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FIHETRE & EERER T R ORI R E IR IC K D | SEAED
IR 2 2 L—y 3 vid. BFERBESOMIE V-
TR PO ERNICINA . PFEFISHICE T 2B IH D
MUzl B AfHEL LTV 5, 51, BMAEEZICD
ET 57— 2P FEOEAICKD, YIal—vay
BRUT— 2R 5AIHE N5 BUE T — 2 DS
TRERINCHER LTV %o ARG T T 5 LIz ERK-> 2 2
L— g Yo 2 5 5, BUE RN 2O S RN
R gs L b bic, WHEKEE - BEERRICHET %
SRR R TEB X CY T N o 7 OS2 S
B, LODF, KBTI 2 L—Y 3 vyBXUOF— X
B2 3B BN R DR & Z OIS R 2 o,
BAEY R Z OB L ISHPTREME O IEEZ Higd. &5
IS, ARHERIE. TS OREEE S Z YIRS A —78—
AV a—2DEA - EABXUODBHORIEICEHET BN
HRDOWIFEZ IS JEEMIAMOERZE L T, £EEIE
WERYOI 227 0 DONT L LT, FRWER 5O
RIS DR B2 S

Owing to the continuous advances in computational methods and
high-performance computing resources, simulations in computational
materials science have not only contributed to fundamental science,
such as elucidating quantum critical phenomena, but also have enabled
highly accurate descriptions of real materials relevant to industrial
applications. Furthermore, with the introduction of data-driven
approaches, including machine learning, the scope of applications
for numerical data generated through simulation and data science has
expanded dramatically. Against this backdrop of innovation in both
computing and simulation, our institute will deepen the methodological
foundations of computational condensed-matter science and promote
research and development of advanced computational methods and
software that contribute to materials design and functional exploration.
In particular, we will develop and apply innovative methodologies
for large-scale simulations and data-driven science, with the aim of
enhancing the precision of computational condensed-matter science
and expanding its applicability. In addition, by introducing and
operating the Institute for Solid State Physics supercomputer that
underpins these foundations, and by cultivating highly specialized
human resources who will lead the next generation of research and
contribute to the advancement of the field, our institute will serve as a
hub for the national computational materials science community and
play a central role as a core center in computational materials science.

MERE R =B
Leader OZAKI, Taisuke
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}E:&' mﬁ m %tal.‘ % Ozaki Group

HiZE T —< Research Subjects

s IR RIS B 2 AR - mudiEt R T E ORI
Development of efficient and accurate methods for first-principles electronic
structure calculations

OpenMX DFHFE & 0B
Development of the OpenMX software package

X BPHARY B IVEHEFILEOBIE
Development of first-principles methods for X-ray spectroscopies
PrE i - 2 Doy E O — s - IREERT

First-principles calculations of surfaces and two-dimensional structures

BH BE Sk
Research Associate
FUKUDA, Masahiro

iR R Z=Eh
Professor OZAKI, Taisuke

HIY Course
BRI EF

G HETE RS D FE IR & YR 2O H LI D, BB— R
ETIREFHEOEEENE LT3, AR INEEE R
WD E, HREIGEWRZ X OBEEICO IS 7zhDF L
FIREFE - V7 U783y — OpenMX OFIFEICE O #H
ATWS, NHMEDEWIHEFRERBBGE 2 g & LT, R
FEBERHEIC D A —&2— N pEliFiRe:, BLEER 0%
I K 2O ERE, RaBERZ R D EE 7 — Y A5
Lit7x &, ML Rt E Lz U, 28k & ER i T
EBZVIal—rarEAfEE Uiz, HEIGNRE ORI
KT )V F—OFIEFIE, mobhy — gL, #eY
RT 22w )ik, SKHHHBIINEE O BIFICE O M A, B — )i
HEIAOE 525 EEZHBEL TV 5, EMEREP
TERGEDH—FHIY R 2 L— 3 VICHED R 7 L —
7" ORI ETo TV 5,

BRIV ZITREETHEONLSIEHOT Z TR, RFEEOMRZREFL
TWa,

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

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.

(a) U (b) B— RIS EICK W RDH SN 7By L Ge BOZE=FEEFHIE. ()
BEDMBNBEFHHOFERE. (d) N\ FREDHERBRIRC—HT ST LD
5. BEETILOZEENRHS5NS,

(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.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/ozaki_group.html
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’ I I % b}l: % % Kawashima Group

HiZE T —< Research Subjects

AT T IV ORI O fFI

Statistical mechanical models

B 2RI O R b fRE OB

Numerical methods for many-body physics

RS SO — i

General theory of critical phenomena
BRI 51 B A LR O MR

Computational complexity in condensed matter physics

B B 12
Research Associate
TAKAHASHI, Jun

BE IS BEE
Professor KAWASHIMA, Naoki

FI Course
BF R
Phys., Sci.|

Blt. N LHIRE B 28 B ratE R & Ol T THEam
WCHETEBICH AN EZ > TWE D, BLDOWIRTNV—TT
BETEHHIZOTECEEN 8N a7 ZH S M L,
LWL ZRRT 5 T & BRI EED T VS, Z0D
JSH & LT, #RET 1220 AR o AR S0 s A B i R
B BEBIIZ L OLEFHR E%2{To T3, T2 THY
SNBEFEYTIILAERT VYV I)IVy T =71 R
VRV VYR T —RAEMEE U T T — 2R e b e
FoTwd, &I T U VIibry MU — 7 BRI ESGHRICHE
BLTETCWVWAD, BAlZ. CTOTEO—BINGET— X2 Rk
ADISHDAREEZ R LT WD, BIZIE, WU —Hs2y
Wy NI =212k oT, G2 6NTEE2LHY VT IVESH
5ZENEHBT MR MG T 2 EKE T IV 2 Wi
T2 IR Uce TOERETIVIE, v b T— 7 ik
ZHERELT 2 & TAICRENH D, Hi L2 A T O
FEOUBEN L LD EHIFL TV 5,

V) —DEARER, 3iBY ORREED SHROKNMES BFRAZRNMNCT S
DEER, COLSGRODEERAEY ) —DERDITKEIMICHR YR LE
B95ZLT VI —DEEERELL 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.

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 various 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.

KEMIEIE S&P500 ICEENSIBRDIEZR/N2 -V DEBFH SERE NV
) —iEE, ERBTLICBAITEINTVS, BLERBHLNY U —LETHELITRT
WBBRFHDD 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)

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kawashima_group.html
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1: 2 Ei‘; m %—IE % Sugino Group

HiZE T —< Research Subjects

3};?’@?@%%73?9’\]7 TO—FI X BMEDOEFBILIED

Understanding electron transfer reactions in materials using a non-equilibrium
statistical mechanics approach

B EhoksE - 2 a4 OB TIRE

Quantum states of hydrogen and muon in a material

BT O — TR

Electron-phonon couplings from first principles

RS A D EE— [P

First-principles simulation of superconductors

BR H ©
Professor SUGINO, Osamu

HIY Course
EFRYES
[Phys., Sci.|

BT LAV TR 2{LEMISICE D T3V E—
ZAEAE e | JEFERETIRR O PSR THEZ % T2 D% 72175
TW5, Zlld, 7o b U NEBUKARREHIC BV TE T
KO T A/ V= Us /N 5 EE) T )V F—% - TR
W59 % Volmer iEfe 7z, FEFH 7D — »BAEGEOFA T
o Tz AGHRIE, TR ZIRL T 0 s oE#E I E H
BDICERBUIEEDICR > TW5B, TR AR TE
LEZENTERED, BHTOBEBFILANZELTZC T
BB TEENAMICEETHS T LB gh oz, BEE
WHETH T 2 T3V F e i 2 HT B2 R T 25
RThs, HF. H-EAEHEICHEDWTHHIERICK D B
1S SR U T B0 DN T2 BT 2 T > T B

BEAERAA COEFBIRISDFFE LA+ I X, BFIREIRIE & Bk
ICEBFRE (BFEENR) NEETHBHILETRLTVS,

Non-equilibrium dynamics of electron transfer reactions at the electrode-aqueous solution
interface. It suggests that electron excitation (electron friction effect) is as important as
vibrational excitations.

This study explores energy conversion processes driven by chemical
reactions involving electrons and ions within the framework of
non-equilibrium kinetics. Specifically, the Volmer process, where
protons lose kinetic energy and adsorb onto the surface while exciting
electrons and phonons at the electrode-solution interface, was examined
using the non-equilibrium Green's function method. This calculation
extends previous research by explicitly considering proton motion.
Traditionally, lattice friction has been considered dominant, but our
findings reveal that electron friction, caused by the excitation of
electron-hole pairs at the electrode, is equally significant. These results
suggest the need to reconsider energy conversion processes occurring
in fuel cells. Currently, research is being conducted using models that
more faithfully reflect real systems based on first-principles calculations.
This approach aims to provide a more accurate understanding of the
mechanisms involved in energy conversion processes, potentially
leading to more efficient fuel cell designs and other applications in the
field of energy technology.

R=T7ENINAZT EDOKDYZ2L—Y 3>, B—REFHELEHFE
DHEFEDRICEY REBY I 2L —2 3 VO FJREICE Tz,
Simulation of liquid water interfaced with a doped zirconia surface. The first-principles

calculation was extended to long-term simulation owing to the machine learning tech-
nique.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/sugino_group.html
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E I:l HI: % % Noguchi Group

HiZE T —< Research Subjects

ERBEOIEF W A F X7 A

Non-equilibrium dynamics of biomembrane

B #ia. 5B 7 IVDIEREEK

Shape transformation of cells and lipid vesicles

B stk 214 F 7 2

Dynamics of complex fluids

A7 757 2—DEEHS

Self-organization of active matter

Bh¥ hEF %
Research Associate
NAKANO, Hiroyoshi

AEE FO B8
Associate Professor NOGUCHI, Hiroshi

FI Course
BF R
Phys., Sci.|

VT b a— RV G, BRI B L TREZEL
T3, R, EREOHRORISER R, EHERIK. 777«
TRRA—=DEAF I ADFHIC 1 ANT WD, TDiz
DY al—ya yFEORRE, KRBT T\,

Bz, ARIMERPISENED 575 2/ NMaD & F X E kb N
TOEEZLEFHRNT VD, TNET, RN K B HRIMERD
STV a— MIRRPZ ) wISIRANDOZIE, HiRGEE 2 28y
BOWrs, LN X 2 BRI OTEREZ LR £ 27 5 i
LT3, FRCIEFI R TORAF I 7 A2 LT 5,

Fle, 7O T 4 T RE—ITHT BAHEEPR2ER SR —
B TUAISR R 2 5 i ElEDOF EZ X b=
AHBRRISHEDBWFED R A F 27 X% Z8a v vz
KB 2 2 L— g VEBRELTHIZE L TV 5,

HREFEE R >\ EDRISHLEURICHE SN 7 VOB EOREZEL, <UNF
RE ERRNICHR YR Y, FREOERIEHMEFE 2 >/ VEDRELNEL,

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
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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.

BRI A EAE#ZA DAL ViBIE ERD L S (B R TH B IC R
T5.BETETFRE FrET—Y a3 VHRTY JEDEHEREN TN S,
ERERE. ARIGBEEZTY.

Cavitation in Karman vortex behind cylinder arrays.




E i% m % % Misawa Group

HiZE T —< Research Subjects

BYZARRZIDO %5 BUAR T L OB FE

Development of numerical methods for quantum many-body systems

B +RoY)VEIC BT B RS
Quantum transport phenomena in topological materials
HFAE VI - i
Quantum spin liquid * High-Tc superconductivity

JEFHBETE RIS 2 7 — X EREIRHSY

Data-driven research for strongly correlated electron systems

AR =ZF &R

Project Associate Professor MISAWA, Takahiro

BT 2RO MBI T H 2 EAh ORI E TR Tl &
BEBEE - 27 A VRIKICRES N2 A M <
FHT %, TNEDEHREA L TV A IEMEAIZRIAL T,
WS « FikkRe R BIH T % C L3RR PIZ O K & 7 Hid
THB, AWIIERETIE, TOPMRNIRFREICH LT, w&Ie
OMFHTEL A—/8—a V¥ 2 — 2 & W ie KB
BEUEG 2T E TIDHATNS, K, H—FIEE L&
il 1 B 1 AR R R AT 72 L B o e B — R A B R T R
EOWMAEZIT>TED . COTFEZHVS T & T, S g,
BAY Vi - B R R YAV E OFar s O
FiT>TWVB, IEOMFEH & U TR SiREmE A D
R R VAN VB Nl 27 Bl &/ SR 6 8 s T N e A |
RICBT B8 TFAE VRO R END %, T HIC, H—
JEERSRAN B Tk 2 W e 7 — Z Bl N O 7 — & 72 FITG
Ul 7 — ZERERI DML & 3D TN B,

B-X(Pd(dmit)alo (X I & A F 4> ) DE—REFMREDRETZ1T o iR, F—RIEHE
TR&T BB (AF) & BF AR (QSL) DI R IVF—7 Ae = EosL-Ear(BEE).
1& X =EtMesSh TOBFAL Y HfHRZ EGCRBIER (BEE) ZX<BRLTV S,

Results of the ab initio effective model analysis of B'-X[Pd(dmit)2]> (X represents a cat-
ion). From the ab initio calculations, we obtain the energy difference between the antifer-
romagnetic (AF) and quantum spin liquid (QSL) phases, Ae = EqsL-EaF (shown at wall
surface). We find that the theoretical results well reproduce the experimental phase dia-
gram (shown at bottom surface) including the quantum spin liquid phase at X = EtMe3Sb.

In strongly correlated electron systems in solids, which are typical
examples of quantum many-body systems, many exotic quantum phases,
such as high-temperature superconductivity and quantum spin liquids,
emerge. It is a grand challenge of condensed matter physics to elucidate
a deep understanding of the physics behind these exotic phenomena and
to predict new phenomena and functions based on the understanding. In
our laboratory, we tackle this challenging issue by combining state-of-
the-art theoretical methods with large-scale numerical calculations using
powerful supercomputers. In particular, we have developed an ab initio
method for treating strongly correlated electron systems, which combines
ab initio calculations with highly-accurate methods for solving quantum
lattice models. By using this method, we have studied exotic quantum
phases such as high-temperature superconductivity, quantum spin liquids
and correlated topological phases. Recent examples of our work include
the data analysis of ab initio effective Hamiltonians for iron-based
superconductors and the study of quantum spin liquids in molecular
solids. In addition, we are now conducting data-driven research using the
ab initio method for strongly correlated electron systems.

HEBEEERDOE—RIE/N\I )V S 27 Y OHABHINT A — 2 S BERENTE
RETIVOSESNERBTHEONERRE (TP) SEHRTA L EERE
(TePredict) DL, EIRE TFIVARBHERE LCERTETVNST LHDHB,
Experimental ¢ (7c%*P) vs. predicted 7t (7T cp“’dic‘) obtained from the regression model,
which is constructed from the microscopic parameters of ab initio Hamiltonians for iron-
based superconductors. We can see the regression model reproduce the experimental
results well.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/misawa_group.html
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Supercomputer Center

BiffErE KH #3817
Senior Technical Specialist
YATA, Hiroyuki

BYFRE IS EiF

Chairperson
KAWASHIMA, Naoki

BYFRE RBIE =B BEifErBE B R
Contact Person Technical Specialist

OZAKI, Taisuke FUKUDA, Takaki

BLUFmE HEF (& EifErBEe AL #B—
Contact Person Technical Specialist

SUGINO, Osamu MOTOYAMA, Yuichi

BYEFFE FO 1ER FHEAHE T"A T
Contact Person Project Academic Specialist
NOGUCHI, Hiroshi ARAKI, Shigeyuki

BEFME "R —B HiEmEe FIl #ExE

Advanced Academic Support Staff
YOSHIMI, Kazuyoshi

Project Researcher
AOYAMA, Tatsumi

B# BE Sk
Research Associate
FUKUDA, Masahiro

KIMFHARE CEEIEY 2SO A —/\—a v
Ca—RY AT L%, A—/8—aV ¥ 1 —ZHEMHEES
DFEFHRIIED E 2 EOYMEIEHE OEFRF I L T 5,
BPEY A7 03,2020 4 10 JICHEARB LI ES AT L (>
27 I B (ohtaka)). ¥ XU 2022 4 6 AICHH LG U 7z H]
AT L (AT LC (kugud)) WHEEZEETATLTH
b0 VAT LDONYE— L OETHIZIC K > TRETRT AT
LEREZHMERFd 2 L & B1C, BEL—YD 5 DOFRIC E Ol
MLJECEMN S Y AT LOEHHEA 7> T\ b, A—3—
AV 2 —ZOFMHFHCOVTIE, F—LX— (https://
mdclissp.u-tokyo.acjp/scc/) ZZRE Nz, Fiz, 2015
EEND FEEA—NR—aY Ea—2 Y AT LD XD HERF
HZ#ET 2720V 7 b7 o 7% « @IE g T 7 o L
(PASUMS) ZZHfiL, Z—Yh5DMRICHKDIEHEE2, 3
DY 7 o 2 7 HFZTTo TV,

FEHXE

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) #EHE5mEE 442 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) s Esm & E HEAE 0.973 PFLOPS)

PIERRZEFRERIZ —/X\— O 1 — 22 X7 LHERME
The Supercomputer System at the SCC-ISSP.

ISSP Digest 2026

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 vendors, 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)

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

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