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Neutron Science Laboratory

Since 1961, the ISSP has been playing a central
role in neutron scattering activities in Japan not
only by performing its own research programs
but also by providing a general user program for
the university owned various neutron scattering
spectrometers installed at the research reactor of
JAEA (Tokai). In the JRR-3 reactor (20MW), the
university group owns 14 spectrometers, and the
Neutron Science Laboratory (NSL) is conducting the
general user program. Under this program, about
300 proposals are submitted every year, and the
number of visiting users under this program reaches
over 6000 (person-day/year). Major research areas
are solid state physics (strongly correlated electron
systems, high-T. superconductors, heavy Fermions
systems, low dimensional magnetism, high-pressure
physics, etc.), fundamental physics and neutron beam
optics, structure and phase transitions of polymers,
gels, and colloidal systems, physical chemistry of
complex condensed matter, structure and functions
of biological systems, and material sciences. The NSL
also operates the U.S.-Japan cooperative program on
neutron scattering, and supports the development of

the neutron-beam-based material sciences in Japan.

[

¥ 8§ (ERR) %LU FIA B #

Professor (Director)  Mitsuhiro SHIBAYAMA Research Associate

8 B B2 B %

Professor Hideki YOSHIZAWA Research Associate

# B = & B #

Professor Osamu YAMAMURO Research Associate

I A R Bt ErImE

Associate Professor  Takatsugu MASUDA Technical Associate

R (BB Wk RR ZMBE

Visiting Professor Yasuhiro UMEBAYASHI  Technical Associate
Es =1
Technical Associate
g M 8

Administrative Secretary Yuji ONITAKE

BARRF O FRRARERE JAEA) DIFRARTFIF JRR-3 ICRE S hichIEFEELRR

EEH., BADEBREBENKTFE-LIICREZNTNS,

DRAMFEE L 3ADSFETFEENROEAMICSIEHI N, BT 201 RiKk—
WICH B2 4B50FHEFE—-LARBEBERHICHPETFZAIGEL TV S,

The reactor hall of JRR-3. The eight neutron scattering instruments are attached
to the horizontal beam tubes in the reactor hall. Two thermal and three cold
neutron beams are extracted from the reactor core toward the guide hall located
to the left and provide neutron beams to 24 instruments in the guide hall.
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7T —~ Research Subjects

Soft matter undergoes various transitions in response to a
slight change of an environmental variable. We investigate the
relationship of the structure and dynamics of soft matter, such
as polymer gels, nanoemulsion, and micelles. The aims of our
research are systematization of “molecular-bond correlated
systems”. Concurrently, we explore various applications of soft
matter on the basis of the physics of soft matter. Recently, we
are developing various types of super-tough gels on the basis
of findings on the structure-property relationship unveiled by
neutron scattering.

Nano-order structure investigations and studies on dynamics
of soft matter are carried out with state-of-the-art equip-
ments, SANS-U, a small-angle neutron scattering instrument
(upgraded in 2010). Other techniques, such as dynamic/static
light scattering, microscopy, mechanical/thermal analyses, and
rheological studies, are also employed if necessary. Current
interests cover (1) inhomogeneities in polymer gels, (2) struc-
tural characterization and studies on deformation mechanisms
of high-performance polymer gels, (3) rheo-SANS of nanoemul-
sion and micelles, and (4) development of ion-gel and structural
analyses.

BB NEHEEZ S D Tetra-PEG 7' )L, WHid 2 &< AR
[EBIRE (TR) Mok (L), ERRE (AL, BEE
RE (TR) NEAFENICELT %,

Tetra-PEG gels having tough mechanical properties. Revers-
ible transformation from as-prepared/swollen state (bottom)
to dried state (upper left), stretched state (upper right), and
re-swollen state (bottom).

1. BEEESATIILOEBEEY (I v I X REEER. VIL—7ILEE
Structure and dynamics, phase separation, and sol-gel transition of functional polymer gels

2. BEANBATFTIDERAN=Z
Deformation mechanisms of super-tough polymer gels
3. MEPBTOS/IXILYa VB LVICILOBEEL

Structural evolution of nanoemulsion and micelles in flow field

4, 1A VT )L DFAFE & EERT
Development of ion-gel and structural analyses
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Yoshizawa Group
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Professor

Metal-insulator transition in transition-metal oxides has
drawn much attention because such a phenomenon reflects
interplay among spin, charge, lattice, and orbital degrees of
freedom. Our group has been studying their behavior by
neutron scattering technique with use of pulse and steady-
source neutron beams, and the triple axis neutron spectrom-
eter owned by the ISSP is shown in the left figure below. The
hole-doping dependences of the incommensurability and the
transition temperature of the stripe ordering for hole concen-
tration x up to x = 0.5 have been observed in the highly-doped
LasxSryNiO4 which is one of the isomorphic compounds of the
High Tc cuprate superconductors. The ordering temperatures of
the stripe charge as well as spin orderings have the maxima at
x = 1/3, and they decrease beyond x = 1/3. Beyond x=1/2, the
Ni system gradually becomes metallic and show the insulator to
metal transition at x~0.9. Recent pulse neutron studies on Ni
and Co systems revealed that the unusual hour-glass type spin
excitations exist in these 2 dimensional transition metal oxides,
and our group is studying such unusual spin dynamics and their
relation to the transport properties with using pulse and as well
as reactor-source inelastic neutron spectrometers.
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Doping dependence of the stripe ordering in highly- % 04F i % i 1
doped LayxSryNiOy, which is an isomorphic compounds & [ “i,.,,,,j ,,,,,,,,,,,
of one of High Tc cuprate superconductors Las xSryCuOs. 2 031 oc® 1 1 1
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Triple-axis spectrometer installed at the JRR-3 in
the Japan Atomic Energy Agency, Tokai, Ibaraki.

ally becomes metallic and shows the insulator to metal
transition near x~0.9.

1. BEREBRAYMIRT RE - 6REGEEY. ZOKRICHIRT 2HMAKEF - BREHKE - SLUERFE A E ORMEFEELIC & 2%
Neutron scattering study of metal-insulator transition, magnetic ordering, charge/orbital orderings in transition-metal oxides
2. FOHIED KRB U LBEERICE T 2BIHEFEEAEY T (X7 DR
Neutron scattering study of spin sturucture and dynamics in noncentrosymmetric magnetic superconductors
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Heat capacity of glassy propene prepared by low-temperature vapor-depo-
sition. A glass transition with a giant heat capacity jump and a boson peak
with a pronounced annealing effect appeared.

AT —~ Research Subjects

We are studying chemical physics of complex condensed
matters, especially glasses and supercooled liquids, water and
related materials, ionic liquids, hydrogen storage solids and
single molecule magnets (SMMs). Glass transition is a myste-
rious phenomenon in which liquids solidify without structural
change. This is one of big and long-standing issues in physics.
Water, which is the most familiar material for us, exhibits various
unique phenomena caused by hydrogen bonds. Ionic liquids
have many interesting properties originating from competing
electrostatic and van der Waals interactions. Hydrogen in solids
exhibits classical and/or quantum (tunneling) diffusion depend-
ently on potential energy surfaces. SMMs are significant not
only for applications but also for basic physical properties such
as quantum effects on magnetization reversal. These substances
are investigated from neutron scattering, x-ray diffraction, heat
capacity, and dielectric measurements. Our aim is to find simple
(?) rules involved in complex systems from the three different
points of view, i.e., structure, dynamics, and thermodynamic.
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ESEp
Inelastic neutron scattering spectra of a rare-earth based molecule magnet.
The magnetic excitations at 1.7 meV and 12.3 meV are originated in the
Tb-Cu exchange coupling and uniaxial anisotropy of Tb ions, respectively.

1. A5 2B, RV E—ohEDFBUBEROT A F 35 X

Dynamics of disordered condensed systems, such as glass transitions and boson peaks

2. KBLUBEEME (BXZIAMBRLBE) OBEETA(FIIR

Structure and dynamics of water and related materials such as hydrated porous crystals

3. BRAAVREDANZRMEE S A F IR

Thermal and dynamical properties of room-temperature ionic liquids

4. KREBEGOHRNZNMEEES A F TR

Thermal and dynamical properties of hydrogen storage solids

5 BAFHADAEYYAFIIR
Spin dynamics of single molecule magnets
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Masuda Group
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a, Crystal structure of Ba;CoGe;07. b, Structures of spin
dipoles, spin nematic operator Oxy , and electric polarizations in
BayCoGe,07. Red arrows are spin dipoles and open circles with
crosses and small filled circles indicate the directions of electric
polarization calculated by using the relation between spin nematic
operator and electric polarization. Two-tone clovers are nematic
operators. ¢, Inelastic neutron scattering spectrum. Anisotropy gap
of 0.1 meV is explained by antiferro-nematic interaction. d, Angu-
lar dependence of magnetic susceptibility dM/dH. Calculation
including antiferro-nematic interaction and experimental data are
consistent.

1. EFHMEGRTT ZZ ML — MEEAROKSEE & SRR
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Takatsugu MASUDA Minoru SODA
AR B

Associate Professor Research Associate

Quantum novel phenomena enhanced in low dimensional
spin systems, frustration systems, spin clusters, etc are studied by
combination of material synthesis, bulk property measurements,
and neutron scattering in our group. While in classical systems
spins culminate in long range order upon cooling, low dimen-
sionality and quantum effect disturb the ordered state. Geomet-
rical frustration induces multidegenerated ground state that
leads to quite sensitive to external perturbation. Consequently
various types of spin liquid including RVB and Tomonaga-
Luttinger liquid, exotic ordered states accompanying spin liquid-
like behavior, spin disordered state exhibiting hidden order, etc.
are achieved. We synthesize magnetic materials that realize these
novel states and measure the magnetic susceptibility and heat
capacity. Furthermore taking advantage of our own beam lines
in high flux neutron source, we identify the magnetic structure
by neutron diffraction and we directly probe the microscopic
dynamics in magnetic materials by inelastic neutron scattering
technique. Our goal is to reveal nature of novel quantum state

by measuring static and dynamical structure of magnets.

electric
polarization

nematic
operator O,y

Magnetic structure and excitations in frustrated magnets and quantum magnets

2. XIF7xO470 R
multiferroics

3. RRBRERDHEKRE

Magnetic excitation in supercrystal of oxygen molecule in nanoporous metal complex
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During the last decade, room-temperature ionic liquids have
attracted much attention. Ionic liquids, which are defined as
salts consisted solely of ions showing a melting point below
100 °C, have favorable properties for the environmental and
biological systems due to their negligible vapor pressure. Ionic
liquids have bulky organic cation, thus it can be said that ionic
liquids are new molten salts in which the hydrophobic property
is introduced. Introduction of the hydrophobic property leads
to novel applications of molten salts as enzyme and/or chemical
reaction field and separation/extraction media.

From the viewpoint of the ubiquitous power source develop-
ment, ionic liquids are strongly expected as electrolytes for the
electrochemical devices. On the other hands, ionic conduction
in solution is an evergreen subject; the relationship between
ion solvation structure and ionic conductivity is still unclear
at the present stage. Exploring new ionic liquids and novel ion
gels with ionic liquids, we are studying to reveal the structure-
ionics relationship with our newly developed structure analysis
technique by combining neutron/X-ray scattering experiments
and molecular simulations. Recently, we found new compounds,
pseudo-ionic liquids, showing super-protonic conduction
specific to ionic liquids. Currently, we are performing structure
analyses with strategically exploring analogues.
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