M 61: % % Hayashi Group

FiZE T —< Research Subjects

Y PSS = o — 1 > N OB DO HO B ETHBIE
Fluorescence observation of axonal transport in iPS cell derived neuron
FIAT VIR BE— 2= BT EF R Y DIEH
Force measurement of motor protein kinesin by using a nano-sized
spring
RS T2 22 T o 7 o T i 2 2% 0D el 5 A AT - 181k 1Y
invivo f A= 7 -
Extreme value analysis applied to axonal transport by motor proteins
LA R ZR AN § B > ) 7 AT R OB E TV
HER

Theoretical modeling of synapse formation related to axonal transport

IR M AxRTF
Professor HAYASHI, Kumiko

HI Course
HIRBAEMIE TS
Complex. Sci. and Eng., Frontier Sci.

Wk, BHRE, AY Y =g Xk & OEARYER 72 it
G LRtz e < Ak, Ficiifldz s L L
PPt S TN ISR D A J1 = X L 72 PR S 2 Te HICHET
BB, EETVD, DEONEDNSZXNVF—THEANDOW
TRV F—IHED D 2 MM IR P IEREICH D |
weat BRI RE S B 728, VTR HE L v g &
BA %,

AT TR ET S 2 N — AN BRI T U
Ty J1 e HE - T3VF =75 Yz R EHId 54
iz ¥ S %, BMETR & D/N— FEB 720 Tlx < IETATHTE
RINA, BOARNHRI AR EZ2BME L 7Y 7 P EIOSE 21T
9o MERZICICHIINRGOMGE T V2L, MITEN
PGz e UTERMNICHIRY 2, MffEEx £ 0o
BIRICEOL T, IRAANDOEBZ HiE 9.

Fluorescence |abel

RN OMERE, E—2—2Y\VE (BTEX  F2x 2, BITHE
HAZY) ILED TV T TADMBDEEE NS,

Material transport in the axon of a neuron (anterograde transport: kinesin, retrograde
transport: dynein). Synaptic cargos are transported by motor proteins.

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

Precise physical measurements are important for cells to understand
molecular mechanisms occurred in cells to maintain life activities as well
as for solid state materials. However, in vivo measurements are difficult
because intracellular environments are complex non-equilibrium states
and crowded with various proteins and organelles, in which theories
of equilibrium statistical physics are often violated. Because physical
measurements are often based on theorems of equilibrium statistical
physics, the violation of the theorems is serious problem.

In our lab, we develop techniques to precisely measure physical
quantities such as force, velocity and energy for proteins and organelle
inside cells, based on fluorescence microscopy. We think development
of analytical methods (software) using non-equilibrium statistical
physics, information science and mathematics is significant as well as
development of microscopes (hardware). We also aim to understand
cellular phenomena quantitatively by constructing theoretical models
using the measured physical quantities. We hope such theories can
contribute to the understanding of neurological disorders particularly.

EMPSERZ2—OVOENAA—I VT

Fluorescence imaging of human iPSC-derived neurons
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,J\ﬁjﬁiﬁm%g Obuse Group

PERR IS A RIS N AL S 2 0 RRPES - K1 & 77 U 2 S
T BZRREYPBIRIC OV TOMERNRZITE 5, TNEIE,
RIS R &0 > TEANHIPEDFE L TR R E NS
e, AHHBRICEBT 2 RME « IERERE- PSR O
BV THERKREZRIZT, &6l E4, HBCGRICET
ZARRES bR a D )VHIC B 5 DFZE DN TREE RIS B J L 7z
ik, INLOMHRBIYHEEREORERICENT, &
FTEITHEHZEL TS, TOTehb, BMRICHED
HHPIHEBISR O TS - (IIC B AT %,

o, HERIRICRE ST, BENIAIRED TPREN
YPBIGOIGEFBCE N2 ANT VS, FiC BTV 4+ —
&0 BRI R R TR IR 2 1T S RO FLREFHERDFE R %
WUT, HHiEEMEDRIFERILZHEL TV S,
CTDXS I, RN SR IV—T & ORI E T,
Z AN U T2 O 77 AT REME 2B R L T 2,

E}E b}lt % % Zhang Group

REEHE

INERE F5ER
Visiting Associate Professor OBUSE, Hideaki

We are focused on theoretical research concerning diverse physical
phenomena that exhibit symmetry and topological phases inherently
present in physical systems. Since these properties are preserved even
in the presence of impurities or defects, they take an important role
in understanding localization-delocalization transitions and critical
phenomena in disordered systems. Furthermore, recent significant
advancements in the study of symmetry and topological phases in open
quantum systems have highlighted the importance of these properties
in various fields of physics. Thus, we aim to predict and clarify novel
physical phenomena unique to open systems.

In addition, our work is not limited to theoretical research; we are also
interested in experimental verification of physical phenomena anticipated
based on the knowledge of our theoretical works. Specifically, we
aim to bridge theory and experimentation through proposals for
experimental verification using systems that implement discrete-time
quantum dynamics known as quantum walks. In this way, we explore
new possibilities in physics from foundational theories to collaborative
research with experimental groups.

&, e, PR Y— BTYENR AT S YENCD
W — JFREER RS MR IEERR 2 FI O TSR L T B, Th
£ T, 4 230 OZEMBHT T B 5220 MFRIE TR EE 36 72 R
L. NV R M RaY—DRRINGEDEZB TRV, MAV—
Ty FEFRIC X B HAHIO bR Y VB FYE T — R RN—
AT RER L, JERMAELD 24% Wb Ray v Tchsb T bx
ST LTz, 51, MR IV T 4/ v O Z R
I, BEYEZ TN L, BERAAIIV T+ /) VBXIT
T 7k ) NS T TE D, ISSPIcHW TR, [
BOTN—TLlElIciNeDT—EBEIHICHESY., K
W T+ VR AF I IVABXC RO AN T+
G OMIICH D fHA T E T2,
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NEAEEHKER & BHHE

Visiting Professor ZHANG, Tian-Tian

My research explores the intersection of symmetry, topology, and
quantum materials through first-principles calculations and single-
particle theory. Key contributions include:

. Complete symmetry-based indicator theory for all 230 space
groups, enabling systematic classification of band topologies.

. Built the first topological electronic materials database via
high-throughput calculations, revealing that 24% of nonmagnetic
materials are topological.

. Developed theory for topological phonons and predicted related
materials, e.g., double-Weyl (FeSi), quadruple-Weyl (BaPtGe),
and PT-protected nodal-line (MoB2) phonons, all experimentally
confirmed.

My current research focuses on chiral phonons and Floquet phonons,
where I have extended chiral phonon studies to 3D chiral crystals,
investigated connections between Weyl phonons and chiral phonons,
and collaborated to experimentally confirm truly chiral phonons in Te
and a-HgS. At ISSP, I look forward to advancing these topics with Prof.
Oka's group, particularly exploring non-equilibrium phonon dynamics
and topological phonon phenomena.



ISSP Digest 2025 45



Quantum Materials Group
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wm a7 IV —7

P2 E SN E T HILOE. HILVLBIR, #Hil
WHESOFRIC K > TRESHEB L TE 2, MMEWHZTT
IHFICHIE S N TV 2EMHEE TR, FOWHELEITH
B —Ji. RO T L—27 Z)b—13Z L D E. /B Ol
B> THRBENS, COEZREL LT, AFETIL—
TRETYENROE 55 M2 g L. i & HEo
BRaBIEE R L UC, REROIIZEE IO IR %8 X 72 4t
[f] « IR R HEME S B e DICHTRE Nz, M IL—T 13
200AT )= 12DFE T IV—THh5KD, B
Wk < EHE UMD, SRS TSRO LW R TR L
WESHEMEIRL O BT % HIG LR D T, HlZIE,
INV T SRR ORI R ERLL . 7 ORI IERE 2 B L
TAEY bO= 7 ABREDBHICILD ATV D, Th 5
DFEWITEE, HFiLw v Rad VxR FHOBnETTS
HERTF— LD Ha@E LT, Hin FiEOMIE L & &ICih
FICHED SN TV B,

Condensed matter physics has progressed significantly through the
discovery of new materials, new phenomena, and new concepts. A
prime example is the research on strongly correlated electron systems,
a traditional strength of the Institute for Solid State Physics (ISSP).
Breakthroughs often occur at the intersection of various research fields.
With this in mind, the Quantum Materials Group was established to
foster interdisciplinary studies that enhance collaboration between
experimental and theoretical groups, transcending traditional research
disciplines. The group comprises two core groups and twelve joint
groups, all of which vigorously pursue research to discover novel
quantum phases and functional materials in correlated electron/
spin systems. Their efforts include synthesizing new materials in
bulk and thin-film forms and characterizing them using cutting-edge
measurement systems. Additionally, device fabrication is undertaken
for spintronics applications. These experimental endeavors are
complemented by active discussions and close collaboration with
theoretical groups, which employ advanced theoretical approaches and
numerical methods to explore new topological phases.

TIV—TEFE Zis B
Leader MIWA, Shinji
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j:[F } I I m % % Oshikawa Group

HiZE T —< Research Subjects

D Mism oD ¥ 5 & RO
Anomaly in quantum field theory and classification of quantum phases
JERME R SUBL DR —HI B
Unified theory of nonlinear electrical conduction
B v FU—7 FOmE TIREE L ks
Electronic states and transport phenomena on networks
B 555 A VA ORGE L Bk

Design and study of exotic spin liquids

i
B 8 =
Research Associate
YAN, Han

B M| OER
Professor OSHIKAWA, Masaki

HI Course
B REF
Phys., Sci.

HTZRROIGR 2L E LT, JARIAR TR T % 5 &
7ERERZHER LTV %, IEDRROBE LT, HOB i
KBTI B mTEEZISHUTF v v 7L RAGEFHH ORI
TN LS T R L. RO BICH T xRhH 2
Lieb Uiz, iz, HERMWAHBERZEE 2 T, RO
R— B BRSNS 72 IR BRSNS 5 P EICE MDD HATY
%o BIZIZ. EREELRYE 1T-TaS, OEFREZIRT S
BFMEOR Y b T — IR L, B EMICE > T
KFPEICRFEE N A THH N Y FOBIZ /R LTz, EHIC, 7
A b L— MEMRIC B 2 Gk — VRN T 27 2k
RV HIVIHORBIE . T DOREBIIHKSIC DOV Tt Z2 D
T3, TNHOWMIEDZ IE, ERELFEIEE UTHEEL
TV,

[00K]

2 0 2
[h0O]

TV=I2 N4 07 a7 BFLOMEEDOEY THIVOYZaL— 3 ViC
LBREVIEBERF, TORBIERES —VERERRT 5,

Spin structure factor found in Monte Carlo Simulation of a magnet on a Breathing Pyro-
chlore lattice, which realizes a higher-rank gauge theory.

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

We pursue universal concepts in physics, especially in quantum
many-body systems. As an example, based on anomaly in quantum field
theory, we introduced a new classification of gapless quantum critical
phases in the presence of symmetries. This opened up a new direction in
classification of quantum phases. On the other hand, taking advantage
of novel theoretical concepts, we also aim to give a unified picture on
experimental data and to make testable predictions for experiments.
For example, recently we introduced a “network model” of quantum
wires in order to describe electronic states in the charge-density-wave
material 1T-TaS, and demonstrated a realization of flat bands. Unlike
most of the known constructions of flat bands, in our novel mechanism,
the flatness is protected by symmetries and is robust. Furthermore,
we investigate possible realizations of higher-rank gauge theories and
fracton topological phases in frustrated magnets and their experimental
consequences. Much of our research is carried out in international
collaborations.

v 7= LOBFRE, WHEICTFONFENRICK Y. FENAY D
REGFHIRMREEE NS,

Electronic states on a network. An interference effect protected by symmetries guarantees
the robust appearance of flat bands.
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Jge o2
E:I: FLE  Nakatsuji Group

ik

HiZE T —< Research Subjects

N ARE DA UREPER D 2= i R
Room-temperature topological transport in magnetic materials

B 5B RIS B B B R L5 L WSRO B
Strange metal behavior and unconventional superconductivity in
strongly correlated materials

FRBEYAVEFIREORIEIC LS ALY bR=ZV X8I %
JVEF—=N—RZT ¢ VTR
Manipulation of topological states for spintronics and energy
harvesting applications

BEHE it M
Project Professor NAKATSUJI, Satoru

FI Course
B REF
[Phys., Sci.|

BE, WMERHEE, 2V b7 2V R Eh,
FROY =W EZIC K> THUEM - HEHINh, 24D
HLWYHHRORERICEDN > TS, TIN5 OYMEYHD
I, FBRE. Fiiam, = TEREETRIELTCER
BEEWKRELS D> TED ., BUFODE OMH & 28 2 T2 Hr
LWHIS TOWISENEEIC IR > TW5, FAEDIIIEE Tld,
ZOX oLz BB L 2 8 EZHSEO L,
TSR SR T O Y PERIE AT IS & o TEDERICH 5 PHlk
HlDfRHZ Hig L Tz 211> T\, TN TR, &
TUEOE S NZEEEZ ALY PO I AR RV F—
IN=ARAT 4 YIRS 21D0OMREETo>THED, FEHE

RS EFHZHED TS,
3.0 T T T T
PryLa,TiAly,
25 * :
Ta
A 2.0 89 .
- B EHEM
= 15 .
&
B o
LA i 7
- POt A4
0.5 - |
4 T/ FEREREY Lh% . o

0 0.2 0.4 0.6 0.8 1.0
PrixLaxTi2Alo DEEER, IEFERIBEEN BB TFHE (BAK) HRTHR
N3, [Nat. Commun. 16,2114 (2025)]

Low temperature phase diagram for Pri_xLayTi2Alzo. Unconventional superconductivity
appears in the ferro-quadrupole ordered phase (inset). [Nat. Commun. 16, 2114 (2025)]

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/nakatsuji_group.html
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The condensed matter physics is considered one of the most versatile
subfields of physics, embracing big ideas from particle physics,
cosmology, and quantum information. Recently, the concept of topology
has brought up a new era in condensed matter research that integrates
a diverse spectrum of fields and topics, bridging basic science with
technological innovations. Thus, it is critical to push beyond the
traditional disciplines to establish new conceptual framework and to
target at the significant problems. Our research activities focus on
designing and synthesizing new materials with emergent quantum
properties that have never been seen before, then exploring the
physics and functionalities of such properties with our world-leading
measurement facilities. Our goal is to lead the innovative quest for new
quantum materials that bear a far-reaching impact not only on basic
science but also on our everyday life in the future.
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Mn3Sn/MnN H/BRED 5 R — |VIBRROEIBEEF R, 5P RMRITHEEL
HBOAIETF LIEARDOY 7 SHREELTWNS (FAR). [Adv. Mater. 36
2400301 (2024)]

Field dependence of the anomalous Hall resistivity of the Mn3Sn/MnN bilayer. The hori-
zontal shift is induced after field cooling and its direction is determined by the sign of the
cooling field (inset). [Adv. Mater. 36 2400301 (2024)]
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HiZE T —< Research Subjects

1 B Q< N = k= 4
Chiral molecular spintronics

BTWHEAEY b=y 2
Quantum material spintronics

B 7 = L PR OVAL— =S X SO A< T > Rt
Operando spectroscopy using pulse laser and synchrotron radiation

B AC kB ayCa—5 427
Brain-inspired computing using spintronics

HEE =@ B

Associate Professor MIWA, Shinjii

FI Course
HEEMER
Adv. Mat., Frontier Sci.

Rtz 7 / M7z O eI 2t si 211> T, B
RIS, PR T2 TR U T2 e B2 TS Rl = b 72 B
L. BRI 2 DL T N A X2 [V T2 1T
9o T/ OMFICBNT TR V] OEENEEICEH NS T
LICEH U, FiE - MET N DR Hi 25 (o
M) 2RO TR L. Mz L TERTRELN
WK T N1 ZYEDRIKZ HIEL T %,

BIEEDOFZV T 4 2R LIWRICENI LT3,
FIVUT 2 FPIE2T Tl AR B, KXHETE

HELTHONEZELWVHETH D, FrCEET TOFT5 Y
T(%Jﬂb\fc%lﬁ‘/bm%ﬁx'r/vrxo)m%%ﬁ&b“(b\éo
£, mTVETH S N RO AIVGEHEERD 77314 ZY)
[ﬁ Tz LISV AL—T = Xtz Hni T4X5
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FIIWDFAEY FOZY R, IR T/ #EEDA b, 5L F EXTRE
¢, ¥ 7 VR A E IR M (Chirality-induced spin selectivity: CISS) 1€ & % Zfh
BAEVRIBORIEER.

Chiral molecular spintronics: a, An example of a unique nanostructure. b, Chiral molecule
and symmetry. ¢, Thermally driven spin polarization induced by chirality-induced spin
selectivity (CISS).

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

We are conducting experimental research on the physical properties of
unique nanostructures. Specifically, we utilize ultrahigh vacuum thin
film growth technology, a development from semiconductor engineering,
to study multilayer devices composed of interfaces between different
materials. Our focus is on the properties of “spin”, which become
pronounced at the nanoscale. Our goal is to uncover new physical
properties exhibited by novel material devices, to functionalize these
properties, and to understand the underlying physics for creating device
properties with significant effects at room temperature.

Recently, our research has concentrated on the chirality of materials.
Chirality is a property that finds relevance not only in physics but also
in chemistry, biology, and astronomy. We are especially progressing
in research on spintronic devices that exploit the chirality of organic
molecules. Additionally, we are investigating the device properties
of topological antiferromagnetic materials—quantum materials—and
developing "operando spectroscopy” techniques using femtosecond
pulse lasers and X-ray spectroscopy.
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2

BFMEIACY bOZY X 1a, bRAIAIVRIRBEMEAR Mn3Sn DR E Y RUKE
i, b AFRIEZFY KK VIR L ZBEBEDEFEREMREE.
¢, MREVDIVEGRBMARIC L B b > R VEERIEIR,

Quantum materials spintronics: a, Spin and crystal structure of the topological antiferro-
magnet Mn3Sn. b, Transmission electron microscope image of the multilayer structure of
Mn3Sn prepared by molecular beam epitaxy. ¢, Tunnel magnetoresistance of the topologi-
cal antiferromagnet.
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Park Group

7z BOMIRRIZAY Y ha =7 AMER T T34 ZDOHF
JUCTEN LTHR D WlET /WG BT 2 FTEY R O figl] 2
EDHTND, ALY hu=y A&, KIHEE ) O TN
ATV, AR Yy 7, IoT 2o ¥ —7% 8, £ D
TV IR ISR S B0 B, RA7e Bl TAE ViljiE b b
27 (spin-orbit torques: SOTs) | & MHE % FiffiZHF7E LT
%o TR VA LT 72 A AEY (magnetic random-
access memory: MRAM) THW SN B Edh DT )L F—
THEIC X BRI EZ ATREIC T %, TNE TIC, TRIEME / IF
WEPED “EIRZFIH LT, Bilca A bR 2 SRR L.
o 15 L I 0D JHE RO 8 S i 72 T RELC 9 % TTEL /S TANIC A K 2/ ffi
ZHT 5IEANE SOTs ZERBIL 7z, Z LT, ZOfEbizEL
Fa VT4 T ARHERFFRITSH L TV 5,

SOTs LIS &, MR T/NA XBFZBL T, AV b
0= 27 27341 ADOHREFREC-CRBEIE O EICH D fA TV
%o FhTzBIZHHERIC X B A E Y NIV 7 Db ORI E,
AEVENEZNR, AT Hall 7/ F8k#R. & L T HTHLE;
D EHED TS,

NEAREHEE NV Earvivy
Visiting Professor PARK, Byong-Guk

Our Laboratory focuses on developing spintronic materials and devices
and exploring the underlying physics of magnetic nanostructures.
Spintronics offers exciting opportunities for various device applications
including ultra-low power non-volatile memory, reconfigurable logic,
IoT sensors, and so on. In particular, we investigate spin-orbit torques
(SOTs), which enable ultrafast and energy-efficient magnetization
switching, providing an effective writing scheme for magnetic random-
access memory (MRAM). We have proposed new spin current source
materials based on ferromagnet/non-magnet bilayers that generate
unconventional SOTs with out-of-plane spin polarization, enabling field-
free SOT switching of perpendicular magnetization. Furthermore, we
have exploited this technology to implement spintronic security devices
and probabilistic computing.

Beyond SOTs, we further develop novel materials and devices to
enhance the spintronic device performance and functionality. Our
research includes orbital current-induced spin torques, electric
field control of the magnetization, spin thermoelectrics, spin Hall
nano-oscillators, and other emerging technologies.
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Materials Design and Characterization Laboratory (MDCL)
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B Jes P BT s A i

YRR AE R T ld. B OFEL (Design). WE O
A K (Synthesis), &K E N7z WEL 7% Fa & IS 37X % G
(Characterization) @ 3 fifEDW%E7%Z DSCH 1 7 )V ] &
LCHEBMICHEEES B2 Lick Dy, HiLoyt - Hhe
EOMEDRFEZ HIE L T %o AR IEPIERGHB LR,
REAHER) EWE AR - FHIES (DU, SRGEHIEE) 5 &
D, EEHRICIE KRG RN, GG I &R
AP E. XERHES, BTEMEE ERANE
2, OWEIEE, SHEAKRE. REMEED 8 RE=END
%o Rt TIE, WMENA——ara—2ZHREL
TETHOHAERAIC K> THEAREN S S X &5/
HG 2 I LD DHTE ORE 21170, ARG Tk &
FEELWEDOGH. Z DL D 73 A0 b 32 S 1A
Ziro L s, #HrL < Fh SNl - il -
FEIEE OB ERHIZ 1T > TV 3o ANtk D 4 [E LR F]
&, PR E S EERIC K D EH I N TV S,

The aim of MDCL is to promote materials science through the cycle
of three research phases, Design, Synthesis, and Characterization,
which we call the “DSC cycle”. The MDCL consists of two divisions;
Materials Design Division (MDD) and Materials Synthesis and
Characterization Division (MSCD). Supercomputer Center (SCC) of
ISSP belongs to MDD, while MSCD has eight sections for joint-use;
Materials Synthesis Section, Chemical Analysis Section, X-Ray
Diffraction Section, Electron Microscope Section, Electromagnetic
Measurements Section, Spectroscopy Section, High-Pressure
Synthesis Section, and High-Pressure Measurement Section. In MDD,
we explore novel mechanisms behind various cooperative phenomena
in condensed matter by making use of its supercomputer system, and
develop theoretical designs of new materials as well as materials with
new nanoscale structures. In MSCD, we synthesize various types of
new materials, develop single crystals, and characterize the structural,
electromagnetic, and optical properties of the materials by employing
various methods. Almost all the facilities of the MDCL are open
to domestic scientists through the User Programs conducted by the
Steering Committees of the MDCL.

M&RE MR FEh
Leader OKAMOTO, Yoshihiko
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FiZE T —< Research Subjects

EE%E?L@% « TN 73 R AE 2 Ak g A PR SR D FT )
i 2
RZR
Exploration of new materials that exhibit novel quantum phenomena
and innovative electronic functions

Biar d BRI O
Exploration of novel d-electron systems

[ SVASY s Y/ RN R /AL EI TR R L (VA
Development of methods to find novel materials that exhibit
outstanding electronic properties

Bh# KEE EARER
Research Associate
OKUMA, Ryutaro

B ME kG
Professor OKAMOTO, Yoshihiko

FI Course
HEEMER
Adv. Mat., Frontier Sci.

BB ORI, YEOEZ RS 520 Yt
OiEfbic kE L EHIRT 2R A D, WA DR V—7
T, HrazE THSS SH R E FREE 2 R 3 hs S F A
OHMEOHRZHIET .. BESEZ ZTHE ST Z
IZ, HoWEICREBTEYEE NG E LT, BRE, .
TV —2 1 T E L ARERAE B2 T S A N L—
vay, bRaY—, AEVIERG Vo TR I —T —
RZRIEZ M5, BRL B TFEZ B G b B 12 YE R
EITH T LICKD TOHEEERT %, HlA, EFICHD
SFRPEZ A U B M A S 2 & DFTE R, JEio0
RRTTRGE E WA 2 H B ZR2 T LT Zbo T HZ R
THHUSEIA, SRR T R IVF—ZHME., chETIck
WEB T A OESE E DX S it A Z T .

75 @A CsWa0e |THIF BIE=ZEFD " DF " Aok

Regular-triangular “molecule” formation in a cubic material CsW>Oe.

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

The discovery of a new material has a potential to trigger the evolution
of condensed matter physics. We aim at discovering new materials
of crystalline solids that exhibit novel quantum phenomena and
innovative electronic functions. The main target is inorganic compounds
containing transition metal elements. We will explore novel materials
by using various synthetic methods with various keywords, such as
superconductivity, magnetism, energy conversion, electronic degrees
of freedom, volumetric functions, geometrical frustration, topological
properties, and spin-orbit coupling in mind. For example, by exploring
novel materials with a very high symmetry but a complex crystal
structure or those with an ultimate low-dimensional crystal structure,
we will find unconventional superconductors, high-performance energy
conversion materials, and unique magnetic materials that have an
unprecedented spin arrangement.
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R TRVABRMMERE R IMRMRE . — Rt 7 7 > TIV T — IV A&
TaaSiTes,

A thermoelectric material for low temperature applications: one-dimensional van der
Waals crystal TasSiTes.
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)E:é III% m % % Ozaki Group

FiZE T —< Research Subjects

BB RIER I 60 B ikl - EdE T E OB
Development of efficient and accurate methods for first-principles
electronic structure calculations

OpenMX DRHFE & 235
Development of the OpenMX software package

XA Y B IVEHEFEORE
Development of first-principles methods for X-ray spectroscopies
YRR - 2 DT O — B RIER [

First-principles calculations of surfaces and two-dimensional structures

Bk Rl &
Professor OZAKI, Taisuke

FI Course
EFRYES
Phys., Sci.

TG RO TR & VB R ORE IO, B —
FEFRIEHHOEBEMENB LTV 5, A IGHEEINEERR
ICHEDE, HEOIWHRZE KD REEICED IS I2DH L
FHETF - VT b7y r— OpenMX OFIFICHLD 1
ATWVB, INHATED @SWR TS Z G E LT, B/
FEEZRIGEICH D < A — & — N G BIERR 91k
IC K2 ENE, RyINEE B2 RO e 7 — U TS
bik7a & MR mEndat E T L2 U, & miIigT
X5V al—varEAREE Uz, EEIENRE 7O Mok
T 3OV F—DOFIRTFIE sty Z TBBE. Bibies
BT Vv )ik, REAHREBIBOBAIFICHL D A, B —
HEHOIS A2 EEZHIEL TS, EYEERD Y
TERSEDH MY 2 2 L— a VcBED A, RER T L —
T ORI ETT> T 5,

BT — ITEHE TR ONT SIERDT Z TR, RFERDIRZEREL
Wa,

Wannier functions of Si bulk calculated by the closest Wannier function method, almost
keeping the shape of atomic orbitals.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/ozaki_group.html
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With the development of supercomputers and the refinement of
materials science, the importance of first-principles electronic structure
calculations has been increasing. We are engaged in developing a
new computational method and software package, OpenMX, based on
density functional theory, to precisely handle systems close to reality.
Based on the versatile atomic-like basis function method, we have
developed various efficient computational methods, such as the order-N
divide-and-conquer method based on localized natural orbitals, the atom
decomposition method by modified recursive bisection, and the Fast
Fourier Transform parallelization method with minimal communication
volume, enabling simulations that can be directly compared to
experiments. Recently, we have been working on the development of
calculation methods for the absolute binding energy of core electrons, the
closest Wannier function method, machine learning potential methods,
and the development of exchange-correlation functionals, aiming for
further advances in first-principles calculations. We are also engaged
in first-principles simulations of material surfaces and two-dimensional
structures, conducting joint research with experimental groups.
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(@) &U (b) F—REHEICK VRS SNT 7By £ Ge BOZE=AIFFHEE. ()
BEMBABFOHADOERE. ) /\Y FEBEDHEERIRS—BISHI LD
5. BEETIVOZHEENRDS5ND,

(a), (b) Bitriangular structure of Ge determined by DFT calculations. (c) Angle-resolved
photoemission spectrum (ARPES) of the bitriangular structure. (d) Unfolded band struc-
ture of the bitriangular structure which well reproduces the ARPES measurement.
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FiZE T —< Research Subjects

AT I22E T IV OFEIE-E OfFEIA

Statistical mechanical models

B 2 {hRE OB b fRE ORISR

Numerical methods for many-body physics
B i 50—

General theory of critical phenomena
BRI B % A RO

Computational complexity in condensed matter physics

B =i =2
Research Associate
TAKAHASHI, Jun

BE NS BiE
Professor KAWASHIMA, Naoki

FI Course
HEERYES
Phys., Sci.

Ralt. N LEIRE B 2SR TatE s & OWfT THam
ICEHBBICTEEMETZ > TV BN, BLOWET IL—TT
BB 2O RS EENZEEN T 7 2 5 L,
MUWFEZRT S EERRICH i ZED TWVD, ZD
JSH & UTL MR 122 O AR E 0O fi A o ssAH B i - R
B2 REBWIEE O EZ E2T>TWVWD, T THY
ENZBETFEYTHIVAERT VIV Ry T — 213KV
VRV URT—=REEEB U T T — 2R e &
FoTWa, &ICT VIV y MU — 7B EE0HIC R
BLTETWAD, L. TOFEO—MBINET— 2R
ADISHDABEMZ R L TWS, Bz, v —MFry
Ry FT—=2IC &> T, BABNTLZEHY >V TIVESD
5ZENEIBIT RSB IG5 T 2 BT TV 72 i
THT LI LTz, TOEKRET VX, *v MU — 7k
ZHBIREET 2 & TAICREND D, L2 A T O
FHOTREN < B O EHEL TV,

N

V) —DEAER, 3iBY ORREED SHPROKNMES BERAEZR/NNCT S
DERR, TOXIBRODGEFHRZZY ) —OKIHNTKEHNITHR YR LiE
BYsTET VI —nigEERELL T,

A basic transformation of a tree. From the three possibilities, choose the one that mini-
mizes the information flow carried by the central branch. By repeatedly applying this type
of branch reconnection to each part of the tree, the tree structure is optimized.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kawashima_group.htm]

Recently, the popularity of artificial intelligence, machine learning,
and quantum computing has drawn a lot of attention to computers
in society. Our research group is conducting research to clarify
the mathematical core of computational statistical mechanics and
developing new methods. As applications of these methods, we are
trying to solve vairous problems in statistical mechanics and strongly
correlated electron systems to compare with experimental research. The
quantum Monte Carlo method and tensor network method used there
also have connections with data science through Boltzmann machines
and data compression. In particular, the tensor network method has been
developing rapidly in recent years, and we are exploring the possibility
of applying this method to general data analysis. For example, we have
succeeded in constructing a generative model using a tree-type tensor
network that acquires a probability distribution function that realizes a
given multivariate sample set. This generative model is characterized by
its automatic optimization of the network structure, and we hope that it
will open up new possibilities for machine learning.

REFMIERE S&P500 ICEENBHMDEER/NZ -V DEBL SERSINY
-1, EECLITBDEINTL S, BLEELNY U —ETHIEITRT
WBFHDD B, (©2025 Kenji Harada)

A tree structure generated by learning the rise and fall patterns of stocks included in the

US stock index S&P 500. They are color-coded by industry category. We can see that
stocks in the same category are close to each other on the tree. (©2025 Kenji Harada)
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:I I: } I I 61: % % Kitagawa Group

HiZE T —< Research Subjects

FENBEED T Ty &7 55 &y B AN DR
Search for pressure-induced exotic superconductivity and novel
quantum magnetism

ATt Y5 IOt e T el e S OB FE
Development of advanced optical-sensing methods under pressure
using quantum sensors with solid-state systems

%ﬁ@‘%’é?%‘lﬁﬁﬂi%ﬂﬁé T B RAMM i e 2 E DB

Development of large-space ultrahigh-pressure device for realization of
multi-purpose electronic property measurements

Bh# EK KBS
Research Associate
SHIMIZU, Yusei

i

AHE L) AR
Associate Professor KITAGAWA, Kentaro
I Course

BYRMEBY
[Phys. Sci|

WA, KZEED® NI LAY O @IRBEEAN R I N
2L, SIEREIEBSEIRO Ty T2 7 ThB, TN
TR EINIYEOREIRRE R WISE T 5 72 8 DR
BRTA=RTH B, T TNETERET) FTER
W YIHEN L <. HE ORI TN TR, [Eik
PTCIE A Y VHLERES LB THB. Z2ERMEEDNT R
X OFWRBTHNAIOHESEZC ENH D, WA E TR
FUREED B TBIRER B A Y VIR TH B . T
FTTHELS 2 TNEEF - AT Bk, b, AEY
DOEHE, BT 2 EMNIEFICEE LTS, Y
SRS O B E E SRR EIE & BB SUE 2 VT
B TR D BT 2t T 2 721 Tiad Dtz T u—
T b LEERRE T2 V> v T & oSz v THesko
Y & i S e AR AT BE 2 0 L W R A
EERFFEL TV,

Nuclear Magnetic Precision
Resonance ~12 GPa Magnetometry
~20 GPa

<24 ton

Fix load
(Clamp)

41mm

Electrodes/fibers

<—>
dia. 29mm ‘
G

RERREOBSE T EmAER. (F) #BREKAREL/IL, RANG NMR
AEZAREIC LTc, () BBEMCAERI. — v 7IVEBtMeREEEDI 1
AT —RHFRBIEN® 2 GPa U LD BBLMERL LS RIE TIERE,

Newly developed measurement techniques under ultrahigh pressure. (Left) High-pressure
cell for NMR measurement, realizing practical NMR measurement and in-situ fluores-
cence measurement. (Right) High-pressure cell for precision magnetometry, capable of
sensing paramagnetic susceptibility even above 2 GPa.

S

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kitagawa_group.html
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Materials development under pressure has attracted a lot of attention,
as demonstrated by recent discoveries of hydride and Ni-based
high-temperature superconductors. Moreover, pressure is one of the
fundamental parameters for changing the ground state of a material,
leading to material characterization. However, magnetic properties under
pressure have been little investigated due to difficulties in the detection
methods inside pressure cells. Unconventional superconductivities in
the vicinities of magnetic quantum critical points, or quantum spin
liquids are examples of novel and exotic electronic states caused by
a combination of spin-orbit coupling, electronic correlations, multi-
body effects, and so on. To understand these states deeply, direct
observations for spin degrees of freedom, or for magnetism, are highly
desired. Our group aims to study strongly correlated electron systems
by use of state-of-the-art ultrahigh-pressure precision magnetometry
and nuclear magnetic resonance methods. Besides, we are developing
a new high-pressure device that enables us to observe conventional
and magnetic properties simultaneously by application of advanced
optical detection techniques, including quantum sensing with solid-state
systems.

NV. center

-

" SiC:Vsi
L 10 um
f Tele-mich@geope’ technique
1000ton press Q%
u

,  dforiqguantim sensing
w/ 3.5 Tesla

junder multi-extreme conditions

25 FEICEETORIVFEERIBRERE, BEKADHNEHHERR
TBINAT )y F7 2 E)VEl EHREBRABEFDRIBAEFRICK Y. &
. OEMb. B SeMEOEMERERAEZ THEICT .

The multi-purpose ultrahigh-pressure device, under construction this FY. Our hybrid-
anvil technique realizes the largest-ever sample space, and combination with advanced
measurement techniques such as optically-detected magnetic resonance enables us a
simultaneous characterization of many samples and many physical properties, transport,
magnetization, specific heat, and optical properties.
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FiZE T —< Research Subjects

B BRI OIS A F 25 R

Non-equilibrium dynamics of biomembrane
fla, NEEANY 7 )VOIEREE K

Shape transformation of cells and lipid vesicles
3 REp R NAE A8

Dynamics of complex fluids

A7 757 2—0EES

Self-organization of active matter

B ¥ %
Research Associate
NAKANO, Hiroyoshi

HEEER FO 1BE
Associate Professor NOGUCHI, Hiroshi

FI Course
B REF
[Phys., Sci.|

VT N &Z— BV R, SHERZERE L CRTTEL
TW3, BT, FARELHMI OSSR, EHERIk, 7277«
TRIRA—DEAF I ADIHC 17 ANTWD, ZTDIh
DY al—ya YV FEORE, AEET> T3,

B 2L, RIMER-CHEEEN 52 2/ MED & F X EAERE R
TOREZLZTNTWVS, TNET, HAUC K S RMmERD
ST Y a— MRS A wISIRANDEIER, [hEGFLE 2 8y
BOWA ., LEMIGIC X 2 EREORIEZ s &2 IH 5 M
LCTW3, FHCIEEH FTORAF 7 ZAZMFEL TV 5,

Fie. VU T4 T RE—ITHT BRI ZER SR —
ED TR XTATE Kz 5 e EdFEOF T A h—2
AFBRIHEDHRVIRARD X A F 27 Xz Z8a vz vz
THY 2 2 L—y g YR LTHIgEL T3,
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protein concentration

0

B2 >\ EDRISILEURICHE SN 7 L OREOEEZEL, <UNE
Mz EHRRICHR Y R, FREOERIHEFES >/ EDRENEL.

Sequential snapshots of a shape-oscillation vesicle. Budding repeatedly occurs, accom-
panied by the traveling wave of bound proteins. Color indicates the concentration of the
curvature-inducing protein.

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

We study soft-matter physics and biophysics using theory and
simulations. Our main targets are the structure formation of
biomembrane and the dynamics of complex fluids and active matter
under various conditions. We develop coarse-grained membrane models,
hydrodynamics simulation methods, and the calculation method of
material properties.

We found the shape transitions and dynamic modes of red blood
cells and lipid vesicles in shear and capillary flows using mesoscale
hydrodynamic simulations: discocyte-to-parachute transition,
tank-treading, and swinging, etc. We also clarified the shape
transformation of membrane induced by curvature-inducing proteins
using coarse-grained membrane simulations: membrane tubulation by
banana-shaped proteins (BAR superfamily proteins, etc.), budding by
laterally isotropic proteins, and the coupling of membrane deformation,
chemical reaction, and protein diffusion in membrane (traveling wave
and Turing pattern). Membranes exhibit characteristic patterns and
fluctuations out of equilibrium. Moreover, we investigated phase
transitions of active matter and fluid dynamics of polymer solution and
cavitation in the Karman vortex and sound-wave propagation using
massively parallel simulations.
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Cavitation in Karman vortex behind cylinder arrays.
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E J:l: E:I: % ‘:glr. Hiroi Group

FiZE T —< Research Subjects

LV R T DOFER

Search for new quantum materials
A E L R OnE
Physics of the spin-orbit-coupled metal
RAE7 =4 AeaWc B 2 VBT & HrartiEh

Chemistry and physics of mixed-anion compounds

BiR BEH BZ
Professor HIROI, Zenji

FI Course
HEEMER
Adv. Mat., Frontier Sci.

B LSO R L ZOBOMFDRNIE, FEOFER
U PEAIC R Z 72 A 28T b2 5 2 % 72 indEic
RUTze TOPRUSEBILENRORH A ST, mHEE TR —
I I 2 /AL - JERIEDBER DML, WETE & AR E D Bk
ROMRE, A CVHuEM A Z IR T 22 BB, F
SRZE/N Y RRGIEICHEIN 9 2 IR IE% 78 EDIFEN & R E 7R
JEIND 2 BTV 5, FHiERRZE L TRAIOY B R %Z
U, Yo Loz e 5%ET
FIHBECED EEZABND,

ARRETIE, L ZEBERIEEYIORIE L YITEORIC
FHENBMBEICHE Lo, HitE Rz, s E
FROVERZOMAE 2L TV, FICRIITIE, &
W5d BFRVEBOBRA A V2B BRET =4 beWE
HLLICIFZEZ IR L T %,

10' Cd (Re,0s)Oq
e
10° L @-Cd,08,0; o S
/ [055 5] « ML 4
10" F o/ -
E 102l T
S l R ®
s
107 ¢ Re/Os
10* E = 7 T
Re5": 5d2] 1,
10° \a-Cd2R9207
0 100 200 300

T(K)

5d €8/ O 078t Cd20sy07 & 230 K TR ERFMEEH Y . U\
&Y 5 A2 =R\ BT E R L TR &£ 755, CdaRexO7 & 200 KLLTF
TEERENTMEE K> CBEY 5 A2 —8& bO41 ZIVEEFH*EERY .

Two 5d pyrochlore oxides. Cd20s207 exhibits a metal-insulator transition at 230 K to a
tetrahedral-cluster magnetic octupole order with losing time reversal symmetry, while an
itinerant electric toroidal quadrupole orders are realized below 200 K in CdaRe>07 with
spontaneous spatial inversion symmetry breaking. CdaRe>O7 is a spin—orbit-coupled
metal candidate.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/hiroi_group.html
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The discovery of high-temperature superconductivity and the subsequent
flow of research clearly show how the discovery of new materials has a
great impact on condensed matter physics. The ripples are not limited to
superconductivity research, but expanded greatly to the establishment
of the concept of itinerant-localization in strongly correlated electron
systems and interesting correlations between magnetism and
conductivity. Moreover, various phenomena originating from spin-orbit
interaction and off-diagonal responses due to specific band structures
have been focused. It will be more important in the future to discover
unknown physical phenomena through the search for new materials and
to open up new directions in condensed matter physics.

In our laboratory, we are searching for new materials while paying
attention to the correlation between the structure and physical properties
of various transition metal compounds, and are enjoying the fantastic
materials science. In particular, recently, we have been focusing on
heavy 5d electron systems and mixed anion compounds containing
multiple anions.

Pleochromism
* in CazReO4Cl,
(Y

Ellc

Ella

N :
ReOs square pyramid

ZEHRERITREET =4 L&Y CasRe0sCly.

Mixed-anion compound Ca3zReOsCl showing pleochroism.
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B A5 E OB BT S YRR
Research of physical properties from the viewpoint of crystal structure
B 57 Y— LEHVERVF Ta—T - VF R — Ui
Multi-probe and multi-scale analysis using quantum beams
HIEREMEA KL D22 & PR

Science and exploration of new functional materials

Associate Professor YAMAURA, Jun-ichi

FI Course
HEEMER
Adv. Mat., Frontier Sci.

Iz B O E Tl BEREEM R OREIIEIT T 21775 >
TW5, WdtE &, st T & 7% 2 /5 ik 2
N—RICWEDOHEZEWEMCT 2B TH 5, HBERE
FTERL, BEPEOH TR EORL KB E—LEZAN
WG L. DD, IRINWE T A — )V T ORE 4 7 il 7z
BSMCT BRmFIVTFTa—"T « RIVF A7 — Uik 7217
W, BRERBIBBOA L 2R T 2 2 LICBDTWE, 15
FEGE BT ORGSR AR 7 & OB 5 A,
R, KBFEMR EDISHMEL X T2RIA < FHTTna,
FEREMRIAZ1 T <, K0 EWVEREEZS[EHT I ES TR
BERONEEZ DD, [E>THl> THRLUWIRGE] ZEY b—
ICHAZ DS 2D TV B,

SRIBBRAEB AR T I Cd205207 ST — 46 ‘CLUTF THIRT 2 all-in-all-out
EMENDIERBITHIFEDBLE LW EVES), BEtHE R THE X 75
SEEL TS hlcENT,

A highly symmetric and beautiful spin arrangement called all-in-all-out appears below
-46 °C in Cd20s,07, which undergoes a metal-insulator transition. Resonant X-ray mag-
netic scattering using synchrotron radiation revealed this spin arrangement.

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

Our laboratory conducts research on the structural physics of functional
materials. Structural physics is a field that clarifies the properties of
materials based on the crystal structures, which are the starting point
for materials research. By utilizing not only laboratory systems but also
various quantum beams like synchrotron radiation and neutrons from
multiple perspectives, we work to understand the fundamentals of the
mechanism of functional expression through quantum multi-probe and
multi-scale analysis that reveals various aspects of materials on a wide
range of atomic scales. We focus on a broad range of topics, including
practical materials like dielectrics, semiconductors, and solar cells as
well as fundamental materials like new superconductors and magnetic
materials. Under the guiding principle of "research that is pleasant to
create and measure," we do our everyday research while considering
how to clarify functions and achieve improved performance.

O1/N1
‘? 02/N2
D> O

G(r) (A?)

-
1 1
3 5 6 7 8 polar structure

PiEFE AL 2 AR BRI (£) A58 EH LIc@FE A LaTiooN O
R4 (polar) ./ #83& (£ ). KEDEIEMBME (non-polar) &N S DEMZER LT
W3,

Two-body correlation distribution function analysis using neutrons (left). Polar nano-
region of high-k dielectric LaTiO,N (right). The arrows indicate the displacement from
the non-polar structure.
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iIZLT E 9: — .ZA Yoshimi Team

KHURGT R Tl VML AVE B LT % A—
NR—TAVEa—ZEXOBEMIIEHTES L5, 2015 HE
X0V T rT 7R @EETTY 27 b (PASUMS) Z[H
LTV, AF—LTlE, ATV 7 McERENS
075 Lo - @mEb L, A—T >V —AV T U
TEUTRIT S L &8I HEH IR EOERIGE 21T >
T3, o, @ElbENY 7 v o7 ZEH L, GH(E
LRz OIS —FEH R E A G DB T AR ORESE L
FORHTR, A Rt « €27 h)vaikz2iEH Uk ER
T — R RN RE IR ST XA — R OHEE I EICHD AT
%, Fle, BEALY T v 2 T I LRI Z. TEER
WHREHICER L, A= AT V7 ZiE LicRTE
TV AETE BN T — X OO, S % i
YIRS T2 SR LI B D fHA TV 5,

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

]) h— m % % Lee Group

BEREE (P) &R —B
Project Researcher (PI) YOSHIMI, Kazuyoshi

From the 2015 fiscal year, the supercomputer center has started the
project for the advancement of software usability in materials science to
enhance the usability of the supercomputer 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 to these activities,
using the developed software packages, we theoretically study research
subjects such as the derivation and analysis of experimental data and the
estimation of effective model parameters using Bayesian optimization
and Monte Carlo methods. We also focus on 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 machine
learning methods.

FOMWETIE. B2 KR FHCWED R R 22U HED
PRI K CEUEIIAZEICSE R Y T TV 5, FMEEIET T4
MOSARREED PEPS IREI E DT V)% hT—2 7 )b 3
D XLZHMAE LTEL, TNSIFMMHERICET % EFIK
REDNRNE LB ZRMT 28D TH %, TNEDHIEICK
D, 74—IVF LTV MrEFIOYE2—T 0 VTITBY
TEERKNE RIS T A VSN FE R E DTS
VFy 7 Ix B RO AIREIC IR %o

ISSP Digest 2025

NEANFEHE

U— kar3av
Visiting Professor LEE, Hyun-Yong

My research focuses on the theoretical and numerical study of quantum
many-body systems, particularly topological phases of matter. I
specialize in tensor network algorithms, including Density Matrix
Renormalization Group and Projected Entangled Pair States, which
provide efficient representations of quantum states in strongly correlated
systems. These methods enable the exploration of exotic quantum
phases, such as anyonic excitations and topological order, which play a
crucial role in fault-tolerant quantum computing.
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MEPEIEE & LT, EERIIIEICHES S 5 I L& it
Tk 7 EHT 2 HRR L ORZFEEZINCHITEZED TV 5,
CNE TTIOTHEOYIEIREICE B U, fld & #hEOH
BRI B\ T EHEERERE R L TER, ThDDOWIZEK
HiE, BIC RTRFEER L WS i AN ORIEDNH B,
CDMFRICBNT, RfEREZ WV 2 8 BB O — R
SIESTA OB RZF i LTz, RIREERIZ, RfEREICE DS
—FHIFHE Y — )L OpenMX I— RO THRHRETH O . Wik
WHC 3T ld SIESTA T— RTINS R i 76 4 o i
JERHE TR I L 2RIC, & 5IC OpenMX O REAE A ]
LTW53, £z, YN T ok B s iiges &
DR —EFED S T L EMFEL TV,

Al
NEAZEHE NSY Oz HLAkR—L
Visiting Professor BARRAZA- LOPEZ, Salvador

I am a materials physicist who loves conversing with experimentalists
and with theoreticians who have analytical backgrounds. Most of my
work is concerned with the properties of two-dimensional materials,
and I was an early proponent of structural modifications of those
materials (those ideas eventually spanned a field of two-dimensional
ferroelectrics). In reaching those conclusions, I have made modifications
to the SIESTA density functional theory code, which relies on a
localized basis set. Professor Taisuke Ozaki is the lead developer of the
OpenMX code, a tool for first principles calculations based on another
type of localized basis. At Tokyo, I intend to finalize an implementation
of optical second harmonic generation into the SIESTA code, and to port
it into OpenMX. I also look forward to interacting with Professor Ozaki
and additional colleagues at the ISSP working on two-dimensional
materials.
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Y EGEHE (Materials Design Division)

L

Supercomputer Center

wifiErIE KHE #®17

Senior Technical Specialist
YATA, Hiroyuki

BEmE IS EXE
Chairperson
KAWASHIMA, Naoki

BEFE BB &R EMEFIME fEH  RE
Contact Person Technical Specialist

OZAKI, Taisuke FUKUDA, Takaki

BYFRE 2F & BifEREe AL H—
Contact Person Technical Specialist

SUGINO, Osamu MOTOYAMA, Yuichi

BYFRE FO &R PHEMHE A T
Contact Person Project Academic Specialist
NOGUCH], Hiroshi ARAKI, Shigeyuki

BEMZEE P) HR —BE BEREE Bl #EE

Project Researcher
AOYAMA, Tatsumi

Project Researcher (PI)
YOSHIMI, Kazuyoshi

LN

B @A FX B HFE EX
Research Associate Research Associate
FUKUDA, Masahiro IDO, Kota

KBRS TR EH O A —8—a Y
Ca—RI AT L7, A—/8—a ¥ 1—R2LFAFHEES
DFHICED E2EOYMEIZEHE O LRF AL T 5,
BE Y AT 13,2020 4F 10 AICERBIR LIZ B AT L (¥
A7 B (ohtaka)), XU 2022 4 6 HI<H#H B L7z &l
VAT L (YAFLC (kugud) HBEBEATATLTH
Bo VAT LDNY X —LDEITHEEIC K > THETRY AT
LkfeZfRid 5 & L 8, REI—YD 5 OHFICE HM
ML CEDNS VAT LOEHEHZ1T> T\, A—78—
IV Ea—ZDOFHHFHIC OV T, F—L_X— (https://
mdclissp.u-tokyo.acjp/scc/) ZZME Nz, . 2015
FEEDND LR A—8=a Y Ea— R Y AT LD XY &R F]
M7ZRHET 27DV T b 2 7 - @E g T 7S L
(PASUMS) ZZFEffiL., 12—V 5DRFICEDEHE2, 3
DV 7 v 2 7 FEETTO TV,

FERME

System B (ohtaka): Dell PowerEdge C6525/R940 (1680 CPU nodes of
AMD EPYC 7702 (64 cores) and 8 FAT nodes of Intel Xeon Platinum 8280
(28 cores) {-¥EBEREE HRE 6.881 PFLOPS)

System C (kugui): HPE Apollo 2000 Gen10 Plus/HPE Apollo 6500 Gen10 Plus

(128 CPU nodes of AMD EPYC 7763 (128 cores) and 8 ACC nodes of AMD
EPYC 7763 (64 cores) SR EE I4EE 0.973 PFLOPS)

System B, Ohtaka
6.881 PFLOPS
memory : 420 TB
storage : 2.3 PB

[ l’a p TP
K10

o So0U
o 10l

MERERERR—/\—O> 21— 2T X7 LHERK
The Supercomputer System at the SCC-ISSP.
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https://www.issp.u-tokyo.ac.jp/maincontents/organization/computer.html

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: The main system
(System B (ohtaka)), which started operation in Oct. 2020, and the
sub-system (System C (kugui)), which started operation in June 2022.
Information about project proposals can be found in the center's web
page (https://mdcl.issp.u-tokyo.ac.jp/scc/). In addition to maintaining
high performance of the hardware in cooperation with the venders, the
SCC also responds to questions and inquiries from users on a daily basis.
In 2015, aiming at more efficient usage of the supercomputer systems,
we started a new program PASUMS for developing a few applications
annually based on proposals from the ISSP supercomputer users.

Main Facilities

System B (ohtaka): Dell PowerEdge C6525/R940 (1680 CPU nodes of AMD
EPYC 7702 (64 cores) and 8 FAT nodes of Intel Xeon Platinum 8280 (28 cores)
with total theoretical performance of 6.881 PFLOPS)

System C (kugui): HPE Apollo 2000 Gen10 Plus/HPE Apollo 6500 Gen10 Plus (128
CPU nodes of AMD EPYC 7763 (128 cores) and 8 ACC nodes of AMD EPYC
7763 (64 cores) with total theoretical performance of 0.973 PFLOPS)

ESM-RISM

-

IS TeNeS

‘ PHYSBO 2["'1HT MateriApps Installer

VI EUITEE - BEATOY LY b (PASUMS) THELEY 7 b T 7E

Software developed by "Project for Advancement of Software Usability in Materials
Science" (PASUMS)




MG Rk - FFiEE (Materials Synthesis and Characterization Division)
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Materials Synthesis Section

{L2E o0 =

Chemical Analysis Section

BHME EA  ELEE

Contact Person : OKAMOTO, Yoshihiko

wifErIEE AHF HEF

Technical Specialist : ISHII, Rieko

EYmE EA  EHhE

Contact Person : OKAMOTO, Yoshihiko

EEFBE A HEF

Technical Specialist : ISHII, Rieko

ARETIE, FEOEK. BEAIEOREL, B RE K
T EWIRB OB ZIT>TWVW5, o, BminEs
SROBAEE AT, SRR TR & 2 SO FFI T
ZiIRE LT LT B,

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.

EE4

TJO—T 42OV -VERERBERF. FEBSUF GERMNHRLXT U v IT
VIR, 75w O RIRC T UBRIE. U2y ME. Ry 7 RIF) B
ZeALEE (10%Tor). /O—TRv IR

Main Facilities
Floating-zone furnaces, Bridgman-type furnace, Ar-arc furnace, Furnace for flux
method, Ultra-high vacuum deposition apparatus, glove box.

AZE T, WITEWIZEIC A R EIC DV T O A0 0%
LW D53 LD B KL AN TIEIC K B MR O
WB X UHEZ TS LIS, FEE - 7087 - (L2202
HAER AR AT ORI NI L T B,

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 analytical equipments,
several types of automatic balance and a system for preparation of ultra-
high purity water are provided for chemical analysis experiments.

FERMA
FEEABER TS ATEADHIER. BFA. EilkEEER

Main Facilities
ICP-AES, Automatic balances, and the system for preparation of ultra-high purity
water.

HABEAIO—TRY 2 2

Glove box for sample preparation

https://www.issp.u-tokyo.ac.jp/maincontents/organization/chemical_analysis.html =]

FEEARER T AIRADNDTEE
ICP-AES
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B G Rk - FFiEE (Materials Synthesis and Characterization Division)

X il =

X-Ray Diffraction Section

(R

Electron Microscope Section

BYFRE WE E—
Contact Person : YAMAURA, Jun-ichi

BYmE IWE EF—
Contact Person : YAMAURA, Jun-ichi

HmErImEa ER KE#

Technical Specialist : HAMANE, Daisuke

Flif G S, DEREIR DR AN LR TH D, &K
FTE, XHEHT7ZHOT, #ibbite N—21 LeYEnse
T 2 MEMIE 21T 5 LI, NS OIFZeE I LT
ax i (I Ol %Uﬁ%%ﬁibm\

Crystal structure is the most fundamental information for studying
materials science. This laboratory uses X-ray diffraction to conduct
structural properties research, which is the study of physical properties
based on crystallography, and also offers the use of its various
diffractometer facilities to researchers both inside and outside the
institute.

FEHRE
AR XERETET. BER Kol B XIRETEH SIBERESR X e
5T MBS XMREIEH. 2UIAHXD

Main Facilities

General-purpose powder X-ray diffractometer, Cryogenic Kal powder X-ray dif-
fractometer, High-power single-crystal X-ray diffractometer, General-purpose
single-crystal X-ray diffractometer, Laue camera.

YR Kal #95R X#REIfTET
Cryogenic Kal powder X-ray diffractometer

https://www.issp.u-tokyo.ac.jp/maincontents/organization/xray.html
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AZETRIWE DL HHBCC MGG 2 7Pl S % 721 EHE
RSB & B E T MBI 2 A, 2 /a5 /R
TV TO®ES - T, FTINIC BT %828 I~
XA BT, R AN OHFEFICH L TV 5,

The Electron Microscope Section supports measurements such as
electron diffraction, lattice image observations and chemical analyses for
various solid materials in both crystalline and non-crystalline forms by
using TEM and SEM equipped with EDX analyzer.

FERME
BRESTEELEBFEMSE. 8 - 28 - 2RIV E— BE - EE=
BHERD e DIE L DEE

Main Facilities

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

200 kV B MA Dt E FHEMER

200 kV electron microscope with an X-ray micro-analyzer




MG Rk - FFiEE (Materials Synthesis and Characterization Division)
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Electromagnetic Measurements Section

YEA I =

Spectroscopy Section

EELEIR:

Contact Person : YAMASHITA, Minoru

BHME EA  ELEE

Contact Person : OKAMOTO, Yoshihiko

BLmE F PR BMEFME WA |

EHmE Rl E’X

Contact Person : AKIYAMA, Hidefumi

BUFRE Mk FEIA

Contact Person : MORI, Hatsumi Senior Technical Specialist : YAMAUCHI, Touru

Contact Person : MATSUNAGA, Ryusuke

KBTI, WHOREANWMNE TH % BN IEEZ,
i3 KOS DIRWEIICh 2> TRIET % L L Bic, #
SURFPERNESEE, VBR P EE S, B 7 & D ki
Z TN DOIFEFINC A L T %,

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.

EE4
1517 7 AZBEER T X
(NMR). SQUID Bi{tRIZERE

v b 16/18 T AT B —BLRET IRy b
B (MPMS). SRABYMERIERE (PPMS)

S

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).

PAED & 2 ANER G L— Y — 2 m A . Arst
DHEFEFANCHEL TV B, T« S5 - FRIEIK DN « 7
BART Bb, BT~ 250t EORENTIRETH %

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

FERMAE
FIRENDIOCEST. FRADIOLER Yt Est

Main Facilities
UV/VIS absorption spectrometer, IR spectrometer, Micro-Raman spectrometer.

WS EREREE
SQUID magnetometer (MPMS)

FABLU ST DNHEE
IR and Raman Spectrometers (Room A468)
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MG Rk - FFiEE (Materials Synthesis and Characterization Division)

Y ARE D%

High-Pressure Synthesis Section

i I =

High-Pressure Measurement Section

BHME EA  ELEE

Contact Person : OKAMOTO, Yoshihiko

HMEFIE KB SAE

Senior Technical Specialist : GOTOU, Hirotada

Bume db)ll EAXER

Contact Person : KITAGAWA, Kentaro

BitiEFIE LA #®

Senior Technical Specialist : YAMAUCHI, Touru

FHEFIBE KRB HF

Project Academic Specialist : NAGASAKI, Shoko

ARETIE, AARKE. BTEE TO&RSE TICBOTRA
T (H) WEOGRZITS LIS, mEATICBT S MED
PPN T VD, & HICEMD mEFEEEE P ET 5
FEERR N 2 NS O FFIRICHE L T 5B,

The main purposes of the High-Pressure Synthesis Section are to
synthesize various (new) compounds and to investigate the behav-
ior 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 apparatuses and related experimental
equipments are provided to joint research and internal use.

FEHE

500/700 FVHETLRAEEB. A4 VEY K7 VEILtIL, XEGEIITEE.
BV DHEB. YAG L—HY—INTH. ZOft (WEMIHE. 41V
T RHIEEE. e NCETUVIXTY)

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.

ARETIE, @ T TR 2O RR & S50 & KR
PRt 217> T %o Eie, SKEMED @O I FEA R E
5 EZ TN OILFEF S & LT L TW0 5,

The High-Pressure Measurement Section aims at search for novel
phenomena under pressure and characterization of high-pressure
low-temperature physical properties. This Section offers high-
pressure devices featuring good hydrostaticity for joint research and
internal use.

N
250 bUEBEBERF1-—EV I T VEIENREREE

Main Facilities
250 ton-class constant-load cubic-anvil-type high-pressure devices.

.

EHRL 700ton F1—Ev I T LR, 4GPa ECOEEBESHRERA.

Wakatsuki-type 700 ton cubic press for high pressure and high temperature
synthesis experiments up to 4 GPa.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/highpressure.html
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EREF1—EvIT7VEIVREEE, SHUMESREEIMEEFREICE Y
BKEEDOBEVBERRREZRIRT 5,
The cubic-anvil-type high-pressure apparatus equipped with constant loading force press,

realizing highly hydrostatic pressure environment by three-axis compression and liquid
pressure transmitting medium.
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Neutron Science Laboratory
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Bb s L R AT Sk

PP TIE 1 ATREOIHEDR & LTOMEE 100 meV 2
JEOMEF T IV F—Dhi+ L L TOMEZHELD, iz,
TR ER BN, MNGONEERZE DD T, FHT
Bz D0 DETHOL ZWHENZRIILES, Th
EOMEEFIH U TYEIC X B FOREL O & s # 8
L. MENDE SRR T— X > kORISR ES O 1
ZH 5B THETEGEL &V, PitEmgeaiomh
PETFREAFZE IR TR S, stER S etmiL. H
AT SISEBIFEREME OWFFE I 77 JRR-3 IR E S Nz
12 5O P HGHL2E E 2 D 7= LR R 2 LT E 7,
& 51T, KEK & H[6] T RGEE [ s s st J-PARC 1%
S NI B RRETF 3 v 78— 788 HRC 72 W 7= FE [ F1
EHEEL TV, ThUC Kb Bz, SRa Y2 UE.,
PR TG E QBRI Z 1 L L LT, HIT AR
79 A L— M8 ls EEMERERR. A A RIS
IR EDMBRIE, @ TRTIVIEEDY T h 2 —,
AR EHY L & CIRIAWPIERE, & SIS0
BlZe ERIFEENT VS, Fiz, Mfiaid kI Th
PETHGL D EF ) OEMHEE e LTEEH L. BHEO T
TEELIFZEOFEIBICEBR L TV %,

A neutron has dual nature of a wave with a wave length of about 1 A
and a particle with a kinetic energy of about 100 meV. A neutron also
has excellent transparency of matter and a nuclear magnetic moment.
Owing to these properties, neutron scattering is a powerful method
to investigate the structure and dynamics of atoms and electron spins
in condensed matter. Since 1993, Neutron Science Laboratory (NSL)
has been playing a central role in neutron scattering activities in
Japan not only by performing its own research but also by providing a
general user program using the university-owned 12 neutron scattering
spectrometers installed at the research reactor JRR-3 (20 MW), JAEA
(Tokai, Ibaraki). Furthermore, NSL owns a cutting-edge inelastic
neutron scattering spectrometer HRC in J-PARC, which started its
operation in 2009 and has been managed with KEK. Major research
areas supported by the NSL user program are solid state physics
(superconductors, topological materials, novel quantum phases, etc.),
soft matter (polymers, gels, etc.), complex systems (glass, liquid,
clathrate materials, etc.), material science (ionic conductors, hydrogen
systems, etc.), biological physics, and fundamental physics on
neutrons. The NSL also operates the US-Japan cooperative program
on neutron scattering since 1984.

MERE kg =
Leader SATO, Taku J

BlfESRE H ER
Deputy Leader MASUDA, Takatsugu
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E]A w E{ % % Kofu Group

HiZE T —< Research Subjects

LREEIEROKER TR TORAF I 7 A

Dynamics of hydrogen atoms and hydrogen-containing molecules in a
wide range of materials

AY V7T ADFE
Excitation characteristics of spin glasses
By TRODAE Y XA F IR
Spin dynamics of single-molecule magnets
PR LA DR FE R K UHIE N\ D Pk
Development of neutron scattering instruments and challenges to new
measurements

B ME W
Research Associate
AKIBA, Hiroshi

B EHF BRKF
Professor KOFU, Maiko

FI Course
TIERYETSE
App. Phys., Eng.

ARWFEE Tk, HEFEELEZ W T, L EE RO
TRD T AE YOG ZIN, BACEICHET %
RS OEEEZ AT C e ZHIELTWS, HTETIE
IKERFOBHINEE AT —T Th . KEORTEAF
SUZARTT R/ B RY RAA U AREOERID O T —
DU EDTH D, KERFEFEDBEOICEE LTHIBNT
WBD, IKEOBETIRDEICRZ T — AR TH %,
kA2 R U 72Kk EO T / IETIMEEELD 7B &R &
FULEHIREICHER L, CThETHRAGN AN > Te XA F 2
7 A7 W UTe w0, KAV RSEEE A, AV 7S5 ADH
DTG (F/WADX S IR EES MERD 75 & D—Ja%
Do WM ADMEEIT> T3, TNEDIFICIE. LW
BAFIv I LI TOMENLETHD, ERANOTFE
T oeeR e il % & & i, PETEEL YRR D
BHEIT> T3,

PdH, nanoparticle

TEM image
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FREFEIT. FEREE, AEBMEEELEIC K o TRNTNS DU LokE(Ln S/ f
FHROKZEDRE, +/HFORMAFETIE, /LT RELIEREZ S MUEGET
A MTHKENFEL. FRFTREE S CRVEEDE C B,

Hydrogen state in palladium hydride nanoparticles studied by neutron diffraction, inelas-
tic, and quasielastic scattering. Our comprehensive studies showed that some hydrogen
atoms near the surface of the nanoparticles are accommodated at the tetrahedral sites,
which is different from the bulk state, resulting in anharmonic vibrations and fast diffu-
sion.

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

We study the dynamics of atoms, molecules, and spins in various
materials using neutron scattering techniques, to discover novel
phenomena and universality inherent in a wide range of materials.
Neutron is a powerful probe to detect hydrogen atoms. Observation of
hydrogen quantum dynamics and proton/hydride ion conduction is one
of our major research interests. Hydrogen is known as a quantum atom,
but the quantum nature of hydrogen is rarely manifested. We will try
new measurement techniques, such as coherent/incoherent separation of
light hydrogen using polarized neutrons, and find dynamics that have not
been captured so far. Hydrates, functional liquids, spin glass, and single-
molecule magnets (which behave like nanomagnets) are also within
our scope. These studies require measurements over a wide dynamic
range, and we are using a variety of neutron spectrometers in domestic
and foreign facilities, as well as developing a neutron scattering
spectrometer.
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E '.\,* 4 o CAmimFeCly, T¢=0.4K
=% o / cprt e L
X 06} K ¢\ N d
3 = X R
<] ISR . / POION
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02l . ) vor gl
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TEETELHBRRIAL YIS AMET, R—XMEHRS 70— FEBFRES
BEEDMRAIE Nz, ZDRIIEED > R DBAREIRE (KY Y E—7) &8
B, ZROEREREDEKMEICERT 2EEZ 5N S,

Bose-scaled localized magnetic excitation was commonly observed in various classical
spin glasses. The excitation is highly reminiscent of localized vibrational modes (“boson
peak”) in structural glasses. The broad spectrum with the high-energy tail can be attrib-
uted to elementary excitations in a multitude of metastable states.
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1E % m % % Sato Group

HiZE T —< Research Subjects

RIS B B BRI R HISR

Macroscopic quantum phenomena in quantum magnets

B INGE 2 R DM DRSS IE S XA F 2 7 A

Magnetic structures and dynamics of quasiperiodic magnets

I 2 A VM OIR G IR HRE

Nonequilibrium steady state of spins under current flow

B Lo L TR B

Development of new neutron scattering techniques

BiR ki =
Professor SATO, Taku J

FI Course
B REF
Phys., Sci.

REVERIC BT B2 EFAE VB X O A VB EAEH O3
PRI 7 OREPERIEZ E T 2 BEIZKNFD—DTH %,
TR HE SRR 52 Z ORISR 9 % AU ECIRBE R ik
IREEDWIZE, T SICITHER IS (B &IN5,
& B o Al R 2 R 7 A OSSR O IR R - hRdIRAE
DWFEERTTTR> TV B BRI SR RFRIE O 72 i
PERIC B ZIEMR < 7/ VOB, ez O a 1
SRR R A < —RIC B B MRa YL b Y T a v O
B8, 1E 20 TR FHERS S REMEIR IS 350 B R ER Ak SR 7 O R
RENDH TSNS, TNEORPIETRAL O FEEMIEFET
H2HUETHEZRARBICIEHT 52 e THLONTEEDTH
%o WETHELE & HICRESE 2 20, Hih L ik
DHFEITHE> TV,

E (meV)

E (meV)

O/ (H,-1) or (-1, K)
1.0 2.0
0@&™

FRMEFIEEMERELIC K Y EF RIBHME 2 1 < —¥1E BaxCuSix06Cly ITH W TEA
TN MROYAIL Y TOVINY RO

Topological triplon bands in quantum dimerized antiferromagnet BayCuSizO6Cl
observed by inelastic neutron scattering

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/sato_group.html
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Geometrical arrangement of spins and their interaction bonds in
magnetic materials is one of the decisive factors for their magnetic
states. We are interested in nontrivial magnetic ground states and
excitations originating from the crystalline symmetry and its breaking, as
well as those in the quasiperiodic magnets where spin arrangement loses
apparent translational invariance. Representative examples of our recent
findings include observation of nonreciprocal magnons in a magnet
without inversion symmetry, confirmation of topological triplon bands in
a quantum dimerized antiferromagnet with screw axis, and observation
of long-range magnetic order in an icosahedral quasicrystal. Those
results have been obtained by maximal utilization of neutron scattering
technique, being our primary investigation tool. To further advance this
technique, we are also working on the development of novel neutron
scattering methods, including inelastic spectrum retrieval using energy-
dependent diffuse scattering measurement, and improvement of large
curved two-dimensional neutron detector for efficient magnetic structure
analysis.

KEBEZBRT AL VRS SHEIN M) 7OV NY RO ERKRITHE
EThiz fictitious BZDAE (KED)

Calculated triplon band dispersion based on the spin model, and similarly calculated ficti-
tious magnetic field shown by the arrows




