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Materials Design and Characterization Laboratory (MDCL)
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The aim of MDCL is to promote materials science
with the emphasis on the “DSC cycle”, where DSC
represents three functions in developing new materials,
Design, Synthesis and Characterization. The MDCL
consists of two divisions; Materials Design Division
(MDD) and Materials Synthesis and Characteriza-
tion Division (MSCD). The Supercomputer Center of
ISSP (SCC) belongs to MDD, while in MSCD there
are seven sections for joint-use; Materials Synthesis
Section, Chemical Analysis Section, X-Ray Diffraction
Section, Electron Microscope Section, Electromagnetic
Measurements Section, Spectroscopy Section, and
High-Pressure Synthesis Section. In MDD, by making
use of its supercomputer system, novel mechanisms
behind various cooperative phenomena in condensed
matter are explored, and theoretical designs of new
materials as well as materials with new nanoscale struc-
tures are developed. In MSCD, various types of new
materials are synthesized, single crystals are grown, and
the structural, electromagnetic and optic properties
of the materials are characterized in various ways. The
characterization results are immediately fed back to the
synthesis and to the design of materials. Through this
DSC cycle we aim to develop new materials with new
functions. Almost all the facilities of the MDCL are
open to domestic scientists through the User Programs
conducted by the Steering Committees of the MDCL.
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220 5d BBEE/\1 07 Q7B DERIEN. Cd20s207 (& 230 K THfE
RENTEZRED . all-in/all-out L OPIEERY 5 Y —HKN\BFHRFEZ A L T
Mtk & 2%, —7. Cd2Re207 I& 200 K LI T 2B RESHREZH > TREY
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EEZSENTWS,

Two 5d pyrochlore oxides. Cd;0s,07 exhibits a metal-insulator transition
at 230 K to a tetrahedral-cluster magnetic octupole order with losing time
reversal symmetry, while a tetrahedral-cluster electric toroidal quadrupole
order is realized below 200 K in Cd;Re2O7 with spontaneous spatial inver-
sion symmetry breaking. Cd;Re;Oy is a spin—orbit-coupled metal candidate.

AT —~ Research Subjects

The remarkable discovery of high-T. superconductivity and
the following enthusiastic research in the last decades have
clearly demonstrated how the finding of new materials would
give a great impact on the progress of solid state physics. Now
related topics are spreading over not only superconductivity
but also unusual metallic behavior related to various types of
magnetism, spin-orbit interactions, and unconventional bans
structures. We believe that it will become more important to
explore novel physics through searching for new materials.

We focus on various kinds of transition metal compounds in
terms of structure-property relationship and are searching for
new materials based on the solid state chemistry. Recently we
study transition metal oxides containing heavy 5d elements such
as Re and Os and mixed-anion compounds containing more

than two kinds of anions.

Pleochromism
in Ca;Re0:Cl,
L

Efla E%
Vi)
&4

Elib

ReCy, sa\uam pyram

ZEEERIBET =4V {tEY CazReOsClz.
Mixed-anion compound Ca3ReO5Cl, showing pleochroism.

1. HLWEFRAEY RRVRIEEEFRYE DR

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

2. AEVENERHEASBEOME
Physics of the spin-orbit-coupled metal

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

- SEEE

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

7T —~ Research Subjects

1. HLWEFHE EFHEEBRORE

Search for novel quantum phases and quantum transitions

2. B OBIEREDHE
Numerical methods for many-body physics
3. AR RO
General theory of critical phenomena
4. SV LREFESE
Disordered systems and computational complexity
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ReakiE{L &% EuCu2Gez( IEA & : 14/mmm) DEIRER, EHDEFICHL. KB
HERE (Th) N EFU.6.2 GPa TH 27 K TRAEZTRY, 6.5 GPa T Tn IFAEITHEL L.
Eu Offigeht 2+ 1S 3+ ICEb I 2METFEREICLDIETERF R (QCP) h¥ P = 6.5GPa R
THRELTWS, EARIE. BEKIEMAZX p(mag) = po(mag) + BT DREFEHK n IcHTZE
NMRTHZD, ERICHIFIDIER n OEAKEEZRLTND, BREAIGEDCE, B8N &
FEADBEHELVTRA U, n =1 ICAD<, ZORKRIF. MEEBICKRALZ QCP HIBDR W

THZIEETBLTWD, Ihid. EultEYORTHH TERRSNICIRRTH S,

The pressure-temperature phase diagram of the antiferromagnetic compound
EuCusGe; (Tetragonal: I4/mmm). With increasing pressure, antiferromagnetic order-
ing temperature (Tn) increases and shows maximum with Ty ~ 27 K at 6.2 GPa. At
critical pressure, Pc = 6.5 GPa, T disappears abruptly due to the valence transition of
Eu ions from 2+ to 3+ states suggesting a underlying quantum critical point (QCP).
Inset of figure shows the pressure dependence of exponent, n, of the power law
dependence of the p(mag) = po(mag) + BT". On approaching the critical pressure, the
exponent n decreases as a function of pressure and move toward »n = 1. This provides
a good example of a QCP arising from the valence transition. Besides, this is also first

observation of such valence transition QCP among the Eu compounds.

X7 —~ Research Subjects

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

degree of complex interactions.

1. ZERETICE T 2HFYHERKOER

Search for new physical phenomena under multi extreme conditions

2. BLERKREDENFERGBIRKOHF

Study of the pressure induced phase transition phenomena as like superconductivity

3. ZERETICE T 22ERERR CBEMIEAET EDHEL

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

multi extreme conditions
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{1} Truncation in real space
[2) Mapping into a Krylov subspace

" " (3} Evaluation of
L1 .g'-i—h::::‘,_-. "‘:. —pG[Z}
. e bl ]

el 1]

o _ s s "

it N
A= —=NIZYURTBREBEDT AT 7, (1) RFBICHEREERNICEENDR
FHSEHEEINDY TR —EHERL. (2) T5ILV TR -—TERINZBHE
BH57UATHRIEENOHEZITS. (3) 7O 7HAIEHNCEGEREE
BE FORTFICES 920 ) —VBEREFHEL K TORBAOYEERZTS,
Underlying idea of the O(N) Krylov subspace method. (1) Construction
of truncated cluster for each atom by picking atoms up within a sphere. (2)
Projection of the truncated subspace into a Krylov subspace. (3) Solution
of the eigenvalue problem in the Krylov subspace, calculation of Green’s
function associated with the central atom, and back-transformation to the
original space.

AT —~ Research Subjects

In accordance with development of recent massively parallel
computers, first-principles calculations based on density functional
theories (DFT) have been playing a versatile role to understand
and design properties of a wide variety of materials. We have been
developing efficient and accurate methods and software packages
to extend applicability of DFT to more realistic systems as discussed
in industry. Although the computational cost of the conventional
DFT method scales as the third power of number of atoms, we have
developed O(N) methods, whose computational cost scales only
linearly, based on nearsightedness of electron. The O(N) method
enables us to simulate Li ion battery, structural materials, and
graphene nanoribbon based devices which cannot be easily treated
by the conventional method, and to directly compare simulations
with experiments. In addition to this, we have recently developed a
general method to calculate absolute binding energies of core levels
in solids, resulting in determination of two-dimensional structures
such as silicene, borophene, single atom dispersion of Pt atoms,
and bitriangular structure of Ge in collaboration with experimental
groups. Our continuous methodological developments have been
all implemented in OpenMX (Open source package for Material
eXplorer), which has been released to public under GNU-GPL, and
widely used around world for studies of a wide variety of materials.

b -

iaasnas""

ik (@) RV (b) E—EEHEIC LD KD SH
- L 1] fc ZrBz £ Ge EO _E=AKRFIEE, (c)
BENMEABEFAHHOBERE. (d) /\VR
BEDHERENRS —HIT DI &nB,
BEETIOELUMENRD SN D,

(a), (b) Bitriangular structure of Ge
determined by DFT calculations.
(c) Angle-resolved photoemission
spectrum (ARPES) of the bitrian-
gular structure. (d) Unfolded band
structure of the bitriangular structure
which well reproduces the ARPES
measurement.

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

2. ZRTHEDOE —REBFIREE

First-principles calculations of two-dimensional novel structures

3. XBAHARYT ML EFEDRS

Development of first-principles methods for X-ray spectroscopies

4. B—REFEIC L 2B LEGEBREDFE

First-principles calculations of superconducting critical temperature

5. OpenMX DFA%E & B
Development of the OpenMX software package
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Membrane structures induced by banana-shaped protein rods: periodical
bumps, hexagonal network, spherical bud, and cylindrical tubules.

RMFICE > T A BEEETRYT
BRDOIT. AEROEF 21—

X7 —~ Research Subjects

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

We found the shape transitions of red blood cells and lipid
vesicles in shear and capillary flows using mesoscale hydro-
dynamic simulations: discocyte-to-parachute, stomatocyte-
to-prolate, and prolate-to-discocyte, etc. We also clarified the
membrane tubulation by the BAR proteins. Moreover, we inves-
tigated the fracture process of polymer materials and cavitation

in Karman vortex using massively parallel simulations.

ARNICEARABERADAIILT VB EHOLSICBD B THAEICREAY
%, BETZTI2E, FrET—YaryMiEIh, [KOBHIERIN TV,
EREEE. ARIBEZRY.

Cavitation in Karman vortex behind cylinder arrays.

1. #HRE. BREARY T ILOFERR
Shape transformation of cells and lipid vesicles

2. BERABDY AU
Dynamics of complex fluids

3. B FHEOEE
Fracture of polymer materials

4. RENZHAEFEDFHR
Simulation methods of hydrodynamics
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From the 2015 fiscal year, the supercomputer center has
started the project for advancement of software usability in
materials science to enhance the usability of the supercom-
puter system of ISSP. We develop and enhance the usability
of programs adopted in this project, release them as open
source software, and support dissemination activities such as
supporting hands-on lectures. In addition, by using the devel-
oped software, we theoretically study research subjects in a wide
range of fields such as derivation and analysis of low-energy
effective Hamiltonian of organic conductors and spin relax-
ation phenomena in quantum dot systems. In addition to these
activities, we focus on the information processing and have
been trying to apply this technique to materials science such as
analyzing data obtained by the quantum Monte Carlo method
by the sparse modeling method and searching new materials
using the machine learning method.
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%, BIRERFEBDBEELL 72D DICHZE X v v 703
HY, ZORBEIZ XY BEERELZSHTEL0, HIE
EIRFEED L FNLF—2ZR7 MVIZEELZFREZE LTV 5,
F 7200 DR RE R B A WO IRBRE T icB\»
THELRZE R T EIZI S Tn3, ETRELZL
FOLF —HfcB U9 2 3 TE P OMPRBEE Fick\»wT
HIEAAEZ P C STIE I EE A KR TETH B, B,
BRI FE R 2 R 3 AR RO RE 8 TR
BIEEREZRTYELREICBWTPCSHIEZIT>T W
%, MREBREITICB ) 2BEEREBDOART PV o B
AR7 VO EALE RS 720, ERPFE SR L HET 20T
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We are conducting Point-Contact Spectroscopic (PCS) study
of superconductivity on strongly correlated electron systems
under extreme conditions. The electron energy spectrum of the
superconducting state contains some important hints to reveal
the state, because the superconducting gap function is the order
parameter and it is possible to classify superconductors by their
superconducting gap structure. Some of superconductors in the
systems appear remarkable changes in their superconductivity
under extreme conditions. PCS measurement can project the
electronic state onto the energy spectrum and we have devel-
oped a new method for PCS measurement to perform even
under extreme conditions. Recently, we are collaborating with
Uwatoko group to observe the point-contact spectrum of the
superconducting state, which appears an interesting change
under the multiple extreme conditions, using dilution refrig-
erator with 20 T superconducting magnet and cubic anvil cell.
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Materials Design and Characterization Laboratory

YR RGHE (Materials Design Division)
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Supercomputer Center

BYUFE JI|[E [EFE Chairperson : KAWASHIMA, Naoki
BYFE % Z=Bf Contact Person : OZAKI, Taisuke
BYmRE EF {& Contact Person : SUGINO, Osamu

#B Y e B[] {HF Contact Person : NOGUCHI, Hiroshi

Bh #% B J¥K Research Associate : FUKUDA, Masahiro
Bh #% FFA [EEK Research Associate : IDO, Kota
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2, ZEZ—Y2 5 OMRICEDMA L RDI6, ¥ A
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FHITOWLTIE, A —2L_— (http://www.issp.u-tokyo.
ac.jp/supercom/) 2SI\, £z, 2015 FED>S
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T270Y 7 b7 S EEAGSCE 7 1 75 5(PASUMS)
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A==y ¥Ea1—% YRFTLB (SGIICE XA/UV hybrid system)
(2020 F£ 10 BICHIY AT LICEH-ENEFE, )
The supercomputer system B (SGI ICE XA/UV hybrid system)
(To be replaced by a new system on October 2020)
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Technical Associate : YATA, Hiroyuki
Technical Associate : FUKUDA, Takaki
Technical Associate : ARAKI, Shigeyuki
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FUKUDA, Masahiro

HF EX

IDO, Kota

The Supercomputer Center (SCC) operates a supercomputer
system available to all researchers of condensed matter physics
in Japan. One can submit a proposal for a User Program to the
Supercomputer Steering Committee, and once granted he/she
can use the facility with no charge. The supercomputer system
consists of two systems: SGI ICE XA/UV hybrid system (3820
CPU (Intel Xeon) + 576 GPU(Nvidia Tesla K40)) and HPE SGI
8600 (504 CPU). The former was installed in July 2015 and will
soon be replaced by a new system in October 2020, whereas
the latter systems were installed in January 2018. In addition
to maintaining high performance of the system in coopera-
tion with the venders, the SCC also responds to questions and
inquiries from users on a daily basis. In 2015, we started a new
program PASMUS for developing application programs aiming
at more efficient usage of the supercomputer systems. We also
support national projects, including MEXT “Fugaku”-related
projects, Element-Strategy Initiative projects, and professional
development consortium for computational materials science
(PCoMS).

S0 ICE MAITAACPU & LIS G
282 logn 34T ey

LTS CPL
|FE LT e

e
Ve

YERRARBEABA—/—IYE21—9 Y RT LERK
(Y27 LB 2020 % 10 BICEHFE.)

The Supercomputer System at the SCC-ISSP.
(System B will be replaced on October 2020.)

THE INSTITUTE FOR SOLID STATE PHYSICS 2020



POEL et A

ian

PV G

Materials Synthesis Section

B Y e EH EZ
BTEMBE A3 FUEF Technical Associate : ISHII, Rieko

Contact Person : HIROI, Zenji
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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.
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Main Facilities

Floating-zone furnaces, Bridgman-type furnace, Ar-arc furnace,
Furnace for flux method, Ultra-high vacuum deposition apparatus,
Glove box, and Box-type furnaces.
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Glove box for sample preparation
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Chemical Analysis Section
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The Chemical Analysis Section is engaged in determining the
chemical composition of specimens and in purifying chemical
reagents for preparation of high quality specimens. The analyt-
ical equipments, several types of automatic balance and a system
for preparation of ultra-high purity water are provided for

chemical analysis experiments.
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Main Facilities

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

ICP-AES
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X-Ray Diffraction Section Electron Microscope Section
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The Electron Microscope Section supports electron diffrac-

The main purposes of the X-Ray Diffraction Section are tion measurements, lattice image observations and microscopic

structural analysis and identification of powder and single analyses of various solid materials in both crystalline and

crystal specimens for solid state physics. By using the Powder non-crystalline forms with the atomic-scale resolution by using

X-ray diffractometer equipped with a refrigerator, the structural a high-resolution electron microscope equipped with an x-ray

analysis is performed in the temperature range of 4-300 K. micro-analyzer.
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Main Facilities 200 kV electron microscope with an x-ray micro-analyzer, High-
Powder X-ray diffractometer, CCD system for the single-crystal and low-temperature holders, and various apparatuses for sample
structure analysis, Powder X-ray diffractometer with a refrigerator, preparation.

Warped imaging plate type diffractometer, Monochromated Laue
camera, and Imaging plate reader.
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Powder X-ray diffractometer for low temperature application 200 kV electron microscope with an X-ray micro-analyzer
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Electromagnetic Measurements Section
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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.
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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).
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SQUID magnetometer (MPMS)
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Spectroscopy Section
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The Spectroscopy Section offers joint-use facilities for stan-
dard optical measurements. The facilities can be used for mea-
surements of conventional absorption/reflection spectrum in

the UV, visible and IR regions and Raman scattering.
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Main Facilities

UV/VIS absorption spectrometer, IR spectrometer, Micro-Raman
spectrometer

FAB LTIV DIHEE
IR and Raman Spectrometers (Room A468)
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High-Pressure Synthesis Section
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The main purposes of the High-Pressure Synthesis Section
are to synthesize various (new) compounds and to investigate
the behavior of some materials at extreme conditions of high
pressures up to 100 GPa or more and high temperatures up to
several thousand °C. Various types of high-pressure appara-
tuses and related experimental equipments are provided to joint
research and internal use.

FELF

500/700 b VHETL ZAEEB. Y1V EY K7V ELEIL. XIREFES.
BEM SN U ANEB. YAG L—H—ITH. Zoft (KEMIHE. 507
EY RFBEE. I#8. NCETYVITYY)

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