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The aim of MDCL is to promote materials science
with the emphasis on the “DSC cycle”, where DSC
represents three functions in developing new materials,
Design, Synthesis and Characterization. The MDCL
consists of two divisions; Materials Design Division
(MD-D) and Materials Synthesis and Characterization
Division (MSC-D). The Supercomputer Center of ISSP
(SCC-ISSP) belongs to MD-D, while in MSC-D there
are seven sections for joint-use; Materials Synthesis
Section, Chemical Analysis Section, X-Ray Diffraction
Section, Electron Microscope Section, Electromagnetic
Measurements Section, Spectroscopy Section, and
High-Pressure Synthesis Section. In MD-D, by making
use of its supercomputer system, novel mechanisms
behind various cooperative phenomena in condensed
matter are explored, and theoretical designs of new
materials as well as materials with new nanoscale struc-
tures are developed. In MSC-D, various types of new
materials are synthesized, single crystals are grown, and
the structural, electromagnetic and optic properties
of the materials are characterized in various ways. The
characterization results are immediately fed back to the
synthesis and to the design of materials. Through this
DSC cycle we aim to develop new materials with new
functions. Almost all the facilities of the MDCL are
open to domestic scientists through the User Programs
conducted by the Steering Committees of the MDCL.
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Two 5d pyrochlore oxides. Cd20s;07 exhibits a metal-insulator transition to
a magnetic octupole order below 230 K, while an itinerant multipole state is
realized in CdaRe2O7 with spontaneous spatial inversion symmetry break-
ing below 200 K.

AT —~ Research Subjects

The remarkable discovery of high-T. superconductivity
and the following enthusiastic research in the last decade have
clearly demonstrated how the finding of new materials would
give a great impact on the progress of solid state physics. Now
related topics are spreading over not only superconductivity but
also unusual metallic behavior, which are often observed near
the metal-insulator transition in the strongly correlated electron
systems. We believe that for the next few decades it will become
more important to explore novel physics through searching for
new materials.

A family of transition-metal oxides is one of the typical
systems where Coulomb interactions play a critical role on
the magnetic and electronic properties. Especially interesting
is what is expected when electrons localized due to the strong
Coulomb repulsion start moving by changing the bandwidth or
the density of electrons. We anticipate there unknown, dramatic
phenomena governed by many-body effects and quantum
fluctuations.
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quantum spin on Cu?* ion
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BiEE BER

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

1. HLWEFRAE YRR URIEREFRYE DR

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

2. REY 1/2 AT ARFREERIEARDEERRE

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

3. ERBREMH
High-Tc superconductors
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Multi-scale entanglement renormalization ansatz (MERA) ZFWTEE I N2,

A super-operator that defines renormalization transformation of two-
site operators. Each tensor represented by a polygon is computed through
MERA.

ffFE 7T —~ Research Subjects

Our group investigates fundamental problems in condensed
matter physics through massively parallel computation using
ISSP supercomputers and “K-computer” at Kobe. For this
purpose, we also develop new algorithms. As for quantum
critical phenomena, for example, we are trying to find a “decon-
fined” critical phenomena, a new category of quantum phase
transition, as a transition between Neel state and VBS state in
the SU(N) Heisenberg model. Another target in this area of
research is the existence/absence of super-solid phase in optical
lattices and in He4 systems adsorbed on graphite surfaces. As for
classical systems, we investigate the phase transition due to the
Z2 vortex dissociation, an unconventional critical phenomena
caused by the symmetry-breaking dangerously-irrelevant field,
etc. Our most recent activities are focused on developments of
tensor network methods and their applications to frustrated spin

systems.
(Ternary, 2-site) (x=4,x"=12)
' ' ' Exact
| | 1843
1/8 +
b eceeee®® . »
25| |
1/8+2
2t ceee®®® | 18++1
<4 st I
) /841
os} |
0e® 1 168
05 'l | 1
0 s 10 15 20

index
BOAHBEEFOEEERENSROS5ND 2RTA IV ITETILDRT—Y >
YV RITo
Scaling-dimensions obtained by solving the eigenvalue problem of the
super-operator.

1. HILWEFHE EFHEEBRORE

Search for novel quantum phases and quantum transitions

2. B OBIEREDMR
Numerical methods for many-body physics
3. RARRO—ARGH
General theory of critical phenomena
4. SV LREFESE
Disordered systems and computational complexity
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CrAs [FEETIE Tn = 265K U T TREBHMMEKRFZRIHNMEN 1 GPa DEETT
FESHAERRFRIEHAR L. FERERELDBIEE (Te ~ 2 K) BRI 2, EENTTOE
SUBMOREKRELE. PHEFEEERRLD, FEREOBGCENIRIIESE AL
TWBZEZHSMIUT, (a) RIEFEELEER (at 4K) TRONCEEN T TOBSK
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CrAs adopts the orthorhombic MnP-type structure with a first-order anti-
ferromagnetic transition at Ty = 265 K. The first-order Tn can be sup-
pressed quickly by the external pressure or substitution by P. And then, the
unconventional bulk superconductivity with Tc = 2 K emerges influence
of magnetic fluctuation at critical area. (a) : The (0, 0, 2-0) magnetic Bragg
peak for CrAs under different pressures at 4 K. (b) : An updated T-P phase
diagram of CrAs showing the complete suppression of Tc around 45 kbar.
The coefficient A for CrAs displays an apparent enhancement around
Pc = 10 kbar. (DH : double helical order, SC : superconductivity, PM : para-
magnetism)

X7 —~ Research Subjects

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.
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1. ZERETICE T 2HFYHERKOER

Search for new physical phenomena under multi extreme conditions

2. (CEHRREDENFERGBRK DT

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
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Underlying idea of the O(N) Krylov subspace method. (1) Con- ;,
struction of truncated cluster for each atom by picking atoms up E
within a sphere. (2) Projection of the truncated subspace into a £
Krylov subspace. (3) Solution of the eigenvalue problem in the =
Krylov subspace, calculation of Green’s function associated with 2
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 nearsighted-
ness of electron. The O(N) method enables us to simulate Li ion
battery, structural materials, and graphene nanoribbon based
devices which cannot be easily treated by the conventional
method, and to directly compare simulations with experiments.
In addition to this, we have recently developed a general method
to calculate absolute binding energies of core levels in solids,
resulting in determination of two-dimensional structures such
as silicene, borophene, and single atom dispersion of Pt atoms
in collaboration with experimental groups. Our continuous
methodological developments have been all implemented in
OpenMX (Open source package for Material eXplorer), which
has been released to public under GNU-GPL, and widely used
around world for studies of a wide variety of materials.
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1. F—RESTREFEICH T 2MENFEFE - 7ILTY XLDORH
Development of efficient methods and algorithms for first-principles electronic structure calculations

. SRTMEOE—REEFREE

First-principles calculations of two-dimensional novel structures

- XRAHARYT NV EFEDRFE

Development of first-principles methods for X-ray spectroscopies

. B—REFEIC L 2B CEERREDE

First-principles calculations of superconducting critical temperature

. OpenMX DRAF & AR
Development of the OpenMX software package

45
THE INSTITUTE FOR SOLID STATE PHYSICS 2018



V7 b= — AR R 2 B L TR LT 5,
RRIC, BRI D ¥4 F 2 7 2D I %2 AT w5,
ZD1HDOY 2L —varyFEORIE ARHIToTWw 5,

Bl Z 02, ARMERPHRE N 5 725 /MED X £ F 25 5ibE
TTOWRZEAZFARTNS, INET, iU LBHRIM
BRDRT 22— FIRPARY v SRAND LT, ¥ V7B D
WA kB RO T2 2 L 2 HE D LT 5,

F72, AT MBI OBELERE P RIEERE ) s L
HEDFELA =T 2K BRIHED R OTED IS F 7
A%y Ial—varvizfLTZELTw» 5,

We study soft-matter physics and biophysics theoretically and
numerically. Our main target is the physics of biomembrane and
cells 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 and the fracture

process of polymer materials.

NFFRY VIV ERFICELBEF 12— TR RIEFICE > TRIRTIEFRD
XY NT—UBEER S,

Sequential snapshots of membrane tubulation induced by banana-shaped
protein rods.

X7 —~ Research Subjects

HRTO/BBUESHTFOBE, 7EILT 7 ABICEINER L. BIF TV,

Fracture of polymer material under axial extension.

1. #HBE. BRENRY V)L DOFEERR
Shape transformation of cells and lipid vesicles

2. BERARDY A IV
Dynamics of complex fluids

3. B FHEOEE
Fracture of polymer materials
4. RENZHAEFEDORF
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 finite temperature properties in
solids with strong geometric charge frustration and spin relax-
ation phenomena in quantum dot systems. In addition to these
activities, we focus on the information processing and have
been trying to apply this technique to materials science such as
analyzing data obtained by the quantum Monte Carlo method
by the sparse modeling method and searching new materials
using the machine learning method.
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We are studying Fermi surface (FS) properties of strongly
correlated electron systems under extreme conditions by de
Haas-van Alphen oscillation. FS, which is the highest constant-
energy surface of conduction electron in reciprocal space, is
very important to characterize metallic materials, because it
shows the characteristic shape and properties depending on the
crystal structure, number of valence electrons and the inter-
actions acting the conduction electrons. We have elucidated
the change of FS with diverging mass-enhancement around
quantum critical point (QCP) in cerium and uranium magnetic
compounds. Recently, we are collaborating with Uwatoko group
to develop the observing system for the quantum oscillation
under the multiple extreme conditions using dilution refrig-
erator (DR) with 20T superconducting magnet, helium-free DR
with 9T magnet, constant load pressure cell, improved Bridgman
cell and palm-top cubic anvil cell in order to investigate the FS
properties of valence fluctuating system, multipole QCP system,
transition metal compounds showing quantum phase transition
or metal-insulator transition.
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By using the first-principles density functional calculations
with massive parallel computation using large supercomputer,
we study the electronic structures and physical properties of
complex materials. We perform computational materials design
of candidate materials for spintronics applications and thermo-
electric materials. In particular, we focus on spin, magnetic
freedom of electrons. For example, Rashba spin texture is known
for the vortex spin structure in the momentum space (wave
number space of Bloch electrons) and the skyrmion crystal
is known for the vortex spin structure in real space. These
non-trivial spin structures originate in the crystal structure and
structure of materials interface. The electron transport phenom-
enon is strongly affected by these spin structures. In our labora-
tory, we study the origin and expected physical properties of
the materials with peculiar spin structures by realistic computer
simulation. We try to propose physically interesting phenomena
and design materials that are important for engineering.
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AT AR MR T 2 L EbIc, ZFE2—Y2 5 DRI
ZOMPIBEL DS, PATLOEMERZIT-oT05,
A—=8—av Ea—FDHMHFEICOWTIE, F—LX—
(http://www.issp.u-tokyo.ac.jp/supercom/) % &I
72w, Fro, 2015 FED S LA RV ATLADOLIDE
JERRIMZIEET 27207 7 by 7 RS - mEALS R 7 e
7o L%BMB LI, Soic, AHEYEBIEA SV E
KU TRAL Tty HAHE, WS, o 7
a7 b, GHEWERNEAMBR a2y Y —2 75 (PCoMS)
REDRM 7 27 Y R—FLTW3,

A—/\—3avEa1—% 2ZXFLB (SGIICE XA/UV hybrid system)
The supercomputer system B (SGI ICE XA/UV hybrid system).

49

BFEPIME  KH BT
mifErIME  EHE R
PHZIBEPIE TT A B5fT Technical Associate : ARAKI, Shigeyuki

Technical Associate : YATA, Hiroyuki
Technical Associate : FUKUDA, Takaki

M /KASAMATSU

JE /WATANABE

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

SGI ICE XA/3744 CPU + 576 GPU
262PFlops 240478 memory

SGI UV/76 CPU
1.6TFlops 19TB memory

disk array
1.29PB

Fi d WS
System B
1 System C
I
'HPE SGI 8600 1
{ 774TFlops 47.25TB memory . —
\ P’ diskarray 50018 {:: 'll'ﬁ/

(] |
W s

Front-end WS
HPE

&

MERRAHRFBR—/(—IYE21—9 Y R T LEBRK
The Supercomputer System at the SCC-ISSP.
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Materials Synthesis Section

B Y B
BT H B

BH &=

FFH  FUEEF Technical Associate : ISHII, Rieko

Contact Person : HIROI, Zenji

ARETE, FWHEHDO AR, WRMYEORE, B
B EMZEREARI O G R 21T o T3, £, AR
PRSP BT T RO, BURHR BN T %2 & 2 TN+ 0
SEEF AR & LT LTw 5,

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

FERE

TA—Ta VIV -VEERBRF. SEESF (ERmMHAKXIVvIT
VIR, 75w AR P—BBIE,. YU Oy ME), BEEEERE (10°
Torr). JO—7HRy VR, Ry IR

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.

ARERERI/O—-TRy I X

Glove box for sample preparation
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J YIE AR « BEEE (Materials Synthesis and Characterization Division)
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Chemical Analysis Section

B Y e EH EC
BErBE /Gt Ex
¥ i B B8 AF ZFYETF Technical Associate : ISHII, Rieko

Contact Person : HIROI, Zenji

Technical Associate : KOIKE, Masayoshi

ARETIE, PEIRICEN Y EICOW T AT
B LWED T T ORE & LA TEIC X 2 MR
DREHEB XOPEZ2IT ) LIz, FR&E - 07 - L0 ER I
BH 2 Atk 2 it A o JEFEA IS LT 5.

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

chemical analysis experiments.

TERE
FEREBART I AVEADADTEE. FEBEME. BFRE B
ERERE. MABERE

Main Facilities

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

A N
FEEEBRAR T 7 VRS ITEE
ICP-AES
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YIE AR« BEEE (Materials Synthesis and Characterization Division)

X B

X-Ray Diffraction Section Electron Microscope Section

B Y pr 8 EH =T Contact Person : HIROI, Zenji B Y 8 EH =T Contact Person : HIROI, Zenji
Bh % KB fi# Research Associate : YAJIMA, Takeshi BiTEPBE JEfR K& Technical Associate : HAMANE, Daisuke

T BB E O MR E OB N TR TH 5,
XEB / YAJIMA AETIR, BTERL AN TOERGEZBZE TS0, B
‘ FRAETY & BT A BT T BB 2 i 2. WL B
WETFge 2179 LI, BTN ORIICHEL . JE
FIHBRE IR 2 T >T 0 5,

BIRE Y2 R S OPIFEPLRHIEIIC B T, A
ENT 130 THRERMEZ 5D 5, AE TR, XRET
ZHGT, HTBPE ORGP I K 2 RE A A Y

YERSEOWIE2AT ) LT, FrNSt o BtFE# ICN LT The Electron Microscope Section supports electron diffrac-

A OEAL, KIHIIE2THoT\1 2, tion measurements, lattice image observations and microscopic

analyses of various solid materials in both crystalline and

The main purposes of the X-Ray Diffraction Section are non-crystalline forms with the atomic-scale resolution by using

structural analysis and identification of powder and single a high-resolution electron microscope equipped with an x-ray
crystal specimens for solid state physics. By using the Powder micro-analyzer.

X-ray diffractometer equipped with a refrigerator, the structural

analysis is performed in the temperature range of 4-300 K. TR
200kV BERBHFAF S ITEFEME. ER - SENILY — FEAHMER
ERRME DIcHDEA DEE

B X IREITEE, BREREEHETA CCD ¥ A7 A BEE X REITRE.

A X— YV TL— NEXIBEfEH, SUIAAS, A A—IVT T Main Facilities

L— hEERED B 200 kV electron microscope with an x-ray micro-analyzer, High-
B
and low-temperature holders, and various apparatuses for sample
Main Facilities preparation.

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

BERAA X —Y Y7 7L — M XIRETE 200 kV B BE 1R F B
Imaging plate type X-ray diffractometer for low temperature application 200 kV electron microscope with an X-ray micro-analyzer
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Electromagnetic Measurements Section

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

B Y R ER FE Contact Person : MORI, Hatsumi

B Y AT 8 BSA {EZE Contact Person : KATSUMOTO, Shingo
EiEMABE URN B Technical Associate : YAMAUCHI, Touru

KBTI, WHDEANMNE TH 28 AN TEE
Z B KOS DIRGEIRIC Do THIE T 5 £ &I,
PSR E 2L, BRI S, SR a7l
D2 TN O IEFFICAE LT W 5,

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

TERE

15/ 177RAZBEERTRY M 16/ 18TRTEE—BEEYY
Zv b (NMR). SQU | DEMLEIEERE (MPMS)., REYMHEAIES
& (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).

RRUFIERAERE
SQUID magnetometer (MPMS)
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Spectroscopy Section

# Y B 8 RN ZE3SZ Contact Person : AKIYAMA, Hidefumi
Bf % PRE  {B75 Research Associate : HAZAMA, Yuiji

PHED & 26 ER S L —F — ez 2. AT
NOILFEFFNPEL T D, AT - 25 - RIPBEIRDWLIL -
I ART PV, BT = > e EOWE D AHETH B,

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.

FEXRE
AREADHIES. FADHKES. ST UMNKES. BRAZ/L
2L —H—3¥R

Main Facilities

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

FAB LTIV DIHEE
IR and Raman Spectrometers (Room A468)
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High-Pressure Synthesis Section

B Y pr 8 EH =T Contact Person : HIROI, Zenji

—_ —

BRITEFIBE % SAE Technical Associate : GOTOU, Hirotada

AETIE, AAKE, BTEETomimESE MIcEB»T
ek Ze () WHD GRZT) L4, SIEATICET2Y)
HOZEHZFRT5, I5ICHEDEH S AR IE B
g 2 SR 2 TN A O R EF IS L TR 5,

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

research and internal use.

FEXRE

500/700 b VHETL REE. Y1 VEY K7V EIL I, XIREIFEE.
SN U ANEB. YAG L—H—iITH. Zoft (KEMIHE. 507
EY RFEBEE. 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.

- & |
AHWEL700tonF 1 —Ev ¥ 7L R, 4GPa k TOBEERESRERA.

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