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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
(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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Superconducting transitions observed in resistivity for the p-pyrochlore
oxide superconductors AOs;Og found in the Hiroi laboratory. The Tcs are 3.3,
6.3 and 9.6 K for A = Cs, Rb and K, respectively.

X7 —~ Research Subjects

The remarkable discovery of high-T. superconductivity and
the following enthusiastic research in the last few decades have
clearly exemplified 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 most typical
systems where Coulomb interactions play a critical role on
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 number of electrons. We anticipate there unknown, dramatic
phenomena governed by many-body effects and quantum
fluctuations.

HT AT R
RILRG A

quantum spin on Cu?* ion

ZEY 1/2 ATAEFREBMEEDOETIVYE & RZDMEPRILRY 1 N OES
it C BiER

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

1. HUWEFREYRRURIEEET RYE DR

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

2. AEY 1/2 AT XMEF REEREMEADEEIREE

Ground state of the spin-1/2 kagome antiferromagnet
3. BRBEEG

High-Tc superconductors
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2T NERETORDAHEREZEERT DBERETF. ZATRBTVVILZERL.
Multi-scale entanglement renormalization ansatz (MERA) ZFAWTETE I N2,

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

AT —~ 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.
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Scaling-dimensions obtained by solving the eigenvalue problem of the
super-operator.

1. HLWEFHE EFHEEBRORE

Search for novel quantum phases and quantum transitions

2. ZEEOBIERE DR
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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X7 —~ Research Subjects

Our 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 indispens-
able for researches in solid state physics. However, the develop-
ments of these techniques that can realize in-situ measurements
under multiple extreme conditions are often challenging and
require sophisticated considerations. 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 correlated 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.

ERTAVAIEIEZETRY MnP EEYDOENHERETRY, EETE T =
280K U T TOBBIERFEBE LV Ta1 = 50 K O REHMEIHKFEE
ERY. BET T BREIEKRF IEHEE UM RREIERFNHET 2,
P = 8 GPa fHiE Tl Mn (L&Y TIEUHTERZBEENHIRT 5, R
FICIE. BET (NUAL cBE) TORLUBET (5 GPa) HIEFE
FTHSHCBSTRSEE (NUAIL b EE) BEFHIRLTHS,

MnP is ferromagnetic between T, = 291 K and Ts = 50 K, which
adopts an orthorhombic B31-type structure with space group
Pnma. A temperature-pressure phase diagram is shown in this
figure. With the application of external pressure, (1) both fer-
romagnetic (T) and antiferromagnetic (Tg; helical-c structure)
transitions decrease, and Ts vanishes completely around 1.4 GPa;
(2) a new antiferromagnetic (T*; helical-b structure) transition
appears around 2 GPa, rises quickly,
and merges with Tc around 3-4 GPa at
Tm; (3) T, helical-b structure, is con-
tinuously suppressed and eventually
vanishes around P. = 8 GPa, where
superconductivity with a maximum
Tsc = 1K is observed. Exotic physical
properties associated with the mag-
netic quantum critical point at P are
evidenced. This is the first discovery
of superconductivity among the Mn-
based compounds.

helical —¢

1. ZERETICE T 2HFYHERKOER

Search for new physical phenomena under multi extreme conditions

2. (CEBREREDENFERGBRK 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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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.

KT —~ Research Subjects

In accordance with development of recent massively parallel
computers, first-principles calculations based on density
functional theories (DFT) have been playing a very important
role in understanding and designing 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 an
O(N) Krylov subspace method, of which 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
are aiming at realization of materials design from first-princi-
ples. As a first step towards the materials design, we have been
trying to develop a method to predict complicated crystal struc-
tures based on machine learning techniques. 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.
F—=5—=No7UOTEHREEET

BESNEBCCHENC DBH evevronnnnnnnntil]
EEREORBILMEE, NaCIE =i arr e sl
& D NbC(100) & & BCC #iED ITnfrrrrrersrrnrrvnn
Fe(100) ¥ Baker-Nutting OBgff Z [+ s+ s ss===sessnnas]pm,
[010]noc//101 T]Fe, [001]Nbc//£u:_f+.:‘ SV VAN
011 OBBA I THEAEER  lr | I: III RN
EEMHT 5. HRERTEHET "I‘ tatatotoel
DBRWEEERAOLESIC Fe BF okt LML WL B I I

o H w m m i n k-3

M CRFIEDE, EHHAERIC
RATWSZ ENGHN 2,
Optimized semi-coherent interface structure between BCC Fe and NbC by
the O(N) method. BCC Fe (100) and NbC(100) in the NaCl structure forms
semi-coherent interface structure in the Baker-Nutting relation: [010]nbc//
[011]Fe, [001]Nbc//[011]Fe. Iron atoms approaches to carbon atom due to
strong interaction between carbon and iron atoms, resulting in that struc-
tural strain affects into the inner part of iron.

1. B—REEFREFAEICE T DNENFEFE -

FILTU X LOBEF

Development of efficient methods and algorithms for first-principles electronic structure calculations

2. F-REBXCEAEFEDORHE

Development of first-principles electronic transport calculations

3. 2RV Y AVBEDE—REETRENE

First-principles calculations of two-dimensional Si structures

4. KBFDHARY MVFEFEDRFE

Development of first-principles methods of core-level binding energies in solids

5. OpenMX DFA%E & N
Development of the OpenMX software package
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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 hydrody-
namic simulations: discocyte-to-parachute, stomatocyte-to-
prolate, and prolate-to-discocyte, etc. We also clarify the several
fusion and fission pathways of the membrane using coarse-
grained molecular simulations. In particular, the pathway via
pore opening on the edge of stalk-like connection was newly
found by us, and later supported by an experiment.

NFFRY VIRV ERFICLDEF 21— Tk FHICEL> TRZRTIEFRD
Ry NT—VEEER D,

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

%7 —~ Research Subjects

BRTOFERESD FOWE. 7EILT 7 ABICEANERL. BT TV,

Fracture of polymer material under axial extension.

1. #ERE. BEENRY U IO
Shape transformation of cells and lipid vesicles

2. EREORE. A
Fusion and fission of biomembranes

3. FEE T CORMEUEFIEDS 1 FIU R
Dynamics of membranes out of equilibrium

4. BDTFHRIOBE
Fracture of polymer materials
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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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Molecular crystal SnI4 has been known to undergo pressure-
induced solid-state amorphization. This peculiar phenomenon
was discovered in 1985 by Professor Y. Fujii, who asked me to
solve its mechanism when I visited ISSP in 1994. After theoretical
consideration, the phenomenon was expected to be related with
melting anomaly. This latter expectation was indeed confirmed
by experiments, which further revealed the existence of two
liquid states with different density. The amorphous state found by
Professor Fujii was thermodynamically identified as a state formed
from the high-density liquid phase by vitrification. A phenom-
enological model introduced to explain the water polyamorphism
could capture the relationship among all the liquid phases and
amorphous states. The model also predicted the existence of the
liquid—liquid critical point in a pressure—temperature region
accessible to us. We recently succeeded in identifying the region.
This success has taken us to a new stage, in which a more realistic
model must be developed to quantitatively discuss what occurs
in the vicinity of the critical point. The interaction with Professor
Noguchi, who actively promotes the relevant field, will certainly
make us take a step forward in this issue.
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Mario NOVAK, comes from University of Zagreb and this
is his second long term stay in Japan. His previous stay was
as a postdoc at Osaka University. He is a specialist in the low
temperature physics and material synthesis. The topic of his
research involves new topological materials, e.g., 3D Dirac and
Weyl semimetals and topological insulators. These materials
emerged after realisation that the topological nature of the wave
functions could have serious implication on material proper-
ties. In particular he and his group are interested in discovering
new magnetotransport properties of topologically non-trivial
materials and understand how they differ from “conventional”
materials. The materials he is currently working on are 3D Dirac
materials such as CdszAsz, Zr/HfSiS or Weyl semimetals TaAs
class of materials. Collaboration with members of ISSP will
strengthen the scientific connection between ISSP and Univer-
sity of Zagreb on the benefit of both institutions.
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Materials Design and Characterization Laboratory

WG HE (Materials Design Division)
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Supercomputer Center
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BYmE EF {& Contact Person : SUGINO, Osamu

Bh #% & HEiE Research Associate : WATANABE, Hiroshi
Bh ¥ 5 FEEH Research Associate : KASAMATSU, Shusuke
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T GHEWERIE A Sa R ERE L TRA L Tt
HaaE, FEE, JuREEE T 07 b SHREYERE
NMER 2y —> 74 (PCoMS) ZH F—FLTWn3,

A—/\—aAvEa1—% 2ZXFLB (SGIICE XA/UV hybrid system)
The supercomputer system B (SGI ICE XA/UV hybrid system).
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EfErRE KEH BT
giEMBE BH R
PTEESrImE mAR BT

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

-

A,

/

Y /KASAMATSU

1 I "

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 system was renewed in July 2015.
The latter system is to be installed in January 2018. In addition
to maintaining high performance of the system in cooperation
with the venders, the SCC also responds to questions and inqui-
ries from users on daily basis.

We support software development projects for post-K
computer, Elements Strategy Initiative, and PCoMS by providing

and managing computer resources.

SGI ICE XA/3744 CPU + 576 GPU
2.62PFlops 240.4TB memory

SGI UV/76 CPU
31.6TFlops 19TB memory

disk array
129PB

System B

new System C

available from
2018/Jan

MERRAHRFBR—/(—AYE21—9 Y AT LBRK
The Supercomputer System at the SCC-ISSP.
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Materials Synthesis Section

B Y B
T H B

BH &=

FAFH  FUEEF Technical Associate : ISHII, Rieko

Contact Person : HIROI, Zenji

AETE, FWHDO AR, WRMYEOREN, B
HERAEM RO AR 27> T0 5, £, Sl
PRSP HT T RUA, BURHR BN T %2 & 2 TN+ 0
SEREM AR S & LT LT 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.

FEXF

TA—Ta VIV —VBERBERA. BiERSI P SEESFE (EHM
H#HXTUYITVIA, 7IVIRA F—UBRF. YUy MNA).
BHZEREEE (100 Torr). FEHUIMHE

Main Facilities

Floating-zone furnaces, Czochralski pulling apparatus with an
induction heating system, Bridgman-type furnace, Ar-arc furnace,
Furnace for flux method, Ultra-high vacuum deposition apparatus,
and Cutting machine.

BiESEs| LR

Czochralski pulling apparatus with an induction heating system
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J YIE AR« BEEE (Materials Synthesis and Characterization Division)
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Chemical Analysis Section

B Y FEEH E-
BErBE /Gt Ex
¥ it B B8 AF ZFYETF Technical Associate : ISHII, Rieko

Contact Person : HIROI, Zenji

Technical Associate : KOIKE, Masayoshi

KRETIE, PERRICHERZYEIC O W TOLAD T
P LOYE DT B OB 8 F LA TR X 240k
DREIE L O P27 L, FRE - 087 - (LB
Bib 2 SRk 2 TN O L FERIA 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
FEREABART I AVEADADTEE. FEBEME. BFRE B
EHERE, MABERE

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 B

X-Ray Diffraction Section Electron Microscope Section

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

BT UM Y EOBMMEEH O/ AR TFBRTH 5,

RE / YAJIMA RETIE, HTRLVVTOEBREZBIE TR0, &7

fHE I & o RO o3 it - SR B & i 2. YR O Bl

W& 2479 Ldbic, Bzt oML JEFH
FAWFE AR 217> T 5,

BIRE Y2 R S OPIFEPLRHIEIC BT, Al
ENT I3 M0 THRE R MLEZ 5O 5, AE TR, XRET
2T, FRE ORGP LI X2 gL e L

YE RS DR 21T L, FRNA DIFZEF 16 LTl The Electron Microscope Section supports electron diffrac-

S FH O, RIERFZE 2T oT\\ 3, 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 BERBAFAF S ITEFEME. ER - SENILY — FEATHMER
FERIH DIcHDEL DEKE

R X IREITEE, BRERESHETA CCD ¥ 27 A BER X REITXE.

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

L— hEERELD 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 V7 7L — M XIRETE 200 kV BERETZOTE F IR G

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
# Y% B 8 EF =T Contact Person : HIROI, Zenji

B Y FE K FE Contact Person : MORI, Hatsumi
mirEMBEe LN I Technical Associate : YAMAUCHI, Touru

ARETIE, WHOEANEE TH 2 E MBI TEE
Z B KOS DIRGHEIRIC Do THIE T 5 £ &b,
PSR PRI E 22, P BRI S, SRS ARl
D2 TN O IELFFICAE LT 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/ 177AZBEEYTRY M 16/ 18TRTEHE—BIEETYY
Zv b (NMR). SQU | DEMLEIERE (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).

RRUFIERERE
SQUID magnetometer (MPMS)
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o I

Spectroscopy Section

# % B 8 RN ZESZ Contact Person : AKIYAMA, Hidefumi
Bh % PRE  {B75 Research Associate : HAZAMA, Yuiji

WD B 262 B R L — Y — 2 A, BTN
HNOILEFFIE LTS, TR - B - IRAFEIE DY -
KB AR Mv, BB T < v a6 EOMIE NI EETH S,

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.

FERXRRE
AREADKIES. FADKKES. ST UMRES. 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 8 EH =T Contact Person : HIROI, Zenji

—_—

RITEFIBE % SAE Technical Associate : GOTOU, Hirotada

AETIE, AR, BTEEComimEE McE»T
ek Ze () WHD GRET) L, SIENTICET2Y)
BOEFHZFHRNTVD, IS G5 AE R E R
g 2 SR 2 TN A O R EF IS LT 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.

FELF

500/700 b VHETL ZAEEB. Y1V EY K7V ELEIL. XIREFTES.
M SN U ANEB. YAG L—H—INTH. 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.

EHWEL700ton F 1 —Ev U 7L R, 4GPa £ TOEERESRERA.

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