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Those of us living in a modern high-tech society benefit greatly from various materials. Just s
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looking around, we can easily recognize many instances; semiconductors constituting the fun-
e EEs

Radiation Safety Laboratory

damental parts of mobile phones and computers, liquid crystals widely used in display devices,
and magnetic substances ubiquitously used for information storage devices such as magnetic
cards and hard discs. The aims of materials science are to elucidate the diversity and complex-
ity of materials' properties from the basic principles of physics and chemistry, to discover new
materials and new phenomena, and to create new concepts through such research activities. FES (ES) HEFREREEES

Faculty Advisory Committee for Joint Use

The Institute for Solid State Physics (ISSP) was established in 195/ as a joint-use research in-

stitute acting as a hub for materials research in Japan. It has won international recognition for
Its 40 years' activity at the Roppongi campus. The ISSP made a new start upon the opening the

Kashiwa campus in 2000, with the prospect of further developing its research activities.
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New materials
and new phenomena

The synthesis and characterization of new materials is
an important element of materials science. Discover-
les of new materials have often opened new horizons
In materials science. The discoveries of organic con-
ductors, high-temperature oxide superconductors, and
carbon nanoclusters are good examples. New materi-
als will also lead to the future development of new de-
vices and technologies.

We are exploring new materials including organic con-
ductors, oxides, and intermetallic compounds using
various methods, and we are clarifying the electric and
magnetic properties of these materials by employing
several state-of-the-art measurement technigues.

SA4VEY R VEIEBEERERES.
Diamond-anvil high-pressure cell.

HELEFEFREZRIEVETFTRL-YDAIB:DRE - Wi HEK S fEREE.
Phase diagram for the heavy fermion system B-YbAIBa4, which exhib-
its a pronounced quantum criticality.
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Single crystals of correlated electron materials.

CalrOs postperovskite, a high-temperature superconductor Ba:-
xKxFeaAsz, a polar metal Pb2Ru=07, and olivine-type MnaSiSa.

EERMPENLDEZRACTHDAHT7YOV 7 —Uhind EXRESIED.
Giant negative magnetoresistance in a compound containing iron
phthalocyanine.
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WIER CIERENCRAE 2 74 Z{EE¥IDyTi20-Di{ EDABEZ1L.
Angular dependence of the magnetization of the spin-ice compound

Dy=Ti=207 grown at ISSP.

BEBIEEMAR «-(BEDT-TTF)2Cu(NCS)=2DEE i
SR & T DEGR.
Electrocrystallization and single crystals of
organic superconductor «-(BEDT-TTF)2Cu
(NCS)-.
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NMR spectra of V nuclei in a single crystal of vanadium oxide
SrossVa0s synthesized at ISSP.
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Microscopic understanding
of the nature of matter from
the fundamental laws of physics

The microscopic basis for understanding the diversity
of properties of matter is the law of guantum mechan-

iIcs, which is the fundamental law of physics governing
the motion of electrons and nuclei. The key aspect
producing the remarkable complexity from this simple
law of physics is the effect of the interaction amonsg
an astronomical number of particles on the order of
1023, To understand novel phenomena, a condensed-
matter theorist formulates a theoretical model for an
interacting many-body system that captures the es-
sential physics of the problem. To conduct a theoreti-
cal study on such a model, various approaches devel-
oped in theoretical physics are employed: the analytic
methods of mathematical physics, field-theoretic
methods, and numerical methods including first-princi-
ples calculations based on density functional theory
and quantum Monte Carlo simulations.

AFSIRERRAT A 4 2 DERFRADE—RIESTE[ImE S 2 R IR Uik 2
SHTCERZRLILBIRT .

First-principles calculations of the friction coefficient between a thin
aluminum film and low-energy incident ions reproduce experimental
results very well, including the oscillatory behavior reflecting the
lonic shell structures.

1RITTM—RA @A DYFRESICHITDHIEDEEDKE.
Negative density reflection in Y-junction of one-dimensional Bose
condensates.
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RESEOUCEF_EHPRROETHIVOEICKDEKXA.
Phase diagram of quantum dissipative double-well systems
obtained by Monte Carlo calculation.

HEER_EDKOEEE DAL . F—IRIEDFENIFESTE.
Structure and distribution function of water on a Pt electrode ---
first-principles molecular dynamics simulation.
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Phase transition of interacting anharmonic oscillators. Temperature
(T/t) and potential energy (€ /t) dependences of the occupation (no)
of the oscillator.
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Energy spectrum and the Hall conductance of electrons on a
honeycomb lattice under a magnetic field.

IR EEETIERD AHEZHWVWCEIEUREF Py b2 U TRNSIEF
BIE BINREDE.

Current through a quantum dot calculated by the time-dependent
density matrix renormalization group method.
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Nanoscale materials,
surfaces, and interfaces

Novel electronic, magnetic, and chemical properties
appear in atomically well-defined artificial low-dimen-
sional, nanoscale-periodic, and surface/interface sys-
tems because of their unigue structures. We are
studying these systems of metals, semiconductors,
and oxides to microscopically elucidate their formation
mechanisms and fundamental material properties
using modern ultra high vacuum, micro fabrication, and

microscopy technologies, and so forth. We are also de-
veloping new experimental methods for these studies
and investigating ways to utilize the newly found prop-
erties of these systems such as for fabricating new
devices.
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Electron holograms of spin vortices
Electron holograms of spin vortices nucleated in ferromagnetic per-

malloy nano wires 500 nm wide and 30 nm thick. Black and white
lines in the figures correspond to the magnetic flux lines.

ARERICHES U A EY RiHOHISAIE ART
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ST 2RFOEEBTEMBEE. WERIE, 2LV BORES BERERY.

A device for observing resonances in a magnetically

coupled spin vortex chain
Scanning electron micrograph of a device used to observe spin

vortex resonance propagating along a magnetically coupled spin
vortex chain. The inserts indicate numerically calculated spin vortex
structures.
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A device for measuring the spin Hall effect

Pure spin current, induced by non local spin injection, is converted
into charge current via the spin Hall effect in a platinum nano wire,
which is detected as a voltage drop along the wire.

E{EYHESIREFTNMR NS VYIRS
BIISRZAIA U CEREYFTE SBIROF v U VEEZRR U, YIEZRNTLND.

Oxide thin film FET
We are studying phase transitions in oxide heterostructures by

electric field-effect doping.

N

THE UNIVERSITY OF TOKYO

BRRKFMIERZFFR

The Institute for Solid Stafte Physics

BeSRULEE(ET Y HY T /TSl
RFY A XOREERFEHENRKZFIALC MRALICELT VAT

A2 FRAIR(CACH IS B .

Self-assembled array of MnN nanodots
Using the interface strain relief of two lattice-mismatched materi-

als, a MnN nanodot array is fabricated on a Cu surface.

FEFRALDEFASYF
FERRELDEFHNDEETZ/IN)IVAERZHAVWCHERNICE(LEE, REZ
MNDEBEBRZEAANYVFID.

Atomic seesaw switch realized on semiconductor surface
One-dimensional electronic conduction is switched by locally chang-
ing the tilting direction of a pair of surface atoms using a pulsed
current.
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KEICEZELTHHS0.7nmEEILET 5.

Adsorption process of CO on Pt surface
When a CO molecule is adsorbed on a stepped Pt surface, the mean

lateral displacement from the first impact point to the final
chemisorption site is about 0.7 nm.

YUIVRED PIAFIVFZ VBT
FUXFILTIUHFE BERLEYY IVRADOAICHEEURRETFOLIC

ERNICIRET 5.

Trimethylamine molecules on Si surface
A trimethylamine molecule is adsorbed at a positively charged spe-

cific site of the reconstructed Si surface.
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Physics under multiple extreme
conditions

This division studies the physical properties of
condensed matter under extreme conditions
such as ultra low temperatures, and ultra high
pressures combined with steady high magnetic
fields up to 20 T. In addition to individual ex-
treme conditions, physics under multiple ex-
treme conditions is also focused on. Under
these conditions, novel phenomena, which
cannot be understood in terms of existing theo-

ries and thus stimulate the creation of new con-

cepts, are expected to occur. Discoveries of
such phenomena have often opened up new hori-
zons In materials science. Many noteworthy in-
struments developed in this division include are
those which produce low temperatures down to
a few tens of uK, high pressure up to 12 GPa,
and high speed rotation of cryostats at over 12
rad /sec. These machines are frequently used in
collaboration with many scientists from through-

out Japan and abroad.

B BGEEIC K DBIEREMEE. COEREICELDTIOKEVLWSHRES
KEDBEERDIEHSND.

Large nuclear demagnetization refrigerator for experiments in high
magnetic fields up to 15 T.

B 2O EX COERLOERRRED NCHBNY 1 707 )LE izhDiE maigkHlh
TEONTVASTEREESED([ISSPREIKERER T SA A A5 v K.

ISSP ULT rotating cryostat with world's highest rotation speed. The
physics of vortices and textural transitions in superfluid 3He is
being studied under steady rotation with the speed up to 12 rad/s.
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BiIRIn D2 S MBHIGKFEI Y — 2V DHIZE.
Measurement of angle-dependent pattern of magnetoresistance
over entire range of magnetic field orientations.

Fa1—EvIT7UVEIVENRERE. 12K EU EDOBEEZKZ&i5 S8
HFED B ZEMRRIE FCOYMEAEZITOEHNHEKD.

Cubic anvil high-pressure apparatus. Cryostat for experiment under
multiple extreme conditions of low temperature, high magnetic field,
and high pressure.
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Materials science using
extreme light
Understanding the nature of light played an important
role in establishing the theories of relativity and quan-
tum mechanics at the beginning of the 20th century. BFIK | ‘ ¥/ et B
hese two theories have not only founded modern éfggééggﬁf;g;_tﬁﬁtﬁ i;i?fz’iizt@@”&”%ﬁ

physics but have also been crucial to the development Photoemission Spectroscopy Optical absorption spectrum of a single quantum wire.

. . Laser-based photoemission spectrom-
of modern optical technologies such as synchrotron ster with the world's highest enerey reso-
radiation and lasers. Since then, these new technolo- [EREEI, 17 [SERS SEHTS WS ClosEEe

band dispersion of a high-Tc superconduc-
gies have enabled the rapid pace of innovations to be tor.
maintained. It is now possible to produce extremely
short bursts of light with femtosecond (10-'> sec) and
attosecond (108 sec) time scales. The range of avail-
able spectral windows of laser-based light sources has
also expanded significantly, and now ranges from tera-
hertz frequencies(<meV) to soft X rays (> 100 eV). At
the Division of Advanced Spectroscopy at ISSP, we
are developing extreme light sources and various
spectroscopic techniques to explore wide ranges of
novel materials and phenomena including high-Tc su-
perconductors, strongly correlated materials, photo In- —
duced phase transitions, biological molecules, solid XHRERF TR SNIABERRICHE S Ag/Si(11 1) REDFREFETIDZEIL.
surfaces/interfaces, and semiconductor nanostruc- X-ray Optics | -
Atomic-scale structural change of Ag/Si(1 1 1) surfaces under phase transition
tures. obtained using novel X-ray diffraction.
FEf=RE Dy

BEHRICHIT DA 7 2 DEHCXINT DGRRD T T s M L—E—.

Ultrafast Spectroscopy
"Femtosecond movie" of a nuclear wave packet directly

mapped by time-resolved photoluminescence spectra.
This wave packet motion corresponds to ionic vibration
in solids.
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Materials science using
synchrotron radiation

In vacuum, synchrotron radiation in the ultraviolet and
soft X-ray regions has been utilized as a powerful
probe to investigate the complex world of materials
science. The Synchrotron Radiation Laboratory (SRL)
maintains three experimental stations in the Photon
Factory, which are fully open to outside users. The in-
house staff of SRL not only serve outside users by pro-
viding technical support and advice but also carry out
their own research on advanced solid-state spectros-
copy and instrumentation. The members of SRL have
been promoting the use of a new undulator beamline in
the soft X-ray region and carring out research projects
by time-resolved spectroscopy, soft X-ray emission
spectroscopy, and so forth. The accelerator group is

studying accelerator physics and developing accelera-
tor technologies for advanced and future synchrotron
light sources.

ENEEERAE DB EFDIEREKE.
Angle-resolved photoemission spectrometer with high energy and
momentum resolution.

SPring-8MEEEEXIR) V1L —4.
Soft X-ray undulator at SPring-8.

RIEARETYERD T DBEENRZERET)L.
Superconducting cavity for future light source.
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AE VD EENEF D IERERE.
Spin-resolved photoemission spectrometer with a spin
detector of very high efficiency.

AE VD EEICEF D IEDOBIHEE.
Schematic diagrams of spin-resolved photoemission.
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Neutron scattering - a unigue
tool to study the structure and
dvynamics of matter

Neutron is one of ingredients which form nuclei or
atoms. |t can penetrate deep inside of materials and
interact with a nucleus or magnetic fields created by
electrons which surround the nucleus. To utilize such
neutron properties, crystal and magnetic structures in
the materials are investigated by neutrons, and this
method is called "Neutron Scattering’.

The Neutron Science Laboratory (NSL) provides a
large scale General User Program for Neutron Scatter-
ing. Under this program, close to 300 proposals are
submitted each year, and the number of visiting users

under this program reaches over 6000 (person-
day/year). Major research areas include solid state
physics (strongly correlated electron systems, high Tc
superconductors, heavy fermion systems, low dimen-
sional magnetism, high-pressure physics etc.), funda-
mental physics and neutron beam optics, polymer,
chemistry, biology, and materials sciences.

BAREFNIMAREEEETERRAREFFJIRR-3.
Research Reactor, JRR-3, at Japan Atomic

Energy Agency (JAEA)

FEFIAERELCKD T/ AVRI Y MM ILDEREE DRSS,

B (& T—E LR & XTI g 2 2K T FalEL/ \ 5y — 2.
KDENIOUICHEBRLTILICHDID DS T, 10E EDERDT]EE.
ZDOMEEEH 1nm BEERIONMODIRIATE LI ST FDRBEIEICHD.
Small-angle neutron-scattering study on deformation mechanism for
nanocomposite polymer gels. Stress vs stretching-ratio plot with
two-dimensional scattering patterns.

Although the water content is more than 90%, the gel can be
stretched to more than 10 times its original length owing to net-
work structure of polymer chains and clay platelets of 1 nm thick-
ness and 30 nm diameter.

PEFIEEMEELIC K DM ERRTFDAE Y Y A =T ADHRA.

K& (L) EREERFOHEGI I TH ARy O—X&F, (B F)Zn-Mg-%F 580
HESRDMARIFEERELANRD MU, () 2REAO B iEaEIFE 4 EL R E 77
. EfERIFN Y O—ABFITHREREIND K D [CEABRM ZF:F I IE VLIRS ElE
CTHdH, Zn-Mg-F T HEHMMERRICEVWCIEE 1 2EHE ISR T —I[CHEET S
RS EEIDERI SN

Neutron inelastic-scattering study on spin dynamics in magnetic
guasicrystals.

(Top left) The Penrose lattice as a typical example of quasiperiodic
lattices. (Bottom left) Powder inelastic-scattering spectrum from a
Zn-Mg-rare-earth magnetic quasicrystal. (Right) Intensity map of
single quasicrystal in the twofold plane. A quasicrystal is a novel
form of solid with a quasiperiodic lattice structure. Using neutron
inelastic scattering, we found that spins in magnetic quasicrystals
exhibit intriguing spin dynamics strongly localized in dodecahedral
clusters.
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JRR-3 4 Rik— LT tes8E.
Neutron scattering spectrometers in the
guide hall of JRR-3

NIV A S EF7528(AGNES) [C K DIV VEESRKFNYD 70O S /HGED
IR e MR EL AN T ML(ER) W SihgifRl (G L) Z25t8 L, 70 b /GE
ETIL(EL) EDLEEZEITS.

Study on proton conductivity of copper rubeanate hydrates using a
pulse cold-neutron spectrometer (AGNES, JRR-3). The diffusion co-
efficients (upper right) were calculated from the quasielastic spec-
tra (lower left) and compared with the model of proton conduction
(upper left).

mEFEELR2 AR I A —hY I 7PFSA 59—, T/ O2O0X—4 .
Doubly focusing analyzer and monochromator for neutron scattering.
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Superfluid transition temperature (red) and energy gap (blue) vs.

hopping constant. The momentum distribution function is also plot-

T%E_\’QZ) (DSC-U-’]/ 7“1) L—:. C‘:. (L_- J: D \ %ﬁ bb\q:%'l‘éf ’ &%ﬁg ted in three typical cases.
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Drastic change of magnetic susceptibility and long-period struc-

tures within a very narrow pressure-temperature region found in a
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A red blood cell in capillary flow.

Materials synthesis
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and VI rtual experi ments USIng g)-ﬁfp’)ﬁﬁﬁféwn magnetic structure stabilized under high magnetic
a S u perCO m p Uter for SOI |d fields in frustrated chromium spinels.

state physics

The aim of the Materials Designh and Characterization MR —) C— T F 1—4 Y 25 L A(Sumire).

Laboratory (MDCL) is to promote materials science ISSP supercomputer System-A(sumire).
with the emphasis on the DSC cycle, where DSC repre-

sents the three processes involved in developing new
materials; design, synthesis, and characterization. A
modern supercomputer is used to reveal novel mecha-
nisms behind various cooperative phenomena in con-
densed matter and for theoretical desigh of new mate-
rials as well as materials with novel nano scale struc-
tures. Various types of new materials are being syn-
thesized and single crystals are being grown for physi-

cal measurements. The structural, electromagnetic,
_ _ _ AE 2 1/2H8 0 A& FREaiEg A Volborthite[CIRNDH{ER T v TIRR. IR A —I\—IE 21— A5 LB(itadori).
and Opt|Ca| DrODert|eS Of the mate”als dare CharaCter' "Magnetization steps" observed in the spin-1/2 kagome antiferro- ISSP supercomputer System-B(itadori).

ized in various ways. The results are immediately feed- MR Wl i)
back to the synthesis and design of materials. Almost

all the facilities of the MDCL are open to domestic sci-
entists through the User Program conducted by the
Steering Committee of the MDCL.
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Investigation of extreme
material functions using the
world's strongest magnets

Strong pulse magnets are being developed, and the
electronic states in semiconductors, magnetic materi-

als, novel metals, and superconducting materials are
under study in extreme physical conditions. The mea-
suring technigues by use of the non destructive and
long pulse magnets are available for electric transport,
optical, and magnetization measurements at low tem-
peratures and/or high pressures. The facilities are of-
fered for use by not only domestic users but also
those from overseas. It is planned to establish long
pulse magnets energized by the world’s largest 210
MJ-DC flywheel generator to explore the 100 T
regime. Magnetic fields above 100 T are achieved by
destructive electro-magnetic flux compression and the
single-turn coil techniques, and are used for research

INn solid-state physics.
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The primary coil used for electro-magnetic flux compression with
the time profile during the magnetic field compression.
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View of the new buildings of the “International High Magnetic Field
Colaboratory” completed in 2008.
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The world’'s largest DC electric power generator; a flywheel genera-
tor capable 210 MJ stored by a rotation energy.
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An ultra high-magnetic-field generation system using the electro-
magnetic flux compression method has been installed at ISSP
inside protection housing.
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The non destructive long-pulse magnet with the waveform of a
magnetic field.




