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J 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 Super-
computer Center of ISSP (SCC-ISSP) belongs to
MD-D, while in MSC-D there are six 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 structures 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.

AT —~ Research Subjects

The remarkable discovery of high-T. superconductivity and
the following enthusiastic research in the last decade 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.
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quantum spin on Cu?* ion
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Copper mineral volborthite representing a spin-1/2 kagome-lattice antifer-
romagnet

1. HULWEFRAEYRRRIEARETF RYE DR

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

2. REY 1/2 AT ARFREHEIEEDOEEIRRE

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

High-Tc superconductors
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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. Furthermore, we recently work on developments of new
computational methods such as tensor networks, as well as the
possible relationship between the computational complexity and
the thermodynamic properties.
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1. HFLWEFHE EFHEEBRORE

Search for novel quantum phases and quantum transitions

2. ZEEOBIEREDMRE
Numerical methods for many-body physics
3. AR RO
General theory of critical phenomena
4. SV LRETER
Disordered systems and computational complexity
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Snapshot of a lipid vesicle confined in a spherical vesicle.

AT —~ Research Subjects

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.

FARTRT TOREEEREDO—)LREEDF M.

Snapshot of the rolled structure of surfactant
membranes induced by shear flow.

1. #HRE. BEENRY T ILDOFREFR
Shape transformation of cells and lipid vesicles

2. EFEO/ME. DH
Fusion and fission of biomembranes

3. FTET COREMERFRDY A FZIR
Dynamics of membranes out of equilibrium

4. HSRAILE T ZEWNVETRR
Slow dynamics in glass
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% Y% EHE (Materials Design Division)
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Supercomputer Center
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The supercomputer system B (SGI Altix ICE 8400EX/3840 cpu)
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1. Joint-Use Supercomputer System

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 three systems: SGI ICE 8400EX (3840 CPU x Intel
Xeon 5570), NEC SX-9 (64CPU), and FUJITSU PRIMEHPC
FX 10 (384CPU). The first two systems and the last system were
renewed in July 2010 and April 2013, respectively. In addition
to maintaining high performance of the system in cooperation
with the venders (Fujitsu, SGI, and NEC), the SCC also responds
to questions and inquiries from users on daily basis.

2. In-House Networks and related missions

The SCC also operates the local area network in ISSP, and file
servers, WWW servers for the ISSP home page (http://www.issp.
u-tokyo.ac.jp), and other servers, to support all the users in ISSP.
It takes severe measures of network security of the ISSP, which
is connected to the internet via UTnet (the campus network of
the University of Tokyo). We, for example, monitor electronic
traffics for virus infection and by distributing anti-virus software
to in-house users.

3. MEXT, HPCI Project

We support Center of Computational Materials Science, ISSP,
which is responsible to the project "Novel materials and energy

resources", by providing and managing computer resources.

SGl Altix ICE 8400EX/3840 cpu I
%

NEC 5X-9/64 cpu

180TFlops 46TB memory 6.6TFlops 4T8 memory.

Fujitsu PREMEHPC FX10/384 cpu
90.8TFlops 12TB memory
R

YERRAHARNBR—/N— Y1 —9 Y X7 LERE
The Supercomputer System at the SCC-ISSP.
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Materials Design and Characterization Laboratory

YIE AR« BEEE (Materials Synthesis and Characterization Division)
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Materials Synthesis Section Chemical Analysis Section
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BAESEMBE JbE [BE Technical Associate : KITAZAWA, Tsuneo BTEPMBE /\t 1FEZX  Technical Associate : KOIKE, Masayoshi
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The main purposes of the Materials Synthesis Section are to The Chemical Analysis Section is engaged in determining the
synthesize new compounds and to prepare well-characterized chemical composition of specimens and in purifying chemical
samples and single crystals of various materials. Various kinds reagents for preparation of high quality specimens. The analyt-
of furnaces are provided for crystal growth experiments. ical equipments, several types of automatic balance and a system

for preparation of ultra-high purity water are provided for
TEDE chemical analysis experiments.
TO—T« IV VBERBRIA. BE&SI LA SEBRFE (R
AATY Y IIVIR TSIV IR T-UBEBA. 22y ME).

TERE
REREZE (10° Torn)., HEYHiH FERAEART S VRN EE, AEENE. BTEA. B
Main Facilities EREEB, MkESEES

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.

Main Facilities

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

BiERS| LR FEEABART 7 ANEADHDITES
Czochralski pulling apparatus with an induction heating system ICP-AES
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X-Ray Diftraction Section
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Contact Person : HIROI, Zenji
Research Associate : YAJIMA, Takeshi
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The main purposes of the X-Ray Diffraction Section are
structural analysis and identification of powder and single
crystal specimens for solid state physics. By using the 4-circle
diffractometer equipped with a warped imaging plate and a
refrigerator, the structural analysis is performed in the tempera-
ture range of 7-300 K.
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Main Facilities

Powder X-ray diffractometer, CCD system for the single-crystal
structure analysis, Automatic 4-circle X-ray diffractometer, Warped
imaging plate type diffractometer, Monochromated Laue camera,
and Imaging plate reader.

J YIE AR » BEEE (Materials Synthesis and Characterization Division)
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Electron Microscope Section
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The Electron Microscope Section supports electron diffrac-
tion measurements, lattice image observations and microscopic
analyses of various solid materials in both crystalline and
non-crystalline forms with the atomic-scale resolution by using
a high-resolution electron microscope equipped with an x-ray
micro-analyzer.

TERE
200kV BRBS AT EFEME. R - SRRV —. SRR
DfcHDER DEE

Main Facilities

200 kV electron microscope with an x-ray micro-analyzer, High-
and low-temperature holders, and various apparatuses for sample
preparation.

KR
Imaging plate type X-ray diffractometer for low temperature application

AAX=Y VT TL— NXIREITE
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200 kV BEREFZ T E F IR

200 kV electron microscope with an X-ray micro-analyzer

THE INSTITUTE FOR SOLID STATE PHYSICS 2014



Materials Design and Characterization Laboratory

Y A K« BFAiEE (Materials Synthesis and Characterization Division)
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Electromagnetic Measurements Section Spectroscopy Section
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HMTEPBE UK Bl Technical Associate : YAMAUCHI, Touru
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The Spectroscopy Section offers joint-use facilities for stan-

The Electromagnetic Measurements Section offers various dard optical measurements. The facilities can be used for mea-
facilities for measurements of electric and magnetic properties surements of conventional absorption/reflection spectrum in
of materials. The followings are types of experiments currently the UV, visible and IR regions and Raman scattering.
supported in this section: electrical resistivity, magnetoresis-
tance and Hall effect, magnetization, a.c. susceptibility, magnetic TERRE
torque, and NMR. FREANADIARER . FADKRER TV ANHHER. RRAZE/UL

AL —H—3}R
F I Main Facilities
15/177FA5BEEY TRy~ 16/ 18FA5BH—BEETY UV/VIS absorption spectrometer, IR spectrometer, Micro-Raman
vk (NMR). SQU | DEMLEIEREE (MPMS). REMMRITEE spectrometer with Ar and He-Ne lasers, Pulsed YAG laser equipped
B (PPMS). VORI JLERBIEET SR Y ~ with tunable OPPO and a laser-machining unit, Ar ion laser,
Cryostat.

Main Facilities

Superconducting magnet (15/17 T), High homogeneity
superconducting magnet (16/18 T) for NMR experiments, SQUID
magnetometer (7 T), PPMS (physical properties measurement
system), and Cross-coil-type superconducting magnet.

BRI ERE TAB LTIV DHREE
SQUID magnetometer (MPMS) 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 VHETZ L REE. Y1 VEY RZVEIL I, XIREIFEE.
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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.

HWBT700tonF 1 —E v ¥ 7L X.4GPa £ TOBEREGHRERA.
Wakatsuki-type 700 ton cubic press for high pressure and high
temperature synthesis experiments up to 4 GPa.
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