the members of ISSP.
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A wide range of phenomena from atomic or
molecular processes at solid surfaces to quantum
transport in infinite systems are listed as the subjects
of nanoscale science. The prosperity of such fields
are sustained by the development of ultra-thin film
growth, nano-fabrication, various surface charac-
terization, local measurements with scanning probe
microscopes, etc. In Division of Nanoscale Science,
we integrate such techniques to study various subjects
such as

Quantum and spin transport in artificial nanoscale
or hybrid systems,

Study of local electronic states and transport by
scanning probe microscopes,

Transport, magnetism and other properties of
novel materials at solid surfaces,

Microscopic analysis of dynamical processes such
as chemical reaction at surfaces, and creation of new
material phases,

Epitaxial growth of ultra-thin films and device

applications.

- SREEE O T EY X2 v LERE L REREI I
hith.
[
B R &R &5k B # =37 KirErImE mH =
Professor IYE, Yasuhiro Research Associate ENDO, Akira Technical Associate  MUKAI, Kozo
£ B E5 Bl # =R Bt iTEFIE BREE ¥R
Professor KATSUMOTO, Shingo Research Associate YOSHIMOTO, Shinya Technical Associate [IMORI, Takushi
B & K& &R B # =i BAX T 1= I ¥ N
Professor OTANI, Yoshichika Research Associate TAKAHASHI, Ryota Technical Associate  HASHIMOTO, Yoshiaki
S IR XK B # &= iTErIBE EH M
Professor KOMORI, Fumio Research Associate KIMATA, Motoi Technical Associate  HAMADA, Masayuki
B & 5E F B % =HH B RIS & HK5TT
Professor YOSHINOBU, Jun Research Associate YOSHIDA, Yasuo Project Researcher KIM, Howon
I RAN Fif B R R BIEHRE MRA B
Associate Professor HASEGAWA, Yukio Research Associate NAKAMURA, Taketomo Project Researcher KOITAYA, Takanori
B UyTI~x— 2vT B #% fracs RHIFRE BK  HE—HB
Associate Professor LIPPMAA, Mikk Research Associate MIYAMACHI, Toshio Project Researcher IENAGA, Koichiro
#HE (8) = IE— BEMRE K E
Visiting Associate Professor KANASAKI, Jun’ichi Project Researcher OHTSUKI, Takumi
EHE (FB) K RFH BIEHRE LRy TSHVE

Visiting Associate Professor AN, Toshu

Project Researcher MUDULLI, Prasanta
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Iye Group
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Oscillatory ac magnetoconductivity of a 2DES with hexagonal potential modu-
lation. The lower panel shows the center line and the oscillation amplitude
extracted from the traces in the upper panel. The vertical dashes indicate the
positions of flat-band conditions for the two periodicities A and B associated with
the hexagonal lattice.

1. ZHEZERBETD 2 RTEBFROEBFHERR

R Fw5h =k &

IYE, Yasuhiro ENDO, Akira

% UE

Professor Research Associate

Two-dimensional electron system (2DES) in GaAs/AlGaAs
hetero-interface subjected to artificial potential modulation
(lateral superlattice) exhibits such phenomena as commensura-
bility magnetoresistance oscillation and Aharonov-Bohm effect.
In the quantum Hall regime, where electron solid (stripe and
bubble) phases are observed in high mobility samples, commen-
surability effect and/or pinning effect associated with the
relation between the intrinsic periodicity of the electron-solid
phase and the artificially imposed periodicity can be expected.
In this study, high frequency conductivity of 2DES with hexag-
onal potential modulation was measured by use of a coplanar
waveguide. In the low field regime, the magneto-conductivity
exhibits commensurability oscillations and amplitude modula-
tion of the Shubnikov-de Haas oscillations, whose periodicity
corresponds to the two principal periods associated with the
hexagonal lattice. In the quantum Hall regime, multiple resonant
peaks in the ac conductivity are observed and they exhibit
characteristic magnetic field (Landau level filling) dependence.
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K. BHEFR—/LESICEENGEISEREEE R EROfIBE—
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The magnetic field- and frequency-dependence of ac conductivity
of a 2DES with hexagonal potential modulation. Multiple resonant
peaks appear in the integer quantum Hall regime and exhibit a
characteristic magnetic field dependence.

Quantum transport in 2DEG systems under artificial potential modulation

2. EFR—IRICHBITZ2ABHREBEREE

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

3. U774 U371 VDEFHE
Quantum transport in graphite and graphene
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Katsumoto Group
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Conductance of a quantum point contact (QPC) made from an (In,Ga)
As two-dimensional system as a function of the gate voltage. The unit is
the quantum conductance Gq = 2¢%/h. The insets show bias voltage (Vqpc)
dependence of spin-polarization of 0.5 Gq and 1.0 Gq plateaus respectively.

1. 2F8f - AEVEXRRR

Quantum transport in charge and spin freedoms
2. EFBEZRWCEHEHROWR

Study of many-body effects in quantum structures

3. BNIENA Ty MBEICEU 2YBRR

B E5 P
KATSUMOTO, Shingo  NAKAMURA, Taketomo
% B

Professor Research Associate

With epitaxial growth of semiconductor and metallic films,
and nano-fabrication techniques, we study quantum effects
in low dimensional systems. Our research also spans applica-
tions of the physics of electron and nuclear spins to so called
spintronics.

To expand the concept of quantum transport to spin degree
of freedom, we have tried to create spin currents in quantum
structures with (1) combination of the spin-orbit interaction and
nano-structures, also with (2) spin-injection in semiconductor/
ferromagnet monolithic structure. In (1), we have shown that
high spin polarization is realized in the combination of quantum
dot and quantum point contact through two different mecha-
nisms. In (2), spin injection from epitaxially grown Fe films
with a high efficiency has been achieved. With these techniques,
we are exploring the quantum interference in the spinor space.
Hybrid systems of superconductors and quantum structures,
and introduction of a spin-orbit interaction to graphene are also

our subjects.

Vi (arb.)

0.1 ' 0 ' 0.1

B(T)
IEYFIv LR UK Fe h5 InAs2 RITRICAEVIEA L. FEBAEBEZENE
UTREVINLTBEZRE LB D, BARIHBOEFEHRE R,
Spin injection from eptaxially grown Fe into an InAs quantum well has been
detected through spin-valve magnetoresistance structure in non-local volt-
age. The inset shows a scanning electron micrograph of the sample.

Physics at interfaces between the phases with different symmetries
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Otani Group
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(a) Schematic of spin absorption method in lateral spin valve struc-
ture. By flowing an electric charge current (Ic) from a ferromagnetic
permalloy (Py) wire to a nonmagnetic copper (Cu) wire, a pure spin
current is induced on the right side of the Cu wire. Thanks to a strong
spin-orbit interaction of Bi-doped Cu alloy, the pure spin current
is preferentially absorbed into the CuBi wire and converted into a
charge current via inverse spin Hall effect (ISHE). (b) Invserve spin
Hall effects observed in several nonmagnetic metals (Cu, Pt, Culr, and
CuBi). All the measurements were performed at 10 K.

1. R EYVROERKR U R HHEE DT

K BE rE =

OTANI, Yoshichika KIMATA, Motoi
% UE
Professor Research Associate

Spin currents possessing two independent degrees of freedom,
charge and spin, play an important role in spintronics research.
Among those currents, a flow of spins with no net charges is
called “pure spin current”, which is not only expected to be
an essential element for low power consumption devices but
also considered as a novel physical quantity for fundamental
spintronics researches. We are aiming at establishing principles
to generate, detect, and manipulate the spin currents by using
a variety of materials with spin-orbit interaction including
non-magnets, ferromagnets, superconductors, organic materials,
etc. Particularly we are elucidating the characteristic functions of
spin currents appearing when the size of devices becomes of the
order of the relaxation length of the spin currents.
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(a) Schematics of our spin injection device using a conductive polymer
PEDOT:PSS and its molecular structure. In this experiment, the pure spin cur-
rent is injected from a ferromagnet into PEDOT:PSS using a spin pumping
effect operated by ferromagnetic resonance. (b) The pure spin current transmit-
ted through the polymer layer reaches the Pt layer and is converted into a charge
current via the ISHE of Pt. Since the spin current decays in the PEDOT:PSS
layer, its spin diffusion length can be determined by studying the thickness
dependence of the ISHE signal detected at the Pt layer. (c) Inverse spin Hall
voltage observed in the Py/PEDOT:PSS/Pt trilayer device.
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Study of generation and detection methods of pure spin current

2. AEVRERWHESHEER
Magnetic phase transition using spin current

3. Bl / BLEHEERTICRITBAEVEA

Spin injection into superconductor/ferromagnet hybrid devices

4, BHEFEADZALEVEA
Spin injection into organic materials

5. 7/ AT —IVBKBIEFEZRWCAEY Y1 F 27 ADHE
Spin dynamics in nano-scale magnetic vortex lattice
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Komori Group
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Topographic STM image (a-d) and ARPES intensity mapping (e) of Au-
adsorbed Ge(111) surface. Atomic-size protrusions of a gold trimer make
a triangular lattice on the surface. The triangle lattice pattern changes to a
honeycomb one with decreasing the sample bias voltage (Vsb). A triangle
cluster made of the three trimers in size is seen in (a). There are two metallic
surface bands (S1,S2), and S; is anisotropically split to two spin-polarized
bands owing to the strong spin-orbit interaction.

1. REF/BEVEDOBFRE. GEEKIURIE

IR XK

= =
KOMORI, Fumio MIYAMACHI, Toshio
% 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 measurements in an
ultra high vacuum. Band structures of the filled surface states
and the chemical bonds are studied by photoelectron spectros-
copy using VUV light and soft-X-ray. Local atomic, electronic
and magnetic structures, formation processes of surface nano-
structured materials and dynamical processes induced by
electron tunneling or photo-excited carriers are examined by
STM/STS. Local atomic structure can be manipulated through
electron-lattice interaction by electronic excitation of tunneling

electrons and photons.
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ZIVILZ (250 fs, 5.9 eV) H7R> F/ULR (170 fs 1.5 eV) IT5%1T (e) H2 W&
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(a) Topographic STM image of a cleaved surface of Bij 5Sbo.5Tei1 7Se1 3. (b-d)
Bias(Vsp)-dependent amplitude maps of the elastic scatterings, or QPI,
derived by Fourier transformation (FT) of the dI/dV images. Intra band
scatterings within the topological surface band are observed in the bulk
band gap (e,f) Intensity maps of ARPES by a 250-fs probe laser pulse (5.9
eV) before (e) and after (f) impinging a 170-fs pump laser pulse (1.5 eV).
Unoccupied topological surface band is observed in (f).

Electronic states, conduction and magnetism of nano-structured materials at surfaces

2. bYRIVBFPL—T NI & 2REIHIRR

Surface dynamical phenomena induced by electron tunneling and photo-excitation

3. REF / BEME O AEE

Formation processes of nano-structured materials at surfaces
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Yoshinobu Group
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(a) an STM image and (b) the proposed model of
adsorbed cyclohexane molecules on Rh(111).

1. EFILAEIC & B0\ F OSEMAL & RERISOHE

YOSHINOBU, Jun
2653

Professor

& EE

YOSHIMOTO, Shinya
Bh#

Research Associate

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

Activation and surface reaction of small molecules by model catalysts

2. BFREICEITBRT - 2 FOBHBEDHE

Dynamical processes of atoms and molecules on solid surfaces

3. FEENAMEEROER & REBTFREL LML RISOIE

Fabrication of thin film of semiconductor photocatalyst and its electronic states and surface chemical reaction
4. 737z VIV VR EBRTYMERAOEFRE L RIGEDHE
Electronic states and reactivity of low-dimensional materials on surfaces

5. FEXHDEGRKREICE T 2L ZRIGDOHR

Chemical reaction on solid surfaces under ambient conditions
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DEVETFZYHOE KRBTSR E R - R
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BLESBRETORENR. SiERED 1 RFEPb ke, BEEH) & PoiE
R (EE. BnEH) ORMEBETHES NI Y RIVAKIART MU S, Bin
BEEAREN S 40nm OFRITHOT > TRAHLTVS I EABESN TN S,
Proximity effect at superconductor/metal interface. Tunneling spectra taken
around an interface between 1ML-Pb layer on Si (blue, normal metal) and
a Pb thin film (yellow, super) indicate the penetration of superconductivity
into the metal layer with a decay length of 40 nm.

1. €8 STM I & 2 FFRIE T ORBEERE IR 2%

RA =i SH 5

HASEGAWA, Yukio YOSHIDA, Yasuo
HEHIR UE

Associate Professor Research Associate

Scanning tunneling microscopy (STM) reveals not only
atomic structure of surfaces but also electronic states in
sub-nanometer areas by tunneling spectroscopy. With a function
of spin-polarized (SP-) STM, the microscope also provides
local magnetic properties and surface spin structures, and with
inelastic tunneling spectroscopy (IETS), various excitation
energies can be extracted.

In Hasegawa-lab., by using STMs operated in very low
temperature and high magnetic field, we have observed various
phenomena on nanosize superconductors such as vortex
clustering and giant vortex, and peculiar superconducting states
in the proximity with ferromagnetic materials. We also study
magnetic properties of thin films related with their atomic struc-
ture using SP-STM, and their spin excitation with IETS. Modifi-
cation and control of these properties with an aid of the atom
manipulation are one of the targets of our study. Recent subjects
include heavy-Fermion materials, such as CeColns; atomic-scale
variation in the shape of superconducting gaps was observed.

~r |
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i
I S
ag [ ] m
= % v T I
Magnetic field (T)

ZEVRIBESTM lIc & DB5nic AgREALDF /P14 X Co 74T RiEETD
HALER. HOZIC & DREOBMEARE RET 5728 (~£0.25T). N TS5+
ROEBIRMESNTND,

Magnetization curve taken on a nano-size Co island structure formed on Ag
surface using spin polarized STM. Because the flips of the tip magnetization
occur at ~+0.25T a butterfly-shape curve is observed.

Superconductivity in local area using low-temperature scanning tunneling microscopy

2. BRF/DFNZEaL—Yavick2hHE /| EFALYROBEE AEVRIB STM (C & % Z Ol
Fabrication of spin systems by atomic manipulation and their characterization with SP-STM

3. EVWETRVEDBEFIRE - BEEE - BUISHE

Local electronic states, superconductivity, and magnetic properties of heavy-Fermion materials

4. FBERTVYaXRIILEDF/ AT =)L TOEANFRIE

Nano-scale resistance and its spatial distribution by scanning tunneling potentiometry
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1. XEEADHK (XES) & X BIRNDFE (XAS) ZAHWVWT. Rh®Ir 2 R—7U

feF S VBEANOYF I LERPINLIBRONY KXy y TRORF—P 7/
T —DEGERNET Do 7O LTI —DIEFHEMG R ZER—TLIcF I
BANOYFILTOBRES B, —A. MEFH LIGICHT S Rh* £ R 0
SEEMTIIETOEMDO Y T MBRES h,

Fig. 1. X-ray emission (XES) and absorption (XAS) spectroscopies are used
for determining the location of in-gap donor and acceptor states in photocat-
alytic Rh and Ir-doped SrTiOj thin films and bulk samples. The unoccupied
acceptor states only appear in Rh**:SrTiOs, while only minor shifts are seen
in the occupied Rh** and Rh** states close to the top of the valence band.

1. LA L =Y —EERIC K DBICYERZ U TATOBEDER
Growth of thin oxide films and heterostructures by pulsed laser deposition

2. SNBFEROBRIY DBEBIRR

P N ) ™ I‘-
UyIY— vy BiE EBEKR
LIPPMAA, Mikk TAKAHASHI, Ryota
TR Bh#k

Associate Professor Research Associate

Oxide thin films offer many advantages for developing
catalytic materials. Our interest is to study the electronic struc-
ture, atomic-scale microstructure, and photoelectrochemical
activity of SrTiOs-based photocatalytic materials that can be
used for hydrogen production from water by sunlight. In partic-
ular, we study Rh, Ir, and Pt-doped SrTiO; thin films with the
aim of tuning the bandgap of the material by lifting the valence
band edge. A variety of soft x-ray spectroscopic techniques,
including XES and XAS are used for determining the electronic
spectra of the materials (Fig. 1). The measurement results are
compared with first-principles calculation results and inter-
preted in terms of photocatalytic activity. In this work, we have
identified the factors that determine the photogenerated charge
collection activity as a function of the dopant valence state, as
summarized for the case of p-type Rh:SrTiO3 hydrogen photo-
catalyst in Fig. 2. Similar valence-dependent efficiency differ-
ences have also been identified for n-type oxygen-evolution
catalyst Ir:SrTiOs.

.
Conduction
Band

Valence
Band

Rh*:SrTiO;
H,-evolution :
activity High

Rh*:SrTiO,
Low

M2. Rh* (%) & Rh3H (&) ZR—TUERFI VBRSOV FILOBEFHEE,
Rh** R—/XY hDIEEET V& TH— Eu S THF v U7 OBEBRAEXD.
KRZERT BAEERE DL DR (CBEH B,

Fig. 2. Schematic illustrations of the electronic structures of Rh**:SrTiO3
(purple) and Rh**:SrTiOj3 (yellow). The presence of the unoccupied accep-
tor state associated with the Rh*" dopant results in fast photocarrier recom-
bination and very low photocatalytic hydrogen evolution efficiency.

Phase transition mechanisms in oxides under external excitations

3. BALY—RAEREICE F 2 AR
Photocatalytic activity at oxide - liquid interfaces

4. BERBREXILF 7040y VYK
Polar oxides and multiferroic coupling
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Division of Nanoscale Science

An Group
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KANASAKI, Jun'ichi
BEERR
Visiting Associate Professor

The aim of research is to establish advanced technologies
controlling carrier and atomic dynamics by fully exploiting
electronic-excitation effects. For this purpose, considerable
attention is focused to the elucidation of underlying physics
concerning the ultrafast dynamics of excited carriers, which play
crucial roles in several excitation-induced reactions in solids.

In order to elucidate the elemental processes of the many-
body interaction following the electronic excitation, it is essential
to survey the dynamic in femtosecond time regime of photo-
injected carriers with resolving their evolutions in energy and
momentum spaces. Angle-resolved two-photon photoemission
spectroscopy with time resolution of fs time scale (fs-AR2PPE)
has a strong advantage for resolving the carrier dynamics directly
in energy and momentum spaces. Using fs-AR2PPE technique,
we determined transient electron distributions after photoexcita-
tion and successfully elucidated ultrafast processes such as inter-
valley scattering, impact ionization, and electronic thermalizaiton
in several semiconductors. An important topic to be resolved is
the bulk-to-surface transition and subsequent surface relaxation
of excited carriers, providing an important key to greater under-
standing of photoinduced effects on semiconductor surfaces.

Z R

AN, Toshu
REERIR

Visiting Associate Professor

Magnetic resonance phenomena excited in magnets and its
nanoscale detection are the main subjects of our research.

In magnet of bulk, thin film, and nanostructure, collective
motions of spins; ferromagnetic resonance and spin waves, are
excited and modulated by microwave, spin torque, and heat.
We are developing nanoscale scanning probes, such as scanning
microwave microscope, which can excite, detect, and image
magnetic resonance locally. This local probe can be applied to
image spatial distribution of excited spin waves. It can also be
applied to spintronic device system, for instance, spin-injected
magnetic oscillation in tunneling magnetic junction to study the
spatial variations of excitation probability of magnetic resonance
depending on the quality of interface between insulating layer
and magnetic layer where defects of oxide degrade the magnetic
excitation probability. This method of imaging spin-preces-
sion signal can be applied not only ferromagnetic resonance
phenomena in magnet but also electron spin resonance and
nuclear spin resonance phenomena in other solid state materials,

and in molecular and cell systems.
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This division is organized to pursue the study
of physical properties of condensed matters under
extreme conditions such as ultra-low temperatures,
ultra-high pressures combined with steady high
magnetic fields up to 20 T. In addition to these
individual extreme conditions, physics under multiple
extreme conditions is also emphasized. Under these
conditions, novel phenomena, which cannot be
understood in terms of existing theories and thus
stimulate the creation of new concepts, are expected.
Discoveries of such phenomena have often opened up
new horizons in material science. Many outstanding
instruments developed in this division, for example,
are those which produce low temperatures down to a
few tens of pK and high pressures up to 15 GPa. These
machines are frequently used in collaboration with
many scientists from all over Japan and abroad. Some
of the main subjects are as follows,

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

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

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

multiple extreme conditions.

% B ER =B B % MEH = BiEMRE LB E
Professor UWATOKO, Yoshiya Research Associate OKADA, Taku Project Researcher SATO, Mitsuyuki
* - N = 3 E
#n B TR fRER B % T BiEwREe  OBH H—
Professor SAKAKIBARA, Toshiro Research Associate SHIMOZAWA, Masaaki Project Researcher SAKAI, Kenichi
I RE #&A B % &t BiImrs BE EF
Associate Professor OSADA, Toshihito Research Associate TAEN, Toshihiro Project Researcher FUKUOKA, Syuhei
B W & FErgE  WE A BmiEmxE E &R
Associate Professor YAMASHITA, Minoru Technical Associate UCHIDA, Kazuhito Project Researcher WANG, Bosen
KRS RIE EF BiERE  EH DED

Technical Staff

NAGASAKI, Syoko

Project Researcher SUGII, Kaori

* SERISEIIIZ A & $4E /concurrent with Division of New Materials Science
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1. ZERETICRT2HMEFYERROREK

LR =t MH =
UWATOKO, Yoshiya OKADA, Taku

26 Bh#

Professor Research Associate

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

interactions.

MnP BiE@REE%ZRY CrAs {LE¥IE. Tn = 270K UTF T—REBZH# > TRE
BT ER T DR b-BITA4%DIEINERA SN ZDEEDE—A Y ME1.7
uB TH 3, CDRBHEIEELRERSET TR UERFES Pc = 9 kbar

TREEAER S, ERKIC/VULY ZBIRENHIRT %, CrAs{bta¥ick T 58
EEEF. CritEYM TN TORRETH S, (a)  ENFLBIEEYE CrAs DRE -
EAHEE. BEEOERBREF 20 FICEALTHS, (b) i T =04KIcEFBR
MR OENEREME, RPODVRIL, R (FR). A (F). 8LU=A (#%)
I, FREIEYE (RRR) Of4355E RRR = 240, 327, &£ U250 DAIFEIC,
INENHLY %o

CrAs adopts the orthorhombic MnP-type structure with a first-order anti-
ferromagnetic transition at Ty = 270 = 10 K,which is accompanied with
discontinuous changes of lattice constant b by ~ 4% below Tn. Neutron
diffraction measurements established a double-helical magnetic structure
propagating along the orthorhombic ¢ axis with the Cr moment of 1.7 pB
lying essentially within the ab plane. The first-order Tn can be suppressed
quickly by the external pressure and vanishes completely at a critical pres-
sure Pc = 9 kbar. And then, bulk superconductivity with T = 2 K emerges at
the critical pressure. Our discovery of superconductivity in CrAs makes it
the first superconductor among the Cr-based compounds. (a) Temperature-
pressure phase diagram of Pressure-Induced Superconductivity in the Anti-
ferromagnetic System CrAs. The superconducting transition temperature
T. has been scaled by a factor of 20 for clarity. (b) The superconducting
shielding fraction at 0.4 K, |47mx|T=0.4k, and the superconducting transition
temperature width, AT, as a function of pressure. The symbols of circle (red),
square (blue), and triangle (green) in (a, b) represent three independent
samples with residule resistivity ratio RRR = 240, 327, and 250, respectively.

Search for new physical phenomena under multi extreme conditions

2. BERERYE I &T 5 ENFEBEBIRKDMRE

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

3. ZERETICE T 22ERERR CRBEYMIEAET EDHEL

Development of high pressure apparatus and confirmation of physical property measurement techniques under the

multi extreme conditions
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Crystal structure of phosphorene (atomic layer of black phosphorus), and
band structure of phosphorene nanoribbon with the zigzag edge. We have
found that the metallic edge state appears in the middle of the bulk energy
gap in the finite system. Although phosphorene is a novel atomic layer
material expected as a high-mobility p-type 2D semiconductor, this metallic
edge state might play an important role in its transport properties.

%% —~ Research Subjects

RE &A Bk &%
OSADA, Toshihito TAEN, Toshihiro
HEHIR B3

Associate Professor Research Associate

Transport study of low-dimensional electron system. To
search for new phenomena in relativistic Dirac electrons systems
and electron systems with small spatial structures or strong
magnetic fields, to clarify their mechanisms, and to control them
for application. We have a great interest in quantum effects,
topological effects, and many-body effects, which relate to Berry
curvature of band structure, pseudo-spin degrees of freedom,
and commensurability among electron orbital motions, vortex
(magnetic flux) configuration, and spatial structures. Our targets
are atomic layer materials such as graphene, low-dimensional
materials such as organic conductors, and artificial semicon-
ductor/superconductor nano-structures. We flexibly explore new
transport phenomena and electronic states in small samples by
electric, magnetic, and thermal measurements using nano-fabri-
cation techniques like EB, precise field rotation, miniature pulse
magnet, etc. under strong magnetic fields, high pressures, and
low temperatures. Recently, we have concentrated our studies
on quantum transport in atomic layer materials (graphene,
phosphorene, etc.) and helical/chiral electron systems formed at
the surface of topological phases.

ZET« 7 v VBFROEFR—ILUEBHEKIERE, BHRABICIIAEYDRGZRE
Dn=0 VT IEMDT v IRENESRICEET BN DI RERED A
Nn. KRAEVYREER. BREET « v 7B FR a-(BEDT-TTF)2l3 ICEWT
AU AN IVREIREDEFTE = RERMICHER U Teo

Quantum Hall ferromagnetic state in the multilayer Dirac fermion system.
There exists the helical surface state, which consists of the edge states with
opposite spin and chirality of the n=0 Landau level on each layer, on the side
surface, and it carries persistent spin current. We have experimentally con-
firmed the existence of the helical surface state in the organic Dirac fermion
system a-(BEDT-TTF)I5.

1. BFEYME (U737, 74#RX74L V%) OBFREEEFEE
Electronic structure and quantum transport in atomic layers (graphene, phosphorene, etc.)

2. BT« v VBFROETFR—ILERMERICE T2\ AILREIREE
Helical surface state in quantum Hall ferromagnetic phase in an organic Dirac fermion system

3. ZREFR-IRICE T BN I REREDE FEE

Quantum transport of chiral surface state in multilayer quantum Hall systems

4. BRPEOBERERSCELERIE—L VX

Interlayer coherence and angle-dependent magnetotransport in layered conductors

5. BEHHZF IO VREFRICE T ENAREERIEE

Chaos and electron transport in Bloch electron systems under magnetic and electronic fields
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5 YAMASHITA, Minoru SHIMOZAWA, Masaaki
Yamashita Group R B

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

zero temperature. It was first discovered by Heike Kamerlingh
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HEZS>TOLAREMED B Y, Z ORI ICE 1T 5 R D
fRIAIC )% ATTIFE 2D T\ 5,

(a)

0.025
T=30mK
EtMe,Sb
| | @ & hedmit
0.020 ® dg-dmit
E 0015
£
S
o
= 74
= 0.010 - Ofs”
= < 0.002 ,
0.005 [~
0.000
0.0 1.0 2.0
0000 v v v v
0 5 10 15 20
HoH (T)

(a) BEFAEYRAEDFZFHMETH ZEHE v MEZEA EtMe3Sb[Pd(dmit)2]2
BRMENC DEFAEVRKICHFET 52FZ2RLTWS,

Onnes at 1911, who was the first to liquify Helium and reach
~ 1 K, that the resistance of mercury suddenly vanished at low
temperature. Followed by the discovery of the superconducting
transition, many amazing quantum phenomena - superfluid
transition of Helium, Bose-Einstein condensations of Alkali
Bose gases — were found at low temperatures. We are interested
in these quantum condensed states at low temperatures where
the thermal fluctuation is negligible. Especially, we are now
focusing on studies to characterize the elementary excitations
of a new quantum condensed state of spins which may emerge
in frustrated magnetic materials, such as antiferromagnets
at two-dimensional triangular or kagome lattices, by precise
themo-dynamic measurements at ultra-low temperatures.

o Kk T~J
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o
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E dy-dmit

hy-dmit

Magnetic Gapless
long-range (algebraic)
order spin liquid

Frustration

Quantum
critical phase

EBWTHAS N OEIBKEE. COKS) S OBERNAEEDEMEF+v 7LD
(b) kkén’cmé?ﬁﬁo BRKFRICHEL TEFRABEOFENTRIN TS,

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

quantum critical phase emerges next to the magnetic ordered phase.
HET— j
317 — Y Research Subjects

1. #AZMTSANL—Y 3% DBMERKICE

Quantum spin liquid state in geometrlcally—frustrated magnets

ERICE T B A BIEEREE

Unconventional superconducting states at ultra-low temperatures

- BERAREE CBERICE T B BEAERMNT DR

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

Py TR G RN M B Tk, ME O TG
(Design) 1, BKI 2B D T4 )% (Synthesis) 1.
GRINTYEEZBRAGWNICHTH NS
(Characterization) ; ®3-DDW%E% A7) (D
SCHAIN) ELTHBEBMICHEEIESZLICK
h. FLOPE - BREZ RO E O HIGL
T 5, A3V B G & B AR - STl
WBromh, WHEBHTICZE T EEE
WEARR - SR 3 E AR E., LETTE,
XHrE s, ErEms, ERAES,
FHEE, WIEAREDOTERENH S, WH
At Tk, mAeMOTEEMADA——a
Ea—% 2B LT oM - k>TE
A I N DR A I I BLR % G H LD D8 E o
BE ATV, WEARR - FHES TR E O AR
FfE T BB L OV 2 DR D 4317 50 f it i 51
iz T & &bic, HLLHMINYWEMHOE
SN - SR - RN E DR AR 2 T o T
%, CNSYHEORERIFHIG DR RIERG B LU
BRIZT74—=F Ny 7S, DSCHAZ V%ML T
HLOWEOBR B T hbins, Ko 4H
RIS, B EGTEfEEE ZE ATk
DEHIN TV,

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 seven sections
for joint-use; Materials Synthesis Section, Chemical
Analysis Section, X-Ray Diffraction Section, Electron
Microscope Section, Electromagnetic Measurements
Section, Spectroscopy Section, and High-Pressure
Synthesis Section. In MD-D, by making use of its
supercomputer system, novel mechanisms behind
various cooperative phenomena in condensed matter
are explored, and theoretical designs of new materials
as well as materials with new nanoscale structures are
developed. In MSC-D, various types of new materials
are synthesized, single crystals are grown, and the
structural, electromagnetic and optic properties of
the materials are characterized in various ways. The
characterization results are immediately fed back to
the synthesis and to the design of materials. Through
this DSC cycle we aim to develop new materials with
new functions. Almost all the facilities of the MDCL
are open to domestic scientists through the User
Programs conducted by the Steering Committees of
the MDCL.

¥ B (ERR) BH -
Professor (Director) HIROI, Zenji

B R Ng B

Professor KAWASHIMA, Naoki

IR F0O 157

Associate Professor NOGUCHI, Hiroshi
Ry o ¥
I ©2H &

Associate Professor SUGINO, Osamu

B % Z BA
Research Associate SHIBA, Hayato

B % Bl H&
Research Associate WATANABE, Hiroshi
B % LT
Research Associate KASAMATSU, Shusuke
B # HHAE EE
Research Associate MORITA, Satoshi

B % x5 &
Research Associate YAJIMA, Takeshi

B % FH KB
Research Associate HIRAI, Daigorou
HErE N B
Technical Associate KOIKE, Masayoshi
goffEria WA &

Technical Associate YAMAUCHI, Touru

wirErBE KE BT
Technical Associate YATA, Hiroyuki

* W EBERTFITERRI & HHE /concurrent with Division of Condenced Matter Theory
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Technical Associate FUKUDA, Takaki
KiErmE RE LE

Technical Associate GOTO, Hirotada
RS HEAR KE
Technical Associate HAMANE, Daisuke
KIS af REEF
Technical Associate ISHII, Rieko
BEsmEE  JUE ES
Technical Associate KITAZAWA, Tsuneo
PhZESFIWE TR BT
Technical Associate ARAKI, Shigeyuki

RERRE WK M=
Project Researcher  NAWA, Kazuhiro

RS Al B—

Project Researcher ~ MOTOYAMA, Yuichi

FHEMRE "R —B
Project Researcher ~ YOSHIMI, Kazuyoshi
BERRE N &
Project Researcher ~ KAWAMURA, Mitsuaki
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F IS B T BJHTE - FESDE DB & DR M & AnE
DHIREOHPEAD AN EREREDR D Z RS TS, #i
YEBRZ B LU TRADYHBI SR 2 WL, MEY D
BLOHAZYDBCZ LIS HETETHERIECHLEEL
N5,

BB I EHBE T ROFEHETH S, RIS
BAEVRTHZDBOERICR (RTFAEVR) ICBWT,
W7 —a Y I ESTURELTWdE 28X Y 7H
PAVFIROFIHEIC K> TEH EIHO 28, BRTAIRICES
BN 22 BIR MR SN 5, KIFAE TR, e 2B RS
BB L OREE L PPEDBIC A S A HBIICEH L 22355,
B EBER 2T, BHBEFROWEMN OIS %
ffFEL T3,
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UMARETERRES NI B/ O OTVBRICYBIZER AOs206 DEXIET. BIE
BERBREE, 3.3K (A =Cs). 6.3K (Rb). 9.6K (K) TH 2,

Superconducting transitions observed in resistivity for the p-pyrochlore
oxide superconductors AOs;Og found in the Hiroi laboratory. The Tcs are 3.3,
6.3 and 9.6 K for A = Cs, Rb and K, respectively.

AT —~ Research Subjects

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

A family of transition-metal oxides is one of the most typical
systems where Coulomb interactions play a critical role on
magnetic and electronic properties. Especially interesting is
what is expected when electrons localized due to the strong
Coulomb repulsion start moving by changing the bandwidth or
the number of electrons. We anticipate there unknown, dramatic
phenomena governed by many-body effects and quantum
fluctuations.

o W A& FEREL
. NIRRT Ab

quantum spin on Cu?* ion

ZEY 1/2 A TAERFREBEERDOETIVYE &2 2MILEPRILRY 1 hOKER
i & BiER

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

1. HULWEFRAEYRROBRIARETRYE DR

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

2. AEY 1/2 AT AEFREHKIEEDOEEIRRE

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

High-Tc superconductors
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8 ix EO KRB FIEFEZ R LT, Dk cEsn 2
RN LREDMRHZIT>T0 5, F, ZDHDDOTIL
TYRLDHEBITo T2, FIEBFEDOH AL SHl%DH
FaE, BTERBHSUCBIL L, FiLved 73—l
BRThHBBACIADEREZ, SU (N) " ErLrE
FVACE T 2=V IRED SV B SIRIEE~DHIER & L8l
T 2iH0, kg TICh 7 v 7 SNSRI TR0 77
7 74 FRE DN LRICEB T BBE RO/ AIED
WRREDH 25, i, HIRICBL U, Z 2D el #
A= RN K BB OGO BAENBGE, fERkf L
Ny MEEFDRROMHEEZE TSI G AICALN SR
WREERERLENDH S, SIoI1T, RETIETYYILRy b
7= EDF LWL O R, R HEE L YL
Ktk OB DOBIRICOWTOIIZE R E HIToT W 5,

Our group investigates fundamental problems in condensed
matter physics through massively parallel computation using
ISSP supercomputers and “K-computer” at Kobe. For this
purpose, we also develop new algorithms. As for quantum
critical phenomena, for example, we are trying to find a “decon-
fined” critical phenomena, a new category of quantum phase
transition, as a transition between Neel state and VBS state in
the SU(N) Heisenberg model. Another target in this area of
research is the existence/absence of super-solid phase in optical
lattices and in *He systems adsorbed on graphite surfaces. As for
classical systems, we investigate the phase transition due to the
Z2 vortex dissociation, an unconventional critical phenomena
caused by the symmetry-breaking dangerously-irrelevant field,
etc. Furthermore, we recently work on developments of new
computational methods such as tensor networks, as well as the
possible relationship between the computational complexity and
the thermodynamic properties.

ﬂ o -rrrrrTr LE LL
b - EEEgEEN ‘il EENN : - LN LN | - :l -
. . SHORBRAEHDT—LF LT X THICSS
: . TT—LTFILTY X LADOWFIHEN BRI > 12,
A . . Worm algorithm with multiple worms, which
: - 4& - makes the worm algorithm parallelizable.
0 = :
01 2 3 4 5 6 7

i 7T —~ Research Subjects

1. HLWEFHE EFHEEBORE

Search for novel quantum phases and quantum transitions

2. B OBIERE DR
Numerical methods for many-body physics
3. RARRO—ARGR
General theory of critical phenomena
4. SV LREFTHER
Disordered systems and computational complexity
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Rz, BRI HIIED ¥4 5 2 7 2D 1% At T\» 5,
ZDLHDY 2L —varyFEORI, WRHITo>TWw 3,

B ZIE, RIMERCAEE LD 6 22 /MNED X F X F 2B
TTOWRZLZTART VS, INET, WILITL>TH
MBRAH T > 2= PRPAY v SRICETE TS 2 L, IRE
INEDRTERRZAGIZ RV, B — PO 2EITI LS
EERHS»IZLTW S,

Fo, ARBEOREG, BRI OV THHIAEL TV 5,
RN TIEIEORN G, AP EER D 72 & I I
IoTn5, ZoiEfz Uy FERZ T IaL—
vavl, INFTEOLNTVRP SR OHTLIFERL
7zo BE OYIBIN 2R O RAMIHICID ATV,

(a)

BN IICRBENND T )b, ZEIR(IC & > TR BZENER S NS,

Snapshot of a lipid vesicle confined in a spherical vesicle.

X7 —~ Research Subjects

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

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

FARTRT TOREEEFREDOO—)LREEDF M.

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

1. #HRE. BEENRY T IO
Shape transformation of cells and lipid vesicles

2. EFEORME. D
Fusion and fission of biomembranes

3. EFE T TCORMELFIEDS 1 FI TR
Dynamics of membranes out of equilibrium

4. HZRAILE T ZEWNVETIRR
Slow dynamics in glass
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L Y% EHE (Materials Design Division)

LT AT

Supercomputer Center

#B YA E B[] {HF Charperson : NOGUCHI, Hiroshi
BHYFE JI|E [EME Contact Person : KAWASHIMA, Naoki
BYmRE EF {& Contact Person : SUGINO, Osamu

Bh #% &1 HEiE Research Associate : WATANABE, Hiroshi

B ¥ 5N FEEH Research Associate : KASAMATSU, Shusuke

1. £EIEFEFHA— S —av Ea—%

IR ECRITEYEDEEER DA - —a v
Ea—¥ T A7 0%, A= —arvYa—yHEFHZEED
ik HO E2E oYM HE O LFAM AL THY S,
283V AT LIE 2015 4E 7 FICH B S 7 KL 51
FHEHE (SGIICE XA/UV NA 7' ) » b ¥ 27 A, 3820CPU
(Intel Xeon) + 576GPU(Nvidia Tesla K40)) 2. 2013 4£4 H
WA S N7 R BRI F1 G5B (FUJITSU PRIMEHPC FX
10, 384CPU) Z A 7BE T ATLTH B, PATLDRY
Y=L DA KXo THRE RS AT LR R MR 75 L
Ebic, BEI—FDoDOHRICEDMDP G 25, &
AT LDEMEMNZIT> T35, A——arvEa—FDFH]
FHEEIZOWLTIE, B—25— (http://www.issp.u-tokyo.
acjp/supercom/) ZZWINnl\, iz, 2015 FEEPSY
7 b7 - RECR T v S Ak R L7,

2. Ny bv— 7 B

KETIE, WEIIEF LAN, BXO, 77414 —
N, WWW 3 — X (P P F A — 2 X — 2 http://www.issp.
u-tokyo.acjp) D&Y — NDOEHGEMAZ TV, K¥EBE
Ha GO IR LTY S, PRy b7 — 27 TlEH
WRHEX Y82 %y 87 —27 (UTnet) Z@EL7A v —%v
FANDEEREDTD, 7 7AT I A =N DEIE, T AIVAK K
V7RI ZT DT NANDRAi 2 ED L F 1) 74 3 K217 -
Tw3, ¥72, INTOavEa—9EL02y 7 —27H
D Q&A, TLERH S AT Ll EOERR OB L L AN
HELREHITH>TWDS,

3. HPCILimg7 a7 74 (IH TR A 2y 7oyx
7RI 0 7T ) DR

SHABHOE I SEH RS20 Y% TS 70572
THIVE - =2V X—Al OHEEEZ T F—FL T2,

A—/\—=2AvEa1—% 2ZX7LB (SGIICE XA/UV hybrid system)
The supercomputer system B (SGI ICE XA/UV hybrid system)
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HRMEFBE KM #{T Technical Associate : YATA, Hiroyuki
BiTEPMBE {BH ZRX3F Technical Associate : FUKUDA, Takaki
HIESPIE T AR (T Technical Associate : ARAKI, Shigeyuki

5PN BhER

-

1. Joint-Use Supercomputer System

The Supercomputer Center (SCC) operates a supercomputer
system available to all researchers of condensed matter physics
in Japan. One can submit a proposal for a User Program to
the Supercomputer Steering Committee, and once granted he/
she can use the facility with no charge. The supercomputer
system consists of two systems: SGI ICE XA/UV hybrid system
(3820CPU (Intel Xeon) + 576 GPU(Nvidia Tesla K40)) and
FUJITSU PRIMEHPC FX 10 (384CPU). The former system
and the latter system were renewed in July 2015 and April 2013,
respectively. In addition to maintaining high performance of
the system in cooperation with the venders (SGI and Fujitsu),
the SCC also responds to questions and inquiries from users on
daily basis.

2. In-House Networks and related missions

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

3. MEXT, HPCI Project

We support Center of Computational Materials Science, ISSP,
which is responsible to the project "Novel materials and energy
resources”, by providing and managing computer resources.

]

SGI ICE XA/3744 CPU + 576 GPU
2.62PFlops 240.4TB memory.

Gl UV/76 CPU
lops 19TB memory.
[

Fujitsu PRIVE|
90.8TFlop!

MERRAERFBR—/(—I Y E21—9 Y AT LERK
The Supercomputer System at the SCC-ISSP.
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Materials Design and Characterization Laboratory

YIE AR « BEEE (Materials Synthesis and Characterization Division)

PIE G [ AS S g VT

Materials Synthesis Section Chemical Analysis Section

B % M B EH FET  Contact Person : HIROIL Zeniji B % 8 EH FEI  Contact Person : HIROI, Zenji
¥ 1 B B AF ZFYEF Technical Associate : ISHII, Rieko BITEFBE /i 1EZ  Technical Associate : KOIKE, Masayoshi
BESEPBE b2 [EE  Technical Associate : KITAZAWA, Tsuneo B i B B8 AF FYETF Technical Associate : ISHII, Rieko

ARETIx, FIHD A, BV EORE, B ARETIE, DEVRICAE Y EIC O W TOLAT T
HEAEWM RO AR 27> T05, o, Flmi BLWED N5 OGRS B LOMEAN TR IS X2 R
PRSP BT R O, SRR IR I TR 2 & 2T NSt o DB LOFE 21T LIz, FFE - 87 - (L0 BRIC

SEF TR S & LT LTw 5, B0 2 A ks 2 TN o L EF IS L Te 5,

The main purposes of the Materials Synthesis Section are to The Chemical Analysis Section is engaged in determining the
synthesize new compounds and to prepare well-characterized chemical composition of specimens and in purifying chemical
samples and single crystals of various materials. Various kinds reagents for preparation of high quality specimens. The analyt-
of furnaces are provided for crystal growth experiments. ical equipments, several types of automatic balance and a system

for preparation of ultra-high purity water are provided for
TEDE chemical analysis experiments.
TO—T« vV VBESBRIA. BE&SI LA SEESFE B
ARATY Y IIVIR TSIV IR T—UBERIE. 2=y ME).

TERE
s 6 ye= o T :
RERREE (107 Torr). HEYINH FERAEART S VRN LR, AEENE. TR, B
Main Facilities EREEE., MikESEEE

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.

Main Facilities

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

BiERS| LR FEEABART 7 ANEADADITES
Czochralski pulling apparatus with an induction heating system ICP-AES
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X-Ray Diftraction Section

B Y B BEH EZ

B ¥ KB 2

Contact Person : HIROI, Zenji
Research Associate : YAJIMA, Takeshi

KE B

BRI Y2 R S OPEIFEPLRHIEIC BT, Al
TN I3 THEEAMEZ D5, AE TR, XHREET
2T, BB E ORGP I X 2 G2 LA Y
YERSE O 21T ) L3z, ATNAF O BFFE I LC it
IO, K72 T o T 5,

The main purposes of the X-Ray Diffraction Section are
structural analysis and identification of powder and single
crystal specimens for solid state physics. By using the 4-circle
diffractometer equipped with a warped imaging plate and a
refrigerator, the structural analysis is performed in the tempera-
ture range of 7-300 K.

ELE

MARXREITERE. EEREERITA CCD ¥ A7 A, MEE X REIHTE
BHAA—I YT TL—MRXROFE. ZVIAAS AX=IVTT
L—hSAHEDEKE

Main Facilities

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

A A=YV TL— NEUXIRERTE
Imaging plate type X-ray diffractometer for low temperature application

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

CR

Electron Microscope Section

B % FF B EH =T Contact Person : HIROI Zenii
¥ fif B 8 JEMR K& Technical Associate : HAMANE, Daisuke

BT P Y EOWMMEEH O/ AR TFBRTH 5,
RETE, BTRLVTOEBREBIZ T 20, &7
fifHE T & o SR 3 BT - BRSO & 0 AL PR Bl
W& 2179 L dbic, Rzt oML JEFH
AR 2T > T 5,

The Electron Microscope Section supports electron diffrac-
tion measurements, lattice image observations and microscopic
analyses of various solid materials in both crystalline and
non-crystalline forms with the atomic-scale resolution by using
a high-resolution electron microscope equipped with an x-ray

micro-analyzer.

TERE
200kV BRBS AT EFEME. EE - SRRV —. SRR
DfchDER DEKE

Main Facilities

200 kV electron microscope with an x-ray micro-analyzer, High-
and low-temperature holders, and various apparatuses for sample
preparation.

200 kV BERETZ T E FIRILER

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

Y AN« BFAiEE (Materials Synthesis and Characterization Division)

PR S E o i

Electromagnetic Measurements Section Spectroscopy Section

#H % Ff B ZK Zx5A  Contact Person : IYE, Yasuhiro B % B B KJt fAl  Contact Person : SUEMOTO, Tohru
B Y4 m BRIl Contact Person : TAKIGAWA, Masashi B Y BT B FN ZESC Contact Person : AKIYAMA, Hidefumi
# Y B 8 BEF =T Contact Person : HIROI, Zenji

HMrEPBE UK Bl Technical Associate : YAMAUCHI, Touru

ARETIE, WHOEANNE TH % E MBI TEE IHIED & 26 A ER AL — Y =Rz M2, BT
Z M B KOS DR HERICO > THIE T 5 L LI, NOILFEFNPEL T2, AT - 25 - RIPBEIRDWLIL -
PSR E 22, PR PR S, SRS ARl SARY PV, BT~ v o 67 EOREDRETH B,
D2 TN O ILFFTICAE LT 5,

The Spectroscopy Section offers joint-use facilities for stan-

The Electromagnetic Measurements Section offers various dard optical measurements. The facilities can be used for mea-
facilities for measurements of electric and magnetic properties surements of conventional absorption/reflection spectrum in
of materials. The followings are types of experiments currently the UV, visible and IR regions and Raman scattering.
supported in this section: electrical resistivity, magnetoresis-
tance and Hall effect, magnetization, a.c. susceptibility, magnetic EERIE
torque, and NMR. AREADIRER RADHKRER ST UIHKER RRUZE/UL

AL —H—3HR
F I Main Facilities
15/17FA5BEHEY TRy A, 16/ 1 8FA5BH—BEETY UV/VIS absorption spectrometer, IR spectrometer, Micro-Raman
Zwk (NMR). SQU | DEMEEIERES (MPMS). SEMMRIEE spectrometer with Ar and He-Ne lasers, Pulsed YAG laser equipped
B (PPMS). VORI JLEGBIEET SRy ~ with tunable OPPO and a laser-machining unit, Ar ion laser,
Cryostat.

Main Facilities

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

BRI ERE TRABLV TV HHEE
SQUID magnetometer (MPMS) IR and Raman Spectrometers (Room A468)
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J YIE AR » BEEE (Materials Synthesis and Characterization Division)

e T

High-Pressure Synthesis Section

# Y B 8 EF =T Contact Person : HIROI, Zenji

—_ —

RITEPIBE %BE SAE Technical Associate : GOTOU, Hirotada

ARETIE, AARE, BHTEETOEREE TIZEWT
Mex 7 (1) WEOAEREZITHI LIS, BEAITIZEIT2Y
HOEBEZFRT 0D, ISR E 542 E B
T 2 FEER 2 TN O FERI I LTw B,

The main purposes of the High-Pressure Synthesis Section
are to synthesize various (new) compounds and to investigate
the behavior of some materials at extreme conditions of high
pressures up to 100 GPa or more and high temperatures up to
several thousand °C. Various types of high-pressure appara-
tuses and related experimental equipments are provided to joint
research and internal use.

FELF

500/700 b VHET L REE. Y1 VEY K7V EIL I, XIREIFEE.
PEM D YV DHEB. YAG L—Y—INTH. Z0ft (REMIE. 517
EYRHELESB. e NCEFTUYITYY)

Main Facilities

500/700 ton press, Diamond Anvil Cell, X-ray diffractometer,
Micro-Raman spectrometer, YAG laser cutting machine, and
others including Electric discharge machine, Grinding machine for
diamond, Lathe machine, and Modeling machine.

EHT 700ton ¥ 12— v & 7L 2,4GPa £ TOBEEEARERA.

Wakatsuki-type 700 ton cubic press for high pressure and high
temperature synthesis experiments up to 4 GPa.
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BNz e hETELERIC X S
YIPENTFE D 7200 D 2 FE L RF ] 2 HEHE LT & 72,
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Neutron Science Laboratory

Since 1961, the ISSP has been playing a central role
in neutron scattering activities in Japan not only by
performing its own research programs but also by
providing a general user program for the university
owned various neutron scattering spectrometers
installed at the research reactor of JAEA (Tokai).
In the JRR-3 reactor (20MW), the university group
owns 14 spectrometers, and the Neutron Science
Laboratory (NSL) is conducting the general user
program. Furthermore the NSL owns state-of-art
inelastic neutron scattering spectrometer HRC in
J-PARC which started its operation in 2009. Major
research areas supported by NSL user program
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.
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High resolution chopper spectrometer installed in J-PARC. A white pulsed neutron
beam generated with the frequency of 50 Hz propagates inside the neutron beam
guide. The beam is monochromated by the Fermi chopper, scattered by the sample,
and detected by 2-dimensional detectors. The detectors detect all the scattered neu-
trons with all the energy, which makes the data acquisition drastically efficient.
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Variation of SANS profiles for star-type trimeric surfactant in aqueous solu-
tion with varying volume fractions. With increasing surfactant concentra-
tion, micelles are transformed from spherical to wormlike micelles, followed
by entangled rodlike micelles.

7T —~ Research Subjects

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

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

analyses.

Kg) lem]

Io.I

w0 1w
gAY gAY

RUN-1YZOELT I VLT IR /A AV RERRDNAREFHEL AT «—
L OREEFE, BEOETICELDREMEIEE (UCST AAZE) L. KEEKE
¥ 2% (LCST BUBEH) HEOFEHZERT,

Temperature dependence of SANS profiles of pNIPAm/ionic liquid solu-
tions. By lowering temperature, the system undergoes phase separation
(UCST type behavior), which is opposite to pNIPAm/water systems (LCST).

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

2. BEANBATFTIDERAN=Z
Deformation mechanisms of super-tough polymer gels
3. MEGTOF /INILYavELCIILOESEEL

Structural evolution of nanoemulsion and micelles in flow field

4. A7 27 DT EBEIERIT
Development of ion-gel and structural analyses
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Professor

Metal-insulator transition in transition-metal oxides has
drawn much attention because such a phenomenon reflects
interplay among spin, charge, lattice, and orbital degrees of
freedom. Our group has been studying their behavior by
neutron scattering technique with use of pulse and steady-
source neutron beams, and the triple axis neutron spectrometer
owned by the ISSP is shown in the left figure below. The hole-
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doping dependences of the incommensurability and the transi-
tion temperature of the stripe ordering for the hole concentra-
tion x up to x = 0.5 have been observed in the highly-doped
Lay.xSrxNiOy4 which is one of the isomorphic compounds of the
High T. cuprate superconductors. The ordering temperatures of
the stripe charge as well as spin orderings have the maxima at x
= 1/3, and they decrease beyond x = 1/3. Beyond x=1/2, the Ni
system gradually becomes metallic and shows the insulator to
metal transition at x~0.9. Recent pulse neutron studies on Ni
and Co systems revealed that the unusual hour-glass type spin
excitations exist in these 2 dimensional transition metal oxides,
and our group is studying such unusual spin dynamics and their
relation to the transport properties with using pulse and reactor-
source inelastic neutron spectrometers.
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Triple-axis spectrometer installed at the JRR-3 in
the Japan Atomic Energy Agency, Tokai, Ibaraki.

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

1. BEREBRAMIRT RE - EREGE Y. ZORICHIRT 2HMAKE - BEHKE - SLERF A E OPMEFEELIC & 2%
Neutron scattering study of metal-insulator transition, magnetic ordering, charge/orbital orderings in transition-metal oxides
2. FIDHIED KRB U LBEERICE T 2BIMEFEEAEY ST (I 7 DR
Neutron scattering study of spin sturucture and dynamics in noncentrosymmetric magnetic superconductors
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Heat capacities of palladium hydrides. Glass transitions due to the freezing of
hydrogen motions appeared. Upper-right and lower-right figures represent
the composition dependence of Tg and the crystal structure, respectively.

57—~ Research Subjects

We are studying chemical physics of complex condensed
matters, especially glasses and supercooled liquids, water and
related materials, ionic liquids, hydrogen storage solids and
single molecule magnets (SMMs). Glass transition is a myste-
rious phenomenon in which liquids solidify without structural
change. This is one of big and long-standing issues in physics.
Water, which is the most familiar material for us, exhibits various
unique phenomena caused by hydrogen bonds. Ionic liquids
have many interesting properties originating from competing
electrostatic and van der Waals interactions. Hydrogen in solids
exhibits classical and/or quantum (tunneling) diffusion depend-
ently on potential energy surfaces. SMMs are significant not
only for applications but also for basic physical properties such
as quantum effects on magnetization reversal. These substances
are investigated from neutron scattering, x-ray diffraction, heat
capacity, and dielectric measurements. Our aim is to find simple
(?) rules involved in complex systems from the three different

points of view, i.e., structure, dynamics, and thermodynamic.
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Quasielastic neutron scattering spectra due to the magnetic reversal of a
rare-earth based molecule magnet. The relaxation times are obtained by fit-
ting the data to Lorentz functions. The inset shows the molecular structure.

1. A5 2B, RV E—o R EDFBUBEROT A+ 35 X

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

2. KELUHEEYE (BKSILERBRRLE) OBELT1(FIIX

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

3. BRAAVREDANZRMEE T A FI TR

Thermal and dynamical properties of room-temperature ionic liquids

4. KRTBEGOHRNZHNMEES A F TR

Thermal and dynamical properties of hydrogen storage solids

5 BAFHMADAEYSTAFIIR
Spin dynamics of single molecule magnets
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a, Crystal structure of BaxCoGe;07. b, Structures of spin
dipoles, spin nematic operator Oxy , and electric polarizations in
Ba;CoGe,07. Red arrows are spin dipoles and open circles with
crosses and small filled circles indicate the directions of electric
polarization calculated by using the relation between spin nematic
operator and electric polarization. Two-tone clovers are nematic
operators. ¢, Inelastic neutron scattering spectrum. Anisotropy gap
of 0.1 meV is explained by antiferro-nematic interaction. d, Angu-
lar dependence of magnetic susceptibility dM/dH. Calculation
including antiferro-nematic interaction and experimental data are
consistent.

%257 —< Research Subjects

One of the research goals in our group is to find a novel
quantum phenomenon and to reveal its mechanism in
low-dimensional spin magnets and frustrated magnets. Strong
quantum fluctuation or geometrical frustration disturbs
the development of trivial magnetic states and induces a
non-trivial quantum state. Furthermore such a state is sensi-
tive to a small perturbation and, thus, the area is frontier of
quantum phenomena. Our research topic includes spin liquid,
RVB, Cuboc structure, skyrmion lattice, etc. Another goal is to
observe a new magnetoelectric effect in multiferroic compounds
and/or relaxor magnets. Particularly we focus on the micro-
scopic mechanism in the system where the macroscopic
thermodynamic quantities are controlled by non-conjugate
field. Figure is an example of our study identifying the existence
of antiferronematic interaction in a multiferroic compound by
combination of neutron scattering technique and magnetization

measurement.
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1. EFHMEGRTT ZZ ML — MEEAROKSEE & SRR

Magnetic structure and excitations in frustrated magnets and quantum magnets

2. XIWF7xO0470 R
Multiferroics

3. BARBRERADHEIRE

Magnetic excitation in supercrystal of oxygen molecule in nanoporous metal complex
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My research subject is the synthesis and structure of novel
ionic plastic crystals, and the quest for peculiar ionic conductivity
derived from the symmetry and packing of the ionic species.

Tonic conductivity becomes more and more important recently
because they are used as electrolytes in emerging energy devices
such as lithium ion battery, fuel cells and capacitors. I intend to
introduce “structure” to the ion conductive plastic crystals for the
sake of achieving a novel style of ionic conductivity.

Tonic plastic crystal is an intermediate phase between crystalline
solid and liquid. It has periodically arranged ionic species, which
shows rotational motion at the sites and jump-diftusion hopping
between these sites. We have prepared ion pairs consisting of
chiral cation or anion, and found novel plastic crystalline phases.
We also intend to achieve asymmetric ionic conductivity of these
chiral plastic crystals, and also investigate the relationship between
the crystal structure of the ionic plastic crystals and the ionic
conductivity of it by neutron diffraction study. Neutron diffraction
and quasielastic scattering techniques present the information for

the structure and ionic motions, respectively.
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54

To understand the nano-scale and the quantum phenomena
in condensed matters is one of the main trends of modern
physics developments. At Advanced Nano and Quantum
Matters (ANQM) Laboratory, we principally investigate into
the superconductivities of nano-size superconductors, and the
emergent phenomena of quantum matters by using in-house
low-temperature measurements, such as magnetization, heat
capacity, resistivity, EPR, NMR etc.; and various neutron
scattering techniques, synchrotron x-ray scatterings, and pSR

by mean of world-wide collaborations. Our recent researches
focus on the flux-line dynamics of nano-size superconductors,
emergent monopoles in spin ice, ground states and excited states
of geometrically frustrated magnets, and the interplay between
spin-orbital coupling and electron correlation.
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55

Neutron scattering at spallation and reactor sources has made
considerable progress by making use of increased detector
capacity. The technique becomes a groundbreaking experi-
mental tool by combining it with efficient modern software for
modelling the neutron scattering cross section of exciting new
materials such as unconventional oxides, frustrated magnetic
materials and spin-split electron systems. Spallation neutron
sources provide higher-energy (eV region) neutrons quite effec-
tively and allow to build high-energy chopper spectrometers,
such as HRC co-constructed by ISSP and KEK at J-PARC. At
this energy the frequently used dipole approximation fails and
a more complex model calculation is necessary. We utilise and
extend the capabilities of the McPhase software suite to calculate
the neutron cross sections of complex materials with spin and

orbital excitations.
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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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Y2267 RH  ER3A B %
Associate Professor MATSUDA, Yasuhiro Research Associate
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RiMErIHE WE &
Technical Associate  MATSUO, Akira
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Project Researcher SAKAI, Yoshikazu
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Control room BHBEERESRERBNMTREA S NI, RREFRICMAET ZDIE 50 kV, 5MJ DED

5MJ EMFC System  Old 5MJ EMFC System

0ld Main Bank
2MJ, 40 kv

2 MJ EMFC System

Sub Condenser Bank

2MJ, 20 kv 5MJ Main Condenser Bank

2MJ Main Condenser Bank
0.5 x4 Module =2 MJ, 50 kV
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YTFYHNNY T 1000 T OBRBIGFRENFIRERRET B> TWD, BICRBESINLDIF
AU 50 kV. 2MJ @AV FyH Ry I TH D, BHEOBHEREBICEREZH®HIET 2.
600 T REDBRKISFRENTAIRRBRETER> T\, BHIEBBOMIMISREINILBEL
T, 20kV, 2MJBIOYFY BNV I FHREE. £ DBWIEHHIENIESh 5,

Newly installed electro-magnetic flux compression (EMFC) system. The new EMFC
generator energized by the 10 modules of 50 kV condensers, all together 5 MJ, is
designed to generate 1000 T ultra-high magnetic fields. Another 2 MJ main condenser
modules are used to inject an energy to the relatively light EMFC system for frequent
use, but capable of generating around 600 T. The seed field coils, generating the initial
osx10me-sw,sokv  Magnetic field, which is compressed by the EMFC, are connected to the sub condenser
bank modules of 20 kV, 2 MJ.
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Takeyama Group
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Newly-developed ultra-high magnetic field generator of the electro-
magnetic flux compression method. The 5M]J fast condenser bank is capable
of supplying maximum electrical current of amount to 8 mega-ampere,
which is injected to a primary coil through the collector plate. By upgrading
the performance such as the maximum charging voltage and the residual
impedance, ultra-high magnetic fields up to 1000 T are planned to generate.

1. BIRABIBEISFAE S YIERTRIBAT R

B IEZER s NN
TAKEYAMA, Shojiro NAKAMURA, Daisuke
% B

Professor Research Associate

We are engaged in development for generating ultra-high
magnetic fields above 100 T, and pursue the solid-state science
realized under such an extreme condition. We employ two
methods for the ultra-high magnetic field generation, one is the
electro-magnetic flux compression (EMFC) and the other is the
single-turn coil (STC) method. We have established a new type
of coil for the EMFC, and currently the maximum magnetic field
is 730 T. This value is the highest achieved thus far in an indoor
setting in the world. Further development is underway for
achieving much higher fields, more precise and reliable measure-
ments for the solid-state physics. The horizontal and vertical
(H- and V-) STCs are used for more precise measurements up to
300 T, respectively, in accordance with their magnetic field axes.
The H-STC is mainly used for magneto-optical measurements
by use of laser optics, whilst the V-STC is more suitable for the
study of low-temperature magnetization in a cryogenic bath. We
are conducting the studies on magneto-optics of carbon nano-
materials or of semiconductor nano-structures as well as on the
critical magnetic fields in superconducting materials and on the
high-field magnetization processes of the magnetic materials

with highly frustrated quantum spin systems.

WELYSERBESHK 100 T T .
La1.84Sr0.16CuO4 DR E — © single-turn coi
HiBHEE. SARBSEE PO s R o oiod
EPSRMSSNELEE o O “Be,
RESOENRINTWS & (o, Asg) = (4.4, 0_2}"\
(O:—FZ340&E O @ e0f

MR/ VAT F Y k),

hS-IvTREAKT g

n-7ESoRECZELE 5 40F

R, ML Werthamer- g =
Helfand-Hohenberg 20 RF magnitude (arb. units)

(WHH) B3R & 3 F iR i HETED o
HBEBRD T v 7 1> ™ S—

EETHD. )XY UBHES 0 - |
LHERISE RS ZER 0 10 20 30 40

IC7>TW3, Temperature (K)

The temperature-magnetic field phase diagram of the cuprate superconduc-
tor Laj 84Sr0.16CuQO4. The open symbols are the upper critical field evaluated
from the high-frequency electrical conductivity measurement ( O : single-
turn coil, [J : non-destructive pulsed magnet). The intensity map shows the
evolution of the high-frequency probe signal. The dashed curve is a fitting
curve of the upper critical field by the Werthamer-Helfand-Hohenberg
(WHH) theory. The upper critical field is determined by the Pauli effect in
this material.

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

2. BRESHIICENR
Magneto-optics in ultra-high magnetic fields
3. EBREISHEIE, BIREADRAS

Magnetization processes of magnetic materials and the critical magnetic field in superconducting materials in ultra-high magnetic fields
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Profile of magnetic field for Short pulse magnet. The maximum field of

85T is the highest record for mono-coil field. This magnet is used for the

75T-measurements as a user’s coil.

1. EFRAEYRYE OBLIEWR
Study on magnetism of quantum spin systems

2. BERGEYE ORI B DR

< J

B8 E— WEE  S3A INE L

KINDO, Koichi KONDO, Akihiro KOHAMA, Yoshimitsu
263 Bh%K FHEBNEK

Professor Research Associate Project Research Associate

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

1. Short pulse magnet: Pulse duration 5 ms, maximum field 75 T

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

3. Long pulse magnet: Pulse duration 1 sec, maximum field 36 T
Short pulse magnet is used mainly for magnetization measure-
ments on insulating materials and Mid pulse magnet is used for
various measurements on metallic materials. Our magnet has
been breaking the world record of non-destructive mono-coil
field and we continue to develop a new magnet aiming at the
new world record of 100 T. We have installed the flywheel DC
generator on May 2008. The generator enables us to generate
long pulsed field with the duration of 1 second. The Long pulsed
field is used for the heat capacity measurement under high field
and the p-T measurement can be done by use of flat-top field.
Higher long pulsed field are under development.

OXJIWAR T 254
40
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/,
30 /
25 7/ \\

20 // "‘A\
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10 A\ Wl
\

i 0 0.5 1 &

time (sec)

AYJILAR TRy b OBEET . REDRKHISIE 36T, 2OYIFRY b
EHISPHRAERE LTI —IRRHL TV,

Profiles of magnetic field for Long pulse magnet. The maximum field of
36 T is used for the heat capacity-measurements under high field.

H (T

e

Study on magnetism and conductivity of strongly correlated electron systems

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

4. BOYTINVAR TRy ~ DRAF
Development of ultra-long pulse magnet
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(top) in-plane (pxx) and out-of-plane (p.;) magnetoresisitance and
(bottom) in-plane Hall resistance (pxy) of single crystals of graphite
measured in pulsed high magnetic fields applied along the c-axis. The inset
in the lower figure schematically shows the expected dispersion relation of
the two Landau subbands crossing the Fermi energy. Anomalous increase
of the p;; in this quantum limit state suggests the emergence of novel
electronic state above 53 T.

1. NILF 7 041 v IV YEOHIGHREERRE
Field-induced transitions in multiferroic materials

2. EFMRREICE T 2EFIHEGERE
Electronic phase transitions in the quantum limit state
3. VLRSS T ICR 1T 2 SRELIEMIRERE

=% E&
MIYAKE, Atsushi

IR EUE

oK fgsE
TOKUNAGA, Masashi

Associate Professor Research Associate

Magnetic fields have been extensively used in broad research
fields of solid state physics because they can directly tune the
spins, orbitals and phases of the electrons. We study various
kinds of phase transitions in high magnetic fields with using
non-destructive pulse magnets and various experimental
techniques; e.g. magnetization, magnetoresistance, electric
polarization, polarizing optical microscopy, and so on.

As one of our recent projects, we focus on the phase transi-
tions of semimetals in the quantum limit state. Owing to the
small carrier density, some semimetals can go into the quantum
limit state, in which all the carriers occupy only the lowest
Landau level, in the field range accessible by pulse magnets.
Our magnetic and transport measurements on graphite, which
is known as a typical semimetal, suggest the emergence of the
quantum limit state above about 53 T. The non-monotonic
increase in the resistance at the higher field indicates the
emergence of a novel electronic phase above 53 T. We are
carrying out various experiments on graphite to make clear the

nature of this novel phase.
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High-speed polarizing microscope imaging in pulsed-high magnetic fields

4. BRBEEEDREISYIE

High-field studies on high temperature superconductors
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Y. Matsuda Group
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Magnetotransmission spectra image at the field-induced phase transition
from the o phase to novel phase of solid oxygen. The upper panel shows the
waveform of the magnetic field.

%2 —~ Research Subjects

1. EMRERSR DRGZ AT RAE DA

FAH  ER3A tHE B
MATSUDA, Yasuhiro  IKEDA, Akihiko
IR B

Associate Professor Research Associate

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

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

| a-YbAIB, Powder
non-destructive
42K

M (arb.units)

MRS E o-YDAIB4 DBRELIZH LB, B ARISH (L DRI ORISR
2

Ultrahigh magnetic field magnetization process in a valence fluctuating
compound o-YbAIB4. The field derivative of the magnetization is plotted as
a function of magnetic field in the inset.

Study of the magnetic-field-induced novel phase of solid oxygen

2. BSTEEEE - EEHBE
Magnetic field-induced insulator-metal transition
3. ERTETAE Y RO EBHISHALBE
Magnetization process of quantum spin systems

4. BEVBETROHSHETFRE

Electronic states of heavy fermions in high magnetic fields
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Visiting Associate Professor

We are studying condensed matter physics to discover and
understand mysterious quantum phenomena of countless
electrons as solid state chemists. So far, we have mainly synthe-
sized and studied inorganic compounds showing unusual
phenomena such as giant magnetoelectric effect, anomalous
magnetotransport, high-temperature superconductivity, and
giant thermoelectric effect, which can not be fully described by
the conventional solid state electronics.

Generally, it is rather difficult to design a new bulk material
showing interesting physical properties. Thus, the search for
such materials is typically starting from the related compounds
of the known interesting system, followed by synthesizing
isoelectronic compounds. However, such compounds obtained
by conventional solid state reactions are limited. To overcome
this situation, we adopt special synthetic methods such as a
high-pressure technique and a soft chemistry process. Further-
more, we put our efforts on the measurements of physical
properties under high pressures and/or high magnetic fields to
search for novel quantum phenomena. For the measurements at

high magnetic fields, we collaborate with Tokunaga laboratory.

THE INSTITUTE FOR SOLID STATE PHYSICS 2015



SHEIRTR R v 2 —

Center of Computational Materials Science

WaArEa— IR INZEFDaryEa—%
N=FDOL7DFBIZED o T, RBBEEAEF
HICK2YERIENDT7 T u—FBEATH S,
AvEa—F 2R LSRN LT
R VEfS - AR - R ENC B U 2 E TR B SR 7%
EVEY B A D FEMER 2 M & AR TN
A ARG BRI Tt 35 1) B MBS 7 BT
S Jiee NI FAOSOR QRN 1 FE A (Y v A ] i
BUCESE T, A WHEIPHICE W THRER IR 212
DoT %, EFEDN—F 727 DL EREL - I
iz kb, 7 as7=icid% o a I Rm
WCEHEZ D HESE L LRBMBETHY, DL
DIFHEPE AR B A PR E 2 o T o
%, Ary—TIF, "5y . YHEIZEHTILHE
FIHA Ry 2RO LT D4 Rt EE 2 IEH
LG OB HATHS, 20
7eolz, FHEYEB a7 DMk TH B
RHEWE R A= 7747 (CMSI) DG # %
FHEL, 232254V 7 b2 7R S RO
HDYA+ MateriApps DFAF - HHZIT>TWw»
2137, KRBEESEH R 2 2 nFE o B4

r

As symbolized by the K-computer, massively
parallel computation is actively used for solving
problems in materials science in recent years. In
fact, computer-aided science has been providing
answers to many problems ranging from the most
fundamental ones, such as critical phenomena in
quantum magnets, superconductors, and superfluids,
to the ones with direct industrial applications, such
as semiconductor devices and electrode chemical
reactions in batteries. Due to the recent hardware
trends, it is now crucial to develop a method for
breaking up our computational task and distribute
it to many computing units. In order to solve this
problem in an organized way, we coordinate the
use of the computational resources available to our
community, including “K-computer” and ISSP super-
computers. We also support the activities of CMSI,
an organization of the materials science community.
In particular, we operate the web site, MateriApps,
which offers easy access to various existing codes in
materials science as well as cooperative code-develop-
ment environments. In addition, we are also leading
these activities to solutions to problems with more
direct social impacts such as substitutions of rare
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ZnS doped with Cr and Fe is predicted to be a half-metallic antiferromagnet
(compensated ferri-magnet) (HM-AF). Also we have predicted that many
other intermetallic compounds such as CrFeS; might be HM-AF.

1. E—REETFREFHE
First-principles electronic structure calculation
2. FIERNYTYZILTH 1Y
Computational materials design (CMD)
3. KKR 7'V — YV E#iE & 2 DA
KKR Green's function method and its applications

4. Bl & X ABA DRFIFE

Magnetism and development of new permanent magnets

i

R A

AKAI, Hisazumi
RHERUS

Project Professor

Our main objective is to theoretically produce new function-
ality materials by means of computational materials design
(CMD). In particular, the development of new high-perfor-
mance permanent magnets is one of our main targets. CMD
aims at to design materials and/or structures on the basis of
quantum mechanics. This corresponds to the inverse problem of
quantum simulation. In general, solving such a problem is very
difficult, but in the case of CMD we can solve this by making
use of the knowledge, which is obtained through quantum
simulations, about underlying mechanisms that realize a specific
feature of materials. In this regards, the developments of new
methods of quantum simulation are also our very important
subjects. Among them are developments of methods of accurate
first-principles electronic structure calculations in general, first-
principles non-equilibrium Green’s function method, screened
KKR-method that realizes exact order-N calculation for huge
systems, and the methods beyond LDA.

Magnetic anisotropy energy of Sm,Fe ;N
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HLUWS A T OXKABEAME SmaFe17Nx DBKESED N BEEOKEME. N Z
BY9 b IcBIRAELNEARL S—HEICEELL TRABAMHE L TR S
LOICBBIENMMSNTVNED, F-REFRICL > TEDRDZFVHIBERS N
TW3,

The magnetic anisotropy energy (MAE) of a new type of magnet SmaFe;7Nx.
The experimental observation that MAE changes its sign from in-plane to
uniaxial anisotropy, which is necessary for permanent magnets, is correctly
reproduced by our first-principles calculation.

Energy difference (mRy/f.u.)
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B DIEBN R T E D D05 D, IoIcFKAIEFHE
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ZEMEBE LRGN A WE T YA v 2 BRI, HEx
HEDTW5, ZD7DDHE—HE UTHEWAEE OFEZ
THEME ARG Z P 2720077 Em OB FE ICHU)
ATS, $pRLIGIR T 0y 7024 =7 =2 7
F 77 OpenMX (Open source package for Material
eXplorer) &L THMETHARML., EANOMIEHICEX
D LIS H 2 PERED WA 5N TW» 5,
A—5—NsUD
TEREREDT A

77, (1) RFEIC
BREAICEEN

(1) Truncation in real space

(2) Mapping into a Krylov subspace

ZERFHSEHIN 8 . (3) Evaluation of
%9529 —%ERk '—h:::’_-—p '.-'o —G(2)

L. (2 25iIcv 75 [
25 —TEHEEND W I BRI
BoEEMrSY U0

TEREEANOHEZTS, (3) 7O THNEBRNTEREREEZRE. FOR
FIcBEY 27 ) —VEBEE LK. TOERANDEEREITS,
Underlying idea of the O(N) Krylov subspace method. (1) Construction
of truncated cluster for each atom by picking atoms up within a sphere. (2)
Projection of the truncated subspace into a Krylov subspace. (3) Solution
of the eigenvalue problem in the Krylov subspace, calculation of Green’s
function associated with the central atom, and back-transformation to the
original space.

Bl Z=8)

OZAKI, Taisuke
SFERIR

Project Professor

In accordance with development of recent massively parallel
computers, first-principles calculations based on density
functional theories (DFT) have been playing a very important
role in understanding and designing properties of a wide variety
of materials. We have been developing efficient and accurate
methods and software packages to extend applicability of DFT
to more realistic systems as discussed in industry. Although
the computational cost of the conventional DFT method scales
as the third power of number of atoms, we have developed an
O(N) Krylov subspace method, of which computational cost
scales only linearly, based on nearsightedness of electron. The
O(N) method enables us to simulate Li ion battery, structural
materials, and graphene nanoribbon based devices which cannot
be easily treated by the conventional method, and to directly
compare simulations with experiments. In addition to this, we
are aiming at realization of materials design from first-princi-
ples. As a first step towards the materials design, we have been
trying to develop a method to predict complicated crystal struc-
tures based on machine learning techniques. Our continuous
methodological developments have been all implemented in
OpenMX (Open source package for Material eXplorer), which
has been released to public under GNU-GPL, and widely used
around world for studies of a wide variety of materials.

F—5—=N2ZUOTHIEEET

& 51 72 BCC # & NbC O &8 7
EAREORBE({LEIE, NaClfs
%D NbC(100) i & BCCHEED 2
Fe(100) ' Baker-Nutting @ B f% Z
[010Inbc//[01 1Fe, [001INbC// & 32
[011]Fe DFER AL THABETRE
ZHHT %o RRRFEHRERFOD
BWHEEERODLHIC Fe RFAC ¢
RFIEDE, EHNAMICRA
TWBZENDD B,

Optimized semi-coherent interface structure between BCC Fe and NbC by
the O(N) method. BCC Fe (100) and NbC(100) in the NaCl structure forms
semi-coherent interface structure in the Baker-Nutting relation: [010]nbc//
[011]pe, [001]Nbc//[011]e. Iron atoms approaches to carbon atom due to
strong interaction between carbon and iron atoms, resulting in that struc-
tural strain affects into the inner part of iron.
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1. B—REEFREABEICE T IHENGFEFE - 7TV LD
Development of efficient methods and algorithms for first-principles electronic structure calculations

2. F-REBCEFEFEDFRRE

Development of first-principles electronic transport calculations

3. TRV AVEBEDE—REETIRESE

First-principles calculations of two-dimensional Si structures

4. BIERHEHHOBE - BEORR

First-principles exploration of permanent magnet materials

5. OpenMX DRAF & NFE
Development of OpenMX
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Laser and Synchrotron Research (LASOR) Center
develops new lasers with extreme performance of
ultra-precise, high intensity and ultra-short pulse
lasers. The cutting edge soft X-ray beamline is also
developed using synchrotron radiation. LASOR center
is responsible for the advanced spectroscopy, such as
ultra-high resolution photoemission, time-resolved,
spin-resolved spectroscopy, diffraction, light scattering,
imaging, microscopy and fluorescence spectroscopy,
by new coherent light sources based on laser and
synchrotron technology over a wide spectrum range
from terahertz to X-ray. In LASOR center, a variety of
materials sciences for semiconductors, strongly-corre-
lated materials, molecular materials, surface and inter-
faces, and bio-materials are studied using advanced
light sources and advanced spectroscopy. The aim of
LASOR center is synthetic science for photon sciences
and collaborations with materials science. Most of the
research activities on the development of new lasers
with an extreme performance and the application
to material science are studied in specially designed
buildings D and E with large clean rooms and the
isolated floor in Kashiwa Campus. On the other hand,
the experiments utilizing the synchrotron radiation
are performed at beamline BL07 in SPring-8 (Hyogo).

[

BB KT B B % BE EX gmemMas |88 BT wsawEs & &F
Professor SUEMOTO, Tohru  Research Associate FUJISAWA, Masami  Technical Associate FUKUSHIMA, Akiko Project Researcher KIM, Changsu
BR(Lvy—K) F IE B % BE MER  mirErimE £HF EBA saEmxs Bl H#P0
Professor (Director)  SHIN, Shik Research Associate SHIRASAWA, Tetsuroh Technical Associate KANAI, Teruto Project Researcher HIYAMA, Miyabi

% (|4~ * e pe = ABS -
FEELVS-R) KR XK B % (1T N = HfEPEE MY E BiERRE  AE7 32NV
Professor (Deputy Director) KOMORI, Fumio Research Associate YAMAMOTO, Susumu  Technical Associate SHIBUYA, Takashi  Project Researcher GEISELER, Jost Henning
R M &= m % Al T8 zmsrme BR HoH BEmEE X OHX
Associate Professor AKIYAMA, Hidefumi Research Associate ISHIDA, Yukiaki Technical Associate HARASAWA, Ayumi Project Researcher XUAN, Hongwen
I LyN== I B % KB KB mrsrmE T BX semxs B SR
Associate Professor MATSUDA, Iwao Research Associate YAJI, Kohichiro Technical Associate KUDO, Hirofumi Project Researcher ZHAO, Zhigang
B AN S aHF BR  mwErms B KiE samxs LIy FUY
Associate Professor KOBAYASHI, Yohei Research Associate ISHII, Nobuhisa Technical Associate HASHIMOTO, Mitsuhiro Project Researcher SILVA, Alissa
R wRa AR B % =B = wimErIma FE W BiEFERE P Fo
Associate Professor  ITATANI, Jiro Research Associate MIYAWAKI, Jun Technical Associate [TO, Isao Project Researcher NIWA, Hideharu
I FH #BX  » % A IRKER  wEwxRs B fH— gewxrs BAR M
Associate Professor HARADA, Yoshihisa Research Associate TANI, Shuntaro Project Researcher NISHITANI, Junichi  Project Researcher TAKUBO, Kou
I ME X » % FH BE - wgaEmrs AN B pamErs & =F
Associate Professor WADATI, Hiroki Research Associate HIRATA, Yasuyuki Project Researcher TANIUCHI, Toshiyuki Project Researcher CUI, Yitao
S T & B % mE B mEmxras YII7 7UR gEmrs 3 ERX
Associate Professor KONDO, Takeshi Research Associate HAZAMA, Yuji Project Researcher MALAEB, Walid Project Researcher FENG, Baojie
BOERIE HE 5= B % 2l @K  smEmxs AL11tRUy) samxe KO
Project Associate Professor OKAZAKI, Kozo Research Associate KURODA, Kenta Project Researcher BAREILLE, Cedric Project Researcher ZHU, Lin
B (F8) He #—B0 s g BiImxg KH BH— semxs LK &X
Visiting Professor TANAKA, Koichiro  Project Research Associate WATANABE, Hiroshi  Project Researcher OTA, Yuuichi Project Researcher YAMAMOTO, Takashi
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Visiting Professor TANAKA,Yoshikazu

* 24— RS ERRT & HHE /concurrent with Division of Nanosca
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Suemoto Group
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SUEMOTO, Tohru WATANABE, Hiroshi
iR FHEBNK
Professor Project Research Associate

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

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

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

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

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

study their dynamical behavior.

(a) 8 1 RTEEHEE (PH-BrR) [C&B(T 5 BHESREBMEFHLOKREIGE
NE/ESNIRRDLA—E—, fitdh (TRILF¥—) BEFOEMICHYEL
THEDH, FRMNMEREH Z1T5 ERKIC 300fs ELTHRL TWBHEKRT
Mo (FREKED), (b) Mi#RT > Y v )LE L TORKES, HELNSH
FULLKRNRT Y Y v ILEEQEET2ARICART %, () 7z lb
OB ) AR FE B TE 22 IE D FRUDER

(a) Movie of the wavepacket taken for the self-trapped excitons
in quasi-one-dimensional Pt complex (Pt-Br) by means of time-
resolved luminescence. Ordinate (energy) corresponds to the devia-
tion of the atoms from the equilibrium position. The damped 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.

EYY e h=lg=

Atomic movie based on ultrafast luminescence spectroscopy
2. BEDEERN - TINIVYRHELC L DAFTREER EAEYKRFEOT A FIIR

Dynamics of photoinduced phase transitions and spin ordering by time-resolved infrared and terahertz spectroscopy
3. B X RS EHC & B EARRERIR O R E 2 fRE3 A

Time-resolved observation of surface morphology by a soft X-ray interferometer
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Shin Group
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Science (2012)

Anisotropic superconducting gap structure of the iron-pnictide supercon-
ductor KFe;As; revealed by ultra-high-resolution laser photoemission spec-
troscopy. The critical temperature is 3.4 K.

y
* 15 BE AR Al 7&
SHIN, Shik SHIRASAWA, Tetsuroh ISHIDA, Yukiaki
% B3 B3
Professor Research Associate Research Associate

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

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

2. 6/ X— NI OBBERIHEEE
HEFEME (L—'— PEEM)

Laser Photoelectron microscopy (Laser PEEM)
that has an ultrahigh spatial resolution of 2.6nm.

BoL—%—

1. XL —V—BBESDRELEFONICL 2BEEER. BERTYE. FVEZOEFREDOHE
Ultra-high resolution laser-photoemission study on the superconductors and the low dimensional materials

2. WXL —V—KEPBABEFINRIC L BAFERROMR

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

3. MXRL —F—AEFEMRICL 2T /BEDEFREDHR

Laser photoelectron microscopy on the electronic states of nanomaterials
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Firefly luciferase
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Nano-structures of al00
T-shaped quantum-wire
laser (a,b) and firefly
luciferase protein (c) .
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Associate Professor Research Associate

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

Femto-second pulse generation directly from gain-switched
semiconductor lasers is studied intensively to understand the
pulse dynamics and the shortest-pulse limit. High-quality III-V-
semiconductor tandem solar cells and their internal loss rates
and mechanisms are also studied. We make the world thinnest
and cleanest quantum-wire semiconductor lasers that have
superior laser performances such as low threshold currents.
Experimental findings and problems provide us fruitful physics
subjects related to 1D physics, many-body physics, lasers, solar
cells, crystal growth, material science, and semiconductor device
physics and engineering.

We are developing experimental techniques such as sensitive
luminescence detection, absolute luminescence-yield measure-
ments, transmission/absorption measurements of single nano-
structures, micro-spectroscopy, imaging, and solid-immersion
microscopy. Some of these techniques have been applied to
study of bioluminescence of fireflies, jelly fish, and sea fireflies as
well as luminol chemiluminescence.
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Device physics of gain-switched semiconductor lasers and solar cells
2. BRBEFERETFHRE SOHFICE T BERTEFELF v 7 DLAIER & IETENE

Many-body interactions and non-equilibrium properties of low-dimensional electron-hole systems in clean semiconductor quantum wires and wells
3. FEHRETFEER L U7\ XD, SmE L. HWEFHE. BEHD R, EHREDA

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

4. IRZIV - I35 - UIING LIk E DEMFEN & EYILEFLETR

Eipi=

BN

Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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I. Matsuda Group
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SPring-8 BLOTLSU
#eroth order
beam monitor
Monochromator
bunch train

Ti:S Oscillator
(BLOTLASER)

SEERXE—LF A > SPring-8 BLO7LSU IC& 1T %1
5P &858/ LA L —H— (BLO7LASER) Z#iaabtEri
FRDBABFOARES AT LDKT

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

1. BEDEHRXEONRROMFAEEREY 1 F X7 ADHRE
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Nz A 5z
MATSUDA, Iwao YAMAMOTO, Susumu
HEHIR B

Associate Professor Research Associate

Dynamics in materials, mainly the surface/interface systems,
are studied with developing experimental techniques for time-
resolved vacuum ultraviolet (VUV) ~soft X-ray (SX) spectros-
copy with high brilliance synchrotron radiation (e.g. SPring-8),
X-ray free electron laser, and HHG laser.

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

Ni 7/ BEROHEBHEINFE N —HROIETRILF —KEFME, T
XIF—% Ni MREBRHICEDE S EERBHEIOLEH—HiR
AHERIE N (exp). HIRBELEROGFETHRI LN TES
(sim.). TERERMEEERBESREEZHKET 5 Z OHIGHTILF
RRESEOAEY YA AMRTOFEREN PRSI ND,

Resonant magneto-optical Kerr effect on a Ni nanofilm taken
at various photon energy. When photon energy is tuned at
the Ni M-shell absorption edge, giant magneto-optical Kerr
angle was observed (exp.) and it was reproduced by simula-
tion (sim.) based on the resonant X-ray scattering theory. It
is expected that this resonant magneto-optical Kerr effect

with element selectivity and large signal generation plays sig-
nificant roles in researches in spin dynamics.
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Developments of time-resolved soft X-ray spectroscopy and researches on surface dynamics
2. XBEFOAERRICL 2EBHE L OFEAKRE - AHOEFREDOWME
Electronic structures of metal and semiconductor surfaces studied by means of photoelectron spectroscopy

3. BE/ULAMX R AW KB BEROBRE L BSRAEY YA FI 7 ADHE
Development of time-resolved experiments using ultra-short soft X-ray pulses and researches on ultrafast spin dynamics
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Kobayashi Group
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KOBAYASHI, Yohei TANI, Shuntaro

IR EUE

Associate Professor Research Associate

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

We are developing an Yb-fiber laser-base optical frequency
comb, XUV frequency comb, and high-power fiber chirped
pulse amplifier system for these applications. The high-repeti-
tion-rate laser system will be applied for a calibration of a
spectrograph in an observatory or an arbitrary waveform gener-

ation in an optical field, or a breath diagnosis.

KERBALICEDRFHN. BEBESIRILF—DBINRBEBERORLE—
REHL - —EDEAEDRICLDHE—R 1 AT OB S e A EREE
Bofeo BIEAY ZAT—T)L He OMEE— ROEIKX DB,

Optical frequency comb based ultra-high precision spectroscopy. The com-
bination of ultra-high repetition-rate laser and ultra-high resolution spec-
trograph makes it possible to resolve each comb tooth to detect the meta-
stable He atom.

1. BE/ULAL =Y =2 27 AOMRFEERO L — —DBIER I

A7ty hT7YU—REARKIL

Offset-free optical frequency comb.

Development and precise control of ultrashort pulse laser system

2. BRDRL —=EBEYE

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

Precision spectroscopy
4. XERBIALDKRX - [EFE - =EI5A

Astronomical, medical, and metrological application of the optical frequency comb
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Itatani Group
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BREFRNL —F—TREVEREAKD KOE, HEHORXBANRYT ML
D CEP &7k

CEP dependences of soft-X-ray high harmonic spectra in the water window
produced by an intense IR laser system.

A2 7T —~ Research Subjects

1. BREBRE/VULAL -5 — DR

Development of intense ultrashort-pulse lasers
2. 7 Kby

Attosecond physics

3. BREABSEZAVCEBSERRKOE & EFHliH

il

IR A B EA

[TATANI, Jiro ISHII, Nobuhisa
HEHIR Bh#

Associate Professor Research Associate

We work on the development of intense ultrashort-pulse
lasers and their applications to ultrafast spectroscopy on femto-
to attosecond time scales. As for the light-source development,
we work on the methodology to produce waveform-controlled
intense optical pulses and to extend their spectral range towards
mid-infrared and THz regions. For the spectroscopic applica-
tions, we work on novel methods using strong optical fields and
attosecond soft-X-ray pulses aiming for dynamic molecular
imaging with attosecond and Angstrom precisions, and also on
femtosecond soft-X-ray spectroscopy of solids. By using phase-
controlled intense ultrafast light sources and frequency conver-
sion, we expect to produce optical pulses in extremely wide
spectral ranges with precise synchronization. We aim to use
such ultrabroadband coherent light for observing and control-
ling the dynamics of non-equilibrium states of matters through

various freedoms.

0.06 1 To =7l T 302
= p(Br*) N

-8

o o0 0 2
i

o006tV 1138

0 2 6

Delay (ps)
BRET IANILYINLRICEL > THES N HBr 2 FROEEGRRE, Billsh
fe R FEEM,
Time evolution of rotational wavepackets in HBr molecules (lower panel)
and achieved molecular orientation (above panels).

Observation and coherent control of ultrafast phenomena using strong optical fields

4. EEDBERR X 797
Soft-X-ray ultrafast spectroscopy of solids
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Harada Group
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HARADA, Yoshihisa  MIYAWAKI, Jun
IR EUE

Associate Professor Research Associate

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

Intensity (arb. units)

Energy loss (eV)

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

TRIADKDHICS V AORG—UDNFET B EHBEA T SNl

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

1. By MegE, SIRSEEEEREORERMEICK T 2RME (BRBE. AV, Y7/ Ve, SRRERE. $1.E

e R E) DEEER & % DA DHZ

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

2. KAERAODEFRELE IV O —. ERAEOEEIERICEY 5%
Electronic structure analysis of aqueous solutions to study microheterogeneity and interaction at solid-liquid interfaces

3. MBI B ORARIGENT. BRICFERIN. HAERINET. £BY >/ B ORI D) DZDBATFEDFHFK
Development of in situ soft X-ray spectroscopy for surface reaction of fuel cell catalysts, electrochemical reaction,
photocatalytic reaction and functionality of metalloproteins

4. MXBRADFHOBE I RILF — DL & KBDBED DT DEFELFAHR

Basic study on ultrahigh energy resolution optics for soft X-ray emission and time-resolved spectroscopy
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Wadati Group
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WADATI, Hiroki HIRATA, Yasuyuki
IR B3

Associate Professor Research Associate

We investigate the electronic structures, ordered states, and
dynamics of strongly correlated materials, such as transition-
metal oxides, by using x-rays from synchrotron radiation (e.g.
SPring-8). Our main experimental technique is resonant soft
x-ray diffraction, that is, x-ray diffraction performed by tuning
the x-ray energy at the absorption edge of the constituent
element. One can determine detailed magnetic structures of
extremely small samples including thin films and nanostruc-
tures. By this technique we study ordered states in materials
which show anomalous behaviors such as superconductivity and
giant magnetoresistance. We will further extend this technique
to time-resolved measurements by using time structures of
synchrotron x-rays and x-ray free electron laser (e.g. SACLA),
and directly measure the dynamical processes. These studies will
reveal the mechanisms of anomalous behaviors and contribute
to search for novel properties and phenomena in strongly corre-
lated electron systems.

HIST X AREIT OBEX

Schematic diagram of resonant
soft x-ray diffraction.
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Resonant soft x-ray diffraction study of ordered states in strongly correlated electron systems

2. KD EBRIAIRR X AREF DR

Development of time-resolved resonant soft x-ray diffraction systems

3. MXIRZERWH L WASEFERDRRE

Development of novel spectroscopic techniques by using soft x-rays
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Kondo Group
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plin:: 2H X
KONDO, Takeshi KURODA, Kenta
IR B

Associate Professor Research Associate

The momentum-resolved band structure provides funda-
mental information to understand the electronic properties
of materials. The angle-resolved photoemission spectroscopy
(ARPES) is a powerful technique to visualize the band struc-
ture by mapping the intensities of photoelectrons as a function
of angle and energy. With the spin-resolved technique, we
can also identify the spin-polarized character of the band. In
addition, the time-resolved ARPES realized with a pump-probe
technique can track the reordering process of electron system
from its nonequilibrium state. In our laboratory, we utilize these
various ARPES techniques and study the following phenomena:
nonconventional superconductors, heavy fermions, strongly
correlated systems, topological quantum phases, and quantum
well states. Furthermore, we develop a new ARPES machine
capable of achieving both the lowest measurement temperature
and the highest energy resolution in the world by innovating a
3He cryostat and a laser source. The state-of-art equipment will
enable us to identify even a subtle electronic feature close to the
Fermi level, such as an energy gap and a mode-coupled disper-
sion, which is typically tied to exotic behaviors of conduction
electrons.

(a) ALY =IRBIEEMHE BioSraCuOerq DfERIES, (b) KE
FT7FZA4Y— (c) BEDBRABFOARROERR, (d) /¢

YRDBDRAF Y T3 vk, (e) I\ RESEDRHFR, (f) 7z
ILIEBD THROBEE LY v v 7OHSER, (9) BEEER

BRE (To) LDBE (BIR) SEER (FiR) TUELLT7 DL

HEADDANRYT Mo (h) (@) TRIARTMILD T ETFTD
=5 BLERANFRTESNTHED, (f) TRAWICRI RO
FEREMINT o

(a) Crystal structure of Bi;SroCuQOg4q high-T. super-
conductor. (b) ARPES analyzer. (c) Diagram of ARPES
experiment. (d) Snapshot of dispersion image. (e) Whole
band structure. (f) Competition between superconduct-

ing gap and pseudogap. (g) Spectra around Fermi surface

below (red) and above (black) superconducting transition
temperature (T.=35K). (h) Difference between the curves
in (g). (h) Coherent spectral weight is painted with a red

color, which is corresponding to the red region represented
in (f).

1. BRL —F—ZMiEEXRE T BN REAREDELEF D IEE DRF
Development of a laser-excited ARPES system with ultra-high energy resolution
2. BENE - AEV DR - BEDBABEFINTRIBEEL MROYAIILEFH
Superconductivity and topological quantum phase investigated by angle-, spin-, and time-resolved photoemission spectroscopy

3. e ZFR LB F AN THIRT 2 EEEETRYE

Strongly correlated physics studied by photoemission with synchrotron radiation
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Okazaki Group
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OKAZAKI, Kozo
FHEERIR

Project Associate Professor

Angle-resolved photoemission spectroscopy is a very
powerful experimental technique that can directly observe
a dispersion relation between momentum and energy of the
electrons in solid-state materials, whereas by utilizing a femto-
second laser as pumping light and its high harmonic generation
as probing light, we can observe ultrafast transient properties of
the band structures in a non-equilibrium state. In our group, we
are developing and improving a time-resolved photoemission
apparatus that utilize high harmonic generations of an ultra-
short-pulse laser in collaboration with a laser-developing group.
We are aiming for understanding the mechanisms of electron
relaxations from photo-excited states and mechanisms of photo-
induced phase transitions by direct observations of transient
electronic states with a pump-probe type time-resolved photo-
emission spectroscopy. Also, we are aiming for understanding
the mechanisms of unconventional superconductivity by direct
observations of the electronic structures and superconducting-
gap structures of unconventional superconductors with a laser-
based angle-resolved photoemission apparatus with a world-
record performance that achieves a maximum energy resolution

of 70 pueV and lowest cooling temperature of 1 K.
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Schematic diagram of a time-resolved photo-
emission apparatus utilizing high harmonic
generations of a ultrashort-pulse laser.

Development of a time-resolved photoemission apparatus utilizing high harmonic generation from a ultrashort-pulse laser
2. KRFRIREN S OYE R OEF OEMEE. SFERERE OMRERE

Mechanisms of electron relaxation from photo-excited states and photo-induced phase transitions
3. BIERBEIEREL — T —AESEIEEFNNIC K BIEERIBIEAR DR

Mechanisms of unconventional superconductivities by ultralow temperature and ultrahigh resolution laser-based angle-

resolved photoemission spectroscopy
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K. Tanaka Group
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Y. Tanaka Group
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TANAKA, Koichiro
EEHE

Visiting Professor

We are developing high-power THz wave generation
techniques and their application to the solid state physics. Our
method of high power THz wave generation is based on the
Cherenkov-type rectification process in LiNbOj; crystals, or
the four-wave-mixing process in laser induced gas-plasma with
amplified femtosecond lasers (4m]/pulse). This has allowed us
to generate an intense THz wave over 1 MV/cm in the electric
field in the repetition rate of 1 KHz. Recently, our group has
been exploring non-linear optical responses of semiconduc-
tors and biological materials and we have found various novel
phenomena that have never before been observed. Simultane-
ously we are developing a near-field THz microscope working at
video rate. These technologies will open the doors to new THz
sensing and imaging applications in the near future.

-~
He R

TANAKA, Yoshikazu
BEHER
Visiting Professor

Spin, orbital and charge orders, hardly observed by conven-
tional X-ray diffraction, are observed by soft x-ray resonant
diffraction. In new functional materials, like multiferroic,
high-Tc materials, etc, of strongly correlated electronic systems,
the 3d or 4f electrons play a crucial role for the novel properties.
Soft x-ray diffraction provides one of the indispensable tools to
observe the orders of valence electrons directly. It has developed
in 21° century with the advent of the synchrotron sources.

We have developed a quite unique soft x-ray diffraction
system with super conducting magnets, low-temperature
cryostat, and focusing mirrors. For example, we have succeeded
to observe 3d orbital order in CuFeO», which shows the multi-
ferroic property. In addition, we have succeeded to observe
2-dimensional images of spin and orbital chirality in several
materials. In present, we are developing a time-resolved x-ray
diffraction system using a laser system which has high intense
and short pulses. It provides us to observe a variety of unstable
ordered systems as a function of time. Especially, the study of
phase transitions pumped by the high intense laser beam is one
of the cutting-edge fields in the condensed matter physics. We
will participate in this field intensively.

THE INSTITUTE FOR SOLID STATE PHYSICS 2015



Laser and Synchrotron Research Center

LUREY V& kYRR A )2
Synchrotron Radiation Laboratory / Harima Branch
http://www.issp.u-tokyo.ac.jp/labs/sor/index.html

% (MR R) 3 iE  Professor (Director) : SHIN, Shik

£ 4 % /\Fx XK Professor : KOMORI, Fumio

H % B H % Associate Professor : MATSUDA, lwao

# % 8 FEE F,AX  Associate Professor : HARADA, Yoshihisa
# ® 8 FE KM Associate Professor : WADATI, Hiroki

Bh % BEE  |F3E  Research Associate : FUJISAWA, Masami
Bh 2 lJ_]Z]K 1¥_ Research Associate : YAMAMOTO, Susumu
Bh 2 38 Jt—ER Research Associate : YAJ, Koichiro

Bh % = 32 Research Associate : MIYAWAKI, Jun

By #% H U#5)3E Research Associate : HIRATA, Yasuyuki

A ‘.%“?fﬁft“"ﬁ&%ﬂ‘ﬁ‘é%:ﬂﬁﬂ L 7 S R g 8 L
WEBEAM O - %% L HTfT>T\w%, SPring-8 12
B SNIARIE /72Tl Iﬂﬁ&%ﬁéiﬁﬁ S S e D)
MXHRT P2l —FE-b74 v (REREBESH AT PR
F—saryPERY¥E— 454 BLOTLSU) Z#{HL., &
TR FERR X FR AR G2 RS 2 i et O P R A IS & #HE
LT3, fBEESERAY y 7I3BIHE BLOTLSU 123\ TR
53 PRI X AR Y FE BRI A T — 3 a v L RBE L e A
T—yaviEiib B, I6I5eik X o oz &
e - iRl oE IREIIZE 2T >Tw5, —J, KEK-
PF ICHEL T A TETIE3ARDE—LF 1~ (BL-
18A, BL-19A, BL-19B) ZftHs « 48 L 2 E O KF0mi%
BEEH D I FHRFTR It LT & 7228, 2014 4 3 HicTHLH
FIAZE IR UGB 2K T L, REICE ST bk
B Bz, SHMDIEX v R A TYIMEFZERT D B 2%
AL R X R — Y — R E O EBRRALIE» SN D,

At i o -

SPring-8 BLO7LSU ® 8 &® Figure-8 7> ¥ a2 L —% —, RIBAKIR L D Eii
RAVZRAEZRERFERRITETFONRER T FRXBAT -V a VIcEEE
X ot s,

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

EMEME 5
BEPIE HER
witiErPIEE F)R HDd Technical Associate :
EMEPIEE T 18X

EE? Technical Associate : FUKUSHIMA, Akiko

2 Technical Associate : SHIBUYA, Takashi
HARASAWA, Ayumi

Technical Associate : KUDO, Hirofumi

BAEFEE Y FE  Project Researcher : NIWA, Hideharu
HEHRE =5 Project Researcher : CUI, Yitao
BAERERE HXIE FHt  Project Researcher : TAKUBO, Kou
BEMREE G FE7X  Project Researcher : FENG, Baojie

KB B BE B

The synchrotron radiation laboratory is promoting advanced
solid state spectroscopy using synchrotron radiation in soft
X-ray and vacuum ultraviolet region. We operate a branch
laboratory at SPring-8 to maintain the high-brilliance soft X-ray
beamline BLO7LSU of the University of Tokyo, where time-
resolved soft X-ray spectroscopy and high-resolution soft X-ray
emission spectroscopy are utilized to study electronic states and
dynamics in new materials. The beamlines, BL-18A, BL-19A,
and BL-19B, maintained by the Tsukuba branch at the Photon
Factory (KEK-PF) were closed in March, 2014. The advanced
experimental techniques, developed and accumulated at the
branch, are utilized in experimental stations using vacuum
ultraviolet and soft X-ray lasers at Kashiwa campus.

BMEIALE Y VLEED Rtz M Ics 2 Bae>
BL-19A OEBERSI N EFB L TEA@EI LY
Efco

A 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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YIVEWEZEAT I 3T ZETEE) 2 PR 1D T (e
DI, WO DIE IR IT o N TS, (&
itk 52 B VA PR 2 A~ ) 7 DR AR 5 6 % T
i - PE T 2RI L, BRA B TR 21T )
TARE, X RS E PRV EUR D8 B2 4T 9 il
SIRE B AP MEREZ S B Wi 2. R
BRSO E - B 217 MEFE, Wik L
BT L 752 FEEFH OIS L SCHSH 2 % 50
DWIZ 72 ALYy 2V —20, VIR IERTICERET S
HLE TS5 B 2 % 2 385 2 W\ 2 I BRAE
ME, A==V PHE - 77/ T4 ETA LA~
MBI 25217 ) L MIBIRER 2R ETH
%, INGOMHREDME L, ZNETNNILT S
ZEROFARDPEMEZLRD, HYORRHICX

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.

% Mrbirs,
D EBR DB
[
IEREER TR {RER rmErmE TE X
Chairperson SAKAKIBARA, Toshiro Technical Associate ~ TSUCHIYA, Hikaru
Cryogenics service , e
gmErme Bl BT
Technical Associate ~ SAGIYAMA, Reiko
IFEER B A RMEME i EE
Chairperson KINDO, Koichi Technical Associate ~ OKABE, Kiyonobu
Machine shop e
WrxEmwes SH OB
Technical Staff IMAI, Tadao
HRIEHES NE #Z
Technical Staff MURANUKI, Seiji
MrzgEmEs BB HN
Technical Staff TANAKA, Yusuke
BHREREER F IR RiMEME ¥ZE B
Chairperson MORI, Hatsumi Technical Associate ~ NOZAWA, Kiyokazu
Radiation lab.
HNERER =HE =2 R =3 R BT EtEREEMEIERATE)
Chairperson YOSHINOBU, Jun Administrative Staff ~NAKAMURA, Kyoko
Library N - _
x £ FRH #BF (neXREEWRERETE)
Administrative Staff HARADA, Yuko
EBHESR ARIE BF
Administrative Staff ~KUBOSHIMA, Tomoko
HEEESR Xhvol—Lb) R AR f* E FH BZ
Chairperson ITATANI, Jiro Administrative Staff ~ KANO, Shinji
Stock room — N
EBHESR as AN
Administrative Staff ~ AKIBA, Kazuyo
ERSREER &8 E— =xmKre BH T
Chairperson KINDO, Koichi Administrative Staff ~KAMEDA, Akiko
International liaison office - =
EBEWESR LA 7
Administrative Staff ~ YAMAUCHI, Atsuko
IRILBREREER * B Rii@miER aR #D2
Chairperson SHIN, Shik Technical Staff ISHIZUKA, Mizue

Public relations
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Supporting Facilities

i 2 fb

Cryogenics Service Laboratory

TAEE
Machine Shop

ERZEER IR {REB Chairperson: SAKAKIBARA, Toshiro
girErmeE 2
EErI®E E|L ¥5F Technical Associate: SAGIYAMA, Reiko

J¢ Technical Associate: TSUCHIYA, Hikaru

AL R AN 7 L A SRR L, HbE
TR B T 24 — B 2A0M1F v /S AR KD E A A
RV ROEHHIT>T 05, RIENY 7 LIIYEDZE IS 2
3T, REER IR SN G, BHELENVTLT A
FUN L, REELLCRRILIC RIS 5, 2014 FEEOWREA~Y
LD R R RIZZ N ZF 1 308,200 L, 219,652 L
Thd, MEERIIMTIOMAL, ELTW2, 2014
EEDOWA SRR DM EIZ 785,078 L L &->T\w» 3,

Cryogenics Service Laboratory (1) supplies liquid helium
and liquid nitrogen, (2) provides general services concerning
cryogenic techniques, and (3) manages high-pressure gas
cylinders used in Kashiwa Campus. The laboratory has its own
liquefiers to produce liquid helium, which will be supplied
to researchers and students in Kashiwa Campus. Evaporated
helium gas is recovered and purified for recycling. In the fiscal
year 2014, a total of 308,200 L liquid helium was produced, of
which 219,652 L was supplied to users. Liquid helium produced
is transferred from a 10,000 L storage vessel to various small
storages by using a centrifugal immersion pump system.
Meanwhile, the laboratory sources liquid nitrogen by purchasing
from outside manufacturers. In FY 2014, liquid nitrogen of

ITHEER &8 — Chairperson: KINDO, Koichi

® oM B 8 B JB{E  Technical Associate: OKABE, Kiyonobu
MEZiEEs 5 Bt Technical Staff: IMAI, Tadao
MEEES NE £% " Technical Staff: MURANUKI, Seiji
REEeES R #5/)  Technical Staff: TANAKA, Yusuke

TAEEIE, WF%E R AE2 T 2 TEMoMI, o
Fithdp 22EE LM O BE RO Z ORR, 2 L CEE G
DMREM S Z2IT>T 05, Fh, HEEHS DI I
PR LAE 21T 1D DM RBA TR LR EIN TS,

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

B TIER 5@~y = ey —. NCHEE.
BIE7 51 28, MEMIE

AZATHEE : A7 A, ¥y 7 BERIF. BERMIE.
TAVEY RNV RY —

MRELEE : Drehetf, B2 ERE, 750 X8, R—)LE

Main Facilities

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

Glass shop: Lathe for Glass Work, Polishing Tool,

785,078 L was supplied. Ultrasonic Machining Tool
FTERE Main Facilities Researcher’s Machine Shop: Universal Lathes, Precision Lathes,
AYILRIEEE] (UY7F)  Helium liquefier system | (Linde) 200 L/hr Milling Machines
ANUDLRIEEEN (U T)  Helium liquefier system Il (Linde) 233 L/hr
BIEANU LR Liquid helium storage vessel 10,000 L
REZRETE Liquid nitrogen storage tanks 20,000 L
EIREAUYLSRAEME  Helium gas recovery compressor 190 m3/hr
BERAANUILARAS Liquid helium transport containers
500 L, 250 L, 100 L etc.
BEOAAUTLRERY T Centrifugal liquid helium pump system 20 L/min

NUDLEIGHE, EMROEDRH T THE
Helium liquefier, storage, and transfer system Machine shop
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Radiation Safety Laboratory

R
Library

BEHSEERER K
B E M B BE
(EHREUR EEE)

FJE Chairperson : MORI, Hatsumi

SEH0 Technical Associate: NOZAWA, Kiyokazu
(Radiation Protection Supervisor)

TR BR =1, PIPEWTIE T IS B 2 IO E (U4
BB E 2 &0) CRUNRTEELEE (XfEEZ &)
DI T AT, BRI E OIS 2 B L . &
REMRTZZEZHNELTRHREIN TS, ZDd,
TECRRR AR B 0 2 4 T A 70 SO A BB & LT, iSO
PEVVE OO RS R AL E OB R, 22 RO I I fE
NERTHE. BEETICRINT 20U PR S HE O
PRI, B BRI O M HIE . X R AL B 55 o) 32 IR
25 D G S OV R U D1 < RS2 R I A R 2 W
Dtk BHBIERE OBHFIHEZfToTw5, i,
Wik, U, Th %X O IEE IR B 22Na # &
FRIEZ FI7-WF 9870 £ 93 C & 2 HBR SE0 A R BON R (XA
&) MINSZMHA TV 5,

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

FERE

EFRRE GFEHRRYE 2 BRIk Z 2 MIERRAE—DRRE).
RYMAYERE (PNaZBHRREAVWLERRY MOYE—LICLS
REBNMTZ D). BENIREE. Ge ¥ HFRHH. offRHE. RiFY Y
Fl—ravhorvd— FET-—RAX—5—%F BRRE=E (\VF
7Y MV OREZY —I &K BBEROMER

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.

NYRT7YyhIARIOREZS —
The 7ch hand-foot-clothing monitor
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EZE R EE 32 Chairperson : YOSHINOBU, Jun

% £ AR F5F Administrative Staff: NAKAMURA, Kyoko
* £ [RHH #F Administrative Staff: HARADA, Yuko

=B @ % E ZIRIE EHF Administrative Staff: KUBOSHIMA, Tomoko

PIPETZE AT B SIS ZO B G, BTAREZE
FOWMER KRB EOEE & &b IR E O LFEF A7EHE O
febic, PItEREZ PICE R 2 IR L TR LT 2,

PRI A v — %y FTHRTE, FTINTIEHR AR
FHTRHESNTOIETY v —F NPT = X—2AZAHH
TED, FARIBE RN W TR RIEE MAH A I X
LS, BIMEBOY —EAZ{T>Tw 5,

The ISSP Library collects books and journals of materials
science and related topics, and it provides various services for
researchers of joint-use and joint-research as well as inside the
ISSP. The online catalogue of its collection is available on the
Internet for search. Users can access many electronic journals and

databases subscribed by the University of Tokyo. The Library also

arranges an inter-library loan for documents not in its possession.

BE
EiEi] : 783m?
BEH 165,085 it (FRL 26 EEXRRTE)

(¥%F 58,332 fit. #1&F 6,753 fit. WAL EZESD)
MESIESRE 1 72018 (FHEE5 635 1E, MHMES 94 18)
FZERME  FH 9:30-17:00 (KFEsFIA 6:00-9:30, 17:00-24:00)
B 1 24F (W8EIELAN 7 —7)L, BRIV Y hRE)
R—L~R—3 : http://www.issp.u-tokyo.ac jp/labs/tosyo/

Outline

Area : 783m

Library holdings : 65,085 volumes (as of March, 2015)

(Foreign books 58,332, Japanese books : 6,753. Including bound journals)
Journal collection : 729 titles (Foreign journals : 635, Japanese journals : 94)
Staffed hours: Weekdays 9:30-17:00 (Overtime use: 6:00-9:30 & 17:00-24:00)
Seating capacity : 24 seats (including 8 seats equipped with LAN
port and power socket)

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

Library
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Supporting Facilities
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Stock Room

EWMEBER WA BEB Chairperson: ITATANI, Jiro
1 ® FH BEZ

ExmKEE g AR

Administrative Staff: KANO, Shinji
Administrative Staff: AKIBA, Kazuyo

ALy 72—, [Pl B2, e & B HaE L
TRHIEESINDHEFEN., ZOMHERE LD @Y% %
AZTW5, ﬁn%@@ﬁ%%%fwbﬁﬁ%wtﬂbyx-m

ZHWT 24 A =7 LTED., HELYNZ R D
ZMICAFTLIERTED, HHMEIEE D, — BT
BCAFEBREG TR, —FBBAICKhazxry Ty

TELYMMBERDONRTH S,

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.

.Igﬁ‘(/\~

International Liaison Office

ERSHEER &8 J&— Chairperson: KINDO, Koichi
=xmEs 8

=xmEs LA

FNF Administrative Staff: KAMEDA, Akiko
F Administrative Staff: YAMAUCHI, Atsuko

PIVERRFERTIC 3 1T 2 B ASHRIC Do r0 2 3 B 2 179, 1
BERZRaob L, SHEANEBIROSZE, Ml &
DEH, VLR RATEE Y — 7> 2y 7D 5%, 1SSP
BEs v RO LDEEICB T 2B U DERBE R
fToTws, Zzoftl, HEDIEARAEE OATE LR,
SEI AWMt ZLTVS

- SHENFBTA - SAEAFIHE SR

(B - AN - SERE TR S, HEAGESE)
W7 Y 27 OGS - FEREICEE S 5 F5
cL27Y) Iy a v D - FEi

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—L1
Stock Room
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