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I:II:“ Director’s Message

The Institute for Solid State Physics (ISSP) was established in
1957 as a joint-use research institute attached to the University of
Tokyo. In every era, with the support of the science community, we

aim to lead the frontier of condensed matter physics and materials

science and contribute to science and technology from the view of
basic research. We have promoted activities focused on research,
education, and joint-use/joint-research.

In the first 23 years (Phase I: 1957-1979), ISSP established 20
departments (22 later) in the fields of physics, chemistry, and
engineering. We constructed advanced facilities and contributed to FﬁE Director
the improvement of condensed matter science in our country. In ﬁ %}J%

the next 16 years (Phase II: 1980-1995), in view of “concentration”

and “mobility” of research in condensed matter science, large-scale MORI, Hatsumi

facilities and advanced equipment for extreme conditions in the areas of ultrahigh magnetic fields, high power lasers,
surface science, ultra-low temperatures, and very high pressures were constructed and shared with the community
through joint use and joint research. The third era for ISSP (Phase III: 1996 - present) bought a move to the Kashiwa
campus in 2000 and gave ISSP a chance to expand and to develop new research activities, aimed at pursuing new
frontiers and becoming an international center of excellence in condensed matter physics and materials science.

The condensed matter physics and materials science studies have three axes: (1) a conceptual axis (Design), (2)
a materials axis (Synthesis), and (3) an investigation method axis (Characterization). These three axes interact in
what we call a DSC cycle to promote a positive spiral. This institute is organized around 40 laboratories with small-,
and medium-to-large-scale equipment and facilities. The labs were originally divided between three divisions for
condensed matter science, condensed matter theory, and nanoscale science. More recently, we have added three
facilities and two centers: the material design and characterization lab., the neutron science lab., the international
MegaGauss science lab., the center of computational materials science, and the laser and synchrotron research center
(LASOR). All laps work together to maintain the DSC cycle.

In 2017, two new interdisciplinary groups, the Quantum Materials Group and the Functional Materials Group, were
formed to cultivate new frontiers beyond the framework of traditional disciplines. In the quantum materials group, we
aim to discover new quantum phenomena and new concepts with novel materials by developing research of strongly
correlated electron systems. The functional materials group is targeting complicated and hierarchical materials and
systems such as soft matter, including biological materials and energy systems where dynamics and excited states of
matter are studied. Several young professors were appointed to each group in 2018 to challenge the interdisciplinary
sciences in these transverse groups.

In 2019, we established the “Division of Data-Integrated Materials Science” in Social Cooperation Research Department,
in which basic science research is conducted from a new perspective through industry-university collaboration research.
We continue to lead the frontiers of condensed matter physics and materials science in the ISSP spirit and are devoted

to developing as a global center of excellence. We appreciate your continuous support and cooperation in our activities.

August, 2019
Hatsumi MORI
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The Institute for Solid State Physics (ISSP) of the Univer-
sity of Tokyo was established on April 1 in 1957 as a joint
research laboratory based upon the recommendation of
the Science Council of Japan and the concurrence between
the Ministry of Education, Science and Culture and the
Science and Technology Agency in order to carry on basic
research in condensed matter physics. Within the first 15 to
20 years, ISSP had achieved its original mission, that is to
serve as the central laboratory of materials science in Japan
equipped with state-of-art facilities that were open for all
domestic researches in order to bring the research in Japan
up to par with the international level.

The next goal was set to develop advanced experimental
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 Radia-
tion 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 high magnetic
field, low temperature and high pressure had reached
certain maturity during the "second generation". Another
example is the study of artificially designed materials
such as thin films, materials fabricated on surfaces and

mesoscopic systems with nanoscale structure. Focused

5

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 Computa-
tional Materials Science was established in the ISSP, for
promoting materials science with advanced supercom-
puters. Regarding Synchrotron Radiation Laboratory, 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. In 2016, Divisions of New
Materials Science and Physics in Extreme Conditions were
reorganized into Division of Condensed Matter Science,
and Functional Materials Group and Quantum Materials
Group were launched in order to widen the scope of
condensed matter science, as a new step forward in the
interdisciplinary research field. Division of Data-Integrated
Materials Science was established in 2019 as the first
Social Cooperation Research Department in ISSP with the

progress of collaborative Research with industry.
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SEFEM R & L THER

Establishment of ISSP as a joint research laboratory

PTG - BHERES 2 S0P, BULHED & IR AR EE 1 ERFTeTaER

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

Opening of Ferroelectrics and Quantum Electronics, and Optical Properties divisions

R, « RS 1 FRFIaEER

Opening of Low Temperature and Magnetism I divisions

G - oy - AR A - I - BRI TR R

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

faEs 2 - BERES 1 - WA - SRR

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

YrttmtZert R

Inauguration of ISSP
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Opening of Magnetism II, Solid Materials, High Pressure, and Theory III divisions. Total 20 divisions
FREARTRIT 2 SRR PR I S AR A

Solid Materials division was renamed as Inorganic Materials division

Rl R T R

Opening of Neutron Diffraction division

Wl AR (% AR #a (22 M L % 5)

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

LIRENVEEY/ R T (T dn

Foundation of Synchrotron Radiation Laboratory

SR P 7ERER T

Ultra-Low-Temperature Laboratory building completed
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WUERBEHPPETRT, Tk PR, BER TR 2 & IS HEERM o 5 KPR 0% E
HRFT 1 IS FRBL 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 - FRBR L — 9 — F2 iR T

Ultra-High Magnetic Field Laboratory and Laser Laboratory building completed
FEBAZEIRM (RFER 10 47) 233, 6 KM e %%

Opening of Materials Development division
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The 1st ISSP International Symposium on "The Physics and Chemistry of Organic Superconductors'
k- BELIF S R D BT

Foundation of Neutron Scattering Laboratory

[EIRE SRRt 235 M < 4 5

Evaluation of scientific achievements of ISSP by an international external committee
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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

FEREMF v > S RS8BT 2 WP ZERT BB EE 1T

Construction of the new ISSP buildings in Kashiwa campus started

HX M g (bl o EIBRSM R 23520 X 1 5

Evaluation of activities of the U.S.-Japan cooperative program on neutron scattering by the
international review committee
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Relocation to Kashiwa campus started (completed in 2000)
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Opening of foreign visiting professorship

HE BT R DS - AT ZE R 1 Sk

Reorganization to Neutron Science Laboratory from Neutron Scattering Laboratory
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Evaluation of scientific activities of the Material Design and Characterization Laboratory by the
external committee
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The University of Tokyo was transformed into a national university corporation
Sl R T & - 2 R 7 — VIR R P I AR T

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

[EIB AR 235 S 1

Evaluation of scientific achievements of ISSP by an international external committee
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Foundation of International MegaGauss Science Laboratory
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Celebration of 50th anniversary
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Authorization as a joint usage/research center
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Foundation of Center of Computational Materials Science
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vy =R

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

Hokide2E (hPET-El) D EBRIRREHiio =i S 1 2

Evaluation of activities of the U.S.-Japan cooperative program on neutron scattering by the
international review committee

[EIBEAHE E-Af 2350 & 41 5

Evaluation of scientific achievements of ISSP by an international external committee
HEPFARTZERR & M EREE I PEDF 2R s ek R P MR ZE AP~ S 1 %

BEREVIEWITE 7V — 7" L B WHEINE 7 )V — 7D S N B

Reorganization to Division of Condensed Matter Science from Divisions of New Materials
Science and Physics in Extreme Conditions, and foundation of Functional Materials Group and
Quantum Materials Group

T — & MO RIS 0 Hrak

Foundation of Division of Data-Integrated Materials Science
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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,
two Research Groups, five Research Facilities. Among
these, Synchrotron 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. Apart from the Research Divisions and
Facilities, supporting facilities, which include Cryogenic
Service Laboratory, Machine Shop, Radiation Safety
Laboratory, Library and International Liaison Office,
provide services to both in-house and outside users.
Public Relations Office offers various information, and
Information Technology Office handles and supports
network-related matters.

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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St ZE HEE  Domestic Joint Research

2 E ORI AITEE T 2 L FEFH - AL
ZIHET 2720, ROBIED T SNT 5,

1, A E —— Frob it e 2o 38 . ARPF
ZHHALIOE A, 2ofE2RET7200HE T
H 5, Pl SN WA Z AT D) ZRE LTV 5,
2. WIIEE —— R, BT R EDOWHEREBI I /e 58
TEHECEEIINL, RO KT ~DEED
ez iRt 20 ch 5, KAFTEDIEED L L, 37
HZz#E 2Ttz i7) RINEARE L, #ikdiiod
B2 HNE LT3 r HLLT OHE 2 AT 9 # I A0t
HED 2D ENH 5,

3. UBFEHISE B —— P/ w835 (AT D i 25 A i i
AR ZER Tl %R T LA 2 IEREL . b
FCARPE OO H % Fe it 3 26 ¢, Wk
6 7 HZIRELELTVS,

ZDMh, YMYEMA— S —ary Ea—F T 270, A
vy =% btz e E OV 7EE ORI ST
W3,

pa3 VR RO B = Rkl 1 T

HFEFIHCRFTT 2R EE X, HF v 82N
DIEANERZ AT T3 LML, (7L 28 &,
VA v 2%)

The facilities of ISSP are open to domestic
researchers, who are encouraged to submit joint
research proposals. In addition, ISSP provides opportu-
nities for young scientists including graduate students
to research on exchange at ISSP. ISSP supports travel
and research expenses for visitors.

The supercomputer system of ISSP is used via

internet by domestic researchers.
PERIFER %

T AZ

subjects researchers
1500 1500
1400 1400
1300 1300
1200 1200
1100 1100
1000 1000
900 900
800 800
700 700
600 600
500 500
400 400
300 300
200 200
100 100

2014 2015 2016 2017 2018
BT BE SBRIRAB LR O — - A k- kT
A== Ca—E LVEAIEA LIBRLHEE BD A5t
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).

R 72 Workshop

PIPERESE BRI RE T —<IcowT, 2~3H
BEETNLRHNEZTIODHETH 2, 2EOY
MRE D o OG- &, LR AR EM R
RUE > TRV BRI E SN,

2,500 SNIEH

participants

2,000
1,500
1,000
500
0 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
JMAfFZE 2 ISSP Regular Workshops
10

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

Committee for Joint Research.

a3

[E1%%

number of

workshops X b o St [F ) FH G EE D FEATIC DT

0 AP FEAAGRE TBMWEDLELE S0,

%8, 37 A CERK 15 FHE~) ICHRiTL

5 T2 MWHEpIZ XD, 1T, FHEEFEFH
DRNGELTHIVIZE R W 72 E OB WD
INTVET,
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el 2433 International Activities

YT SR IZ. PIPEFZE D EBERV LR & LT HEE
nx#lzHoTwS, EES YRS LRYEEREY —2
Tay 7 REET 2 EEbIC, WIETTERT DR D 2%
fifi 235 1 L 72 E B IE BT b IEFE 1T b T 5, #)
PWHZERT DA ELAFT BRI E P, SCRRRH 2 A P HAR S
iR B2 DA E AR HIE 2 &2 M L 20785 b %
BAEFEL T, F7o, 1981 EDIRE, spErELLIc B
§ 2 AR HEDEMEBE O H B R LT 5,

ISSP plays an important role as an international center
of materials science. International symposiums and
workshops are organized by ISSP and 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 ISSP Visiting Professor-
ship and also 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.

7 —< OFEHRH OSEH (SEN)
Title Date Participants (overseas)

The 18th Asian Workshop on First-Principles Electronic Structure Calculations 2015-11-9-11 197 (94)

Topological Phenomena in Novel Quantum Matter: Laboratory Realization of 2016-2-29-3-4 90 (70)

Relativistic Fermions and Spin Liquids

International Workshop on Tensor Networks and Quantum Many-Body Problems BT

(TNQMP2016) 2016-6-27-7-15 125 (35)

The 17th International Conference on High Pressure in Semiconductor Physics 2016-8-7-11 110 (37)

(HPSP-17) & Workshop on High-pressure Study on Superconducting (WHS)

Theory of Correlated Topological Materials (TCTM2017) 2017-2-6-3-3 96 (38)

Topological Phases and Functionality of Correlated Electron Systems (TPFC2017) 2017-2-20-22 159 (49)

Forefront of Molecular Dynamics at Surfaces and Interfaces: from a single molecule to 2017-11-20-23 196 (63)

catalytic reaction

The International Summer workShop 2018 on First-Principles Electronic Structure 5.

Calculations (1552018) 2018-7-2-12 &7 ()

Megagauss Magnetic Field Generation and Related Topics 2018-9-25-29 108 (61)

Topological Phases and Functionality of Correlated Electron Systems 2019 2019-2-18-20 185 (13)

Spectroscopies in Novel Superconductors (SNS2019) 2019-6-16-21 208 (87)

Computational Approaches to Quantum Many-body Problems (CAQMP2019) 2019-7-16-8-8 105 (30)

BOEDEBES v R LR OEEEY—272 2v 7 Recent international symposiums and workshops
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J\{#&\ﬁ/ Education

YT clk, Rrtab sz FIHL, WiER 2
KB L 7- KRB E IS Z2EVT WS, YD
BEZ, PFESEICIGL T KRB AR AR B
SRR, AVEEI, TARMAR B TS B, HiaH
AR EHATT R E R B ROEHER T A
JBLTWEH, INSHERKDVE A 7 A R EFICT
DHE VYR AR AEF DERICZ ANTw5, Yk
WHEFTCIE, BIEREPHELFEE DI DDHA YV R
ZHAME TS L EbIC, BEAHIYRBAE A DAL R
RIZ, REEEE I - iR B E LT T
FYRAPA TV AX Y 7 ZFREL WS,

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.
In addition, the annual experiential learning program
“Science Camp at Kashiwa Campus” also offers an
opportunity for undergraduate students to gain a first-

hand experience in materials science research.

&2 Master Course H51+58% Doctor Course
20164 | 20174 | 20184 | 20194 | 20164 | 20174 | 20184 | 2019 4
YIRFLEHEK  Physics 18 29 30 30 35 28 24 28
{EZEI  Chemistry 5 6 3 0 0 2 4
YIBTEEK  Appl. Phys. 9 8 9 6 4 3 3 7
MERBFK Advanced Materials 43 41 39 39 28 24 18 17
BHEE T FH I Complexity Sci. and Eng. 2 2 3 3 1 0 0 2
& &t 77 86 84 81 68 55 47 58
WA FEORK IR EBE % Number of graduate students
SESCR3E/ Publicati
s DA al/Publications
YIERFZE AT Cld. 4ER 300 HRRTH o ki Sk z # 4
LW, 2018 EDZEASCHR 340 oML, im0
j( 323\ /ﬁ\%%ﬁi 1\ ﬁ@%ﬁ%ﬂ% 11\ 2& (if:@im@*%ﬁ) 300
5 EtZoTWn5,
200
About 300 scientific issues are published through 100
annual activity in ISSP. The 340 articles published
in 2018 consist of 323 papers in refereed journals, 2013 2014 2015 2016 2017 2018

1 proceedings, 11 reviews, and 5 books.

EMFER RS (Tay =T v 7 - RS HE )

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

ik 30 4E1E (2018 fiscal year)

(D) m

© EI(A) AHE  XCERBIZELD
[1(B) OHE  XERZEELD
C1(C) zofttiBhE @ XEMPEE - BAZMIRESLD
[1(D) &Fiz: REZELD
[ 1(E) =M% - AWK KA - thATELD
L1 (F) BZARE  XERFE - BARZEMRERLD
(A) Regular Budget (Personnel) from Ministry of Education, Culture, Sports, Science and Technology
(B) Regular Budget (Non-Personnel) from Ministry of Education, Culture, Sports, Science and Technology
(C) Other Subsidies from the Govermment
(D) Grant-in-Aid from Private Corporations
(E) Grant-in-Aid from Governmental Agencies and Private Corporations
(F) Grant-in-Aid from Ministry of Education, Culture, Sports, Science and Technology, and Japan Society
for the Promotion of Science
(A) (B) (C) (D) (E) (F) &t
NG Y& ZDftEBE FHiE RETITR BEARE Total
- HER
FR30%E (2018) 1,541,577 1,733,833 22,620 46,268 503,425 521,490 4,369,213
FR29FEE(2017) | 1,124,758 1,663,282 20,030 18,808 714,259 424,530 3,965,667
FR285E (2016) 1,315,153 1,669,627 99,138 32,134 668,752 535N53) 4,319,957
FRR27HE(2015) 1,657,078 1,680,722 466,267 17,829 500,211 464,165 4,786.272
FR265E (2014) 1,700,581 1,749,421 964,107 28,071 435,229 585,279 5,462,688
FRE255E (2013) 1,545,996 1,814,190 493,674 30,847 545717 427,515 4,857,939
THEOHT  Budget in recent years (W67 : 1)  (Unit: Thousand Yen)

\

2uii%k 1% /Staff Members

PR 31 4 4 H1H BifE / As of April 1, 2019

BI% FHEBIR EHR | FHEERE | B K HEBH | HERRE | RITREE | SBREBE =)
Professors Project Associate Project Research Project Project Technical | Administrative Total
Professors Professors Associate Associates Research Researchers Staff Staff

Professors Associates
23 0 15 0 40 5 55 54 51 243
13
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Division of Condensed Matter Science

iRk, AREEER, 7720 b
ruYhniigikn e, THWE) OFRPYE
FHADHT LR TZ Y10 Fos 7Bl BE 1IR3 75
v, FEEESE RV R DL DT
R RBIRY, VBRI, S, kS
Evo e TRRERBRED ) ITiE 2 EIC kD RINZ T
E 7o, BEMRVIMEDIFEETTTIX. A - A HK
P FEYE R EOH L OEREZGRL, 2
DYk % R PR BB C o> i BE 25 FE R B AT &2 A VT
HIETZZEICKD, FILOWEBLZ OG5
MHSRE KWL LUMRIHT L2 HEEL LTS,

LI ERR T A AE =R, Bl HEOb L
. FESRE AR O, MREETO
TR BIGR, BOE, HEEL, B2 s
DREEYERE 2IToT\0 %, BB EEBRILY.
HOETR, AREEE, HyEEwE, MRay
ANYE I ED SRR YE 23t R, B
FRuY— Zht, T FHHEREDBHELT
BN 2% H L BROBIHICIY ATV 5,

B ® B = B
Professor TAKIGAWA, Masashi Research Associate
n g R &R B %
Professor SAKAKIBARA, Toshiro Research Associate
Z ® H PR B #
Professor MORI, Hatsumi Research Associate
= % N
HEHE hit A B
Project Professor NAKATSUJI, Satoru Research Associate
N =, *2
MR REA &A B #
Associate Professor OSADA, Toshihito Research Associate
AR LT # RHEBIH
Associate Professor YAMASHITA, Minoru Project Research Associate
= *
ZEOEAER) HY DAYV BB 2
Visiting Professor KANG, Woun Project Research Associate

vy IA—=4vva BEmg*?
SINGH, Yougesh

BRONEARE)

Visiting Professor
BHHE
Technical Associate
KiffEFIE

Technical Associate

* B RHERYERERE & CFNETYERRS )L — 7 & R,

e &8

TAEN, Toshihiro

TOMITA, Takahiro

Project Research Associate

Discoveries of new materials, for example, high
temperature superconductors, organic conductors,
graphene, and topological insulators, have often
opened new horizons in materials science. Applica-
tion of extreme conditions of low temperature, high
pressure, and high magnetic field has also revealed
various unexpected properties of matters, such as
superconductivity and quantum Hall effect. The goal
of the Division of Condensed Matter Science is to
uncover novel phenomena that lead to new concepts
of matter, through combining search, synthesis and
characterization of new materials.

Each group in this division pursuits its own
research on synthesis of new materials and high
quality samples, and precise measurements of trans-
port, thermal, magnetic properties including nuclear
magnetic resonance. Their main subject is to elucidate
varied phenomena which emerge as a concerted result
of strong electron correlation, topology, multipole,
and molecular degrees of freedom, in transition metal
oxides, heavy electron systems, organic conductors,

atomic layer materials, and topological materials.

RHERRE FRTVTA PITAN ATHIAY
Project Researcher KISWANDHI, Andhika Oxalion

BEMRS EBE =

KITTAKA, Shunichiro

TF A

SHIMOZAWA, Masaaki Project Researcher SATO, Mitsuyuki

Hig @k BEMRS HE 2

Project Researcher TAKEDA, Hikaru

By 87 BEEE Fry RyozA
FUJINO, Tomoko Project Researcher ZHANG, Dongwei

BH OBA BEFRE ™ AH E

SAKAI, Akito Project Researcher OHTSUKI, Takumi

HE B BEMRE™ Frv YA
DEKURA, Shun Project Researcher CHEN, Taishi

EH FiA BEMRE™ Yra N\vtY

Project Researcher TSAI, Hanshen

B Rt BEMERE™? T— Ivvary
HIGO, Tomoya Project Researcher FU, Mingxuan

N FEF

MURAYAMA, Chizuko

AE fA

UCHIDA, Kazuhito

/ concurrent with Physics Department, Graduate School of Science and Quantum Materials Group
*2 BN, AEERFWERES IL—T. / concurrent with Quantum Materials Group
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Division of Condensed Matter Science

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

e )1k 7E %2

Takigawa Group

M5 (NMR) 2 BERERFELELT, BEiEN
DEROE TR AERICER T2 R 2R LTw 5, il
MBI RT3, BIEE, 8 (m) e, Bk, W
BT Lo e S BRI IRER L TE D, W - £
NEEDNNEMEE2EZBZETINsDR DB THER
DRIDEG2, FETPZIEEAEORSRE —X v P ELANE
WiE— A R 2HoTEN, INSIFHHOETDELES
PELGARZECTVS, Z0RONMRIZ, HiANE
DAL v, &, Ptk EOHMEI ARG > THN DR
RERTPIRECTSSOWEZ, 270tk 1745F 5
FB LD, Torldtir Rtz Rio/ OLANMRMIE 2L E
ZREGE L, ARG - SRIEYS - S & DSBSk & A A
Hb¥ T EBREEAMAY. & LELAYH KKz
WNRELZMAEZTT>T 0,

T I ¥
H||<Ill> == la

NMR Intensity [arb.units]

A e :
73.0 74.0

Frequency [MHz]
SR 60K, 3% 6.6 TR ZICH T 2/ LLENEY PrTizAlzo FOTZILZI =T L (Al)
FRFZDNMR AR NLe 7ZEAITL (Pr) A4 VIR 2 EEHOERES
ERREEZFS. EECERUMBEFRFEERT. PrAAYZ2 hTRICWOBEL 7L
ZOLCIIERENICEBRS 3D20T A KDBFEL. ZhZND<1T1>H25 W
<100> AEOHIZIC & > THEMBY 1 MMcoHdH N, SSICZDELHHERHH
[C& > T5ADNMR HIBFZERY 26, IEFICEMSR NMR IXRT MLHEN S,

NMR spectra of Al nuclei in PrTiAloH at the temperature of 60K and the
magnetic field of 6.6 tesla. The Pr ions with a non-magnetic doublet ground
state in the crystal electric field undergo ferro-quadrupole order at low tem-
peratures. There are three Al sites forming a cage surrounding Pr ions, each
of which splits into inequivalent sites under magnetic fields along <111> or
<100>. Each Al site generates five quadrupole split NMR lines, resulting in a
complicated NMR spectrum.

71.0

1. 8RJT. 72AKL—b - REVRDY A F U A EEFIHER
Dynamics and quantum phase transitions in low dimensional or frustrated spin systems

2. HEGBEES
Exotic superconductors

3. BEEETFRICKE T HER - PuE - ZWMFORFEESE

RN A=
TAKIGAWA, Masashi
26

Professor

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

T
[ PrTi2A120
H|<111>

=

<111>AEOEIET. 2KUT

prm—
DIERICHWT, ARUBRFIRF [ H = 1.0062 T"'J\/\}\' 1.55 K1
DIz NMR HIBENHH T = L _ 190K
2. B3 PA hhS0ES E [ oo \fk/LAA“‘
ZEFARTHE > TH %, s —"'——-—"'—‘J\mz.@K
The NMR lines split below & 2.22 K
2K under the magnetic field & A A
along <111> due to ferro- & 230K
quadrupole order. The signals & AAJL.Z 40 K
from the 3a sites are indi- A ’
cated by the red box. k 2.99 K]
1 1 1 1 14'2 K
109 11.0 11.1 11.2 11.3 114 115

Frequency [MHz]

NMR #IB#R DD HM 5 BRHEZED
MmONIENT=— 2 ITRED, T
BFORE/INTA—INRES N
feo

The splitting of NMR lines
uniquely determines the symme-
try of the charge density distribu-
tion and the order parameter.

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

4. AEVHEREBFRICE T 2HBTRHKE
Novel orders in spin-orbit coupled electron systems
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Division of Condensed Matter Science

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

b Jt f 7€ =

Sakakibara Group

WEORTHERILRIZIA IR EHTAIC D >TWS, Z
DR CTHEOWETFREEHIZEOMEZTIZ I 7LEVEDY
B AR E T CHURR IR E 2R T 5685 5, T
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e B E L E 22 L A EHOEERFE DT> T 5,

T

Curie

H

QwcCP

EBEBFA Y7 @A URhGe DEBSRERR, (a) FBBRT. ¥2U—
BE SRS (b #) AROBE Hp lc &> THEIE g, BEFHEEBESRIEE
(Ho ~12T) T—RIBEBZRT, (b) FHRICAERRN 5B FHREBRAEDHENE
ARIELIcD D, BERBHE (c#) FROHES He I L T —ROBHBEY ¢
YORICIEA D 4K R 3H 5 =ZEHRFR TCP THU %, £fco T=0DFEL
iKY« v TBFERS R (QWCP) hFEY %,

1. EVWEF LAY O & B8

TR {RER = R—EB

SAKAKIBARA, Toshiro  KITTAKA, Shunichiro
% B3
Professor 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.

0_""I""I'"'I""I“"-I"'
-1.0 -0.5 0.0 0.5 1.0
HoH,(T)

Magnetic phase diagram of the itinerant Ising ferromagnet URhGe. The
Curie temperature of this compound can be tuned by applying a magnetic
field along the magnetically-hard b axis as shown in the schematic phase
diagram (a). A first-order transition appears close to a quantum phase transi-
tion region (Hp~12 T). (b) shows the phase diagram near the quantum phase
transition, constructed from the magnetization data. The first-order transition
region expands in a wing structure by an additional magnetic field along the
magnetically-easy ¢ direction, and closes at a tricritical point (TCP) near 4 K.
Quantum wing critical points (QWCP) exist on the T'=0 plane.

Magnetism and superconductivity in heavy electron systems

2. TEFLAYOLETFEHEICHEY 2HFLESE

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
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Division of Condensed Matter Science

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

Mori Group

WERFAE, HTLOERE 52 25T EO 5 Ha I
REBFEIRZZT TS
R ETIE, V\PBQEEF?%%)O FrERIBREL, 2N
ST L 720 FIEMEICE W, A TFHS DML,
5y FHEOM EAEIC X2 EHHEE DB L 72 Rr B 2 b Re 1 (FR
T Ta bR, W BB, 20T - EIC XD
Wz—mﬁ% BHRBIRE 72 P A5 ReE) DB Z T > T 5,
TFUEWEDOE I, 1) Z AT FHNE LT FHD
ﬁﬂaf%>;&; -l RETH B, 2) T —vr M
HAEH (BB »REL, ByoRBit: (B &
Bt (BEME) SAT228, 3) D FDEHICRS 0
7-OBREE B LOMGIGEENREL, B, BRICK 2
FREEZ R TR R AR 2 RBIT 2 el fon s,
RIN—7 Tk, LA EBLEEARELTEY MY
1-ET2Cu(NCS)2 B i F7-7 -(meso-DMBEDT-TTF)2PFs
(Bg1) =FHL, %Iﬁlﬁn’i’ﬁoko SOITRIE TR, K
FHiA7m by LREE O BIIOES) LT, (R L
DYINHZBR 2R AERSER (M2) ZHHFEL%,

A R ET Bf HE B

MORI, Hatsumi FUJINO, Tomoko DEKURA, Shun

265 EUE FHEBDER

Professor Research Associate Project Research Associate

Development of “materials science” is started from discoveries
of novel materials with new concepts.

The development of novel functionalities (electron and proton
conductivities, magnetism, dielectrics, responses by external
stimuli such as pressure and electric field, and field effect
transistor) has been aimed based upon molecular materials with
utilizing intra- and inter-molecular degrees of freedom.

The attractive points of molecular materials are 1) that a
variety of intra- and inter-molecular degrees of freedoms are
designable and controllable, 2) that large Coulomb interactions
(electron correlation) reflect the magnetism (electron particle) as
well as conductivity (electron wave) in molecular materials, and
3) that large responses by external stimuli are observable due to
softness of molecules and strong electron-phonon coupling.

In Mori group, novel Mott-type organic superconductor
k-ET2Cu(NCS); and charge-ordered-type one B-(meso-
DMBEDT-TTF),PFs have been developed and characterized
(Fig. 1). Moreover, novel electron-proton coupled purely organic
conductors, where conductivity and magnetism switching due
to coupled deuteron and electron transfers, have been developed
and characterized (Fig. 2).

(i)

(i) 10?

s Sox10° T :
o OO - A oo
(. s g I~ 5 / N
10 meso-DMBEDT-TTF ) %00, oD}
N o Sy
10 (a) 1bar % '-
P (b) 2.1 kbar = K=
§ () \ (c) 3.1 kbar a 1 Kﬁﬁ{ S %
£ 10" (d) 4.0 kbar 8 g
@ S @ E¥/ &7
Z10° £ J g
2 )
E -3 6ﬁ103 (d) g 0 s |
B FABRAEEE: () Ty L2 CETCUNCS), & 10 iy 0 100 200 300
DS & (i) BHHKFE B -(meso-DMBEDT- \ Eaf \ T ture (K)
TTF)2PFe DESIEF D EHKEF M. 107 |~ < 3 emperature | -
4.3 K| 2 WE D W
Fig.1. Novel organic superconductors: (i)single j‘; 2 )(23'(1(;,[ ED'?TiI?)( %()‘(ﬁ H7DD) :\ ;sz\;ﬁ Eiiig7f£&;g;?§
cpstalsof Mot ype KETSCUNCO and () wo®——— §o )] | Dalscawen owena s
S1ST1V] S pressures 1or charge ~ 0 Fig.2. S h b h f l t l istivity d .
orderedftype ‘3’(WIL’SU’DNIBEDT’TTF)ZPF(,. - | 0 6 8 10 ‘lg. . Switc lllg ehavior o Ae ectrica ﬂreSL? 1V1 ) an magne—
10 o 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. 2FOBEREZEN UVICHRER (B) B4EL070 NV EEEDFHT & EREERR
Development and studies of structural and physical properties for novel organic (super)conductors and proton

conductors based upon molecular degree of freedom

2. BfERTEFNTO L VB EBE U CERGEE. SEHEA

FEADFFE EREIEITTE

Development and studies of structural and physical properties for electron-proton coupled molecular functional materials

3. A FEMEONG (% Bi%. BE. £H) BEOWHE

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

4. BRBRMRN VI ZY DR
Study of organic field effect transistor
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Osada Group
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Gapped bulk band structure in an organic Dirac semimetal a-(BEDT-
TTF),lI3 with finite spin-orbit interaction. Parities of wave functions are
indicated at symmetric points. The parity product of -1 means that the sys-
tem is a topological insulator. The inset shows the energy spectrum of finite
system with the edge parallel to the one-dimensional chains. There appears
a helical edge state in the gap.

1. BT« 2 v V¥EED MROI ALY
Topological properties of an organic Dirac semimetal

2. RFBYERL V7 7Y TILT— L ABEBROETFHEE L EFLE

-
[
-« |
RHEH #A Bk &%
OSADA, Toshihito TAEN, Toshihiro
HEHIR B

Associate Professor Research Associate

Quantum transport in electron systems. We search for, eluci-
date, and control new electronic states and quantum transport
phenomena that appear in topological materials, low-dimen-
sional materials, and nanostructures. Targeting atomic layer
materials such as graphene, their van der Waals complex stacks,
topological insulators/semimetals, low-dimensional organic
conductors, and artificial semiconductor/superconductor
nanostructures, we investigate new topological or quantum
effects in transport phenomena. Key experimental techniques
are alignment and transfer for building up atomic layer stacks,
micro-fabrication for small device structures, precise double-
axis field rotation, miniature pulse magnet generating above 40T,
etc. Recently, we have focused on studies on quantum transport
in graphene junctions and black phosphorus thin-films, various
topological phases in an organic conductor a-(BEDT-TTF),I3,
and the magnetic-field-induced electronic phase transition in
graphite.
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Magnetoresistance R-R, (Ohm)
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Magnetoresistance of the black phosphorus thin-film FET device encapsu-
lated by h-BN thin-films for several gate voltages. Single Shubnikov-de Haas
oscillation of two-dimensional (2D) holes is observed in negative gate volt-
ages. In contrast, double oscillations indicating the existence of two kinds of
2D electrons appear in positive high gate voltages. The inset shows an opti-
cal microscope image of the FET device.

Electronic structure and quantum transport in atomic layers and their van der Waals stacks

3. BREROYANYEDEFRERR

Quantum transport phenomena in layered topological materials

4. BRYEOBERERSCEEERIE—L VX

Interlayer coherence and angle-dependent magnetotransport in layered conductors

5. BT S 7 71 N OWISFRLEEFIRES

Magnetic-field-induced electronic phase transitions in thin-film graphite
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Yamashita Group
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| The ultralow tempera-
8 ture cryostat at ISSP.
Nuclear demagnetiza-
tion cooling enables
experiments down to 1
mK under a magnetic
field up to 10 T. The
lower left picture is an
enlargedview of the
experimental space.
The lower right picture
shows a cantilever cell
for torque measure-
ments.

1. BIERICET2RIBARETFROME

™% %A

1T
YAMASHITA, Minoru SHIMOZAWA, Masaaki
HEHIR BhE

Associate Professor Research Associate

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 true, however, because
quantum fluctuations persist even at absolute zero temperature.
The richness of low-temperature physics was first demonstrated
by Heike Kamerlingh Onnes at 1911, who was the first to liquify
Helium and reached ~ 1 K. He discovered that the resistance
of mercury suddenly vanished at low temperature. Followed by
this 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 fluctuations are negligible.
Especially, we are now challenging measurements of correlated
electron systems at ultralow temperatures (below 20 mK) where
many interesting phenomena have remained unexplored due to
technical difficulties. Further, we are studying exotic electronic
states by scanning magnetic microscope and elementary excita-
tions of quantum spin liquids emerged in frustrated magnetic

materials.
T w Ll 2 -0
27+ 03
26 0.2
W’-

(,low nwa,o1) ¥

k! T(WK?m')

o
—

25

24L cs.l é i ; ,élé.l é i :‘ -élé.l 21 .0
0.1 1 10
T(K)

BT Y MERA K-H3(CAT-EDT-TTF)2 TERASNIHEBEX (&), #MaEx (F
B) BLOHLEE () ORELFE, ENZOEEATR. EFEFERELE
FREVERERENSRRICHEL TV,

Temperature dependences of the dielectric constant (blue), the thermal con-
ductivity (red), and the magnetic susceptibility (green) of the organic Mott
insulator k-H3(CAT-EDT-TTF),. In the shaded area, quantum paraelectric
state and quantum spin liquid state emerge concomitantly.

Study of strongly correlated-electron systems at ultralow temperatures

2. EEUHSKBEWEZ AW CHEETREONR

Study of exotic electronic states by scanning magnetic microscope

3 BEAENT SANL—Y 3 v edb DHEERICEITE2EFAEL VR

Quantum spin liquid state in geometrically-frustrated magnets
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B EREAIEZERR ™

Division of New Materials Science

AV A

Singh Group
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KANG, Woun
NEAEFEHIR

Visiting Professor

We are interested in electrical and thermal transport proper-
ties under strong magnetic fields of various solids such as low
dimensional organic metals, layered materials, semimetals, etc.
We frequently use high pressure in order to tune the electronic
states or to find novel electronic states. At the center of our
research resides the home-developed double-axis rotation
mechanism which can accommodate high pressure devices
as high as 3.5 GPa in a 14 T superconducting magnet at low
temperature. We often bring the same pressure apparatus to
National High Magnetic Field Laboratory in Florida to extend
the field range up to 45 T. For this specific purpose, we have
developed miniaturized, simple to make and to use, and highly
reliable pressure apparatus for ourselves.

Even though it has been over 40 years since the metallic
organic material was discovered, it continues to serve as a
platform of novel physics research such as multilayer massless
Dirac fermions, topological insulators, spin liquids. Old
materials such as bismuth, graphite, some elemental supercon-
ductors are also being revisited. We also put a lot of effort into
running the laboratory with minimal human intervention. It is
now possible to conduct experiments even from abroad.

Yy F=Urvy¥a
SINGH, Yogesh
NAEANZFEHR

Visiting Professor

I am interested in discovering novel quantum materials
where the physics is governed by an interplay between strong-
electronic correlations, spin-orbit coupling, and lattice topology.
In the recent past we have been working exclusively on
Quantum Spin Liquids and on Kitaev materials.

At ISSP my work will focus on the possibility of Heavy
Fermion superconductivity in an Yb-based material Yb,Fe3Sis.
This material is a member of a family of rare-earth based
materials RyFe3Sis. The remarkable thing about this family is
that the Er, Tm, and Lu members show superconductivity at
low temperatures. The Yb material therefore presents an oppor-
tunity to study a rare Yb-material where the Kondo, magnetic
ordering, and superconducting energy scales are comparable.
Tuning these various energy scales is likely to drive the material
into novel magnetic and/or superconducting ground states. We
will grow single crystals of Yb,Fe3Sis and related variants and
study their physical properties in extreme conditions of low
temperature and high pressure.
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This Division conducts vigorous theoretical
research from a microscopic point of view at the
forefront of contemporary condensed matter physics,
statistical physics, and materials science, also in
collaboration of experimental groups. Its goals include
theoretical elucidations of experimental results,
developments of new concepts describing collective
behavior of interacting systems, useful theoretical
modeling of materials, and predictions of novel
interesting phenomena. The topics in recent research
span diverse areas as quantum phase transitions and
critical phenomena in quantum spin systems and
strongly correlated electron systems, heavy-fermion
physics, superconductivity in various materials,
frustrated systems, dynamic processes and catalysis at
surfaces, and quantum transport and interactions in
mesoscopic conductors. A wide variety of methods,
including modern approaches based on mathematical
concepts such as topology, quantum field theory, and
large-scale state-of-the-art computational approaches
such as quantum Monte Carlo simulations and
ab-initio calculation of electronic structures based on
the density functional theory, are utilized to inves-
tigate these problems. As a whole, this Division and
related theory groups cover a wide range of topics
and approaches in the cutting-edge condensed matter
theory.

B B BR B— B #

Professor TSUNETSUGU, Hirokazu Research Associate
*

% g I ESR B %

Professor OSHIKAWA, Masaki Research Associate
*,

B B 2EH & B %

Professor SUGINO, Osamu Research Associate
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Associate Professor  KATO, Takeo Research Associate

B %™

Research Associate
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RE 2 BEFRE ™ LA R¥E
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1 3R, AKIRETYWERRY)L—. / concurrent with Quantum Materials Group
*2 Fipaseis, ATSIZIEEMIERTER Y )L— 7, / concurrent with Functional Materials Group
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TSUNETSUGU, Hirokazu IKEDA, Tatsuhiko FUJII, Tatsuya
% B B
Professor Research Associate Research Associate

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

Targets of our recent study include novel types of quantum
order and quantum fluctuations in frustrated spin and strongly
correlated electronic systems with multiple degrees of freedom.
In these systems, many soft modes of fluctuations are coupled,
and this affects the nature of quantum phase transitions, as well
as electronic states and dynamical properties including transport
phenomena. One of our recent achievements is about high-
harmonic generation (HHG) in solids illuminated by laser. We
have formulated this by Floquet theory and showed a different
scaling behavior with the input frequency compared with more
traditional HHG using gases.

TRTEIAMNA VT VI BRBFROBHEERZY M.
RENTRENIEAY M A 7RI Nipax & FQ e EQ2 ITHAIL T
WT, SHETORT—U VY Npax o< Q7' ERB B, E. Q BAS
BBORBEARBTHD. Foc EQ BEF - EAER

High-harmonic spectrum of electron current in a one-dimen-
sional tight-binding model of electrons. The cutoff order Npmax
: . 1 2.
represented by the arrow is proportional to FQ ™ o< EQ™ in
contrast to the conventional scaling Nmax o< Q7! in atomic
gases, where E and Q are amplitude and frequency of input
electric field, respectively, and F o< EQ~! is the electron-light
coupling.

0 ‘ 10 20 30

Electronic states and unconventional superconductivity in strongly correlated systems with d- or f-electrons

2. 77 AKNL—Y 3 VROKENE

Statistical physics of frustrated systems
3. EFHREHOHTEFHDOER

Theory of novel phases in quantum magnets
4. BFROFFEI1FIIR

Nonequibrium dynamics of quantum systems
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Temperature driving
u=20.5,1,2,3,4

Pumped charge per a cycle
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Main panel: Electronic charge carried by adiabatic pumping induced by
the time-dependent lead temperatures, T1(t) and Tr(t), per a cycle. Inset:
A schematic of the system. Here, U is the Coulomb interaction, I'y = I'r =
I'/2 is the lead-dot coupling, &4 is the energy level of the quantum dot, and
u = U/T is a dimensionless parameter of the Coulomb interaction.

1. AV ZIEY 7 ROEFEXRAR

Quantum transport phenomena in mesoscopic systems
2. HEERI 2EFROYML

Properties of interacting electron systems
3. FEEHANE - ALY OZI R

Non-equilibrium statistical mechanics and spintronics
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Associate Professor Research Associate

We are theoretically studying quantum transport in nano-
scale devices using analytic and numerical approaches. This
research field is called ‘mesoscopic physics, which has been
studied for a long time by focusing on the quantum mechan-
ical nature of electrons. Recently, mesoscopic physics based
on new viewpoints, for instance, nonequilibrium many-
body phenomena, shot noise, high-speed drive phenomena,
and spintronics has been studied. We aim to elucidate these
phenomena, by exploiting nonequilibrium statistical mechanics,
fundamental theory of quantum mechanics, and many-body
physics. Examples of our research activities are adiabatic
pumping in nanoscale devices, spin transport at an inter-
face between a ferromagnet and a metal, many-body effect in
thermal transport of phonons, and nonequilibrium transport
properties of the Kondo quantum dots.

We are also working on various research subjects related to
many-body effects and nonequilibrium phenomena. Examples
of these researches are structural phase transition in solid
oxygen and higher harmonics generation in solids. We are also
collaborating with experimental groups in ISSP.
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Upper two figures: Schematics for two mechanisms of spin-current genera-
tion (spin Seebeck effect and spin pumping). Lower panel: Temperature
dependence of nonequilibrium spin-current noises due to the spin Seebeck
effect, the spin pumping, and a thermal noise.
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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.

B ® A 5 B = ¥ KiiEFIBE BREX YRR

Professor KATSUMOTO, Shingo Research Associate ENDO, Akira Technical Associate IIMORI, Takushi
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Professor OTANI, Yoshichika Research Associate NAKAMURA, Taketomo Technical Associate HASHIMOTO, Yoshiaki
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Professor KOMORI, Fumio Research Associate MIYAMACHI, Toshio Technical Associate HAMADA, Masayuki
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Professor HASEGAWA, Yukio Research Associate ISSHIKI, Hironari Technical Associate MUKAI, Kozo
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Professor LIPPMAA, Mikk Research Associate HAZE, Masahiro Project Researcher MIZUNO, Hayato
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Professor YOSHINOBU, Jun Research Associate TANAKA, Shunsuke
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Associate Professor MIWA, Shinji

Research Associate SAKAMOTO, Shoya

1 P3RS, ATSIRISESIERTE S )L— 7, / concurrent with Functional Materials Group
2 P3RS, AMSIRETWEMES)L—7, / concurrent with Quantum Materials Group
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Katsumoto Group

FEAEDLRIBOBMB KRR, NS 2Ny %
itz e, BHA, M. Py bREoEXIcRD
BTHHE, 2R ZHRT0S, £, BTAYY,
A VR A Va2 AR TR > T\W» 5,

BPEEB R 2 AC Y HIBEIAS 8L LT, AEY
WEMH AR L/ itz HAG bR AEZIToT0 5,
IEY XS Y)VRELSED S DAY VAL A ViliE
MAEEHOEOE T HEE AL 2 A8 v BT8R
DFHAGDRIZEDF L VYA TSI L7, &
Nz E T R— LR OR L, =y PR 7T 7A€
YO EBIHRICOWT, A — MR X0 {5 B % R
T2 LIk 247 nOERFEEL CHEWMER 5 Fikz
FAFE L7z, AT v v VEFZ M 7 BREDHFE~ND
WSS NS,

Magnetoresistance ()
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Left: Color level plot of the magnetoresistance of a double quantum well
device (InGaAs) with spin-orbit interaction as a function of field strength
and angle from [110]. The sign is reversed around [100] (45°) and [010]
(90°). Right: Polar plot of magnetoresistance amplitude for the in-plane field
direction.

1. EF8f - AEVEXRRR

Quantum transport in charge and spin freedoms
2. EFBEZRWCLHENROMAR

Study of many-body effects in quantum structures

3. BNIE/NA T Uy MBEICELU 2YBRR

B E5 N B ¥
KATSUMOTO, Shingo  NAKAMURA, Taketomo ENDO, Akira

% UE UE

Professor Research Associate 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 some appli-
cations 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 struc-
tures. A new type of magnetoresistnce is found in transport of
spin polarized electrons injected from epitaxially grown Fe films
into quantum well structures with strong spin-orbit interaction.

A new method to obtain information on the dispersion
relation of edge-magnetoplasmon in quantum Hall edge states
has been developed. The method utilizes transmission of micro-
wave through the two-dimensional electron gas, the area of
which is controlled through the gate voltage. We expect the
application to the fractional quantum Hall state with surface

potential modulation.
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Grayscale plot of the gate bias Vy and frequency f dependence of the micro-
wave transmission AT . Edge-magnetoplasmon excitations are observed as
peaks (lighter tone). Thick yellow curve in depicts calculated egde-magneto-
plasmon excitation frequency vs. Vg for the fundamental mode.

Physics at interfaces between the phases with different symmetries
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EHERE (NM)/ BBIEE XY R (Bi203) RERED TV 1 /\HRHOBESHD, NM/
Bi2O3 REID T2/ VUNTA— ﬁﬂ)jté?étﬁ &, NM DOFESE (Cu, Ag, Au) ITIKTE
92, Thid. REREOBHHE |y’ OFIEL. NM & Bix0s OHEEED
ETREDNEPEY Einter ICEKDEFASNDERTHDIENHSMTARo Tz, (@)INM/
Bi203 REE S Y 2/NA RO, (b) NM/Bi203 REAED |y?| £ Bz V dze
[Eibaxie

Estimation of the Rashba splitting in Non-Magnetic metal (NM)/bismuth
oxide (Bi2O3) interface state. The magnitude and sign of the Rashba param-
eter at NM/Bi,O3 interface strongly depend on the NM (Cu, Ag, Au). This is
the results of the modulation of the asymmetric feature of the charge density
[y?| by the interface electric field Einter which is defined by the work function
difference for NM and Bi»Os3. (a) The schematics of NM/Bi;O3 interface and
the Rashba splitting. (b) Spatial distribution of 12| and electric potential V
near the interface.

1. A EYROERSE & O S

Mechanisms of pure spin current generation and detection

2. AV RERWHESHEER
Magnetic phase transition by using spin current

3. MRAYAIIUERERE TORE YR - BREE LR

—&  3hRY

A &b

OTANI, Yoshichika ISSHIKI, Hironari
% UE:

Professor Research Associate

The concept of spin current, the flow of spin angular
momentum, appeared in the end of 20th century. Spintronics
has developed as a new approach which utilizes the combined
function of charge current and spin current. The methods of
generation, transmission and detection of spin current have
been well established in the recent decade. The research of
spintronics is entering a new phase, recently revealing new spin
mediated-interconversions among quasi-particles in solid, such
as electron, spin, phonon, photon and magnon etc. These “spin
conversion” phenomena often manifest in the nano-scale region
at simple interfaces of various materials, and thus, have great
versatility and application possibility. Our fundamental research
explores the new physics of spin conversion and clarifies their
mechanisms. We also develop the spintronics devices in which a
variety of spin conversion can be controlled, using nanofabrica-

tion techniques.

(a)

i ’ . I’\[quPg
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Spin 2 A
H-Hiw (Oc)

NF | EBRE IO TEEINLAE VT - ERTBRHER : AEVRVEV T HICK
%, # () 7O 7 =Y (PoPc) ERBOFREZHREFIT DI LICED. TVaN\DH
U REREERRS T/, (a)PbPc/Cu REIDIIERR (b) SEBHLES (Hres) ICXTT
3. ALV - BREBEROBEESORIFESD (Veym)o B FKiRIEZETNZN
NiFe/Cu/PbPc. NiFe/Cu/H2Pc DHIEfER, Cu/PbPc REINFET LTI
AEVT - BRERICER T 2EERESHIEND,.

Spin-charge current conversion at molecule/metal interface observed by
means of spin pumping method. Rashba splitting arises at carefully designed
interface of lead (II) phthalocyanine (PbPc) and Cu. (a) The schematics
of the PbPc/Cu interface. (b) The symmetric component of voltage signal
(Vsym) attributed to the spin-charge current conversion at the interface as
the function of the external magnetic field (Hyes). The blue and red lines are
for NiFe/Cu/PbPc and NiFe/Cu/H,Pc sample, respectively. A clear signal
appears in the sample with PbPc/Cu interface.

Spin-to-charge current conversion in the interface of topological insulator

4. AFAEYIOZIR
Molecular spintronics
5. WD SBLEEFREERFANDAEVEA

Spin injection into superconductor from ferromagnet
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AR RN S NV AARR TG R LT/ GG R 1 T E D
BRINEKANEEZHSICT 22 LR HERC, HEEZEh
TREENRIVEAMSE (STM). XE 006, R —3h5%
(MOKE) « 5 - #ik 54 (SHG) JIE. 3L OHEHE 6
ZHOTIZE 212> T03, STM 2V 25T
RPN E T « AERRELHER T T X 53 PHEE
figEht, AEVAMESRICE T TIIETIREBORAE Y L
Btk firE%, MOKE/SHG &k X S e e el %
FRTVD, Fhe, I IEGE T R T E
ICE>TRMTOET I - Bl - AL, FrrLE
T — W — I X 5 8 il o B Y B A RS 1 B
LT, AT — LV OEHBERIC DLW TOIAEL T 5,

(b) Graphene on terrace

(c) Graphene on macrofacet

(a) Terrace & macrofacet

macrofacet

(d) ARPES
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(a-c) 1ER SIC Btz Ar BESHP TROMI DI &> TR ESNERTY 7 -
TFIAEED STMR (a) &. FNSDED 2 RITHE LV 1 RITHWAST / BARES
#6277 0 STM KK (b.c)o EIRKME (a) ICIFE. SIC(0001) 7 @A
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(a-c) Topographic STM images of the graphene on thermally-decomposed
vicinal SiC(0001) substrate (a) in Ar atmosphere. On the substrate surface,
SiC (0001) terraces and macrofacets tilted 28 degrees off coexist. Magnified
images of the terrace (b) and macrofacet (c) indicate formations of two-
and one-dimensionally nano-periodic graphene on a part of the terrace and
on the whole macrofacet, respectively. (d) Angle-resolved photoemission
spectrum from the graphene on the macrofacet. Replica bands due to the
periodic structure are seen. The doping level of the graphene is smaller than
that on the terrace.

1. BRTE - RET /BEPEOBTFRE. BitE&LMnE

IR XK =0T R4
KOMORI, Fumio MIYAMACHI, Toshio
Bi% UE

Professor Research Associate

Electronic and magnetic properties of low-dimensional and
atomic-layer materials with nanometer-scale structures at solid
surfaces are studied in an ultra-high vacuum using scanning
tunneling microscopy/spectroscopy (STM/STS), photoelec-
tron spectroscopy, magneto-optical Kerr-rotation and second
harmonic generation measurements. Microscopic atomic,
electronic and magnetic structures, formation processes of
surface atomic-layers and dynamical processes induced by
electron tunneling or photo-excited carriers are examined by
local imaging, spectroscopy and quasi-particle interference
observations using spin-resolved STM/STS, and macroscopic
spin-dependent electronic structures, magnetic properties,
electron dynamics and chemical bonds by photoelectron and
optical spectroscopy using VUV light and soft-X-ray from laser

and synchrotron.
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(a, b) Spin polarization direction of photoelectrons from spin split surface
bands of Cu (111) and Ag (111) (a), and Bi (111) (b). The detected spin
direction is in-plane and perpendicular to the momentum direction. For Cu
(111) and Ag (111), it is the same as the spin polarization direction in the
initial states. For Bi (111), when the polarization direction of the incident
light is rotated by 90° from the p-polarized light to the s-polarized light,
the spin polarization direction is inverted by 180°. (c) Dependence of the
photoelectron spin components and total intensity of Bi (111) on the inci-
dent light polarization angle 6. The spin orientation of the photoelectrons
changes three-dimensionally when 6 is continuously changed. All these
crystals are three dimensional topological materials.

Electronic states, magnetism and electron scattering of atomic layers and nano-structured materials at surfaces

2. BIRFE - RET / BEYEOTABEE

Formation processes of atomic layers and nano-structured materials at surfaces

3. hYRILBFPL—Y XL LZBF - RFENER

Electron and atom dynamics induced by electron tunneling and photo-excitation
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T3, CeColns 2 EDHEWE T RWHEDE IRE
JRP AR - AR O IR O IO LA TR D, BuEfk
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BEESERE COREDR, SiER LD 1 RFEPb (k& BEEHE) & PoE
R (Ee. BLEHE) ORMEBTHAES NI Y RIVAKINRY M5, Bin
BSHENRED S 40nm OFRICO > TRAHLTWE I EABES TS,
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, superconductor) indicate the penetration of supercon-
ductivity into the metal layer with a decay length of 40 nm.

1. {ER STM L & 2R LBBIRE / RO Y AILEFHEDRER
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HASEGAWA, Yukio HAZE, Masahiro
E265d B

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 ultralow
temperature and high magnetic field, peculiar local supercon-
ducting and topological states that can be found in surface
superconductors, whose inversion symmetry is broken, and in
the proximity with ferromagnetic materials, have been explored.
We have also studied local magnetic properties of spin-
spiral structures using SP-STM, spin excitation with SP-IETS,
magnetic resonances through the introduction of microwaves,
and spin current detection using SP-potentiometry. Recent
subjects include heavy-fermion materials, such as CeColns;
orbital ordering was observed for the first time in a real space.

EVWEBTFRYE CeColns THEENIcRERNEKFRE, Co iKIKE TDEED
STM & (FRELVELR) TIE AWRRD Co RFEARSNZB A, HitER
DI TRt (BTE) TIE ¥ YNIZIRD d BN BKFBEZTZRL TV
ZENBES NI, HMRBBITICE D, REIKOHFESNIEETH B I MY
HLTW2,

Surface-induced orbital ordered states observed on a heavy-fermion mate-
rial CeColns. In STM images taken on a Co-terminated surface in stan-
dard conditions, round-shaped Co atoms are observed (center and upper-
left images). On the other hand, in STM images taken in closer distances
(lower-right) we observed an ordered phase of dumbbell-shaped d-orbitals.
Detailed analysis revealed that the ordered structure is formed only on the
surface layer.

Exploration of peculiar superconducting / topological states using low-temperature STM

2. AEVRIB STM ADY AV DIREAIC & 2 F / AT — LEESKHEISEHE
Nanoscale measurements of magnetic resonances by SP-STM with microwave

3. AEVRBEERT Y Y 3 X MUICL DALY ROEZRREEA

Real-space distribution of spin currents by spin-polarized scanning potentiometry
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1. (a) Rh3*:SrTiO3 & (b)Rh*+:SrTiO3 HE(C &5 7 5 Rh TTRDE A X 4R34
DAEDICDWVWT, BEAHDEWVG Rh 1A YEATOTROLEVANERD
EEBRULTED, (b) DI —VEROTZAHA MEEDTREBEFEZOEE L —
HLTW3,

Fig. 1. Angular distribution of Rh fluorescence x-ray intensity for (a)
Rh**:SrTiO3 and (b) Rh**:SrTiO;3 thin films. The difference in the patterns
indicates that the arrangement of the Rh nearest-neighbor atoms is different.
The pattern in (b) corresponds to a perfect perovskite structure.

1. NILAL =Y —#REIC L DBRCYEEZ U TAT OBEDFE

9
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LIPPMAA, Mikk
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Professor

The band gap and transport behavior of oxide semiconduc-
tors is generally determined by point defects and doping. In
many doped oxide systems, the dominant site substitution
mechanism can be assumed from the dopant valence and ionic
radius, but explicitly determining the dopant site structure is
generally impossible. X-ray fluorescence holography is a useful
technique in this regard, as it produces directly the atomic
positions of the nearest neighbors surrounding a dopant atom.
The method is based on measuring the angular distribution
of the dopant atom’s fluorescence x-ray intensity (Fig. 1) and
solving for the positions of the nearest-neighbor scatterer atoms.
We have analyzed the structure of Rh-doped SrTiO3 photocata-
lysts and found that while the Rh** dopant substitutes at the Ti
site without lattice distortion, a Rh** dopant forms clusters with
oxygen vacancies or substitutes at the oxygen site (Fig. 2). Such
clustering has a detrimental effect on photocarrier dynamics
in Rh:SrTiO3 photocatalysts and photoelectrodes used for the
solar-powered water splitting reaction.

2. BVWEBREDSA THRE L Rh3SITiOs EEIC& 1T 3 2 BED R @S
IE2WTs (L) BREAZHORNBERIEMDI S5 — (T) 7ZAYTAKIE
B3 Rh DBE#HREE,

Fig. 2. Two main defect cluster types in a Rh3*:SrTiOj3 film grown at low
oxygen pressure: (upper) Rh cluster with an oxygen vacancy, (lower) Rh sub-
stitution at the anion site.

Growth of thin oxide films and heterostructures by pulsed laser deposition

2. KAMBREBRIE DB (CIAF o ALY B4 B DO F

Development of oxide photoelectrode materials for photocatalytic water splitting

3. BmEMRIETILF 7 cO40 Y VR ORISR
Polar oxides and multiferroic coupling

4. AL /EEE T/ AVRY Y NEBEOEM

Synthesis of nanostructures and nanocomposite thin films
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Functional Materials Group

The Functional Materials Group is one of two new
trans-divisional and interdisciplinary research groups
and deals with excited states and dynamics in systems
with hierarchical and inhomogeneous structures,
including chemical reactions and dynamical processes
in biological systems. Recently, time-resolved
spectroscopy of excited states and non-equilibrium
states, nano-scale observation and measurement as
well as operando spectroscopy/measurement have
greatly advanced. Theoretical analysis based on first-
principles calculation and data science has achieved
a remarkable development. There are already
pioneering works done at ISSP along such directions
as mentioned above. To get started, several current
faculty and staff members of ISSP have been assigned
to the core members. The core members are expected
to provide seeds of collaboration and organize a
research team involving other divisions and facilities
as well as researchers outside ISSP. It is particularly
important to collaborate with research facilities of
ISSP so that their advanced and unique resources can
enhance the scientific quality. By taking advantage of
being a joint-use/research center, we can always invite
external researchers to collaborate on new subjects.
The Functional Materials Group should work as an
open platform for such collaborations.
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Solid surfaces are intriguing objects, because novel struc-
tures and electronic properties emerge as a result of symmetry
breaking of bulk. Solid surfaces play an important role as “low
dimensional reaction field”, on which we can provide atoms
and molecules and manipulate them deliberately. In addition,
surface and interface are vital in the energy conversion and
dissiparion processes. In order to fabricate atomically-controlled
surface functional materials, we have to understand the dynam-
ical 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. Recently,
we are interested in surface reactions including CO; and
hydrogen.In addition, we can simulate chemical reactions on
cosmic dust with laboratory experiments in ultrahigh vacuum at
low temperature. We have utilized surface vibrational spectros-
copy, photoelectron spectroscopy and local probe methods in
order to investigate structures, reactions and electronic proper-
ties of atoms,molecules and thin films on surfaces. Synchrotron
radiation (KEK-PE, SPring8 etc.) is also used to study electronic
structure of surface and interface, including operando XPS.

A schematic model of CO; hydrogenation on the Pd-Zn-Cu model catalyst

Activation and surface reaction of small molecules by model catalysts

2. RAPRAICE T 2KFRIVELIYMEERE U\ ROV /IUR)
Properties and reactions with hydrogen at surfaces and interfaces (Hydrogenomics)

3. ¥EAB LUOEREEOBTFRE L RABICEDOMA

Electronic states and surface conductivity of semiconductor and organic thin film

4. BERTYE DEBFIREE & RISHEDHTF

Electronic states and reactivity of low-dimensional materials on surfaces

5 BHKREICBITZRT - D F5A1F IV ADHE

Dynamical processes of atoms and molecules on solid surfaces
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Akiyama Group
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PEAEL —F—ITH LT, RREKZRECHE 25
AR EZ I MA, BRI EREZ AL, 7241
PR SNVAFEERA B R T 5582 T>oTC0 5, ATH
RS E -V 8k s » 7 KB ith o 8 Ik %
A B H IR PIBL IS BLRE T 2 TN A AR SE
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FE R — -2 FR L BN
P, RTTE, BT IEALRZRME, kL —5 — B
FEE R, WE R E R4 2Bk 2 S BFZE 2T o T\ B,

e FEER BT E LT, Ml - MG 0 RO & R I
Beth 3 2 £, ook i g BRI 2 ik, -/ M oE
MWW 2 G119 2 Bt BEH GG ER O£, VY v
A w—2a v M2 E 2B LTHWS, 6, 2N
SOEMEICHL, BYL2T T2 SRV OEYFEG
P =TI E R, B - AL - PR O EY
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Firefly luciferase

TO0 AHE T RUEFHML —
H—(ab) ERTILILYT
Z—t (c) D&

Nano-structures of a
100 T-shaped quantum-
wire laser (a,b) and firefly
luciferase protein (c) .

1. FIERA v FYTHERL —H—HB L OKRBEE RO T /\1 X2
Device physics of gain-switched semiconductor lasers and solar cells
2. BmEFEREFHEE LOHFICRITBERTEFELF v U7 DLAHEMER & IEFEE
Many-body interactions and non-equilibrium properties of low-dimensional electron-hole systems in clean semiconductor quantum wires and wells
3. FEREFEERLVOT /N1 XADEH, BREEL. BEFHh. B\, BEREHA
Material physics and development of high-quality semiconductor nano-structures via microscopy
4, IRZI - 7 F7 « T IIRY )ik EDEMFN & YL F R EHRIERE
Bioluminescence of firefly, jelly fish, sea firefly, etc. and bio/chemiluminescence measurement standards
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A
ML T wE Ba
AKIYAMA, Hidefumi HAZAMA, Yuji
% B
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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Sugino Group

WEOWEZIMT 2012, oL Tav =A% E
M EDOHARFTBRAZMLIADLHBO 2D, H—K
HEETH N7 7u—FTh s, ZOFEEZHVN
L RAD Y E DY) B R FEBRAS HR  BiH %
FEREMANIIATH) LD TES,

B, HEAG R BAEINC L 720 D TR 2
i SNZAER, ARVEMLEYE CH>THIEETE 55
HORRDIRoTE, 2D, EREGFHEBTF—5%
HOICHISEL 235, S5l U O B ER R OB e
ZITZ BB I o7, AR TIZZD L)% THREM I
WFoe, ZHEELTED, EibCEEE, F/PEICE T
L% DT VX — SR ORI, BT 7272 R A - BRI
GO PR E Z2T>T05, HFFHHEFRFESRED
FEOPL 2D ZOBFICBILTH E ANT >
T3,

Volltage v
|t
Electrode Ferro electric  Para electric Electrode
(5rRu0,)
I

(SrRu0;)  (BaTiO,) (srTiO,)
i L 1

r

BOFEXREZHOREADEE, BFEREEFEROEREZBMTHRA MANS
BAEZENYT 2 &, BHFBEHERICEOFEXENEN. RALAKOFERENIE
my s, CORKRE. BEFT/N\ARABRENDGANEZ 5N,

Model interface that exhibits negative permittivity. The interface is found
to be constituted by a ferroelectric region of negative permittivity and par-
aelectric region of positive permittivity, which yields enhanced capacitance

of the interface. This phenomenon may be applicable to future electronic
devices.

AT —~ Research Subjects

1. BERFE O IR F—THREE R

s (& ]

SUGINO, Osamu HARUYAMA, Jun
26 B
Professor Research Associate

The purpose of the first-principles calculation is to solve the
basic formula of physics, such as the Schrodinger equation, for
the understanding of properties of materials. This approach
is eligible for a prediction of the properties of undiscovered
materials even in the extreme condition of pressure and temper-
ature, independently of the experiments.

Owing to the recent progress in numerically solving the
equation, reliable first-principles simulation can be applied to
quite complex materials, enabling thereby serious collaboration
to theory and experiment for a material design or a mecha-
nism search. Sugino group is doing such “functional material
research” to understand (a) energy conversion processes
occurring in batteries and in nano- or bio- materials and (b)
stability of new phases that appear in the high pressure or strong
magnetic field conditions. The numerical work often requires
development of advanced computational method, which is also
an important target of the study.

Electrode
(ESM)

Solvation
(RISM)
=i

EBRERERIY (TIO2) B & KREDRE, HETIE REEME (%), TI(E> ),
O(#), H(B) ZH 5T/ Zh & B S BEEF RISMEZ AW TET LIRS,
E5(C ESM EIHEN 2 EREZRWTEBMEZNATLTT S, COEMERLE
{LUBRULZERAO—DTHD . TRILF—ZTHROLE SEERYEORRE
T35 ENTES,

Model for the biased TiO3 solution interface. The model consists of the layer
of carbon electrode (green), Ti (pink), O(red), and H(white), which are
covered by implicit solvent model called RISM. By additionally introducing
a continuum called ESM, bias potential can be applied to the interface. This
is one of the most advanced first-principles models for the electrochemical
interface, which allow us to investigate energy conversion processes and to
search for the most effective electrode materials.

Structure of electrode-electrolyte interface and mechanism of energy transfer

2. B0 —VERECE DK E—REHEFEORE

Development of first-principles many-body Green’s function method

3. BIE - BES T COBRREGFEED TR

First-principles prediction of oxygen solid at high pressure and under strong magnetic field

4. R )L DEYFESE DHEAEREZER

Elucidation of bioluminescence of a firefly
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BTYWEDIFHIREBICE O AR A O RS Z 5 B
ZEEbic, ZOHEE S LY E B HIE LG
TP IR 7% BERIICFE %, theb7myr - 2y
PETV IR INGH L EER A RONEAE T H A 5
DTEY, IFHBIRE RO VES AT L
MHREICRDDODOH B, ISIHLIRE, =2—FNFy T —
7 e ol e, HE IR BLR SR ST
SICPEEY I O TEMINTELAIRESEIC
LoD, %0 BEm BUil 5155 7 & 0 JERE Y 25 F 10 2 R I
THZLECHBET R, MRS ALVYE, ACYREED
R RFYE (K1) OIFFEIRKOWELZE I %>T
W EEBIT, MEDH LWIERIZIRE SR (B 21X 2)
ZRET 5,

*MPFZEERIE 2020 4F 1 HFER LD MEE A Y-~y
DAT T v MR BREE T 7 & NS - A LA B

A fEse

OKA, Takashi
%

Professor

Our main research subject is quantum materials driven far
away from equilibrium by external fields such as laser light. The
aim is to seek for new laws of physics that govern such exotic
states and to find a way to control their collective dynamics. We
employ new theoretical frameworks such as Floquet engineering
which enables us to understand nonequilibrium physics with the
depth comparable to equilibrium systems. We can also obtain
important insights from other existing research fields such as
turbulence, neural network, and non-linear semiconductor
optics, and apply them to new exotic materials. The target
materials range from topological systems to strongly correlated
systems (Fig.1). New non-linear response phenomena such
as the heterodyne Hall effect (Fig.2), i.e. quantum Hall effect

induced by oscillating magnetic fields, will be studied as well.

ﬁﬁ%ﬁﬁ g: D 7 aA 7’ ,‘j’f /f V2 }\){ V2 }\ (‘: fI % o (a) Periodic driving (local oscillator)
l Q
input signal output signal
Floquet engineering of band topology Floquet engineering in ultrafast spintronics (] +nQ
-
- __ (Esp~Q<Ech)
: : A(t) o
Laser-assisted hopping 'L‘)» Control of magnetization, Floquet state
Floquet topological states - -spin current, topological order (multiplier)
- ‘ #nverse Faraday effect
Floquet Kubo and TKNN formulae K & % Renormalized exchange coupling (b)
Floquet Keldysh greens function g g1 8¢ 4o Induced scalar chirality
¥ effective interactions Floquet-Schrieffer-Wolff transf. ac-Electric field, photon
hJ . J, Magneto-electric coupling (input signal)

Correlated electrons driven by electric fields

Field F
A e—e
Nonlinear transport Schwinger limit

% L[ (}fg“‘;‘;ﬁ;) Carrier generation
= / valanche - Breakdown and field induced states
[ orr B o
g /7 ||les8 4, o8  Heatingand thermalization
8 { %,
° \ ‘7%// Floquet many-body methods (e.g. DMFT)
oS ¢ g ||) Mottins, Quantum field theory
Schwinger (nonlinear) photo- ion  Heisenberg-Euler effective Lagrangian
fimit TE Ed‘ frequency Q (=Loschmidt echo)

ultrafast.
spintronics

1 EFYEo7OvT - IVIZTFYVIDEND, N R ROY—,
HIECHRBICE DL TNA RORRICDBRA > TWS,

Fig. 1. Floquet engineering in quantum materials. T. Oka, S. Kitamura, Annu. Rev. Condens. Matter

Phys. 10, 387-408 (2019).

1. EFYEO7OYY - TVI=ZFUVY
Floguet engineering of quantum materials

2. FFEETFROVGBHEROERNE

Switching (optical memory & Mott RRAM) New states, new functions
Higher harmonics generation
Frequency conversion, heterodyne
Usage of metamaterial

-and near field techniques

AEVHKRF. HEEFREEDHE

Oscillating fields
(local oscillator)
e.g. laser, plasmonics

2D Dirac electron
(multiplier) //
Jx Jy
current
(output signal)

M2 ZAvITREZAALATOY1IY - TN
1 Ro (@) ABVTFILICH U TEREREDHES 1
e EEZ %, b) RBBSZAWATOT A
YIR—ILRDREH,

Fig. 2. Heterodyne device utilizing Floquet
states. (a) Frequency mixed output is realized.
(b) A realization of the heterodyne Hall effect
using 2D Dirac semimetals.

Fundamental research on phase transition in nonequilibrium quantum systems

3. EREEFT /N1 XDRE
Proposal of novel nonlinear quantum devices
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Inoue Group
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Microbial rhodopsin with a variety of functions (upper) and the purified-
protein samples (lower).

52—~ Research Subjects

HE E=— XKE R
INOUE, Keiichi NAGATA Takashi
IR BhZ

Associate Professor Research Associate

Most living organisms use sun-light as energy source for their
biological activity and information source to recognize environ-
mental change. In this photobiological events, a wide variety of
photo-receptive proteins play central role.

Our research aims unified understanding of the mecha-
nism of biomolecular function of various photoreceptive
membrane proteins. The chemical elementary process of
supra complex photoreceptive protein is studied by laser time-
resolved spectroscopy and vibrational spectroscopy, and we
are promoting further research by combining biochemical
technique to achieve multi-layer understanding from atomic and
molecular to cellar and individual level. Furthermore, whereas
we are developing novel artificial biomolecules on the basis of
the fundamental insights for the application to optogenetics and
so on, exploration study of new photobiological phenomena and
related molecular groups is conducted with big data accompa-
nying the development of genome analysis in recent years.
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'\ all-trans retinal

= /i ~ Light
o | s

+.H
Mhr
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F/WINNVAL—F—c L 2MEYRO R 7YY O@ERIHE (L) 8L0AKR
TOURFRICEBIFDLFF—ILOREELBE (F).

Transient absorption measurement of microbial rhodopsin by a nano-

second pulsed laser (upper) and photo-isomerization process of retinal in
rhodopsin (lower).

1. AZARBRSY VXV BEOR TS Y O FHEEA 71 = XL DOBBERRITE & B9 R
Functional and spectroscopic study on the mechanism of molecular function of photoreceptive membrane protein, rhodopsins

2. IR IEDAEDEED FHIRA DA

Application of advanced spectroscopic measurement method for biomolecular study

3. ¥/ LAEY I T8 %H EIC LEMBFXRZARSY VNV ERR

Exploration of novel photoreceptive proteins through use of genome big data
4, ERFBEEZRWCERD FOBERERFORE & ZNICH & D < RS FRIF

Machine-learning study on the determining factor for the function of biological molecules and its application for the

development of novel functional molecules
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PN =TI 50, HICROGEREL 2255,
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Quantum Materials Group

Discovery of new materials, new phenomena,
and new concepts has progressed condensed matter
physics. A good example can be found in the history
of research in strongly correlated electron systems,
one of the major fields studied in ISSP. On the other
hand, breakthroughs have been often made at an
intersection of various different research fields. To
facilitate another leap forward in our activity, the
quantum materials group has been created to promote
interdisciplinary studies based on the collaboration
between the experimental and theoretical groups
beyond the conventional research disciplines.

The quantum materials group currently consists
of three core groups and nine joint groups. All these
groups vigorously conduct collaborative research
to discover novel quantum phases and functional
materials in correlated electron/spin systems. The
activities include new material synthesis in bulk and
thin film forms and their characterization through
state-of-art measurement systems. Device fabrication
is also made for spintronics applications. These exper-
iments are being conducted through lively discussion
and tight collaboration with theory groups, which
search for novel topological phases by using new
theoretical approach and numerical methods.

[

Project Research Associate TOMITA, Takahiro

Project Research Associate HIGO, Tomoya

ZH BE  sEmxEs AW E

TADA, Yasuhiro Project Researcher  OTSUKI, Takumi
BHOBEA BHEMRE Frv A4
SAKAI, Akito Project Researcher CHEN, Taishi

A TSk BERRE  YrAM N\vEY
SAKAMOTO, Shoya Project Researcher TSAI, Hanshen

EH =5h  gEmxE  T7— Iviary

Project Researcher FU, Mingxuan

PIRERFRE L1ONY— Y17
JSPS Research Fellow RAY Kumar, Mayukh

B Rt

1 PPN, AT R EER .

/concurrent with Division of Condensed Matter Science

*2 B3R, AK Y E R TR,

/concurrent with Materials Design and Characterization Laboratory

*3 BRI, AT/ R — VIR,
/concurrent with Division of Nanoscale Science

4 W RFIRRRE G &
/concurrent with Physics Department, Graduate School of Science

*5 P3RS, AEEER D E—L Y M ERSHEE Y v —,

B R I E B %

Professor OSHIKAWA, Masaki Research Associate
* —

B g B = B %

Professor TAKIGAWA, Masashi Research Associate
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B g MR RER B %

Professor SAKAKIBARA, Toshiro Research Associate
o * —

BB EH BZ BEBH

Professor HIROI, Zenji
* N

B ge K& &b HEBH

Professor OTANI, Yoshichika

e L Pu i

Project Professor NAKATSUJI, Satoru

Va6t —& =HW

Associate Professor MIWA, Shinji

g 1T

Associate Professor YAMASHITA, Minoru

§ * N

R Pl

Associate Professor KONDO, Takeshi

N * =

B WK Bt

Associate Professor MATSUNAGA, Ryusuke

N * N

R R E=

Associate Professor OKAZAKI, Kozo

HEHE (BE) AR OEX

Visiting Associate Professor

HRAOBANEER)

Visiting Professor

KONDOU, Kouta

NVITvh Aad=)L

HERBUT, Igor

/concurrent with Laser and Syncrotron Research Center
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Oshikawa Group
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TEOLHELT 2, RLEDHED—DLELT, A4 7Vl
A D LHEAETRICOWLTD4 0FERDRF Ry 7 AT
—EDERINRIR 25272, $l. BOMERICB TR T
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B SFAHDRNCHT 7 BB B 2 ERR LT, T,
HIHOSHICH 5 EBHAZ 75T D TH L, ZDLH
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Y ITACVIREH R EOH AR R ANVHEZEBLT %
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T —~ Research Subjects

I EZR ZH BK
OSHIKAWA, Masaki TADA, Yasuhiro
% B

Professor Research Associate

Our main focus is quantum many-body theory. Based on the
close correspondence among quantum many-body systems,
classical statistical systems, and field theory, we pursue universal
concepts in physics. At the same time, we aim to give a unified
picture on experimental data and to make testable predictions.
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. We also demonstrated, based on anomaly in quantum
field theory, a new classification of gapless quantum critical
phases in the presence of a discrete symmetry. This opens up a
new direction in classification of quantum phases. In order to
connect these theoretical developments with experiments, we
also study material design to realize exotic topological phases
such as Kitaev spin liquids. Much of our research is carried out

in international collaborations.

SEEEEER (Metal-Organic Framework, MOF) Z#W ¥4 T 72
VIRAEDRET. FYTT7EREF. BEEREE U TRAEYREZERT 5. 3
BICHERREVVHEICRITZ2EFAEVEETH D, 1V IV LABIEHNEDOE
BEAYTOF I T7RBORENER SN TNDD. INSOYPETEHE
BEMICERT 2N\ EVNILTRIBEEROFSHNAE <. EEREEFR
EVBETIRBWN, FAlE. MOF ZAWTEERBEEERZMH L. &£
DB FY T 7RBEDORFEDAREEEZIREL I,

Designing Kitaev spin liquid using Metal-Organic Framework (MOF).
Kitaev model is an intriguing exactly solvable spin model, with a
spin-liquid ground state. Although realizations of the Kitaev model in
iridates and other inorganic materials has been discussed, the domi-
nance of Heisenberg type interactions owing to direct exchanges pre-
vents the ground state from becoming the spin liquid. We proposed a
possibility of more ideal realizations of the Kitaev model, using MOFs
in which direct exchange interactions are suppressed.

1. BFRAEVRBLOEEBFRICETHETFALHIE

Electron Spin Resonance in quantum spin systems and itinerant electron systems

2. EFHROERICE T B8 & HI5ER

Conduction at a junction of quantum wires and conformal field theory

3. MNRAOYAIEEEFIVIVTILAY K
Topological phases and quantum entanglement

4. W1 ZBREDOHEREEE
Orbital angular momentum of chiral superfluids

5. hAROVAIAAE - FAREVHIVIBROMERTDORERE

Realization of topological phases and topological phenomena in materials
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FHERIR

Nakatsuji Group

Project Professor
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2D, EDWRETIE, WHIEARDAES
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a, MHEMAICE T HEER—ILHR () & REHEIERE Mn3Sn L& 1T 2 EZER—
LR (BR). BEMEERTE BREAEM CL> TEFOESI HITFSNB T
sk, EOMIBT (B = 0) TR—ILBRVPERNICENS, —H T, REEREIE
A MnsSn Tid, EOBIET (B = 0) T. A2, BREEILM ORWREILEWVT,
R—LHRVERNICREN S, 0BG, BFOEBHZMIT2ER &322 REBHNG
REHIZ b H AEYFSUT s DHEFLICE>TEHRSETNEEEZIS5NS. b,
Mn3Sn DSBS, 71 TAEFORIERICAET S Mn [FHIE—X > b (BRN)
B L. FIIREREBEZR T ¢, Mn3Sn ICHF 2R TOMR—/VIEREDH
B,

Magnetic behavior and crystal structure of Mn3Sn. a, Anomalous Hall effect
in ferromagnets (left) and in antiferromagnets (right) induced by bending
the trajectory of conducting carriers by magnetization and fictitious field,
respectively. b, Crystal and spin structure of Mn3Sn. Each Mn has a magnetic
moment (arrow). ¢, Magnetic field dependence on the Hall resistivity in
Mn3Sn at room temperature.

7T —~ Research Subjects
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BH AN =M
SAKAI, Akito TOMITA, Takahiro HIGO, Tomoya
BhZK FHEBNZ FHEBDER

Research Associate Project Research Associate Project 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, quantum spin liquids in frustrated magnets,

and their spintronics application.
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1. DAIIVHEEEDEFCEMNREZDAEY NAZY RGH

Quantum transport phenomena in Weyl magnets and their applications for spintronics

2. MRAOVAINEEEDREFKE TRILF—/I\— R T4 VT

Search for novel topological magnets and their application for energy harvesting

3. MRAYAILEFHEYH U WBEEEDRA
Search for novel topological phases and superconductors
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Quantum Materials Group

https://www.issp.u-tokyo.ac.jp/maincontents/organization/ labs/miwa_group.html
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Miwa Group
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3% Pt 1 atomic layer
Fe 1 atomic layer
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MIWA Shinji SAKAMOTO, Shoya
IR BhZ

Associate Professor Research Associate

We study experimental condensed-matter and material
physics using high-quality and unique nano-structures. We
employ ultrahigh vacuum technique, which has been used for
semiconductor engineering, for the multilayer fabrication with
metals, insulators, and organic molecules. We focus on spin and
orbital properties, which can be pronounced in nano-structure,
and fabricate quantum spintronics devices with metals, quantum
materials, and functional molecules. Our research purpose is
to characterize the physical properties in such devices and use
them for application.

Recently, we study spin-dynamics using microwave voltage/
current and femtosecond pulse laser systems. We also study
microscopic origin of the various spintronics phenomena using
operando X-ray absorption spectroscopy. Using the obtained
knowledge, we design and fabricate spintronics devices showing
large effects at room temperature.
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— FeB (2 nm)
MgQ (1 nm)
CoFeB (3 nm}
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5 o . matic of spin-dynamics
o | ﬁ such as Fe, Pt, and Pd, we fabri- .
) o} . I N . . . and potential. If we pre-
€ cated novel multilayer device with . .
a I { . cisely control the spin-
S | a, new physical phenomena. (b) o o
= A ample of ando X-rav potential, non-linear
= | ) i n example of operando X-ray 3 )
XMCD integral effect can be enhanced.
SO =75 W - spectroscopy. We conducted the ) find that sienal
A do X-ray magnetic circular ; We find that signal-to-
X-ray energy (heV) operando A-ray mag < noise ratio in the spin-
dichroism spectroscopy under electric-field application to the MgO dielectric, and R torque diode effect in
found a change in electronic state in interfacial Pt layer. The origin for the voltage- \. nano-magnets can be
controlled magnetic anisotropy, which is important for future non-volatile random enhanced by the non-
access memory, has been revealed. . & H. <D linear effect.

X7 —~ Research Subjects

1. EFPEZRAWCAEY NOZIZXF/NA R
Spintronics device using quantum materials
2. ARG YR XIEAHIC & 27 /\1 YD HEHERERR
Operando X-ray spectroscopy to reveal device physics
3. RES/ HIEIC & 27/ ZHEREm £
Interface engineering to develop device performance
4, AEVICEBMEB AV E2—FT VT
Brain-inspired computing using spintronics
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Quantum Materials Group
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Kondou Group

MR, b RO ANYIE B 2R R RIIRER ANV R
xR HWE LT, SEIERHAYIEDOFKBPERIGE
ERTIEDRASNTOS, Tk, T, ZoX)Bko
AEY br =7 ZABRBICEIR 2 R B IE 2T o T %, TitE
TIZ, bRBY AV R T > 2 NSl e SO R HER &
FW7e A8 U - B O A2 R OWEERBRZ 170,
HERDAE Y A= NVEIRE R TER SR Z 350 ICEETS
TR A AT RE T B T E 2 BRI L 2,

RIETIX, AR 7V —7 L DRI XD,
FART S AV R MnsSn 1B WT, RIEICERE TS
AE YD J7 D MnzSn D REAL 7 RISk L TEL T 55T
FERBER (MRAE Y A—IVRE) BN R L7, &
EMEHZ E LTHE IR, COXILIEE bR P L
PEWBLFE G L RICB IR A V@I L, Ly
A F 27 AD G AZ B L 72l i,

RrwEmEI N—T7

Quantum Materials Group
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Herbut Group
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g™/
HEE VAKX
KONDOU, Kouta
BEERIR
Visiting Associate Professor

My current research interests lie in the demonstration of
novel spintronics functionalities by using the topological
materials with unique surface state and band-structures. So
far, I have investigated the spin-charge interconversion effect at
surface and interface states of topological insulator and Rashba
interfaces. We found that the conversion efficiencies at these
interfaces were much higher than typical transition metals that
exhibit spin Hall effects.

Recently, by collaboration with the group of Prof. Satoru
Nakatsuji, we succeeded in observing new class of spin Hall
effect (Magnetic spin Hall effect) in topological antiferromagnet
Mn3Sn, in which the direction of current induced spin accumu-
lation varies in relation to the magnetization direction of
Mns3Sn. As a visiting associate professor, I am planning to study
the physical properties of spin current and to demonstrate high-
speed control of magnetization dynamics in these magnetic
topological materials.

NI =)
HERBUT, Igor
NEAZEHIR

Visiting Professor

The general area of my research is the theoretical many-
particle physics. I am fascinated with qualitatively novel
phenomena due to particle interactions, and have been after new
theoretical tools and paradigms needed for their understanding.

In recent years I have pursued several connected threads of
investigations. In systems with quadratic band touching, such
as bilayer graphene in two, and gapless semiconductors, such
as gray tin or mercury telluride, and more recently strongly
correlated iridates, in three dimensions, the role of Coulomb
interaction in determining the ground state is non-trivial and at
present poorly understood. We have, for example, entertained
the “fixed-point collision” scenario for the instability of the
non-Fermi liquid phase towards a Mott insulator with nematic
order. There is a number of conceptually new theoretical issues
that need to be addressed, such as the replacement of the
Lorentz with Galilean invariance. Another related question
is whether a topologically non-trivial phase, be it insulating,
metallic, or even superconducting, can arise out of a topologi-
cally trivial phase due to an increase of electron-electron inter-
actions. Professor Oshikawa and Nakatsuji have a strong interest
in interplay of topology and electron-electron interactions, and I
hope to discuss with them these and related problems.
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Social Cooperation Research Department K
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MRS N,

Social Cooperation Research Department (SCRD) is a joint research framework between the Univer-

sity of Tokyo and its corporate or other external partners in order to collaborate in research projects that
contribute to the public interest. Although SCRD is funded by external partners, its research and educa-

tion activities aiming for academic advancement and social development are conducted in such a way that

secures the University’s autonomy and independence. ISSP established its first SCRD unit, the Division of

Data-Integrated Materials Science, in April 2019.

T — & A R R YERESE R

Division of Data-Integrated Materials Science

WES. BEMEE SISO RERTHZHED
T3, EWAEOYWERHEMEA~DIEH O]
EVED A IR ENTEY, S DHERfER
DMEZINT0E, HRICIE, ZOEZH,
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B F— YRR TR k> THRA L. BT
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%, FEEFRG G & BUE ETBLAS F o0 L 2 Hi 2
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NHMTE R L ARV EZE P2 2 L2 HIELT
VW5, ZHUTkoT, AKAMAPHIZEREOM
BHERZHED TS,

Recently, machine learning has attracted social
attention. The possibility of applying machine learning
to material-science research is also actively studied,
and many promising results have been reported. The
expectation is that this idea will be the key to acceler-
ating the industrial application of basic science. The
division aims at developing methods for prediction of
physical properties of materials, based on the under-
standing of electron correlation, by integrating experi-
ments and numerical calculations through data-scien-
tific approaches. While conventionally we have been
comparing experimental results with numerical ones,
interpreting the former by the latter, the new goal is to
achieve something that cannot be done by experiment
or numerical calculation alone, by using both of them
simultaneously. In this way, we are searching for new
materials that supports permanent magnetization,
superconductivity, etc.

[

w g" Ng e
Professor KAWASHIMA, Naoki
TR B8 %Kit
Project Associate Professor FUKUSHIMA, Tetsuya
BEREE T mE

Project Researcher HIRAYAMA, Naomi

* FRPIRRIS. AT IE B R EM@MER. /concurrent with Materials Design and Characterization Laboratory
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Division of Data-Integrated Materials Science

https://www.issp.u-tokyo.ac.jp/maincontents/organization/fukushima_group.html
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Fukushima Group
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Computational materials design enlgine (CMD®), which consists of “quantum
simulation’, “deduction of physical mechanism’, and “guess of hypothetical
materials,

1. A—=%"— NElk KKR 7' — > BEURICED < RREE FIREEE

RN T\
BE %

FUKUSHIMA, Tetsuya
RHEAERUR

Project Associate Professor

We develop and use data-driven materials design (materials
informatics) which is a fusion of data science and material
science to explore new functional materials realizing next-gener-
ation electronics to replace the present Si-CMOS technology.

Materials design is an inverse problem of general simulation
and is actually very difficult task. Due to the developments of
computer performances and numerical algorithms, nowadays
one can not only analyze physical properties in real systems
but also design hypothetical systems with novel functionalities,
based on quantum mechanical electronic structure calcula-
tions. However, it is almost impossible to perform systematic
exploration in an infinitely wide range of materials space. In
order to overcome such problem, we need to perform materials
exploration by materials informatics which can extract useful
knowledges quickly from large-scale materials database. Our
main purpose is to efficiently solve the inverse problem from
“functionality” to “material” by the data-driven material design
method. We are also developing the large-scale DFT calculation
package “KKRnano’, where the full potential screened Korringa-
Kohn-Rostoker (KKR) Green’s function method is optimized
by a massively parallel linear scaling (order-N) all electron

algorithm.
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Automatic high throughput screening of quaternary magnetic high entropy
alloys by AkaiKKR code.

Large-scale DFT calculations by order-N screened KKR Green'’s function method

2. NTUTIXA VT ANT 1 AT K BEFHEBEY BEIRR

Design of new functional materials by materials informatics

3. HEEITUTILTH A
Computational materials design

4. FRARS /EEVEDOEBFRE EHRISE

Electronic structure and magnetism in substitutional and structural disordered nano-materials
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Materials Design and Characterization Laboratory (MDCL)
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The aim of MDCL is to promote materials science
with the emphasis on the “DSC cycle”, where DSC
represents three functions in developing new materials,
Design, Synthesis and Characterization. The MDCL
consists of two divisions; Materials Design Division
(MD-D) and Materials Synthesis and Characterization
Division (MSC-D). The Supercomputer 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 struc-
tures 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 mEr) BEH OB B #
Professor (Director) HIROI, Zeniji Research Associate
. Ng B B %
Professor KAWASHIMA, Naoki Research Associate
B R R Et B #
Professor UWATOKO, Yoshiya Research Associate
S ElE 2B B #%
Professor OZAKI, Taisuke Research Associate
o *
% B 28 & B
Professor SUGINO, Osamu Research Associate
I BO &8 B %
Associate Professor NOGUCHI, Hiroshi Research Associate
= *
BIEFRE P)? EHR —F B
Project Researcher YOSHIMI, Kazuyoshi Research Associate
®® GEAZE) FvrY IVUTY EEFIRE
Visiting Professor CHENG, Jinguang Technical Associate
ITEFIBE
Technical Associate
KifrErIBE

Technical Associate

HE ER rmErmwE BE RR
MORITA, Satoshi Technical Associate  FUKUDA, Takaki
x5 & mimErmE ER OKH
YAJIMA, Takeshi Technical Associate  HAMANE, Daisuke
TH KBRS iEmms aH HEF
HIRAI, Daigorou Technical Associate  ISHII, Rieko
#i B TS It 1B
GOUCHI, Jun Technical Associate ~ KOIKE, Masayoshi
Ba X PMXESFWE oK T
HIGUCHI, Yuji Technical Associate ~ ARAKI, Shigeyuki
pLIE Nt PiixEEE RE HF
KAWAMURA, Mitsuaki Technical Associate NAGASAKI, Shoko
BE #X BIIHRE MHE &
FUKUDA, Masahiro Project Researcher  OKADA, Ken
TN BIEWEE T TaVvTr—x—
YAMAUCHI, Touru Project Researcher  BHOI, Dilip Kumar
®EE SAE BIIHRE Al #A—
GOTO, Hirotada Project Researcher  MOTOYAMA, Yuichi
KH 1T BIHRE Ry R—vzv
YATA, Hiroyuki Project Researcher  HUNG, Shih Hsuan

BIEHRE R M

Project Researcher YU, Shan

T BRETE, ATEISHEEIERTE S )L— T, /concurrent with Functional Materials Group
*2 PCoMS RitHEiEE (PI) / PCoMS Next Generation Professional Researcher (Pl)
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Two 5d pyrochlore oxides. Cd20s;07 exhibits a metal-insulator transition to
a magnetic octupole order below 230 K, while an itinerant multipole state is
realized in CdaRe2O7 with spontaneous spatial inversion symmetry break-
ing below 200 K.

AT —~ Research Subjects

The remarkable discovery of high-T. superconductivity
and the following enthusiastic research in the last decade have
clearly demonstrated 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 typical
systems where Coulomb interactions play a critical role on
the 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 density of electrons. We anticipate there unknown, dramatic
phenomena governed by many-body effects and quantum
fluctuations.

S W A& FERELY)
RILRG AL

quantum spin on Cu?* ion

AEY 1/2 AT XEFREBEMEADETIVYE & 732 28HYRILIRY A - D#ESR
BiE & BiER

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

1. HLWEFRAE YRR VRIEEEFRYE DR

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

2. AEY 1/2 5 T XEFREBRHEIE R D EEIRE

Ground state of the spin-1/2 kagome lattice antiferromagnet

3. BRBEER
High-Tc superconductors
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Recently, the trend of artificial intelligence / machine learning
/ quantum computation has attracted social attention. Our
research group tries to clarify the mathematical core of the
methods of computational physics and computational statistical
mechanics. We are conducting research based on the develop-
ment of new methods. As its application, we are elucidating
unsolved problems in statistical mechanics and performing
comparative calculations with experimental studies in strongly
correlated quantum systems in which interactions dominate
physical properties. The quantum Monte Carlo and tensor
network methods used here are closely related to data science
through Boltzmann machines and information compression.
An example of recent research is the discovery of a simple repre-
sentation of the wave function of the Kitaev spin liquid state. In
the pursuit of expressing the ground state of the Kitaev model
by using a tensor network with as little information as possible,
recently, we found that it can be essentially expressed by the

loop gas model, a model of classical statistical mechanics.

d +oao

BRANEHEIL—TARCLDFY TT ALV RIFREORE,
Classical loop-gas at criticality represents the gapless Kitaev spin liquid.

ffFE 7T —~ Research Subjects

1. HILWEFHE EFHEEBRORE

Search for novel quantum phases and quantum transitions

2. ZIEOBIERE DR
Numerical methods for many-body physics
3. RARRO—MRER
General theory of critical phenomena
4. SV LREFESE
Disordered systems and computational complexity
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EHEE, ZNE TRBIREDIEBIR O RHCBEY

HHRDOF TR DGR OYILRT —A—=FD 1 DL 5T
W5, R, WHERABREOFUKERE TICcB 2 Bk
DRVHIEBREZ, WHMEFRYWE 2 1EC O L3 2K
PEDIIRICE W TEH DR L B 6T, £, KRS
WS L Do Tl T X =8 ZfHAR G DY I L HBREE,
BLoEEREZT2 LT, XDECOBERIEFON DR
ROMEREITH 5, B E Tl 8B 2 Bl
7o, SRROPINERIE ICE)S L s EE O %
TV, ATRERBRD LW EK EBRBGIC 81T 2 L HEE T TD
Y2 DT\ %, A ER I 130 T DOIR B H H B
&, BTOEM, AE Y, WLUEEV) AN ZHHERH
h, HHBE T RYE TIE. INOPEMEICEAS VLD
o2 DM AR EE L, RiSe LTHA DBBRIEGY)
WBEBILTWS, BMEEN T2V s DM AER
DOfililE, WHEIZEDXI HF LYz INBSE5D725
A2 ZDHBBERIZE I RoTWEDEA) 2 B, &
S, Wb, HeE x BRIEMT, sl EoiEm
HEDHEZIR%E ERMAFEREL, TiloWfkT—v%
HEDTW5, £, YN O&ED—>TH 2 LFF|
FALIEFRIAT>T0 S,
CrAs [FEETIE Tn = 265K U T TREBHMMEKRFZRIHNMEN 1 GPa DEETT
FESHAERRFRIEHAR L. FERERELDBIEE (Te ~ 2 K) BRI 2, EENTTOE
SUBMOREKRELE. PHEFEEERRLD, FEREOBGCENIRIIESE AL
TWBZEZHSMIUT, (a) RIEFEELERR (at 4K) TRONCEEN T TOMSK
BEE—7 (0, 0, 2-8) DHTF. (b) EHHEREBSIBEADREKRERLDESNL T?
DR A DENEEM. (HD : ¥ 7)LAUAIEE, SC: BicE, PM @ EHE)

CrAs adopts the orthorhombic MnP-type structure with a first-order anti-
ferromagnetic transition at Ty = 265 K. The first-order Tn can be sup-
pressed quickly by the external pressure or substitution by P. And then, the
unconventional bulk superconductivity with Tc = 2 K emerges influence
of magnetic fluctuation at critical area. (a) : The (0, 0, 2-0) magnetic Bragg
peak for CrAs under different pressures at 4 K. (b) : An updated T-P phase
diagram of CrAs showing the complete suppression of Tc around 45 kbar.
The coefficient A for CrAs displays an apparent enhancement around
Pc = 10 kbar. (DH : double helical order, SC : superconductivity, PM : para-
magnetism)

X7 —~ Research Subjects

Intensity (Counts/min)

()

The high-pressure group has been studying various materials
under high-pressure conditions in combination with low
temperature 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 condi-
tions are often challenging and require sophisticated consider-
ations. 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 corre-
lated electronic systems result from the electron-phonon and
electron-electron interactions, 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.

5000
1 wo2s ® lbar4K
4800 ~| magnetic peak ® 35kbar 4K
] A 6.9 Kkbar, 4K
] v 90kbar 4K
45007 k ~ 9.1 kbar, 200 K
e
B
5
s
<
e e e e
1.55 1.60 1.65 170 175
Lirlu) (b)

1. ZERETICE T 2HFYHERKOER

Search for new physical phenomena under multi extreme conditions

2. (CEHRREDENFEAGEBRR DT

Study of the pressure induced phase transition phenomena as like superconductivity

3. ZERETICK T 22ERER CRBEYMIEAET EDHEL

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

multi extreme conditions
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WLAEDENEFIGHE R O JE i L Y B FHE DO RS EALITHE
H— A E R EOEEESE LTS, L IIEHE
BB IC EED &, KDBIFITE VR % LD REEICHD
WA ZDDHF L ORI HETE -V 7 b 7278y r —Y DT
IO AT 2, HENEBEOG REIRICEENS
JRFBO=FICHBIT 203, ETOLBEICERHL, FIE
BHORBE BB T 28 Lot —5— N EZ2F L7z, &
FEIZXD, INF TR RALRECTH 72V F L4 F
vEM, SRR, 572 F VR TFANL 2D KRB
B —REs oL —s av e nh, EEEoEE
R REE 2D DD dh 5, SIolchal, X HLET 2N
HTBIN S N 2 N T O M A 2L X — D E RS
RIEFEEBFL, EBIV—T7LHFAL Ty, A
7x v, HUFEFIr L 72 Pt % 0 RIS & O R E ISR
Wtz FREFKLIEIE TS I0%24—T V=AY 7
F 77 OpenMX (Open source package for Material
eXplorer) &L THMETMAFAL, MY 7FyZ7EL
TENNTLIBICE2YEROWICIAEHIN TV 5,

(1) Truncation in real space

(2) Mapping into a Krylov subspace

(3) Evaluation of
. =
.e o
>, :
A= =NI7YVATMAEBMEDT A 77, (1) RFBICHRERNIC =
BENBRFHIOBHEINZG VTR —ZBHAL. (2) 5LV FTRY— 5
TEHRINZHAEEN S5 YA THBIEEANOHEZTS. (3) 7Y o
O7BHZEBATEREHEZBRS, FORFICEST 27U —VER
EEE LK. TTOEBANDERBRZITS, b=y
Underlying idea of the O(N) Krylov subspace method. (1) Con- ;
struction of truncated cluster for each atom by picking atoms up E
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 H

the central atom, and back-transformation to the original space.

ffFET—~ Research Subjects

In accordance with development of recent massively parallel
computers, first-principles calculations based on density
functional theories (DFT) have been playing a versatile role to
understand and design 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 O(N) methods, whose
computational cost scales only linearly, based on nearsighted-
ness 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 have recently developed a general method
to calculate absolute binding energies of core levels in solids,
resulting in determination of two-dimensional structures such
as silicene, borophene, and single atom dispersion of Pt atoms
in collaboration with experimental groups. 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.

ZrBz (0001) B EICER SN U £V #ED

||l|'['|'|'

gp

(a) Expt. (a) EBRE (b) STEICE D XPS ART KL, £

BoBAEN o B yDED2DE—VIFEN
Z1 hollow ¥ k. bridge 1 ;. on-top %
1 hOYYAVRERFICRES NS, ZrB2 (0001)
ELEiCERSNcY YV @BEIRFNy oYY
TDEWCLZEZENEZ SN DD, planar-

»  raw data

_AA‘egL 5

99.5

%5

fied as those from the hollow, bridge, and
on-top sites, respectively. Among poly-
morphs caused by buckling structures, the
DFT result for the planar-like structure is
well compared to the experimental result.

e = like HEDHERRNEREEAL TN,
Binding Energy (eV)
——————— XPS spectrum of silicene fabricated on
[ [— nsi] phnariike (b)Cale. 1 ZrB; (0001) surface by (a) experiment and
F|— bsi 2pm2 4 (b) DFT calculation. The a-, -, y-peaks
B e :'OS(;] "1 observed by the experiment can be identi-

100

99.5 99 8.5
Binding Energy (¢V)

1. F—RESTREFEICH T 2MENFEFE - 7ILTY LD
Development of efficient methods and algorithms for first-principles electronic structure calculations

. SRTMEOE—REEFREE

First-principles calculations of two-dimensional novel structures

. XBRAHARYT NV EFEDRFE

Development of first-principles methods for X-ray spectroscopies

. BREFEIC L 2B EEERREDE

First-principles calculations of superconducting critical temperature

. OpenMX DRAF & AR
Development of the OpenMX software package
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TW3, FHC, EEBESHONE K, EHETRIED 54
FIIADMBIICHZ ANTVE, ZDHHDTIal—a
YLD, WRBIToTW 5,

B ZAE, RIMERCHEEIED 6 22/ D S £ X F Bl
TTOBEEEZFTRTVE, ZNFE T, AU KSR
RDRT 22— MRPRY v SRANDETE R, § R ED
W KB ERIEDOTERBZ L EZHE LTV 5,

F7o. WA TMEL OB EA TS B RS AT R %
e 2 EWFE D F LA b — 7 2 FRRUCHE D itk
DILF I A% AR Ay Z O RBKS 2L —savk
B LTHRZEL T 5,

We study soft-matter physics and biophysics theoretically
and numerically. Our main target is the stricture formation of
biomembrane and dynamics of complex fluids 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 hydro-
dynamic simulations: discocyte-to-parachute, stomatocyte-
to-prolate, and prolate-to-discocyte, etc. We also clarified the
membrane tubulation by the BAR proteins. Moreover, we inves-
tigated the fracture process of polymer materials and cavitation

in Karman vortex.

NFFRE VNG ERFORBIC L BIEER . RFICE> T RABEEEZTHRT
%o EX: 1 R7T. 2RTORFROBE, AR RRODT. AEROEF 21—
7 DI

Membrane structures induced by banana-shaped protein rods: periodical
bumps, hexagonal network, spherical bud, and cylindrical tubules.

X7 —~ Research Subjects

HRTOBRESDFORIR, 7EILT 7 ABICEAAERL. BIF TV,

Fracture of polymer material under axial extension.

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

2. BERARDY A IV
Dynamics of complex fluids

3. B FHEIOIE
Fracture of polymer materials
4. RENZHAEFEDORF
Simulation methods of hydrodynamics
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A= 8—ara—¥ 2 L0 EEIEHTE5 K9, 2015 4
BXOY 7 =7 - w7y =7 P ERIBL TV S,
AF—LTlE, A7uP27 MRIREN 707 LD
J - @R EMEL, A—7 YV —RAY 7 727 E LT
THLEBI, BHEXBEREDYKIEHZIToT0S, &
7oy BHELSNAY 7727 ZTGHL, RIS WSO
TS (RATERET 7 7 A PL — a v SRR TO AR
TEPERNT, BT Fy bR TORE VIBERIBERMENT 2L )
ZToTCw5, BOETIR, @ELY 78727 Z215H L 70
JUTMZ, T LW IR 2 L 2 LB I E B L .
ANR—AEFV I REH LR T2y FALRETELON
7o T —F RN, B EE 2 O I T B IR B~ OIS %
B HATH S,

From the 2015 fiscal year, the supercomputer center has
started the project for advancement of software usability in
materials science to enhance the usability of the supercom-
puter system of ISSP. We develop and enhance the usability
of programs adopted in this project, release them as open
source software, and support dissemination activities such as
supporting hands-on lectures. In addition, by using the devel-
oped software, we theoretically study research subjects in a
wide range of fields such as finite temperature properties in
solids with strong geometric charge frustration and spin relax-
ation phenomena in quantum dot systems. In addition to these
activities, we focus on the information processing and have
been trying to apply this technique to materials science such as
analyzing data obtained by the quantum Monte Carlo method
by the sparse modeling method and searching new materials
using the machine learning method.

e Tl E R EICB T, BHEMERSAT
THET 29 AR FHROEREZIToT0 5, WL HER
BB IA—=Y —THBHIENEREH T LIkD, %<
DYEITN L GEFIICIREZFIFIL . B, MiEmN %
B OB TIBEL 45, NS X THIE R I IN5HT
WYEBRDL E, RERMBIRO IR %\, wHHE
BFRYEICB T 2R M 2L, FapiEiRos i
Y5, FRCEEE, BHAMETRYEICEITS
MHAEROBEAREZay Fa—L T2 3k, EaxD
R B LB OREIREDOMNEZNEEE T2, ORI,
B E FRYEICE VT, Frar B So KR T DR
B BB R 2 MBI T 270, 20— LD BRI
EBFERELCEENZRALTYS, o, HETIRAES
N OFI AV E A AR 2 2 AV ERL R B X OVA o it B i P
RO TERE TTTw, 2<HLLBE» S OWE R
fFo T3, FICHROAY VIEH A IEH %R 4d/56d &
BEERu 7 204 Mg, BLOTROEMYEN 7 7 A
L—yaryzRiofa L E S vy a 7B & R i B
BRE2IT-oT 3,

49

My research interest focuses on the exploration of emergent
quantum materials and phenomena in strongly correlated
electron systems under high-pressure extreme conditions.
As a fundamental parameter like temperature, pressure can
control the states of matter and induce consecutive electronic
or structural phase transitions for most substances. Many of the
pressure-induced states of matters remain largely unexplored
and systematic investigations on them are expected to enrich
our knowledge about condensed matters. High pressure can also
tip the balance of competing interactions in strongly correlated
electron systems so as to access distinct magnetic and electronic
ground states. We thus employ high-pressure techniques as a
clean and effective means to discover novel states of matters
and exotic physical phenomena at low temperatures in strongly
correlated electron systems. On the other hand, we also synthe-
size new metastable materials under high-pressure conditions,
which add a new dimension on top of varying temperature and
chemical composition in the materials synthesis. Currently, we
are interested in the 4d/5d transition-metal perovskite oxides
with strong spin-orbit coupling, and rare-earth pyrochlore
oxides with strong geometrical frustration.
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% Y% EHE (Materials Design Division)

RAEGHR =

Supercomputer Center

BYFFE JI|E [EFE Chairperson : KAWASHIMA, Naoki
BYmRE % Z=Bf Contact Person : OZAKI, Taisuke
= ﬁﬁ {[% Contact Person : SUGINO, Osamu

{8 5] Contact Person : NOGUCHI, Hiroshi

REGHREE RS OA——ay
Ea—¥ S AT7L%, A—N—arvva—4YHLEFNHEZE
RDOFHIIHED S 2EOYIEDFEE O L FEMANHELT
W5, ANV ATAZ 2015 7 HICHF I K
FRLBL G B EF BB (SGI ICE XA/UV NA 7Yy by AT
L, 3820 CPU (Intel Xeon) + 576 GPU (Nvidia Tesla
K40)) 12, 2018 4F 1 HICHM@ z Filhh U 72 KB 515
HFE (HPE SGI 8600, 504 CPU) #IMAEET AT L
Thb, SATLADNY Y —EDE LRI Lo THER S
AT LR E MR T2 L E b, 2FE—¥ 25 DRI
EOMHPLIEL %26, YATLOEHEAZIT> T 5,
A—N—avEa— DM ICOVTIE, F—oR=Y
(http://www.issp.u-tokyo.ac.jp/supercom/) % £ X1
7o\, F7o, 2015 FFENS BFHA AV RATADIDE
JERFHZMREET 2720 7 7 27 B% - mIELE 7 a
7oLz Lz, 61T, SHREMER AR a v AR
HERBUCRAL Tty HAE, BFIE, TR 7
ny 7k GHEWERIEAM B2y —2 74 (PCoMS)
REORM 7Y 27 MY R—F LT3,

A—/\—3AvEa1—% 2ZF7LB (SGIICE XA/UV hybrid system)
The supercomputer system B (SGI ICE XA/UV hybrid system).

50

Bh #% 2 J¥K Research Associate : FUKUDA, Masahiro
EMEMBE KH
B EMBE BH 3L Technical Associate : FUKUDA, Takaki
SMIESPIHE AR E{T Technical Associate : ARAKI, Shigeyuki

#8317 Technical Associate : YATA, Hiroyuki

BE FX

FUKUDA, Masahiro

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
(3820 CPU (Intel Xeon) + 576 GPU(Nvidia Tesla K40)) and
HPE SGI 8600 (504 CPU). The former and the latter systems
were renewed in July 2015 and in January 2018, respectively.
In addition to maintaining high performance of the system
in cooperation with the venders, the SCC also responds to
questions and inquiries from users on a daily basis. In 2015,
we started a new program for developing application programs
aiming at more efficient usage of the supercomputer systems. We
also support national projects, such as post-K computer projects,
element strategy projects, professional development consortium

for computational materials science (PCoMS), etc.

SGI ICE XA/3744 CPU + STEGPU |
PFiogs 24D.4TE memory

UW/76 CPU
15TFlops 19TB memary
sk array
12978
Front-end WS
56 Rackabe: Standasd-Depthe Server C2112-GF2

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

YIE R« BEAEE (Materials Synthesis and Characterization Division)

PV G

Materials Synthesis Section

L2 B

Chemical Analysis Section

B Y mF e EH EZ
RITEMBE AFF FUEF Technical Associate : ISHII, Rieko

Contact Person : HIROI, Zenji

ARETE, FWEHDO AR, WRMYEORE, HfE
AR O AR 27> T0 5, £, Sl
FEAUA P HAT T A, BURHR BN T %2 & 2 TN+ 0
SEEF RS & LT LT 5,

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

of furnaces are provided for crystal growth experiments.

TERE

TA-Ta YOV - VEERERF. KEBRF ERMHALT7VyIT
VIR 73V RIA F—UBBIF. YUy MA Ry I RF) B
EFELE (10°Torr), /O-TRy 72

Main Facilities

Floating-zone furnaces, Bridgman-type furnace, Ar-arc furnace,
Furnace for flux method, Ultra-high vacuum deposition apparatus,
Glove box, and Box-type furnaces.

ARERERIO-TRy I X

Glove box for sample preparation

B Y mEEHR EZ
RMTEFBE A3 FUEF Technical Associate : ISHII, Rieko
oM B 8 /Gt 1FFX  Technical Associate : KOIKE, Masayoshi

Contact Person : HIROI, Zenji

ARETIE, PIEIFICEN Y EIZOWTOATHT P
B LD M5 OB B L OMEAR Tk X2 R
DR B XOFEEZ2IT) LI, FRE - 07 - L0 Bic
B 2 # ks 2 it A o EFEF LT 5.

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

TERRE
FER/ABAR T 7 AVEANNDIFERE, SEEYE. BFRE. B
ERERE., MKRERE

Main Facilities

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

FEHEEEAR T 7 AVREAD I ITEE
ICP-AES
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X-Ray Diftraction Section

# Y B 8 EF =T Contact Person : HIROI, Zenji
Bh % KB fi# Research Associate : YAJIMA, Takeshi

x5 #

YAJIMA, Takeshi

BRIV 278 T E ORISR B VLT RS
TN I3 M CEE R EE H o5, AETIE, XRBRET
ZFWT, B E O IREE I X2 ME AR L
WEMEOWEZTT) LI, TN O IFZEH ICR LT
BFHOSRE, KR ZT>TW0 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 Powder
X-ray diffractometer equipped with a refrigerator, the structural
analysis is performed in the temperature range of 4-300 K.

TERE

MR XIRERTRE, BIEREEFTA CCD ¥ X7 ARER X fREWTKE.
BHAA—I YT TL— MEXREIE STUIAAS AX=IVIT
L— hSAED EKE

Main Facilities

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

BERAA X =YV 77 L — MR X R
Imaging plate type X-ray diffractometer for low temperature application
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J YIE AR« BEAEE (Materials Synthesis and Characterization Division)

CR

Electron Microscope Section

# % B EH =T Contact Person : HIROI Zenii
RiTEPBE JEfR K& Technical Associate : HAMANE, Daisuke

MBI HOMAIMGERE MO A 1% FBTH 5,
KBTI, BFBRLANVTOERGRZBIETL70, &7
FRBETE & PR SUBURTE o3 0 8 1 B B 2 i 2. 0L B
WG 217 ) 3, izt o MATCfEL . St
IR ZE AR BRI 72T 5T 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.

TR
200kV BREFHEANEFEHERE. BR - 2ERNILY — FEFARMER
DfchHDER DEE

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 BEREFZ T E TR

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

YR R« RFAi (Materials Synthesis and Characterization Division)

R S E

Electromagnetic Measurements Section

o I

Spectroscopy Section

B Y o8 Rl {Z Contact Person : TAKIGAWA, Masashi
# Y B 8 EF =T Contact Person : HIROI, Zenji

B Y B K FE Contact Person : MORI, Hatsumi

#B Y B B BEA {EZF Contact Person : KATSUMOTO, Shingo
EEABE YN Bl Technical Associate : YAMAUCHI, Touru

ARETIE, WHDEANEE TH 2 E MBI TEE
2 iR KOS DIREIFIC Do THIE T 5 £ £ i,
PGSR PRI E 22, PR PR S, RS a7l
D2 BTN O ILFFTIC AL TW 5,

The Electromagnetic Measurements Section offers various
facilities for measurements of electric and magnetic properties
of materials. The followings are types of experiments currently
supported in this section: electrical resistivity, magnetoresistance
and Hall effect, d.c.susceptibility, a.c. susceptibility, and NMR.

FERE

15/ 177RAZBEERTRY M 16/ 18TRT7EHE—BEEYY
Zv b (NMR). SQU | DEMLEIERE (MPMS)., REYMHERAIES
& (PPMS)

Main Facilities

Superconducting magnet (15/17 T), High homogeneity
superconducting magnet (16/18 T) for NMR experiments, MPMS
(SQUID magnetometer, 7 T), and PPMS (physical properties
measurement system, 9 T).

RRUFIEAERE
SQUID magnetometer (MPMS)

53

B Y BT B FN ZESC Contact Person : AKIYAMA, Hidefumi
Bf % PR B8 Research Associate : HAZAMA, Yuiji

D & 26 ER S L —F — ezl 2. AT
NOILFEFNPEL T2, AT - 25 - RIPEIRDWLIL -
SIS ART PV, T = > s EOME D AIHETH 5,

The Spectroscopy Section offers joint-use facilities for stan-
dard optical measurements. The facilities can be used for mea-
surements of conventional absorption/reflection spectrum in
the UV, visible and IR regions and Raman scattering.

FERXRRE
AREADHHES. FADKKES. ST UMNKES. BRAZ/L
2L —H—¥R

Main Facilities

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

FAB LTIV DIHEE
IR and Raman Spectrometers (Room A468)

THE INSTITUTE FOR SOLID STATE PHYSICS 2019



TR A R

ian

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

e T

High-Pressure Synthesis Section

B Y4 8 EH =T Contact Person : HIROI Zenji
RITEPIBE %BE SAE Technical Associate : GOTOU, Hirotada

ARETIE, AR, BHTEFTOEREE FI2BWT
Bz 7 (1) WEOGREZITHI LI, BEATICEIT2Y
BHOREHZFHNT0D, I5ICKIEDE T T84 E PR
Y2 FE R 2 TN O LA I LT 5,

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, XIREFEE.
BEM SN U ANEB. YAG L—H—iNTH. Zofth (KMEMIHE. 507
EYRHELESB. e NCETUYITYY)

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.

- . -
EBRET700ton ¥ 1 —E v 7 7L R,4GPa £ TOEBREARERA.
Wakatsuki-type 700 ton cubic press for high pressure and high
temperature synthesis experiments up to 4 GPa.
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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 Labora-
tory (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 fermion systems, low dimen-
sional magnetism, high-pressure physics, etc.), funda-
mental 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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Newly synthesized polymer gel without any spatial heterogeneity.

1. TIWLT—RTILOBIR & Z DEERET
Fabrication of ergodic gel and its structure analysis

2. 3 Ry DNA #iEF DR & SR
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SHIBAYAMA, Mitsuhiro LI, Xiang
Bi% B
Professor Research Associate

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

Nano-order structure investigations and studies on dynamics
of soft matter are carried out with state-of-the-art equipment,
SANS-U, a small-angle neutron scattering instrument. Other
techniques, such as small angle X-ray scattering, dynamic/static
light scattering, thermal analyses, and rheological studies, are
also employed. Current interests cover (1) Sol-gel transition (2)
inhomogeneities in polymer gels, (3) structural characterization
and studies on deformation mechanisms of high-performance
polymer gels, and (4) fabrication of uniform-polymer networks
and their structure/property characterization, (5) development
of high-performance thermoset polymers by structure-designing

and molecular dynamics simulations.

Homogeneous gel

Heterogeneous gel

] *108

H—7I () &R—7IIL (B) OZTRTL —HY—ZRY J)LINY — > OBEMER

Optical images of laser speckles from homogeneous gel and heterogeneous gel.

Development of 3-dimensional DNA architecture and its structure analysis

3. BRWEBSER OEDFEREY )L OBEHET

Structural analyses of polyelectrolyte gel with ideal polymer network

4. BV )EREREET I OEGEBRMETODY A F 3 v I X ENFRIEDFTE
Investigation of dynamics and mechanical properties of module thermoresponsive gel near the phase transition point
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X-ray diffraction patterns of the vapor-deposited glass (red curve) and crys-
tal (blue curve) of CO,. The pair-distribution function analyses revealed
that the nearest-neighbor configuration of CO, molecules is as shown in the
figure for both glassy and crystalline states.
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We are studying chemical physics of complex condensed
matters, especially glasses and supercooled liquids, water and
related materials, ionic liquids, and nanoparticles of hydrogen
storage metals. Glass transition is a mysterious 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 nanometer-size
domains and hierarchical dynamics generated by competing
electrostatic and van der Waals interactions. Hydrogen atoms
in metal nanoparticles give rise to unusual structure and
dynamics caused by the surface effects and resultant distorted
potential energy surfaces. These substances are investigated by
neutron scattering, x-ray diffraction, heat capacity, and dielec-
tric measurements. Our aim is to find simple (?) rules involved
in complex systems from the three different points of view, i.e.,
structure, dynamics, and thermodynamic.

T T T T L]
bulk PdHg 75
- O o NSE
m} HFBS
o ¢ DCS Ti5T3

g} nano PdHy 47
= ®m HFBS
A  TOFTOF

&

log(x [s])

1 2 3 4 5 6 7

1000 /T [K)
NIV BEOF/RFINTGITLKREPDOTLZUZRTOY b N5 DRETE
Bld 4 B DDIERIC & 2 FIEFEREBIERELIC & DIRES Nic. B D QIRFED 5.
T T2s BIEROYA M T4 ETHA MO HRFOBRICED Z &M DD 0T,
Arrhenius plots of bulk and nanoparticles of palladium hydrides. These
relaxation times were determined by the QENS experiments with 4 spec-
trometers. The Q dependence of the relaxation clarified that 7, T2 and 13
correspond to the H atomic diffusion at the O-sites while 74 at the T-sites.

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

2. KB LUBEEYE (BXSILEERBE) OBEET(FIIR

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

3. A AVBRBORNFHUEE Y1 F IR
Thermal and dynamical properties of ionic liquids

4. KERBERBF /NFOBEET A F IV R

Structural and dynamical properties of nanoparticles of hydrogen storage metals
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Spin d) namics of the frustrated quantum magnet CsFeCls under pressure. The
panels (a) - (c) show inelastic neutron spectra. The color plots are the data mea-
sured by a chopper spectrometer HRC in J-PARC, and the symbols are those
measured by a triple axis spectrometer CTAX in research reactor HFIR in Oak
Ridge National Laboratory. In the spectra at P = 0.0 GPa (a) and P = 0.3 GPa

il [ER EH BB
MASUDA, Takatsugu ASAI, Shinichiro
IR BhZK

Associate Professor Research Associate

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 sensitive to a
small perturbation and, thus, the area is frontier of quantum
phenomena. Our research topic includes spin liquid, RVB,
Cuboc structure, etc. Another goal is to observe a new magne-
toelectric effect in multiferroic compounds and/or relaxor
magnets. Figures show the experiment and calculation of
the pressure variations of the spin dynamics in the frustrated
quantum magnet CsFeCls. In the disordered phase at low
pressures single mode of singlet — doublet excitation is observed.
In contrast in the pressured induced ordered phase at 1.4 GPa,
it was discovered that the hybridized mode of longitudinal and
transverse fluctuations originated from noncollinearity of the
magnetic structure as well as Nambu-Goldstone and Higgs-

amplitude modes.
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(b) in the disordered phase, singlet-triplet excitations are observed. In contrast in the one at P = 1.4 GPa (c) in the
pressure induced ordered phase, magnon excitations are observed. The panels (d) - (f) show the calculated result
by extended spin wave theory. At P = 1.4 GPa (f) the hybridized mode of transverse and longitudinal fluctuations
(h-TL) does exist in addition to Nambu-Goldstone (NG) and Higgs-amplitude (L) modes. The h-TL mode is
ascribed to the noncollinearity of the magnetic structure, and it is observed in the neutron spectrum in the panel (c),

1. EFERARAEICE T2 7T A ML — MNEEARDIEERBMEE—

ke

Nontrivial excitation mode in frustrated magnet near quantum critical point

2. FEFICELBRAEVIRRAE Y ROGRE
Detection of spin wave spin current by neutron

3. NILFT7 OV RAYEIREFZRAEYOFRKWIY hO—)L
Local control of spin moment in multiferroics

4. AEVREREDERR
Search of spin liquid

5. WmAEIREREY T/ > D&

Observation of field induced nonreciprocal magnon
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(a) A schematic of magnetic
skyrmion lattice. (b) The
equilibrium and metastable
state diagram of MnSi. The
metastable skyrmion lattice
state is realized by a rapid
temperature sweep in a
magnetic field 0of 0.2 T.
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Magnetism in solids has been extensively studied in the
field of condensed matter physics for a long time. A well-
known example is ferromagnetism, which means that magnetic
moments in a solid are spontaneously aligned to be parallel
to each other owing to exchange interactions. It was recently
revealed that spontaneous ordering of the magnetic moments
can change not only magnetic properties of the system, but also
(di)electric or elastic properties. We study the emergent cross-
correlated phenomena induced by the spin orders. One example
is spin-driven ferroelectricity, where a spiral magnetic order
breaks spatial inversion symmetry of the system and leads to
spontaneous electric polarization. Another example is a vortex-
like spin texture called magnetic skyrmiom, which often appears
in a long-wavelength helimagnet. By the virtue of the topologi-
cally-nontrivial spin texture, the magnetic skyrmion induces an

effective magnetic field acting only on conduction electrons.
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The results of time-
resolved neutron scat-
tering measurement
on MnSi in a magnetic
field; the hexagonal
diffraction patterns cor-
respond to a triangular
lattice of metastable
skyrmions.
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1. FEFHEIC L DHIAFILI AV OBEEZDT 1 F I U ADHRE
Neutron scattering studies on magnetic skyrmions and their dynamics

2. KDBIZED |

GBI RHARE - TLy hOvYY /Y -

Magnetic excitations driven by the electric field component of light — electromagnons -

3. EANBISAZAWLCRILFZ 2O41 v 7 YEORMEEF

B DI

Control of magnetic and dielectric properties in multiferroics by means of anisotropic stress

. OB EFRELEZ BWcHBIEARIC B (T 5 I -

EEERDHZ

Time-resolved neutron scattering studies on nonequilibrium and transient phenomena
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Design, synthesis and investigation of nonvolatile, viscous,
and optoelectronically-active, functional molecular liquids
are the first priority in my research. Those liquids would be
promising soft matters towards wearable-, stretchable- sensor
and actuator applications.

Enveloping an optoelectronically-active functional m-core in
flexible and bulky branched alkyl side chains results in stable,
nonvolatile, functional liquid materials at room temperature.
Because the functional m-unit is wrapped with insulating bulky
alkyl chains, the isolated and stabilized nt-core unit can maintain
its intrinsic molecular/optoelectronic functions in the bulk state.
By studying of local nanostructures and molecular dynamics
of the liquid molecules at Nakanishi group, we would like to
understand deeply its fundamental science of the functional
molecular liquids as novel liquid matter.
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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 1000 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 1000
Tesla are oriented for new horizons in material science

under such extreme quantum limit conditions.
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Control room
5MJ EMFC System  Old SMJ EMFC System

Old Main Bank
2MJ, 40 kv

Sub Condenser Bank

2M,20kV
0.5 10 wodule =5 MJ, 50 kV.

2M Main Condenser Bank
0.5 Module =2 MJ, 50 kV.

BHRMERHSRERBIFREAS N, RREPRICMET 2050 kV, SMJOEIVT
YN 1000 T OBBESSHRENFIRBRET E B> T3, BICEBESNIDIERE U < 50
kV. 2MJ @AY Ty HN\v o THh, HHREOBHEREBICERZMIGT 5, 600 TREDBHR
HSHRENTIERERI E B> TWD, BHIREOMNBESHRED(ILAEL T, 20kV, 2MJEIT>
TGN OHFRRE. L DBODBESNES NS,

Newly installed electro-magnetic flux compression (EMFC) system. The new EMFC gen-
erator energized by the 10 modules of 50 kV condensers, all together 5 M]J, is designed to
generate 1000 T ultra-high magnetic fields. Another 2 MJ main condenser modules are
smanconsensersank  US€d 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 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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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. EFAEYRME OBIERRR
Study on magnetism of quantum spin systems

2. BERGCEYE ORI B DR

T8 E— alll & S FEfE

KINDO, Koichi ISHIKAWA, Hajime IMAJO, Shusaku

263 EUE FHEBDER

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 43 T

Short pulse magnet is used mainly for magnetization
measurements 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 is under development.

1 ns 12 125 13

time (sec)
AYTIIAR TRy ~ OBIERT . REORKHISIE 43T, COVT R b
EHISPHRAERE LTI —IRRHL TV,
Profiles of magnetic field for Long pulse magnet. The maximum field of
43 T is used for the heat capacity-measurements under high field.

Study on magnetism and conductivity of strongly correlated electron systems

3. FEWE 100 7RSI T Xy b DRF
Development of non-destructive 100 T-magnet

4. BOYTIULAR TRy N DRF
Development of ultra-long pulse magnet
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Longitudinal magnetostriction of bismuth measured by the capacitance method
in pulsed high magnetic field (blue line). Quantitative coincidence with theo-
retical calculation (broken line) suggests emergence of field-induced valley
polarization predicted in this model. This result provides us of thermodynamic
evidence for the complete valley polarization, namely one of the three Fermi

pockets dries up, at around 40 T as illustrated in the inset.

1. XIF 7 OA v I MEORIGHEREGRE
Field-induced transitions in multiferroic materials
2. EFBRIREICH T 2 BEFHERE
Electronic phase transitions in the quantum limit state

3. INLRRBEIS T I & 1T 2 R R EIRER R

Associate Professor

=t =

=% E& AT st
MIYAKE, Atsushi MITAMURA, Hiroyuki  KINOSHITA, Yuto
B3 Bh#K FHEBH

Research Associate Research Associate Project 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 electrons in materials. We study various
kinds of phase transitions in high magnetic fields with using
non-destructive pulse magnets and developing/improving 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 electronic
states in the ultra-quantum limit state. Since charge carriers are
confined in the smallest cyclotron orbit, Coulomb interaction
dominates over the kinetic energy. Therefore, we can realize
strongly correlated electron systems in the quantum limit states.
In particular, we have been focusing on the semimetals having
equal number of electrons and holes, and found a novel field-
induced phase in graphite, complete valley polarization in
bismuth, and anomalous quantum transport properties in black
phosphorus under multiple extreme conditions.

We are also studying multiferroic materials through high preci-
sion experiments in pulsed-fields. In BiFeOs, which is perhaps the
most extensively studied multiferroic material, we found bipolar
resistive memory effect, magnetic control of ferroelastic strain,
and novel multiferroic phase at around room temperature.

In addition to these in-house studies, we accept about 40 joint
research projects per year and study various localized/itinerant
magnets and topological materials in high magnetic fields.
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(left) Magnetization curves of single crystals of BiFeO3. Anomalies of mag-
netization curves shown in the shaded area suggest emergence of a novel
multiferroics phase (IM phase) in this field-temperature region. (right)
Schematic illustration of the spin arrangement in the IM phase.

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

4. NROYHIVYE O REIS YRR
High-field study of topological materials
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Y. Matsuda Group
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A Non-destructive coil (1.3K)
O Single-tum coil in up sweep (2 K)
— Monte Carlo calculation ¥ = 128 (2 K)
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Magnetic field dependence of the magnetic-field derivative of the magneti-
zation (dM/dB) in $=1/2 two-leg organic spin-ladder compound BIP-BNO.
The distinct two peaks are the characteristic of the spin ladder system.

1. BSFHEtRE-=BER
Magnetic-field-induced insulator-metal transition

2. BT AV ROBEBISHBE

-y €
/NEEI =TI HHE BEE R K
MATSUDA, Yasuhiro IKEDA, Akihiko NAKAMURA, Daisuke
IR Bh#L B3

Associate Professor Research Associate Research Associate

We have studied properties of matters that emerge under
ultrahigh magnetic fields of up to 1000 T. Ground state of matter
can dramatically be changed by applying such strong magnetic
field, since spin and kinetic motion of electrons are directly
affected by magnetic field. Various kinds of novel phases are
expected to emerge in the strong magnetic fields through the
phenomena such as formation of nontrivial magnetic structure
in low dimensional spin systems, exotic local-itinerant transition
in strongly-correlated magnetic compounds, and strong spin-
lattice coupling in molecular solids. The field-induced phase
transition without thermal excitation at a low temperature is a
quantum phase transition where the excited state in weak fields
transforms to the new ground state in strong fields. Thus, hidden
potential characters of matter appear in strong magnetic fields
and novel phenomena can occur. Only short-duration destruc-
tive pulsed magnets can produce strong fields far exceeding
100 T; beyond overcoming the technical difficulties regarding
the destructive magnetic field, unexplored research fields open.
We have also enthusiastically developed new measurement
techniques to discover the exotic novel phases in the field range
of 100 ~ 1000 T.
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Magnetostriction of LaCoO3 1.0
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results at different tempera- 0.0
tures are shown. ;

Ultrahigh-magnetic-field magnetization process of quantum spin systems

3. EVWBTFRUMBIZEEFROBEIS T TOBFRE

Electronic state of heavy fermion and valence fluctuating systems at ultrahigh magnetic fields

4. ERERR OWnFHEmEREE

Magnetic-field-induced structural phase transition in solid oxygen

5. AV IRFIEHEEROBST OYE

Properties of matters with strong spin-lattice coupling in high magnetic fields
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Kohama Group
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(a) Magnetocaloric effect (MCE) of BiCuyPOg measured by AuGe
thin film. (b) Faraday rotation angle of BiCu,POg measured by laser
optics. The MCE data should correspond to the isentropic T(H)s
curve in which the temperature change due to field-induced phase
transition were observed. The Faraday rotation angle was measured
up to 120 T by using a single turn coil system, where the field-induced

phase transitions were detected at ~60 and ~90 T.

1. L= —ZRWHBIAZNROME & Z DBBESRZEADISA

R .
IVE FHI BN ER
KOHAMA ,Yoshimitsu NOMURA, Toshihiro
HEHIR BhE

Associate Professor Research Associate

Ultra-high magnetic field (higher than 100 T) is an extreme
condition that remains unexplored until recently. Many of
unprecedented phenomena are expected to appear in ultra-high
magnetic field region, and our group focuses on the observa-
tion/understanding of those exotic phenomena. To achieve this
goal, we employ the following experimental techniques, “1.
Magnetooptical measurement technique”, “2. Ultra-fast magne-
toresistance measurement with micro-fabricated devises” and
“3. High-field NMR experiment with a FPGA module”. With
these techniques, we currently investigate the magnetotrans-
port in topological insulators/superconductors and the novel
magnetic phases in quantum spin systems. Our final goal is the
condensed matter researches at ultra-high magnetic field region
up to ~1000 T, and thus our future work will be also devoted to
technical developments for ultra-high magnetic field genera-
tions as well as the improvements of measurement techniques.
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Magneto-optical measurements with laser optics and its application to ultra-high magnetic field science

2. INLRABEIZTICEIFTZ NMRAIEE 7 A KL — MNEHEEANDIGA
NMR measurement under pulsed fields and its application to frustrated magnetic materials

3. BN T HAlT 2 AW HTR T /N1 R DFIF

Development of new devise with Nanofabrication process

4. Bl AW CETIREOER & ROV AIIERED T )L A0V —
Observation of Quantum Oscillation in Ultra-high magnetic fields and fermiology of topological insulators

5. AN Tk W e HRRIE 7/ N R DS

Development of new measurement devise with Nanofabrication technology
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Professor KAWASHIMA, Naoki Research Associate
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Professor (Deputy Director) OZAKI, Taisuke Research Associate
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Professor SUGINO, Osamu Research Associate
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Professor (Director) TSUNEYUKI, Shinji  Research Associate
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Professor TODO, Synge Research Associate
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Associate Professor KATO, Takeo Technical Associate
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Associate Professor NOGUCHI, Hiroshi Advanced Academic Specialist
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Project Associate Professor FUKUSHIMA, Tetsuya Technical Associate

BHERZE (PI) R X

Project Researcher AKAI, Hisazumi

= * —
HITHZEE (P)* =% B8R
Project Researcher MISAWA, Takahiro

BHIRZE (PI) BT K=
Project Researcher MIYASHITA, Seiji

As symbolized by 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 computa-
tional task and distribute it to many computing units.
In order to solve these problems in an organized
way, we, as the major contractor of several national
projects such as Post-K Computer Project and
Elements Strategy Initiative, coordinate the use of the
computational resources available to our community,
including K-computer and ISSP supercomputers. In
addition, we also operate the web site, MateriApps,
which offers easy access to various existing codes in

materials science.

HHE EER BiImrs KT EX

MORITA, Satoshi Project Researcher ASANO, Yuta

BO #HR BEMEE TYIAYY FaIS
HIGUCHI, Yuji Project Researcher AZHIKODAN, Dilna
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KAWAMURA, Mitsuaki  Project Researcher ISHII, Takashi

&HlL H BiImrg  HE ERX
HARUYAMA, Jun Project Researcher IDO, Kota
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FUKUDA, Masahiro Project Researcher KANEKO, Ryuui
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YAMAZAKI, Jun Project Researcher TAMAI, Keiichi
aFHE X BiEmxe BR K—
KOUTA, Hikaru Project Researcher HINOKIHARA, Taichi
LI Ii:3 e wiEmxRE  PY LA

HAYAKAWA, Masayo Project Researcher YAN, Lei

HEMRE V— FFzv
Project Researcher LEE, Chi-Cheng
HHEMERE — kz>3ay
Project Researcher LEE, Hyunyong

| prpugkis, AKIRYEREHARER. /concurrent with Materials Design and Characterization Laboratory

*2 piNgRIS. AR IRHERSIERIZ 2 )L— 7. /concurrent with Functional Materials Group

*3 e AR RYIES SR £ 35, / concurrent with Physics Department, Graduate School of Science

4 s, AHIEMIEERFZEEHA. /concurrent with Division of Condensed Matter Theory

*5 FrgEIS. AKET—5 HARMEMEF, /concurrent with Division of Data-Integrated Materials Science

*6 pCoMS RitHeEIEES (Pl) / PCoMS Next Generation Professional Researcher (Pl)

t—F PRIZZRL—4 —i#E= L, / concurrent with Office for Advancement of Research Administrators
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AKAI, Hisazumi

HEMERE (P)
Project Researcher (Pl)

Our main objective is to predict/discover new functionality
materials by means of computational materials design (CMD).
In particular, the development of new high-performance
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 problems is very difficult.
In CMD we solve these problems by making use of the knowl-
edge, which is obtained through quantum simulations, about
underlying mechanisms realizing specific features of materials.
The technique of materials information also can be exploited.
In these regards, the developments of new methods of quantum
simulation also are our important themes. Among them are
developments of methods of accurate first-principles electronic
structure calculations in general, first-principles non-equilib-
rium Green’s function method, order-N screened KKR-method

used for huge systems, and the methods beyond LDA.

=% BR

MISAWA, Takahiro

PCoMS Xt E (PI)
Project Researcher (Pl)

Behavior of electrons in solids is a typical example of
quantum-many body systems. In the quantum many-body
systems, various exotic phenomena emerge, which is hardly
expected from the behavior of single electron. We try to theoret-
ically reveal the origins of the exotic phenomena in the quantum
many-body systems, and aim to predict and design the new
exotic phenomena. We have been developed numerical methods
for treating the quantum many-body systems and some of them
are released as open-source software packages, for example, we
release H® (software for exact diagonalization) and mVMC
(software for many-variable variational Monte Carlo method).

By using mVMC, we recently reveal the origin of the anoma-
lous pinning of the superconducting critical temperatures
observed at the interfaces of the cuprates. We also clarify the
finite-temperature effects of the quantum spin liquids in the
frustrated Hubbard model and finite-temperature effects on the
one-third magnetic plateau in the quantum Heisenberg model
on the kagome lattice.
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Laser and Synchrotron Research Center

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 spectros-
copy, 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 semiconduc-
tors, strongly-correlated materials, molecular materials,
surface and interfaces, and bio-materials are studied as
well as industrial science such as laser processing 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 applica-
tion 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 experi-
ments utilizing the synchrotron radiation are performed
at beamline BLO7LSU in SPring-8 (Hyogo).
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Professor (Deputy Director)  KOMORI, Fumio Research Associate  MIYAWAKI, Jun Technical Associate [TO, Isao Project Researcher NAKAZATO, Tomoharu
E@ey—RP WL B m % 7 IRKER  wiixEme 8BS BT BEFre /\L11ERUYY
Professor (Deputy Director)  AKIYAMA, Hidefumi  Research Associate  TANI, Shuntaro Technical Associate  FUKUSHIMA, Akiko Project Researcher BAREILLE, Cedric
B WH & B % FH BE  HiasiEmes BE OEX BiEFEE  E A
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Associate Professor  ITATANI, Jiro Research Associate  KURODA, Kenta Project Researcher AKADA, Keishi Project Researcher YAMAGAMI, Kohei
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Visiting Associate Professor NIIBE, Masahito

Technical Associate  HARASAWA, Ayumi Project Researcher KURAHASHI, Naoya

Project Researcher NAKAMAE, Hidekazu
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Research Associate ISHIDA, Yukiaki Technical Associate  KANAI, Teruto Project Researcher SAKURAGI, Shunsuke Project Researcher YAWO, Hiromu
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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.
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KOBAYASHI, Yohei ISHIDA, Yukiaki TANI, Shuntaro
% B3 BhEL

Professor Research Associate Research Associate

We are developing advanced laser technologies and their
applications. Both ultimate technologies of ultrashort pulse
generations 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-
repetition-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.

In addition, we are studying the fundamental processes of

laser processing and bridging the gap between them and indus-

trial applications.

A7y hT7U—
SRR L
Offset-free optical
frequency comb.

L—H—mIeEoT 7%
s o Rl 2

Measurement of laser pro-
cessing dynamics with sub-
picosecond time resolution.

Development and precise control of ultrashort pulse laser systems

2. BRDRL —=BEYE
High-rep rate, high-field physics

3. AERHIALDKRN - ER - FREGH

Astronomical, medical, and metrological application of the optical frequency comb

4. L—H—MIDFE
Fundamental understanding on laser processing
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Harada Group
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High energy resolution soft X-ray angle resolved emission spectrometer con-
structed for University of Tokyo outstation beamline BLO7LSU in SPring-8.
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HARADA, Yoshihisa MIYAWAKI, Jun
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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 high performance soft X-ray absorption and emission

spectroscopy for the next generation synchrotron light source.

Tetrahedral Distorted % 9 R BE y}( XHRFEH
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E £SIEHI>THD. B
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—RICEATVBHT
ERLTWS,
Electronic structure of HO water in a polymer electrolyte brush observed
by high energy resolution soft X-ray emission spectrometer. The X-ray
emission profile is similar to crystalline ice Iy, except for the 3a; derived
state, indicating an ordered but uniformly distorted hydrogen bond network
of water in the brush like ice even at room temperature. The distortion is
induced by a local electric field present in the polymer brush.

Emission energy (eV)

1. KAERGOEFRE L S /ORI —E. ERAEDOHELERICEY 2R
Electronic structure analysis of aqueous solutions to study microheterogeneity and interaction at solid-liquid interfaces

2. MRS BAEORE RGN, BRCZRD. SRERGERT. £EY >/ EOEERT D HDZDENTFEDRR

Development of in situ soft X-ray spectroscopy for surface reaction of fuel cell catalysts, electrochemical reaction,

photocatalytic reaction and functionality of metalloproteins

3. By MEGE TRSEEEEASOREEYEICK T SRMIE (BRBE. RAEVRE. v/ Uik, BERERME. fE

R E) DEEESREE ZDREOHRE

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.

4. MXBHEADKDOBE I RILF—DEEEL & REDBED I DT DEREEFAMR

Basic study on ultrahigh energy resolution optics for soft X-ray emission and time-resolved spectroscopy
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I. Matsuda Group
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Associate Professor Research Associate Research Associate

We develop experimental techniques using vacuum ultraviolet
~ soft X-ray, generated by high brilliance synchrotron radiation,
X-ray free electron laser (XFEL), and high-harmonic generation
(HHG) laser, to reveal physical properties of single atomic layers
and surface/interface systems.

At SPring-8 BLO7LSU, we operate the segmented cross
undulator and develop the novel magneto-optical experimental
technique using its function of the fast polarization switching. With
XFEL and a HHG laser, ultrafast spin dynamics of magnetic ultra-
thin films and interface layers are investigated by time-resolved
measurements of the resonant magneto-optical Kerr effect.

At the time-resolved spectroscopy station in SPring-8
BLO7LSU, time-resolved measurements of photoemission
and X-ray absorption spectroscopy were made with laser and
synchrotron radiation. Through the joint-researches of catalysis
and photovoltaics, dynamics of carriers and molecules at the
surface/interface are studied. We also investigate functionalities
in novel monatomic layers such as borophene.

With the temporal information collected by individual light
sources at each time scale, ranging from femtoseconds to milli-
seconds, we promote understanding of the whole dynamic
picture by combining the sequential information.

A
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Fe magnetic
moment

7 = Vi GdFeCo A2 D RENBHEBEI AN —NROREROER, (a) WX FEL (hv = 53

EIEER X £ — L+ > SPring-8 BLO7LSU IC& ¥ 5K
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Overview of the time-resolved photoemission system at
high-brilliant soft X-ray beamline, SPring-8 BLO7LSU.
Synchrotron radiation pulses, generated at an undulator,
pass through a monochromator that is composed of mir-
rors (M) and a plane-grating (PG). A Ti:Sapphire laser
system (BLO7LASER) is installed at the beamline.

eV) TOTYTYARNVAEDT—% (O) EZABHTO7rvT14VY (RR) . KReBDODT—%
[FEWCEDOBIZICHIGEL TW2, (b) RERERNSESNLMEH ICNT % Fe DMK E—XAV bD
BREZL, 7xAMPORERT—ILTAEYRENRETWEZ LMD B,

Time-resolved measurement of the resonant magneto-optical Kerr effect of the ferrimagnetic
metallic GdFeCo alloy. (a) Experimental results (circles) of the intensity variation with rota-
tion angle (ellipsometry) taken at hv = 53 eV for soft X-ray FEL at each delay time shown in
each figure with fitting by cosine curve (solid lines). Red and blue colored data were taken
at the opposite directions of magnetic field. (b) A schematic diagram of the magnetization
reversal dynamics of the Fe magnetic moment with respect to an external field H. The length

of the arrows is scaled to the magnitude of the Kerr rotation angle at each delay time shown
in (a). One can recognize reversal of the Fe spin in the femtosecond-time scale.

1. KESBEXBAALERORAEEREY 1 F 37 ADHE

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

2. FHRRX DHECLBBREFREDT « 5 v VYRR

Dirac Fermions in monatomic layers, studied by advanced soft x-ray spectroscopy

3. BR/CULAR X 2 AW KRB OMEROBA L BERAL YY1 F I U ADMRE
Development of time-resolved experiments using ultra-short soft X-ray pulses and researches on ultrafast spin dynamics

4. RERBERICBITZ 7YY 1L —F E—LTA > DLl

Developments of frontier technologies for undulator beamlines of the next generation synchrotron radiation
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Itatani Group
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(a) Soft-X-ray spectra of high harmonics from neon (blue curve) and
helium (red curve) that cover the water window. (b) CEP dependence of
the high harmonic spectra from helium. The phase-dependent structure
shows the generation of isolated attosecond pulses around a photon energy
of 450 eV.

1. BREBE/LAL ——DR
Development of intense ultrashort-pulse lasers

2. 7 hNbyEZE
Attosecond physics
3. BF - 9F - BRFRICHE T 28BERBROER & EFHIE

RE BER af 'R KB B
ITATANLI, Jiro ISHII, Nobuhisa MIZUNO, Tomoya
IR EUE FHEBDER

Associate Professor Research Associate Project Research Associate

Development of phase-stable intense ultrashort-pulse lasers
and their applications to attosecond and strong-field physics are
the main subjects of our research. As for the light source, we
develop waveform-controlled intense optical pulses in IR and
mid-IR spectral regions. Currently, several state-of-art IR and
mid-IR sources are operational to produce high harmonics in
gas or solids. For the spectroscopic applications, we develop new
methods using waveform-controlled strong optical fields and
attosecond pulses to explore field-induced ultrafast processes
of atoms, molecules, and condensed matters. We focus on field-
driven electron dynamics and related nonlinear phenomena
(e. g., high harmonic generation) in solids using intense
mid-IR sources. Our methodology is based on the cutting-edge
light sources and their frequency conversion that can cover
the spectral range from terahertz to soft X rays with precise
synchronization. We aim to use such extremely broadband and
ultrafast coherent light sources for observing and controlling the
quantum dynamics of non-equilibrium states of matters through

various freedoms.
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High harmonic spectra from a semiconductor GaSe produced
by linearly (blue curve) and circularly (red curve) polarized mid
infrared light. In the case of circularly polarized input, the high
harmonic spectrum obeys the selection rule.

1.0 3.0

Ultrafast spectroscopy and coherent control of photo-induced dynamics in atoms, molecules, and solids

- EFEDBEER X R

Soft-X-ray ultrafast spectroscopy of molecules and solid
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Kondo Group
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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.
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(a) Crystal structure of Bi>SryCuQOg+q high-T. supercon-
ductor. (b) ARPES analyzer. (c) Diagram of ARPES experi-
ment. (d) Snapshot of dispersion image. (e) Whole band
structure. (f) Competition between superconducting gap
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which is corresponding to the red region represented in (f).
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ETANEBEDFHF

Development of a laser-excited ARPES system with ultra-high energy resolution

2. BENE - AEVDE -

KEDBAEBF IR TRIEEEY ROV AIILEFHE

Superconductivity and topological quantum phase investigated by angle-, spin-, and time-resolved photoemission spectroscopy

3. e ZEFR LB F AN TR 2 EEEETRYE

Strongly correlated physics studied by photoemission with synchrotron radiation
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Matsunaga Group
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BRI k> Tae— Ly bR EEMZ 3 Z &
D[RRSI D, T 7~V A OB L it & FERRIE 3
HIE FEZAFE T2 L e b, BEEEPIOREED K 72
ZARRDOIRFICBIN 2 EHIE, FERIEIGZ 0 I Ttk
FECTORBENIWEOH -7 IREEE TR, Z DOBEREMEZ 1
LT 5,

BRET TNV IOV RAFEES K OMBERERRN/ ULZAEEICAWS 7 T AN
BEEIE/LA L —Y—Y R T I

Regenerative-amplified femtosecond pulse laser system for intense terahertz
wave generation and phase-locked mid-infrared light generation

1. BREMBRET ZANILY - hirsb L Z RS, BB MRS

HH

K 21 #H BiE
MATSUNAGA, Ryusuke KANDA, Natsuki
R EUE

Associate Professor Research Associate

We investigate light-matter interactions and light-induced
nonequilibrium phenomena in materials by utilizing terahertz
wave, infrared, visible, and ultraviolet coherent light sources
based on ultrafast pulsed laser technology. Especially terahertz
spectroscopy can unveil low-energy responses of materials on
the order of millielectronvolts which include essential infor-
mation for dynamical motions of electron, phonon, or spin
degrees of freedom in condensed matter physics. Recently-
developed intense terahertz pulse generation technique has also
opened a new pathway toward optical control of materials by
strong resonant or off-resonant excitation. In addition to the
development of terahertz generation and detection technique
and novel nonlinear spectroscopy scheme, we will contribute
on the study for cooperative behaviors in many-body systems
like superconductivity or antiferromagnetism and seek hidden
transient phases of matters in nonequilibrium system to reveal

the functionality of materials.

TINIYBELES LU Hall GHRAZEICAWVWSES - RS - RXREIEEE
VAT

Transmission, reflection, and polarization rotation spectroscopy system for
terahertz electromagnetic response and Hall conductivity measurements

Development of intense, phase-locked terahertz-mid infrared pulse generation and detection
2. BIREPREBEIEICE T 2R - IR EBRINE & SRR DR
Study of collective excitations and response functions in superconductivity and antiferromagnetism

3. ABB TERMES NIFTFELEROBEEY 1+ 37 ADHR
Nonequilibrium dynamics of many-body systems driven by strong light field
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Laser and Synchrotron Research Center

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/okazaki_group.html

Jit] g fF 7 %

Okazaki Group

A R T DI E OB T OEERE = 2L
X — DI EBIRR (N PG ) ZEEBINTE 258 ) 709K
BRTPHETHLED, 720 ML —F =2 R0 7, 205
Kz 7a—=7HELTHC B2 2T, IPFERRREICE
V28 RIS O E R ERFED BN T E 2 X912 %5,
AWFZEE T, L —Y —FF oM L L m ol OV A
R L — — 2 L 72 R RO T e B o
B - R E D, Rv 7 =7 RS REE T 5K
&>, R EED & DFE T D FERIE R O E B2 81,
e AR (P S BRI O 2L O E BB S %2170,
Jih IR BE 2> & D E T DRE B O R L R E 0
EREEENC X2 HHEZHBELTwS, £, Z2LX—5
fiEthE 70 peV, BRARHEIERREE 1 K &) AR SR L2 H
5L — W — M T e E 2 v, JERERE
IS ROE G, BERYX vy 7Gx EEBN T2
C LTI R BEEOMMBRAEHIEL TV 5,

Ti:Sapphire laser + Regen (Solstice Ace
(800 nm, 10kHz, 30fs, 0.7 mJ)

Ti:Sapphire laser + Regen (Astrella)
A (800 nm, 1 kHz, 30 fs, 6 mJ)

Thin Film Polarizer
and
i W2wave plate

Delay Stage

Pump Beam

2

3 [£

OPA+DFG
(TOPAS Prime) /

RL—Y—ZBWRKE BB FOREE OBIRN

BREH
Schematic diagram of a time-resolved photoemission apparatus utilizing a
femtosecond laser and its high harmonic generation.

1. BREFARL — Y — =BV IcREIBEETF DN EE DR

 n

mlEg &=
OKAZAKI, Kozo
HEHIR

Associate Professor

Angle-resolved photoemission spectroscopy is a very powerful
experimental technique that can directly observe a dispersion
relation between momentum and energy (band structure) of the
electrons in solid-state materials, whereas by utilizing a femto-
second laser as pumping light and its high harmonic genera-
tion (HHG) as probing light, we can observe ultrafast transient
properties of the band structure in a non-equilibrium state. In
our group, we are developing and improving a time-resolved
photoemission apparatus that utilizes high harmonic generation
of an ultrashort-pulse laser in collaboration with laser develop-
ment groups, and aiming for understanding the mechanisms
of electron relaxation dynamics from photo-excited states and
demonstration of photo-induced superconductivity by direct
observations of transient electronic states using pump-probe
type time-resolved photoemission spectroscopy (TRPES). In
addition, 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 perfor-
mance that achieves a maximum energy resolution of 70 peV
and lowest cooling temperature of 1 K.

a__ o b

T 3 F

T

02F - - g

E-E¢ (eV)

C. | -

-0.4 0 0.4 »
ke (A

BRERRL — Y —EREIMENABFOH TEA S N MR F KA TazNiSes (€6

1T B HFEMR - RBER a, b [FETNTN. KMEET. KRR RRT ML

ky (AT)

Photo-induced insulator-to-metal transition in an excitonic insulator
Ta,NiSes observed by HHG laser TRPES. a, b. Spectra before and after
pump, respectively.

Development of a time-resolved photoemission apparatus utilizing high harmonic generation from a ultrashort-pulse laser
2. JERERRED S OYEFRDOEFOEMEE ORI, XFEBEEDEEES

Mechanisms of electron relaxation from photo-excited states and light-induced superconductivity
3. ERBENEEL — Y —AESEAEFHNIC &L 2IFEREBEER OB

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

resolved photoemission spectroscopy
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Laser and Synchrotron Research Center

b 7 =

Niibe Group

Za— ANV HERR (Jed 7 R5E) 2 iFsiila L
LT, BT 20X —750 eV LU F ik X fi 4 T DI
9306 (XAS) B XOFE 8 (XES) ¥R, 2%
TR % OO 53 Y6 E I - &7 > T 5,

XAS 3B HETIRE (FE0REH) 2, £
XES i35 A ETIRE (fiETH) 2L AT Lz
BB ENTE, HEMIEDHIZIC IO THMZY —)L
Thb, TFLX—T50eVELTFD¥TIE, B, C,N,O,F,
Al Si, P, S7% &, WE AWK T2 EEABRILEP, 3dE
BaEOWNERICH S, FEEYZIET 27200
RHELRERIEON D, HAIIMBHMTZEE LD LR
kY, T4 9w 2/ =N —7 (DNL) 2oL lfFsn
PO 2D YETH S 6 BEB XN 5-7 BEOH T fE
By —FIicoWwT, XAS, XES Z#llE L. BN EAb
HTZOYIEDR 2D T2, X512, JEX 100 nm
D HSEHEE 2 E IREEE E L7 He 28212 X 3 K&E FikX
#t XAS / XES #EDOHFEDHED TV 5,

76

#ER IEA

NIIBE, Masahito
REEHRIR

Visiting Associate Professor

With the NewSUBARU synchrotron radiation facility
(University of Hyogo) as a research base, we are developing
X-ray absorption spectroscopy (XAS) and emission spectros-
copy (XES) equipment in the soft X-ray region with photon
energy of 750 eV or less, and using it, conducting spectroscopic
evaluation and research of various materials.

XAS can obtain a spectrum reflecting unoccupied electronic
states of a substance (conduction band in solid), and XES can
obtain the occupied electronic state (valence band), which are
extremely useful tools for studying solid state physics. Photons
with energy less than 750 eV are used for the inner shell excita-
tion of major light elements such as B, C, N, O, E, Al, Si, P, and
S, and 3d transition metals. It provides important information
for understanding properties of solids. We have collaborated
with I. Matsuda Laboratory on 6-membered and 5-7-membered
honeycomb monolayer B sheets that are expected to have Dirac-
nodal loops (DNL). We are measuring XAS and XES spectra of
the B sheets and elucidating its physical properties along with
theoretical analysis. We are also developing a soft X-ray XAS/
XES system under atmospheric pressure using a He-path with a
100 nm thick free-standing membrane as a pressure partition.
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LUREN & TR YR R A 0 e
Synchrotron Radiation Laboratory / Harima Branch
https://www.issp.u-tokyo.ac.jp/labs/sor/index.html

g (EHRR) BRH ZA  Professor(Director) : HARADA, Yoshihisa
% @EWERR) /\Fx I3k Professor(Deputy Director):KOMORI, Fumio
o B WHE & Associate Professor : MATSUDA, Iwao

H OB B AR @ Associate Professor : KONDO, Takeshi
AR (BE) FE8 1EA  Visiting Associate Professor : NIIBE, Masahito
Bh # LA ¥E Research Associate : YAMAMOTO, Susumu
Bh # 38 YL—ER Research Associate : YAJ], Koichiro

Bh % = ’Z  Research Associate : MIYAWAKI, Jun

Bh #% EH 5% Research Associate : HIRATA, Yasuyuki

HiiEPFE FR HPFH Technical Associate : HARASAWA, Ayumi
RITEMBE Y 2 Technical Associate : SHIBUYA, Takashi

138 R I PERIFZE i 3% (SOR %) |3 BiEE e e %
FIHI L 7= Jeim iy M HET 925081 Lo SEBR BT D B 76 - WF9E %
HFETfT>T w5, SPring-8 ICHRIE SN HEEES =Tl
I 5 S D i 33 Lt PR = R BE O U G A A T 7R X
M7 rYaL—FE-u74 v (HEREBGNET 7 AT —
avPERI¥E—L54 > BLO7TLSU) #%{HL., Gl
R X% R S 2 el O P B 7e 2 i L C
VW5, FBEESEAY Y 71F, Jeiik X BBt o B g &
VE - Bt OEHIREBIFA 21T 72012, I Rk
XM NEEBRAT —> arv, Eor R X #5860t A
F—=yav, 3RILFT/ ZAHAT = av, X BERG
=R AT = 3y, X BEPFTAT—> av &b |k
. REHSEFEFIHZ G TR DS DRI LR T
FiFTws, =, MO EMIcE LT, L—F—2L—
T EDLFEF ORI, BAREN - R X L — i E
o7 @ RRE A E R fOGE T e sz dak L. &
EREFEF IR LTV 5,

SPring-8 BLO7LSU ® 8 &® Figure-8 7> ¥ a2 L —% —, RFEBAKIR &L D Eifi
RANZEFEHREIRFELDTEFOARER T, IRRAT—YavicEEE
B X @htaEh s,

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

HEPImE T 18X
PiXERE B BT
HExEmes B8 B3
BEMEE RE E%
BERERE I LYY RYY Project Researcher : EL Moussaoui, Souliman
BEWEE KF &
HEWMRE EIE ER
KHEMEE B B
BEFEE R’ X
BEHRE U@ KF
BEMEE IH BN

Technical Associate : KUDO, Hirofumi
Technical Associate : FUKUSHIMA, Akiko
Technical Staff : FUJISAWA, Masami
Project Researcher : AKADA, Keishi

Project Researcher : OHDAIRA, Takeshi
Project Researcher : OSHIMA ,Masaharu
Project Researcher : KURAHASHI, Naoya
Project Researcher : ZHANG, Wenxiong
Project Researcher : YAMAGAMI, Kohei

Project Researcher : YAMAZOE, Kosuke

: Rt KD
A YAJI, Koichiro
The synchrotron radiation laboratory(SRL) is promoting
advanced spectroscopy using synchrotron radiation in soft X-ray
and vacuum ultraviolet region. SRL operates 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, high-resolution soft X-ray emission
spectroscopy, 3D (depth + 2D microscopy) nanoESCA, X-ray
magneto-optical effect, and soft X-ray diffraction are utilized
to study electronic states and dynamics in new materials. SRL
developed the fast polarization switching of the undulator
light source in cooperation with SPring-8. In the building E at
Kashiwa campus, SRL developed the ultra-high resolution spin-
resolved photoemission spectroscopy using vacuum ultraviolet
and soft X-ray lasers in collaboration with laser light source
scientists in ISSP.

ERICHBIF22MEALY VLEED RILBERA L — ' —MESDREEFOH
KB,

A laser-excited 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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DI, VOO H TSN TS, K
i S BRNCAS AI R 2 R~ 7 D i 28 R
iE - BT AR, BRA B TR 21T 9
TAE=E, X BRESE IR O B B2 47 9 i
BIRRE B AP MRS 2 2 B R 2, FHEXC
BRI - B 24T ) ME . W% LA
BT L 752 T O FE S = S 2 2 S0
DIIZ 72 ALy 2V =0 VIR IEITICERE T2
SEEATFEE 1B T 2Rk % 2 365 2 BT 5 EIBE 2
MR, Ry b= 7 OEHE Y A - %
119 St =, MYERRZETic 81 26k % 1
WMOREEZHMLTR)AMELETHD, ZNHD
HEOER X, 2NN T I RZEHEOEH
ENEMEHLRD, HUOEIC XD EREOEE

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 Safety Labora-
tory for the safety in experiments that utilize X-ray,
y-ray and radioactive materials, Library, Stock Room,
International Liaison Office for supporting foreign
researchers, Information Technology Office for
handling and supporting network related matters, and
Public Relations Office. In each facility, several staff
members are working under supervision of the corre-
sponding committee.

o s,

[

ERBRILE
Cryogenic Service
Laboratory

TE=E
Machine Shop

BEHREREE
Radiation Safety
Laboratory

ME=E
Library

AhvIIL—LI
Stock Room

EERE

International Liason
Office

BEREIME
Information
Technology Office

N ES

Public Relations
ffice

EEEER

Chairperson

IHEER

Chairperson

BEREREEER

Chairperson

MEZER

Chairperson

EEEER

Chairperson

ERRRER

Chairperson

BLME

Chairperson

LHEZEER

Chairperson

W &

YAMASHIYA, Minoru

T8 E—
KINDO, Koichi

BH -

HIROI, Zenji

Bl ER

OSHIKAWA, Masaki

AR &

KONDO, Takeshi

IR XK

KOMORI, Fumio

Ng B

KAWASHIMA, Naoki

N34

AKIYAMA, Hidefumi

BEREFRE" K B2

Contact Person

SUZUKI, Hiroyuki

KiTEFIHE TE X% P EBE T Rk
Technical Associate  TSUCHIYA, Hikaru Technical Associate  NOMURA, Miku
pifErime Bl BT

Technical Associate SAGIYAMA, Reiko

RIS HE SEE FITEBE =R BT
Technical Associate OKABE, Kiyonobu Technical Associate TAKAGI, Akiko
P ARBE He N WrxErEs NE T
Technical Associate  TANAKA, Yusuke Technical Staff MURANUKI, Seiji
KitrErIE ¥FE BN

Technical Associate

(FbXEER
R wxsEmmg)
Administrative Staff

.o (BHREEE
FE wrrsmaE)

Administrative Staff

FH - RERF

NOZAWA, Kiyokazu

R —1E EBHES ARIE BF
SAKAMAKI, Kazuhiro Administrative Staff KUBOSHIMA, Tomoko
FER Ex

NAKASONE, Emi

Administrative Staff(Finance and Accounting Section)

PTRBE a0 #hr EBMEE ‘O X
Administrative Staff ISHIGUCHI, Yuko Administrative Staff HASHIGUCHI, Ayano
E=HMEE LR HF

Administrative Staff

YAMAUCHI, Atsuko

kErmE KA BT HhRESFWE A T
Technical Associate YATA, Hiroyuki Technical Associate ARAKI, Shigeyuki
KiTEPIE faE &

Technical Associate FUKUDA, Takaki

P ARBE BtEH M R

Technical Associate  MOCHIDA, Madoka  Administrative Staff(General Affairs Section)
it s ax #D2  HEFMERK

Technical Staff

ISHIZUKA, Mizue

Administrative Staff(Joint Research Section)

FUB—F - PRIZR L - R LR, / concurrent with Office for Advancement of Research Administrators
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Cryogenic Service Laboratory

TAEE
Machine Shop

BREER |UT F# Chairperson : YAMASHITA, Minoru
EiiErBe LB ¢ Technical Associate : TSUCHIYA, Hikaru
EMErI®E E|L ¥5F Technical Associate : SAGIYAMA, Reiko
HERE  BPAN  RIJE Technical Associate : NOMURA, Miku

IR LR R~ T L LR ER 2 MG L. bbb
TR BT BY§ 24 — B ARMIF v/ S AR DA A
R ROEFHHITHT 05, WA T L I3YPEDTFEIC 62
T, WHRE PRIt S S, AKIELIANY T LRI
U, KRLUTHBEILICHMAIT 2, 2018 fEEEDHA~NY
LR LR RIZZNZ N 332,000 L, 236,914 L
ThHB, WHEERIIIELIOEAL, HIHELTR2, 2018
FEOWFEROMARIL 932,569 L LZz>T0 5,

Cryogenic 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 for the researchers
and the students in Kashiwa Campus. The evaporated helium
gas is recovered and purified for recondensing. In the fiscal
year 2018, a total of 332,000 L liquid helium was produced, of
which 236,914 L was supplied to users. The recondensed liquid
helium is transferred from a 10,000 L storage vessel to various
small storages by using a centrifugal immersion pump system.
Meanwhile, the laboratory purchases liquid nitrogen from
outside manufacturers. In FY 2018, liquid nitrogen of 932,569 L
was supplied.

FERE Main Facilities

ANUDLRILEE (YY7)  Helium liquefier system | (Linde) 200 L/hr
AUDLEICEEN (V7))  Helium liquefier system Il (Linde) 233 L/hr
BIEANU T LEE Liquid helium storage vessel 10,000 L
REZRETE Liquid nitrogen storage tanks 20,000 L
EIRBAUYILAREME  Helium gas recovery compressor 190 m3/hr
BEAUD LR Liquid helium dewars 500 L, 250 L, 100 L etc.
BEORAUDLRERY T Centrifugal liquid helium pump system 20 L/min

AUDLRICHE. BEROEDRS LR T
Helium liquefier, storage, and transfer system
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ITHEER %8 5— Chairperson : KINDO, Koichi

O B 8 [EF JB{E  Technical Associate : OKABE, Kiyonobu
SMEEBE HF  FHY  Technical Associate : TANAKA, Yusuke
MEiEEs NE 3% Technical Staff : MURANUKI, Seiji
SMXIERE BARK BIF  Technical Associate : TAKAGI, Akiko

TR, IR LBAE2EY 2 TEYOM L, #F7EHO
Fetad 2B E LB OBER O Z DR R, 2 UCEEBGET
DOMHHEEWME 2IToT 5, Fo, MTEZEHS BRI
AR LE 21T ) 20 O AF LR RE SN T 5,

The machine shop consists of a metal shop and a researcher’s
machine shop, which are equipped with various facilities for
designing metal. They supply researchers required various
original devices and instruments.

FELHE
M TIEE S5~y ey y—. NCHEfg. BE7 S5+ X%
ARETEE - HeeleiR. BE/I\EEk, 7518, R—)L%&

Main Facilities
Metal shop: Five-Axis Universal Machining Center,
Numerically Controlled Lathe,
Numerically Controlled Milling Machine
Researcher’s Machine Shop: Universal Lathes, Precision Lathes,
Milling Machines

TH=E
Machine shop
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Radiation Safety Laboratory

KateEELEER B ZET Chairperson : HIRO, Zenji

B E M a8 EE JEF] Technical Associate : NOZAWA, Kiyokazu
(EHREUR EEE) (Radiation Protection Supervisor)

TECRHRE B =1, PIPEWEIE T IS B 2O EE (U4
BRI E 2 &) CRONRIEELEE (XEEZ &)
DI T T, BRI & OIS 2 Bl &
REMERTZIEZHNELTHREISN TS, 2070,
TBCRRR AR B 2 42 T A 70 SR R B B & LT, O
VBT RS AR AL E O BT R, 220 SOV B IR I
DT REE, BEETICR IS 2 MU B 0
PRI, AR BRI O M E . X R AL E 55 o) o2 I
D G Jl S OV TR R A > 1 <t S e o BRI
DLk, BB EOBFIMEZT>Tw5, F7k,
Wik, U, Th %X O IEEEIEHE % 2“Na %k
KRR Z I 7-0F 9870 &3 T & 2 KB B0 A BN (XA
ZET) MIEZMHA TV 5,

The aims of this laboratory are to protect researchers from
irradiation due to radioactive sources, X-rays, y-rays and so on
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

EFERE GFEHRRRIEZ BN TR 2 VIR R —DERE).
RYMOYERE (PNaBHRREAVWLERRY hOYE-LICLS
ERMNMTZZ). BHENREE, Ce FEMAREB., affRHE RiE> Y
FL—yavhorvy— BT RAA—F—F BEREE (\UR
7y hVOREZY —IC &K BERDMER)

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.

=<

NYRZ7yhIVOREZY—
The 7ch hand-foot-clothing monitor

4] 35

Library

2 x 8 K& #)l| 1EZX Chairperson : OSHIKAWA, Masaki

% £ Ik —1&F Administrative Staff : SAKAMAKI, Kazuhiro
ES £ FEIR B 3E Administrative Staff : NAKASONE, Emi

=B @ LB ZIRIE EHF Administrative Staff : KUBOSHIMA, Tomoko

PIPERTZE AT X SISO ZO B IICIG, BTAREZE
B OWFEL KRG EORE & LbICEO I EF]iFZE#H O
fedlz, PIEREZhDICE R 2 I L TR AN LT 5,

PRI A v 8 — %y TR TE, FTNTIFHR AR
FHNTRHAINTLIETY v —F NPT —FX—2%HH
TE5, FRARPBERHIOWTIXRIZARFAH A I X
LS, BIMEB OV —E2Z2{ToTw 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
EE=] : 783m?
BEH 166,679 ft (¥R 30 EEXRRTE)

(¥%F 59,262 fit. 1F 7,417 fit. WAMITEZED)
MESIERRE 1 73218 (FAEE5 635 1E,. MAES 97 18)
FZERME  FH 9:30-17:00 (KFEsFIA 6:00-9:30, 17:00-24:00)
B 1 24F (W8EIELAN r—7)L, BRIV EY hRE)
IR—L~R—3 : https://www.issp.u-tokyo.ac.jp/labs/tosyo/

Outline

Area : 783m

Library holdings : 66,679 volumes (as of March, 2019)

(Foreign books 59,262, Japanese books :7,417. Including bound journals)
Journal collection : 732 titles (Foreign journals : 635, Japanese journals : 97)
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 : https://www.issp.u-tokyo.ac.jp/labs/tosyo/

HE=E
Library

THE INSTITUTE FOR SOLID STATE PHYSICS 2019



Supporting Facilities

A b ZI—24h

Stock Room

B 28 i =
International Liaison Office

J& Chairperson : KONDO, Takeshi

Administrative Staff
(Finance and Accounting Section)

EEWEE R OE
FY - RER

Aby 70 =L, B, A & IR E L
THEESNBHEFES. Z DS R L@z %z
HZTC05, PIEFEDMHAZMZ7OHBLGHL > 2T A4
ZHWT 24 RHEA =7 LT, HELY)ihz i i#»o
LA AT T2 LB TE5, HABEIZE DS, — ki
LCATRES TROYNS, —fElAICK)axEy Yy
TELMSEEHDONRTH S,

The stock room supplies stationery and parts that are

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

automated system control, it is open 24 hours.

ARy IL—L4
Stock Room

EREZRER /\Fx 33K Chairperson : KOMORI, Fumio
HMEEWE A0 fhF Administrative Staff : ISHIGUCHI, Yuko
=Bx@mEE IUARN ZF Administrative Staff : YAMAUCHI, Atsuko
EBH@MEE B[O 3Jy Administrative Staff : HASHIGUCHI, Ayano

E B E . YW FE AT o [E BE A0 - IR HEE 1
M 7B EH 2 IToTC05, FRFEFHEL UL, BB
MEB2DS L TOIEANEHFTHBIEZIICDET Y
PRS2 O E G L 0 E S8, B —2rvay 7
DI, INRIESULZ I L O LT 2HE L TOBWRFE.
HEIAIIES - BifE OKH - BESXEREBH T o N2,
o, DL EBEZMRIOED 570, EEMLEE
K EM L EE LOHIF v v S AN O E BRI 2 & E s %
KoTw3,

The mission of the International Liaison Office (ILO) is
to help promote the international collaborative research by
ISSP members and to contribute to the internationalization of
the Institute. Toward this end, ILO assists in operating ISSP
International Collaboration Programs, including the visiting
professorship program, and administrating ISSP international
workshops. The Office also translates the content of ISSP website
and supports international visitors and new employees in their
visits and stays in Japan. For smooth and effective implementa-
tion of these activities, ILO also works closely with the Kashiwa
International Office and other related sections on the Kashiwa

campus.

International Liaison Office
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Information Technology Office

B % 8 /& [EFE Charperson: KAWASHIMA, Naoki
RTEFBE K<H #{T Technical Associate : YATA, Hiroyuki
RMTEPBE @A X3k Technical Associate : FUKUDA, Takaki

HESPIE MoK Z8{T Technical Associate : ARAKI, Shigeyuki

THWEmi= ik, WIEMZEHT LAN B X0 WWW 4 —
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Information Technology Office operates the local area
network in ISSP, and WWW servers for the ISSP home page
(https://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 distribute anti-

virus software to in-house users.
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L3 switch: Core network switch of ISSP
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Public Relations Office

L®EER FNL ZESC Chairperson : AKIYAMA, Hidefumi
BEXMEFE  $5/K & Contact Person : SUZUKI, Hiroyuki
SMERE  BH 3  Technical Associate : MOCHIDA, Madoka
Ak e AR & DR Technical Staff : ISHIZUKA, Mizue
woB % Administrative Staff (General Affairs Section)

* R A AR

Administrative Staff (Joint Research Section)
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The Public Relations Office manages and facilitates dissemi-
nating research achievements and activities of the Institute
for Solid State Physics widely to the general public. The office
advances information and communications through a variety
of channels including ISSP official homepage, SNS, bulletin
“BUSSEIKEN DAYORT’, handbooks and by building the digital
archive function, as well as providing information to media such
as newspapers, TVs, and publishing companies.

Another important aspect of our activities is outreach. In
cooperation with local educational organizations, the office
plans and offers various events and lectures for general public

and students from elementary to high school responsible for the

next generation.

ERHRFHE(EL).
RIS (A L) —fiGE
BER(T)

Science program at
junior and senior
high school students
(upper left), science
class in schools (up-
per right), and public
lectures (lower).
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