Materials Design and Characterization Laboratory (MDCL)

52

B Jes P BT s A i e

YIRS ETAM AR T ld. B O ET (Design), ¥rE O
K (Synthesis). & E NP & B E TR 2 G
(Characterization) @ 3 fifEDW%E7%Z DSCHY 1 7 )V ] &
LCHEBMICHEET SR T &Iick b, Lyt - #iEE
& OYE DR HIE L TV %0 AirIEYERZEHB (LR,
REEMER) EWE A - RS (AR, SEGEHEES) A5
D, EEHRICIE KRG R ZE D, RGBS I E &R
AL ONTE. XERIES, ETHEME=E. EEIE
. OENEE, SHEAKRE. RENEED 8 REM=END
%o Rt TR, YMEN A —/R—a v Ca—RZZHREL
THETHOHAERAIC K> THEAMEINE S E I &l
WG 2 I U D DHE ORE 2170, ARFEHEB Tk &
EXELRYEDOEM. DML D TR S A& ST
Ziro ki, HrL < Bth S Mzt oBE & - 0 -
FZEE OGN Z1T > TV 5, ANk D2 EFL[FF)
A&, YGRS E R EERIC K D EHEN 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.
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Iﬂ 2[: m % % Okamoto Group

HiZE T —< Research Subjects

“F PR /R B - TN 75 EE R RE

Rr i s Bige - FUpi 7z & 1 ikne
Exploration of new materials that exhibit novel quantum phenomena
and innovative electronic functions

T d ETRWE O

Exploration of novel d-electron systems

[ SYASY R o R /= LR SR DL VA
Development of methods to find novel materials that exhibit
outstanding electronic properties
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BhEL KEE PEKER

Research Associate
OKUMA, Ryutaro

B ME fEhE
Professor OKAMOTO, Yoshihiko

FI Course
HEEMER
Adv. Mat., Frontier Sci.
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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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A thermoelectric material for low temperature applications: one-dimensional van der
Waals crystal TasSiTes.
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)E:é III% 61: % % Ozaki Group

HiZE T —< Research Subjects

B 55— KRR IS F5U B RS - EdEH R TR OB

Development of eff1c1ent and accurate methods for first-principles
electronic structure calculations

B OpenMX DBHFE & 3B
Development of the OpenMX software package

B X SRR Y B VR ETEORTE
Development of first-principles methods for X-ray spectroscopies
YR - 2 XTI O — B A RIS [

First-principles calculations of surfaces and two-dimensional structures

Bk Rl &
Professor OZAKI, Taisuke

FI Course
EERYES
Phys., Sci.
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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.htm]
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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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(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.




} I I % m % % Kawashima Group

HiZE T —< Research Subjects

AT I2EE T IV OFEIE-E OfFEA

Statistical mechanical models

B 2 RRIE OB b fRE ORISR

Numerical methods for many-body physics
RGBS D—fiti

General theory of critical phenomena
BRI B % A RO

Computational complexity in condensed matter physics

B B =2
Research Associate
TAKAHASHI, Jun

BE NS BiE
Professor KAWASHIMA, Naoki

FI Course
EFRYES
Phys., Sci.
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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 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.

REMMIERE S&P500 ICEENBHMDEER/ N2 — Y DEBL SERSINY
Ui, EECLITBDIFENTL S, BLEELNY - ETHEITRT
WBRFHDH 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 l: } I I 61: % % Kitagawa Group

HiZE T —< Research Subjects

FENFBRED T Ty &7 55 &y BTN DR
Search for pressure-induced exotic superconductivity and novel
quantum magnetism

kgt V52 RO ORI EE R AesilE Bl DB 7E
Development of advanced optical-sensing methods under pressure
using quantum sensors with solid-state systems
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Development of large-space ultrahigh-pressure device for realization of
multi-purpose electronic property measurements

Bh# EK KBS
Research Associate
SHIMIZU, Yusei
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Nuclear Magnetic Precision
Resonance ~12 GPa Magnetometry
~20 GPa

< 24 ton
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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.

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.

25 FEICBEFRORIVFINEEHABESEEE, BERADTHEREEZRIR
TBINAT )y R7 eIVl & AREHSHBRFOSRHAEFRICE Y. &
B, OBEMb. B SO EMERERAEZ THEICT 2.

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.




ﬁ I:l 61: % % Noguchi Group

HiZE T —< Research Subjects

B BRI OIS A F 25 R

Non-equilibrium dynamics of biomembrane
M, NEEANT 7 )V DIEREE K

Shape transformation of cells and lipid vesicles
3 RER RN E G 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
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[Phys., Sci.|
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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

HiZE T —< Research Subjects

B 5L TFEoRER

Search for new quantum materials

B 2 ¢ HuEks g Rm ot
Physics of the spin-orbit-coupled metal

RE7 = MeaWic B 2V ERTe & et eiiih

Chemistry and physics of mixed-anion compounds

BiR BEH BZ
Professor HIROI, Zenji

FI Course
FERMER
[ Adv. Mat., Frontier Sci.|
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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 CdaRe207 with
spontaneous spatial inversion symmetry breaking. Cd;Re;07 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.
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Mixed-anion compound Ca3ReOsCl showing pleochroism.
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HiZE T —< Research Subjects

ARG OB BT 5 VI
Research of physical properties from the viewpoint of crystal structure
BPC— LBV VF T0—T « VF R — Ui
Multi-probe and multi-scale analysis using quantum beams
HIEREMEM R D2 P & PRR

Science and exploration of new functional materials

HEEIR WLE E—
Associate Professor YAMAURA, Jun-ichi

FI Course
HEEMER
Adv. Mat., Frontier Sci.
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SRIBBRAEB AR T I Cd205207 ST — 46 ‘CLUTF THIRT 2 all-in-all-out
EMENBIERICHIFMEDFWLEL WA E VERS, A E B HIS X 175
SEEL TS hMlcENT,

A highly symmetric and beautiful spin arrangement called all-in-all-out appears below
-46 °C in Cd20s707, 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.
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polar structure

TR AL 2 BRI D TRESEERT (£ ) 5B ER LicmFBER LaTiooN D
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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
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https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/yoshimi_team.html

]) h Hf %"cl_‘ % Lee Group

BEHEE (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.

FOWHETIE, 2 T2 KR, FHIWEO R R Y3 EO
MR 3 X CBUEIRZRIC SRS 2 T T %, R IET T3
FEOAREER PEPS IRRER E DT VY )Ly R T—2 7 )V
ALZEEHMELTED, TNSIEEHERICHT 28 TIR
REDNRN LB 2T 28D TH %, TNHDITFIEICEK
D, 74—I)VF LTV @RIV E2—T 0 VTITBW
TEEREEHZ R T4 VN F R E DT+
VFw 7 in BRI REIC IR B
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NEAZEHR

U— kavav
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.



N

)\ 7 ;‘jl‘ D '/\O Z HI: %% Barraza-Lopez Group

MEPELEE & LT, EERIIIEICHES S 5 I L & T
Tk EHT 2 HERR L OLRFEEZ T ZED TV 5,
CNE TIOTH R OYEIREICE B U, Al & BheOH
BRI BT EHEERERE R L TER, ThDDOWIZEK
HiE, BIC O RITRFEER L WS il ANORIEDNH B,
CTOFIRICBNT, RFEREZ AV 2 RENEEFE R I — R
SIESTA O ZSE LTz, RREBRZIE. RfEREKICHE D H
—JFHIEHE Y —)L OpenMX O— RO THERHFRETH O, Wik
WHZ BT UE SIESTA T — RISYE2AMNES 0 ik 384 iR
JERPETEA I U I21RIC, & 5IC OpenMX DA% i
LTW%, £, WA T ok ENTH D T iFge &
DR —JEED B T LA LT 5,

4\
NEAZEHE NSY Oxx HLAKE—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 EEHE (Materials Design Division)

L

Supercomputer Center

wifiErIE KHE #817

Senior Technical Specialist
YATA, Hiroyuki

BEmE JIE EfE
Chairperson
KAWASHIMA, Naoki

BEFE BB &R RMEFIME fEH R
Contact Person Technical Specialist

OZAKI, Taisuke FUKUDA, Takaki

BYFRE 2F & BifEREEe AL #H—
Contact Person Technical Specialist

SUGINO, Osamu MOTOYAMA, Yuichi

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

BEMZEE P) HR —BE BEAREE Bl #EE

Project Researcher

Project Researcher (PI)
AOYAMA, Tatsumi

YOSHIMI, Kazuyoshi

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

KBRS TR RSO X —/S—a v
Ca—RI AT L7, A—/8—a ¥ 1—X2LFAFHEES
DFHICED E2EOYMEIIZEHE O LRF ML T 5,
WA AT 13,2020 4F 10 AICERBB LI B AT L (&
A7 LB (ohtaka)), XU 2022 4 6 HICHEHR L 7zl
VAT L (VAT LC (kugud)) NHEEZEEIVATLTH
Bo VAT LONY R — L OEITHIRIC K > TREZ T AT
LVEREZ iR 2 & & 81, BEZ—YD 5 DOHFRIC E Dl
WMLISCEDN S VAT LOEHEHZ1T> TW0Wd, A—/3—
AV a—ZOFHHFEICOVTIE, F—LX—= (https://
mdclissp.u-tokyo.acjp/scc/) ZZME Nz, £, 2015
EENS FFEA—/R—a Y Ea—2 Y X7 LD KD EE7EF
M7Z2HEST 270V 7 b Y = 7 - @ELE T 07 o L
(PASUMS) ZFfiiL, L—Yh5ORRIKEDIEMHE2, 3
HOV T +Y 27 FEETS T3,

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) fEFREmEF 1AL 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 2w EE EAE 0.973 PFLOPS)

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

MERERERR—/\—O 21— 2T X7 LHERK
The Supercomputer System at the SCC-ISSP.

ISSP Digest 2025

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)

RESPACK ERISM
s e e

bicsfOms) L.
@j PASUMS 7@)

B | DS DCore| =
&Dnﬂrmm

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

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

Materials Synthesis Section

{L2&o0 =

Chemical Analysis Section

BHmME EA  ELEE

Contact Person : OKAMOTO, Yoshihiko

wifErIEE AF HEF

Technical Specialist : ISHII, Rieko

EYmE EAR  EHhE

Contact Person : OKAMOTO, Yoshihiko

EEFBE A HEF

Technical Specialist : ISHII, Rieko

ARETIE, FEOEK. BAIEOREL, B RE K
T EWIHREO AR ZIT> T3, X, KflEinExy
SOBAE R E R, BRI TR s & 2 RSO FFI T
ZigIR e LT LTV 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.

FEHE

TO—F74 V- VBESERIF. FEBESF ERNAX T v I
VIR TSV O RIR. T—UBRIE. )2y MR Ry U RIP) . B
ZBREREE (10°Tom), /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.

HABEAIO—TRY 4 2

Glove box for sample preparation

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

ARZE T, WITEWIZEIC A R EIC DO T O A0 08T
LW D53 LD B K TME AN TS K B RO
WX UHEZITS LI, FEE - 7087 - (L2 D %
HhEds 2 NS OHRFIFICH L TV 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 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 ARHEADHIER. BFA. EikEEER

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

FEEARBR T S AIRADNATEE
ICP-AES
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ARk - FFiEE (Materials Synthesis and Characterization Division)

X pil e =

X-Ray Diffraction Section

(R

Electron Microscope Section

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

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

HMErma ER KE#

Technical Specialist : HAMANE, Daisuke

FlifAE S, ERAIR DR S FEANZHRTH 5, &
FTE, XHEHr7zHOT, stz N—21 LY
TH MY 2175 LIS, TR OBIZEHICH LT
TR O iR *U)ﬂ%ﬁﬁfb’cw

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.

L
NRRIER XARETET. BEE Kol MR XIRETET SIBEEER X REH
5T MBS XREEH. SUIAHXD

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.

R Kal #95R X#REITET
Cryogenic Kal powder X-ray diffractometer

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

ARZETRIWE DI AHHRCCANGG 2 7Hili 9 % 72 i B
RSB L B EF MBI 2 A, I /a5 /R
TV TO®ES - iziTo. TSR 558z s T
XA BT, RS AN OHFEFICHL TV a,

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
BRESTEELEEBFEME. 8 - 28 - DRIV E— BE - EER
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 RASL DT E FHEMER

200 kV electron microscope with an X-ray micro-analyzer
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v B U e =

Electromagnetic Measurements Section

YEA e =

Spectroscopy Section

EELEIR:

Contact Person : YAMASHITA, Minoru

BHmME EA  ELEE

Contact Person : OKAMOTO, Yoshihiko

BLmE F PR BMEFE WA W

EEmE Rl E/X

Contact Person : AKIYAMA, Hidefumi

BUFRE Mk FEIA

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

Contact Person : MATSUNAGA, Ryusuke

KRETIE, WHOREANWEE TH % BN IEEZ,
i3 K O DIRWEIPICh 2> THET % L L dic, #
SURFPERESEE, YIBREPE S, B A & D i
Z TN OIFEFINCA 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.

FEHE
1517 T ASBEET TR b 16/18 T AT EH—BEGE T X v b
(NMR). SQUID BLRIEEE (MPMS). AAEYIMERIEEZEE (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).

SRR REE
SQUID magnetometer (MPMS)

PATED & 2 ARNER S L— Y =2 A . Arst
DIFFANCHL T B, wJdl - SO - ROV DN - [
BART Bb, T < 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.

N
FIRENDYOCEST. FRADIOLER Yt Est

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

FABLU ST UANEE
IR and Raman Spectrometers (Room A468)
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ARk - FFiEE (Materials Synthesis and Characterization Division)

Y ERE D%

High-Pressure Synthesis Section

i JE I =

High-Pressure Measurement Section

BHmME EA  ELEE

Contact Person : OKAMOTO, Yoshihiko

MEFIE KB SAE

Senior Technical Specialist : GOTOU, Hirotada

Bume du)ll EAXER

Contact Person : KITAGAWA, Kentaro

BitiEFIE LA

Senior Technical Specialist : YAMAUCHI, Touru

FHEFIHE KRB HF

Project Academic Specialist : NAGASAKI, Shoko

ARETIE, HHRUE BT EE TO&REE TICB O TR
T (F) WEOGRZITS LI, mENTICBT SED
BTN T VD, & HICEMED mE TR E P ET 5
SRz TN O FEFINICA L T %,

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 FVHETLRAEB. A4 VEY RT7VEILtIL, XEGEIITEE.
BV DHEB. YAG L—Y—INTH. ZOft (MEMIHE. 41V
T RHIEEE. e NCETU VIR Y)

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.

AETIE, @ T TR 2O RR & S50 & KR
PRt 217> T %o Tie, BKEMED IR EE
5 EZ TN OILFEFITiER & 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.

FERME
250 bUEBERF1-—EV I T VEIENREREE

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

EHEL700ton F1—E v I T LR, 4GPa £ TOEEBESHERA.

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—EvITVEIVREEE, SHYMESREEMEEREICE Y
BKEMHDOBVEERREREZRRT 2.
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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